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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 is 

divided into two parts. Part I is concerned primarily with bridge structures. 

Part II 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. 

October 1967 
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C. Fred Stelzer, Jr. 

W. Ronald Hudson 
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LIST OF REPORTS 

Report No. 56-1, "A Finite-Element Method of Solution for Linearly Elastic 
Beam-Columns" by Hudson Matlock and T. Allan Haliburton, presents a finite­
element solution for beam-columns that is a basic tool in subsequent reports. 

Report No. 56-2, "A Computer Program to Analyze Bending of Bent Caps" by 
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column solution to the particular problem of bent caps. 

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

Report No. 56-4, "A Computer Program to Analyze Beam-Columns under Movable 
Loads" by Hudson Matlock ana Thomas P. Taylor, describes the application of 
the beam-column solution to problems with any configuration of movable non­
dynamic loads. 
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iteration method for solving complex two-dimensional plate and slab problems 
with emphasis on pavement slabs. 

Report No. 56-7, "A Finite-Element Analysis of Structural Frames" by T. Allan 
Haliburton and Hudson Matlock, describes a method of analysis for rectangular 
plane frames with three degrees of freedom at each joint. 

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

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

Rep~rt No. 56-10, "A Finite-Element Method of Analysis for Composite Beams" 
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composite beams with any degree of horizontal shear interaction. 
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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 the 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. 

vii 
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Symbol Typical Units 

Aj 

a, b, c, d 

a"j lb/in 

AAl j to AA5 j lb/in 

AA6 j lb 

Bj 

b1,j lb/in 

Cj 

Cx <; 
in-lb , rad 

x in-lb 
~,j rad 

y in-lb 
~,j raci 

x I 

~,j in-lb 

y I 

C1,j in-lb 

C1,j lb/in 

Dx , Dy in-lb 
x 

Dl,j in-lb 

y 

D1,j in-lb 

Dj 

NOMENCLATURE 

Definition 

Continuity coefficient 

Temporary bar numbering~used in derivations 

Term of stiffness matrix 

Sub-matrix of stiffness matrix 

Sub-matrix of load matrix 

Continuity coefficient 

Term of stiffness matrix 

Continuity coefficient 

Torsional stiffness of slab element 

Torsional stiffness of Slab Element i,j 
about the x-axis 

Torsional stiffness of Slab Element i,j 
about the y-axis 

Torque exerted on the x-beam due to the 
relative rotation in Torsion Bar i,j 

Torque exerted on the y-bearn due to the 
relative rotation in Torsion Bar i,j 

Term of stiffness matrix 

Bending stiffness of plate 

Bending stiffness of an orthotropic plate 
in the x-direction 

Bending stiffness of an orthotropic plate 
in the y-direction 

Continuity coefficient 

xi 
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Symbol Typical Units 

~,.l lb/in 

lb/in 

lb/in 

lb/in 

lb/in 

in. 

in. 

i 

j 

K Ib/in 

k 

in-lb 

in-lb 

in-lb 

X I 

~,j in-lb 

Y I 

~,j in-lb 

X 

~,j lb 

y 

~,j lb 

m 

Deflection 

Term of stiffness matrix 

Modulus of elasticity in x-direction 

Modulus of elasticity in y-direction 

Continuity coefficient 

Term of stiffness matrix 

Term of stiffness matrix 

Term of stiffness matrix 

Term of stiffness matrix 

The increment length along the x-beams 

The increment length along the y-beams 

An integer used to index mesh points, 
stations, and bars in the x-direction 

An integer used to index mesh points, 
stations, and bars in the y-direction 

Stiffness matrix 

Modulus of subgrade support 

Bending moment acting on an element of the 
plate in the x-direction 

Bending moment acting on an element of the 
plate in the y-direction 

Twisting moment tending to rotate the ele­
ment about the x-axis (clockwise positive) 

The bending moment in the x-beam at 
Station i,j (equals hyM~j ) 

The bending moment in the y-beam at 
Station i,j (equals hxMi,j ) 

Unit bending moment in the slab in the 
x-direction at Station i,j 

Unit bending moment in the slab in the 
y-direction at Station i,j 

Counting integer 



Symbol Typical Units 

n 

lb 

lb 

lb 

lb/in 

Q lb 

lb 

q 

Ib/in 

Ib/in 

Ib/in 

lb/in 

lb/in 

lb/in 

lb/in 

~.j lb/in 

lb 

lb 

in. 

in. 

x, y, z 

\) 

Definition 

Number of increments in the x-direction 

Number of increments in the y-direction 

Counting integer 

Axial load per beam in the x-direction 

Axial load per beam in the y-direc tion 

Change in axial load in the x-beam 
occurring at Station i,j 

Term of stiffness matrix 

Concentrated lateral load 

Externally applied load at Point i,j 

Distributed lateral load 

Term of stiffness matrix 

Term of stiffness matrix 

Elastic restraint used to represent the 
foundation in the finite-element model 

Term in stiffness matrix 

External torque applied to Bar i on the 
x-beam 

External torque applied to Bar j on the 
y-bearn 

Term of stiffness matrix 

Term of load matrix 

Shear in Bar of the .th x-beam a J 

Shear in Bar of the 
.th 

y-beam a l. 

Sub-matrix of deflection matrix 

Lateral deflection 

xiii 

.th 
J 

.th 
l. 

Standard Cartesian coordinate directions 

Poisson's ratio 
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Symbol Typical Units Definition 

Poisson's ratio which results in strain in 
the y-direction if stress is applied in 
the x-direction 

Poisson's ratio which results in strain in 
the x-direction if stress is applied in 
the y-direction 



CHAPTER 1. INTRODUCTION 

The Broblem 

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. 

1 



2 

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 S) 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 

cFMx 02 My x 02 My 02Mxy 

ox2 + oxoy + oxCl - oxoy = q (2.1) 

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

3 
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x-direction, ~ is the bending moment acting on an element of the plate in 

the y-direction, Mx y is a twisting moment tending to rotate the element 

about the x-axis (clockwise positive), and ~x is a twisting moment tending 

to rotate the element about the y-axis. Observing that Mx y = for 

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

02 Mx (fl ~ 02 Mx y 

~ + ~ - 2 oxoy q (2.2) 

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: 

Mx D 
(02W 
\~ + v 

(fl w) 
0y'2 (2.3) 

~ = (02W 02W) 
D ~+v if (2.4) 

Mx y -~x -D (l-v) 
02W 

(2.5) = = 
oxoy 

where D is the bending stiffness of the plate, v is the Poisson's ratio, 

and w is the deflection of the plate in the z-direction. The other terms 

have been previously defined. 

Substituting these expressions into Eq 2.2 obtains 

[

::,4 ::.4W ::'4W] 
D ~x: + 2 u + u 

U oX2o'l ol q (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. 

5 

(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. 
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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. In 

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. 

7 
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Rigid Bars 

Elastic Torsion Bars 

Fig 3.1. Finite-element model of a plate or slab. 

y .Ih 
'1- Beam I 

Slo t A 
I' 

Num 

~ 
Bar hx --l 
Num 

j + 2 ! T 
j+2 hy 

J + I L 
j + I 

} jj~ /' 2 
jlh x-Beam 

J !!1 
..L 2 

j-I ~x 
i-I i + I i + 2 .. Bor Num 

i - 2 i-I i + I i+2 ---Slo Num 

Fig 3.2. Plan view of plate segment divided into x and 
y-beams. 
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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 hx and 

hy respectively. These "beam" increments are designated with i in the 

x-direction and j in 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 nUTIbering system then gives the i,j grid indicated in this plate seg­

ment (Fig 3.2). The stiffness D1,j for a plate is a unit value per inch of 

width. It is convenient for use in computations to input average stiffness 
x 

over a full increment width. D1,j 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 6P 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. FORMUIATION 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 i,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 

o (4.1) 

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

that 

x x I x I x x I x I 

hx Va,j = Ct,j + Ct,H 1 + Ta j + ~-l j ~,j , , 

x 
+ Pe,j (-w1 _ l ,j . + W1,j ) (4.2) 

x x I x I x x I x I - hx Vb j = C1 + l,j + Ci + 1,Hl + Tb,j + ~.j ~+l,j , 

x 
+ Pb,j ( -W1,j + Wu l,j ) (4.3) 

11 
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Fig 4.1. Typical Joint i,j taken from finite-element slab model. 



x 
Ta,i 

x' 
,-..,..;., C i J'" 

I ' 

~
\, 

x' C .. 
'.1 

Bor a 

y' 

Mi,i-' 

~ P. I,e 

Bor d 

Q .. 
'') 

Vx 

~v7:o;~r 
"d L-f--+-Y 

~ \ C~:,. 
I ,) 

Bar b 
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y Y I Y I Y Y I Y I 

1). VI,c C. j + CI +l,j + T I•c + }t"j-l ~.j 1, 

Y 
+ PI•C ( -W1,j-l + WI,j) (4.4) 

y y I Y I Y Y I Y I 

h V'd Y 1, CI,j + 1 + CI +l,j+ 1 + TI,d Mr,j + 1 + ~,j 

Y 

+ PI,d ( -WI,j + WI,H 1 ) (4.5) 

x 
If the values for Va,j , as defined above are 

substituted in Eq 4.1, the following equation results: 

Q .• 1,. 

1 [XI xl 
+ h -CI+1,j - Ci+l,j+l 

x 

x -, 

- Pb• j (-w. j + WI + l,j ) J 1, 

Y Y I y I 

- T"d - ~.j + Mr,j+ 1 -

X I 

~.j 

x x I x 
- Tb,j - ~j + ~+l.j 

1 I y I Y I 

+ ~ L -CI• j + 1 - Ci + l,j+ 1 

y -, 

PI,d ( -WI,j + WI •j + 1 ) J 

x I y I 

(4.6) 

The expressions for the C and C terms can be derived directly from the 

model. 
y I 

The complete formulation can be found on page 139 of Ref 2. 

C terms are listed below. 

= 

= 

x 

CI,j 

~ (wi - l • j - 1 - Wi - 1,j + W"j - wi •j - 1 ) 

x 

C"j+ 1 

x I 

C and 

(4.7) 

(4.8) 



X I 

Ci + 1 • .1+1 

Y I 

~+1,.1 

Y I 

C1+ 1 • .1+ 1 

X I Y I 

x 

Ci + 1 • .l+ 1 

15 

(4.9) 

(4.10) 

(4.11) 

(4.12) 

(4.13) 

Wi + 1 • .1+ 1 ) (4.14) 

M and M expressions are found by introducing the finite-difference 

approximations for the second derivative into Eqs 2.2 and 2.4. 

X I 

~+ 1 • .1 = 
x [ (W1 • .1 - 2Wi +1 • .1 + W1+ :?,.1 ) 

Di+1,.1~ -----h-,.2r----:......­
x 

(4.15) 

(4.16) 

(4.17) 
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Y I 

~.~-l = 

+ \)xy (4.18) 

Y I 

M,,~ = 

(4.19) 

Y I 

~.j+l 

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

b, c, and d. Figure 4.3 shows the numbering system used in the computer 

program. It may be seen that the index a becomes i , b becomes 
:II: 

i+l , c becomes j , and d becomes j+l Therefore, for example, Ta.~ 
x x :II: 

becomes TI,~ , Pb,~ becomes PI + ],~ , etc. Now, the terms defined by Eqs 4.7 

through 4.?0 and the above mentioned subscripting changes are introduced in 

Eq 4.6, terms are collected, and the form of the final equation is shown 

below. 

+ PI j wI +:2 j + q1 j w1- 1 '+ 1 + r l ,WI '+ 1 + sl ~ wI +] j+ 1 
J I "J ,J ,.J " 

(4.21) 



j+I---

j-I 

i-I 

Fig 4.3. 

------ . -- .--

F~-~~~"ili,,j IF~~~~~ i, j 

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

17 
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where 

hx y 
at,,l = 

if 
(Dt,j-l) (4.22) 

x y x y 
bt,.l 

hx~ 
(\!y x Dt-J,.l + \!xy D"J-l + Ct,j + Ct,J) (4.23) 

2hx y y 1 x Y 

Ci,j - -;:r- (D',J-l + Dt,j) - hx~ (2\!y x Dt ,.1 + 2\!xy D1,J-l 
~ 

Y 

x x Y y p"J 
+ Ct,,l + Ct + J,.1 + Ci•j + C1+ J,j ) - (4.24 ) 

~ 

1 x y x y 

d"J = hx ~ (\!yx D1+1,.l + \!xy Di,.1-1 + Ci + J,.1 + C1+ J,.1) (4.25) 

~ x 
e1,.l = h; (Di-J,j) (4.26) 

2~ x x 1 x y 
ft,j - ~ (D1- J • .l + D1 • .l ) 

hx~ 
(2\!y x D1- 1,.1 + 2\!x y D1,.l 

x 
x x y y Pi,.l 

+ ~,j + C1,J+ 1 + ~,.l + C1,J+l) - (4.27) 
hx 

~ x x x hx y y 
gi,J = h; (D1 - J ,.1 + 4Di ,J + D1+ 1.j ) +if (D1,J-l + 4Di ,j 

y 
+_1_ 

x y x x 
+ D"j+l) hx hy 

(4\!y x Dj ,.1 + 4\!x y D1,j + C1,j + Cj ,.1+ 1 

x x Y Y Y Y 
+ C1 + 1,.1 + ~ + 1,.1+ 1 + ~.j + C1+ 1,.1 + ~,J+ 1 +C1+J,J+l) 

+L 
x x 

+L 
y y 

(P1• j + PH 1,.1 ) (P1,j + Pi,j+l) + Sl,j (4.28) 
hx hy 
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2h" x x 1 x y 
hi,J = - ;--:;- ( Di,J + D1+ 1,J ) (2\!y x D1+ 1,J + 2\!x y Di,J ~ h"h" 

x 
x x y y Pi + l,J 

+ C1+ 1,J + C1+ 1,J+ 1 + Ci + 1,J + C1+ l,J+ 1 ) -
h" 

(4.29) 

hy x 
Pi,J = ~ (D1+ 1,J ) (4.30) 

1 x y x y 
Qi,J = (\!yx Di-1,J + \!x y Di,J+ 1 + C1,J+ 1 + Ci,J+ 1 ) (4.31) 

hx h" 

2hx y y 1 x y 
r i,J = - -;::;- ( Di,J + D1,J+ 1 ) (2\!y x Di,J + 2\!x y Di,J+ 1 t; hx hy 

y 
x x y y Pi,J+ 1 

+ Ci,J+ 1 + C1+1,J+l + Ci,J+ 1 + C1+ l,J+ 1 ) - --- (4.32) 
hy 

= (4.33) 

(4.34) 

1 

h" 
(4.35) 

Matrix Representation of General Equation 

The matrix representation of EQ 4.21 is 

(4.36) 

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 diagonal, 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. If 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 

matrices. The sub-matrices will have m+3 

rows and n+3 

rows and m+3 

columns of sub­

columns of terms. 

Solution of slab problems involve manipulating the sub-matrices. For this 

reason, rectangular slab problems will be solved more efficienLly if m is 

smaller than n. It is important to notice that no matter how large 11 

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 alternating-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 columns (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. In Fig 5.1 AA13 ' AA23 ' •.. , AA53 are sub-matrices 

of the stiffness matrix, W3 is a sub-matrix of the deflection matrix, and 

AA6 j is a sub-matrix of the load matrix. The sub-matrices AAl j , AA'J j 
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AA II AA21 AA3 1 AA41 AA5 1 WI AA6 1 

AAl j _2 AA2 j_2 AA3j_2 AA4j_2 AA5j _2 Wj _2 AA6j_2 

AAl j _1 AA2 j_1 AA3j_1 AA4 j_1 AA5j_1 W
j
_
1 AA6 j_1 

AAl j AA2j AA3 j AA4 j AA5 j X Wj = AA6 j 

AAl j+1 AA2 j+1 AA3 j +1 AA4j+1 AA5 j+1 Wj +1 AA6j+l 

AAl j +2 AA2 j +2 AA3j+2 AA4 j +2 AA5j+2 Wj +2 AA6 j+2 

W n-I 

Wn+1 AA6 n+1 

Fig 5.1. Redefinition of terms in K, W, and Q matrices. 



and so on are defined in Fig 5.2. From Fig 5.1 it is seen that the fol­

lowing equation is valid. 
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(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 n+l, 

two unknown deflections (Wj~2 and Wj - 1 in Eq 5.1) are eliminated from 

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

the form 

(5.2) 

where 

(5.3) 

= (5.4) 

(5.5) 

(5.6) 

(5.7) 

To complete the solution for all of the unknown deflections Wj , a 

reverse pass is made by applying the following version of Eq 5.2 at each sta­

tion. 

(5.8) 
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AAI J = o· . 1,1 

g-I,i h·',i P·',i 

fO,i gO,i hO,) Po,] 

t .,, i 

= t . 
I,) 

l 

em,i fm,) 9 m,j hm" 

em",i fm."j 9m",j 

tm-I,i 

t m,j 

tm",! 

AA2 J = 

AA4 j = 

W j = 

Fig 5.2. Sub-matrices. 

bO,j CO,i dO,i 

b',i C',i d',i 

W·',i 

WO,i 

W1,J 

W. 
I,j 

AA6· 
) 

Wm-J,i 

W . mol 

Wm.I,i 

bm,i Cm,i dm,i 

bm'I,iCm",i 

U·',i 

UO,i 

U1,j 

= U .. 
1,1 

Um-I,i 

U . m,j 

Um+l,j 
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By the time the reverse pass is made the deflections W
j
+l and W

j
+2 will be 

known. The coefficients A. , B. ,and C. are called "cont inuity coeffi-
J J J 

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_l' 

AA5 , 
n AA4 n+l ' and AA5 n+l (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. In 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-decima1 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 prQjects, coding dates, personnel performing 

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

READ Prob Num'1 

Yes 
I Is the prob Num blank? 

No 

I PRINT Prob Num and descripti0r1l STOP 

I READ Input Data for new probl 

I PRINT Input Data'! 

I' I Form Sub-Matrices I 

I Compute Recursion Matrices A, Band C I 

I Compute Deflec tion Vectors by back I 
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. 

Return to READ next prob I 

Fig 6.1. Summary flow chart. 



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

problems in Chapter 7. 

Output Information 

The program output is arranged to be useful to the user. A format which 

can be trimmed to standard 8-1/2 by II-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 II-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). In 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 values 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 5 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 

(Ref 2), which is verified by comparison of solutions with accepted "closed­

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 Pfii 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 (Dx and Dy , respectively) can be 

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

12(1 - v2 ) (7.1) 

l2(1-Vl) (7.2) 

where 

t thickness of the plate, 

Ex modulus of elasticity in the x-direction, 

Ey modulus of elasticity in the y-direction. 

33 



6~1~~----------48in------------~ 

Station i 0 2 3 4 5 6 7 8 

Fig 7.1. Simply-supported square steel plate. 



From Eqs 7.1 and 7.2 it is found that Dx = Dy = 2.5 X 10 6 in-lb. 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 stations. 

The torsional stiffnesses of the slab element about the x and y-axes 
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(Cx and Cy , respectively) are calculated using Eqs 7.3 and 7.4 (Ref 2 p 124). 

