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PREFACE

This report presents the results of an analytical study undertaken to
develop a method for the direct computer solution of plates and pavement slabs.
The basic procedure for the structural analysis is an extension of a finite-
element method developed by Hudson, and the direct solution of the basic
finite-difference equation for plate behavior utilizes a back-and-forth
recursive technique described by Professor Hudson Matlock.

This is the ninth in a series of reports that describe the work in
Research Project No. 3-5-63-56, entitled '"Development of Methods for Computer

Simulation of Beam-Columns and Grid-Beam and Slab Systems."

The project 1is
divided into two parts. Part I is concerned primarily with bridge structures.
Part I1 deals with pavement slabs. The reader may find it advantageous to
review Report Nos. 56-1, 56-4, and 56-6 as they provide background for this
report.

This is the second report in the series that deals directly with pavement
slabs. Several subsequent reports concerning pavements are planned for sub-
mission,

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

The excellent facilities of the Computation Center of The University of
Texas and the cooperation of its staff have contributed significantly to this
report. Thanks are due to Art Frakes, Don Fenner, Beverly Brewster, Kathy

Wilson, Joni McKnight, and all others who assisted with the manuscript.

C. Fred Stelzer, Jr.
W. Ronald Hudson

October 1967
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ABSTRACT

A method of solving for the deflected shapes of freely discontinuous
orthotropic plates and pavement slabs subjected to a variety of loads including
transverse loads, in-plane forces, and externally applied couples is presented.
The method is applicable to plates and pavement slabs with freely-variable
foundation support including holes in the subgrade.

This is a direct method of rapidly solving the finite-element plate
equations which are developed and it is unhindered by tke closure parameters
necessary in iterative techniques of solution. A computer program is
presented which utilizes the equations and techniques developed. Several
sample problems illustrate the generality of the method and its convenience
to the user. The results compare well with closed-form solutions and with

previous solutions developed using other techniques.
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NOMENCLATURE

Symbol Typical Units Definition
Ay - Continuity coefficient
a, b, ¢, d - Temporary bar numberingrused in derivations
ay 4 1b/in Term of stiffness matrix
AAl, to AA5, 1b/in Sub-matrix of stiffness matrix
AAb, ib Sub-matrix of load matrix
By - Continuity coefficient
bLJ ib/in Term of stiffness matrix
C, - Continuity coefficient
in-1b Torsional stiffness of slab element
& G rad
x in-1b ..
Gy Tad Torsional stiffness of Slab Element i, j
about the x-axis
y in-1b . . A
G, “Tad Torsional stiffness of Slab Element i, j
about the y-axis
x !
G 3 in-1b Torque exerted on the x-beam due to the
relative rotation in Torsion Bar i, j
y /
G, in-1b Torque exerted on the y-beam due to the
relative rotation in Torsion Bar i, j
Cy,3 1b/in Term of stiffness matrix
D, , D in-1b Bending stiffness of plate
X
D in-1b Bending stiffness of an orthotropic plate
in the x-direction
y
D, in-1b Bending stiffness of an orthotropic plate
in the y-direction
D, - Continuity coefficient
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xiii
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CHAPTER 1. INTRODUCTION

The Problem

A useful method for the solution of discontinuous orthotropic plates
and pavement slabs has been described by Hudson (Refs 2, 3). The principal
features in his finite-element method are: (1) representation of structural
members by a physical model of bars and springs which are grouped for analyses
into two orthogonal systems of beams, (2) a rapid method for direct solution
of individual beams that serve as line elements of a two-dimensional slab, and
(3) an alternating-direction iterative technique which coordinates the solu-
tions of individual beams and, thereby, ties the system together. The alter-
nating-direction iterative technique is dependent on a fictitious closure
spring joining the orthogonal beams at each intersection. Efficient solutions
require the choosing of proper closure springs as input values for the compu-
ter program described by Hudson. Intensive investigations have shown that it
is often difficult to choose the proper closure springs for a given slab prob-
lem without many time-consuming trials, thus clearly defining a need for an
efficient one-pass method of solving discontinuous orthotropic plates and

pavement slabs. This report will describe a method to satisfy this need.

Description of Report

Chapter 2 presents a brief discussion of the basic equations connected
with the theory of elastic plates and slabs and explains the various types of
problems that are of interest in this report. Chapter 3 gives a brief expla-
nation of the finite-element theory used in developing the mechanistic model
presented. The input values necessary for complete description of the model
and the errors incurred by using the finite-element model as a computational

device are discussed.

Chapter 4 presents the derivation of the general plate equation in
finite-difference form. Chapter 5 explains the method by which the equations

will be solved., A general description of the computer program can be found

in Chapter 6.



Chapter 7 handles verification of the method by solving several problems
previously solved by other methods. The generality and varied applicability

of the method are indicated by additional example problems.



CHAPTER 2. THEORY OF ELASTIC PLATES AND SLABS

General Plate Theory

The bending of a plate depends to a large degree on its thickness in
comparison with its other dimensions. Timoshenko (Ref 5) notes three kinds
of plate bending: (1) thin plates with small deflections, (2) thin plates
with large deflections, and (3) thick plates. This report deals only with

the first, making the following assumptions:

(1) There is no deformation in the plate's middle plane.

(2) Planes of the plate initially lying normal to the middle surface of
the plate remain normal to the middle surface of the plate after
bending.

(3) The normal stresses in the direction transverse to the plate can be

disregarded.

With these assumptions, all components of stress can be expressed in
terms of the deflected shape of the plate. This function has to satisfy a
linear partial differential equation which, together with the boundary condi-
tions, completely defines the deflection w . The solution of this differen-
tial equation gives all necessary information for calculating the stresses at

any point in the plate.

The Isotropic Plate Equations

Structural plates and pavement slabs are normally subjected to loads
applied perpendicular to their surfaces. The deflected surface of such plates
is described by the biharmonic equation, a differential equation derived by
Timenshenko and others. Timoshenko's equation is given below, changed so that
the up direction (z-axis) is considered positive. It becomes

FM, M, FM P,

%2 T Sxey T3 Sy - @ (2.1)

in which M; is the bending moment acting on an element of the plate in the



x-direction, M, 1is the bending moment acting on an element of the plate in
the y-direction, M,, is a twisting moment tending to rotate the element
about the x-axis (clockwise positive), and M, is a twisting moment tending
to rotate the element about the y-axis. Observing that M,, = -M, for

equilibrium, the equation can be condensed into the following form:

M, FNM M,
Wty Tl ey T ¢ -2

To evaluate this equation, it can be assumed that expressions for moment
derived for pure bending can also be used for laterally loaded plates. This
is equivalent to neglecting the effect on bending of the shearing forces and
the compressive stress in the z-direction produced by the lateral load. Errors
introduced into these solutions by such assumptions are negligible provided the
thickness of the plate is small in comparison with the other dimensions of the
plate.

It is shown in Ref 2 that for the special case of isotropy, the moment

equations can be stated as follows:

_ Fw Fw
e = D(&?”a—f) (2.3)
_ Fw Fw
m = o (§F+v5F) (2.4)
<
My, = M, = -D (1-v) gxg’y (2.5)

where D 1is the bending stiffness of the plate, v 1is the Poisson's ratio,
and w 1is the deflection of the plate in the z-direction. The other terms
have been previously defined.

Substituting these expressions into Eq 2.2 obtains

d*w d*w Béw] _
D [ax‘L T 23FsE TaEl T4 (2.6)

Pavement Slabs

Although much work has been done on the pavement slab problem, the most
significant was accomplished by Westergaard (Refs 8, 9, 10, and 11), particu-

larly with reference to the design problems encountered in concrete pavement.



In his solution of this problem Westergaard made the following important
assumptions:
(1) The concrete slab acts as a homogeneous, isotropic, elastic solid
in equilibrium.

(2) The reactions of the subgrade are vertical only, and they are pro-
portional to the deflections of the slab.

(3) The reaction of the subgrade is equal to the modulus of support
multiplied by the deflection at that point. The modulus of support
is assumed to be constant at every point, independent of the deflec-
tion, and the same at all points within the area of consideration.

(4) The thickness of the slab is uniform.

(5) The slab is infinite in extent in all directions away from the load.

Unfortunately for the designer, most pavement slabs do not meet the
stringent assumptions imposed by Westergaard. First, the slabs must in reality
be finite. Second, uniform support is hard to obtain since localized loss of
support under the pavement is common. In the methods of this paper, the
foundation is represented by the modulus of subgrade support k . The freely
discontinuous inputs allowed by the method provide the capability of varying

k anywhere under the slab.

Cracks

One qualification of the method to be developed should be noted. Cracks
will either be treated as hinged discontinuities with no finite width or as

holes in the structure with finite width.

Summary of Elastic Theory

Hand solutions of certain special cases of homogeneous, isotropic plates
can be accomplished. The addition of elastic support or finite cracks forces
the use of approximate methods and limiting assumptions. Furthermore, each
solution represents a special case, and a multitude of special-case solutions
are required for the problems of interest. For solutions of orthotropic plates
one must usually resort to computers. A general computer method is described
by Hudson (Ref 2). The research described here is an attempt to make Hudson's

technique more efficient.



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



CHAPTER 3. FINITE-ELEMENT THEORY

The theories discussed in the preceding chapter are based on infinitesi-
mal calculus. There are many rules governing the use of such calculus. 1In
general, the functions must be continuous, and fourth-order systems must have
two continuous derivatives. Many complex engineering problems do not properly
fulfill these conditions and cannot be solved by resorting to calculus. As
a consequence, so-called "numerical"™ methods have been developed. In numeri-
cal methods, the differential equation concerned is replaced by its finite-
difference equivalent. The problem then reduces to solving a large number of

simultaneous algebraic equations instead of one complex differential equation.

The Physical Model

Numerical methods are most often used as mathematical approximations of
a governing differential equation by the substitution of finite-difference
forms for derivatives or by the approximation of a continuum problem with a
discrete nodal system. A third and perhaps preferable method is to model the
plate or slab physically by a system of finite elements whose behavior can
properly be described with algebraic equations. The physical model seems
preferable because it facilitates visualization of the problem and formula-
tion of proper boundary and loading conditions. Difference equations are used
to describe the bending moments in the finite-element beams.

Figure 3.1 is a pictorial representation of the finite-element model of
the slab as suggested by Hudson (Ref 2). The torsion bars represent the real
torsional stiffness of the slab and are always active in the system. The
Poisson's ratio effects and the bending stiffness of the plate are repre-
sented by elastic blocks at the node points of the slab. The elastic blocks
have a stress-strain relationship equivalent to the real plate and have
Poisson's ratio equal to that of the plate. If the beams in the x-direction
are bent up, the beams in the orthogonal y-direction bend down due to Poisson's

ratio.
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Fig 3.1. Finite-element model of a plate or slab.
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Input Values for the Model

It is necessary to relate the model to a real plate. The plate is divided
into increments in the x and y-directions with increment lengths h, and
h, respectively. These "beam" increments are designated with i 1in the
x-direction and j 1in the y~direction. The mesh point or joint on the posi-
tive end of each increment is arbitrarily numbered the same as that increment.
This numbering system then gives the 1i,j grid indicated in this plate seg-
ment (Fig 3.2). The stiffness Dy, for a plate is a unit value per inch of
width. It is convenient for use in computations to input average stiffness
over a full increment width. lid represents the average stiffness in the
y-direction, that is, the average bending stiffness of the plate over an area
one increment wide and one increment long, centered at Station i,j. The
torsional stiffness of the plate segment is represented by torsion bars acting

at the midpoint of the model element. Axial tensions P are also input into

the bars with the changes AP considered to occur at mesh points.

Effects of Modeling

Errors resulting from this method are caused by approximating the real
slab with a model. The algebraic solution is exact for the model within
computer accuracy. Therefore, the closer the model duplicates the real slab,
the more precise the answers computed by this method will be. This leads to
the observation that the greater the number of increments used to model a
particular problem, the greater the accuracy of the solution. According to
Ref 2, reasonable results for certain cases can be obtained using 8 to 20
increments in each direction. The number of increments to be used will cer-
tainly depend on the dimensions of the problem as well as the accuracy

required and the local complexity to be resolved.
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CHAPTER 4. FORMULATION OF EQUATIONS

The purpose of this chapter is to formulate from a free-body analysis the
equations needed to solve for the bending of a slab. A readable and concise
account of these developments will be presented rather than a complete mathe-
matical treatment. The necessary equations will be formulated so as to be

compatible with the method of solution.

Free-Body Analysis

In order to derive the equations for solution of the bending of a plate
or slab, it is helpful to refer to a free-body of the model. Consider first
a section of the assembled slab model centered at any mesh point 1i,j (Fig
4,1). Temporarily, the four bars intersecting at Station i,j will be known
as Bars a, b, c, and d as shown in Fig 4.1,

Figure 4.2 represents a free-body of the slab mesh point with all appro-
priate internal and external forces and reactions shown. Summing vertical

forces at Joint i,j with up taken as positive gives

X Yy X ¥
2 FViJ = Qi,J + VB.'J + Vi,c - Vb’J - Vi,d - Si’ﬂ wi'J = 0 (4.1)

’

By taking the summation of moments about each individual bar it is seen

that
x Xl xl X X’ X !
“heVay = Gy H Gy Ty Moy - M
X
+ By (mvipog g+ vy y) (4.2)
X x? x x x ¢ x ¢
'}RWA - CHLJ*'Q+M+1+ Tm t MJ -M+Lj
X
+ B, (—%A + W+1J) (4.3)

11



Fig 4.1.
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y B y 7 y 7 y y 1 y 7
Sh Ve = Gy Gy FT FM - M,
y
+ P . ("Wi,a-l + Wi,a) (4.4)
y _ y ! y?! y y? y !
- hy Vi,d - Ci,J+1 + Ci+],J+1 + T, - Mi,J+1 + Ml,J
Yy
+ P, ('Wi,a + W1,3+1) (4.5)

X X
If the values for V,, , V., ,

y y
Vi, » and V,;, as defined above are
» Y

substituted in Eq 4.1, the following equation results:

x 7/

1
Qy = 711G
X

’ L

X

+ P,

y

T+

X

1
+ E l:_ci“‘l.-l

X

- By, ('Wi,J + W1+1,J)

y

- Ti,d - Mi,j + M~i,.1+1

+ 53w,

x ! b3

x 7/

X !
+ Ci,J+1 + Ta,J + Ml-].J - Mm

y

7

y !

7

y !

7 y y
J-1 - M, F Pie ('Wi.J—l + wi,J)J

y ! y !

1
8, ("Wi—l.J + wi,j):\ + Ey— [Ci,,j + Ci+],J

-

xl X x ¢ xl
- Ci+],J+1 s Toy - My My,
-1 1 I— y ! yl
_\ + E L-Ci,3+1 N Ci+1,J+1

y -
_ Pi,d ('wi,J + wi"’"'l)_l

(4.6)

< ? v?
The expressions for the C and C terms can be derived directly from the
x !
moglel. The complete formulation can be found on page 139 of Ref 2. C and
y
C terms are listed below.
X
x? Ci,J
G,y = h, (Wyoqy-1 = Wiogy F Wy - W y0) (4.7)
X
x? Ci,J+1
Ciysr = by (‘Wi—-],a owy b Wi Wy 301 ) (4.8)



x !
CI‘H.J

x !/

Ci+J.J

v/
(31,5

/

J
Ci+],j

C1+1,J

x !/

M

yI
and M

approximations

x !

Mg

x !

M

x !
M
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X

c

1+1,3
- h, Wyt Wy B Wy Vg o) 4.9)
X
Ci+],J+1
*1 7 h, vy Fowpygy F W gy = Mg ge) (4.10)
C}'
1,3
o CWiogy Py F Wy - v ) (4.11)
X
Yy
Crin,y
h, (wi.J Wie1,3 T Wi + w1+:,3—1) (4.12)
y
Ci,J+1
h, (Woqy = Wy = Woq gy W) (4.13)
Yy
Cira,41
1" h (-wi»ﬂ + W13 + Wige1 ~ w1+1,,1+1) (4.14)

X

expressions are found by introducing the finite-difference

for the second derivative into Eqs 2.2 and 2.4,

Dx hy [ (W!_Z,J - zwi_l’a + Wi’a)
— - <
11, T
(wi-l,J—l - 2W1—1,J + Wy ,J+1)
* Vyx 2 ] (4.15)
x (wi—l,J - zwi,J + W1+1,J)
- Di.Jhy [ hi
(W1,5—1 ~2w g+ Wi pe1 )
+ Vg hs :l (4.16)
Dx {: (wyy = 2wy, + w1+2,5)
141, hi
(wi+],J—1 - 2wpyq,y t W1+1,J+1)
* Vyx W ] (4.17)
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y ! y (W y-p = 2 4y + W)
My-1 = Dyy-aly [ T
(W1—1,1—1 - 2wy, t W1+1,J—1)
+ v, 2 ] (4.18)
y ! y (g = 2wy F W p40)
My = Dby [ e
(wi_l,J -2w1"1 + W, )
+ vy hxz ] (4.19)
y ! y (WA = 24 bW yu0)
M1 = Dy y41 by L hy3 ]
(W1—1,J+1 - 2W1,4+1 + W1+1.J+1)
T Vi 2 (4.20)
At this point an additional note of clarification is helpful. It is

convenient in computation to use the same indexing system for bars and tor-

sion bars as for joints.

b, ¢, and d.

program. It may be seen that the index a

i+l , ¢ becomes j , and d becomes jtl
becomes Tij s P;J becomes P:+LJ , etc.

So far, bars have been referred to as Bars a,

Figure 4.3 shows the numbering system used in the computer

becomes i , b Dbecomes

x

Tatj
Now, the terms defined by Egqs 4.7

Therefore, for example,

through 4.70 and the above mentioned subscripting changes are introduced in

Eq 4.6,

below.

terms are collected, and the form of the final equation is shown

ay g Wy gep B bWy gy Foe Wy Fody Wiy

W,

toe yWon; + fi,J 1-1,1

tog vy Fohy W

Py Wiagy T Ay Vioyger T Ty Ve LA PO

+t13

Wi, 34 2 U,y

(4.21)



17

e

==NN | == | ==
-1, o L, . . i+,
J+l i, ]+l Jl i+, g+ !
I—l, . i, i i+|l

==+ b+l i i+l j+l e ks

x-Bar /—JOinf |
§ l—i-I,J' i)j — i i+, ] i+|,j—{

Torsion
Bar

i-1,j — i j i+, i+,
i-1, -1 i+, - t,
Jj-l

i1

Fig 4.3.

Plan view of the slab model showing all
parts with generalized numbering system.

[



18

where

Ci,,}

81,3

L]

-+

X X y y y M
+ Cienyy F Cuqger TGy + Cugy + Cryuy + Cruggen)

4

hx

Ey? (D:.J-l)

1 X b x y
B, (Vg xDiogyy + vy Dy gy + Gy + G y)
e Y 1 X y
s (D y-y + Dy y) - By (2vy Dyy + 2v,, Dy
Y
% x ¥ y P”J
Ciy + Cunyy + Gy + Gy - N,
1 X y x y
B, (VyxDipqyy + vgy Dy + Gy + Cigy)
by
& (Drioay)
2hy * 1 x y
TR Dueag F 0L R vy Dy + 2y Dy
X
X X ¥ ¥ Pi,J
CLJ T Cyr TG ng+1) - h,
h}’ X X X hx y y
E (Di—],.j + 4Dy + Dyq5) + Eys‘ (Di,J'-l + 4D

Y

1
hx

X

1 y X X
Dy j41) + "———hxhy (bug Dy g + b4y, Dy + Gy + Gy

X X 1 y y
(Byy + Poqy) + 1= (By + B ypy) + 5,
Y

(4.22)

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)

(4.28)
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2h'y X X

1 X y
by = - e (Dy,y + Dyyqy) - E (2v, 4 Dyyq,y + 2v,, D,
X
X X y y P1+1,.1
+ Ci+11J + Ci+1,.1+1 + Ci+1,J + Ci+],J+1) - h_x (4.29)
hy X
Py = T (Dyyq,y) (4.30)
]_ X Yy X ¥y
qi,J = hxhy (Vnyi—l,J + nyDi,.1+1 + Ci,J+1 + Ci'-1+1) (4.31)
2hx Yy ¥y 1 X y
Ly = - EYS—' (Di,J + Di,J+1) T h h (2Vnyi,J + 2nyD1,,1+1
Xy
y
X X y y Pi,'j+1
+ Ci,J+1 + Q+1J+1 + QA+1 + Q+1A+1) " Th (4.32)
y
1 X y X y
51,3 = hxh'y (VnyiH.J + nyDi,J+1 + Ci+1,J+1 + Ci+1,J+1) (4.33)
h, v
I 0 (D541 ) (4.34)
1 X X . 1 ¥ y
uivj = Qi,J - E (Ti,J - Ti+1,J/ - E‘ (Ti,J - T5’3+1) (4.35)

Matrix Representation of General Equation

The matrix representation of Eq 4.21 is

[x0w] =[]

Figure 4.4 shows the form of the K, W, and Q matrices, about which
several important things should be noted. The K (stiffness) matrix is of
special interest. It is symmetrical about its major diagonmal, and it is also
banded, that is, the terms lie in lines parallel to the major diagonal. It is
a special kind of banded matrix, with the ceutral band five terms wide, the

bands on either side of the central band three terms wide, and the two extreme
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bands only one term wide. The stiffness matrix is partitioned into sub-
matrices, which are shown by dashed lines. 1If the slab to be solved has been
divided into m increments in the x-direction and n increments in the
y-direction, the K matrix will have n+3 rows and n+3 columns of sub-
matrices. The sub-matrices will have mt+3 rows and mt3 columns of terms.
Solution of slab problems involve manipulating the sub-matrices. For this
reason, rectangular slab problems will be solved more efficienvly if m is
smaller than n . It is important to notice that no matter how large u
becomes, the terms in Eq 4.21 will appear only in the five sub-matrices cen-
tered about the major diagonal of the stiffness matrix and that no matter

how large m becomes, the sub-matrices will remain either a one, three, or
five-wide banded matrix. Figure 4.4 also shows that terms in five-wide
banded sub-matrices do not appear in the sub-matrix which contains the three-
wide band and vice-versa and that the terms of a three-wide banded sub-matrix
do not appear in the sub-matrix which contains the single band and vice-versa.
W (deflection matrix) and Q (load matrix) are column matrices. Figure 4.5
shows the part played by the terms of Eq 4.21 in a typical row of the sub-

matrices.
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CHAPTER 5. SOLUTION OF EQUATIONS

The equation derived in the preceding chapter is quite formidable. It
has thirteen unknowns and must be solved for each mesh point in the system.
To make it useful, there must be some general technique for rapid solution.
The high-speed digital computer is a necessary tool in using the method of

this paper.

Previous Method for Solution

Hudson (Ref 2) uses an alternmating-direction iterative method which is
based on the work done by Tucker (Ref 6). Conte and Dames (Ref 1) present a
solution of the partial differential equation which governs slab behavior.

In simplest terms, the method divides the partial differential equation
into two ordinary differential equations and couples their solution by trial
and error in a methodical fashion, proceeding first in the x-Cartesian-direc-
tion and then in the y-direction, and thus giving it the name alternating
direction, The most difficult part of this method is the selection of proper
iteration parameters. Proof of convergence exists for certain parameter
selection for regular, well-conditioned systems, but much remains to be done
for the diverse systems which normally appear in practical slab or plate

problems.

Detail of Present Method

The present method is based on an idea conceived by Tucker (Ref 7). He
felt that by using '"partitioned'" matrices a matrix of five diagonal sub-
matrices could be solved in a recursive technique analogous to Matlock's
method of solving beams and colummns (Ref 4).