= 

= 

12(1 + v) 

~~ 
12(1 + v) 

The torsional stiffnesses for the example plate are Cx = Cy = 1.875 

(7.3) 

(7.4) 

X 10 6 in-lb/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 lb 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 lb/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 comple; 

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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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 m3 (or n3 
) 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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Example 
Number 

101 

101 

102 

102 

103 

104 

104 

104 

104 

105 

105 

106 

106 

601 

TABLE 7.1. COMPARISON OF RESULTS 

Closed-Form Hudson's DSLAB 5 
Increment Solution Solution Solution 

Mesh (inches) (inches) (inches) 

8x8 1.07 1.14 1.14 

16x16 1.07 1.08 1.09 

8x8 0.787 0.854 0.854 

16x16 0.787 not run 0.817 

8x8 not solved 0.692 0.692 

8x8 0.861 0.861 0.861 

12x12 0.861 0.862 0.862 

16x16 0.861 0.860 0.862 

24x24 0.861 not run 0.862 

8x8 0.722 0.787 0.787 

16x16 0.722 not run 0.752 

8x8 0.566 0.575 0.575 

16x16 0.566 not run 0.566 

16x12 no solution 0.0106 0.0105 

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

Time to Run 
Problem 

..lseconds) 

4.1 

24.9 

3.8 

23.9 

3.3 

3.5 

9.5 

24.0 

84.0 

3.4 

24.3 

3.4 

23.6 

18.0 

Increment Mesh Time for SLAB 17 (sec) Time for DSLAB 5 (sec) 

8x8 4 - 7 3 - 5 

16x16 25 - 50 23 - 25 

24x24 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. 

solve rectangular problems should be proportional to 

Apparently, the time to 
2 

m n 

SLAB 17 holds an outstanding advantage over DSLAB 5: it requires less 

computer storage. For example, SLAB 17 can solve a 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 l3l,000-word capability of the CDC 6600, DSLAB 5 can solve a 28 X 

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. Efficiept 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. 
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APPENDIX 1 

OPERATING MANUAL FOR PROGRAM DSLAB 5 
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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 A1. 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. 
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Cords for 
FIRST PROBLEM 

BLANK CAR 0 TO HALT PROGRAM 
(END-OF- DATA CARD) 

Cords for as many additional( 
problems as desired 

As many cards( 
as required 

As many cords ( 
as required 

~~=:-::---~ 

DATA 
IN TABLE 1) 

:':TABLE 2 - STIFFNESS AND LOAD DATA 
(NO. OF CARDS AS SHOWN IN TABLE 1) . 

Two cover ( 
cords 

TABLE 1 - CONTROL DATA AND 
CONSTANTS 

DECK 

with START. FINISH. and EXECUTE 
CARDS as required by the Particular 
COMPUTER and COMPILER used Assembled 

program deck 

Fig AI. Assembly order for DSLAB 5 program deck with data, ready for run. VI 
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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. 

Description of run 

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

Prob Num 

Description of problem (Alphanumeric) 

TABLE 1. PROGRAM-CONTROL DATA AND CONSTANTS (1 card) 

Num Cards 
Table Table 

2 3 

0 D 
5 10 

Num 1ncrs 
MX MY 

D 
15 20 

Incr Length in 
x-Direction 

HX 

30 

Incr Length in 
y-Direction 

HY 

40 

TABLE 2. STIFFNESS AND LOAD DATA (any number of cards as shown 

From Sta Thru Sta Bending Stiffness 
Il J1 12 J2 DX DY 

o D D 
5 10 15 20 30 40 

Poisson's 
Ratio 

PR 

in Table 

Load 
Q 

50 

1) 

50 

TABLE 3. LOAD DATA CONTINUED (any number of cards as shown in Table 1) 

From Sta Thru Sta External 
I1 J1 12 J2 TX 

0 D 0 n 
5 10 15 20 41 50 

Spring 
S 

Couple 

TY 

60 

60 

Twisting Stiffness 
CX CY 

70 

Axial Tension 

PX PY 

70 

80 

80 

80 

80 

80 

VI 
VI 
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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 
All 2 to 5-space words are understood to be integers or whole decimal numbers 
All lO-space words are floating-point decimal numbers . . . . . . . . . 
All numbers must be right justified. 
The problem number may be alphanumeric. 

TABLE 1. PROGRAM-CONTROL DATA AND CONSTANTS 

and inches. 
.1+ 4 3 2 1 

. 1- 4 . 3 2 1 E + 0 3 

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: 
Input Units: 

DX 
in-lb 

DY 
in-lb 

Q 
lb 

S 
lb/in 

CX 
in-lb 

CY 
in-lb 

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 ~his. 

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 corners 
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 values 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 values. 
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Uniform Load 

q = 20 psi 

3 

2 

Eq uiv per Sta Load 

Ib 
Q: 20-·-

2
(10xI0)in 2 

In 

= 2000lb 

j=O 

i = 0 

From Thru 
Sta Sta 

4 2 4 2 

3 1 4 1 

0 0 2 3 
0 1 2 2 
1 0 1 3 
1 1 1 2 

Load 
Q 

1.000 E + 04 

5.000 E + 03 

0.500 E + 03 } 0.500 E + 03 
0.500 E + 03 
0.500 E + 03 

Fig A2. 

2 

r lOin --1 
I 

10 in 

~~ 

3 4 5 

10-kip Concentrated 
Load 

Q : 50 psi 

Equiv per sta Load 

Ib 
Q: 5°Tn2(IOxI0)in2 

= 5000lb 

Concentrated value at Station 4,2. 

Distributed 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 values 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 is variable, then S ~kA over the area A of the station. Pinned supports are provided 
by using large S values. 

TABLE 3. LOAD DATA 

Typical Units: 
Variable: 
Input Units: 

TX 
in-lb 

TY 
in-lb 

PX 
lb 

PY 
lb 

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. In 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 Sand L, where S is the short length of the slab and L is 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 Ll, 
are part of the program. 
Statements to agree with 

L2 , and L3 are in this Dimension Guide to be used in the subroutines which 
By changing Ll, the user automatically changes the subroutines' Dimension 

the main Dimension Statement. 
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(---------EXPANSION FORMULAS FOR DIMENSION STATEMENT IN DSLAB5. 

DIMENSION A(S+7,L+7), A1(S+3tl), 
1 A 2 ( S+ 3 ,1 ) , AA(S+3,1), 
2 AA1 1 :;,+3,;:,+3), AA2\.:>+3,~+3), 

3 AA3(S+3,S+3), AA4(S+3,S+3) , 
4 AA5\~+3,,,,,+3), AA6,,,,,+3,1), 
5 AN1(32), AN2( 14), 
6 AAUGI:;,+3,;:,+3,2), BI;:,+3,;:,+3,L+7), 
7 BB(S+3,S+3) , BB1(S+3,S+3), 
8 BB2(~+3,:;'+3), BMX(~+7,L+7) , 
9 BMY( S+7,L+7), (S+3,S+3,L+7), 
1 ((1;:,+3,;:,+3), ((11;:,+3,:;,+3) , 
2 ((2(S+3,S+3), (X(S+7,L+7), 
3 ( I , -.)+ 7 • L + 7 ) , 0,,,,,+3,,,,,+3), 
4 DP (6) , DX(S+7,L+7), 
5 DYI;:,+7,L+7), E\;:,+3,;:,+3), 
6 P X ( S+ 7 ,L + 7 ) , PY(S+7,L+7), 
7 QCS+7,L+7), ~(S+7,L+7), 

8 T X ( S+ 7 ,L + 7 ) , TY(S+7,L+7), 
9 W ( ~+ 7 , L.+ 7 ) , w 1 1 ~+3 , 1 ) , 
1 W2(S+3,ll 

(---------VARIABLE~ FOR u;:,E IN ;:,EI i ING IHE DIMEN~ION ~ILE FOR 
( SUBROUTINES IN DSLA65. 

L 1 = ~+3 

L2 = 1 
L3 = 2 

Fig A3. Dimension Guide. 
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APPENDIX 2 

GENERAL FLOW DIAGRAM FOR PROGRAM DSLAB 5 
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( 

GENERAL FLOW DIAGRAM FOR 
PROGRAM DSLAB 5 

READ problem identification and NPROB 

a 

PRINT problem identification and NPROB 

READ and PRINT'Table 1. 
Program control data 

Compute constant values for convenience 

Clear values from prior problems 

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

----------- DO J from 3 to MYPS 

( 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
\ 

-------- DO I from 3 to MXPS 

Calculate 
AAl(I,I) 

AA6 (I) 

500 

'-----------

67 

Begin main solution 

Form sub-matrices 
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I 

~ Compute continuity matrices 

E(I,K) = [ AAl(I,K)] * [B(I,K,J-2)] + [AA2(I,K)] 

D(I,K) = [E(I,K)] * [B(I,K.'J-l)] + [AAl(I,K)] 

-k [ C (I , K , J - 2)] + [ AA3 ( I , K) ] 

D(I,K) = -l.0 * [D(I,K)J
l 

C(I,K,J) = [D(I,K)] * [AAS(I,K)] 

No 

B(I,K,J) D(I,K) ~'< {[ E(I,K)] * [C(I,K,J-l)] 

+ [AA4(I,K)] 

A(I,J) [D(I,K)] ~'< {[E(I,K)] * [A(I,J-l)] 

+ [ AAl(I,K)] ~~ [A(I,J-2)] - [ AA6(I)]-

'----- ----- -- ----

1------------- DO J from MYPS to 3 

W(I,J) [A(I,J)] + [B(I,K,J)] * [W(I,J-l)] 

+ [C(I,K,J)] * [W(I,J-2)] 

""'---------------

Compute deflections 

S The indicated operations involve numerous matrix multiplications and 
inversions which require calling the appropriate subroutines at the 
end of the program. 



f 
I 
I 
I 
I 
I 
I 

,.------

( 
I 
I 
I 
I 
I 
I 
I 
I 

l 

,.--- -

I 
DO for each Beam J from 3 to MYP5 

DO for each Station I from 3 to MXP5) 

I 
JSTA = J-4 I 
ISTA = 1-4 

DO for each Number N from 1 to 3 

! Compute bending moment X ! 

I Compute bending moment Y! 

700 

--------- CONTINUE 

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

I Compute second deriv. of twisting 1 
moments X and Y(QTMX and QTMY) 

I Compute QPX I 

I Compute QPY I 

I REACT = QBMX + QBMY + QTMX I 
+ QTMY - QPX - QPY 

750 

'------------ CONTINUE) 

800 

"'------------ CONTINUE 

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

---- - DO for each Beam J from 3 to MYP5 
f 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
\ 

f-­
I 
I 
I 
I 
I 
I 
! 
I 
I 
I 
I 

l 
'---

----

DO for each Station I from 3 to MXP5) 

I Compute twisting moments I 
TMX, TMY 

I PRINT ISTA, JSTA, TMX, l and TMY 

950 

------- CONTINUE) 

960 

------- CONTINUE) 

1010 



SUBROUTINE MATMPY 
(MULTIPLIES TWO SQUARE MATRICES) 

,----------- DO I from 1 to MXP3 
I 
I 
I ! r--------- DO M from 1 to MXP3 

I 
I 
I CC ( I , M) = O. 0 

,------ - DO K from 1 to MXP3 , 
I 
I 

: CC(I,M) = AA(I,K) * BB(K,M) + CC(I,M) 
I 
I 
\ """'---------

....... _-----------

I 
\. "--------------
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( 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SUBROUTINE MATMP1 
(MULTIPLIES A SQUARE MATRIX TIMES A VECTOR MATRIX) 

.._------ DO I from 1 to MXP3 

I 
I 
I 
I 
I 
I 
I 
I 

A2 (1, 1) = 0.0 

,,----- DO K from 1 to MXP3 

A2(I,1) = AA(I,K) * Al(K,l) + A2(I,1) 

I ,----------
I 
I 
l ---------



I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

" 
--------

I 

I 
I 
I 
I 
I 

SUBROUTINE INVRSL 
(FINDS INVERSE OF MATRIX) 

EP = 1.0E-1S 

DO I from 1 to MXP3 

DO J from 1 to MXP3 

AAUG(I,J,l) = AA(I,J) 

o 

AAUG(I,J,2) 0.0 

90 

AAUG(I,J,2) = 1.0 

---...::.....-------1 

,------------

,-----
r 
I 
I 
I 
I 
I 
I 

DO I from 1 to MXP3 

73 



74 I 
I 

CD 

-- DO II to MXP3 
f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

l 120 

'----- CONTINUE 

----
( 
I 
I 

PRINT No inverse 
exists 

DO K from 1 to 2 

I ~- DO L from 1 to MXP3 
I ( 
I 
I 
I 
I 
I 
I 

SAVE AAUG(I,L,K) 

+ 

+ 

I 
I 
I 
I 

AAUG(11,L,K) 

I 
I 
I 
I 

~AUC(ll,L,K) = SAVE 

I I 
I ,------
I 
I 
I 
I 
" ""---------



I 

~ 105 

STORE = AAUG(1,1,l) 

,,-----
r 

I , 

, 
r 
r 

I 

(--- DO J from 1 to MXP3 

I 
I 
I AAUG(I, J ,K) = AAUG( I, J, K)/STORE 
I 
I 
I 160 
, 
--------

---- DO 12 from 1 to MXP3 

tm o 
I 
I 
I 
I 
r 
I 
I 
I 
I 

± 

170 

SAVE2 = AAUG(12,1,1) 

I , ___ _ 
I ( 

DO K from 1 to 2 

~ 
, 
r 
r 
I 
I 
I 
I 
I 
I 
I 

DO JJ from 1 to MXP3 

AAUG(I2, JJ ,K) = AAUG(I2, JJ, K) 
- SAVE2 ,'( AAUG(I, JJ, K) 

,-------

75 

+ 
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I 
I 
I 
I 

, 

fD 
" ,till 
--------

12 

I I 
I \ "-

tD 
~~ ----------

I 178 

CONTINUE) 

180 

CONTINUE) 

185 

CONTINUE) 

r ----- DO JJ from 1 to MXP3) 

I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
l -

,---- DO K1 from 1 to MXP3 
I 
I 
I 
I I B(K1,JJ) .::. AUG(K1,JJ,2) I 
I 
I 
I 190 , 
------- CONTINUE) 

195 

------ CmnINUE) 

(RETURN) 



APPENDIX 3 

PROGRAM LISTING OF DSLAB 5 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



c 

C 

PROL;RAM DSLAB 5 

I FORMAT I 
I 

52H 

INPUT, OUTPUT 

PROGRAM DSLAB 5 DECK 1 STELZER 28JE7 
28H REVISION DATE 24 JULY 1967 ) 

C---------THIS PROGRAM IS MATHEMATICALLY IDENTICAL TO DSLAB1. 
C 
C---------THIS PROGRAM SOLVES ORTHOTROPIC PLATES AND PAVEMENT SLABS BY 
C A DIRECT METHOD. THE DIRECT SOLUTION IS CARRIED OUT 
C HY USING A BACK AND FORTH RECURSIVE TECHNIQUE DESCRIBED 
C BY HUDSON MATLOCK. 
C 
C 
C---------NOTATION 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

All CONTINUITY OR RECURSION COEFFiCiENT 
AAI I, Al ( I, A2 I I TEMPORARY A I I TERMS 
AAI I I, AA2 I I, AA3 I I, TERMS WHICH MAKE UP THE SUB-MATRICES OF 
AA41 I, AASII, AA6I1 THE STIFFNESS MATRIX AND LOAD MATRIX 
AAUGII AUGMENTED MtTRIX 
ANIINI ALPHANUMERIC REMARK, INFORMATION ONLY 
AN21NI ALPHANUMERIC REMARK, INFORMATION ONLY 
All CONT~NUITY OR RECURSION COEFFICIENT 
BOil, BBIII, BB211 TEMPORARY BII TERMS 
BMXII,JI BENDING MOMENT IN THE 
BMYII,JI BENDING MOMENT IN THE 
CXN TEMPORARY INPUT VALUE 
CXII~JI TORSIONAL STIFFNESS 
CYII,JI TORSIONAL STIFFNESS 

X DIRECTION 
Y DIRECTION 
OF TWISTING STIFFNESS 

CYN TEMPORARY INPUT VALUE OF TWISTING STIFFNESS 
CII CONTINUITY OR RECURSION COEFFICIENT 
CCI I, CCII I, CC21 I. TEMPORARY CII TERMS 
DPINI SQUARE ROOT OF PRODUCT OF BENDING STIFFNESS 
DXII,JI BENDING STIFFNESS (SLABI 
DXN TEMPORARY INPUT VALUE OF BENDING STIFFNESS 
DYII,JI BENDING STIJFNESS (SLABI 
DYN TEMPORARV INPUT VALUE OF BENDING STIFFNESS 
Ell CONTINUITY OR RECURSION COEFFICIENT 
nil CONTINUITY OR RECURSION COEFFICIENT 
HX INCREMENT LENGTH IN X DIRECTION 
HXDHY3 HX DIVIDED BY HY CUBED 
HY INCREMENT LENGTH IN Y DIRECTION 
HYDHX3 HY DIVIDED BY HX CUAED 
I STATION NUMBE X DIRECTION 
I I, I I TEMPORARY VALUE OF I 
INI X COORDINATF. 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 
JNI Y COORDINATE OF THE FROM STATION 
IN?. 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 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C-----FOR 
C 
C 
C 
C 
C 
C-----THIS 
C 
C 

MYP5 
MYP7 
NCT2 
NCD 
NPR.OB 
ODHX 
OLlHY 
ODHXHY 
PUHXHY 
PR 
P)( ( I ,J ) 
PXN 
PY ( I ,J) 
PYN 
Q (I, J) 

QRMX 
Qi3MY 
(IN 
QI-'X 
WPY 
(HMX 
QTMY 
R::AC T 
S (I, J) 

S'J 
P~X 

rw 
T X ( I, J) 

TXN 
TY ( I ,J) 
TYN 
w () 
WlI), W2() 

MY PLUS FIVE 
MY PLUS SEVrN 
NUMBER OF VALUES IN TABLE 2 
NUMBER OF CARDS IN TABLE 3 
NUMBER OF PROBLEM, PROG STOPS IF ZERO 
ONE DIVIDED BY HX 
CNE DIVIDED BY HY 
ONE DIVIDED BY HX TIMES HY 
POISSONS RATIO DIVIDED BY HX TIMES HY 
POISSCNS RATIO 
AXIAL LOAD IN X DIRECTION 
TEMPORARY INPUT VALUE OF AXIAL LOAD 
AXIAL LOAD IN Y DIRECTION 
TEMPORARY INPUT VALUE OF AXIAL LOAD 
TRANSVERSE FORCE PER MESH POINT 
HXHY * SECOND DERIV BEND MOMENT (X) 
HYHX * SECOND DERIV BEND MOMENT (Y) 
TEMPORARY INPUT VALUE OF LOAD 
VERTICAL REACTION DUE TO AXIAL FORCES 
VERTICAL REACTION DUE TO AXIAL FORCES 
HXHY * SECOND DERIV TWIST MOM~NT (XY) 
HYHX * SECOND DERIV TWIST MOMENT (YX) 
NET TRANSVERSE FORCE 
SPRING SUPPORT, VALUE PER MESH POINT 
TEMPORARY INPUT VALUE OF SUPPORT SPRINGS 
TWISTING MO~ENT (XY) 
TWISTING MO~ENT (YX) 
EXTERNAL COUPLE IN X DIRECTION 
TEMPORARY INPUT VALUE OF EXTERNAL COUPLE 
ExTERNAL COUPLE IN Y DIRECTION 
TEMPORARY INPUT VALUE OF EXTER.NAL COUPLE 
VERTICAL DEFLECTION 
TEMPORARY VALUES OF WI) 

DIFFE~E~T SIZED PROBLEMS, ONLY THE DIMENSION CARDS AND THE 
Ll CARD N~ED RE CHANGED. FOR EXAMPLE, AAl(S+3,S+31, 
AA6(S+3,1), AAUG(S+3,S+3,2), A(S+7,L+7), B(S+3,S+3,L+7) 
WHERE THE S AND THE L REFER TO THE SHORT AND LONG LENGTHS 
OF TrlE REAL PROBLE~. ALSO, L1 IS S+3. 

PROGKAM IS NOW DIMENSIONED TO ~OLVE A GRID WITH MAXIMUN SIlE 
~F 20 BY 29 MESH POINTS. 

OI~"LNSION A(2 f,361, A1(23,1), A2(23,1), 
1 AA('<:' 3,1), AA1(23,23) , AA2(23,23), 
2 AA3(23,23), AA4(23,23), AA5(23,23), 
3 AA6(23,1I, AN l( 32) , AN2(14), 
4 AAUGI23,23,2), 8123,23,36), BBI23,23), 
5 GB1123,23), BB2123,23),- BMXI27,36), 
6 ~MYI27,36), CI23,23,36), CCI23,23), 
7 CC1123,23), CC2123,23), CXI27,36), 
8 CYIZ7,36), 0123,23), DP(6), 
9 DXI27,361, DYIZ7,36), E 123,231 , 
1 PXI27,36), PYI27,36), QI27,36) , 
2 SI27,36), TX 127,36), TYI27,36), 
3 1-112{,36), WI I 23 , 1 ) , W2123,ll 

c(JUIVALENCE I W, S) , IB,BMX~, IC,BMY) 
Ll 23 
L2 1 

22JL 7 
24JL7 
22JL7 
22JL7 
22JL7 
22JL7 
22JL7 
22JL 7 
22JL7 
22JL7 
22JL7 
22JL7 
22JL7 
22JL7 
20JL7 
20JL7 
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L3 2 20JL7 
6 FORMAT I 04MY3 

10 FORMAT 5H , BOX, 10HI-----TRIM 03FE4 10 
11 FORMAT 5Hl , BOX, 10HI-----TRIM 03FE4 10 
l2 FORMAT 16A5 I 04MY3 10 
l3 FORMAT 5X, 16A5 I 26AG3 10 
14 FORMAT A5, 5X, 14A5 I 19MR5 10 
15 FO~MAT IIIl0H PROB , ISX, AS, 5X, 14AS I 19MR5 10 
16 FORMAT 1I1l7H PROB (CONTDI, 15X, AS, 5X, 14A5 I 19MR5 10 
19 FOK.MAT 1114BH RETURN THIS PAGE TO TIME RECORD FILE -- HM 26AG3 10 
20 FORMAT 415, 4ElO.3 I 02N06 
23 FORMAT 4( 2X, 13 I , 6EI0.3 I 21JL 7 
24 FORMAT 4 I 2X, 13 I , 20X, 4EI0.3 21JL7 
30 FORMAT 1130H TABLE 1. CONTROL DATA I 15AP3 

1 I 30H NUM CARDS TABLE 2 , 42X, 13, I 20JL7 
2 30H NUM CARDS TABLE 3 , 42X, 13, I 20JL 7 
4 30H NUM INCREMENTS MX , 42X, 13, I 20JL7 
5 30H NUM I NCREME ~TS MY 42X, 13, I 20JL7 
6 30H INCR LENGTH HX , 35X, EI0.3,! 25MY4 
7 30H INCR LENGTH HY , 35X, ElO.3,! 15AP3 
9 30H POISSONS RATIO , 35X, ElO.3,! 15MR5 
2 30H , 35X, EI0.3 I 16SE5 

n FORMAT 1151H TABLE 2. STIFFNESS AND LOAD DATA, FULL VALUES,15SE6 
1 35H ADDED AT ALL STAS I,J IN RECT. 
2 I 50H FROM THRU OX 
3 45H S CX CY 

n FORMAT 1144H TABLE 3. STIFFNESS AND LOAD 
1 45H VALUES ADDED AT ALL STAS I, J IN 
2 I 50H FROM THRU 
3 45H TY PX py 

39 FORMAT 1125H TABLE 4. RESULTS III 
1 50H I,J DEFL BMX 
2 20H REACT I I 

40 FORMAT 1130H TABLE 4. RESULTSICONTOI 
1 40H I,J TMX THY 

43 FORMAT I 5X, 21 IX, 13, 13 I , 6E 11. 31 
44 FORMAT I 5 X, 21 lX, 13, 13 I , 
45 FORMAT I 7X, 12, 13, 9E12.3 I 
60 FORMAT I l5X, 215, 5X, ElO.3 I 

C 
C-----PRUGRAM AND PROBLEM IDENTIFICATION 
C 

nEST = :>H 
CALL TIC TOC III 
KEAD 12, I ANIINI, N = 1, 32 I 

22X, 

1010 READ 14, NPROB, I AN2IN), N = 1, 14 I 
IF I NPROI3 - ITEST ) 1020, 9990, 1020 

C 

1020 PRINT 11 
PRINT 1 
PRINT 13, I AN1INI, N = 1, 32 I 
PRINT 15, NPROB, I AN2INI, N = 1, 14 I 

C-----INPUT TAI3LE 1 
C 

C 

ReAD 20, NCT2, NCT3, MX, MY, HX, HY, PR 
PRI'H 30, NCT2, NCT3, MX, MY, HX, HY, PR 

C-----COMPUTE FOR CONVENIENCE 
C 

MXP7 = MX + 7 

4E11.3 

, I 
DY 

DATA, FULL, 
RECT. 

BMY 

III 
I I 

Q 

,II 

, I 
TX 
,II 

15AP3 
26AP5 
26AP5 
20JL7 
26AP5 
26AP5 
26AP5 
20JL 7 
20JL 7 
20JL7 

20JL7 
21JL 7 
21JL7 
02N06 
14SE6 

19MR5 10 
26SE66 
19MR5 10 
28AG3 ID 
19MR5 I D 
26AG3 ID 
19MR5 10 
19MR5 10 
26AG3 10 

21JL 7 
02N06 

07N06 
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C 

1UO 
105 

130 
D5 
140 

MYP7 MY + 7 
MXP5 MX + 5 
r--1YP5 MY + 5 
MXP3 MX + 3 
HYOHO HY I HX··3 
HXOHY3 HX I HY··3 
I'DHXHY PR I ( 

OOHXHY 1.0 I 
tJOHX = 1.0 I HX 
UOHY = 1.0 I HY 

Of) 10S J = 1, MYP7 
DO 100 1= 1, ~X1'7 

{I(I,JI = 0.0 
~/J;;'«I,JI = 0.0 
51W( I ,JI = 0.0 
DX(I,JI 0.0 
f1y(I,JI 0.0 
(~(I,JI 0.0 
S(I,JI 0.0 

CX(I,JI 0.0 
CY(I,JI 0.0 
TX(I,JI 0.0 
fY(I,JI 0.0 
PX(I,JI 0.0 
PY(I,JI 0.0 
W(I,JI 0.0 

CflNTINUE 
CONTINUe 
DO 140 J = 1, 2 

( 

00 1]5 II = 1, MXP3 
ol) 130 1= 1, ~XP3 

B(IrII,JI 0.0 
C(IrII,JI = 0.0 

CONTINUE 
CONTINUE 
CONTINUE 

HY 
HY 

• HX I .. HX I 

C-----INPUT TABL[ 2 
C 

PI{INT 33 
IF ( i.GT.NCT2 I GO TO 365 
DO 360 N = 1, NCT2 

READ 23, INl, J N 1, IN2, JN2, OXN, 
PRINT 43, IN 1, J N1, IN2, JN2, OXN, 

11 IN1 + 4 
Jl JNl + 4 
12 IN2 + 4 
J2 JN2 + 4 

IF I1.GT.I2 I GO TO 360 
on 355 I = 11, 12 
IF ( J1.GT.J2 I GO TO 360 
00 350 J = J 1, J2 

oX(I,JI OX ( I, J I + OXN 
OY (I, J I OY(I,JI + OYN 

l~ ( I , J I C ( I, J I + ON 
S ( I , J I S ( I, J I + SN 

CX(I,JI CXII,JI + CXN 
CY(I,JI CY(I,JI + CYN 

350 CONTINUE 
355 CONTINue 

OYN, QN, SN, CXN, 
DYN, QN, SN, CXIIl, 

CYN 
CYN 

07N06 
120C6 
120C6 
120C6 
14SE6 
14SE6 
14SE6 
14SF:6 
14SE6 
14SE6 
21JL7 
21JL7 
07N06 
07N06 
07N06 
01N06 
01N06 
01N06 
01N06 
01N06 
01N06 
23JE7 
23JE7 
23JE7 
23JE7 
02N06 
04MY7 
23JE7 
22JE7 
22JE7 
21JL 7 
07N06 
07N06 
04MY7 
22JE7 
22JE7 

14SE6 
21JL7 
21JL7 
22AP5 
22AP5 
20AP5 
20AP5 
20AP5 
20AP5 
16AG6 
21JL7 
16AG6 
21JL7 
4SE64 
4SE64 
l3AP3 
l3AP3 
lSAPS 
ISAP'5 
13AP3 
22JE7 



360 CONTINUE l3AP3 
365 CONTINUE 04MY1 

C 
C-----INPUT TABLE 3 
C 

PRINT 31 22AP5 
IF I I.GT.NCT3 I GO TO 385 15SE6 
DO 380 N = 1. NCB 21JL1 

READ 24, INl, JN1, IN2, JN2, TXN, TYN. PXN. PYN 15SE6 
PRINT 44, INl, J Nl, IN2, JN2, TXN, TYN, PXN, PYN 15SE6 

11 = IN1 + 4 l3AP5 
Jl JN1 + 4 13AP5 
12 IN2 + 4- 16AP5 
J2 JN2 + 4 13AP5 

IF I Il.GT.12 I GO TO 380 16AG6 
DO 315 I = 1l,.12 21JL1 
IF I J 1. G T • J2 I GO TO 380 16AG6 
DO 310 J = J1, J2 21JL1 

TXII,JI TXII,JI + TXN 20AP5 
TYII,JI TYII,JI + TYN 20AP5 
PXII,JI PXII,JI + PXN 20AP5 
PYII,JI PY I I, J I + PYN 20AP5 

370 CONTINUE 20AP5 
375 CONTINUE 21JL1 
380 CONTI~UE 20AP5 
385 CONTINUE 20AP5 

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 
DO 395 I 

SUM 
1 + 

If I SUM I 
390 S I I, J I 
395 CLlNTINUE 
400 CONTINUE 

C 

= 3, MYP5 
= 3. MXP5 
OX I 1-1, J I 
DY I I, J-1 I 
395, 390, 

= 1.0E+20 

+ DXII,JI 
+ DY I I, J I 
395 

+ DXII+1.JI 
+ DY I I. J+1 I 

22JE1 
22DE6 
21JL1 
21JL1 
22DE6 
22DE6 
22DE6 
22JE1 

C-----FORM SUB-MATRICES 
C 

DO 600 J = 3, MYP5 04MY1 
DO 500 I = 3, MXP~ 21JL1 

II = I - 2 120C6 
AAlIII,I11 = DYII.J-ll • HXDHY3 120C6 
AA2111,111 = -2.0 • I PDHXHY • I DXII,JI + DYII,J-11 I 120C6 

1 + HXDHY3 • I DYII,J-11 + DYII,JI I I 14SE6 
2 + ODHXHY • I - CXII,JI - CXII+1,JI 14SE6 
3 - CYII,JI - CYII+l,JI 1- ODHY • PYIl,JI 14SE6 

AA3111,111 HYDHX3. I DXII-1,JI + 4.0 • DXII,JI 120C6 
1 + DXII+1,JI 1+ HXDHY3 • I DYII,J-ll + 4.014SE6 
2 • DYII,JI + DYII,J+ll I + PDHXHY • 4.0 14SE6 
3 • I DXII,JI + DYII,JI I + ODHXHY 14SE6 
4 • ( CXII,JI + CXII,J+11 + CXII+1,JI 14SE6 
5 + CXII+1,J+11 + CYII,JI + CYII+1,JI 14SE6 
6 + CYI I,J+ll + CYI 1+1,J+ll I + ODHX 14SE6 
7 • I PXII,JI + PXII+1.JI 1+ ODHY 14SE6 
8 • I PYII,JI + PYII,J+ll 1+ SII,JI 14SE6 

AA4111,I11 = -2.0 • I HXDHY3. I DYII,JI + DYII,J+ll 120C6 
1 + PDHXHY • I DXII,JI + D,(II,J+l) I I 14SE6 
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84 

2 
3 
4 

1 

405 
1 

1 
2 
3 

1 
410 
420 
430 
440 

1 

1 
2 
3 
4 

1 
450 
460 
500 

+ ODHXHY • I - CXII,J+ll - CXII+l.J+ll 
- CYII,J+ll - CYII+l,J+ll I - ODHY 
• PYII,J+lI 

AA5III,III = HXDHY3 • DYII,J+ll 
AA61II,1I= QlI,JI - ODHX • I TXlI,JI -: TXlI+l,JI 1-

ODHY. I TYII,JI - TYII,J+ll I 
IFlII-ll 410, 410, 405 

AA2III,II-ll = DXII-1,JI • PDHXHY + DY(I,J-ll • PDHXHY + 
ODHXHY • I CXII,JI + CYII,JI I 

AA3III,II-ll = -2.0 • I HYDHX3 • I DXII-1,JI + DXII,JI 
+ PDHXHY • I DXlI-l,JI + DYII,JI I I 
+ ODHXHY • I - CXII,JI - CXII,J+ll 
- CYlI,JI - CYII,J+lI 1- ODHX • PXII,JI 

AA4III,II-ll : PDHXHY • I DXlI-l,JI + DYII,J+ll I 
+ ODHXHY • I CXII,J+ll + CYII,J+ll I 

IFIII-21 430, 430, 420 
AA31II,II-21 : DXlI-l,JI • HYDHX3 

IFIII-MXP31 440, 450, 450 
AA2III,II+ll : PDHXHY • I DXII+l,JI + DYII,J-ll I 

+ ODHXHY • I CXII+l,JI + CYII+1,JI I 
AA3III,II+ll = -2.0 • I HYDHX3 • I DXII,JI + DXII+l,JI 

+ PDHXHY • I DXII+l,JI + DYII,JI I I 
+ ODHXHY • ( - CXII+l,JI - CXII+l,J+ll 
- CYlI+l,JI - CYlI+l,J+lI I - ODHX 
• PXlI+l,JI 

AA4III,II+ll : PDHXHY • I DXII+l,JI + DYII,J+ll I 
+ ODHXHY • I CXII+l,J+ll + CYII+l,J+ll 

IFIII+1-MXP31 460, 500, 500 
AA3III,II+21 = HYDHX3 • DXII+l,JI 

CONTINUE 

C-----BEGIN MAIN SOLUTION 
C 

DO 515 I = 1, MXP3 
AIII,ll = AII,J-ll 
A21I,1I = AII,J-21 

DO 510 K = 1, MXP3 
BBIII,KI BII,K,J-ll 
BBZII,KI BII,K,J-21 
CCIII,KI CII,K,J-ll 
CC2(I,KI C(I,K,J-21 

510 CONTI NUE 
515 CONTINUE 

CALL MATMPY I MX, MX, AA1, MX, MX, BB2, E, Ll I 
DO 525 K = 1, MXP3 
DO 520 I = 1, MXP3 

EII,KI = EII,KI + AA2II,KI 
520 CONTINUE 
525 CONTINUE 

CALL MATMPY I MX, MX, E, MX, MX, BB1, 0, Ll I 
CALL MATMPY I MX, MX, AA1, MX, MX, CC2, CC, Ll 

DO 535 K = 1, MXP3 
DO 530 I = 1, MXP3 

o I I, K I = 0 I I ,K I + CC I I, K I 
530 CONTI NUE 
535 CONTINUE 

DO 545 K = 1, MXP3 
DO 540 I = 1, MXP3 

o I I , K I - 1.0 • I 0 I I ,K I + AA 3 ( I , K I I 
540 CONTINUE 

14SE6 
14SE6 
14SE6 
120C6 
120C6 
15SE6 
21JL7 
21JL7 
14SE6 
14SE6 
14SE6 
14SE6 
14SE6 
120C6 
14SE6 
04MY7 
04MY7 
04MY7 
04MY7 
14SE6 
120C6 
14SE6 
14SE6 
14SE6 
14SE6 
120C6 
15SE6 
04MY7 
04"MY7 
04MY7 

21JL7 
120C6 
120C6 
21JL7 
120C6 
120C6 
120C6 
120C6 
04MY7 
30JE7 
14FE7 
21JL7 
21JL7 
200C6 
30JE7 
22JE7 
14FE7 
14FE7 
21JL7 
21JL1 
200C6 
04MY7 
22JE7 
21JL7 
21JL7 
200C6 
04MY7 



C 

545 CONTINUE 
CAll INVRSl ( MXP3, 0, 0, J, MY, AAUG, li, l3 ) 
CALL MATMPY ( MX, MX, 0, MX, MX, AA5, CC, II ) 
CALL MATMPY ( MX, MX, E, MX, MX, CCl, 88, II ) 

DO 555 K = 1, MXP3 
DO 550 I;: 1, MXP3 

BBl(I,KI ;: 8B(I,K) + AA4(1,K) 
550 CONTI NUE 
555 CONTINUE 

CALL MATMPY ( MX, MX, 0, MX, MX, 881, 68, II , 
CALL MATMPI I MX, MX, E, MX, AI, AA, Ll, l2 , 
CALL MATMPI I MX, MX, AAl, MX, A2, AI, ll, l2 ) 

DO 560 I = 1, MXP3 
A2!I,l' ;: AAII,l} + A1!I,1} 

560 CONTI NUE 
DO 570 I = 1, MXP3 

AlII,l} .= A21I,11 - AA611,1) 
570 CONTINUE 

CALL MATMPI I MX, MX, 0, MX, AI, AA, L1, L2 ) 
DO 585 I;: 1, MXP3 

AII,JI = AA(I,ll 
DO 580 K = 1, MXP3 

8II,K,J) BBII,K} 
CII,K,J) ;: CCII,K} 

580 CONTINUE 
585 CONT I NUE 
600 CONTI NUE 

C-----COMPUTE AND PRINT RESULTS 
C 

DO 650 LL = 3, MYP5 
J '" MY + 8 - LL 

DO 625 I = 1, MXP3 
W111,1) = WII,J+1) 
W211,1) = WII,J+2' 
AAII,l) '" AII,J) 

00 620. K '" 1, MXP3 
8BII,K) BII,K,J) 
CCII,K) '" CII,K,J) 

620 CONTI"lUE 
625 CONTINUE 

CALL MATMPI I MX, MX, aa, MX, WI, AI, L1, L2 ) 
CALL MATMPI I MX, MX, CC, MX, W2, A2, LI, L2 ) 

DO 630 I;: 1, MXP3 
WlI,J) ;: AA(I,lI ,. AllI,!} + A2(1,1I 

630 CONTINUE 
650 CONTINUE 

WIl,3): Z.O * W(1,4) - WI1,5) 
W(MXP3,3) = 2.0* W( MXP3,4) -W(MXP3,5) 
Wll,MYP5) ;: 2.0* Wll,MY+4) -W (1,MY+3) 
WIMXP3,MYP5) ;: 2.0 * W(MXP3,MY+4) -WIMXP3,MY+3) 

DO 6b5 J;: 3, MYP5 
DO 660 I;: 3, MXP5 

II = MXP, + 3 - I 
WIlI,J) .= WIII-2,J) 

660 CONT INUE 
665 CONTI"JUE 

DO 670 J;: 3, ~YP5 
Wll,J) '" 0.0 
WIZ,J) : o.c 

22JE1 
11FE1 
14FE1 
14FE1 
21Jl1 
21Jl1 
200C6 
04MY1 
22JE1 
14FE1 
14FE1 
14FE1 
21Jl1 
200C6 
04MY1 
21Jl1 
200C6 
04MY1 
14FE1 
21JL1 
120C6 
21JL1 
120C6 
120C6 
04MY1 
22JE1 
04MY1 

21Jl1 
120C6 
21JL1 
120C6 
120C6 
120C6 
21Jl1 
120C6 
120C6 
05MY1 
22JE1 
14FE1 
14FE1 
21JL1 
200C6 
04MY7 
04MY1 
02N06 
02N06 
02N06 
02N06 
21JL7 
21JL1 
01N06 
01N06 
04MY1 
22JE1 
21JL1 
01N06 
07N06 

85 
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WIMX+6,Jl : 0.0 07N06 
WIMX+7,J) '" 0.0 07N06 

6W CONTINUE 04MY7 

700 

750 
800 

PRINT 11 15SE6 
PRINT 1 21JL7 
PRI~T 13, I AN1INI, N • 1, 32 I 19MR5 ID 
PRINT 16, NPROB, I AN2INI, N .; 1, 14 I 28AG3 10 
PRINT 39 02N06 

DO 800 J '" 3, MYP5 21JL7 
PRINT 6 21JL7 

DO 750 I 3, P-!XP5 21JL 7 
ISTA '" I - 4 02N06 
JSTA '" J - 4 02N06 

DO 700 N '" 1, 3 21JL 7 
K = I + N - 2 02N06 
LlPIN+31 '" SQRT I OXIK,JI * OYIK,JI I 02N06 
BMXIK,JI DXIK,JI * I W(K-l,JI - WIK,JI - k(K,JI 02N06 