Referring back to Figs 4.4 and 4.5 it is readily seen that the multitude
of individual terms in the K , W , and Q matrices could be redefined as
shown in Fig 5.1. 1In Fig 5.1 AAl, , AA2y , ..., AA5; are sub-matrices
of the stiffness matrix, Wy 1is a sub-matrix of the deflection matrix, and

AA6, 1is a sub-matrix of the load matrix. The sub-matrices AAly; , AA?, ,
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and so on are defined in Fig 5.2. From Fig 5.1 it is seen that the fol-

lowing equation is valid.
AAL,W,_, + AA2,W, ; + AA3,W, + AAL W, + AAS Wy, = AAB, (5.1)

As shown in Fig 5.1, this equation results in a five-wide banded diagonal
coefficient matrix, termed the "stiffness matrix," which when multiplied by
the single-column "deflection matrix" is equal to a single-column "load matrix."
Matlock in Ref 4 discusses a convenient method for the solution of an equation
such as Eq 5.1 and states that this system of equations is most easily solved
by a back-and-forth recursion process. Proceeding from j = -1 to j= ntl ,
two unknown deflections (Wy~ and W;-; in Eq 5.1) are eliminated from

each equation, resulting in another diagonally-banded system of equations of

the form
Wy = ByWyyy - CyWyup = Ay (5.2)
where
Ay = Dy (E4A,_; + AALA,_, - AA6,) (5.3)
By = Dy (E;Cy—; + AA4y) (5.4)
C; = DyAAS, (5.5)
Dy = - (EyBy_, + AAl,C,p + AA3;)"} (5.6)
E; = AAlyBs_, + AA2, (5.7)

To complete the solution for all of the unknown deflections W, , a
reverse pass is made by applying the following version of Eq 5.2 at each sta-

tion.

Wy = Ay + ByWy., + CyWy, > (5.8)
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By the time the reverse pass is made the deflections Wj+1 and Wj+2 will be
known. The coefficients Aj s Bj , and Cj are called "continuity coeffi-
cients." The development of Eqs 5.3 through 5.8 is given in Ref 4.

This summary intentionally avoids discussing what is required at each end
of the diagonally-banded system to allow the elimination process to start and
then to turn around for the reverse pass. For this purpose auxiliary fictitious
stations are employed beyond the boundaries of the slab. Recall that the
stiffness matrix is produced by applying Eq 4.21 at each mesh point, includ-
ing one fictitious station beyond the boundary of the real slab, AAl_1 ,
AA2_1 s AAl0 s AA5n s AA4n+1 , and AA5n+1 (Fig 5.1) would then be automat-
ically calculated as zero provided that no load or stiffness data exist for
the fictitious mesh points beyond the slab. 1In the computation of continuity
coefficients (Eqs 5.3 through 5.7) these zero matrices serve to blind the
equations to any extraneous effects that might be thought of as existing fur-
ther beyond the boundaries of the slab. Since the fictitious stations beyond
the boundaries of the model slab have no flexural stiffness, they act as mul-
tiple hinges and thus isolate the model slab and the recursion equations
describing its behavior from consideration of any effects beyond the boundaries.

Matlock uses this recursive technique for the solution of a one-dimensional
system (beams and columns) where each of the terms of Eqs 5.3 through 5.8
refer to only one value, but the process is mathematically valid for the
five-wide banded matrix described by Eq 5.1 even though each of the individual
terms refers to a matrix of numbers. Instead of the normal algebraic manipu-

lations, matrix manipulations will be used to solve for the deflections of the

slab by the method outlined above,
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CHAPTER 6. THE COMPUTER PROGRAM

The equations derived in Chapter 4 are not useful for hand calculations,
but they are extremely well-adapted for digital computer methods. During this
investigation a computer program has been developed which is useful for solv-
ing slab and plate problems of various types.

The program is written in FORTRAN computer language for the Control Data
Corporation 6600 Digital Computer, which has approximately a 16-decimal word
length and comes equipped with a Chippewa FORTRAN compiler compatible with
FORTRAN II and IV. The compile time for the basic program is about five seconds.
The storage requirements of the program as presently dimensioned are about
120,000 words. The program is of little practical value for use on computers
with internal storage of less than 64,000 words.

The time required to run problems varies with the size of the system,

i.e., the number of increments involved. Eight-by-eight problems can be

solved in 4 seconds, while a sixteen-by-sixteen increment problem is solved

in about 20 seconds. At the present rates of The University of Texas Computation
Center, the computer time costs approximately fifty cents to solve an eight-by-
eight problem and approximately two dollars to solve a sixteen-by-sixteen

problem.

The FORTRAN Program

A summary flow diagram for the DSLAB Program is given in Fig 6.1. A
detailed flow diagram and listing of the program DSLAB 5 are provided in
Appendices 2 and 3. Appendix 1 is an instruction and operating manual for
DSLAB 5. It includes instructions on the operation of the program and detailed
input forms and descriptions.

The format used for inputting data into the program is arranged as con-
veniently as possible. The problem input deck starts with two cover cards
which identify the program and the particular run being made. The information
on them is alphanumeric and denotes prgjects, coding dates, personnel performing

the key punching, description of the problems being run, etc. The program will
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START
I

{ READ Prob Num)

Yes

|Is the Prob Num blank?}
No

|PRINT Prob Num and descriptioﬁj

| READ Input Data for new prob)

| PRINT Input Data)

[Form Sub-Matricegw

Compute Recursion Matrices A, B and QJ

Compute Deflection Vectors by back
substitution of Recursion Matrices

Compute and PRINT output for each
station including: deflections,

X and Y-bending moments, X and
Y-twisting moments, and reactions.

TReturn to READ next probl

Fig 6.1, Summary flow chart.
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not operate without these two cards, which are followed by

(1) problem number card with alphanumeric description of the
problem.

(2) Table 1 - Input for Data Control and Constants - 1 card.
Information on this card includes the number of cards to be
read in Tables 2 and 3, number of increments, increment
length, and Poisson's ratio.

(3) Table 2 - Stiffness and Load Data - The number of cards
in this table is variable depending on the number required
to specify bending stiffness, load, support springs, and
torsional stiffness.

(4) Table 3 - Stiffness and Load Data Cont. - The number of
cards in this table is variable depending on the number
required to specify external couples and axial loads.

Appendices 4 and 5 contain numerical examples of input and output for example

problems in Chapter 7.

OQutput Information

The program output is arranged to be useful to the user. A format which
can be trimmed to standard 8-1/2 by ll-inch size is provided. For convenience
and help in identifying problems, the program prints out all original input
data at the beginning of each problem, in Tables 1, 2, and 3. Table 4 is
presented in two parts in keeping with the 8-1/2 by ll-inch format. The first
half prints external station numbers, deflections, bending moments in the
x and y~-directions, and the external load (or reaction) of the slab at each
station. Part 2 of Table 4 prints out external station numbers and twisting
moments in the x and y-directions.

An automatic plot routine can be coupled with DSLAB 5 and used to plot
any of the variables available at mesh points in the system although normally
its major use i% plotting deflection contours.

As with all finite mathematical techniques, there are approximations in
this program. It is not possible to determine both values of a double-valued
function by numerical differentiation. Twisting moments are such double-
valued functions, being a maximum just inside the plate boundary and zero just
outside the boundary, and the best approximation in finite-difference techniques
is half value or the average between maximum and zero. The same half-value

approximation results for bending moments at fixed ends for cantilevered
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structures (Ref 4). The bending moment-stiffness diagram is correct for this
case since bending stiffness is input as half-value at edges and ends. Bend-
ing moments at free or simply-supported edges are calculated correctly by this
method. Third derivatives which are related to the shear forces meet the
Kirchoff boundary conditions at free edges (Ref 5, p 84). 1In Ref 2 it is
stated that many investigations of intricate calculations of output values for
various discontinuous and orthotropic cases show that this finite-element

model gives correct results.

Special Programming for Non-Rectangular Slabs or Slabs with Holes

Occasionally there may be a need to solve a slab problem which is not
rectangular or which has one or more holes in it. For these cases, load,
stiffness, and support wvalues are input only at the mesh points where the slab
exists; zero values are automatically stored for input variables which are not
specified. The deflections at mesh points not on the real slab are unimportant
to the solution of the real problem, but the computer program attempts a solu-
tion for the deflection at every mesh point in the minimum rectangle. If we
look at the stiffness matrix we see that for this type of slab there are two
or more rows which are dependent, therefore making it impossible to calculate
an inverse and solve the problem. It can be shown that by placing a spring
at the mesh points two or more stations away from all boundaries that no
dependency will be introduced and in addition the solution will not be affected.
DSLAB S5 is programmed to automatically place the necessary support springs

at the proper mesh points.



CHAPTER 7. EXAMPLE PROBLEMS AND VERIFICATION OF THE METHOD

This chapter provides the solution to several example problems to demon-
strate program DSLAB 5 and its use in engineering calculations. As stated
before, this work is an attempt to improve the efficiency of Hudson's method

"closed-

(Ref 2), which is verified by comparison of solutions with accepted
form solutions." Since the slab model is the same in both cases, similar
answers to the same problems would be expected. Therefore, verification of
the method of solution of this report can be most conveniently accomplished by
re-solving the examples of Ref 2. Sample input and output in Appendices 4 and

5 provide the reader with a step-by-step example of the program in use.

Simply-Supported Plate with Variations

A 48-inch-square, simply-supported, 0.98-inch-thick steel plate is the
basic verification problem discussed by Hudson (Fig 7.1). This plate has a
modulus of elasticity E of 30,000,000 psi and a Poisson's ratio v of 0.25,
A series of problems utilizing this plate, which have been previously solved
by others in closed form, will be solved. The plate will generally be divided
into eight six-inch increments in both the x - and y-directions. The bending
stiffness in the x and y-directions (D, and Dy , respectively) can be

calculated as shown in Ref 2 through the use of equations 7.1 and 7.2.

E t°
D, = —mr——~
12(1 - v?) (7.1)
a
Ey t
Dy 12(1 - V®) (7.2)
where
t = thickness of the plate,
E, = modulus of elasticity in the x-direction,
E, = modulus of elasticity in the y-direction.
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From Eqs 7.1 and 7.2 it is found that D, =D, = 2.5 X 10 ® in-1b . For
correct representation of the slab one-quarter bending stiffness values are
input at the four corner stations and one-half bending stiffness values are
input along the edge statioms.

The torsional stiffnesses of the slab element about the x and y-axes

(Ck, and C, , respectively) are calculated using Eqs 7.3 and 7.4 (Ref 2 p 124).

Byt
“ T ma+w (7.3)
Ey t°
Cy 12(1 + V) (7.4)
The torsional stiffnesses for the example plate are C, = C, = 1.875

X 10 ® in-1b/rad . Once the reader acquaints himself with the physical prop-
erties of this plate, it will be possible to evaluate very rapidly six
separate cases of load and parameter variations.

Problem 101 = Concentrated Load. The first problem to be considered is

the simply-supported plate described above with a single concentrated load of
100,000 1b in the center. The closed-form solution is 1,07 inches deflection
under the load. For an 8 X 8 grid Hudson found a deflection of 1.138 inches,
which is exactly the same deflection found from the method presented in this
paper. If the number of increments is increased to 16 in each direction, a
deflection of 1,09 inches is computed.

Problem 102 - In-Plane Forces. In addition to the concentrated load at

- the center, a uniform in-plane force (tensile axial load) in the y-direction
of 16,667 pounds per inch of plate width is added. The maximum closed-form
deflection occurs under the load and is 0.787 inch. The computed solution

for an 8 X 8 grid is 0.854 inch, the same as found by Hudson. The accuracy
of this solution also is increased by increasing the number of increments into
which the plate is divided.

Problem 103 - Two-Way In-Plane Forces. When an equal in-plane tensile

force in the x-direction is added to Problem 102, this method computes a maxi-
mum deflection of 0.692 inch. Reference 2 reports a maximum deflection for
this example of 0.661 inch. However, a rerun of this problem with the methods
of Ref 2 using better closure tolerances yielded a deflection of 0.692.

Problem 104 - Uniform Load. If a uniform load of 100 pounds per square
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inch is substituted for the concentrated load, the closed-form solution is
0.861 inch. Both Hudson's method and this method calculate 0.861 inch for
an 8 X 8 grid. This problem points out that it takes a much finer grid-
system to accurately model a slab loaded with a concentrated load than it
does to model a slab loaded with a uniform load.

Problem 105 - Interior Foundation Support. A uniform interior elastic

foundation with support k equal to 100 pounds per square inch per inch is
added to Problem 101. Evidently, Refs 2 and 3 contain a misprinted value,
0.70 inch, for the reported deflection under the load. Hudson's original
computer results show that this deflection is 0.787 inch, which is the same
as calculated by DSLAB 5. This compares to the approximate closed-form solu-
tion given by Timoshenko's equation of 0.723 inch (Ref 5).

Problem 106 - End Supports with Line Loads. The basic problem is modi-

fied slightly by removing the simple supports from two opposite edges of the
plates. The beam is loaded with line loads of 833 1lb/in six inches from and
parallel to the remaining two supported edges. This leaves the plate sup-
ported as a wide-beam on simple supports. Unlike a beam, however, the plate
should exhibit Poisson's ratio effects. Poisson's ratio manifests itself in
such a structure by anticlastic bending. A hand solution of this problem
gives a deflection at the center of the beam or plate of 0.566 inch. Both
computer solutions for an 8 X 8 grid give a center deflection of 0.575 inch.
This deflection increases to 0.640 inch at the center of the. two unsupported
edges due to anticlastic bending. The error of the solution is reduced to

less than 1 percent if a 16 X 16 grid is used to model the plate.

Problem 601 - Complex Bridge Approach Slab

One of the main features of this method is the ability to handle comp1e§
problems with combination loads and a variety of support conditions. Figure
7.2 illustrates such a problem. A 10-inch-thick, reinforced-concrete bridge
approach slab is used. It was supported on one end by the bridge abutment;
the other end rests on the embankment. Because of poor compaction, which
often results when there is backfill, the soil has settled under the interior
of the slab and left a section unsupported. The slab has a center-line joint
and a crack which developed from a combination of shrinkage and previous over-
stress. For a non-uniformly supported slab such as this, the dead weight of

the slab must be considered when evaluating moment and stresses. This weight
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Fig 7.3. Deflection contour of bridge approach
slab. Deflection in inches.
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acts as a uniform load of 600 1b per station. Two 10-kip wheel loads were
considered in this example. An axial load of 5,000 1b per inch has been
induced by the expansion of the adjoining pavement. The resulting deflected
shape is shown in Fig 7.3. The maximum deflection occurs at the corner

near the wheel loads.

Problem 610 - Two-Way Bridge Slab

A second example of a complex problem is the two-way bridge slab illus-
trated in Fig 7.4. The slab in this problem has a variable thickness. The
supporting beams are modeled as fixed supports. The dead weight is input
due to the varying thickness and the simple supports. Six 20.8-kip loads
act in a line 12 feet from the end of the slab. A maximum deflection of
-.3095 inch occurs 12 feet from the end, one foot from the center. The
resulting deflected shape is shown in Fig 7.5. The maximum moment in the
x-direction is 23,500 in-1b and occurs two feet to the right of the maximum

deflection.

Table of Results

A variety of example problems have been presented. The results are
listed in tabular form for the convenience of the reader. Table 7.1 compares
the results of the closed-form solutions, Hudson's solutions, and the solu-
tions of this report. It also presents the computer time required to solve
each of the problems. The deflections compared in Table 7.1 are in general
the maximum deflections for the problem under study. The only exceptions are
Example Problems 106 and 601. The deflection compared in Problem 106 occurs
at the center of the slab. In Problem 601, the deflection compared occurs
under the top 10-kip load (see Fig 7.2).

The exact time to run the problems using the SLAB 17 method (Ref 2)
depends on the skill of the user. However, by examining the times required
to run numerous problems with this program, it was possible to develop Table
7.2, which gives a general idea of the efficiency of SLAB 17 compared with
DSLAB 5. Table 7.1 indicates that the time to run a square problem on DSLAB 5
is approximately proportional to m’ (or n® ) where m and n are the

number of increments in the x and y-directions, respectively., Slab solu-

tions (see Chapter 4) involve manipulating sub-matrices. The size of the
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Fig 7.4. Two-way bridge slab.

} 58 ft

-.Q78

-.04

Q.0

60 ft

-.04

Fig 7.5. Deflection contour of two-way bridge
slab, Deflection in inches.
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TABLE 7.1. COMPARISON OF RESULTS

Closed-Form Hudson's DSLAB 5 Time to Run
Example Increment Solution Solution Solution Problem
Number Mesh (inches) (inches) (inches) ~ (seconds)
101 8x8 1,07 1.14 1.14 4.1
101 16X16 1.07 1.08 1.09 24.9
102 8x8 0.787 0.854 0.854 3.8
102 16x16 0.787 not run 0.817 23.9
103 8x8 not solved 0.692 0,692 3.3
104 8x8 0.861 0.861 0.861 3.5
104 12x12 0.861 0.862 0.862 9.5
104 16x16 0.861 0.860 0,862 24.0
104 2424 0,861 not run 0.862 84.0
105 8%8 0,722 0.787 0.787 3.4
105 16X16 0,722 not run 0.752 24.3
106 8x8 0.566 0.575 0.575 3.4
106 16X16 -~ 0.566 not run 0.566 23.6
601 lex12 no solution 0.0106 0.0105 18.0

TABLE 7.2, COMPARISON OF SLAB 17 AND DSLAB 5
SOLUTION TIMES

Increment Mesh Time for SLAB 17 (sec) Time for DSLAB 5 (sec)
8x8 4 - 7 3 -5
16X16 25 - 50 23 - 25

2424 70 - 150 80 - 90
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sub-matrix is controlled by m . The number of times the manipulations of the
sub-matrices must be performed is controlled by n . Apparently, the time to
solve rectangular problems should be proportional to m2n .

SLAB 17 holds an outstanding advantage over DSLAB 5: it requires less
computer storage. For example, SLAB 17 can solve g mesh size of up to 30 x 30
on the CDC 1604, which has a 32,000-word storage capacity, while DSLAB 5 can
solve only a 12 x 12 system because of storage requirements. However, with
the present 131,000-word capability of the CDC 6600, DSLAB 5 can solve a 28 Xx
28 problem. By rearranging the DIMENSION statements of the program, DSLAB 5
can solve a long thin slab represented by a 14 x 100 grid. Although DSLAB 5
is not presently practical on the smaller computers, it is invaluable for

solving problems which cause the SLAB 17 program difficulties.
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CHAPTER 8. SUMMARY

A useful method for the solution of discontinuous orthotropic plates
and pavement slabs has been described by Hudson in Ref 2. Efficient solutions
by this method are dependent upon the choice of proper closure springs, which
for a given slab problem are quite often difficult to arrive at without several
time-consuming trials. There is clearly a need for an efficient one-pass method
of solving discontinuous orthotropic plates and pavement slabs. This report
provides such a method.

The technique is based on a physical model of the problem which is
helpful in visualizing the problem and forming the solution. All properties
and loads can be freely variable from point to point. The method developed
is not useful for hand calculations. With the normal computational accuracy of
the CDC 6600 computer, the method is not hindered by round-off errors for
the program size presently dimensioned.

The computer program DSLAB 5 is limited to a maximum size of 28 incre-
ments in the =x and y-directions, although the dimension statements can easily
be changed to solve a long slab with decreased width. The alternating-direction
method of solution (Ref 2) requires much less computer storage space and could
therefore solve a system which is divided into many more increments.

This method has application to a broad variety of complex plate and
slab problems. Although the formulation of the finite-difference equation is
based on the same finite-element model used by Hudson in Ref 2, this method is
more convenient since the user is not required to calculate the often trouble-

some closure parameters needed for an iterative solution.

43
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OPERATING MANUAL FOR PROGRAM DSLAB 5

extract from

DIRECT COMPUTER SOLUTION FOR PLATES
AND PAVEMENT SLABS

by
C. Fred Stelzer, Jr., and W. Ronald Hudson

October 1967
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DSLAB 5 is a computer program written to solve problems involving orthotropic plates and pavement slabs.
The development of the equations and the overall method of solution are discussed in Chapters 4, 5, and 6 of
the basic report. The purpose of this Appendix is to provide the program user with a concise manual which can
be extracted for daily use with the program.

Program Operation

The general procedures followed in the program are described in the attached flow chart. A problem number
card at the beginning of each problem controls the start of the solution. Unless an error occurs because of
unacceptable data the program will work any number of problems in sequence, finally stopping when a blank prob-
lem number card is encountered.

The data deck starts with two cover cards used to identify the program and the particular run being made.
The problems to be solved together in one run are stacked behind the cover cards in sequence as illustrated in
Fig Al. Each problem consists of (a) one problem number card with alphanumeric description of the problem;
(b) Table 1, Input for Data Control and Constants, one card containing necessary control data and constants for
the problem; and (c) Tables 2 and 3, Stiffness and Load Data, which contain the number of cards required to
properly describe the problem and loads being applied. The number of values on each card in Table 2 and the
number of cards in Table 3 must be properly specified in Table 1 as indicated in the Input Form.

Guide for Data Input

The following pages provide a Guide for Data Input. It should be expected that revisions of these forms
and instructions will be developed in the future and may supersede the present versions.

Example problems are discussed in Chapter 7. Appendix 4 includes example input data for several of these
example problems. By comparing these example inputs with the description of the real problem the user can gain
practical experience in the preparation of input data. Proficiency in the use of the program can be gained
only through actual coding of problems and solution in the computer. Recoding and resolution of the example
problems should prove to be helpful.

189
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BLANK CARD TO HALT PROGRAM
(END-OF- DATA CARD)

Cards for as many additional
problems os desired

As many cards/
as required

TABLE 3 -REMAINING LOAD DATA
(NO. OF CARDS AS SHOWN IN TABLE 1)

Cards far
FIRST PROBLEM

As many cards/
as required

TABLE 2-STIFFNESS AND LOAD DATA .|
' (NO. OF CARDS AS SHOWN IN TABLE1) .

TABLE 1 - CONTROL DATA AND
CONSTANTS

Two °°"°'/ RUN. DESCRIPTION CARD
cards M i TR Y

'
.'|' ‘
i dal e b G

PR RAM AND RUN

DSLAB 1 - DESCRIPTION ODECK

with START, FINISH, and EXECUTE
CARDS oas required by the Particular
COMPUTER and COMPILER used Assembled

pragram deck

Fig Al, Assembly order for DSLAB 5 program deck with data, ready for run.
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DSLAB 5 GUIDE FOR DATA INPUT - CARD FORMS

IDENTIFICATION OF PROGRAM AND RUN (2 alphanumeric cards per run)

Account number, project, coding, key punching with dates, etc.

80

Description of run

] 80
IDENTIFICATION OF PROGRAM (one card each problem; program stops if PROB NUM is blank)
Prob Num
Description of problem (Alphanumeric)
| 5 t 80
TABLE 1. PROGRAM-CONTROL DATA AND CONSTANTS (1 card)
Num Cards Incr Length in Incr Length in  Poisson's
Table Table Num Incrs =x-Direction y-Direction Ratio
2 3 MX MY HX HY PR
5 10 5 20 30 a0 50
TABLE 2. STIFFNESS AND LOAD DATA (any number of cards as shown in Table 1)
From Sta Thru Sta Bending Stiffness Load Spring Twisting Stiffness
11 J1 12 J2 DX DY Q s cX cY
5 10 ) 20 30 40 50 60 70 80
TABLE 3. ©LOAD DATA CONTINUED (any number of cards as shown in Table 1)
From Sta Thru Sta External Couple Axial Tension
I1 Jl 12 J2 X Y PX PY
5 0 15 20 al 50 €0 70 80

199
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GENERAL PROGRAM NOTES

The data cards must be stacked in proper order for the program to run.
A consistent system of units must be used for all input data, for example, pounds and inches.

All 2 to 5-space words are understood to be integers or whole decimal numbers . . . . . . . . . .|+ 4
All 10-space words are floating-point decimal numbers . . . . . . . . . . . . . . . . .[-4 .321E

All numbers must be right justified.
The problem number may be alphanumeric.

TABLE 1. PROGRAM-CONTROL DATA AND CONSTANTS

The number of input cards for Table 2 and Table 3 must be shown separately and should be carefully
checked.
Poisson's ratio will be taken as zero unless specified (always positive).

TABLE 2. STIFFNESS AND LOAD DATA

Typical Units:
Variables: DX DY Q S CX CY
Input Units: in-1b in-1b 1b 1b/in in-1b in-1b

To distribute data over a rectangular area, the lower left hand and the upper right hand mesh points of
the area must be specified. Figure A2 illustrates this.

To specify data at a single station, the station numbers ( i and j ) must be specified in both the
"From Sta" and "Thru Sta" columns (see Fig A2).

The user must input half-values at mesh points on the edge of the slab and quarter-values at the cormners
since each mesh point represents the area within 1/2 increment length on all sides.