1 + W(K+l,JI I /lHX*HXI+ OPIN+31 * PR * IW(K,J-ll02N06 
2 - W(K,JI - W(K,JI + W(K,J+11 II ( HY * HY I 02N06 

1 
2 
3 

1 

1 

1 
2 
3 
4 
:> 
6 
7 

1 
2 
3 
4 
5 
5 
6 

1 

1 

L = J + N - 2 02N06 
DP(N) SQRT ( OX(t,LI .. OYII,LI I 02N06 
8MYII,Ll OYll,L1" I W(I,L-ll - 2.0 * W!I,L1 02N06 

+ W(I,L+lI I /lHY * HYI + PR * DPINI 02N06 
* I WII-1, LI - 2.0 * .;(I,L1+ W(I+1,L1 II ( HX 02N06 
* HX I 02N06 

CONTINUE 04MY7 
QBMX = BMXlI-l,JI 2.0 * BMXll,J) + BMXII+l,J) 02N06 

* HY I HX 02N06 
~BMY BMYII,J-1) - 2.0 * BMY(I,JI + BMYII,J+l' 02N06 

* HX I HY 02N06 
QTMX::. WiI-l,J-lI * CXII,J) - WII-1,J) * I CXII,J) 02N06 

+ CX(I,J+lI 1+ HI-l,J+lI * CXII,J+lI 02N06 
- WlI,J-lI * I C)II,JI + CXII+1,JII+ WII,JI 02N06 
* ( CXII,J) +" CXII,J+lI + CXII+1,JI + CXII+l,J 02N06 
+11 1- WII,J+lI * I CXII,J+lI + CXII+l,J+lI 102N06 
+ WII+l,J-lI * CXII+l,JI - W(I+l,JI * I CXII 02N06 
+l,J) + CXII.+1,J+1I 1+ WII+l,J+lI * CXII+l,J 02N06 
+11 ) I(HY * HXI 02N06 

QTMY W(I-l,J-lI * CYII,JI - lo/II-l,JI * I CY(I,J) 02N06 
+ CYI I,J+lI I + WII-l,J+lI * CY( I,J+lI 02N06 
- WII,J-ll * I CVII,J) + CYII+l,JI I + WII,J) 02N06 
* I CYII,JI + CYII,J+lI + CY(I+1,JI + CYII+1,J 02N06 
+11 1- WII,J+lI * ICYII,J+lI+CYCI+l,J+ll) 02N06 
+ WII+1,J-1I 07N06 
* CYII+1,JI - WII+1,JI * ICYII+1,J) + CYII+l,J 02N06 
+11 I + WII+1,J+lI * CYII+1,J+1I I /I HX * HY 102N06 

QPX 1.0 I HX I * C PXII,JI * WII-l,JI - (PXlI,JI 02N06 
+ PXII+1,JI I * W(I,JI + PX(I+l,JI * W(I+l,JI 102N06 

QPY 1.0 I HY 1*( PYII,JI * WII,J-lI - (PY(I,JI 02N06 
+ PYII,J+ll I * W(I,JI + PY(I,J+ll * WII,J+l' 102N06 

REACT QBMX + QBMY + QTMX + QTMY - QPX - QPY 02N06 
PRINT 45, ISTA, JSTA, WII,J), BMXCI,JI, BMYII,JI, REACT 02N06 

CONTINUE 04MY7 
CONTINUE 04MY7 

PRINT 6 21JL7 
PRINT 6 21JL7 
PRINT 16, NPROB, ( AN2(NI, N 1, 14 I 02N06 
PRINT 40 02N06 

DO 960 J = 3, MYP5 21JL7 
PRINT 6 21JL7 



[)Il 9JO I = 3, MXP5 
ISTA=I-4 
JSTA = J - 4 
rMX = I CXII,JI + CXII,J+lI + CXII+l,JI + CXII+1,J+l I I 

1 .. O. 2 5 0 • I W I I - 1 , J- 1 I - W I I - 1 , J + 1 I - W I I + 1 , J 
2 -11 + WII+1,J+11 I I I 4.0 • HX • HY ) 

H1Y CYII,JI + CYII,J+11 + CYII+1,JI + CYII+1,J+1I I 
1 • I -0.250 I • I W(I-1,J-11 - Wll-l,J+11 
2 - WII+1,J-1I + WII+1,J+1) I I ( 4.0 • HX. HYI 

PRINT 45, ISTA, JSTA, TMX, TMY 
9~0 CCJ,\lTI"JUE. 
960 CONTINUE 

CALL TIC TOC l'tI 
GO TO 1010 

~990 CONTINUE 
9999 cn~TINUE 

PRINT 11 
PRINT 1 
PKINT 13, I ANIINI, N 
CALL TIC TOC 121 
PRI ~T 19 
cNLJ 

1, 32 I 
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2IJL 7 
02N06 
02N06 
02N06 
02N06 
02N06 
02N06 
02N06 
02N06 
04MY7 
04MY7 
04MY7 
25S~6 

26AG3 10 
19MR5 ID 
04MY3 ID 
OaMY3 10 
21JL7 
19MR5 II) 
26SE6 
26AG3 ID 
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Sur.ROUTINf MATMPY ( ~l, N1, AA, M2, N2, BB, CC, II I 
CIM~N510N AA(ll,lll, BBlll,lll, CC(ll,l11 

M13 = roll + 3 
N13 = N1 + 3 
lX = ~2 + 3 

DO 35 I =1, ~13 

OJ 30 M -= 1, LX 
CC(I,MI = 0.0 

DO 2S K = 1, N13 
CC(I,MI AA(I,KI. BB(K,MI + CC(I,MI 

25 CONTINUE 
~O CONTINUE 
35 CONTINUE 

RETURN 
ENll 

14FE7 
14FE 7 
200C6 
200C6 
200C6 
21Jl7 
21Jl7 
200C6 
21JL7 
200C6 
30JE7 
22JE7 
22JE7 
04MY7 
14SE6 



SUBROUTINE MATMPl I Ml, N1, AA, 1012, Ai, A2, Ll, L2 , 
DIMENSID~ AAIL1,Ll', AlILl,L21, A21L1,L21 

M13 :: M1 + 3 
N13 = N1 + 3 

DO 30 I:: 1, 10113 
A21I,1I '" 0.0 

DO 25 K = 1, N13 
A21I,11 AAII,KI. A1IK,11 + A2II,ll 

25 CONTI NUt: 
30 CONTINUE 

RETURN 
END 

21AP7 
2lAP7 
200C6 
200C6 
21JL7 
200C6 
21JL 7 
250C 6 
30JE7 
22JE7 
04MY7 

89 
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sueROUTIN£ INIJRSL ( ~X3, AA, ~B, JX, MY, AAUG, Ll, L3 I 
DI~ENSION AA(Ll,Ll', BB(L),Ll', AAUG(Ll,Ll,L31 

23 FeRMAT (5X, 20H NO INVERSE EXISTS I 
L:P = 1.OE-15 
MYP5 = MY + 5 
MM = MX3 
NN = 1 

If'(JX-31 60, 50, 60 
50 MM = MX3 - 1 

NN = 2 
GO TO 10 

60 IF( JX-MYP:i I 10, 50, 10 
10 DO 105 I = NN, Mt-', 

DO 100 J = NN, ~M 

AAUG(I,J,l1 = AA(I,JI 
IF ( I - J lbO, 90, 80 

80 A A UG ( I ,J , 2 I 0.0 
GO TO 100 

90 AAUG(I,J,21 1.0 
100 CLlNT rr~UE 
105 CllNTINUE: 

DO 1d5 I = NN, MM 
KK = I + 1 

IF ( ABSF( AAUG(I,I,11 I - EP I 110, 110, 150 
110 DO 120 II = KK, MM 

IF ( '\BSF( AAUG(II,I,lI 1- EP 1120,120,130 
120 CONTI\lUE 

GO TO 990 
130 DO 145 K L, 2 

DO 140 L NN, MM 
SAVE = AAUG(I,l,K) 
AAUG(I,L,KI = AAUG(II,L,KI 
AAUG(II,L,KI = SAVE 

140 CONT I I~U[ 
145 CONTINUE 
150 STORE = AAUG(I,I,11 

DO 165 K = 1, 2 
DO 160 J = NN, 104M 

AAUG(I,J,KI = AAUG(I,J,K) I STORE 
160 CONTINUE 
165 CONT INUE 

Dr] 180 12 = NN, MM 
IF ( 12 - I I 170, 180, 110 

170 SAVU = A!\UG(IZ,I,lI 
D(] 178 K = 1, 2 
DU 115 JJ = NN, ~M 

AAUG(I2,JJ,KI = AAUG(I2,JJ,KI - SAVE2 • AAUG(I,JJ,K) 
175 CON TI ~WE 
118 CO'HINUE 
180 CO'\JT IrJUE 
185 Ul'HINUE 

DO 1q~ JJ = NN, MM 
DO 1~0 Kl = NN, MM 

HB(Kl,JJI = AAUG(Ki,JJ,2) 
190 C(JNTINUE 
195 CfJNTl'~UE 

Rl: I UR',j 
990 PR I NT 23 

E 1\ [1 

21AP1 
21AP1 
15SE6 
14SE6 
310C6 
02N06 
200C6 
04MY1 
04MY1 
280C6 
04MY1 
04MY1 
21JL1 
21JL1 
200C6 
04MY1 
04MY1 
04MY1 
04MY1 
04MY1 
22JE1 
21JL1 
14SE6 
04MY1 
21JL 1 
04MY1 
04MY1 
14SE6 
21JL1 
21JL1 
14SE6 
14SE6 
14SE6 
04MY1 
22JE1 
04MY1 
21JY1 
21JY1 
14SE6 
04MY1 
22JE7 
21JY1 
04MY1 
04MY1 
21JY1 
2lJY1 
14SE6 
21JY7 
21JY1 
04MY1 
22JE1 
21JY7 
21JY1 
200C6 
04MY1 
22JE1 
04MY1 
15SE6 
14SE6 



APPENDIX 4 

SAMPLE INPUT FOR DSLAB 5 
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CE313126 HWY SLAB PROJECT DSLAB 5 CF STELZ~R 

SAMPLE INPUT FOR EXAMPLE PROOLEMS FOR DSLA85 FOR USE IN SLAB REPORT APPENDIX 4 

101 8 X 8 SLAB WITH 100.000 LB CENTER LOAD 
6 0 8 8 6.000[+00 6.0001:+00 2.500E-Ol 
0 0 8 8 0.6251:+06 0.625E+06 1.000E+99 
1 0 7 8 0.625E+06 0.625E+06 
0 1 8 7 0.625E+06 0.625E+06 
1 1 7 7 0.625E+06 0.625E+06 -1.000E+99 
4 4 4 4 1.000E+05 
1 1 8 8 1.875E+06 1.875E+06 

102 48 INCH SQ PLATE SIMPL~ SUPPORTS, PY 101: 5, Q 10E5 AT CENTER 
6 1 8 8 6.000[+00 6.000E+00 2.500E-Ol 
0 0 8 8 6.250E+05 6.250E+05 1.000E+99 
1 C 7 8 6.250E+05 6.250E+05 
0 1 8 7 6.2501:+05 6.250E+05 
1 1 7 7 6.250E+05 6.250E+0,) -1.000E+99 
4 4 4 4 1.000E+05 
1 1 8 8 1.875[+06 1.875E+06 
0 1 8 8 1.00CE+05 

103 48 INCH SQ PLATE SIMPLE SUPPORTS, PX=PY 10E5, Q=10E5 
6 2 8 8 6.080[+00 6.000E+()C 2.50",E-Ol 
0 0 8 8 6.250/:+05 6.250E+05 1.0001::+99 
1 0 7 8 6.250E+05 6.250E+05 
0 1 8 7 6.250E+05 6.250E+05 
1 1 7 7 6.250E+05 6.250E+05 -1.000E+99 
4 4 4 4 1.000E+05 
1 1 8 8 1.875E+06 1.875E+06 
1 0 8 8 1.000E+05 
0 8 8 1.000E+05 

104 48 INCH SQ PLATE SIMPLE SUPPORTS. UNIFORM LOAD 1000 Ltl 
5 0 8 8 6.000E+OO 6.000E+00 2.50JE-Ol 
0 G 8 8 6.250E+05 6.250E+05 9.00CE+03 1.000E+99 
1 1 7 7 6.250[+05 6.250E+05 9.000E+03-1.000E+99 
0 1 8 7 6.2:00E+O:O 6.250E+O 9.800E+03 
1 0 7 8 6.250E+05 6.250[+05 9. 00[+03 
1 8 8 1.875E+06 1.875E+06 



94 

105 48 INCH SQ PLATE SIMPLE SUPPORTS, K = 3600 L :3S 
7 0 8 8 6.000E+00 6.000E+00 2.500E-01 
0 0 8 8 6.250E+05 6.250E+05 1.000E+99 
1 0 7 8 6.250E+05 6.250E+05 
0 1 8 7 6.250E+05 6.250E+05 
1 1 7 7 6.250E+05 6.250E+05 -1.0001:+99 
1 1 7 7 3.600E+03 
4 4 4 4 1.000E+05 
1 1 8 8 1·875E+06 1.875E+06 

106A 48 INCH SQ PLATE SIMPLE SUPPORTS, 5000 U.l LINE LOADS 
9 0 8 8 6.000E+00 6.000E+00 2.500E-Ol 
0 0 8 8 6.250E+05 6.250E+05 1.000E+99 
1 0 7 8 6.250E+05 6.250E+05 -1.000E+99 
0 1 8 7 6.250E+05 6.250E+05 
1 1 7 7 6.250[+05 6.250E+0'i 
1 1 8 8 1.875E+06 1.875E+06 
1 0 1 8 2.500E+03 
7 0 7 8 2.500H03 
1 1 1 7 2.500E+03 
7 1 7 7 2.500E+03 

601 EXAMPLE PROBLEM bRIDGE APPROACH SLAB 
16 2 12 16 2.400[+01 2.400E+Ol 2.500E-Ol 

0 0 12 16 8.tl90E+07 tI.890E+D7-1.500E+02 
0 1 12 15 8.890E+07 tI.890E+07-1.~OOE+02 
1 0 11 16 8.890E+07 8.890E+07-1.~OOE+02 
1 1 11 15 8.890E+07 8.890E+07 1.~OOE+02 

0 7 12 7 -1.777E+08 
1 7 11 7 -1.777E+08 
6 0 6 16-1.777E+08 
6 1 6 15-1.777E+08 
1 1 12 16 2.667E+08 2.667E+08 
0 0 12 1 1.000E+99 
0 7 12 15 1.440E+04 
1 7 11 15 1.440E+04 
0 7 12 16 1.440E+04 
1 7 11 16 1.440E+04 
4 15 4 15 -1.000E+04 
1 15 1 15 -1.000E+C4 
0 1 12 16 -6.000E+04 
1 1 11 16 -6.000£+04 
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610 60 X 58 SLAB SIMPLE SUPPORTS AND CONCENTRATED LOADS 
41 0 20 29 3.600E+Ol 2.400E+Ol 1.500E-Ol 

0 0 20 0 3.328E+08 3.328E+08-3.248E+02 
1 0 19 0 3.328E.+08 3.328E+08-3.248E+02 
0 29 20 29 3.32~E+0~ 3.328E+08-3.248E+02 
1 29 19 29 3.32~E.+Otl 3.328E+08-3.24~E+02 

0 1 20 1 7.313E+07 7.313E+07-3.105E+02 
1 1 19 1 7.313E+07 7.313E+07-3.105E+02 
0 28 20 28 7.313E+07 7.313E+07-3.105E+02 
1 28 19 28 7.313E+07 7.313E+07-3.105E+02 
0 2 20 2 1.132E+08 1.132E+08-3.600E+02 
1 2 19 2 10132E+08 1.132E+08-3.600[+02 
0 27 20 27 10132E+0~ 1.132E+08-3.600E+02 
1 27 19 27 1.132 E+08 1.132E+08-3.6COE+02 
0 4 20 4 2.322E+08 2.322E+08-4.575E+02 
1 4 19 4 2.322E+08 2.322E+08-4.575E+02 
0 25 20 25 2.322E+08 2.322E+08-4.575E+02 
1 25 19 25 2.322[+08 2.322E+08-4.575E+02 
0 5 20 24 3.147E.+08 3.147E+08-5.063E+02 1.000E+99 
1 5 19 24 3.147[+08 3.147E+08-5.063E+02 

16 8 16 8 -2.080E+04 
16 1 1 16 1 1 -2.0~OE+04 

0 3 20 3 1.656[+08 1.656E+08-4.080E+02 
1 3 19 3 1.656E+08 1.656E+08-4.080E+02 
0 26 20 26 1.656E+08 1.656E+08-4.080[+02 
1 26 19 26 1.656E+08 1.656E+08-4.080E+02 

16 13 16 13 -2.080E+04 
16 16 16 16 -2.080E+OI, 
16 18 16 18 -2.080E+04 
16 21 16 21 -2.080E+04 

6 19 23 -1.000E+99 
10 5 10 24 1.000E+99 

1 6 19 23 5.351E+08 5.351E+08 
1 1 19 1 4.425E+08 4.425E+03 

2 19 2 1.559E+08 1.559E+0~ 

3 19 3 2.342£::+08 2.342E+08 
4 19 4 30351E+08 3.351E+08 
5 19 5 4.878E+08 4.878E+08 

29 19 29 4.425E+08 4.425E+08 
28 19 28 1.559E+08 1.559E+08 
27 19 27 2.342E+08 2.342E+08 
26 19 26 3.351E+08 3.351E+08 
25 19 25 4.878E+08 4.878E+08 
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PROGRflM l,SLA13; nECK 1 STELZER REVISION DATE ;;Ut JULY 1967 
CE313126 HwY SLAB PKOJECT CSLAB 5 CF STELLER 
~u~ ~XAMPLE PROHLEHS FeR USE IN SLAB REPORT APPENDlX 5 

PROB (co:;rc I 
60i EXAt:'PLc PR08Li:M 6K lOGE APPROACH SLAB 

TABLe: 4. RESULTS 

I , J DrFL H~1X BMY REACT 

-1 -1 -1.2l!7E-03 O. O. o. 
0 -1 4.4:;2E-(1) O. O. -1.701-105 
1 1 1.1tI0t-95 C. O. -3.S1S-104 
2 -1 I.U /dE-9S O. O. -4.517-104 
3 -1 1.0J4E-95 O. O. -2.917-104 
4 -1 1.0-,4E-9S O. O. -4.005-104 
5 -1 I.U:.iE:-95 O. O. -3.902-104 
6 -1 9.41::£:-96 O. O. '.576[-93 
7 -1 1.1~9E-95 O. O. -".902-104 
8 -1 1.04dE-95 O. O. -:.800-104 
9 -1 1.04 {[-95 O. O. -l.005-104 

10 -1 1.0t;OE-9'5 O. O. -~.800-104 

11 -l I.ZUdE-9S O. O. -4.665-104 
12 -1 4.')I)OE-96 O. C. -1.152-104 
13 -1 -1.22'-1E-03 O. O. O. 

-1 a -1.2,9E-97 o. O. o. 
0 a 1.23':i~-96 o. -7.701-105 -1.385E+03 
l 0 2.5':1bE-96 -4.100E-91 -3.575-104 -;/. B96E+03 
2 0 2.541[-96 9.1398[-93 -4.511-104 -2.f:l41E+03 
3 0 2.519E-96 9.'>42[-93 -2.971-104 -2.819E+03 
4 0 2.530E-96 '~.11IE-93 -4.005-104 -2.tl30E+03 
5 0 2.573[-96 1.969E-94 -3.902-104 - -:. 873E+03 
6 0 2.6l{E-96 2.101E-95 5.576E-93 -2.917E+03 
7 0 2.':i1:J7E-96 1.tlllE-94 -3.902-104 -;:.887E+03 
8 0 2.5 '"rE -96 'i.121E-93 -3.800-104 -2.851E+03 
9 0 2.5·)HE-~6 9.621E-93 -4.005-104 -~.858E+03 

10 0 2.~':I.jE-96 9.957E-93 -3.800-104 -2.893E+03 
11 0 2.663E-96 -4.224E-91 -4.665-104 -2.963E+03 
12 0 1.213E-96 -1.412-105 -1.152-104 -1.423E+03 
13 0 -1.1{6E-Q7 O. O. -1.412-105 

-1 1 1.207[-03 O. O. -5.954E-12 
0 1 -1.9KLE-96 3.018E+00 -1.385E+03 1.681E+03 
1 1 -6.258E-96 -1.241[+02 -2.8961:+03 5.65 8E +03 
2 1 - 5. 3'i 3E.-96 -1.102E+02 -2.B41E+03 4.153E+03 
3 1 -5.313E-96 -7.048E+02 -2.819E+03 4.113E+03 
4 1 -5.338E-96 -7.076E+02 -2.830E+03 4.138E+03 
5 1 -6.206E-96 -7.183E+02 -2.813E+03 5.589E+03 
6 1 -4.160E-96 -1.7291:+01 -2.911E+03 3.516E+03 
7 1 -6.22ZE-96 -1.216E+02 -2.881E+03 '5.605E+03 
8 1 -5.371E-96 -7.142E+02 -2.851E+03 4.711E+03 
9 1 -5.3b2E-96 -7.146E+02 -2.858E+03 4.162E+03 
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10 1 -5.42"E-96 -7.233E+02 -2.8931:+03 4.821E+03 
11 1 -6.366E-96 -7.407E+02 -2.'163E+03 '). 766E+0~ 
12 1 -2.03:5~-96 -1.CJ19E-12 -1.423[+03 1.73 5[+Oi 
13 1 1.229E-03 O. O. -1. 819E-12 

-1 2 -4.494E-03 O. O. -f.593E-11 
0 2 -4.7b9E-03 7.397E-01 -4.:527E+02 -::.000E+02 
1 2 -4.692E-03 -2.216E+02 -8.692E+02 - f. OOOE +02 
2 2 -4.60lE-03 -2.491[+02 -1'\.680E+02 -(.000E+02 
3 :2 -4.5b6E-03 -2.479E+02 -8.679E+02 -(;.000E+02 
4 2 -4.51"',)E-03 -2.465E+02 -8.678E+02 -6.000E+02 
5 2 -4.6-;4E-03 -2.118E+02 -8.686E+02 -('.056[+02 
6 2 -4.7L:>E-03 -5.675E+00 -'1.638E+02 -6.332E+02 
7 2 -4.6"1:'E-03 -2.203E+02 -8.787E+C2 -6.056E+02 
8 2 -4.627[-03 -2.~j15E+02 -8.876E+02 -6.000E+02 
9 2 -4.630E-03 -2.554E+02 -8.969E+02 -6.000E+02 

10 2 -/i .6d/E-03 -2.586E+02 -9.054E+02 -(;.000E+02 
11 2 -4.799E-03 -2.309E+02 -9.136E+02 -6.000E+02 
12 2 -4.9i.6E-03 2.592E-11 -4.779E+02 -3.000E+02 
13 2 -4.6;:OE-03 o. o. 2.592E-11 

-1 3 -1.172E-02 O. O. -1.683[-10 
0 3 - 1 • 114 E -0 2 -1.449E+00 2.543E+02 -'!.000[+02 
1 3 -1.07YE-02 3.171E+01 4.975E+02 -6.000E+02 
2 3 -1.0,)YE-02 5.000E+01 4.894E+02 -6. OOOE +02 
'i .3 -1.0'dE-02 5.895E+01 4.835E+02 -6.000E+02 
4 3 -1.05hE-02 5.330E+01 4.803E+02 -(;.000E+02 
5 j -1.072[-02 3.641E+01 4.780[+02 -5.971[+02 
6 3 - 1 • 1 G 1 E-02 3.197E+00 5. 099E +02- -:-6.003[+0? 
7 3 - 1 • 0 7 IE -0 2 3.496E+01 4.707E+02 -<;.971E+02 
8 ., -1.068E-02 5.021E+01 4.660E+02 -':>.000[+02 
9 3 -1.070E-02 5.408E+01 4.631E+02 -6.000E+02 

10 ., -1.083E-02 4.399[+01 4.638E+02 -6.000E+0? 
11 3 -1.10rlE-02 2.715E+01 4.677E+02 -6.000E+02 
12 3 -1.14dE-02 1.028E-10 2.375E+02 -3.000[+02 
13 3 -1.20YE-02 O. o. 1.028E-10 

-1 4 -1. 77 "IE -02 o. o. 1.018[-10 
0 4 -1.662E-02 -2.8YOE+00 6.58lE+02 -~. OOOE +O? 
1 4 -1.604E-02 1.432E+02 1.268E+03 -6.000E+02 
2 4 -1.5 I 6E -02 2.043E+02 1.250E+03 -6.000E+02 
3 4 -1.567E-02 2.234E+02 1.2401:+03 -6.000E+02 
4 4 -1.573E-02 2.082E+02 1.234E+03 -6.000E+02 
5 4 -1.597E-02 1.488E+02 1.236[+03 -5.92 2E+02 
6 4 -1.b'odE-02 13.302E+00 1.350E+03 -'1.809E+02 -, 4 -1.60"lE-02 1.407[+02 1.23lE+03 -"i.922r.+02 
8 4 -1.595E-02 2.076E+02 1.224E+03 -6.000E+O~ 

9 4 -1.599E-02 2.215E+02 1.226E+03 -6.000E+02 
10 4 -1.618[-02 2.0 13E +02 1.233E+03 -f..000E+02 
11 4 -1.6';6E-02 1.414E+02 1.249[+03 -6.000E+02 
12 4 -1.723~-02 -4.275[-11 6.472E+02 -3.000[+02 
13 4 -1.846E-02 o. O. -4.275[-11 

-1 5 -2.113E-02 O. O. 3.662E-10 
0 5 -1.982E-02 -3.279E+00 7.488E+02 -~.000E+02 

1 5 -1.910E-02 1. '>69E+02 1.445E+03 -6.000[+02 
2 5 -1.8tl6E-02 2.309E+02 1.422E+03 - f> • 00 0 E + 0 2 
3 5 -1.87eE-02 2.545E+02 1.410E+03 -6.000E+02 
4 5 -1.800E-02 2.353E+02 1.-';05E +03 -6.000E+02 
5 5 -1.915[-02 1. (,2 3E +02 1.408E+03 -5.911E+02 
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6 5 -1.976E-02 9.457E+00 1.537E+03 -".805E+02 
7 5 -1.931E-02 1.640E+02 1.405E +03 _c.911E+02 
8 5 -1.919E-02 2.378E+02 1.398E+03 -6.000E+02 
9 5 -1.926E-02 2.562E+02 1.401E+03 -6.000E+02 

10 5 -1.950E-02 2.302E+02 1.412E+03 -t.000E+02 
11 5 -1.994E-02 1.552E+02 1.434E+03 -6.000E+02 
12 5 -2.074E-02 1.728E-11 7.423E+02 -3.000E+02 
13 5 -2.218E-02 O. O. 1.728E-11 

-1 6 -2.145E-02 O. O. -'.028E-10 
0 6 -2.042E-02 -2.576E+00 5.264E+02 -3.011E+02 
1 6 -1.986E-02 7.409E+Ol 1.025E+03 -6.009E+02 
2 6 -1.C}60E-02 1.348E+02 1.007E+03 -6.006E+02 
3 6 -1.955E-02 1.5b6E+02 9.974E+02 -(:'005E+02 
4 6 -1.966E-02 1.396E+02 9.932E+02 -6.005E+02 
5 6 -1.996E-02 7.707E+Ol 9.948E+02 -5.948E+02 
6 6 -2.056E-02 6.595E+00 1.060E+03 -4.833E+02 
7 6 -2.019E-02 8.120E+Ol 9.929E+02 -5.948E+02 
8 6 -2.012E-02 1. 464E +02 9.896E+02 -6.004E+02 
9 6 -2.022E-02 1.630E+02 C}.927E+02 -~.004E+02 

10 6 -2.047E-02 1.363E+02 1.002E+03 -6.005E+02 
11 6 -2.092E-02 6.799E+Ol 1.022E+03 -6.010E+02 
12 6 -2.169E-02 -2.310E-I0 5.231E+02 -:.015E+02 
13 6 -2.Zc}IE-02 O. O. -2.310E-I0 

-1 7 -2.024E-02 O. O. -1.879E+02 
0 7 -1.921E-02 -1.905E+02 -7.235E-Ol 2.824E+02 
1 7 -1.881E-02 -1.475E+02 -1.207E-Ol 6.440E+02 
2 7 -1.867E-02 -8.760E+Ol 2.396E-Ol 4.664E+02 
3 7 -1.868E-02 -6.892E+Ol 3.769E-Ol 4.693E+02 
4 7 -1.881E-02 -8.080E+Ol 3.487E-Ol 4.738E+02 
5 7 -1.909E-02 -1.564E+02 -3.403E-92 9.455E+02 
6 7 -1.964[-02 5.541E-Ol 1.175E+00 -it.566E+02 
7 7 -1.940E-02 -1.481E+02 7.222£-02 9.649E+02 
8 7 -1.940E-02 -6.600E+Ol 5.455E-Ol 5.114E+02 
() 7 -1.954E-02 -5.263E+Ol 6.272E-Ol '.229E+02 

10 7 -1.917E-02 -7.960E+Ol 4.767E-Ol 5.336E+02 
11 7 -2.015E-02 -1.610E+02 -1.847E-02 7.773E+02 
12 7 -2.082E-02 -2.4b2E+02 -9.276E-Ol 3.451E+02 
13 7 -2.231E-02 O. O. -2.462E+02 

-1 8 -1.528E-02 O. O. 1.949E-I0 
0 8 -1.550E-02 5.523E-Ol -3.128E+02 1.453E+02 
1 8 -1.545E-02 -1.420E+02 -5.771E+02 2.890E+02 
2 8 -1.539E-02 -1.650E+02 -5.585E+02 2.862E+02 
3 8 -1.538E-02 -1.603E+02 -5.407E+02 2.856E+02 
4 8 -1.542E-02 -1.490E+02 -5.203E+02 2.874E+02 
5 8 -1.54I3E-02 -1. 278E +02 -5.014E+02 2.875E+02 
6 8 -1. 555E-02 -3.339E+00 -5.599E+02 3.852E+02 
7 8 -1.563E-02 -1.169E+02 -4.653E+02 2.990E+02 
8 8 -1.581E-02 -1.278E+02 -4.523E+02 3.102E+02 
9 8 -1. 597E-02 -1.329E+02 -4.473E+02 3.193E+02 

10 8 -1.616E-02 -1.420E+02 -4.452E+02 3.303E+02 
11 8 -1.641E-02 -1.362E+02 -4.48lE+02 3.439E+02 
12 B -1.669£-02 1.883E-I0 -2.458E+02 1.793E+02 
13 8 -1.677E-02 O. O. 1.883E-I0 

-1 9 -1.231E-02 O. O. -2.227E-I0 
0 9 -1.2!:l7E-02 1. 408E +00 -4.722E+02 1.078E+Ol 
1 9 -1.302E-02 -1.312E+02 -8.887E+02 1.502E+02 
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2 9 -1.302E-02 -1.799E+02 -8.463E+02 1.498E+02 
3 9 -1.296E-02 -1.774E+02 -8.041E+02 1.463E+02 
4 9 -1.285E-02 -1.465E+02 -7.570E+02 1.404E+02 
5 9 -1.268E-02 -9.481E+01 -7.085E+02 1.261E+02 
6 9 -1.236E-02 -4.533E+00 -7.275E+02 1.002E+02 
7 9 - 1 • 2 '12 E -0 2 -7.968E+01 -6.175E+02 1.282E+02 
8 9 -1.294E-02 -1.134E+02 -5.856E+02 1.455E+02 
9 q -1.311E-02 -1.269E+02 -5.687E+02 1.553E+02 

10 9 -1.326E-02 -1.257E+02 -5.613E+02 1.635E+02 
11 9 -1.337E-02 -9.630E+01 -5.663E+02 1.703E+02 
12 9 -1.341E-02 -2.487E-10 -2.998E+02 8.631E+01 
13 9 -1.319E-02 o. O. - ~. 48 7E-10 

-1 10 -1.118E-02 o. o. :.609E-11 
0 10 -1.1138E-02 1.741E+00 -5.699E+02 4.215E+01 
1 10 -1.208E-02 -1.249E+02 -1.079E+03 9.571E+01 
2 10 -1.203E-02 -1.779E+02 -1.015E+03 c.269E+01 
3 10 -1.184E-02 -1.664E+02 -9.461E+02 8.212E+01 
4 10 -1.1'54E-02 -1.165E+02 -8.684E+02 6.458E+01 
5 10 -1.106E-02 -5.848E+01 -7.798E+02 3.271E+01 
6 10 -1.035E-02 -4.820E+00 -7.497E+02 -2.635E+00 
7 10 -1.078E-02 -4.607E+01 -6.166E+02 1.689E+01 
8 10 -1.104E-02 -7.977E+01 -5.619E+02 3.575E+01 
9 10 -1.119E-02 -9.369E+01 -5.285E+02 4.427E+01 

10 10 - 1 • 12 '1E -0 2 -8.739E+01 -5.1PE+02 4.896E+Ol 
11 10 -1.128E-02 -5. '764E+Ol -5.094E+02 4.962E+01 
12 10 -1.117E-02 8.595E-11 -2.63lE+02 7.167E+Ol 
13 10 -1.083E-02 O. o. 8.595E-11 

-1 11 -1.221E-02 o. o. -1.851E-10 
0 11 -1.286E-02 1.624E+00 -6.458E+02 1.028E+Ol 
1 11 -1.294E-02 -1.223E+02 -1.226E+03 1.455E+02 
2 11 -1.2IlE-02 -1.760E+02 -1.138E+03 1.321E+02 
3 11 -1.229E-02 -1.453E+02 -1.044E+03 1.080E+02 
4 11 -1.167E-02 -6.715E+Ol -9.383E+02 7.228E+01 
5 11 -1.076E-02 -1.788E+Ol -B.027E+02 1.581E+Ol 
6 11 -9.538E-03 -4.771E+00 -7.177E+02 -1.860E+Ol 
7 11 -9.899E-03 -2.876E+01 -5.582E+02 -".393E+Ol 
8 11 -1.007E-02 -5.805E+01 -4.B07E+02 -2.005E+01 
9 11 -1.013E-02 -6.727E+01 -4.307E+02 -1.646E+Ol 

10 11 -1.012E-02 -5.554E+Ol -4.019E+02 -1.690E+01 
11 11 -1.004E-02 -2.889E+Cn -3.904E+02 -2.181E+01 
12 11 -9.834E-03 -1.030E-10 -1.965E+02 -1.678E+Ol 
13 11 -9.460E-03 O. O. -1.030E-10 

-1 12 -1.567E-02 o. O. -7.07BE-11 
0 12 -1.607E-02 9.975E-Ol -6.826E+02 1.627E+02 
1 12 -1.587E-02 -9.882E+Ol -1.305E+03 3.143E+02 
2 12 -1.529E-02 -1.711E+02 -1.190E+03 2.804E+02 
3 12 -1.448E-02 -1.097E+02 -1.080E+03 2.340E+02 
4 12 -1.340E-02 2.959E+Ol -9.686E+02 1.71 7E+02 
5 12 -1.185E-02 3.9B7E+01 -7.875E+02 7.853E+01 
6 12 -9.8l:l4E-03 -4.555E+00 -6.562E+02 -9.997E+00 
7 12 -9.965E-03 -3.775E+Ol -4.790E+02 -2.974E+01 
8 12 -9.905E-03 -6.604E+Ol -3.880E+02 -2.946E+Ol 
9 12 -9.791E-03 -6.622E+Ol -3.281E+02 -3.601E+01 

10 12 -9.650E-03 -4.430E+01 -2.914E+02 -4.414E+Ol 
11 12 -9.460E-03 -1.496E+Ol -2.722E+02 -5.510E+01 
12 12 - 9.1'( 8E-03 -4.093E-12 -1.329E+02 -3.568E+01 
13 12 -B.781E-03 o. O. -4.093E-12 
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-1 13 -2.115E-02 O. O. 2.547E-10 
0 13 -2.164E-02 -2.731E-Ol -5.950E+02 3.231E+02 
1 13 -2.101E-02 2.393E+01 -1.174E+03 6.104E+02 
2 13 -1.9!l4E-02 -1.525E+02 -1.037f+03 " .429E+02 
3 13 -1.849E-02 -4.623E+01 -9.338E+02 4.64 9E + 02 
4 13 -1.681E-02 2.619E+02 -8.631E+02 3.682E+02 
'5 1.3 -1.431E-02 1.369E+02 -6.581E+02 2.210E+02 
6 13 -1.128E-02 -3.9S3E+OO -5.248E+02 7.558E+01 
7 13 -1.Oa4E-02 -7.99RE+01 -3.700E+02 2.158E+01 
8 13 -1.0jSE-02 -1.113E+02 -2.9221:'+02 -1.897E+00 
q 13 -9.9Q1E-03 -9.690[+01 -2.381E+02 -2.455E+01 

10 ~3 -9.662E-03 -S.7b8E+01 -2.014E+02 -4.348E+01 
11 l3 -9.346E-03 -1.669E+01 -1.796E+02 -6.16BE+01 
12 13 -8.981[-03 4.320E-12 -lJ.522HOl -4.134E+01 
13 13 -8.5 l , iE-03 U. O. 4.320E-12 

-1 14 -3.014[-02 o. o. 7.918[-11 
0 14 -2.'1Z:-,E-02 -1.197E+00 -2.275E+02 5.427E+02 
1 14 -2.S:9E-02 4.516E+02 -5.091E+02 t.024E+03 
2 14 -2.613E-02 -1.322E+02 -4.553E:+02 9.048E+02 
3 14 -2.409[-02 3.308E+01 -3.938E+02 7.875E+02 
4 14 -2.1i'3E-02 (J.391E+02 -3.485E+02 6.S72E+02 
5 L4 -1.79hE-02 2.762E+02 -2.5t4E+02 4.332E+02 ,., 14 - 1 • 3 'J 1 [-02 -2.531E+00 -2.477E+02 1.935E+02 
7 14 -1.2DE-02 -1.'::>64[+02 -2.085[+02 1.086E+02 
3 14 -1.H2E-02 -1.rl96E+02 -1.876E+02 5.198E+01 
9 14 -1.0')61:-02 -1.S40E+02 -1.593[+02 A.202E+00 

10 14 -9.9'16E-03 -9.156E+01 -1.321[+02 -2.421E+01 
11 14 -9.53':iE-03 -3.154E+01 -1.132E+02 -<j.080E+Ol 
12 14 -9.079[-03 8.572E-11 -5.330E+01 -3.853E+Ol 
13 14 - 8.57 IE -0 3 O. O. 8.572E-11 

-1 l~ -3.933E-02 o. o. -2.444E-10 
0 15 -3.10/E-02 -4.156E+00 4.924E+02 7. 849E+02 
1 l5 - 3. 645E -02 1.614E+03 1.624[+03 -8.~01E+03 

2 15 -3.314[-02 -1.B06E+02 5.694E+02 1.309E+03 
3 15 -3.03~E-02 4.289[+01 5.743[+02 1.150E+01 
4 1S -2.7HIE-02 2.157[+03 1.554E+03 -8.998E+03 
5 15 -2.217E-02 3.690E+02 5.227E+02 6.783E+02 
6 1:> -1.613E-02 -1.769£::-01 1.910[+02 -4.473E+01 
7 15 -l.ltlOE-02 -2.492E+02 -2.223E+01 2.134E+02 
8 15 -1.250[-02 -~.776E+02 -3.283E+01 1.19BE+02 
9 15 -1.134E-02 -2.202E+02 --3.559[+01 5.297::+01 

10 15 -1.052E-02 -1.354E+02 -7.190E+01 5.927E+00 
11 i5 -9.9unE-03 -5.4133[+01 -5.956EtOl -2. 944E +01 
12 15 -C;.3Q1E-03 -4.283E-11 -2.932E+01 -3.041E+01 
13 15 -8.790E-03 O. Q. -4.2B3E-11 

-1 16 -4.619E-02 o. C. -6.173E-ll 
0 16 -4.438E-02 -4.529E+OO 3.94LE-10 4.890[+02 
1 16 -4.2i9E-02 4.996[+02 8.395[-10 9.267[+02 
2 16 -3.909E-02 -3.6j1E+01 4.969[-10 A.257E+02 
3 16 -3.5"1lE-02 iJ.432E+01 4.627E-10 7.284E+02 
4 16 - 3. 204E-02 7.iJil7E+02 3.929E-10 6.226[+02 
5 16 -2.'S()4E-02 2.41..JE+02 2.228E-10 4.405E+02 
6 16 -1.841[-02 1.316E+OO 3.491E+02 '.337E+02 
7 16 -1.581E-02 -1.419E+02 2.269E-10 1.573E+02 
8 16 -1.370E-02 -1. 6 BE+02 1.073c-l0 9.44 BE +01 
9 i6 -1.21/::-02 -1.3691:+02 1.001E-11 5.039E+01 
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10 16 -1.111E-02 -8.824E+Ol 1.370E-I0 1.993E+Ol 
11 16 -1.036E-02 -4.080E+Ol 3.00lE-11 -1.757E+00 
12 16 -<;I.744E-03 1.714E-11 -4.284E-12 -'1.MOE+OO 
13 16 -<;I .132E-03 O. O. 1.714E-11 

-1 17 -5.304E-02 O. O. O. 
0 17 -5.107E-02 O. O. 3.94lE-I0 
1 17 -4.917E-02 O. O. 8.395E-I0 
2 17 -4.501E-02 O. O. 4.969E-I0 
3 17 -4.110E-02 O. O. " .627E-I0 
4 17 - 3.695E-02 O. O. 3.929E-I0 
5 17 -2.931E-02 O. O. 2.228E-I0 
6 17 -1.953E-02 O. O. 3.491E+02 
7 17 -1.739E-02 O. O. 2.269E-I0 
8 11 -1.475E-02 O. O. 1.073E-I0 
9 17 -1.288E-02 O. O. l.OOlE-11 

10 17 -1.162E-02 O. O. 1.370E-I0 
11 17 -1.071E-02 O. O. 3.001E-11 
12 17 -1.013E-02 O. O. -4.284E-12 
13 17 -<;I.473E-03 O. O. O. 