There are no restrictions on the order of cards in Table 2.

Unit stiffness values DX and DY are input at all full-value stations. The values are reduced propor-
tionally for edges (half-values) and corners (quarter-values).

Unit torsional stiffnesses CX and CY are input in appropriate slab segments where full values are
required. The values may be reduced as necessary (half segments rarely occur however).

CX and CY wvalues lie in the increment space below and to the left of the mesh point. Care should be
taken to keep from placing CX and CY values outside points with real DX and DY wvalues.

LS
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Uniform Load
q = 20 psi

Equiv per Sta Load

Q H
= 2000 1b
From
Sta
4 2
3 1
0 0
0 1
1 0
1 1

NN

o

20%2(107(10“!\2

MR W oW

mmeell [ORT: BEESE o

i

!

101in

|

T 10-kip Concentrated
{.oad

™~ g = 50 psi

i

Equiv per Sta Load

Q =50—QH0xM)mZ
5000 b

Load
Q

1,000 E + 04

5,000 E + 03

Fig A2,

Concentrated value at Station 4,2,

pistributed load centered over Stations 3,1 and
4,1 such that each gets a full value.

Uniform load in rectangle 0,0 -

2,3, added in one-

quarter values at a time to provide half-values at
edges and quarter-values at corners of the area.

Example load input.
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S wvalues for any station are determined by multiplying the support value k by the appropriate area
of the real slab assigned to that station (half-values for edges, quarter-values for corners). If
k 1is variable, then S = ZkA over the area A of the station. Pinned supports are provided
by using large S wvalues.

TABLE 3. LOAD DATA

Typical Units:
Variable: X TY PX PY
Input Units: in-1b in-1b 1b 1b

All inputs in this table are lumped. Distributed data must be summed over the width of the increment
involved. Concentrated values are applied directly at the nearest station.

Axial tension (+) or compression (-) values P must be stated at each station in the same manner as
indicated above. There is no mechanism in the program to automatically distribute the internal
effects of any externally applied axial force.

Torques TX and TY are applied to the bar elements to the left and below the station, not at stations.

Dimension Guide

Since the size and the storage capacity of computers vary, it is necessary to make the size of a
program variable. This is accomplished by use of a Dimension Statement, which is an integral part of
the program deck. 1In DSLAB 5 it is also necessary to change the Dimension Statement to run rectangu-
lar problems. The Dimension Statement appears in the program after the section of comment cards which
list the program notation. The following instructions are given so that the program user can change
the Dimension Statements to fit his computer capacity or to fit the needs of his problem. The Dimen-
sion Guide, Fig A3, shows the Dimension Statement from DSLAB 5, using symbolized arrays. The dimensions
of the real slab are replaced by S and L , where S is the short length of the slab and L 1is the
long length. The user changes the numbers in the Dimension Statement by substituting the increment
size of the maximum slab which he desires to solve into the arrays of the Dimension Statement following
the formulas in the Dimension Guide. This choice of dimension input makes it necessary for the short
end of the problem to be always in the x-direction and the long length in the y-direction. By making the
short length the x-direction, the problem requires less storage and the computing time required is
decreased.

The variables L1 , L2 , and L3 are in this Dimension Guide to be used in the subroutines which
are part of the program. By changing Ll , the user automatically changes the subroutines' Dimension
Statements to agree with the main Dimension Statement.

19
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DIME

~ OO ~-JOOWNMPVLVNFH VOIS LN

EXPANSION FORMULAS FOR DIMENSION STATEMENT IN DSLABSe

NSION

VARIABLES

Ll
L2
L3

n nn

A(S+TsL+7)
A2(S+3s1)
AALl (5+395+43),
AA3(S+3954+3),
AAS . o+3,,43 ),
AN1(32)
AAUG(5+395+392)
BB(S+395+3)
BB2(S+395+3 )
BMY(S+75L+7),
CCLo+395+43)
CC2(S+395431),
Civot7sL+7)
DP(6)»

Dy (o+7sL+7)
PX(S+7sL+7)
QIS+TsL+7)
TX(S+TsL+7)
WISH+TsL+7)
W2(S+3+1)

FOR usE IN SE1iING
SUBROQUTINES IN DSLABS

S+43
1
2

Fig A3,

Dimension Guide.

Al(S+3s1)
AA(S+3s1 )
AAZ21o+395+3)
AAL4 (S+395+3)
AA6 . .+351) >
AN2(14)
Bto+3s5+39L+7)
BB1(S+3+5+3)
BMX(S+T7sL+7)
C(S+39S5+39L+7)
CCl(s5+395+43)
CX(S+TsL+7)
Diu+350+43),
DX(S+T7+L+7)>
Eito+3+s5+43),
PY(S+T7sL+7)
S(S+T74L+7)
TY(S+TsL+7)
W1tS5+391)

IHE DIMENSION SIZE FOR
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GENERAL FLOW DIAGRAM FOR
PROGRAM DSLAB 5

[ BEGIN

1010
READ problem identification and NPROBY

- IF 0

NP%B&//’ 9999

+
PRINT problem identification and NPROBﬁ @

READ and PRINT Table 1.
Program control data

I Compute constant values for conveniencew

| Clear values from prior problems

READ and PRINT Tables 2 and 3.
Stiffness and load data

Begin main solution

__________ 4 DO J from 3 to MYP5)

—— — — —— — — — — —— —

——————— 4 DO I from 3 to MXP5)

Form sub-matrices

Calculate
AAI(I,I)

AAG(T)

500
————————— CONTINUE

67



|PRINT No inverséﬁ

9999

B Compute continuity matrices
: E(I,K) = [AAI(I,K)] * [B(I,K,J-Z)] +-[AA2(I,K)]

|

: D(I,K) = [E(I,K)} * [B(I,K,J-l)] + [AAI(I,K)]

|

| * [C(I,K,J-Z)] + [AA3(I,K)]

|

I

I D(I?E?Shave No

i an inverse

|

l D(I,K) = -1.0 * [D(I,K)]-l s
i C(I,K,J) = [D(I,K)] * [AAS(I,K)]

: B(I,K,J) = D(I,K) * {[E(I,K)] * [C(I,K,J-l)]

: + [AA4(I,K)]L

I} ACL,T) = [D(I,K)] {[E(I,K)] x [A(I,J-l):\

[ + [AAI(I,K):\ [A(I,J-Z):\ - [AA(»(I):\}

i 600

—— . ——— — —— — — —

W(I,J) = [A(I,J)] + [B(I,K,J)] * [W(I,J-l)]
+ [C(I,K,J)_J x [W(I,J—Z):\

650

———— . ——— — — ——— —

Compute deflections

v

€ The indicated operations involve numerous matrix multiplications and
inversions which require calling the appropriate subroutines at the

end of the program.



/~-————n--{—50 for each Beam J from 3 to MYPS)

,___.ﬂ DO for each Station I from 3 to MXPS)

JSTA = J-
ISTA = 1

/~-—-4 DO for each Number N from 1 to 3)

| Compute bending moment X |

[Agpmpute bending moment Y [

700

e e e CONTINUE )

Compute second deriv. of bending
moments X and Y(QBMX and QBMY)

Compute second deriv. of twisting
moments X and Y(QTMX and QTMY)

| Compute QPX |

| Compute QPY |

REACT = QBMX + QBMY + QIMX
+ QTMY - QPX - QPY

750
S e e e e ot e e e CONTINUE

(
1
1
1
!
l
|
|
|
|
|
|
|
!
|
!
l
1
x
|
|
l
l
|
|
|
I
|
1
l
l
l
n
I
|
|
|
|
|
|
|
!
!
|
l

800

R e T R ——— -{ CONTINUE)

p——— ————— — — — | —— — — — — — - o— - r— o o o s . et it . et s s s it ot o i s o e e et o oo o s et it ey,



PRINT Table 4. Output including
ISTA, JSTA, Deflection, BMX, BMY
and Reaction

~—~————— DO for each Beam J from 3 to MYP5)

——

~——— DO for each Station I from 3 to MXP5 )

Compute twisting moments
™X, TMY

PRINT ISTA, JSTA, TMX,
and TMY

950

——— s ——— CONTINUE )

960

——— e —— —[ CONTINUE )

1010

o — . — —— ————— — o — — —_ 4 ——;_-—
e e o t——— — — — — —




SUBROUTINE MATMPY
(MULTIPLIES TWO SQUARE MATRICES)

[ START |

,,-.——————---————-‘ DO I from 1l to MXP@

_________ - DO M from 1 to MXP3 )

| cc(I,M) = 0.0 |

e s s S s 4 DO K from 1 to MXP3)

]
|
l
| [CC(I,M) = AA(T,K) * BB(K,M) + CC(L,M) |
|
|
\

A —— — —— — — T— T —— — ——— T — — T — — - So—" — -—" - -

— D ————————_—— —o— ——-

’
(@]
<
=z
=
)
s
[
=1
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SUBROUTINE MATMPL
(MULTIPLIES A SQUARE MATRIX TIMES A VECTOR MATRIX)

—————— ——{ DO I from 1 to MXP3)

| A2(1,1) = 0.0)

o e e e —{ DO K from 1 to MXP3)

| A2(I,1) = AA(I,K) * AL(K,1) + A2(I,1) |

25

e CONTINUE )
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SUBROUTINE INVRSL
(FINDS INVERSE OF MATRIX)

[ START

| EP = 1.0E-15 |

________ - DO I from 1 to MXP3)

—4 DO J from 1 to MXP3)

[ aAuG(1,J,1) = AA(T,J) |

| aauc(1,J,2) = 0.0 |

o . —  — —— — — e e i S b e . i S o .

( 90
| AAUG(I,J,2) = 1.0 |

100

—
| CONTINUE )

s

e —— —o——,

105

— DO I from 1 to MXP3 )
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cm

ABSF(AAUG(I,I,1))-EP

~—-— DO II from KK to MXP3)

ABSF(AAUG(II,I,1))-EP

—— — —— — ——— — — — —

———— CONTINUE )

PRINT No inverse
exists

(_RETURN )

__———-| DO K from 1 toﬁ

’—"—4 DO L from 1 to MXP3¥)

| SAVE = AAUG(I1,L,K) |

[ WC(T,1,K) = AAUG(TI1,L,K) |

| ~AUG(IL,L,K) = SAVE |

— . ————— i —— — e ——

140
Y CONTTNUE )

145

—————— e e e — —




105 (4]
| STORE = AAUG(I,I,1) |
s ————— DO K from 1 to 2)
|
| (~——~——{ DO J from 1 to MXP3)
|
|1
1
l } [[AAUG(T,J,K) = AAUG(I,J,K)/STORE
| | 160
I N
{ — — CONTINUE )
| 165
e ——— { CONTINUE )

12 ;/jk// \
+
170
| SAVE2 = AAUG(I2,1,1)]
y——=—=—— DO K from 1 to 2)

(
K

Id

~-—— DO JJ from 1 to MXP3)

|

|

| [AAUG(12,JJ,K) = AAUG(12,JJ,K)
{ - SAVE2 * AAUG(I,JJ,K)

[

{ 175

75
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180

'
i
{
E
:

{_CONTINUE )

185

————— 4 DO JJ from 1 to MXP3)

,—————wl DO K1 from 1 to MXP3)

{
|
I [ B(XI,J0) = AUG(KI,JJ,2) ]
|
|

190
CONTIRUE

{ RETURN )
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OO OoOOO0000

OGO OO0 000000000000 OO0 O0O0

PROG

1 FORM
1 ’

A
BY
BY

RAM DSLAB 5 ( INPUT, OUTPUT }
AT 52H PROGRAM DSLAB 5 - DECK 1 ~ STELZER 28JET
28H REVISION DATE 24 JULY 1967 )

THIS PROGRAM IS MATHEMATICALLY IDENTICAL TO DSLAB1.

THIS PROGRAM SOLVES ORTHOTROPIC PLATES AND PAVEMENT SLABS BY
DIRECT MZTHOD. THE DIRECT SOLUTION IS CARRIED OUT

USING A BACK AND FORTH RECURSIVE TECHNIQUE DESCRIBED

HUDSON MATLOCK.

NOTATION

Al) CONTINUITY OR RECURSION COEFFICIENT

AA(), ALL), A2() TEMPORARY Al ) TERMS

AAL(), AA2(), AA3(),TERMS WHICH MAKE UP THE SUB-MATRICES OF
AAal)y, AAS(), AASGI) THE STIFFNESS MATRIX AND LOAD MATRIX
AAUG () AUGMENTED M2TRIX

AN1(N) ALPHANUMERIC REMARK, INFORMATION ONLY

ANZ (N) ALPHANUMERIC REMARK, INFORMATION ONLY

B() CONTY{NUITY OR RECURSION COEFFICIENT

B8(), BBl(), BB2() TEMPORARY B() TERMS

BMX(I,4J) BENDING MOMENT IN THE X DIRECTION

BMY(I,J) BENDING MOMENT IN THE Y DIRECTION

CXN TEMPORARY INPUT VALUE OF TWISTING STIFFNESS
CX(I4J) TORSIONAL STIFFNESS

CY(I,J) TORSIONAL STIFFNESS

CYN TEMPORARY INPUT VALUE OF TWISTING STIFFNESS
c() CONTINUITY OR RECURSION COEFFICIENT
CCt)y CC1(), CC2() TEMPORARY C () TERMS

DP(N) SQUARE ROOT OF PRODUCT OF BENDING STIFFNESS
DX(I,4J) BENDING STIFFNESS (SLAB)

DXN TEMPORARY INPUT VALUE OF BENDING STIFFNESS
DY(I,J) BENDING STIFFNESS (SLAS)

DYN TEMPORARY INPUT VALUE OF BENDING STIFFNESS
E() CONTINUITY OR RECURSION COEFFICIENT

ne) CONTINUITY OR RECURSION COEFFICIENT

HX INCREMENT LENGTH IN X DIRECTION

HXDHY?3 HX DIVIDED 8Y HY CUBED

HY INCREMENT LENGTH IN Y DIRECTION

HYDHX3 HYy DIVIDED BY HX CUBED

I STATION NUMBE X DIRECTION

I1, I1 TEMPORARY VALUE OF I

IN1 X COORDINATE OF THE FROM STATION

IN2 X COORDINATE OF THE THRU STATION

ISTA EXTERNAL X STATION NUMBER

ITEST BLANK FIELD FOR ALPHANUMERIC ZERO

J STATION NUMBE Y DIRECTION

Jl, J2 TEMPORARY VALUE OF J

JN1 Y COORDINATE OF THE FROM STATION

JN2 Y COORDINATE OF THE THRU STATION

JSTA EXTERNAL Y STATION NUMBER

MX NUMBER UF INCREMENTS IN X DIRECTION

MXP3 MX PLUS THREE

MXP5 MX PLUS FIVE

MXP7 MX PLUS SEVEN

MY NUMBER OF INCREMENTS IN Y DIRECTION
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C MYP5 MY PLUS FIVE

C MYPT MY PLUS SEV'N

C NCTZ2 NUMBER OF VALUES IN TABLE 2

C NCT3 NUMBER OF CARDS IN TABLE 3

C NPROB NUMBER OF PROBLEM, PROG STOPS IF ZERO
C ODHX CNE DIVIDED BY HX

C QbHY CNE DIVIDED BY HY

C OCHXHY CNE DIVIDED BY HX TIMES HY

C PUHXHY POISSCONS RATIO DIVIDED BY HX TIMES HY
C PR POISSCNS RATIO

C PX(I,J) AXIAL LOAD IN X DIRECTION

C P XN TEMPGRARY INPUT VALUE OF AXIAL LOAD

C PY(I,J) AXIAL LOAD IN Y DIRECTION

C PYN TEMPORARY INPUT VALUE OF AXIAL LOAD

C QI J) TRANSVERSE FORCE PER MESH POINT

C QaMx HXHY # SECCND DERIV BEND MOMENT (X)

C QBMY HYHX ® SECCND DERIV BEND MOMENT (Y)

C QN TEMPORARY INPUT VALUE OF LOAD

C QPX VERTICAL REACTION DUE TO AXIAL FORCES
C QPY VERTICAL REACTION DUE TO AXIAL FORCES
C QTMX HXHY = SECOND DERIV TWIST MOMENT (XY)
C QTMY HYHX # SECOND DERIV TWIST MOMENT (YX)
C RIACT NET TRANSVERSE FORCE

C S(I,J) SPRING SUPPORT, VALUE PER MESH POINT

C SN TEMPORARY INPUT VALUE OF SUPPORT SPRINGS
C TMX TWISTING MOMENT (XY)

C TvY TWISTING MOMENT (YX)

C TX(I,J) EXTERNAL COUPLE IN X DIRECTION

C TXN TEMPORARY INPUT VALUE OF EXTERNAL COUPLE
C TY(I,J) EXTERNAL COUPLE IN Y DIRECTION

C TYN TEMPORARY INPUT VALUE OF EXTERNAL COUPLE
C W) VERTICAL DEFLECTICN

C Wit), wWel) TEMPORARY VALUES OF W()

C

C

C-----FOR DIFFERENT SIZLD PROBLEMS, ONLY THE DIMENSION CARDS AND THE
C Ll CARD NEED BE CHANGED. FOR EXAMPLE, AA1(S+3,5+3),

C AA6(S+3,1), AAUG(S+3,S5+3,2), A(S+7,L+7), B(S+3,S+3,L+7)

C WHERE THE S AND THE L REFER TO THE SHORT AND LONG LENGTHS
C OF THE REAL PROBLEM. ALSO, L1 IS S+3.

C

C---=- THIS PROGRAM IS NOW CIMENSIONED TO €OLVE A GRID WITH MAXIMUN SIZE
C fJF 20 BY 29 MESE POINTS.

C

DIMe=NSION A(27,36), A1(23,1), A2(23,1), 22JL7
1l AA(Z3,1), AAl1(23,23), AA2(23,23),y 24JL7
2 AA3(23423), AA4(23,423), AA5(23,23), 22JL7T
3 AA6(23,1), AN1(32), AN2(14), 22JL7
4 AAUG(2342342), B(23,23,36), BB(23423)y 22JL7
5 BBL(23,23), BB2(23,23),- BMX(27,36), 22JL7
6 BMY (27436), €C(23,23,36), CC(23,23)y 22JL7
7 CCl(23,23), €C2(23,23), CX(27,36), 22JL7
8 CY(27,36), Dt23,23), DP(6), 22JL7
9 DX(27,36), DY(2743¢€), E(23,23), 22JL17
1 PX(12T7,36), PY(27,36), Q(27,36), 22JL7
2 S(27,36), TX(27,36), TY(27,36), 22JL17
3 W(27436), W1l(23,1), W2(23,1) 22JL7

EQUIVALENCE (WyS)y (ByBMX3}, (C,BMY) 22JL7

Ll 23 20JL7

L2 1 20JL7



L3 = 2 20JL7
6 FORMAT ( ) 04MY3
10 FORMAT ( SH v 80Xy 10HI-=--- TRIM ) 03FE4
11 FORMAT ( SH1 v 80Xy 10HI===-~- TRIM ) 03FE4
12 FORMAT ( 16AS5 ) 04MY3
13 FORMAT ( SX» 16A5 ) 26AG3
14 FORMAT ( A5, 5X, 14A5 ) 19MRS
15 FORMAT (///10H PROB , /5X, A5y 5X, 14A5 ) 19MRS
16 FORMAT (///17H PROB (CONTD), /5Xs A5, S5X, 14A5 ) 19MR 5
19 FORMAT (///48H RETURN THIS PAGE TO TIME RECORD FILE -—- HM ) 26AG3
20 FORMAT ( 4I5, 4E10.3 ) 02NO06
23 FORMAT (  4( 2X, 13 ), 6E10.3 ) 21J4L7
24 FORMAT ( 4( 2X, I3 ), 20X, 4E10.3 ) 21JL7
30 FORMAT ( //30H TABLE 1. CONTROL DATA ' / 15AP3
1 / 30H NUM CARDS TABLE 2 v 42Xy 13, / 200L7
2 30H NUM CARDS TABLE 3 v 42X, 13, / 20JL7
4 30H NUM INCREMENTS MX , 42X, 13, / 200L7
5 30H NUM INCREMEMNS MY , 42X, I3, / 200L7
6 30H INCR LENGTH HX v 35X, E10.34/ 25MY4
7 30H INCR LENGTH HY v 35X, E10.34/ 15AP3
9 30H POISSONS RATIO v 35X, E10.3,/ 15MR5
2 30H v 35X, E10.3 ) 16SES
33 FORMAT ( //51H TABLE 2. STIFFNESS AND LOAD DATA, FULL VALUES,15SEé6
1 35H ADDED AT ALL STAS I,J IN RECT. v / 15AP3
2 / 50H FROM THRU DX DYy Q 26APS5
3 45H S cXx cy v/) 26AP5
37 FORMAT ( //44H TABLE 3. STIFFNESS AND LOAD DATA, FULL, 20JL7
1 45H VALUES ADDED AT ALL STAS I,J IN RECT. v / 26AP5
2 / 50H FROM THRU TX 26APS5
3 45H TY PX PY 2/)  26APS5
39 FORMAT ( //25H TABLE 4. RESULTS 17/ 20JL7
1 S0H I,J DEFL BMX BMY 204L 7
2 20H REACT /) 20JL7
40 FORMAT ( //30H TABLE 4. RESULTS(CONTD) 177/
1 40H IsJ TMX ™Y /) 20JL7
43 FORMAT ( 5X, 20 1X, I3, 13 )» 6E11.3) 21J4L7
44 FORMAT ( 5X, 21 1X, I3, I3 ), 22X, 4E11.3 ) 21JL7
45 FORMAT ( 7X, 12y I3, 9E12.3 ) 02N06
60 FORMAT ( 15X, 215, 5X, E10.3 ) 14SE6
C N
C-----PRUGRAM AND PROBLEM IDENTIFICATION
C
ITEST = 5H 19MR5
CALL TIC TOC (1) 26SE66
READ 12, ( ANL(N), N =1, 32 ) 19MR5
10i0 READ 14, NPROB, ( AN2(N)y N = 1, 14 ) 28AG3
IF ( NPROB - ITEST ) 1020, 9990, 1020 19MR5
1020 PRINT 11 26AG3
PRINT 1 19MR5
PRINT 13, ( AN1(N), N =1, 32 ) 19MR5
PRINT 15, NPROB, ( AN2(N), N = 1, 14 ) 26AG3
C
Com—m- INPUT TABLE 1
C
READ 20, NCT2, NCT3, MX, MY, HX, HY, PR 21JL7
PRINT 30, NCT2, NCT3, MX, MY, HX, HY, PR 02N06
C
C-=—=- COMPUTE FOR CONVENIENCE
c

MXPT = MX + 7 07NO6
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c

100
105

130
135
140

MYPT
MXP5
MYP5S
MXP3
HYDHX3 =
HXDHY3 =
PDHXHY =
ODHXHY =
JDHX = 1
UBHY =1
DY 19 J =
0 100 I =
A({l,J) =
BMX{(I,J)
BMY(I,J)
DX{I,J)
NY(I,J)
Q(I4J)
S(I,J)
CxX{I,J)
CY(I,J)
TX(I,J)
Y(I,J)
PX(I:,J)
PY(I,J)
W{l,J) =
CONTINUE
CONT INUE
DO 140 J =
DO 135 Il =
DOy 130 I =
B(I,II,J
ClI,II,J
CONTINUE
CONTINUE
CONTINUE

"
pr

W oW on
=

C-—~--INPUT TABLLE 2

C

PRINT 33
IF ( 1.GT.NCT
03 360 N =
READ 23, IN1l, J
PRINT 43, IN1, J

(4
-
oo

IF ( I1.GT.I2
DO 355 I =
IF ( J1.GT.J2
DB 350 J =
DX(I,J)
DY(1,J)
QUI,J)
S(I,J)
CX{(I,J)
CY(I+J)
CONT INUE
CONTINULE

WV~

HY / HX#%##3
HX / HY&=23
PR / ( HY = HX

1.0 / ( HY & HX )

«0 / HX
.0 / HY
1, MYPT7
Ly MXPT
0.0
= 0.0
= 0.0
= 0.0
= 0.0
= 0.0
= 0.0
= 0.0
= 0.0
= 0.0
= 0.0
= 0.0
= 0.0
0.0
1, 2
1, MXP3
1, MXP3
) = 0.0
) = 0.0
2 ) GO TO 365
1, NCT2
Nl, IN2, JN2, DXN,
N1, IN2, JN2, OXN,
IN1L + 4
JN1 + 4
IN2 + 4
IN2 + 4
) GO TO 360
I, 12
) GO TO 360
Jl, J2
= DX{I,J) + DXN
= DY{(1I,J) + OYN
= Q(I,J) + QN
= S(I,J) + SN
= CX[I,J) + CXN
= CY(I,J) + CYN

)

07TNO6
120C6
120C6
120Cé6
14SE6
14SE6
14SE6
14SE6
14SE6
14SE6
21J0L7
21JL7
07NO6
07NO6
07NQO6
C1INQ6
01NQ6
01NO6
01NO6
OLNO6
01NO6
23JE7
23JE7
23JE7
23JE7
02NO06
04MY 7
23JE7
22JE7
22JE7
21JL7
07NO6
07NO6
04MYT
22JE7
22JE7

14SE6
214L7
21JL7
22AP5
22AP5
20APS
20APS
20APS5
20APS
16AG6
21JL7
16AG6
21JL7
4SE64
4SE64
13AP3
13AP3
15AP5
15AP5
13AP3
22JE7



360 CONT INUE 13AP3
365 CONTINUE 04MY 7
C
C-—----INPUT TABLE 3
C
PRINT 37 22APS
IF ( 1.GT.NCT3 ) GO TO 385 15SE6
DO 380 N = 1, NCT3 214L7
READ 24, INl, JN1, IN2, JN2Z, TXNy TYN, PXN, PYN 15SE6
PRINT 44, INl, JN1, IN2, JN2, TXN, TYN, PXN, PYN 15SE6
Ir = IN1 + 4 13AP5
J1 = JN1 + 4 13AP5
2 = IN2 + & 16AP5
J2 = JN2 + &4 13AP5
IF ( 11.GT.12 ) GO TO 380 16AG6
DO 375 1 = I1,,12 21JL7
IF ( J1.GT.J2 ) GO TO 380 16AG6
DO 370 J = Jl,y J2 21JL7
TX{IyJ) = TX(I,J) + TXN 20APS
TY(I,Jd) = TY(I,J) + TYN 20APS
PX(Iyd) = PX(IsJ) + PXN 20APS5
PY(I,J) = PY(I,J) + PYN 20APS
370 CONTINUE 20APS
375 CONTINUE 21JL7
380 CONTINUE 20APS
385 CONTINUE 20APS5
C
C---—-- PLACE SPRING AT MESH PTS BEYOND BOUNDARIES OF REAL SLAB TO MAKE
C SOLUTION OF NON-RECTANGULAR SLABS OR SLABS WITH HOLES POSSIBLE.
C
DO 400 J = 3, MYP5 22JE7
DO 395 1 = 3, MXP5 22DE6
SUM = DX(I-1,J) + DX(I,J) + DX(I+1sJ) 21J4L7
1 + DY(IyJ=1) + DY(I4J) + DY(I,J+1) 21JL7
IF ( SuM ) 395, 390, 395 22DE6
390 S(IyJ) = 1.0E+20 22DE6
395 CONTINUE 22DE6
400 CONTINUE 22JET
C
C-----FORM SUB-MATRICES
C
DO 600 J = 3, MYP5 04MY?7
DO 500 I = 3, MXP5 21417
Ir=1-2 120C6
AAL(II»II) = DY(I4J-1) = HXDHY3 120C6
AA2(TI,I1) = -2.0 # ( PDHXHY = ( DX(I,J) + DY(I,J-1) ) 120C6
1 + HXDHY3 # ( DY(I,J-1) + DY(I,J) ) ) 14SE6
2 + ODHXHY = ( — CX(I,J) - CX(I+1,J) 145E6
3 = CY({IsJ) = CY(I+1,J) ) - ODHY = PY(I,J) 14SE6
AA3(IL,I1) = HYDHX3 = ( DX(I-1,J) + 4.0 = DX(I,J) 120Cé6
1 + DX(I+1,J) ) + HXDHY3 = ( DY(I,J-1) + 4.014SE6
2 # DY(I,J) + DY{I,J+1) ) + PDHXHY # 4.0 14SE6
3 = [ DX(I,J) + DOY(I,J) ) + ODHXHY 14SE6
4 # { CX(IsJ) + CX(IsJ+1l) + CX(I+1,J) 14SE6
5 + CX{I+1,0+41) + CY(I4J) + CY(I+1,J) 14SE6
6 + CY(IsJ+1) + CY(I+1,J+1) ) + ODHX 14SE6
T # ( PX(IyJ) + PX(I+1,J) ) + ODHY 14SE6
8 = ( PY(IyJ) + PY(I,J+1) ) + S(I,J) 14SE6
AAG(IT,I1) = -2.0 = { HXDHY3 # [ DY(I,J) + DY(I,J+1) ) 120C6
1 + POHXHY = ( DX(I,J) + OY(I,J+1) ) ) 14SE6
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2 + ODHXHY # ( — CX(I,J+1) = CX(I+1,4J+1) 14SE6

3 - CY(I4J%1) = CY(I+1,J+]1) ) - ODHY 14SE6

4 = PY(I,J+1) 14SE6

AAS{II,II) = HXDHY3 = DY(I,J+1) 120C6

AA6(II41)= Q(I,J) — ODHX = ( TX(I,J) = TX{(I+1,J) ) - 120C6

1 ODHY # ( TY(I4J) = TY(I4J#1) ) 15SE6

IF(II-1) 410, 410, 405 21JL7

405 AA2(II,11I-1) = DX{(I-14J) # PDHXHY + DY[I,J-1) = PDHXHY + 21JL7

1 ODHXHY = ( CX(I,sJ) + CY(I,J) ) 14SE6

AA3(II,II-1) = -2.0 # ( HYDHX3 & ( DX{(I-1,J) + DX(I,J) ) 14SEé6

1 + PDHXHY = ( DX(I-1,J) + DY(I,+J) ) ) 14SE6

2 + ODHXHY & ( = CX(I4J) = CX(I,J+1) 14SE6

3 - CY(I,J) - CY(I4J%1) ) - ODHX = PX(I,J) 14SE6

AAG(II,11-1) = PDHXHY & ( DX(I-1,J) + DY(I,J+1) ) 120Ce6

1 + ODHXHY & ( CX(I4J+1) + CY(I,J+1) ) 14SE6

410 IF(II-2) 430, 430, 420 04MY 7

420 AAB(II,II-2) = DX(I-1,J) # HYDHX3 04MY7

430 IF{II-MXP3) 440, 450, 450 04MY7

440 AA2(II,11+1) = PDHXHY # ( DX(I+l,J) + DY(I,J-1) ) 04MY7

1 + ODHXHY # ( CX(I+1,J) + CY(I+1,J) ) 14SE6

AA(II,II+41) = -2.0 = ( HYDHX3 # ( DX{(I,J) + DX(I+1,J) ) 120Ce

1 + PDHXHY # ( DX(I+1,J) + DY(I,J) ) ) 14SE6

2 + ODHXHY & [ - CX{(I+1,J) - CX(I+1,J+1) 14SE6

3 - CY(I+14J) - CY(I+1,J+1) ) - ODHX 14SE6

4 = PX{I+1,J) 14SE6

AAG(II,1I+1) = PDHXHY & ( DX{I+1l,J) + DY(I,J+1) ) 120C6

1 + ODHXHY & ( CX(I+1,J+1) + CY(I+1,J+1) ) 15SEé6

450 IF(II+1-MXP3) 460, 500, 500 04MY 7

460 AA3(II,11+42) = HYDHX3 & DX{(I+1,J) 04MY7

500 CONTINUE 04MY7
----- BEGIN MAIN SOLUTION

DO 515 I = 1, MXP3 21JL7

Al(Is1) = A(I,J-1) 120C6

A2(I41) = A(I,J-2) 120C6

DO 510 K = 1, MXP3 21JL7

BBL{I,K) = B(I,K,J=-1) 120Ce6

BB2(I+K) = B(I,KsJ=-2]) 120C6

CCL{I4K) = C(I,KyeJ-1) 120Cé6

CC2(I4K) = ClI4KeJ=-2) 120Cé6

510 CONTINUE 04MY 7

515 CONT INUE 30JE7

CALL MATMPY ( MX, MX, AAl, MX, MX, BB2, E, L1 ) 14FE7

DO 525 K = 1, MXP3 21JL7

DO 520 I = 1, MXP3 21J4L7

E(I,K) = E(I,K) + AA2(I,4K) 200C6

520 CONT INUE 30JE7

525 CONT INUE 22JE7

CALL MATMPY ( MX, MX, E, MX, MX, BBl, D, L1 ) l4FE7

CALL MATMPY ( MX, MX, AAl, MX, MX, CC2, CC,y L1 ) 14FE7

DO 535 K = 1, MXP3 21JL7

DO 530 I = 1,4 MXP3 21JL7

D(I,sK) = D(I,K) + CC(I,K) 200C6

530 CONTINUE 04MY7

535 CONT INUE 22JE7

DO 545 K =1, MXP3 21J4L7

DO 540 I = 1, MXP3 21J4L7

D(IsK) = - 1.0 & ( D(I,K) + AA3[I,K) ) 200Cé6

540 CONTINUE 04MY 7



545 CONTINUE
CALL INVRSL ( MXP3
CALL MATMPY ( MX,
CALL MATMPY ( MX,

00 855 K =1
DO 550 1 =1
BB1(I,K}
550 CONTINUE
555 CONT INUE

CALL MATMPY { MX,

CALL MATMP1 ( MX,

CALL MATMPI ( MX,
DO 560 1 =1

y D Dy Jy MY, AAUG, L1, L3 )
Mx’ U, MX, MX, AAS} CC’ Ll )
MX, E, MX, MX, CCY, BB, L1 }
r MXP3

y MXP3

= BB{IsK) + AA4({]I,K)

MX, D, MX, MX, BB‘! BB’ Ll ,
MX, E, MX, Al, AA, L1, L2}
MX, AAl,y MX, A2, Al, L1, L2 )
y MXP3

A2(I,1) = AA(I,1) + AL(I,1)
560 CONTINUE
DO 570 I =1, MXP3
Al(I+1) = A2(I,1) = AA6(I1,1)
570 CONT INUE
CALL MATMPL ( MX, MX, D, MXy, Al, AA, L1, L2 )
DO 585 I = 1y MXP3
A{I,J) = AA(I,1}
DO 580 K = 1, MXP3
B(I:K;J! = BB(I,K)
ClIsKsJ) = CCUI,K}
580 CONT INUE
585 CONT INUE
600 CONT INUE
C
{w===~COMPUTE AND PRINT RESULTS
c
DO 650 LL = 3, MYP5
J = MY + 8 -~ LL
DO 625 1 = 1, MXP3
WL(I,1) = HW(I,J+]1)
W2(I,1) = W(I,J%2)
AA(I,1) = A(I,J}
DO 620 K = 1, MXP3
BB(I,K) = B(I,KeJ)
CCUI 4K} = ClI+Kyd)
620 CONT INUE
625 CONTINUE
CALL MATMPL1 { MX, MX, BBy MX, Wly Al, L1, L2 )
CALL MATMPL ( MX, MX, CC, MX, W2y A2, L1, L2 )
DO 630 I = 1, MXP3
Wllsd) = AA(I,41) ¢ AL(I,1) + A2(1,1)
630 CONTINUE
650 CONT INUE
W{l,y,3)= 2.0 # wWill,4) —- Wil,5)
W{MXP3,3) = 2.0% Wl MXP3,4) -W{MXP3,5)
W{lsMYP5) = 2.0% W{1l,MY+4&)} —-W (1,MY+3}
WIMXP3,MYP5} = 2.0 # WIMXP3,MY+4)} -W(MXP3,MY+3)
DD 665 J = 3, MYPS
DO 660 I = 3, MXPS
IT = MXP5 + 3 -~
W{llqsd) = W(II~-2,d)}
660 CONTINUE
665 CONT INUE
DO 670 J = 3, MYPS
W(l,J) = 0.0
H(Z,J) = 0.0

22JE7
17FE?
14FE7
14FE7
214L7
214L7
20006
O4MY7
224E7
14FE7
14FE7
L4FE?
21J4L7
200C6
04MYT
21JL7
200C 6
04MY?
14FE7
21JL7
120C6
21417
120C6
120Cé6
O4MY 7
22JE7
04MY7

21417
120C6
21417
120C6
120Cé6
12006
21417
120Ce
120C6
05MY7
224E7
14FE7
14FE?
21917
200C6
Q4MY T
04MY7
02N06
02NO6
02N06
02N06
21407
21417
0TNQ6
OTNDS6
O4MY?
22JE7
21417
O7TNOS
0TNO6
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WiMX+6,J) = 0.0 O0TNO6

WIMX+7,J) = 0.0 O07TNQ6

670 CONTINUE 04MY 7
PRINT 11 155E6
PRINT 1 21JL7
PRINT 13, ( ANLI(N), N = 1, 32 ) 19MR5
PRINT 16, NPROB, { AN2(N), N =1, 14 ) 28AG3
PRINT 39 02NO6
DO 800 J = 3, MYPS 21JL7
PRINT 6 21JL7
DO 750 I = 3, MXPS 21JL7

ISTA = 1 - 4 02NO6

JSTA = J -~ 4 02NO6

DD 700 N = |, 3 2LJL T

K =1+ N - 2 02NO6

DP{N+3) = SQRT { DX{(K,J} = DY{K,J) ) 02NQ6

BMX{K ) = BEX{Kyd) #& { W{K=1ly4Jd) ~ W(K,J) = W{K,J} 02N06

1 + W{K+leJd) } /7(HX#HX)+ OP(N+3) » PR = {(W({K,J~1)02N0O6
2 - W{Kyd) = W{KyJ) + W{KeJ+1l) )}/ ( HY = HyY } 02806
L=J+ N~ 2 02NO6

DPINT = SQRT { DX{I,L)} = DY(I,L) )} 02N06

BMY{T L) = DY(I4L) *» { W{IyL~1) -~ 2.0 » W{I,L} 02N06

1 + W{l,L+1} } 7(HY = HY)} + PR = DP(N) 02N06
2 * { W{I-1l, L} — 2.0 = W{I,L)+ W{I+1l,L}) )/ { HX D2NO6
3 * HX ) 02N0O6
700 CONTINUE 04MY 7
QBMX = { BMX{I-1,d) ~ 2.0 #= BMX({T14J) + BMX(I+1,J) ) 02NQO6

1 * HY / HX 02N06
WBMY = { BMY({I,Jd=1) = 2.0 = BMY(I,J}) + BMY{1,J+1) ) 02NG6

1 * HX / HY 02NO6
QTMX = { WlI=1,d-1) = CX{I4J) - WlI-1,J) = ( CX(1,J) 02N06

1 + CX{Ied+l) ) + wlI-14J+1) = CX{I,J+1) 02N06&
2 - Wlled=1) » ( CO{Iyd) + CX{I41ed))+ W(I,J) 02NO6
3 2 { CX{Iyed) + CXUI4J+1) + CX(TI+1,J) + CX{I+1,J O2NO6
4 1) ) = WilyJ+1) » ( CX(I,J+1) + CX{I+1,Jd+1) ) 02NO&
3 + WlI+1l,d-1) » CX(I+1,J) - W(I+l,J) = ( CX{I 02NO6
& +1vJd) + CX(I+1,d+1) ) + W{I41,J+41) = CX{I+1,J O2NQOé6
1 +1) ) /{HY » HX) 02NO6
QTMY = ( W{I-1lsJd=1) » CY(IsJ) =~ W{I=1,J) # § CY(1,J)} 02NO6

1 + CY(IyJd+1l) ) + W(I=1lyJ+l) = CY{I,J+1} 02N06
2 = Wl{lyd=1) » { CY(X4Jd) + CY{I+1LsJ) ) + W(I,J) O2NO6
3 » ( CY(14Jd) & CY({Lyd+Ll) + CY{I+1,J) + CY(I+1,J O2NOS6
4 +1) ) = WlIyJd+1l) » (CY{L,J+L3+0Y{141,441) ) 02N06
5 + Wll+1l,Jd-1) O07NO6
5 ® CY{I+1ed) — WUI+14d) = (CY{I+1,4) + CY(I+1,J O2NOS6
6 +10 ) 4 WlI+1,d+1) » CYLI+1,J+1) ) /{ HX = HY }02NOSG
QPX = ( 1.0 / HX ) = { PXII4J) & W{l-1,J) = ( PX{I.,J) 02NQ6

1 + PXUI+1,J) ) & W(L,J) + PX{I+1,J) # W{I+1,J) }02NOS6
QPY = ( 1.0 /7 HY )} = { PY{1,J} # W({lsd-1} - (PY(1.,J) 02NOs

1 + PY(I,d+1) ) » W{lyJ} + PY({l4J+1l) & W(I,J+1} }0O2NOS
REACT = QBMX + QBMY + QTMX + QTMY - QPX - QPY 02NO6

PRINT 45, ISTAa, JSTA, WillsJ}y BMX(I,J)y BMY[I,J), REACT 02N06
750 CONTINUE Q4mMyY?7
800 CONT INUE 04MY7
PRINT 6 21JL7
PRINT & 21JL7
PRINT 16, NPROB, { ANZ2(N}, N = 1, 14 ) 02NQ06
PRINT 40 02N06
DO 950 J = 3, MYPS 21JL7

PRINT 6 214L7



950
960

3990
3999

—

-

DA 950
IST
JST
rMx

T™MY

PRINT 45, IS
CONTINUE
CONTINUE

CALL TIC TOC
GO TO 10
CONTINUE
CONTINUE

PRINT 11

PRINT 1

PRINT 13, (

CaLt TIC TOC

PRINT 19

cNL

I=3y
A
A

(%)
10

ANL(N),
(2)

MXP5

1 - 4
J -4

* 0.250 = |(

-1)
= ( CY(I,J)

N

(

T

—00250
- W(I+l,J-1)
TA, JSTA,

MX,

Ly

™Y

32

+ CX(I,J+1)

+ CY(I,J+1)

)

)

+ CX(I+1,J) + CX(I+1,J+1 ) )

WiI=-1,J-1) - W{I-1,J+41) - W{I+1,d
+ W(I+1,J+1) ) / { 4.0 # HX # HY )

+ CY(I+1,J)

= ( WiI-1,J-1)

+ Wil+l,J+1)

)

+ CY(I"'I,J"’I) )
- W(I=-1,J+1)
/ { 4.0 » HX » HY)

21JL7
02N06
02N06
02NO6
02N06
02N06
02N06
02N06
02N06
o4MY 7
0amMY 7
04MY7
25St6
26AG3
19MRS5
04MY3
08MY3
21JL7
19MR5
26SE6
26AG3

87

ID

ID
ID

ID

ID



88

SUPROUTINE MATMPY ( M1, N1, AA, M2, N2, BB, CC,
CIMENSION AA(LL1,L1), BB(L1,L1), CC(LLl,sLL)
M13 = Ml + 3
N13 = N1 + 3
LX N2 + 3

po 35 1 =1, M13
Dy 30 M =1, LX
CC(I,M) = 0.0
DO 25 K =1, N13
CC(IsM) = AA(I,K) = BB(K,M) + CC(I,M)
25 CONTINUL

30 CONTINUE
35 CONTINUE
RETURN

END

L1

)

l4FET
14FE7
200C6
200C6
200C6
21JL7
21JL7
200C6
21JL7
200C6
30JE7
22JET
22JE7
O4MY T
14SE6



25
30

SUBROUTINE MATMP1

!

M1, N1, AA, M2, Al, A2, L1,

DIMENSION AA(LLlyL1),y, AL(LL1,L2), A2(L1,4L2)
M13 = ML + 3
N13 = N1l + 3
pa o 30 I = 1, M13
A2(I,1) = 0.0
DO 2% K = 1, N13
A2(1,1) = AA(I,K) & AL{(K,1) + A2(I,1)
CONTINUE
CONTINUE
RETURN

END

L2

21APY
21APT
200C6
200C6
21JL7
200C6
21JL7
250C6
30JE7
22JE7
04MY T

89



90

23

50

60
70

80

30
100
105

120

130

140
145
150

160
165

175
178
180
185

190
195

990

SUBROUTINE INVRSL
DIMENSION AA(
FCRMAT ( 55X, 20H
P = 1.0
MYPS = M
MM MX3
NN 1
IF(JX-3) 60,
MM MX3
NN 2
GO TO 70
IF(JX=-MYP5) 7
DO 105 I =
DO 100 J = N
AAUG(T,J
IF (1T - J)
AAUG(TI,J
GO TO 100
AAUG(I,J
CONT INUE
CUNTINUE
DN 185 I =
KK = [ +
IF ( ABSF( AA
Do 120 II =
IF ( ABSF( AA
CONTINUE
GO TO 990
DO 145 K
DO 140 L
SAVE = A
AAUG(I,L
AAUG(II,
CONTINUL
CONTINUE
STORE
DO 165 K
D3 160 J
AAUG(T,J
CONTINUE
CONTINUE
DO 150 I2 =
IF ( 12 - 1)

SAVEZ =
DO 178 K =
DO 175 JJ =
AAUG(I2,
CONTINUE
CONTINUE
CONTINUE
CONTINUE
no o 19%  Jd =
DO 130 Kl =
BB(K1,JJ
CONTINUE
CONT INUE
R 1URM
PRINT 23
END

( MX3, AA, BB, JX, MY, AAUG, L1,
Ll,L1), BB(LLl,L1), AAUG(L1,L1,L3)
NO INVERSE EXISTS )
£-15
Y + 5

50, 60
-1

0, 50, 70

NN, MM

Ny MM

,1) = AA(I,J)
80, 90, 80
12) = 0.0

12)

1.0

NN, MM

uG(I,I,1) ) - €P ) 110, 110, 150
KK, MM

UG(II,I,1) ) - EP ) 120, 120, 130

1y 2

NN, MM

AUG(T,L,K)

1K) = AAUG(II,L,K)
L,K) = SAVE

AAUG(I,1,41)

1y 2

NN, MM

1K) = AAUG(I,J,K) / STORE

NN, MM

17¢, 180, 170
AAUG(I2,1,1)
1, 2

NN, MM

JJsK) = AAUG(I2,J0J,K) = SAVEZ2 # AAUG(I,JJ,K)

NN, MM
NN, MM
) = AAUG(K1l,JJ,2)

L3

)

21AP7
21AP7
155E6
14SE6
310Cé6
02NO6
200C6
04MY 7
04MY7
280C6
04MY 7
04MY7
21J4L7
21J4L7
200C6
04MY 7
04MY 7
04MY 7
04MY 7
04MY 7
22JE7
21J4L7
14SE6
04MY 7
21JL7
04MY 7
04MY7?
14SE6
21JL7
21JL7
14SE6
14SE6
14SE6
04MY?7
22JE7
04MY 7
21J4Y7
21JY7
14SE6
04MY?7
22J€7
21JY7
o4MY 7
04MY 7
214Y7
21JY7
14SE6
21JY7
21JY7
04MY 7
22JE7
21JY7
21J4Y7
200C6
04MY 7
22JE7
04MY 7
15S5E6
14SE6
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CE313126 HWY SLAB PROJECT DSLAB 5 CF STELZER