PROS ICONTO) 
601 EXAMPLE PROBLEM BRIDGE APPROACH SLAB 

rABLE 4. RESULTS(CONTD) 

I. J TMX TMY 

-1 -1 O. O. 
0 -1 O. O. 
1 -1 O. O. 
2 -1 O. O. 
3 -1 o. O. 
4 -1 O. O. 
5 -1 o. o. 
6 -1 O. O. 
7 -1 O. o. 
8 -1 C. O. 
9 -1 C. O. 

10 -1 O. O. 
11 -1 o. O. 
12 -1 o. O. 
13 1 O. O. 

-1 0 o. o. 
0 0 -6.987E+01 6.987E+Ol 
1 0 -5.410E-91 5.410E-91 
2 0 1.393E-91 -1.393E-91 
3 0 2.909E-93 -2.90'1E-93 
4 0 -i.101E-91 1.101E-91 
5 0 1.248E-91 -1.248E-91 
6 0 -3.4J.3E-93 3.413E-93 
7 0 -1.316E-91 1.316E-91 
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8 0 1. OJ 3E -91 -1.033E-91 
9 0 -1.005E-92 1.005E-92 

10 0 -1.499E-91 1.499E-91 
11 0 5.444E-91 -5.444E-91 
12 0 7.113[+01 -7.113E+Ol 
13 0 O. O. 

-1 1 C. o. 
0 1 -1.146E+O 1 1.146E+Ol 
1 1 2.17oE+Ol -2.118E+Ol 
2 1 1.4:';OE+Ol -1.4:.0E+Ol 
3 1 1.903E+00 -1.903E+00 
4 1 -1.0li:lE+Ol 1.018E+Ol 
5 1 -1.621E+Ol 1.621E+Ol 
6 1 -2.464E+00 2.464E+00 
1 1 1.129E+Ol -1.129E+Ol 
8 1 5.267E+00 -5.261E+00 
9 1 -6.876E+00 6.816E+00 

10 1 -1.9:30E+Ol 1.956E+Ol 
11 1 -2. 651E+0 1 2.651E+Ol 
12 1 1.039E+01 -1.039E+01 
13 1 O. O. 

-1 2 C. O. 
0 2 1.239E+02 -1.239E+02 
1 2 6.:'5rJE+Ol -6.3,)8E+Ol 
2 2 3.0'iflE+01 -3.058E+01 
3 2 3.721E+00 -3.121E+00 
4 2 -2.202E+Ol 2.202E+Ol 
5 2 -5.1 ':I9E+O 1 5.1~9E+Ol 

6 2 -6.81,:)E+00 6.815E+00 
7 2 3.844E+Ol -3.b44E+Ol 
8 2 8.t>41E+00 -8.641E+CO 
9 " -1.696E+Ol 1.696E+Ol <-

10 2 -4.369E+Ol 4.369E+01 
11 2 -7.604E+Ol 7.604E+Ol 
12 2 -1.30oE+02 1.300E+0? 
13 2 C. O. 

-1 3 O. O. 
0 3 1.1U:!E+02 1.1l8E+02 
1 3 7.1l2E+Ol -1.1l2E+Ol 
2 3 2.199E+0! -2.799E+Ol 
3 3 1.649E+00 -1.649E+00 
4 3 -2.364E+01 2.364E+Ol 
5 3 -6.'112E+01 6.972E+Ol 
6 3 -1.010E+Ol 1.010E+Ol 
7 3 4.91:'E+01 -4.915E+Ol 
8 3 4.272E+00 -4.272E+00 
9 3 -2.0L9E+Ol 2.029E+Ol 

10 3 -4.59Y[+01 4.599E+Ol 
11 3 -'l.463E+01 9.463E+Ol 
12 3 -1.204E+02 1.204E+02 
13 '3 O. O. 

-1 4 O. O. 
0 4 5.966E+01 -5.966E+C1 
1 4 4.681E+01 -4.681E+01 
2 4 1.406E+01 -1.406E+01 
3 4 -3.594E+00 3.594E+00 
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4 4 -2.064E+Ol 2.064E+Ol 
5 4 -5.179E+Ol 5.179E+Ol 
6 4 -1.2~3E+Ol 1.2'.)3E+Ol 
7 4 2.717E+Ol -2.117E+Ol 
8 4 -2.812E+00 2.612E+00 
9 4 -1.840E+Ol 1.840E+Ol 

10 4 -3.503E+Ol 3.503E+Ol 
11 4 -6.788E+Ol 6.7Cl8E+Ol 
12 4 -7.054E+Ol 7.054E+Ol 
1"3 4 O. o. 

-1 '5 O. O. 
0 5 -7.805E+00 7.865E+OO 
1 5 -4.085E+00 4.085E+00 
2 5 -7.4Cl4E+00 7.484E+00 
3 ') -1.048E+Ol 1.048E+Ol 
4 5 -1.341E+Ol 1.341E+Ol 
5 5 -1.73f3E+Ol 1.738E+Ol 
6 5 -1.435E+01 1.435E+01 
7 ') -1.06 3E +0 1 1.063E+Ol 
8 5 -1.2nE+Ol 1.273E+Ol 
9 ') -1.326E+Ol 1.326E+Ol 

10 5 -1. 474E+0 1 1.414[+01 
11 5 -1.946E+Ol 1.946E+Ol 
12 5 -5.173E+00 5.173E+00 
13 5 O. o. 

-1 6 O. O. 
0 6 -3.1U2E+Ol 3.102E+Ol 
1 6 -4.740E+Ol 4.7 ttOE+Ol 
2 6 - 2. 89.!E +01 2.892E+Ol 
3 6 -1.70 lE+O 1 1.701E+Ol 
4 6 -5.704E+00 5.704E+00 
5 6 7.319E+00 -7.319E+00 
(-, 6 -1.57 JE+Ol 1.573E+Ol 
7 6 -3.7~4E+Ol 3.7fJ4E+Ol 
8 (; -2.2 17E+0 1 2.217E+Ol 
9 6 -7.192[+00 1.192E+00 

10 6 7.404E+00 -7.404E+00 
11 6 2. 231E+0 1 -2.231E+01 
12 6 4.642E+00 -4.642E+00 
13 6 O. O. 

-1 7 O. O. 
0 7 -1.01: 3E+02 1.023E+02 
1 7 -8.249[+01 8.249[+01 
2 7 -2.730E+Ol 2./30E+Ol 
3 7 4.540E+00 -4.,)40E+00 
4 7 3.6U5E+Ol -3.605t+Ol 
5 7 R.7UoE+Ol -8.-(36E+01 
6 7 3.8(,3[+00 -3.863[+00 
7 7 - B. Otd:lE+O 1 tl.06flE+Ol 
8 7 -3.012E+Ol 3.012E+Ol 
9 1 -2.33QE-02 2.339E-02 

10 7 2.9-.0E+Ol -2.9,)OE+Ol 
11 7 7.8 fl» E +01 -7.8B5E+Ol 
12 7 9.419E+Ol -9.419E+Ol 
13 7 O. O. 

-1 8 c. O. 
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0 3 -1.240E+02 1.240E+02 
1 a -7.963E+Ol 7.963E+Ql 
2 ,3 -7.832E+00 7.B32E+00 
3 8 3.584E+01 -3.584E+01 
4 0 8.050[+01 -8.058E+01 
'i 8 1.'J?7E+02 -1.537E+02 
6 0 3.013E+01 -3.073E+01 
7 8 -9.520E+01 9.520E+Ol 
a H -2.95~E+Ol 2.955[+01 
9 ~ 6.316E+00 -6.316E+00 

10 8 4. 1 U ·'E +01 -4.107E+01 
11 d 1.03 3E +02 -1.033E+02 
12 d 1.3:>lE+02 -1.351E+02 
13 9 O. O. 

-1 9 O. O. 
0 9 -4.1'14E+Ol 4.194E+Ol 
1 9 -2.91.:1[+01 2.918E+01 
2 9 1.9')9E+01 -1.9,)9E+Ol 
.3 9 5.887E+Ol -5.887E+Ol 
4 9 1.015E+02 -1.018E+02 
5 9 1.535E+02 -1.515E+02 
6 9 5.485E+01 -5.485E+01 
7 9 -4.985E+Ol 4.985E+Ol 
Il -1 -1.305E+Ol 1.305E+Ol 
9 9 1.392E+01 -1.392E+Ol 

10 ~ 4.003E+Ol -4.003E+Ol 
11 9 7.303E+Ol -7.303E+01 
12 9 4.677E+01 -4.677E+01 
13 9 C. O. 

1 10 O. O. 
0 10 -l.:::blE+OO 1.261E+00 
1 10 3.3'7E+Ol -3.3')7E+Ol 
2 10 6.7:'13E+01 -6.758E+01 
3 10 1.013E+02 -1.013E+02 
4 10 1.44'E+02 -1.447E+02 
5 10 1.897E+02 -1.&97E+02 
6 10 1.043E+02 -1.043E+02 
7 10 6.0:£lE+00 -6.028E+00 
8 10 1.907E+Ol -1.'107E+Ol 
9 10 2.990E+Ol -2.990E+Ol 

10 10 4.0<19E+Ol -4.099E+Ol 
11 10 5.1 E.E+01 -5.175£+01 
12 10 2.305E+01 -2.305E+01 
13 10 o. o. 

-1 11 O. O. 
0 11 3.9<)1E+01 -3.991£+01 
1 11 1.073E+02 -1.07 3E +02 
2 11 1.339E+02 -1.339E+02 
3 11 1.6?lE+02 -1.621E+02 
4 11 2.143E+02 -2.143E+02 
') 11 2.6H6E+02 -i.686E+02 
6 11 1.85::1E+02 -1.858E+02 
7 11 7.166E+01 -7.766E+01 
8 11 6.6';,OE+01 -6.650E+Ol 
9 11 5.603E+01 5'.603E+01 

10 11 4.913E+01 -4.913E+01 
11 11 4.3'12E+Ol -4.342E+Ol 
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12 11 1.354[+01 -1.3 54E +0 1 
13 11 o. o. 

-1 12 o. o. 
0 l2 8.490E+Ol -il.490E+Ol 
1 12 1.906E+02 -1.906E+02 
2 12 2.169E+02 -2.169E+C2 
3 12 2.309E+02 -2.309E+02 
4 12 3.0I2E+02 -3.072E+02 
5 12 3.930E+02 -3.930E+02 
6 12 3.008E+02 -3.008E+02 
7 12 1.6'dE+02 -1.653E+02 
8 12 1.25,)E+02 -1.255E+02 
9 12 8.9(19E+Ol -B.9B9E+Ol 

10 12 6.388E+Ol -6.388E+Ol 
11 12 4.533E+Ol -4.533E+Ol 
12 12 1.305E+Ol -1.305E+Ol 
13 12 C. O. 

-1 13 o. o. 
0 13 1.24~E+02 -1.245E+02 
1 13 2.1:25E+02 -2.725E+02 
2 13 3.139E+02 -3.139E+02 
3 13 2.792E+02 -2.792E+02 
4 13 4.043E+02 -4.043E+02 
5 13 5.557E+02 -5.557E+0? 
6 13 4.349E+02 -4.349E+02 
7 13 2.5h3E+02 -2.563E+C2 
fl 13 I.A43E+02 -1.843E+02 
9 13 1.236E+02 -1.236E+02 

10 13 8.020E+Ol -B.020E+Ol 
11 13 5.1 ',.2E+Ol -5.152E+Ol 
12 i3 1.61~E+Ol -1.615E+Ol 
13 13 O. O. 

-1 14 o. O. 
0 14 1.246E+02 -1.246E+02 
1 14 1.172E+02 -3.172E+02 
2 14 4.0Y4E+02 -4.094E+02 
3 14 2.6,)'1E+02 -2.659E+02 
4 14 4.666E+02 -4.666E+02 
5 14 7.122E+02 -7.1Z2E+02 
6 14 5.3j5E+02 -5.335E+02 
7 14 3.1bZE+02 -3.162E+02 
8 14 2.213[+02 -2.213[+02 
9 14 1.453E+02 -1.453E+02 

10 14 9.099E+Ol -9.0~9E+01 

11 14 5.535E+Ol -5.535E+Ol 
12 14 1.80IE+Ol -1.807E+01 
13 14 O. O. 

-1 15 C. O. 
0 15 9.52 4E+0 1 -9.524[+01 
1 15 2.490E+02 -2.4YOE+02 
2 15 3.2L1E+02 -3.221E+02 
3 15 3.1d6E+02 -3.186E+02 
4 15 4.563E+02 -4.563E+02 
5 15 6.1:)4[+02 -6.154E+02 
6 1'; 4. Bo:, 7E+02 -4.857E+02 
7 15 2.911E+02 -2.911E+02 
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8 15 2.169E+02 -2.1691:+02 
9 15 1.466E+02 -1.466E+02 

10 15 • '1.103E+Ol -9.103E+Ol 
11 15 5.176E+Ol -5.176E+Ol 
12 15 1.538E+Ol -1.538E+Ol 
13 15 O. O. 

-1 16 O. o. 
0 16 2.842E+Ol -2.b42E+Ol 
1 16 8.864E+Ol -8.864E+01 
2 16 1.162E+02 -1.162E+02 
3 16 1.580E+02 -1.~80E+02 

4 16 2.0691:+02 -2.069E+02 
5 16 3.321E+02 -3.321E+02 
6 16 2.230E+02 -2.230E+02 
7 16 6.626E+Ol -6. 626E +01 
8 16 1.011E+02 -1.011E+02 
9 16 6.686E+Ol -6.686E+Ol 

10 16 3.918E+Ol -3.913E+Ol 
11 16 1.941E+Ol -1.941[+01 
12 16 5.259[+00 -5.259E+00 
11 16 O. O. 

-1 17 O. O. 
0 17 C. O. 
1 17 O. O. 
2 17 O. O. 
3 17 O. O. 
4 17 O. O. 
5 17 O. o. 
6 17 O. O. 
7 17 C. O. 
8 17 C. O. 
9 17 G. O. 

10 17 C. O. 
11 17 O. O. 
12 17 O. O. 
13 17 O. O. 

TIME FOR THIS PROBLEM = o MINUTES 7.784 SECONDS 

dAPSED CPU TIME o MINUTES 11.898 SECONDS 
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PROGRA~ DSLAB ? O~CK 1 STELZER REVISION DATE 24 JULY 1967 
CE313126 h~Y SLAB PROJlCT CSLAB 5 CF STELLER 
KUN EXAMPLE PRDRLEMS FOR USE IN SLAB REPORT APPENDIX 5 

PRO[3 
6l(J 60 X 5f} SLAB SI~PLE SUPPORTS AND CONCENTRATED LOADS 

TABLE 1. CC~TROL DATA 

NUM CA~CS TABLE 2 
NUM CARCS TABLE 3 
NUM INCRtMENTS ~X 

NUM INCR~MENTS MY 
INCk LENCTH HX 
INCk LE~GrH HY 
POISSC~S RATIO 

TABL[ 2. STIFFNESS AND LOAD DATA, FULL VALUES 

FROio' ThRU OX CY Q 

0 0 20 0 3.328[+Otl 3.32B[+08 -3.248E+02 
1 0 1 q II 3.328[+08 3.328E+08 -3.248E+02 
0 Zg 20 29 3.3281::+08 3.328 [+08 -3.240(+02 
1 29 19 29 3.328E+08 3.328[+08 -3.248E+02 
0 1 20 1 1.313E+07 7.313E+07 -3.105E+02 
1 1 19 1 7.3131::+07 7.313E+07 -3.105E+02 
0 28 20 2t< 7. 3 13 f.+0 7 7.313E+07 -3.105E+02 
1 28 1q ZH 7. 31H:+0 7 7.313E+07 -3.105E+02 
0 2 20 2 1.132E+08 1.1321::+08 -3.600E+02 
1 2 19 ~ 1.132E+Od 1.132E+08 -3.600E:+02 L 

0 27 20 n 1.132E+Oe 1.132E+08 -3.600E+02 
1 27 19 Z7 1.132E+08 1.132[+08 -3.600E+02 
0 4 20 4 2.322HOb 2.322E+08 -4.575E+02 
1 4 19 4 2.322E+08 2.322E+08 -4.575E+02 
0 25 20 25 2.322E+Ob 2.322E+()8 -4.575E+02 
1 25 19 2') 2.322[+08 2.322[+08 -4.575E+02 
0 5 20 24 3.147E+08 3.147E+08 -5.063[+02 
1 '5 19 24 3.1471:+08 3.147E:+08 -5.063E+0;> 

16 H 16 b -0. -0. -2.080E+04 
16 11 16 11 -0. -0. -2.080E+04 

0 3 20 3 1.656E+08 1.656E+08 -4.080E+02 
1 3 19 3 1.656E+08 1.656E+08 -4.080E+02 
0 26 20 2f> 1.656f.+08 1.656E+08 -4.080E+02 
1 26 19 26 1.656;::+08 1.fJ56E+08 -4.080E+02 

16 13 16 13 -0. -0. -2.080E+04 
16 16 16 16 -0. -0. -2.080E+04 
16 18 16 18 -0. -0. -2.080E+04 
16 21 16 21 -0. -0. -2.080E+04 

1 6 19 23 -0. -0. -0. 
10 5 10 24 -0. -0. -0. 

1 6 19 23 -0. -0. -0. 
1 1 19 -0. -0. -0. 
1 2 19 2. -0. -0. -0. 

ADDED AT ALL 

S 

-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 

1.000E+99 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-1.000E+99 

1.000E+99 
-0. 
-0. 
-0. 

41 
o 

20 
29 

3.600E+Ol 
2.400E+Ol 
1.500E-Ol 

5 TlIS ( , J IN REC T. 

CX CY 

-0. -0. 
-0. -0. 
-C. -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. -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. 