SAMPLE INPUT FOR EXAMPLE PROBLEMS FOR DSLABS5 FOR USE IN SLAB REPORT APPENDIX 4

101 8 X 8 SLAB wITH 100000 LB CENTER LOAD

& 0 8 B 6.000E+00 6.000E+00 2.500E-01

o 0 8 B U«625E+06 0.625E+06 1«000E+99

1 0 7 8 0.625E+406 0.625E+06

0 1 8 7 04625E+06 0.625E+05

1 1 7 7 06625E+06 0.625E+06 ~1+000E+99

4 4 4 4 1.000E+05

1 1 8 8 1e875E+06 1+875E+06
102 48 INCH SQ@ PLATE SIMPLE SUPPORTS, PY = 10E5s Q = 10E5 AT CENTER

6 1 8 8 6.000E+00 64000E+00 2.500E~01

0 0 8 B 64250E+05 64250E+05 1+000E+99

1 o 7 8 6e250E+05 64250E+05

0 1 8 7 64250E+05 64250E+05%

1 1 7 7 6.250E+05 64,250E+05 -1+000E+99

4 4 4 4 1.000E+05

1 1 8 8 1e875E+06 1+875E+06

0 1 8 8 1.00CE+05
103 48 INCH SQ PLATE SIMPLE SUPPORTS, Px=pYy=10L5, Q=10E>

& 2 8 8 6.000E+00 64000E+CC 2650uE-01

0 0 8 8 64250E+05 6.250E+05 1«0QQE+99

1 0 7 8 64250E+05 6425CE+05

0 1 8 7 64250E+05 64250E+05

1 1 7 7 6+250E+05 64250E+05 ~1«D00E+99%

&4 4 4 4 1.000E+05

1 1 8 8 1¢875E+05 14875E+06

1 3 8 8 1«000E+05

0 1 8 8 1+000E+02
104 48 INCH SQ PLATE SIMPLE SUPPORTS, UNIFORM LOAD 1000 LB

5 0 8 8 6£.000E+00 6.000E+0U 2450JE-01

0 G 8 B 6e250E+05 64250E+05 9.00CE+03 1«000E+99

1 1 7 7 6e250E+05 6.250E+05 94000E+03-1¢000E+99

o 1 8 7 6e250E+0D 6250E+05 T200VE+D3

1 0 7 8 6+250E+05 64250E+05 G400VE+03

1 1 8 8 1eB75E+06 1eB75E+06



94

ot
<
wn

Pt et gt Ot (O

ot
o
o
I

o e e O s DO

601

—
= O Pt O DO DO O bt e OO

el
o B d ] ] O e Ol ] e O OB

P s e e OO

— e OO = OO0 O

48

48

INCH 5Q PLATE SIMPLE SUPPORTS, K

O £ = =~ © 0

NCH

B Bianii B aniiie s BE N BR e o BN e ol e L)

12
12
12
11
11
12
11

6

6
12
12
12
11
12
11

4

1
12
11

6.,000E+00
64250E+05
64250E+05
€6«250E+05
6«250E+05

[o I SN NN A6 I+ sl o

6e000E+00 24500E-01
6e250E405
6e250E+05
6¢250E+05
64250E+05

1«000E+05

5Q PLATE SIMPLE SUPPORTS, 5

6+000E+Q0
6+250E+05
6+250E+05
642508405
64250E+05

~ W~~~ WD

EXAMPLE PROBLEM BRI

16 2.400E+01
16 8.890E+07
15 B84890E+07
16 84890E+07
15 84890E+07
7

7

16~-1.777E+08
15-14777E+08
16

6+000E+00 2.500E~01
6+ 250E4+05
6+250E+405
66250E+05
6+250E405

24500E+073
2+500E+03
2500403
2e500E+03

DGE  APPROACH sLaB
2¢400E+01 2.500E-01
30890E+O7-1.503E+02
BeB890E+07-1e500E+02
BeBIVE+DT-1e500E402
BeBI0E+07~1e500E402

~1.777E+08

-1.777E+08

~1+000E+04
~1«000E+04

= 3600 LHs

1+000E+59

~1«000E+99
3+600E+03

000 LB LIN

1e000E+99
-1+ 000E+99

1+000E+99
le 440E+04
ledataQE+QOG
led4DE+04
le 44 0E+Q4

1«875E+06 148756406

E LOADS

14B75E+06 1.875E+06

24667E+08 2.667E+08

-6 000E+04
~6«000E+04



610

=~
—

[erpy—
P O~RO0COROROHOFROROHOHROF OO

—_ o e = e = = e e

NN
oo NeNoNe]

60 X 58
20
20
19
20
19
20
19
20
19
20
19
20
19
20
19
20
19
20
19
16
16
20
19
20
19
16
16
16
16
19
10
19
19
19
19
19
19
19
19
19
19
19

29
0
0

29

29
1
1

28

28
2
2

27

27
4
4

25

25

24

24
8

11
3
3

26

26

13

16

18

21

23

24

23
1
2
3
4
5

29

28

27

26

25

SLAB
3.,600E+01
3432BE+08
34328E+408
34328E+08
34328E+03
7e313E+07
7e313E+07
7e313E+07
7¢313E+07
l«132E+08
1e¢132E+08
14132E+08
14132E+08
2+322E+08
2e322E+08
24322E+08
2e322E+08
3,147E+4+08
3el47E+08

1.656E+08
1.656E+08
1.656E+08
1l.656E+08

2¢400E+01 1.500E-C1
3432BE+08-3+248E+02
3e¢328E+08-34248E+02
3¢328E+08-34248E+402
3¢328E+08-3+248E+02
7¢313E407-34105E+02
Te313E+07-34105E+02
7¢313E+07-3¢105E+02
7e¢313E+07-34105E+402
le132E+08-3.600E+02
1¢132E+08-34600E+02
14132E+08-3.600E+02
1e132E+08-3.6CCE+02
2¢322E+08-44575E+02
2¢322E+08-44575E+02
2¢322E+08-44575E+02
2¢322E+08-4,575E+02
34147E408-5.063E+02
3¢147E+08-54063E+02

-2+080E+04

—2.08UE+04
1e656E+08-4.080E+02
1.656E+08-4,C80E+02
1e656E+08~4,080E+4C2
1e656E+08-4,080E+02

~2.080E+04

-2+080E+04

-2.080E+04

~-2+080E+04

1.000E+99

-14000E+99
1+000E+99

SIMPLE SUPPORTS AND CONCENTRATED LOADS

5¢351E+08
4e425E+08
1e4559E+08
2e342E+08
3e¢351E+08
4e8T78E+08
4el425E+408
1«559E+08
2¢342E+08
3e351E+08
4 e8T78E+08

95

5351E+408
4e425E+08
1«559E+08
2e342E+08
3.351E+08
4eB78E+08
4e425E+408
1.559E+08
2e342E+08
34351E+08
4eB78E+08
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APPENDIX 5

SAMPLE COMPUTER OUTPUT



100

PROGRAM (SLan
CE313126

PROB
60,
TABLE 4.
IsJ
-1 -1
0 -1
1 -1
2 -1
3 -1
4 -1
5 -1
6 -1
7 -1
8 ~1
3 -1
10 -1
11 -1
12 -1
13 -1
-1 0
0 0
[ O
2 ¢
3 0
4 0
3 0
6 0
7 0
B 0
3 0
1o 0
11 0
12 0
13 0
-1 1
o 1
1 1
2 1
3 1
4 1
5 1
6 1
7 1
8 1
9 1

3 -

DECK 1

HWwY SLAB PROJECT
RUN EXAMPLE PROHLEMS FCR USC IN SULA8 REPORT

(CUNTE)

EXAMPL. PROBLCM

RESULTS

-1.207€-03
4e4u2E~96
1+160E-95
1.G43E-95
1.034E-95
1.059E-95
1e135E-95
9.4126-96
1.139E-95
1.0438E-95
1.04171:-95
1.060E~95
].o 20\)E"95
4.350E-96

-1.229E-03

-1.239E-97
1.23925-96
2.590E-96
2.541C-96
2.519E-96
2.530E-96
2.573E-96
2.617E-96
Z«5KTE-96
2,55 TE-96
2 «H 5 HE-96
24593E-96
2.663E-96
1.273E~96

~1lal16E=-97

1.2076-03
~1.94LE~-96
~64258E-96
-5.353E-96
-5.313£-96
-5.338E~-96
~6.206E-96
~4.160E-96
-6.222E-96
=-5.371E-96
~5.3062E-96

HMX

G
G.
C.
O.
O.
0.
0.
0.
O
0.
0.
Oe
0.
U
0.

Ce.
0.
-4.100E-91
G.898E~93
3.542E-933
J.111E-93
1.9692-94
2.101E-95
1.311E-94
F.121E-93
9.621E-93
J.957E-G3
—4,224E£-91
-1l.412-105
OQ

0.

3.018E+400
~1.241E+02
~141028402
~7.048E+02
~7.076E+02
~7.183E+02
~1.729E+01
~1.216E402
~T7.142E+402
-7.146E+02

BRIDGE

~ STELZER
CsLAg 5

REVISION DATE 24
CF STELZER
APPENDIX 5

APPROACH SLAB
BMY REACT

O. 0.

0. ~7,701-105

0. ~3.575-104

D ~4,517-104

O ~2.977-104

0. -4.005-104

O. -2,902~-104

O fe576£-93

O ~2.902-104

Q. ~:.800~104

Cs ~2,005-104

0. -7 800~104

Ta -4 ,665~104

Ol -10152'1{)4

0. 0.

Q. D
-7.701-105 ~1.385E+403
-3.575-104 ~2.896E+40%
~4.517-104 -2.841E+03
~2.977-104 =~2.819E+03
-4.,005~-104 ~-2.830C0+403
-3.902-104 ~".B73E+03

5.576E-93 ~2.917E+03
~3.902-104 -7.887€+03
-3.800-104 -2.857E+03
-4,005-104 -7.858E+03
-3.800-104 -2.B93E+03
-4.665-104 -2.963E+03
~1.152-104 ~1.423E+03

0. -1,412-105

O. -5.,954E~-12
~1.385E+403 1.681E+403
-2.896E+03 5.658E+03
~2+841E+03 4.753E+03
~2+.819€+03 4.T13E+03
~2.830E+03 4.T38E+03
~2.8T3E+03 5.589E+403
-2.917E+03 3.57T6E+03
~2.88T7TE+03 5.605E+03
-2.857E+03 4o TTLE+03
~2.858E+03 4.762E+03

JULY 1967
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=5.421E-96
-6.366E-96
-2.035E-96

1.229E-03

-44494E-03
-4.759E-03
~4.692E-03
-4.601E-03
—4.,566E-03
~4.5¢5E~-03
—4.6%4E-03
-4.725E-03
~4.6715E-03
—4.6217E-03
-4.630E-03
-4.647E-03
-4,799E-03
-4.916E-03
-4.620E-03

-1.172E-02
_1.114E‘02
=1.079E-02
-1.059E-02
-1.053E-02
-1.056E-02
=1.072E-02
-1.161E-02
-1.077E-02
-1.068E-02
-1.070E-02
-1.C083E-02
-1.104E-02
-1.148E-02
-1.209E-02

-1.777E-02
-1l.662E-02
-1.604E-02
-1.576E-02
-1.567E-02
-1.573E-02
=1.597E-02
-l.648E-02
-1.607E-02
-1.595E-02
-1.599E-02
-1.618E-02
=1.656E-02
-1.723(-02
-1.846E-02

~-2.113€E-02
-1.982E-02
-1.916E-02
-1.886E-02
~-1.878E-02
-1.880E-02
-1.915E-02

=7.233E+402

-7.407E+02

-l.819E-12
Oe

0.
7.397E-01
~2.216E+02
-Z2e491E+02
-2.47T9E+02
~2.465E+02
-2.17BE+02
-5.6T75E+00
-2.203E+02
-2.515E+02
~2.554E+402
~2.586E+02
-2+.309E+02
2.592E-11
O.

O.

~1.449E+00
3.171E+01
5.000E+01
5.695E+01
5.330E+01
3.641E+01
3.197€+400
3.496E+01
5.021E+401
5.,408E+01
4,399E+C1
2.T15E+01
1.028E-10
0.

0.

-2.590E+00
1.432E+02
2.043E+02
2.234E+02
2.032E+02
1.488E+02
8e302E+400
1.437E+02
2.076E+02
2.215E+402
2.013E+02
1.414E+402

~4.275E-11
0.

O
-3.279E+00
1eH569E+02
2.309E+02
2+545E+02
2.353E+02
1.623E+02

~2.893E+03

-2.363E£+403

-1.423E+03
0.

0.
-4.227TE+402
-8.692E+02
-3.680E+02
-8.679£+02
-8.,67T8BE+02
-8.686E+02
-9.,638E+02
-8.787TE+C2
-8.876E+02
-8.969E+02
-9.054E+02
-9,136E+02
-4,77T9E+02

O

0.

2.543E+402
4.975E+402
44.894c+4C2
4.835E£+02
4.B03E+02
4.780E+02
5.099E+02
4.T0TE+02
4.560E+02
4.631E+4C2
4.638E+02
4.6TTE+02
2.375E+402
O.

0.

6.581E+02
1.268E+03
1.250E+03
1.240E+03
1.234E+03
1.236E+03
1.350E+03
1.231E+03
1.224E+03
1.226E+03
1.233E+03
1.249E+03
6.4T2E+C2
O.

0.

T.488E+402
1.445E+03
1.422E+03
1l.410E+C3
1.405€+03
1.408E+03

4.821E+03
5. 16 6E+03
1.735E+03
-1.819E-12

-€.593E-11
->.000E+02
- f.000E+02
-€.000E+02
-¢€.000E+02
~-6.000E+02
-6.056E+02
-64332E+02
~6.056E+02
-6.,000E+02
-6.000E+02
~€.000E+02
-6.000E+02
-3.000E+02

2.592E-11

-1.683E-10
-2,000E+02
-6.000E+02
-6.000E+02
~6.000E+02
~€.000E+02
-5.971E+02
-6.003E+02
-5 .9T1E+02
-6 .000E+02
-6.000E+02
-6.000E+02
-6.000E+02
-3.000E+02

1.028E-10

1.018E-10
-3.000E+02
~6.,000E+02
-6.000E+02
-6.,000E+02
-6.000E+02
-5.922E+02
-5,809Z+02
~5.9225+402
-6.000E+02
-6.0005+402
-¢.000E+02
-€.000E+02
-3.000E+02
-4,275E-11

3.662E-10
-“.000E+02
~-6.000E+02
-6.000E+02
-6.000E+02
-6.000E+02
-5.911E+402
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-1.976E-02
~14931E~02
~1.919E-02
~1.926E-02
~1.950€E-02
=1.994E-02
~2.074E-02
-2.218E~02

~2.145E~02
~2.042E-02
-1.986E~-02
~1.960E-02
~1.955E-02
~1.966E-02
-1.996€E-02
~2.,056E-02
~2,019E-02
-2.012E-02
~2+022E-02
~2.047E-02
~2.,092E-02
~2.169E-02
~2.291E-02

~2.024E~02
~1.921E~-02
-1.881E-02
~1l.867E-02
-1.868E-02
~1.881E-02
~1.909E~-02
=1.964E-02
~1.940E-02
~1+940E-02
~14954E~02
~1.977E-02
~2.015E-02
~-2.082E-02
~24231E-02

-1.,528E-02
~1.550E-02
~1.543%E-02
~1+539E-02
~1+538E-02
~1.542E~02
~1.548E-02
-1.555€E~02
~1+563E~02
~1.581E-02
~1.597E-02
~1l.616E-02
~1.641E-02
~1.669E~02
~14677€E~02

~-1.231E~-02
~1.287E-02
~1302E~02

9.457E+00
1.640E+02
2+378E+02
2.562E+402
2.302E+02
1.552E+02
1.728€E~11
0.

0.

~2.576E+00
7.409E+01
1.348E+02
1.566E+02
1.396E+02
7. 707E+01
6.595E+00
8.120E+01
l.464L+02
1.630E+02
1.363E+02
6.799E+01

-2+310E-10
0.

0.
-1.905E+402
~l«475E+02
-8, 760E+01
~6.892E+01
-8.080E+01
~1.564E+02

5.541E-01
~1.481lE+02
~6.600E+01
-5.263E+401
~=7.960E+01
~1.670E+02
~2.462E+402

0'

0.
5.523E-01
~1.420E+02
-1.650E+02
~-1+603E+02
~-1+490E+02
~-1.278BE+02
~-34339E+00
-1«169E+02
-1.278BE+02
—-1+329E+02
~1.420E402
~1e362E+02
1.883E~10
[¢ 18

0.
1.408E+00
~1.312E+02

1.537€+03
1.405E+403
1.398E+03
1.401E+03
1.412E+03
1.434E+03
7.423E+02
0'

0.

5.264E+02
1.025€E+03
1.007E403
9.974E402
9.932E+02
9,948E+02
1.060E+03
9.929E+02
9.896E+02
9.,927E+02
1.002E+03
1.022E+03
5.231E+02
0.

0.
~7.235E-01
-1.207€E-01

2.396E-01

3.769E-01
3.487E-01
-3.403E-02
1.175E+00
7.222E-02
5.455E-01
6.,272E-01
4.T767E-01
~1.847E-02
~9.276E-01
O.

0.
-3.,128E+02
~5.771E+402
~-5.585E+02
~5.407E+02
-5.203E+02
~-5.014E£+402
~5+.599E+02
~44+653E402
~4,523E+02
~4.4T73E+02
~4.452E402
~4,481E+02
-~2.458E+02

O.

0.
-4,722E+02
~8.887TE+02

-%.B805E+02
~*.911E+02
~6.000E+02
-6.000E+02
- £, 000E+02
~6.,000E+02
~3.000E+02

1.728E-11

-1,028E-10
~3.011E+02
-6.009E+02
-6.006E+02
~€,005E+02
-6,005E+02
~5.948E+02
—4.833E+02
-5.948E+02
~6.004E+02
~€.004E+02
-6.005E+02
~6.010E+02
-2.015E+02
~-2.310E~-10

~1.879E+02
2.824E+02
6.440E+02
4.664E402
4.693E+02
4.738E+02
9.455E+02
-4 .566E+02
F.649E+02
5.114E402
fe229E+02
5.336E+02
T.773€E+02
3.451E+402
—2.462E+02

1.949E~10
1.453E+402
2.B90E+02
2.862E+02
2.856E+02
2.8T4E+02
2.875E+02
3.852E+02
2.990E+02
3.102E+02
3.193E+02
3.303E+02
2.439E+02
1.793E+02
1.883E-10

=2.227E-10
7.078E+01
1.502E+02
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10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

-10302E-02
-1.296E-02
-1.285E-02
-1.268E-02
-1.236E-02
-1.272E-02
-1.294E-02
-1.311E-02
-1.326E-02
—10337E_02
-1.341E-02
_10319E—02

-1.118E-02
-1.188E~-02
~1.208E-02
-1.203E-02
-1.184E-02
-1.154E-02
~1.106E-02
-1.035E-02
-1.078E-02
-1.104€E-02
-l.119€E-02
-l.127E-02
-1.128E-02
-1.117E-02
-1.083E-02

-1.221E-02
-1.286E-02
-1.294E-02
-1.271E-02
-1.229E-02
-1.167€E-02
-1.076E-02
-9.53B8E-03
-9.899E-03
-1.007E-02
-1.013E-02
-1.012E-02
-1.004E-02
-9.834E-03
~9.460E-03

-1.567E-02
-1.607E-02
~-1.587E-02
-1.529E-02
-1.448E-02
-1.340E-02
-1.185E—02
-9.884E-03
-9.965E-03
~-9.905E-03
-9.,791E-03
~9.650E-03
-9.460E-03
-9.178E-03
-8.781E-03

-1.799E+02
-1.774E+02
-1.465E+02
-9.481E+01
-4.533E+00
-7.968E+01
-1.134E+02
=1.269E+02
-1.257E+02
~9.630E+01
-2.487E-10
'O.

0.
1.741E+00
~1.249E+02
-1.779€E+02
~-1.664E+02
-1.165E+02
-5.848E+01
~4,820E+00
-4,6CTE+01
-7.97T7TE+01
-9.369E+01
-8.739E+01
-5.764E+01
8.595E-11
o.

0.

1.624E+00
=1.223E+02
-1.760E+02
-1.453E+02
-6.715E+01
-1.788E+01
~4.7T1E+00
-2.876E+01
-5.805E+01
-6.727E+01
-5.554E+01
-2.889E+01
-1.030€E-10

0.

O.
9.975E-01
-~9.882E+01
-l.711E+02
-1.097€E+02
2.959E+01
3.987E+01
-4.555E+00
-3.775E+01
-6.604E+01
-6.622E+01
~4.430E+01
~1.496E+01
-4.,093E-12
0.

~B.463E+02
~-8.,041E+02
-7.570E+02
-70085E+02
-7.275E+02
-6.175E+02
-5.856E+02
-5.687E+02
-5.613E+02
-5.663E+02
-2.998E+02
0.

O.
-5.699€+02
_10079E+03
-1.015E+03
-9.461E+02
-8.684E+02
-7.798E+02
-T.497E+02
-6.166E+02
-5.619E+02
’5.285E+02
~5.113E+402
~5.094E+02
-2.631E+02

O.

0.
~-6.458E+02
-10226E+03
-1.138E+03
-1.044E+03
-9.383E+02
-8.027E+02
-7.177E+02
-5.582E+02
-4,807E+02
~4,307E+02
-4.019E+02
-3.904E+02
-1.965E+02

0.

O.
-6.826E+02
-1.305E+03
-1.190E+03
-1.080E+03
-9.686E+02
-7T.875E+02
-6.562E+02
~4,790E+02
-3.880E+02
-3.281E+02
~2.914E+02
~2.722E+02
-1.329E+02

O.

1.498E+02
1.463E+02
1.404E+02
1.261E+02
1.002E+02
1.282€+02
1.455E+02
1.553E+02
1.635E+02
1. 703E+02
8.631E+01
-Z.487E-10

Z.609E-11
4.215E+01
9.57T1E+01
€. 269E+01
8.212E+01
6.458E+01
3.,271E+01
-2.635E+00
1.689E+01
3.575E+01
4442TE+01
4.896E+01
44962E+01
7«16 TE+O1
8.595E-11

-1.851E-10
T.028E+01
1.455E+02
1.321E+02
1.080E+02
7.228E+01
1.581E+01

-3.860E+01

-72,393E+01

-2.005E+01

-1.646E+01

-1.690E+01

-2.181E+01

-1.678E+01

-1.030E-10

-7.078E-11
1.627TE+02
3.143E+02
2+804E+02
2.340E+02
1.717E+02
7.853E+01

-9.997E+00

-2.97T4E+01

~2.946E+01

-3.601E+01

~4.414E+01

-5.510E+01

-3.568E+01

-4.,093E-12
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13
13
13
13
13
13
13
13
13
13
13
i3
13
i3
13

14
l4
14
L4
14
l4
L4
l4
14
i4
l4
14
14
L4
14

-

el e e e
(SIS, BV AT BV S BRV) IRV Ve S

s

—

i5
i5
15

16
l6
16
16
16
16
16
16
16
16
i6

-2.175€E-02
-2.1564E~02
-2.101E-02
-1.984E-02
~1.849E-02
-1.681E-02
-1.431E-02
-1.128€E-02
-1.084E-02
-1.033E-02
~9.991E-03
-9.662E-03
-5.346E-03
-8.981E-03
-8.543E-03

-3.014E-02
=2.925E-02
—2.819E-02
-2.613E-02
-2+.409E-02
-2.183E-02
-1, 796E-02
-1.351E-02
-1.233E-02
-l.132E-02
~-1.0%56E-02
~9.996E-03
-9.535£-03
=-9.079E£-03
~-8.57/7/E-03

-3.933€E-02
-3.767E-02
-3.645E-02
=3.314LC-02
-3.039E-02
-2.781E-02
-2.217E-02
-1l.613E-02
~-1.410E-02
=1.250E-02
-1.134E-02
-1.052E-02
-9.906E-03
-5.301E-03
~8.790E-03

=4 ,619E-02
-4.,438E-02
-4,279E-02
-3.,909E-02
-3.,571E-02
-1,204E-02
-2.554E-02
-l.841E~02
-1.531E-02
-1.370E-02
~1l.217E-02

0.
-2.731E-01
2.393E+01
-1.525E+02
-4,623E+01
2.5619E+02
1.369E+02
-3.953E+G0
-7.998E+01
-1.113E+02
-9.690E+01
-5, T7T68E+01
-1.669E+401
4,320E-12
0.

0.
—Z4197E+400
4.516E+02
-1.322E+02
3.308E+01
3+391E+02
2.T162E+402
-2.531E+400
—leb64L4+02
-1l.d96E+C2
-1.540E+02
-9.156E+01
-3.154E+01
8.572E-11
0.

0.
~4.156E+00
L. 614E+03
-1.806E+02
4.289C+01
2.157E+03
3.690E402
-1.769c-01
—-2.492E+402
-2.7T6E+02
-2.202E+02
-1.354E+402
-5.483E£+01
-4.283E-11
0.

U
-4.529E+00
4,996E+02
-3.651E+01
3.432E401
7.88TE+02
2.419E402
1.316E+00
-1.419E+02
-1.673E+02
~1.363E+02

O.
~5.950E+02
-l.174E+03
-1.037E+03
-G9.338E+402
-8.631E+02
-6.581lE+02
~5.248E+402
-3.,700E+02
-2.922E+02
~2.381E+02
-2.014€E+402
-1.796E+02
-3.522E+01

0.

0.
-2.215E+02
-5.091£+402
-4.553E+02
-3.938E+02
-3.485E+02
-2.514£+02
~2.477E+402
-2.085¢+02
-1.876E+02
-1.593£402
-1.321E+02
-1.132E+402
-5.330E+01

O.

O
4.924E402
1.624E+403
$.694£+02
5.743E+402
1.554E+03
5.227E+02
1.910E+02
~2.223E+01
~8.,283E+01
-3.559E+01
-7.190E+(C1
-5.956E+01
~2.932E+01
Q.

C.

3.941E~10
8.395E-10
4,969E-10
4.627E-10
3.929E-10
2.228E-10
3.491€E+02
2.269E-10
1.073E-10
3.001E-11

2.547E-10
3.231E+02
6.104E+02
“e429E+02
44.649E+02
3.682E+02
2.210E+02
7.558E+01
2.158E+01
-1.897E+00
=2.455E+01
-4,348€£+01
-6.168E£+01
-44134E401
4,320€E-12

7.918&-11
5.42TE+02
1.024E+03
9.048E+02
T.875E+02
6.572E+02
4.332E+02
1.935E+02
1.086E+02
5.198E+01
R.202E+00
-2.421E+01
-5.080E+01
-3.853E+01
8.572E-11

-2.444E-10
T.849E+02
-8.501E+03
1.309E+03
1.150E+03
-8.998E+03
6.783E+02
-4.,473E+01
2.134E+02
1.198E+02
5.297C+01
5.92TE+00
~2.944E+01
-3,041E+01
~4,283E-11

-6.,173E-11
4.890E+02
9.,267E+02
B.25TE+02
7.284E+02
6.226E+02
4.4052+402
1.337E+02
1.573E+02
9.448E+01
5.039E+01



10 16 =-1l.111E~-02 ~8.824E+01
11 16 -1.036E~-02 ~4.080E+01
12 16 =9.744E-03 1.714E-11
13 16 ~9.132E-03 O.
-1 17 -5.304E-02 0.
0 17 =-5.107E-02 0.
1 17 -4.917E-02 0.
2 17 =4.501E-02 G.
3 17 -4.110E-02 e
4 17 ~3.695E-02 0.
5 17 =-2.931E-02 O.
6 17 ~1.953E-02 O.
7 17 ~1.739E~02 O.
8 17 -1.475E~02 O.
9 17 ~1.288E-02 Q.
10 17 ~-1.162E-02 c.
11 17 ~1.077E~02 O.
12 17 -~-1.013E-02 0.
13 17 =9.473E-03 0.
PROB (CONTD}
601 EXAMPLE PROBLEM BRIDGE
TABLE 4. RESULTS(CONTD)
I,J TMX TMY
-1 -1 O. O.
0 "1 Oo 00
1 -1 0. O
2 -1 O Q.
3 -1 O. 0.
4 -1 Oo 0.
5 -1 O O.
6 ~1 Ce 0;
7 -1 g. O.
8 -1 Co 0‘
9 'l Co 00
10 -1 O. O«
11 "]- O 0»
12 -1 . Os
13 -1 C. Q.
-1 ¢ O. Ce
0 0 -6.987E+01 6.987E+01
1 0 -5.410€E-91 5.410E-91
2 0 1.393E-91 ~1.393E-91
3 0 2.909E-93 ~-2.909E-93
4 0 =-1.101E-91 1.101E-91
5 0 1.248E-91 ~1.248E-91
6 0 -3.413E-93 3.413€-93
7 0 =1l.316E-91 1.316E~-91

1.370E-10
3.001E-11

~4.284E-12
0.

0.
0.
0.
C.
OO
0.
0.
0.
.
0.
Q.
Q.
O.
0.
0.

1.993E+01
~1l.757E+00
~9.690E+QC
1.714E-11

0.
3.941E~10
8.395%E-10
4.969E~10
4.627E~10
3.929E-10
2.228E-10
3.491E+02
2.269E~-10
1.073E~10
3.001E-11
1.370E-10
3.001E~-11

~4.284E-12
0.

APPROACH SLAB
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F R R

1.033F-91
-1.005E~92
-1.499E~-91
5¢444E-91
7.113E+01
0.

C.
~1l.146E+01
2.178E+01
1.420E+01
1.903E+00
~1.018E+01
-1.621£+01
~2.464E400
1.129E+01
5.267E+00
~6.876E+00
=1.956E+01
-2.651E401
1.039E+01
0.

C.
1.2329E+02
6.358E+01
3.058E+01
3.721E+00
-2+ 202E+01
-5,199E+01
~6.815E+00
3.844E+Q1
8.641E+00
‘10696&-“'01
=4 ,369E+01
-7.604E+01
-1.300E+Q2
C.

0.
1.118E+02
T.712E+01
2.,799E+01
1.649E+00
~2.364E+01
—6.972E+01
~1.010E+01
4.975E+01
4.2712E400
~2.0£9E401
~4.599E+401
-9.463E401
~14.2U04E+02
a.

00
5.966E401
4.681E+01
1.406E+01
-3.594E+00

-1.033E-91
1. 005E~92
1. 499E~91

-5.444E~91

-71.113E+01
0.

OO
1.146E+01
-2+ 1718E+01]
~1+420E+01
~1+903E+00
1.018£+01
1.621E+01
2.464E+00
~14129€E+01
~5.267E+00
6. 876E+00
1.956E+01
2.651E+01
-1.039E+01
00

0.
~1«239E+02
~G64358E+01
~-3,058E+01
-3, 721E+00

2.202E+01

5.199€E+C)
6.815E+00
~3.844E+0]
~8.641lE+CO

Lle696E+01

44369E+01

7T.604E+01
1.300E+02

0'

Q.
~1+118E+402
~1«712E+01
-2.799E+01
-1.649E+00

2.364E+01

6.,972E+01
1.010E+01
-4.9715E+01
~4,272E+00
2.029E+01
4.599E+01

F.463E+01

1.204E+02

0.

O.
~5.966E+C1
~4.681E+01
~1.406E+01

3.594E+00
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-2.064E+01
-5.179E+01
-1.253E+01
2.7T17E+01
-2.812E+00
~1.840E+01
-3.503E+01
-6.788E+01
=7.054E+01
0.

0.
-7.865E+00
-4.0835E+400
-7.484E+00
-1.043E+01
~1.341E+01
-1.738E+01
-1.435E401
-1.063E+01
-1.273E+01
-1.326E+01
-1.474E+01
-1.946E+01
-5.173E+00
C.

O.
-3.1025+401
-4.,740E+01
-2.892E+01
-1.701E+01
-5.704E+00

T.319E+400
-1.573E+01
-3.784E+01
-2.217E+01
-7.192C+00

7.404FE+00

2.231E+01
4.,642E8+00

0.

OC
-1.023E+02
-8.249E401
-2.730E+01

4.540E+00

3.6U5E+01

8. 786E+01

3.863E+00
-8.068E+01
-3.012E+01
-2.339E-02

2+.92QE+01
7.889E+01

S.419E+01

C.

G.

2.064E+01
5.179E+01
1.253E+01

-2.117E+01
2.512E+00
1.6840E+01
3.503E+01
6.788E+01
7T«054E+01]
0.

0.

T.865E+C0
4.,085E+00
T.484E+0Q0
1.048E+01
1.341E+(1
1.738E+01
1.435E+C1
1.063E+01
1.273E+01
1.326E+01
le474E+01
1.946E+01
5.173E+00
0.

O.
3.102E+01
4.740E+01
2.892E+01
1.701E+01
2. TU04E+00
-7.319E+00
1.573£+01
3.784E+C1
2.217E+01
f.192E+00
-7.404E+00
~2.231E+01
—4.642E+00
O.

0.
1.023E+02
B8e249E+01
2.7130E+C1
-4.540E+00
-3.605£+01
-B.7136E+01
=-3.863C+00
3.068E+01
3.012E+01
2+4339E-02
-2.950E+01
~7.385E+01
-9.419E+01
0.

0.
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0 8 ~1.240E+02 1.240E+02
1 & =T7.963E+401 T+963E+01
2 3 ~T.832E+00 T.832E+00
3 8 3.584E+01 ~3.584E+01
4 43 8.054£+401 -8.058E+01
5 8 1.537€+02 ~-1.537€E+02
& 3 3.073E+01 -3.073€E+01
7 8 =-9.,520£+401 9.520E+01
8 8 =~2,955{+01 2.955E+01
5 3 6.316E+00 -6,316E+00
10 8 4.,107/E+01 ~4,107E+01
11 3 1,033E+02 ~1.033£+02
12 3 1.351E402 ~-1.351E+02
13 38 C. Os
-1 9 O. O
0 9 ~-4,194E+01 4.194E+01
1 9 =-2.914E+01 2.918E+01
2 9 1.959E+01 =1.,959€+01
3 9 5.887E+401 -5.887E+01
4 9 1,0156E+02 -1.018E+02
5 9 1.535E402 ~1.535E+02
4 S 5.485E+01 ~5.485£+401
7 8 -4,935E+01 4.985E+01
8 3 ‘10305E+01 1-305E+01
3 9 1.392E+01 ~-1.392E+01L
14 39 4.003E+01 ~4.003E+01
11 3 7.303E+401 ~17,303E+01
12 9 4.,6776401 -4.677€+01
13 9 C. Os
-1 10 C. O.
0 10 ~-1.261E+400 1.261E+400
1 10 3.357E+01 -3.357E+01
2 10 6.753E+01 -6.758E+01
3 10 1.G13E+02 -~-1.013E+02
4 10 1.447E+02 -1.447E+02
5 10 1.8976+02 -1.897E+02
6 10 1.043E+402 -1.043E+02
710 6.028E+00 =-6.,028E+00
8 10 1.907E+01 ~1.907E+01
9 10 2+990FE+01 -2 +990E+0)

10 10 4,099E+01 -4.099E+01
11 10 5.17THE+01  ~5.175E+401
12 10 2.305E+401 -2.305E+01

13 10 0. 0.

'1 11 Co O.

0 11 3.991E+01 ~3.991E+01
111 1.073E+402 -1.073E+402
2 11 1.339E+402 -1.339E+402
311 1.671E+402 =-1.621E+02
4 11 2.143E+402 -~2.143E402
5 11 2.6H6E+02 -~2.686E+02
6 11 1.854E+02 ~1.658E+02
71 T.166E+01 ~7.766E+01
8 11 6.650E+4+01 ~-6.b650E+01
9 11 5.603E+01 -5%603E+01
10 11 4.913E401 ~4.913E+01
i1 11 4.342E+01 -4.342E+401



12
13

VEET~NornpsrwWN—O~

~NouUnMPwOUN P~ O

11
11

12

)
i

12
12
12
12
12

1
i

i2
12

12
12
12

i3
13
i3
13
13
13
13

1
i

13
13
13
13
13
i3
13

14
14
14
14
14
14
14
14
14
14
14
14
14

i

14

15
15
15
15

15
i5
15

15

1.354E+401
o.

0.

8.490E+01
1.906E+02
2.169E+02
2.309E+02
3.072E+02
3.930E+02
3.008E+02
1.653E+02
1.255E+02
8.,989E+01
6.388E+01
4.533E+01
1.305E+01
c.

0.

1.245E+02
2.725E+402
3.139€+02
2.732E+02
4.043E+02
5.55TE+02
44.349E+02
2.563E+02
1.843E+402
1.236E+02
8.,020E+01
S.152E+01
1.615E+01
O.

Q.

1.246E+02
3.172E+02
4,094E+02
2.6959E+02
4.666E+02
T.122E+02
5.33%E+02
3.162E+402
2.213E402
1.453E+402
9.099E+01
5.535E+01
1.80/7E+401
o.

C.

F.524E4+01
2+490E+02
3.22LE+02
3.136E+02
4,563E+02
6.154E+02
4,85 7TE+02
2.911E+02

-1.354E+01
0.

0.
-8.490E+01
~1.906E+02
-2.169E+C2
-2.309E+02
-3.,072E+02
-3.930E+02
-3.008E+02
-1.653E+02
-1l.255E+02
-8.989E+01
~6,388E+01
-4,533E+01
-1.305E+01

0.

0.
-1le245E+02
-2.725E+02
~3.139E+02
-2.792E+02
-4,043E+02
-5.557E+02
-4,349E+02
-2.563E+C2
-1.843E+02
-1.236E+02
-8.020E+01
-5.152E+01
-1l.615E+01

0.

U.
~1l.246E+02
-3.172E+02
-4.094E+02
~2.659E+02
—4.666E+02
-T.122E+02
-54335E+02
-3.162E+02
-2.213E+02
-1.453E+02
~9.099€+01
-5.535E+01
-1.807TE+01

0.

a.
-9.524E+01
-2.490E+02
—3.221E+C2
-3.186E£+02
~44,563E+02
-6.154E+02
-4 ,35TE+02

-2.911E+02 .
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10
11

13

o~y VH W= O

2.169E+02
1.466E+02
9.103E+401
5.176E+01
1.533E+01
Ce

Ge

2.842E+01
8.864E+01
1.162E+02
1.580E+02
2.069E+02
3.321E+02
2.230E+02
6.626E+01
1.011E+02
6.686E+01
3.918E+01
1.941E+01
5.259E+00
0.

0.
C.
0.
C.
C.
C.
C.
c.
Ce.
C.
Ce.
C.
C.
0.
0.

-2.169£+02

-1.466E+02

-9.103E+01

~5.176E+01

-1.538E+01
Qe

O.
~2.642E+C1
-8.864E+01
-1.162E+02
-1.580E+02
~2.069E+02
-3.321E+02
-2.230E+402
-6.626E+C1
-1.011E+G2
-6.686E+01
-3.913E+01
=1.941E+01
=-5.259E+00

0.

0.
0.
O
0.
0.
0.
Oe
0.
0.
0.
0.
0.
0.
0.
O.

TIME FCR THIS PRUBLEM

cLAPSEC CPU TIME

0 MINUTES

0 MINUTES

7.784 SECONDS

11.898 SECONDS
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PRUOGRAM DSLAB » - 0CcCK 1 - STELZER REVISION DATE 24 JULY 1967
CE313126 kWY SLAB PROJECT CSLag 5 CF STELZER
RUN EXAMPLE PROBLEMS FOR USE IN SLAB REPQORT APPENDIX 5
PROB
610 6C X 58 SLAB SIMPLE SUPPORTS AND CONCENTRATED LOADS

TABLE 1. CCNTROL DATA

NUM CARCS TABLE 2 41
NUM CARCS TABLE 3 0
NUM INCREMENTS MX 20
NUM INCREMENTS MY 29
INCR LENGTH HX 3.600E+0C1
INCR LENGTIH HY 2.400E+C1
POISSCNS RATIO 1.500E-01

TABLLC 2. STIFFNESS AND LOAD DATA, FULL VALUES ADDED AT ALL STAS [,J IN RECT.

FROM THRU DX Cy Q S (094 cYy
0 0 20 0 3.328E+0B 3.328E+08 -3.248E402 -0. -C. -0.

1 0 18 0O 3.328L+408 3.328E+08 —-3.248E+02 -0. -C. -0.

0 29 2C 29 3.32BE+08 3.328E+08 -3.248£+402 -0. -C. -0.

1 29 19 29 3.328E+408 3.328E+08 -3.248E+02 -0. -0. -0.

0 1 20 1 7.313:+407 7.313E+07 -3.105E+02 -0. -0. -0.

1 1 19 1 7.313c+07 7.313E+407 -3.105E+402 -0. -0. -0.

0 28 20 2¢ T7.313E+407 7.313E+07 -3.105E+02 -0. -C. -0.

1 28 1S 28 7.313E407 7.313E+407 -3.105E+02 ~-0. -0. -0.

0 2 20 Z 1.132E+08 1.132c+408 -3.600£402 -0. -0. -0.

1 2 19 2 1.132E+408 1.132E408 -3.600E+02 -0. ~0. -0.

0 27 20 27 1.132E+408 1.132E+08 -3.600E+02 -0. -0. -0.

1 27 19 27 1.132E+408 1.132E+408 -3.600E+02 ~0. -0. -0.

0 4 20 4 2.322E+408 2.322E+08 -4.575E+02 -0. -C. -0.

1 4 19 4 2.322E+08 2.322E408 -4.575E+02 ~0. -0. -0.

0 25 2C 2% 2.322E+06 2.322E+4C8 -4.575E+02 -0. -0. -0.

1 25 19 25 2.322E+408 2.322C+4C8 -4.575E£+402 -0. -0. -0.

0 5 20 24 3.147c408 3.147E+408 -5.063E+02 1.000E+99 -C. ~0.

1 5 19 24 3.147E+408 3.147E+408 -5.063E+02 -0. -0. -0,
16 8 16 & -0. -0. ~-2.080E+04 -0. -0. =-0.

16 11 16 11 -0. -0. -2.080E+404 ~0. -C. -0.

0 3 20 3 1.6565+408 1.656E+408 -4.080E+02 -0. -0. -0.

1 3 19 3 1.656E+408 1.656E+08 -4.080E+02 -0. -0. -0.

0 26 2C 26 1.656E+08 1.656E+08 -4.080E+02 -0. -0. -0.

1 2 19 26 1.656C+408 1.656E+08 ~4.080E+02 -0. -0 -0.

16 13 1¢ 13 -0. -0. -2.080E+04 -0. -0 -0.

16 16 16 16 -0. -0. -2.080E+04 -0. -0. -0.

16 18 16 18 -0. -0. -2.080E+04 -0. ~-0. -0.

16 21 16 21 -0. ~0. -2.080E+04 -0. -0. -0.

1 6 19 23 ~0. -0. =0. -1.000E+99 -0. -0.

10 5 10 24 -0. -Q. -0. 1.000E+99 -0, -0.

1 6 19 23 -0. -0. -0. -0. 5.351E+08 5.351E+08
1 1 19 ! -0. -0. -0. -0. 4.425E+08 4.425E+08
1 2 19 2 -0. -0. -0. -0. 1.559E+08 1.559E+08
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3
4
5
29
28
27
26
25

— e bt e pd e

TABLE 3.

FROM

19 3
19 4
19 5
19 29
13 2%
19 ¢7
13 26
15 2>

STIFFNESS ANC LUAD CATA,

ThRU

=0
-0
-U.

2.342E+08
3.351E+08
4.878BE+08
44425E+08
1.559¢€+08
2.34ZE+408
3.351E+08
4.B878BE+08

2.342E+08
3.351E+08
4.878E+08
4.425E+08
1.559E£+08
2.342E+08
3.351E+08
4,.878E+08

FULL VALUES ADDED AT ALL STAS I,J IN RECT.

TX

TY

PX

PY



PROGRAM [SLAB 5 -

CE313126

HWY SLAB

DECK 1
PRCIECT

CSLAB 5

- STELZER

RUN £ XAMPLE PROBLEMS FCR USE IN SLAB REPCRT

PROB (CONTLC)
610 60 X 58
TABL: 4. RESULTS
I,J DEFL
-1 -1 -8.503E-02
0 -1 =8.371E-02
1 -1 -8.2G3E-02
2 -1 -8.207E-02
3 -1 -8.127E-02
4 -1 -8.062E-02
5 -1 -7.990E-02
6 -1 -7.844E-02
7 -1 =-7.515E-02
8 -1 -6.874E-02
9 -1 -5.310E-02
10 -1 -4.271E-02
11 -1 -2.3C6E-02
12 -1 -7.719E-04
13 -1 2.160E-02
14 -1 4.110E-02
15 -1 5.506E-02
16 ~1 6.174E-02
17 -1 6.085E-02
18 -1 5.398E-02
19 -1 4.2/9E-02
20 -1 3.223E-02
21 -1 2.230E-02
-1 0 -6.538E-02
0 0 -6.487E-02
1 0 -6.415E-02
2 0 -6.329E-02
3 0 -6.25%E-02
4 0 -6.213E-02
S 0 -6.187E-02
6 0 -6.121E-02
7 0 -5.911€E-02
8 0 ~5.433E-02
9 0 -4.571E-02
10 0 =-3.262E-02
11 0 ~-1.539E-02
12 o 4.493E-03
13 0 2.462E-02
14 0 4.219€-02
15 0 5.459E-02
16 O 6.011E-02
17 O 5.840E-02

SLAB SIMPLE SUPPORTS AND CONCENTRATED LCALBS

BrX

Q.
O.
O.
Ce
G.
O.
O.
Ue
Oe
0.
C.
Ce
G.
(O
Q.
.
O.
Oe
O.
O
0.
O.
0.

C.
~5.288E-10
T.163E+01
-5.838E+C1
-1.575E+02
-B8.777E401
2.091E+02
7.171E+02
1.346E+03
1.923E+03
2.244E+03
2.076E+03
1.334E+C3
1.252E+02
-1.290E+03
-2.590£+03
-3.456E+03
~3.631E+03
-3.,052E+03

BMY

Ce
Ce
O.
O.
O.
O.
O.
0.
0.
Ce
O.
0.
0.
0.
O.
0.
0.
O.
o.
0.
O.
O.
O.

O.
1.676E-09
6.671E-10
1.642E-C9
l.745E-09
1.882€E-09
1.522E-09
2.053E-09
9.750E-10
6.658E-10
1.404E-09
9.932E-10
5.675E~-10
-6.844E-11
-5.139€-10
-1.504E-09
-1.026£-09
~2.430€E-09
-9.932€-10

REVISION DATE 24 JULY 1967
CF STELZER
APPENDIX 5

REACT

0.
2.515E-09
1.001E-~09
2+463E-09
“+617E-09
2.822E-09
?+283E-09
3.079E-09
1.462E-09
9.986E~10
2.106E-09
1.490E-09
8.513E-10
-1.027E-10
-7.708E-10
-2 .256E-09
-1.539E-09
-3.645E-09
-1.490&E-09
-2.104E-09
-1.155E-09
~3.977€E-10
O.

-3.526E-10
-3.248E+02
~€ «496E+02
~64496E+02
-€.496E+02
-6.496E+02
-6.496E+02
~6.496E+02
-6,496E+02
-6.496E+02
-6.496E+02
~64496E+02
-6.496E+02
-6.496E+02
~6.496E+02
~6.496E+02
~£+496E+02
-6.496E+02
~6.496E+02
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5.061E-02
3,890E-02
2.613E-02
l.335E-02

~4.613E-02
~4.602E-02
-4 .539E-02
-4,451E£-02
~4,382E-02
~4.302E-02
-4.387€E-02
~4.,406E-02
~4.3258~02
~-4,017E~02
~3.361E-02
~2.260E-02
~7.899E-03
S.740E~03
2.762E~02
4e362E-02
5.459E-02
5.897E-02
5.632E~02
3.558E-02
2.,002E~02
4.403F-03

-2.821E-02
~2.876E-02
~2.825E-02
-2.729E-02
-Z2.606E-02
-2.643E-02
-2+699E-02
=-2.173E-02
~2.801E-02
-2.652E-02
~2.209E-02
-1e382E-02
-1+ 703E-03
1.310£~-02
2.850E~02
4.202E~-02
S«131E-02
S.463E-02
5.146E-02
46294E-02
3.074£-02
1.410E-02
-Z«589E=-03

-1.363E=-02
~l.465E-02
~l.422E-02
=1l.327E-02
-l.255E-02
-1l.246E-02
-1.308E-02

~1.965E+03

-5.362E+02

-9,551E~11
0.

0.
6.78B7E-11
-3.502E+01
-8.037E+01
-1.123E+Q2
-1+016E+02
-3.589E+401
8.128E+C1
2.304E+402
3,741E+02
4,588E+402
4.289E+C2
2.598E+02
~24217E+01
-3,537€+02
~6+605E+02
~8.082E+C2
-9,112E+02
~T6TARE+0D2
~5.189E+02
~4,261E+02
~G9.349£-11
G.