5.351E+08 5.35lE+08 
4.42')E+08 4.425E+08 
1.559E+08 1.559[+08 
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3 19 j -0. -0. -0. -0. 2.342E+08 2.342E+08 
1 4 19 4 -0. -0. -0. -0. 3.351E+08 3.351E+08 
1 5 19 5 -u. -0. -0. -0. 4.818E+08 4.878E+08 
1 29 19 2':1 -J. -0. -0. -0. 4.42"jE+08 4.425E+08 
1 28 19 28 -0. -0. -0. -0. 1.559[+08 1.559E+08 
1 21 19 2f -0. -0. -0. -0. 2.342[+08 2.342E+08 
1 26 19 2 ", -0. -0. -0. -0. 3.35lE+08 3.35lE+08 
1 25 19 2:) -0. -0. -0. -0. 4.878E+08 4.818f::+08 

TABLe 3. STIFFNESS :\NC L lJ AD CA T A, FULL VALUES ADDED AT ALL STAS I, J IN RECT. 

FRO,.. ThRLJ TX TV PX py 
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PROGRAM DSLAB 5 DtCK 1 STELLER REVISION DATE 24 JULY 1967 
CE313126 HWY SLAB PRCJeCT CSLAB 5 CF STELLER 
~UN EXAMPLE PROITLEMS FOR USE IN SLAB REPORT APPENDIX 5 

PROB (CONTC) 
610 60 X 513 SLAB SIMPLE SUPPORTS AND CONC EN TRA TED LOADS 

TABLe 4. RESULTS 

I, J DEFL Bi'1X 8MY REAC T 

-1 -1 -8.503E-02 O. O. O. 
0 -1 - 8.371 E -0 2 O. O. 2.515E-09 
1 -1 -8.29JE-02 O. o. 1.00lE-09 
2 -1 -8.201E-02 O. O. 2.463E-09 
3 -1 -8.121E-02 O. O. ~.617E-09 

4 -1 -8.0<'>2E-02 O. O. 2.822E-09 
5 -1 -7.990E-02 O. O. (I.283E-09 
6 -1 -7.844E-02 u. O. 3.079E-09 
7 -1 -7.5]JE-02 o. O. 1.462(-09 
8 -1 -6.874E-02 O. C. 9.986E-I0 
9 -1 -5.,310E-02 O. O. ~.106E-09 

10 -1 -4.271E-02 U. O. 1.490E-09 
11 -1 -2.306E-02 G. O. 8.513E-I0 
12 -1 -7.719(-04 O. o. -1.027E-I0 
13 -1 2.160E-02 O. O. -7.708E-I0 
14 -1 4.110E-02 O. O. -'2.256E-09 
15 -1 5.')06E-02 o. O. -1.539E-09 
16 -1 6.174E-02 o. O. -3.645E-09 
17 -1 6.0d5E-02 o. O. -1.490E-09 
18 -1 5.3::>8E-02 o. O. -2.104E-09 
19 -1 4.229E-02 O. O. -1.155E-09 
20 -1 3.223E-02 O. O. -1.977E-I0 
21 -1 2.ZjOE-02 O. O. O. 

-1 0 -6.5::;~E-02 O. o. -3.526E-I0 
0 0 -6.481E-02 -').288E-I0 1.676[-09 -3.248E+02 
1 0 -6.415E-02 7.163E+Ol £'.671E-I0 -(;.496E+02 
2 0 -6.32>'}E-02 -').tl38E+Ol 1.642E-C9 -6.'t96E+02 
3 0 -6.255E-02 -1.575E+02 1.745E-09 -6.496E+02 
4 0 -6.213E-02 -B. 777E +01 1.882E-09 -6.496E+02 
5 0 -6.1B7E-02 2.091E+02 1.522E-09 -6.496E+02 
6 0 -6.121E-02 7.171E+02 2.053E-09 -6.496E+02 
7 0 - 5 • 911 E -0 2 1.346E+03 9.750E-I0 -6.496E+02 
8 0 -5.433E-02 1.929E+03 6.658E-I0 -6~496E+02 
9 0 -4.571E-02 2.244E+03 1.404E-09 -6.496E+02 

10 0 -3.262E-02 2.076E+03 9.932E-I0 -6.496E+02 
11 0 -1.539E-02 1.334E+03 5.675E-I0 -6.496E+02 
12 0 4.4':13E-03 1.252E+02 -6.844E-l1 -6.496E+02 
13 0 2.462E-02 -1.290E+03 -5.139E-I0 -6.496E+02 
14 0 4.219E-02 -2.590E+03 -1.504E-09 -6.496E+02 
15 0 5.459E-02 -3.456E+03 -1.026E-09 -(;.496E+02 
16 0 6.011E-02 -3.631E+03 -2.430E-09 -6.496E+02 
17 0 5.840E-02 -3.0,)2E+03 -9.932E-I0 -6.496E+02 
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18 0 5.061E-02 -1.965E+03 -1.402E-09 -6.496E+02 
19 0 3.890E-02 -5.362E+0~ -1.699E-10 -6.496E+02 
20 0 2.613E-02 -9.551E-11 -2.651E-10 -3.246E+02 
21 0 1. 3J ~E-02 O. O. -6.367E-11 

-1 1 -4.613E-02 O. O. 4.525E-11 
0 1 -4.602E-02 6.781E-11 -1.959E+02 -3.105E+02 
1 1 -4.519E-02 -3.502E+01 -4.089E+02 -6.210E+02 
2 1 -4.451[-02 -8.0-HE+01 -4.013E+02 -6.210E+02 
3 1 -4.382E-02 -1.123E+02 -3.835E+02 -6.210E+02 
4 1 -4.362E-02 -1.016E+02 -3.464E+02 -6.210E+02 
5 1 -4.387E-02 -3.589E+Ol -2.838E+02 -~.210E+02 
6 1 -4.406E-02 8.128E+01 -2.021E+02 -6.210E+02 
1 1 -4.32:'E-02 2.304E+02 -1.211E+02 -6.210E+02 
8 1 -4.017E-02 3.741E+02 -6.910E+Ol -6.210E+02 
9 1 -3.361E-02 4.588E+02 -1.244[+01 -6.210E+02 

10 1 -2.2[;OE-02 4.289E+02 -1.442E+02 -6.210E+02 
11 1 -1.899E-03 2.598E+02 -2.828[+02 -6.210E+02 
12 1 9.11; OE -0 3 -2.217£+01 -4.123E+02 -6.210E+02 
13 1 2.162E-02 -3.">37E+02 -6.786E+02 -6.210E+02 
14 1 4.362E-02 -6.605E+02 -8.515E+02 -6.210E+02 
15 1 5.459E-02 -8.682E+02 -9.428E+02 -6.210E+02 
16 1 5.897E-02 -9.112E+02 -9.292E+02 -6.210E+02 
11 1 5.635E-02 -7.6111E+02 -8.196[+02 -6.210E+02 
18 1 4.7H9E-02 -5.189E+02 -6.329E+02 -6.210E+02 
19 1 3.5')8E-02 -4.261E+02 -4~447E+02 -6.210[+02 
20 1 2.002E-02 -9.349[-11 2.176E+01 -3.105[+02 
21 1 4.403f'-03 O. O. -6.233E-ll 

-1 2 -2.821E-02 O. O. 6.852E-11 
0 2 -2.H76E-02 1.028E-I0 -6.057E+02 -3.600E+02 
1 2 -2.823E-02 -1.064£+02 -1.210E+03 -1.200E+02 
2 2 -2.72 9E-02 -L.260E+02 -1.260E+03 -7.200E+02 
3 2 -2.6~6E-02 -J.010E+02 -1.293E+03 -1.200[+02 
4 2 - 2.64 5E-02 -3.023E+02 -1.269E+C3 -7.200E+02 
5 2 -2.699E-02 -2.186E+02 -1.173E+03 -7.200[+02 
6 2 -2.1nE-02 -5. 392E +01 -1.011E+C3 -7.200E+02 
1 2 -2.801E-02 1.100E+02 -8.155E+02 -7.200E+02 
8 2 -2.652E-02 4.061E+02 -6.393E+02 -7.200E+02 
9 2 -2.209E-02 ').724E+02 -5.526E+02 -1.200E+02 

10 2 -1.3d2E-02 5.646E+02 -6.182E+C2 -7.200E+02 
11 2 -1.'0:>E-03 3.299E+02 -8.596E+02 -7.200E+02 
12 2 1.310[-02 -d. 4d2E +01 -1.243E+03 -1.200/:+02 
13 2 2.1:! OE-02 -5.734E+02 -1.685E+03 -7.200E+02 
14 2 4.202E-02 -1.034E+03 -2.080E+C3 -7.200E+02 
15 2 5.131 E-02 -1.3671:+03 -2.319[+03 -7. 200E +02 
16 2 5.463E-02 -1.455E+03 -2.317f:+03 -7.200E+02 
17 2 5.146E-02 -1.224E+03 -2.055E+03 -7.200E+02 
18 2 4.294E-02 -tJ.676E+02 -1.604E+03 -7.200E+02 
19 2 3.074E-02 -9.110E+02 -1.018E+03 -7.200E+02 
20 2 1.410E-02 2.171E-11 ;>.590£+01 -3.600E+02 
21 2 -2.SRYE-03 O. O. 1.451E-11 

-1 3 -1.363E-02 O. O. 5.639[-11 
0 3 -1.465E-02 8.45HE-11 -1.209E+03 -4.080[+02 
1 3 -1.42LE-02 -2.412E+02 -2.464E+03 -8.160E+02 
2 3 -1.3nE-02 -4.4961:+02 -2.624E+03 - ".160E+02 
3 3 -1.255[-02 -so 70~t:+02 -2.743E+03 -8.160E+02 
4 3 -1.24I1E-02 -5.873E+02 -2.742E+03 -8.160E+02 
5 3 -1.30UE-02 -4.939E+02 -2.591E+03 -B. 160E+02 
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6 3 -1.412E-02 -2.947E+02 -2.298E+03 -B.160E+02 
7 3 -1.496E-02 -7.85<.JE+OO -1.910E+03 -A.160E+02 
8 3 -1. 46<.JE-02 3.190E"t 02 -1.518E+03 -f.160E+02 
9 3 -1.223E-02 5.f318E+02 -1.266E+03 -8.160E+02 

10 3 -6.674E-03 6.143E+02 -1.309E.+03 -P.160E+02 
11 3 2.124E-03 3.250[+02 -1.722E+03 -A.160E+02 
12 3 1.326E-02 -2.093E+02 -2.4331::+03 -8.160E+02 
13 3 2.:iOlE-02 -8.309E+02 -3. 273E +03 -8.160[+02 
14 3 3. 5't 1E-02 -1.425E+03 -4.046[+03 -A.160E+02 
15 3 4.253E-02 -1.8S6E+03 -4.552E+03 -8.160E+02 
16 3 4.48JE-02 -2.044E+03 -4.587E+03 -8.160E+02 
17 3 4.1fOE-02 -1.714E+03 -4.046E+03 -8.160E+02 
18 3 3.415E-02 -1.211E+03 -3.079E+03 -8.160E+02 
19 3 2.3.5<JE-02 -1.472E+03 -1.926E+03 -8.160E+02 
20 3 8.30'tE-03 -5.45 7E-11 1.949H02 -4.080E+02 
21 3 -1.220E-03 O. O. -3.638E-11 

-1 4 -3.502E-03 O. O. -2.425E-12 
0 4 -4.84lE-03 -3.638E-12 -1.957E+03 -4.575E+02 
1 4 -4.504[-03 -4.950E+02 -4.178E+03 -9.150E+02 
2 4 -3.7'-l2E-03 -7.536E+02 -4.594E+03 -9.150E+02 
3 4 -3.263E-03 -8.933E+02 -4.879[+03 -9.150E+02 
4 4 -3.196E-03 -9.194E+02 -4.922E+03 -9.150E+02 
5 4 -3.645E-03 -8.330E+02 -4.688H03 -9.150E+02 
6 4 -4.466E-03 -6.36AE+02 -4.186E+03 -9.150E+02 
7 4 -:i.312E-03 -3.406E+02 -3.470E+03 -9.150E+02 
8 4 -5.6't5E-03 Z.llBE+Ol -Z.676E+03 -9.150E+02 
9 4 -4. nOE-03 3.476E+02 -2.064E:+03 -9.150E+02 

10 4 -2.0:!OE-03 4.235E+02 -2.013E+03 -9.150E+02 
11 4 2.802E-03 1.230E+02 -~.724E+03 -9.150E+02 
12 4 9.141E-03 -4.478E+02 -4.028E+03 -9.150E+02 
13 4 1.593E-02 -1.090E+03 -5.554E+03 -9.150E+02 
14 4 2.19tlE-02 -1.107E+03 -6.993[+03 -9.150E+02 
15 4 2.6l:iE-02 -2.224E+03 -8.034E+03 -9.150E+02 
16 4 2.741[-02 -2.453[+03 -8.246[+03 -9.150[+02 
17 4 2.520E-02 -2.0:l4E+03 -7.169E+03 -9.150E+02 
18 4 2.020E-02 -1.397E+03 -5.142[+03 -G.150E+02 
19 4 1.342E-02 -1.619E+03 -2.795E+03 -9.150£:+02 
20 4 3.205E-03 7.731E-12 7.462E:+02 -1..575E+02 
21 4 -7.645E-03 O. O. 5.154E-12 

-1 5 1.634£:-03 O. O. -3.638E-12 
0 5 -3.398[-96 -'3.457E-12 -2.586E+03 2.892E+03 
1 5 -1.06gE-95 -'1.594E+02 -6.396E+03 9.681E+03 
2 5 -1. 0 f3 9E-95 -1.102E+03 -7.345E+03 9.881E+03 
3 5 -1.1 ~)4E-95 -1.190[+03 -7.931E+03 1.052E+04 
4 5 -1.164E-95 -1.208E+03 -8.054E+03 1.06 3E +04 
5 ') -1.117E-95 -1.154E+03 -1.696[+03 1.016E+04 
6 :; -1.006E-95 -1.030E+03 -6.864E+03 9.044E+03 
7 5 -8.184[-96 -H.392E+02 -5.595E+03 7.171E+03 
8 5 -5.44lE-96 -6.042E+02 -4.028E+03 4.428E+03 
9 5 -2.191E-96 -3.863E+02 -2.576E+03 1.178E+03 

10 5 -9. fj'jE-97 -3.311E+02 -2.207[+03 9.384E+02 
11 5 -3.258E-96 -':l.244E+02 -3.496[+03 2.245E+03 
12 5 -7.771E-96 -8.933E+02 -5.956[+03 6.758E+03 
13 5 -1.2i.1E-(1) -1 •. HUE +03 -8.685H03 1.120E+04 
14 5 -1.656E-95 -1.693[+03 -1.129[+04 1.555E+04 
15 ':i -2.13 lE-95 -2.018E+03 -1.346E+04 2.030E+04 
16 5 -2. %9E-95 -·2.159E+03 -1.440E+C4 "2.468E+04 
17 ') -2.13:iE-95 -1.8/ .. 11:+03 -1.2271::+04 ?034E+04 
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18 5 -1.477E-95 -1.221E+03 -8.142E+03 1.376E+04 
19 5 8.220E-96 -2.897E+02 -1.931E+03 -9.233E+03 
20 5 3.703E-96 -3.638E-12 1.712E+03 -i..209E+03 
21 5 -1.0tl2E-03 O. O. -;.425E-12 

-1 6 1.349E-03 O. O. -8.947E-91 
0 6 6.6:'OE-96 -1.342E-90 -8.947E-90 -7.157E+03 
1 6 -1.349E-03 -5.025E+02 -2.613E+03 -1.013E+03 
2 6 -2.930E-03 -3.278[+02 -3.821E+03 -1.013E+03 
3 6 -3.99:JE-03 -2.372E+02 -4.380E+03 -~.013E+03 
4 6 -4.17::;E-03 -2.2~2E+02 -4.5321:'+03 -1.013E+03 
5 6 -3.39HE-03 -2.703E+02 -4.350E+03 -1.013E+03 
6 6 -1.8L5E-03 -3.792E+02 -3.873E+03 -1.013E+03 
7 6 1.921E-04 -~.864E+02 -3.145E+03 -1.013E+03 
8 6 1.9')!:lE-03 -'1.592E+02 -2.247E+03 -1. 013E+03 
9 6 2.413E-03 -1.553E+03 -1.273E+03 -1.013E+03 

10 6 5.174E-96 -1.742E+03 -7..614E+02 -6.186E+03 
11 6 -6.00lE-03 -1.484E+03 -1.698E+03 -1.013E+03 
12 6 -1.4'i9E-02 -7.976E+02 -3.123E+03 -1.013E+03 
13 6 -2.3tl7E-02 -2.724E+02 -4.505E+03 -1.013E+03 
14 6 -.3.231 E -02 2.252E+02 -5.710[+03 -1.013E+03 
15 6 -3.84bE-02 9.28.'IE+02 -6.567E+03 -1.013E+03 
16 6 -4.059E-07 1.949[+03 -6.867E+03 -1.013E+03 
17 6 -3.644E-02 1.347E+03 -5.675[+03 -1.013E+03 
lil 6 -2.76:;E-02 1.179E+03 -1.810E+03 -1.013E+03 
19 6 -1. 51 tlE-02 1.026E+03 -1.749E+03 -1.013E+03 
20 6 -3.7')hE-96 7.435E-91 4.957[-90 1.251E+03 
21 6 1.51 Q E-02 O. O. 4.957E-91 

-1 7 5.0lJE-03 O. O. 2.671E-91 
0 7 3.227E-97 4.0U6[-91 2.671E-90 -fl.290E+02 
1 7 -5.073E-03 2.363E+02 -H.153E+02 -1.013E+03 
2 7 -9.391E-03 5.670E+02 -1.445[+03 -1.013E+03 
3 7 -1.206E-02 7.568E+02 -1.794[+03 -1.013E+03 
4 7 -1.2,)6E-02 7.726E+02 -1.924E+03 -1.013E+03 
5 7 -1. GB3E-02 6.172E+02 -:-1.887E+03 -1.013E+03 
6 7 -7.203E-03 2.63)E+02 -1.717E+03 -1.013E+03 
7 7 -2.478E-03 -3.594E+02 -1.449[+03 -1. 013E+03 
8 7 1.94dE-03 -1.36,)E+03 -1.125[+03 -1.013E+03 
9 7 3. U::,JE-03 -2.855E+03 -8.0771:'+02 -1.013E+03 

10 7 -2.651E-96 -4.629E+03 -6.943E+02 1.639E+03 
11 7 -1.33>3E-02 -2.590E+03 -7.250[+02 -1.013E+03 
12 7 -3.19'JE-02 -7.704E+02 -9.468E+02 -1.013E+03 
13 7 -5.1'13E-02 7.181E+02 -1.129E:+03 -1.013E+03 
14 7 -6.999E-02 2.132E+03 -1.143[+03 -\.013E+03 
15 7 -8.320E-02 3.920E+03 -8.895[+02 -1.013E+03 
16 7 - 8 • 715 rJ E -0:2 6.634E+03 -6.314E+02 -1.013E+03 
17 7 - 7 • 8':3 8 E -02 4.606E+03 -4.158E+02 -1.013E+03 
18 7 -S.904E-02 3.541E+03 -3.102E+07 -\.013E+03 
19 7 -3.215[=-02 2.45'1E+03 -2.425E+02 -1.013E+03 
20 7 -2.146E-96 -5.392E-l1 -8.088E-12 1.639E+03 
21 7 3.215[-02 O. O. -3.595E-11 

-1 8 9.5'1,)E-03 O. O. 2.914E-92 
0 8 -1.116E-96 4.370E-92 2.914E-91 t.098E+02 
1 8 -9.595[-03 9.237E+02 1.334E+02 -1.013[+03 
2 a -1.729E-02 1.411E+03 8.369E+01 -1.013[+03 
3 a -2.1'11E-02 1.741E+03 5.936[+00 -1.013E+01 
4 8 -2.2b6E-02 1.744E+03 -6.518E+01 -1.013E+03 
5 8 -2.012[-02 1.470E+03 -1. 3 72E+02 -1.013E+03 
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6 8 -1.4':4E-02 8.0811:+02 -2.251E+02 -1. 013E+03 
7 8 -6.4~5E-03 -1.710E+02 -3.452E+02 -1.013E+03 
A 8 1.07 6E -0"3 -1.819E+03 -':i.149E+02 -1.013E+03 
9 tl 4.937E-03 -4.2nE+03 -7.659E+02 -1.U13E+03 