GC
1.028E-10
~1.064E+02
—-2+260E+02
-3.010F+02
-3.023E+02
-2.18RE+02
~5«392E+01
1. 700E+02
4.061E+402
5. 724E4C2
5.646E+02
3.299£+02
~3.482E+01
~5.734€E+02
~1a034E+03
~1e367E+03
~1le455£403
-10 22"E+03
~-Be 6THE+02
-3.110E+02
2.177E-11
O.

O.
Hd.458E~11
-2.412E+02
~4 J4G6E+02
-5, 707c+02
-5.873E+02
~4.939E+0G2

-1.402E~-09

~T+699E-10

-2.651E~10
0.

O‘
~1.959E+02
-4,089E+02
_4-013E+02
-3.835E+02
~3,464E+02
~2.838E+02
-2.021E+02
-1.211E+C2
-6,910E+01
-T7.244L+01
~-1.442E402
-2.828E+C2
-4,723E+402
~64 TB6E+02
~3.515E+02
~F.428E402
~-9,292E+02
~-8.196E+02
-6.329E402
~43447E+02

2.176E+C1

O‘

0!

-6« 05TE+02
-1.210E+03
-1+260E4C3
-1.,293E+03
~1.269E+C3
~1.173E+403
-1.011E+C3
-84.155E+4+02
~6+3930402
-5.526E+02
-6.182E+C2
~3.596E+02
~1.243E+03
~1,685E+03
~2.080E+C3
~24319E4+03
-2.3176403
~2.055E+03
~1.604E+03
~1.018F+03
2+590E£+01
0'

0'
~1.208E+03
~2«464E+03
~2.0624E+03
-2+ 743E+03
~2«742E+03
-2.591E+03

-6,496E+02
-6 496E+02
~3«24BE+02
~6.367E-11

4,525€E~11
-3.105E+02
-6.210E+02
~6.210E+02
~6.,210E+02
~6,.,210E+02
- '02105“‘02
-6.210E+02
-£.210E+0Q2
-6.210E+02
~€.210E+02
~65.210E+02
-6.210E+02
-6.,210E+02
-6.,210E+02
-6.210E+02
~6,210E+Q2
-6,210E+402
~6.,210E+02
-6.210E+02
-6+210E+02
~3.105E+02
~-64233E-11

6.852E~-11
~3.600E+02
~Te200E+02
~T.200E+02
~1.200E+02
~T«200E+02
~7.200€6+07
~7.200E+02
-7.200E+02
~T.200E+02
~1.200E£+402
~7.200E+02
~7.200E+02
~7.200E4+02
-7.200E+02
-7.200E+02
-7.200E+02
~7.200E+02
-7.200E+02
-7+200E+02
-7.200E+02
-3.,600E402
T.451E~11

5.639f~11
-4 .080E+02
~8.160E+02
-F.160E+02
-8« 160E+02
~8.160E+02
~fel160E+02
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-l.412E-02
~1.496E-02
~1.469E-02
-1.223E-02
-6.6T4E-03
2.124E-03
1.326E-02
2.501E-02
3.541E-02
4.253E-02
4.483E-02
4.170E-02
3.415E-02
2.359E-02
8.304E-03
-7.2Z0E-03

-3.502E-03
-4.841E-03
—4.504E-03
-3,792E-03
-3.263E-03
-3.196E-03
-3.645E-03
~4.406E~-03
-5.312E-03
-5.645E-03
-4.770E-03
-2.020E-03
2.802E-03
9.141E-03
1.593E-02
2.194E-02
2.612E-02
2.741C-02
2+520E-02
2.020E-02
1.352E-02
3.205E-03
-7.645E-03

1.634£-03
-3.398E-v6
~1.063E-95
-1.089E-95
~1l.1%54E-95
-1.164E-95
-1.117E-95
~1.006E~-95
-—8.184E-96
-5.441E-96
—2.191E-96
~9.75%E-97
-3.258E-96
~-7.77T1E-96
-l.221E-95
~1l.656E-95
=2.131E-95
~24569E-95
-2.135E-95

-2.94TE+02
-T7.859E+00
3.190E+02
5.818E+02
6.143E+402
3.250E+02
~-2.,093E+02
-8.309E+02
~-1.425E+03
-1.886E+03
-2.044E+03
-1.714E+03
~1.211lE+03
-1.472E+03
-5.457TE-11
0.

O.
-3.638E-12
-4.950E+C2
-7.536E+02
-8.933E+02
-9.194E+02
-8.330E+02
-6.368E+02
-3.406E+02

2.118E+01

3.476E+02
4,235E+402
1.230E+02
-4,4T8E+02
-1.090E+C3
-1 70TE+C3
-2.224E+03
-2.453C+403
-2.054E+C3
-1.397E+C3
-1.619E+C3
7.731E-12
(VS

0.
~5.457TE-12
-9.594E+02
-1.102E+03
-1.130E+403
-1.208E+03
-1.134E+03
-1.030E+C3
-8.392E+C2
—-6.042E+4C2
-3.863E+C2
~3,311E+402
-5, 244E+02
-8.933E+02
-1.303E+03
-1.693E+03
-2.018E+03
—-2.1H59E+03
-1.841E+403

-2.298E+03
-1.910E+03
-1.518E+03
-1.266E+403
-1.309E+03
~1.722E+03
-2.433E+C3
-3.273E+03
-4.046E£+03
~4.552E+403
~4,587TE+03
~4.046E+03
-3.079E+03
=1.926E+03
1.949E+402
O.

0.
-1.957E+03
-4.178E+03
-4.594E+403
-4,879E+C3
~4.922E+03
-4.688E£403
-4.186E+C3
-3.4T0E+03
-2.6T6E+03
-2.064E+03
-2.013E+03
-2.724E+403
-4.028E+03
=5.554E+403
-6.993E+C3
-R.034E+03
-8.246C+03
-7.169€E+03
-5.142€403
-2.795€£+403

T.462E+02

0.

0.
-2.586E+03
-6.396E+03
~T.345E+03
-T7.931E+C3
-8.054E+03
~1.696E+03
-6.864E+03
-5.595E+03
-4.028E+C3
—2.576E+C3
-2.207E+03
~3.496E+03
-5.956E+03
~8.685F+403
-1.129£404
-1.346E+04
~1.440E+C4
-1.227E+404

-8.160E+02
~-84,160E+02
-t.160E+02
-8.160E+02
-f,160E+02
-R.160E+02
-8.160E+02
-8.160E+02
-8,160E+02
-8,160E+02
-8,160E+02
-8.160E+02
-8.160E+02
-8.160E+02
-4 ,080E+02
-3.638E-11

-Z.425E-12
~4 ,57T5E+02
-9,150E+02
-9,150E+02
-9,150E+02
-9,150E+02
-9,150E+02
-9.150E+02
-9,150E+02
-9,150E+02
-9.150E+02
-9,150E+02
-9,150E+02
-9.,150E+02
~-9.150E+02
-9.150E+02
-9.150E+02
-9,150E+02
-9,150E+02
-3.,150E+02
-9.150E+402
-L,57T5E+02
5.154E~-12

-3,638E-12
2.892E+03
9.681E+03
9.881lE+03
1.052E+404
1.063E+04
1.016E+04
9.044E+03
7.171E+03
4,428E+03
1.178E+03
9.384E+02
2.245E+403
6.758E+03
1.120E+04
1.555c+04
2.030E+04
2+.468E+04
7.034E+04
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~l.477E-95
8.220E~96
3.703E~96
-1.032E-03

1.349E-03
6.650E-96
"10349E-03
-2.930E~-03
-3.%95E-03
=4,175E-03
-3.393E-03
~1.8135E-03
1.921E-04
1.9>48E-03
2+413E-03
5.174E-96
-6.001E-03
-1.459E-02
~2.387E-02
-3.231E-02
-3.846E-02
-4.059E-02
—3.644E-02
—2.765E-02
-1.518E~-02
-3.7545E-96
1.512E-02

5.,073E-03

3.227E-97
-5.073E-03
-9.391E-03
-1.206E~-02
-~1l.256E-02
-1.083E-02
=-7.203E-03
~2+473E-03

l1.948E-03

3.8>3E-03
—-2.651E-96
-1.333E-02
=3.199E-02
-5.193E-02
-6.999E-02
~8.320E-02
-8.754E-02
-7.838E-02
~5.904E-02
-3.215£-02
=2.146E-96

3.215E-02

F.595E-03
-l.116E-96
=9.595E-03
=1l.729E-02
-2.191E-02
~2.286E-02
-2.012E-02

-1.221E+03

-2.897E+02

-3.638E-12
0.

C.
-1.342E~90
-5.,025E+02
~3.278E+02
-2.372E+02
—2.252E+02
-2.703E+02
=3.792E+02
~5.864E+02
—-9.592E+402
-1.553E+03
=-1.742E+03
-1.484E+03
-7.976E+02
-2.724E+02

2.252E+02

9.283E+02
1.943C£+03
1.347E+403
1.179E+03
1.026E+03
T+435E-91
0.

(O
4.,006L-91
2.363E+02
5.6ToE+02
T.568E+02
1.726E+02
6«1 72E+02
2.633E+02
-3.594E+02
-1.365E+03
-2.855E+03
-4.629E+403
~2+590E+03
-T7.704€£+02
T.181E+02
2.132E+03
3.920E+03
6e634E+03
4.606E+03
3.541E+03
2¢459E+03
-54392E-11
C.

.

4.37CE-92
9.237E+02
l.471E+03
l.741E+03
l. 744E+Q3
l.470E+03

-84142E+03

~1.931E+03
1.712E+03
0.

0.
~-8.947£-90
—2.613E+03
-3.821E+03
-4.380E+C3
-4.532E+03
-4.350£+03
-3.873E+03
-3.145E£+03
—2.247TE+03
-1.273E+03
—2.614E+02
-1.698E+03
-3.123E+03
-4.505E+03
~5.710E+03
-6.56TE+03
-6.86TE+03
-5.675€£+03
-3.810E+03
-1.749E+03

4,957E-90

0.

0.

2.671E~90
-8.153E+02
-1.445E+03
-1.794C£+03
~1.924E+03
-1.887E+03
-l.717€+03
-1.449C+03
-1.125€£+03
-8.077E+02
~6.943E+C2
-7.250E402
~9.468E+02
-1.129E+03
-1.143E+03
-8.895E£+02
-6.314E+02
-4.158E+402
-3,102E+02
—2.425E+02
-8.088E-12

0.

0.
2.914E-91
1.334E+02
8.369E+01
5.936L+00
-6.518E+01
-1.372E402

1.376E+04
-9.233E+03
-4,209E+03
- 7.425E-12

-8.947E-91
~7.157€E+03
-1.013E+03
-1.013€E+03
-'.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
~-1.013E+03
-6.,186E+03
-1.013E+03
-1.013€E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03

3.251E+03

4.957E~91

2.671E-91
~8.290E+02
-1.013E+03
-1.013€E+03
-1.013E+03
-1.013E+03
~1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
14639E+03
-1.013E+03
-1.013E+03
-1.013E+03
—10013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
1.639E+03
-3.595E-11

2.914E-92

€.098E+02
-1.013E+03
-1.013c+03
-1.013E£+03
-1.013E+03
-1.013E+03
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io0
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

-l.4.4E-02
~-6.455E-03

1.076E-03

4.,937€E-03
-6.361E-96
~-2.108E-02
-5.018E-02
-8.114E-02
-1.0690E-01
-1.293E-01
-1.367E-01
~1.214E-01
-9.122E-02
-4.969E~02
-3.226E-96

4.969E-02

l.412E-02
-2.022E-96
-1.412E-02
-2+531E-02
~3.199€E-02
-3.346E-02
-2.974E-02
-2.150E-02
-1.073E-02
-2.325E-05

5.907E-03
-9.317E-96
-2.844E-02
-6.765E-02
-1.092E-01
-l.464E-01
-1.728E-01
-1l.810E-01
-1.617E-01
~1.213E-01
~6.651E-02
-4.316E-96

6.631E-02

1.823E-02
-2.613E-96
-1.823E-02
-3.26TE-02
~4.132E-02
-4.330E-02
-3.869E-02
-2.845E-02
-l.470E-02
-1.079E-03

6.822E~-03
~1l.161E~-95
-3.502E-02
-8.339E-02
-1le345E£-01
-1.800E-01
-2.120E-01
-2.215E-01
-1.930E-01

Ge.6R1E+02
-1.710E+02
-1.819E+03
-44292E+03
-7.841E+03
-3.834E+03
=-1.932E+02

le6TLE+G3

3.983C+03
6.705E+C3
1.175E+04
7T.615E+03
5.792E+03
4,079E+03
~8.5862E-94
O.

O.
2.573E-92
1.493E+03
2.295E+03
2.658E+03
2.646C+03
2.255E+03
1l.412E+03
-2.954E+01
-2.305E+03
-5.7>8E+03
-1.094E+04
-5.111E+03
-8.526E+02
2.581E+C3
5.826E+03
9.555E+03
1.402E+04
1.065E+04
7.999E+03
5.7T15E+03
9.732E-93
Q.

O.
l.651E-92
1.945E+03
2.999E+03
3.,462E+4C3
3.442E+03
2.942E+03
l.877c+403
6+.468E+01
-2.791E+03
-7.138E+03
-1.369E+04
-6.312E+03
-9.399E+02
3.375£+03
7.410E+03
1.190E+04
1.692E+04
1.314E+04

-2.251E+02
-3.452E+02
-5.149E+402
-7.659E£+02
~1.176E+03
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-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-7.181E+04
-1.013E+03
-1.013E+03
-1.013E+03

5.669E+03

1.343E-92

1.080E-92

2.151E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03

1.082E+04
-1.013E+03
-1.013E+03
-1.013E+03
-1,013E+03
~-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03

4,826E+03
-7.189E-11

l1.711E-92

1.579E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
~-1.013E+03
-1.013E+03
-1.013E+03
~-1.013E+03

8.452E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03



122

20
20
20
20

21
21
21
-

21
21
21
21
21

21
21
21
21
21
21
21
21
21
21
21
21
21

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

23
23
23
23
23
23
23

-1.255E-01
-6.809E-02
—4.194E-96

6.809E-02

9.971£-03
-1.199E-96
-9.971E-03
-1.803E-02
—-2.289E-02
-2.385€-02
-2.087E-02
-1.454E-02
-6.218E-03

l1.714E-03

5.551E-03
-6.232E-96
-2.175E-02
-5.209E-02
-8.472E-02
-1.143E-01
-1.359E-01
-1l.435E-01
~-1.271E-01
-9.463E-02
-5.057E-02
~-2.7146E-96

5.057E-02

5.393E-03

243217E-97
-5.393E-03
~1.007E~-02
-1.298E-02
-1.351E-02
-1.156E-02
-7.506E-03
-2.240E-03

2.642E-03

4.563E-03
-1.804E-96
-1.372E-02
~-3.3408-02
-5.487E-02
-7.454E-02
-8.902E-02
~9.411E-02
~8.350E-02
~-6.174E-02
-3.185E-02
-1.069E-96

3.185E~02

1.535E-03

8.355E-96
-1.535E-03
=-3.390€E-03
-4.,640E-03
-4.846E-03
-3.926E-03

8.155E+03
5.532E+03
2.537E-92
a.

0.
4.47T1E-92
9.376E+02
1.551E+03
1.871E+03
l1.886E+03
1.586E+03
9.165E+02
~2+394E+02
-2.038E+03
—4.577E+03
~7.865E+03
-4.,094E+03
-9.47T1E+02
l.741E+03
4+304E+03
7.306E+03
1.257E+04
8.285E+03
5.974E+03
3.360E+03
-5.392E-11
0.

0.
5.483E-91
2.291E+02
6.509E+402
8.981E+02
9.266E+02
T.47TTE+02
3.313E+02
-4.117E+02
-1.608E+03
-3.230E+03
—4.445E+03
-2.943E+03
-9.598E+02
7.T795E+02
2.441E+03
4.544E+03
7.596E+03
5.414E+03
3.872E+03
8.443E+02
-2.161E-91
0.

0.
-1.754E-90
~5.367E+02
~2.452E+02
-9.912E+01
-7.853E+01
~1.426E+02

5.007C+03
3.157€E+03
1.692E-91
0.

0.
2.981€E-91
1.989E+02
2.003E+02
1.572E+02
8.813E+401
-2.258E+01
-1.833E+402
-3.851E+402
-5.991E+02
-8.182E+02
-1.180E+403
-7.600E+01
9.199E+02
1.989E+03
3.203E+03
4.770E+03
T.488E+03
4,723E+03
3.019E+Q3
1.784E+03
-8.088E-12
0.

0.
3.656E-90
~T7.346E+02
-1.267E+03
~1.542E+403
-1.658E+403
-1.678E+03
-1.631€E+03
-1.530E+03
-1+349E+03
-1.011£+03
-6.668E+02
~T+.239E+02
~7.468E+02
-5.345E+402
=9.611E+01
5.47T2E+02
9.396E+02
8.133E+02
9.246E+401
-5.851E+02
-1.441E-90
0.

0.
-1.170E-89
-2.563E+03
-3.552E+03
-3.965E+03
-4.087E+03
~3.982E+03

-1.013E+03
-1.013E+03
3.688E+03
14 692E-92

2.981E-92

6.926E+02
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03

5.220E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-2.181E+04
-1.013E+03
-1.013E+03
-1.013E+03

2.240E+03
~3.,595E-11

3.656E-91
-7.390E+02
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03

T.912E£+02
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03

5.629E+02
~-1l.441€E-91

-1.170€E-90
~8.861E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
~1.013E+03



23
23
23
23
23
23
3
23
23
23
23
23
23
23
23
23

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

25
25
25
25
25
25
25
25
25
25
25
25
25
25

-2.048E-03
3.642E-04
2.529E-03
3.083E-03
1.103E-95

-5.949E-03

~1.528E-02

-2.503E-02

-3.519E-02

-4.232E-02

-4 .430E-02

~3.992E-02

-2.931E-02

-1.380E-02

-2.030E-96
1.380E-02

1.569E-03
-4.931E-96
~1.080E-95
-1.077E-95
-1.139E-95
~1.151E~95
-1.105E-95
-9.937E-96
-8.081E-96
-5.555E-96
-3.543E-96
-3.238€-96
-4.584E-96
-7.843E-96
-1.208E-95
~1.644E-95
-2.102E-95
-2.433E-95
-2.053E-95
-1.157E-95

1.421E-96

3.245E-96
-1.071E-03

~3.434E-03
—4.649E-03
~4.221E-03
-3.391E-03
-2.782€E-03
-2.720E-03
~-3.274E-03
~-4.279E-03
~5.340E-03
-5.825E-03
-4.917€-03
-1.889E-03
3.254E-03
1.015€E-02
1.767E-02
2.445E-02
2.916E-02
3.054E-02
2.T783E-02

-2.996E+02
-6.065E+02
-1.179E+03
-2.029E+03
-1.392E+03
-1.938E+03
-9.682E+02
~2.000E+02
4.93TE+02
L«43BE+03
2.953E+403
2.172E+03
1.854E+03
~-1.528E+C3
5.110E-91
Ce

O.

1.819E-12
~9.433E+02
-1.111E+03
-1.217E+03
-1.240E+03
-1.180E+03
-1.037E+03
-8.156E+02
-95.403E+02
-3.007E+02
-3.096E+02
-4.,418E+02
-8.394E+02
-1.306E+03
-1.760E+03
-2.156E+03
-2.353E+03
-1.947E+03
-1.231E+03

8.437TE+00

0.

O.

0.
-1.928E-10
-4.804E+02
-7.710E+02
-9.356E+02
-9.688E+02
-8.T19E+02
-6.4T0E+02
~3,021E+02

1.203E+02

4.738E+02
4.686E+02
2.430E+02
-3.671E+02
-1.097E+03
-1.816E+03
-2.445E+403
-2.T760E+03
~2+.296E+03

-3.,688C+403
-3.,261E+403
~-2.T57E+03
-2.016E+03
-2.088E+02
-2.231E+403
-3.190E+G3
-3.883E+403
-4 ,374E+03
-4.468E+403
-4.164E+03
-3.521E+03
-3.055E£+403
~4,TT2E+03

3.406E-90
O.

0.
-2.483E£+403
~6.289E+03
-7T.410E+03
-8.111E+03
-8.267TE+03
-T7.867TE+03
-6.914E+03
-5.438E+03
-3.602E+03
-2.005E+03
-2.064E+03
-2.945E+403
-5.596E+03
-8.T03E+03
-1.173E+404
-1.438E+04
-1.569E+04%
-1.324E+04
-8.204E+03

5.625E+01

1.695€6+03

0.

O.
~1.919E+03
-4,140E+403
-4 ,624E+03
-4.962E+03
-5.020E+03
-4.758E+03
-4.183E+03
-3.359E+03
-2.451E+03
-1.793E+03
-1.814E+03
-2.483E+03
-3.,881E+03
-5.601E+03
-T.272E+03
-8.531E+03
-8.839E+03
-T7.570E+03

-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.204E+04
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03
-1.013E+03

1.523E+03

3.406E-91

1.213E-12
4,424E+03
9.783E+03
9.759E+03
1.038E+04
1.050E+04
1.004E+04
B.924E+03
7.068E+03
4.543E+03
2.530E+403
5.463E+03
3.57T1E+03
6.830E+03
1.106E+04
1.543E+04
2.000E+04
2.332E+04
1.961E+04
1.056E+04
-2.434E+03
-3.751E+03
0.

-1.285E-10
-4 .575€E+02
-9.150E+02
-9.150E+02
-9.150E+02
-9.150E+02
-9,150E+02
~9.150E+02
-9.150E+02
-9.150E+02
-9,150E+02
~9.150E+02
~-9.150E+02
-9.150E+02
~9.150E+02
-9.150E+02
-9.150E+02
-9.150E+02
-9.150E+02
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18
19

21

VO~NOCUNHEWNFO~

25
25
25
25

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
21
27
21
27
21
27
21
217

28
28
28
28
28
28
28

2.130E-02
1.385E-02
3.173€E-03
-8.262E-03

~1.330E-02
-1.417E-02
~1.360E-02
-1.250E-02
-1.168E-02
-1.163E-02
-1.242€-02
~1.374E-02
-1.489E~-02
~l.478E-02
-1.220E-02
-6.170E-03
3.311E-03
1.545E-02
2.844E-02
4.002E-02
4.796E-02
5.039E-02
4.649E-02
3.743E-02
2.519E-02
8.592E-03
-8.416E-03

—-2.754E-02
~2.7T94E-02
-2.729E-02
-2.618E-02
-2.537€E-02
-2.532E-02
-2.607E-02
-2.718E-02
-2.7T71E-02
-2.633E-02
-2.166E-02
~=1.272€E-02
3.973E-04
1.657E-02
3.353E-02
4.,850E-02
5.87T6E-02
6.220E-02
5.815E-02
4.795E-02
3.381E-02
1.522€E-02
-3.588E-03

-4.509€E-02
~4.485E-02
-4.407E-02
-4.307E-02
-4.233E-02
-4.222E-02
-4.,270E-02

-1.436E+03

-1.280E+03

-6+.366E-12
O.

0.
~9.823E-11
-2.342E+02
-4.660E+02
-6.077E+02
~-6.298E+02
~5.249E+02
-2.966E+02

3.525E+01

4.111E+02
6.926E+02
6.857E+02
4.244E+02
-1.466E+02
-8.,487TE+02
~1.540E+03
-2+.099E+03
-2.313E+03
-1.922E+03
-1.252E+03
-1.350E+03
-1.155E-10
O.

0.
-1.965E-10
-1.052E+02
-2.389E+02
-3.,268E+02
-3.,307E+02
~4.83TE+C1

2.088E+02

4.775E+02
6.567E+02
6.336E+402
3.994E+02
-4, T786E+01
-5.980E+02
-1.132E+03
-1.531E+03
-1.647E+03
-1.371E+03
-9.138E+02
-9.,042E+02
-1.043E-10
0.

a.

2.807E-10
-3.676E+01
-8.928E+01
-1.274E+02
-1.168E+Q2
-4.288E+01

-5.082E+03

-2+.169E%03
8.848E+02
Q.

0.
-1.196E+C3
~2.452E403
-2.639E+03
-2.781E+03
~2.784E+03
~2.614E+03
-2.280E+03
-1.837E+03
-1.394E+03
-1.120E+03
-1.176E+03
-1.606E+03
~2437T7E+03
-3.319E+03
-4.212E+403
-4.813E+03
~4.,86TE+03
~4,223E+03
-3.,058E+03
~1.735E+03

3.389E+02

0.

0.
-6.017E+02
-1.208E+03
-1.268E+03
-1.308E+03
-1.284E+03
-1.175E+03
-9.918E+02
-7.691E+02
-5.700E+02
-4.733E+02
-5.432E+02
-8.049E+02
-1.225E+03
-1.721E+03
~2.173E+03
-2.451E+03
—-2.449E+03
~2.139E+03
~-1.608E+03
-9.603E+02

1.212E+02

0.

0.
-1.967E+Q2
-4.115E+Q2
~4.046E+02
-3.859E+02
-3.450E+02
-2.T49E+02

-9.150E+02
-9.150E+02
-4.575E+02
-4.244E-12

-6.548E-11
-4,080E+02
~8.160E+02
-8.160E+02
-8.160E+02
~-8.160E+02
-8.160E+02
-8.160E+02
-8.160E+02
-8.160E+02
~-8.160E+02
-8.160E+02
-8.,160E+02
-B.160E+02
-8.160E+02
-B8.160E+02
-8.160E+02
-6.160E+02
-8.160E+02
~8,160E+02
-8.160E+02
-4.080E+02
~7.700E-11

-1.310E-10
-3.600E+02
~7.200E+02
-7.200E+02
-7.200E+02
-7.200E+02
~7.200E+02
-7.200E+02
~7.200E+02
-7.200E+02
-7.200E+02
~7.200E+02
-7.200E+02
-7.200E+02
-7.200E+02
~7.200E+02
-T7.200E+02
~T7.200E+02
-7.200E+02
-T7.200E+02
-7.200E+02
- Z.600E+02
-6.950E-11

1.871E-10
~%«105E+02
-6.210E+02
-6.210E+02
-6.210E+02
-6.210E+02
-6.210E+02



28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

29
29
29
29
29
29
29
29
29
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
30
30
30
30

-4.,319E-02
4,26 l.E_OZ
~3,955E-02
-3.,261E-02
~2.094E~-02
~-4.767E-03
1.451E-02
3,437E-02
5.178E-02
6.377E-02
6.828E-02
6.478E-02
5.464E-02
4.,028E-02
2.247E-02
4,489E-03

~6.418E-02
-6+.334E-02
~6+250E-02
-6.154E-02
-6.077E-02
-6.044E-02
-6.040E-02
-5.998E-02
-5.804E-02
-5.315E-02
-4.400E-02
-2.988E-02
-1.118E-02
1.053E-02
3.260E-02
5.186E-02
6.534E-02
7.103E~-02
6.843E-02
5,906E-02
4.529E-02
3.025E-02
1.522E-02

~8.327E~02
-8.183E-02
-8.093E-02
-7.999E-02
-7.918E-02
-7.864E-02
-7.813E-02
-7.688E-02
-7.367E-02
-6.704E-02
~5.572E-02
-3.913E-02
-1.779€E-02
6.531€E-03
3.101E-02
5.233E-02
6.744E-02
7.432E-02
T.264E-02

9.051E+01
2.606E+02
4.232E+02
5.162E+02
4.B11E+02
3.023E+02
-5.670E+00
-3.783E+02
-7.313E+02
-~9.763E+02
-1.031E+03
-B8.608E+02
~5.628E+02
~4.443E+02
-6.378E-11
0.

0.
9.707E-10
5.903E+01
~9.752E+01
-2.183E+02
-1.458E+02
l.883C+02
7.658E+02
1.48lE+03
2.141E+03
2.490E+03
2.303E+03
1.507E+03
l.813E+02
-1.409E+03
-2.901E+03
-3,916E+03
-4.131E+03
-3.452E+03
~2.184E+03
-6.343E+02
-3.236E-10
0.

0.
O.
C.
0.
0‘
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
O.
0.
0.

-1.829E+02
~3.155E+01
-3.221E+01
-3.,248E+01
-1.075E+02
~-2.636E+02
~4.762E+02
-7.073E+02
-9.008E+02
~-1.001E+03
-9.813E+02
-8.555E+02
-6.475E+02
-4.285E+02
€.538E+01
0.

0.
6.244E-10
3.763E-09
4.755E-09
3.387E-09
4.550E-09
4.430E-C9
2+994E-09
4.909E-09
4.378E-09
3.283E-09
1.011E-09
5.048E-10
-6.502E~10
-1.060E-09
~1.814E-09
-1.673E-09
-9,240E-10
~-1.095E-09
-1.419E-09
_1. 197E"09
-2.993E-10
o.

0.
0.
0.
0.
O.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

-6.210E+02
—"210E+02
-6.210E+02
~6.210E+02
-6.210E+02
-6.210E+02
-6.210E4+02
-6.210E+0Q2
-6.210E+02
-6.210E+02
-€6.210E+02
-6.210E+02
-6.210E+02
~-6.210E+02
-3.105E+02
-4.252E-11

€.472E-10
-3.248E+02
~6.496E+02
-£.496E+02
-6.496E+02
-6.496E+02
~6+496E+02
—-6.496E+02
-6.496E+02
-6.496E+02
~6+.496E+02
-€ .496E+02
-£.496E+02
- £.496E+02
-6.496E+02
—€.496E+02
-6.496E+02
-6.496E+02
-6.496E+02
-6.496E+02
-6.496E+02
~3.248E+02
-2.157E-10

O.
9.365E-10
5.645E-09
7.133E-09
5.080E-09
6.825E-09
6.645E-09
4 .490E-09
7.363E-09
6.56TE-09
4.925E-09
1.517€E-09
7.572E~-10
-9.753E-10
-1.591E-09
-2.720E-09
—2.51 0E-09
-1.386E-09
-1.643E-09
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18 30
19 30
20 3¢
21 30

PROB (CONTD)

610

TABLE 4.

1
0
1 -1
2 -1
3 ~1
4 -1
5 -1
6 -1
7 -1
8 -1
9 ~1
10 -1
11 -1
12 -1
13 -1
14 -1
15 -1
16 ~1
17 -1
18 ~1
19 -1
20 -1
2t -1
-1 0
g ¢
1 0O
2 ¢
3 0
4 0
5 0
& 0
7 0
8 0
3 @
10 ¢
11 ¢
12 ¢
13 ¢
14 ¢
15 0

6.377E-02 0.
5.039E=-02 0O,
3.804E~02 Q.
2.595E~02 0.

60 X 58  SLAB

RESULTS{CONTD)

TMX ™Y

. 0.

0. 0.

0. 0.

0. 0.

0. 0.

0. 0.

0. 0.

0. 0&

0. 00

0. 00

0. 0.

0. 0.

0. 0.

C. 0.

O. 0.

0‘ 00

OQ 00

C. Q.

0. Q.

0. 0‘

GO OQ

OO O.

0. 0.

0. Ol
-4.364E+01 4.364E+01
-7.910E+00 7.910F+00
-5.626E+00 S.626E+00
-3.583E+01 3,583E+01
-9.101E+01 9.101E+01
~1.680E+02 1.680E+02
~2.642E+02  2.642E+02
~3.716E+02 3.T16E+02
~&4,T49E+02 4, T49E+02
~5.544E+02 5.544E+02
-5,971E+02 5.971E+02
~6.017E+02 6.017E+02
~5.721E+02 5.721E402
~5.118E+02 S.118E+02
~4,284E+402  4.284E+02
~3.386E+02 3,.386E+02

SIMPLE SUPPORTS

-2.128E-09

-1.795E~-09

~4,490E~10
D.

AND CONCENTRATED LGOADS
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-2.582E+02
-1.871E+02
-1.407E+02
-2.084E+02
C.
c.

O.
-6.351E+01
-9.141E+00

7.921E+00
-2.785E401
-9.652E+01
-1.958E+02
-3.275E+02
—~4.8954E402
-6+4T5E+02
-7.805E+02
-8.600E+02
~8.821E+02
—8.495E+402
-7.598E+02
-6+.136E+02
-4 ,599E+02
-3.161E+02
-10894E+02
-1.063E+02
-1.B87E+02

0.

0.

O
-3.749E+01
-7.533E+00

5.672E+00
-4.,651E+00
~2.702E+01
-6.863E+01
-1.416E+02
-2.51L7E+02
-3.891E+02
-5.282E+02
-6.414E+02
-7.116E+02
-7.242E402
—6.619E+02
—54222E+02
~3.345E+02
-1.459E+02

2.238E+01
1.498E+02
5.706E+01

O.

Q.

0.
-3.970E+01
-3.429E+01
-3.691E+01
-2.062E+01

2.582E+02
1.871E+02
1.407E+02
2.084E+02
0.
0.

0.
6.351E+01
9.141E+00
-7.921E+00
2.785E+01
9.652E+01
1.958E+02
3.275E+02
4.854E+02
6.475E+02
7.805E+02
8.600E+02
8.821E+02
8.495E+02
7.598E+02
6.196E+02
4,599E+02
3.161E+02
1.894E+02
1.063E+02
1.887€E+02
0.
O.

0.
3.749E+01
7.533E+0C
-5.672E+00
4.651E+00
2.702E+01
6.863E+01
1.416E+02
2.517E+02
3.891E+02
5.282E+02
6.414E+02
7.116E+02
T.242E+02
6.619E+02
5.222E+02
3.345E+02
1.459E+02
~2.238E+01
-1.498E+02
-5.706E+01
0.
0.

0.

3.970E+01
3.429E+01
3.691E+01
2.062E+01
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4.355E+400
5.731E+00
-5.352E+01
-2.015E+02
~4.430E+02
-T.473E402
-1.055E+03
-1.298E+03
-1.407E+03
-1.325E+403
-1.037E+03
-5.910E+02
-9.048E+01
3.693E+02
7.361E+02
4.876E+02
Ce.
0.

0.
-6.238E+01
~1.643E+02
-1.988E+02
~9.617E+01

6.363E401

1.977E+02

2.241E+02

6.751E+01
~3.258E+02
-9.542E+02
-1.708E+03
—2.373E+03
=2.725E+403
-2.637E+403
-2.085E+03
-1.122E+03

9. 789E+01

1.272E+03

2.156E+03
1.538E+403

0.

0.

0.
-1.254E+02
-5.890E+02
=5.753E+02
=2.724E+02

1.450E+02

5.372E+02

T.779E+02

7.328E+02

2.485E+02
-8.262E+02
-2.366E+03
-3.811E+03
-4.587E+03
—-4.522E+03
-3.672E+03
-2+030E+03

-4.355E+00
-5.731E+00
5.352E+01
2.015E+02
4.430E+02
T.473E+02
1.055E+03
1.298E+03
1.407E+03
1.325E+03
1.037E+03
5.910E+02
93.048E+01
-3.693E+02
-T7.361E+02
-4.BT6E+02
0.
0.

U.
6.238E401
l.643E+02
1.988E+02
9.617E+Q1
-6.363E+01
-1.977E+02
-2.241E+02
-6.751E+01
3.258E+02
9.542E+02
1. 708E+03
2.373E+03
2.725E+03
2.63T7E+03
2.085E+03
1.122E+03
-9.789E+01
-1.272E+03
-2.156E+03
-1.538E+03
0.
O.

0.
1l.254E+02
5.890E+02
5.753E+02
2.724E+02
-1.450E+02
-5.372E+02
—-T7.7T79E+02
~7.328E+02
-2.485E+02
8.262E+02
2.366E+03
3.811E+03
4.587E+03
4.522E+03
3.672E+03
2.,030E+03
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(SR IR, RV IR B )
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Qo mom®m®

4+.396E+02
2.981E+03
4.890E+03
3.304E+03
0.
0.

Q.
-6.590E+02
-1.454E+03
~-1.08lE+03
-4.,909E+02

1.899E+02

8.297E+02
1.293E+03
1.417E+03
9.802E+02
-3.015E+02
—2.669E+03
-4 .954E+03
-5.968E+03
-5.883E+03
~4.842E+03
-2.7169E+03

T.4T6E+02

4.465E+03

T.157E+03

4.571E+03

0.

Q.

a.
-1.277E+03
-2.223E+03
-~1+.496E+03
-6.701E+02

1.844E+02

9.697E+02
1.560E+03

1. 786E+03

1.420E+03

1.366E+02
-2.726E+03
-5.510E+03
-6.532E+03
~6.372E+03
-5.202E+03
-2.998E+03
9.215E+02
5.038E+03
7.805E+03
4.921E+03
0.
Ce.

.
-1.401E+03
—2.464E+03
-1.686E+03
-T.715E+02

-44.396E+02
-2.981E+03
-4,890E+03
-3.304E+03
0.
0.

0'
6.590E+02
1.454E+03
1.081E+03
4.909E+02
-1.899E+02
-8.297E+02
-1.293E+03
-1.417E+03
~9.802E+02
3.015E+02
2.669E+03
4.954E+03
5.968E+03
5.883E+03
4.842E+03
2.769E+03
-T.476E+02
-4.465E+03
~7.157E+03
-4.571E+03
0.
0.

0.
1.277E+03
2.223E+03
1.496E+03
6.701E+02
-1.844E+02
~9.,697E+02
-1.560E+03
-1.786E+03
-1.420E+03
-1.366E+02
2.726E+03
5.510E+03
6.532E+03
6.372E+03
5.202E+03
2.998E+03
-9.215E+02
-5.038E+03
-7.805E+03
~4.921E+03
0.
O.

0.

1.401E+03
2.464E+03
1l.686E+03
T.715E+02
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U IV Vo BRVoJRV Vo BV e JRVo Yo BRVo Ve IV o RN o JEVe BV TV JEV o Vo Vo BN o SRV o IRV o V0 |

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

1.590E+02
1.007€+03
1.650E+03
1.924E+03
1.596E+03
3.051€E+02
—2.648E+03
-5.521E+03
—-6.539E+03
-6.308E+03
-5.008E+03
=2.597€E+03
9.746E+02
4.T7T06E+03
7.583E+03
4.860E+03
0.
0.

C.
-1.337€+03
-2.382E+03
~1.669E+03
-7.834E+02

1.304E+02

9.641E+02
1.598E+03
1.875E+03
1.568E+03
3.258E+02
-2.450E+03
-5.143E+03
-6.,107E+03
-5.,84TE+03
~-4,540E+03
-2.147E+03
9.353E+02
4.144E+03
6.924E+03
4.496E+03
0.
C.

C.
-1.170E+03
-2.105E+03
-1.503E+03
-T.196E+02

1.051E+02

8.618E+02
1.437E+03
1.686E+03
1.402E+03
2.769E+02
-2.148E+03
-4.493E+03
=5.353E+03
-5.117€E+03
-3.992E+03
-2.097€E+03

-1.590E+02
-1.007E+03
-1.650E+03
-1.924E+03
-1.596E+03
-3,051E+02
2.648E+03
5.521E+03
6.539E+03
6.308E+03
5.008E+03
2.597€E+03
-9,.746E+02
~4.706E+03
-7.583E+03
-4.860E+03
0.
0.

0.
1.337€+03
2.382E+03
1.669E+03
T.834E+02
-1.304E+02
-9.641E+02
-1.598E+03
-1.875E+03
-1.568E+03
-3.258E+02
2.450E+03
5.143E+03
6.107E+03
5.847€E+03
4.540E+03
2.147€E+03
~3.353E+02
~4.144E+03
-6.,924E+03
—44.496E+03
0.
g.

0.
1.170E+03
2.105E+03
1.503E+03
T.196E+02
-1.051E+02
~-8.618E+02
-1.437€E+03
-1.686E+03
-1.402E+03
-2.T69E+02
2.148E+03
4.493E+03
5.353E+03
5.117€+03
3.992E+03
2.097E+03



13
13
13
13
13

8.328E+02
3.863E+03
6.077E+03
3.922E+03
0.
0.

c.
-9.480E+02
~1.716E+03
-1.240E+03
-6.015E+02

8.318E+01

7.154E+02
1.195E+03
1.397E+03
1.149E+03
2.043E+402
=-1.764E+03
-3.660E+03
~4.368E+03
-4.161E+03
-3.215E+03
~1.627E+03
6.885E+02
3.082E+03
4.923E+03
3.183E+03
C.
C.

0.
~6.953E+02
-1.263E+03
-9.199E+02
~4.490E+02
6.26TE+01
5.375E+02
8.963E+02
1.043E+03
8.469E+02
1.314E+02
-1.318E+03
-2.709E+03
~3.231E+03
-3.055E+03
-2.300E+03
-1.060E+03
5.161E+02
2.149E+403
3.574E+03
2.337E+03
0.
0.

0.
-4.269E+02
-7.768E+02
~5.680E+02
=2.T72E+02

-8.328E+02
-3.863E+03
-6.,077E+03
-3.922E+03
0.
0.

O.
9.480E+02
1.716E+03
1.240E+03
6.015E+02
-8.318E+01
-7.154E+02
-1.195E+03
-1.397E+03
-1.149E+03
-2.043E+02
1. 764E+03
3.660E+03
4.368E+03
4.161E+03
3.215€E+03
1.627E+03
-6.885E+02
-3.082E+03
-4.923E+03
-3.183E+03
0.
0.

0.
6.953E+02
1.263E+03
9.199E+02
4.490E+02
~6.267E+01
-5.375E+02
-8.963E+02
~1.043E+03
-8.469E+02
~1.314E+02
1.318E+03
2.709E+03
3.231E+03
3.055E+03
2.300E+03
1.060E+03
-5.161E+02
-2.149E+03
-3.574E+03
~2.337€E+03
0.
0.

0.

4.269E+02
T.768E+02
5.680E+02
2.772E+402
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4.179E+01
3.385E+02
5.613E+02
6.485E+02
5.192E+02
6.696E+01
~8.297E+402
~-1.686E+03
-2.006E+03
~1.877E+03
-1.353E+03
-4.990E+02
3.251E+02
1.184E+03
2.151E+03
1.439E+03
0'
0.

0.
-1.513E+02
-2.754E+02
-2.010E+02
-9.608E+01

1.989E+01

1.274E+02
2.062E+02
2.332E+02
1.800E+02
1.094E+01
=3.161E+02
-6.273E+02
-7.438E+02
-6.901E+02
-4.664E402
-4.777E+401
1.234E+02
3.055E+02
7.620E+402
5.299E+02
0.
0.

0.
1.264E+02
2+.304E+02
1.702E+02
8.748E+01
-2.678E+00
~8.774E+01
-1.553E+02
-1.886E+02
-1.623E+02
=4.156E+01
2.076E+02
4.45TE+02
5.297E+402
4.816E+02
3.062E+02
-2.350E+01

-4.,179E+01
-3.385E+02
-5.613E+02
-6.485E+02
-5.192E+02
~6.696E+01
8.297TE+02
1.686E+03
2.006E+03
1.877E+03
1.353E+03
4.990E+02
-3.251E+02
-1.184E+03
-2.151E+03
-1.439E+03
0.
0.

0.
1.513E+02
2.754E+02
2.010E+02
9.608E+01
-1.989E+01
-1.274E+02
-2.062E+02
-2.332E+02
-1.800E+02
-1.094E+01
3.161E+02
6.2T73E+02
T7.438E+02
6.901E+02
4.664E+02
4.TTTE+OL
-1.234E+02
-3.055€E+02
-7.620E+02
-5.299E+02
0.
0.

0.
-1.264E+02
-2.304E402
-1.702E+02
-8.748E+01

2.678E+00

8.774E+01
1.553E+02
1.886E+02
1.623E+02
44156E+01
=2.076E+02
=4.457E+02
=5.297€+02
-4.816E+02
-3.062E+02
2.350E+01



15
15
15
15

15

-8.139E+01
-1.535E+02
-5.240E+02
-3.752€E+02
0'
0'

O.
4.023E+02
T.321E+02
5.368E+02
2.678E+02
-2.522E+01
-20991E+02
-5.102E+02
~6.037E+02
~-5.019E+02
=9.716E+01
T.277E+02
1.516E+03
1.802E+03
1.674E+03
1.194E+03
4.276E+02
-2.816E+02
-1.030E+03
-1.918E+03
-1-294E+03
O.
0.

O.
6.T18E+02
1.219E+03
8.882E+02
4.383E+02
-4.755E+01
-4.98BE+02
-8.449E+02
-9.976E+02
-8.304E+02
-1.612E+02
1.229E+03
2.563E+03
3.,046E+03
2.862E+03
2.144E+03
9.874E+02
-4.T00E+02
~1.989E+03
-3.348E+03
-2.212E+03
0.
0'

0'

9.271E+02
1.675E+03
1.209E+03
5.889E+02

8.139E+01
1.535E+02
5.240E+02
3,752E+02
o-
0.

O.
~4,023E+02
~T.321E+02
-5.368E+02
-2.6T78E+02

2.522E+01

2.991E+02
5.102E+02
6.037E+02
5.019E+02
9.716E+01
~7.277E+02
-1.516E+03
-1.802E+03
-1.674E+03
~-1.194E+03
~4.,276E+02
2.816E+02
1.030E+03
1.918€E+03
1.294E+03
0'
0.

0-
-6.718E+02
-1.219E+03
-8.882E+02
~4,383E+02

4.755E+01

4.988E+02
8.449E+02
9.976E+02
8+.304E+02
1.612E+02
-1.229E+03
-2.563E+03
-3.046E+03
-2.862E+03
-2.144E+03
-9.874E+02
4.700E+02
1.989E+03
3.34BE+03
2.212E+03
0.
0.

0'
-9.271E+02
-1.675€E+03
-1.209E+03
-5.889E+02
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18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

19
19
19
19
19
19
19
19
19
19
19
19

~-7.060£401
-6.787E+02
-1.144E+03
-1.351E+403
-1.133E+03
-2.345E+402
1.696E+03
3.554E+03
4.216E+03
3.987E+03
3.064E+03
1.553E+403
~6.407E+02
-2.913E+03
-4.,702E+03
-3.090E+03
0.
00

o.
1.155€+03
2.072E+03
1.473E+403
7.054E+02
-9.,662E+01
-8.300E+02
-~1.389E+03
-1.639E+03
-1.385E+03
-3.082E+02
2.110E+03
4.444E+403
5.248E+03
4.974E+03
3.854E+03
2.020E+03
~-7.887E+02
-3.686E+03
=5.854E+03
~3.876E+03
o.
0.

0.
1.330E+03
2.363E+03
1.646E+03
T.692E+02
~1.282E+02
-~9.433E+02
-1.560E+03
-1.831E+03
-1.548E+03
-3.573E+02
2.449E+03
5.169E+03
6.066E+03
5.758E+03
4.434E+03
2.069E+03

7.060E+01
6.787E+02
1.144E+03
1.351E+03
1.133E+03
2+.345E+02
-1.696E+03
-3,554E+03
-4,216E+03
-3.987E+03
~-3.064E+02
-1.553E+03
6.407E+02
2.913E+03
4.702E+03
3.090E+03
0.
0.

o.
-1.155E+03
-2.072E+03
-1.473E+03
-7.054E+02

9.662E+01

8.300E+02
1.389E+03
1.639E+03
1.385E+03
3.082€+02
-2.110E+03
-4.444E+03
-5.248E+03
-4.974E+03
-3.854E+03
-2.020E+03
7.887E+02
3.686E+03
5.854E+03
3.876E+03
0.
0.

0.
-1.330E+03
-2.363E+03
~1.646E+03
-7.692E+02

1.282E+02

9,433E+02
1.560E+03
1.831E+03
1.548E+03
3,573E+02
-2.449E+03
-5.169E+03
-6.066E+03
-5.758E+03
-4.434E+03
~2.069E+03



-9.086E+02

-3.976E+03

~64692E+03

~4.510E+03
0'

1.409E+03
2.469E+03
1.677E+03
{+619E+02
-1.655E+02
~1.007E+03
~1.638E+03
-1.895E+03
-1.569E+03
-3.287E+02
2.696E+03
5S+.634E+03
6.584E+403
6.315E+03
4.977E+03
2.537E+03
-9.888E+02
-4.609E+03
-7.370E+03
-4.938E+03
0.
0.

0.
1.306E+03
2.267TE+03
1.519E+03
6.757E+02
-2.019E+02
-1.009E+03
-1.604E+03
-1.808E+03
-1.401E+03
-1.255E+02
2.828E+03
5.700E+03
6.703E+03
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