10 f:l -6.361E-96 -7.841E+03 -1.176E+03 '5.348E+03 
11 8 - 2 • 1 0 .~ E -02 -3.834E+03 -2.067E+02 -1.013E+03 
12 8 -5.0ldE-02 -/.932E+02 6.329E+02 -1.013E+03 
13 H -8.114E-U2 1.671E+03 1.466[+03 -1.013E+03 
14 8 -1.090E-01 3.983[+03 ;:>.420E+03 -1.013E+01 
15 8 -1.293E-01 6.705E+03 3.805E+03 -1.013E+03 
16 8 - 1 • 3 I:> 7 E -01 1.175E+04 6.519E+03 -;.181E+04 
17 8 -1.214[-01 7.615E+03 3.937E+03 -1.013E+03 
18 B -9.12 2t-02 ?7gzE+03 2.550[+03 -1.013E+03 
19 8 -4.9tJ9E-02 4.079E+03 1.378[+03 -1.013E+03 
20 8 - 3.22 6E-9/) -8.tJ62F.-94 -5.908[-93 2.719!:+03 
21 H 4.96':1E-02 o. o. -5.908E-94 

-1 9 1.412E-02 o. o. 1.715E-92 
0 9 -2.022E-96 2.::; 73E-gz 1.715E-91 1.5151:+03 
1 9 -1.412E-02 1.493E+03 6.721E+02 -1.013E+03 
2 9 -2.531E-02 2.295E+03 1.050E+0:3 -'.013E+03 
3 9 -3.1'19E-02 2.658E+03 1.213E+03 -1.013E+03 
4 9 -3.346E-02 2.646[+03 1.211H03 -1.013E+03 
5 9 -2. ':I7 /tE-02 2.255E+03 1.058E+03 -1.013E+03 
6 9 -2.160E-02 1.412E+03 7.605E+02 -1.013E+03 
7 9 -1.0(3E-02 -2.954E+01 3. 221[ +02 -1.013F:+03 
8 9 -2.3?5E-05 -2.305E+03 -2.460[:+02 -1.013E+03 
9 9 5.90lE-03 -5.7':>8E+03 -~.225E+02 -1.013E+03 

10 9 -9.317E-96 -1.0'14E+04 -1.64lE+03 8.304E+03 
11 9 - 2. 844E -02 -5.111E+03 5.432[:+01 -1.013E+03 
12 9 -6.76,)E-02 -8.526E+02 1.732[+03 -1.013E+03 
13 9 -1. onE-O 1 2.5tJ1E+03 3.342E+03 -1.013E+03 
14 9 -1. 464E -0 1 ,).32bE+03 4.84lE+03 -'.013E+03 
15 9 -1.728E-01 9.555E+03 6.032E+03 -1.013E+03 
16 9 -1.810E-01 1.402E+04 6.241E:+OJ -1.013E+03 
17 9 -1.617E-01 1.065E+04 5.930E+03 -1.013[+03 
18 9 -1.21tlE-01 7.999E+03 4.532E+03 -1.013E+03 
19 9 -6.6,)lE-02 5.715E+03 2.669E+03 -1.013E+03 
20 9 -4.316E-96 9.732E-93 6.488E-92 3.310E+03 
21 9 6.6,)lE-02 O. o. (;.488E-93 

-1 10 1.823E-02 O. O. 1.100E-92 
0 10 -2.613E-96 1.651E-92 1.100E-91 2.107E+03 
1 10 -1.823E-02 1.945E+03 9.9021:+02 -1.013E+03 
2 10 -3.267E-02 2.999E+03 1.653E+03 -1.013E+03 
3 10 -4.132E-02 3.462E+03 1.997E+03 -1.013E+03 
4 10 -4.330E-02 3.442E+03 2.052[+03 -1.013E+03 
5 10 -3.869E-02 2.942E+03 1.839E+03 -1.013E+03 
6 10 -2.b45E-02 1.877E+03 1.376E+03 -1.013E+03 
7 10 -1.470E-02 6.468E+01 6.885E+02 -1.013E+03 
8 10 -1.0?9E-03 -2.791E+03 -1.813E+02 -1.013E+03 
9 10 6.822E-03 -7.138E+03 -1.153E+03 -'.013E+03 

10 10 -1.1 hI E -9 5 -1.369E+04 -2.054E+03 '.060E+04 
11 10 -3.502E-02 -6.312E+03 1.7061:+02 -1.013E+03 
12 10 -8.339E-02 -9.399E+02 2.478E+03 -1.013E+03 
13 10 -1.345E-01 3.375E+03 4.691£+03 -1.013E+03 
14 10 -1.800E-01 7.410E+03 6.666£+03 -1.013E+03 
15 10 -2.120E-01 1.190E+04 8.104E+03 -1.013E+03 
16 10 - 2.21 5E -0 1 1.692E+04 8.2621:+03 -'.013E+03 
17 10 -1.980E-01 1.314E+04 7.850E+03 -1.013E+03 
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18 10 -1.493E-Ol 9.909E+03 6.080E+03 -1.013E+03 
19 10 -8.163E-02 1.173E+03 3.634E+03 -1.013E+03 
20 10 -5.289E-96 1.495E-92 9.965E-92 4.782E+03 
21 10 8.163E-02 O. O. 9.965E-93 

-1 11 2.168E-02 O. O. 7.547E-93 
0 11 -3.003E-96 1.132E-92 7.547E-92 2.497E+03 
1 11 -2.168E-02 2.292E+03 1.179E+03 -1.013E+03 
2 11 -3.890E-02 3.566E+03 2.020E+03 -1.013E+03 
3 11 -4.926E-02 4.125E+03 2.487E+03 -1.013E+03 
4 11 -5.171E-02 4.104E+03 2.583E+03 -~.013E+03 
5 11 -4.632E-02 3.513E+03 2.324E+03 -1.013E+03 
6 11 -3.428E-02 2.254E+03 1.736E+03 -1.013E+03 
7 11 -1.803E-02 1.187E+02 8.631E+02 -1.013E+03 
8 11 -1.812E-03 -3.238E+03 -2.223E+02 -1.013E+03 
9 11 7.6.,9E-03 -8.340E+03 -1.389E+03 -1.013E+03 

10 11 -1.333E-95 -1.598E+04 -2.397[+03 1.232E+04 
11 11 -4.056E-02 -1.354E+03 2.078E+02 -1.013E+03 
12 11 -9.667E-02 -1.037E+03 2.971[+03 -1.013E+03 
13 11 -1.55<JE-Ol 4.023E+03 5.642E+03 -1.013E+03 
14 11 -2.065E-Ol 8.664E+03 8.082E+03 -1.013E+03 
15 11 -2.453E-Ol 1.365E+04 1.031E+04 -1.013E+03 
16 11 -2.567E-Ol 2.055E+04 1.294E+04 -2.181E+04 
17 11 -2.288E-Ol 1.502E+04 9.962E+03 -1.013E+03 
18 11 -1.725E-Ol 1.144E+04 7.314E+03 -1.013E+03 
19 11 -9.436E-02 8.358E+03 4.322E+03 -1.013E+03 
20 11 -6.0713E-96 1.542E-92 )'.028E-91 5.572E+03 
21 11 9.436E-02 o. O. 1.028E-92 

-1 12 2.435E-02 o. O. 5.504E-93 
0 12 -3.255E-96 8.255E-93 5.504[-92 2.749E+03 
1 12 -2.435E-02 2.544E+03 1.290H03 -1.013E+03 
2 12 -4.3/5E-02 3.991E+03 2.237E+03 -1.013E+03 
3 12 -5.545E-02 4.6331::+03 2.780c+03 -1. 013E+03 
4 12 -5.827E-02 4.614E+03 2.900E+0' -1. 013E+01 
5 12 - 5.22 tiE -02 3.951E+03 2.607E+03 -1.013E+03 
6 12 -3.8bOE-02 2.538E+03 1.931[+03 -1.013E+03 
7 t2 - 2 • 0 :; HE - 02 1.436E+02 9.277'.:.+02 -1.013E+03 
8 12 -2.348E-03 -3.612E+03 -3.021E+02 -1.013E+03 
9 12 8.367E-03 -9.298E+03 -1.591E+03 -1.013E+03 

10 12 -1.456E-95 -1.773E+04 -2.659E+03 1. 355E+04 
11 12 -4.4K7E-02 -8.178E+03 2.050E+02 -1.013E+03 
12 12 -1.070E-Ol -1.120E+03 3.27210+03 -1.013E+03 
13 12 -1.72 6E-0 1 4.541E+03 6.233[+03 -1.013E+01 
14 12 -2.305[-01 9.708E+03 8.870H03 -1.013E+0' 
15 12 -2.709E-Ol 1.522E+04 1.092E+04 -1.013E+03 
16 12 -2.826E-Ol 2.160E+04 1.149E+04 -1.013E+01 
17 12 -2.52'tE-01 1.667E+04 1.050E+04 -1. 013E+03 
In 12 -1.904E-Ol 1.270E+04 7.977E+03 -1.013E+03 
19 12 - 1 .042 E -01 9 •• nOE+03 4.7251::+03 -1.013E+03 
20 12 -6.680E-96 1.620E-92 1.080E-91 6.173E+03 
21 12 1..042E-Ol O. O. '.080E-92 

-1 13 2.617E-02 O. o. l.326E-93 
0 13 - 3 • 4 (J 7 [ -9 6 6.488E-93 4.326[-92 2.900E+03 
1 13 -2.611E-02 2.709E+03 1.350[+03 -1.013E+03 
2 13 -4.70fJE-02 4.276E+03 2.355E+03 -1.013E+03 
3 13 - 5. 969E-02 4.977E+03 2.941E+03 -1.013E+lJ3 
4 13 -6.276[-02 4.~62E+03 3.074E+03 -1. 013E+01 
5 13 -5.635E-02 4.249E+03 2.758~+03 -1.013E+03 
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6 13 -4.186E-02 2.727E+03 2.024E+03 -1.013E+03 
7 13 -2.227E-02 1.504E+02 9.401[+02 -1.013E+03 
8 13 -2.661E-03 -3.883E+03 -3.775E+02 -1.013E+03 
9 13 8.B92E-03 -9.96.5E+03 -1.736E+03 -1.013E+03 

10 13 -1. S35E-9S -1.892E+04 -2.837E+03 1.433E+04 
II 13 -4.784E-02 -8.748E+03 1.887E+02 -1.013E+03 
12 13 -1.142E-01 -1.176E+03 3.437H03 -1.013E+03 
13 13 -1.B4lE-01 4. 909E +03 6.S63E+03 -1.013E+03 
14 13 - 2 .45 "7E -01 1.042E+04 9.327E+03 -1.013E+03 
IS 13 -2.883E-Ol 1.610E+04 1.169E+04 -1.013E+03 
16 13 -3.001E-01 2.33SE+04 1.430E+04 -2.181E+04 
17 13 -2.6B5E-01 1.762E+04 1.124E+04 -1.013E+03 
18 13 -2.027E-Ol 1.3SSE+04 8.3S1E+03 -1.013E+03 
19 13 -1.109E-01 9.866E+03 4.924E+03 -1.013E+03 
20 13 -7.083E-96 1.508E-92 1.006E-9l 6.577E+03 
21 13 1.109E-Ol O. O. 1.006E-92 

-1 14 2.711 E-02 O. O. 3.769E-93 
0 14 -3.479E-96 S.654E-93 3.769E-92 2.972E+03 
1 14 -2.711E-02 2.793E+03 1.377E+O~ -1.013E+03 
2 14 -4.877E-02 4.421E+03 2.408E+03 -1.013E+03 
3 14 -6.187E-02 S.15SE+03 3.012E+03 -1.013E+03 
4 14 -6.507E-02 S.142E+03 3.1S0E+03 -1.013E+03 
5 14 -5.844E-02 4.402E+03 2.821E+03 -1.013E+03 
6 14 -4.342E-02 2.821E+03 2.060E+03 -1.013E+03 
7 14 -2. 311E-0 2 1.482E+02 9.364E+02 -1.013E+03 
8 14 -2. 781E-0 3 -4.030E+03 -4.230E+02 -1.013E+03 
9 14 9ol90E-03 -1.032E+04 -1.814E+03 -1.013E+03 

10 14 -1.574E-95 -1.9S3E+04 -2.930E+03 1.473E+04 
II 14 -4.~41E-02 -9.046E+03 1. 777E +02 -1.013E+03 
12 14 -1.179E-01 -1.202E+03 3. 5llE +03 -1.013E+03 
13 14 -1. 90lE-0 1 5.124E+03 6.688E+03 -1.013E+03 
14 14 -2.S36E-01 1.087E+04 9.360E+03 -1.013E+03 
IS 14 -2.91lE-01 1.677E+04 l.ll0E+04 -1.013E+03 
16 1; -3.088E-01 2.256E+04 lol20E+04 -1.013E+03 
17 14 -2. 76SE-0 1 1.833E+04 1.062E+04 -1.013E+03 
18 14 -2.090E-01 1.40BE+04 8.340E+03 -1.013E+03 
19 14 -1.145E-01 1.020E+04 4.974E+03 -1.013E+03 
20 14 -7.303E-96 1.624E-qz 1.083E-91 6.797E+03 
21 14 1.14SE-Ol O. O. 1.083E-92 

-1 15 2.71SE-02 O. O. :?739E-93 
0 IS -3.482E-96 5.609E-93 3.739E-92 2.97SE+03 
1 IS -2.715E-02 2.797E+03 1.378E+03 -1.013E+03 
2 IS -4.884E-02 4.42AE+03 2.409E+03 -1.013E+03 
3 15 -6.196E-02 5.165E+03 3.013E+03 -1.013E+03 
4 15 -6.S16E-02 S.153E+03 3.150E+03 -1.013E+03 
5 IS -5.8S0E-02 4.409E+03 2.821E+03 -1.013E+03 
6 15 -4.344E-02 2.822E+03 2.059E+03 -1.013E+03 
7 IS -2.309E-02 1.417E+02 9.346E+02 -1.013E+03 
8 IS -2.731E-03 -4.04SE+03 -4.261E+02 -1.013E+03 
9 IS 9.239E-03 -1.034E+04 -1.819E+03 -1.013E+03 

10 15 -1.S78E-9S -1.9S7E+04 -2.935E+03 1.477E+04 
II IS -4.9S3E-02 -9.064E+03 1.842E+02 -1. 013E+03 
12 IS -1.182E-Ol -1.20SE+03 3.530E+03 -1.013E+03 
13 15 -1.906E-Ol S.138E+03 6.715E+03 -1.013E+03 
14 IS -2.542E-Ol 1.091E+04 9.393E+03 -1.013E+03 
15 15 -2.978E-01 1.682E+04 1.1l3E+04 -1.013E+03 
16 IS -3.095E-Ol 2. 261E +04 1.123E+04 -1.013E+03 
17 IS -2.772E-01 1.837E+04 1.066E+04 -1.013E+03 
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18 15 -2.095E-01 1.412E+04 8.376E+03 -1.013E+03 
19 15 -1.147E-01 1.023E+04 4.999E+03 -1.013E+03 
20 15 -7.325E-96 1.645E-92 1.097E-91 6.819E+03 
21 15 1.147E-01 o. o. 1.097E-92 

-1 16 2.629E-02 O. O. '.234E-93 
0 16 -3.416E-96 6.351E-93 4.234E-92 2.910E+03 
1 16 -2.629E-02 2.721E+03 1.354E+03 -1.013E+03 
2 16 -4.728E-02 4.298E+03 2.36lE+03 -1.013E+03 
3 16 -5.996E-02 5.007E+03 2.945E+03 -1.013E+03 
4 16 -6.302E-02 4.993E+03 3. 077E +03 -1.013E+03 
5 16 -5.6.54E-02 4.270E+03 2.758E+03 -1.013E+03 
6 16 -4.193E-02 2.730E+03 2.022E+03 -1.013E+03 
7 16 -2.221E-02 1.308E+02 9.352E+02 -1.013E+03 
8 16 -2.513E-03 -3.927E+03 -3. B6lE +02 -1.013E+03 
9 16 9.037E-03 -1.004E+04 -1.75lE+03 -1.013E+03 

10 16 -1.545E-95 -1.903E+04 -2.854E+03 1.443E+04 
11 16 -4.822E-02 -8.803E+03 2.098E+02 -1.013E+03 
12 16 -1.150E-01 -1.185E+03 3.496E+03 -1.013E+03 
13 16 -1.8S5E-01 4.951E+03 6.649E+03 -1.013E+03 
14 16 -2.476E-01 1.051E+04 9.428E+03 -1.013E+03 
15 16 -2.905E-01 1.624E+04 1.180E+04 -1.013E+03 
16 16 -3.030E-01 2.350E+04 1.440E+04 -2.18lE+04 
17 16 -2.705E-01 1.775E+04 1.135E+04 -1.013E+03 
18 16 -2.042E-01 1.365E+04 8.462E+03 -1.013E+03 
19 16 -1.U8E-01 9.959E+03 5.007E+03 -1.013E+03 
20 16 -7.146E-96 -2.157E-10 -3.235E-11 6.639E+03 
21 16 1. 118E-01 O. o. -1.438E-10 

-1 17 2.455E-02 o. O. 5.351E-93 
0 17 -3.274E-96 8.026E-93 5.351E-92 2.767E+03 
1 17 -2.455E-02 2.562E+03 1.298E+03 -1.013E+03 
2 17 -4.411E-02 4.028E+03 2.249E+03 -1.013E+03 
3 17 -5.590E-02 4.683E+03 2.791E+03 -1.013E+03 
4 17 -5.870E-02 4.666E+03 2.909E+03 -1.013E+03 
5 17 -5.260E-02 3.988E +03 2.610E+03 -1.013E+03 
6 17 -3.891E-02 2.545E+03 1.928E+03 -1.013E+03 
7 17 -2.048E-02 1.106E+02 9.212E+02 -1.013E+03 
8 17 -2.104E-03 -3.687E+03 -3.140E+02 -1.013E+03 
9 17 B.605E-03 -9.411E+03 -1.612E+03 -1.013E+03 

10 17 -1.472E-95 -1.790E+04 -2.6B5E+03 1.37lE+04 
11 17 -4.547E-02 -8.267E+03 2.453E+02 -1.013E+03 
12 17 -1. OCl4E -0 1 -1.139E+03 3.376E+03 -1.013E+03 
13 17 -1.749E-01 4.607E+03 6.385E+03 -1.013E+03 
14 17 -2.336E-01 9.866E+03 9.050E+03 -1.013E+03 
15 17 -2.744E-01 1.545E+04 1.11lE+04 -1.013E+03 
16 17 -2.862E-01 2.186E+04 1.168E+04 -1.013E+03 
17 17 -2.556E-01 1.6B9E+04 1.070E+04 -1.013E+03 
IB 17 -1.92 8E-01 1.285E+04 B.176E+03 -1.013E+03 
19 17 -1.055E-01 9.399E+03 4.B82E+03 -1.013E+03 
20 17 -6.772E-96 1.833E-92 1.222E-91 6.266E+03 
21 17 1.0S5E-01 o. O. 1.222E-92 

-1 18 2.195E-02 O. O. 1.342E-93 
0 1B -3.033E-96 1.101E-92 7.342E-92 2.527E+03 
1 18 -2.195E-02 2.316E+03 1.195E+03 -1.013E+03 
2 18 -3.940E-02 3.617E+03 2.044E+03 -1.013E+03 
3 1B -4.988E-02 4.196E+03 2.512E+03 -1.013E+03 
4 1B -5.232E-02 4.178E+03 2.603E+03 -1.013E+03 
5 18 -4.677E-02 3.567E+03 2.336E+03 -1.013E+03 
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6 18 -3.445E-02 2.266E+03 1.737E+03 -1.013E+03 
7 18 -1.790E-02 7.218E+Ol 8.560E+02 -1.013E+03 
8 18 -1.471E-03 -3.345E+03 -2.355E+02 -1.013E+03 
9 18 7.986E-03 -8.493E+03 -1.413E+03 -1.013E+03 

10 18 -1.354E-95 -1.619E+04 -2.429E+03 1.253E+04 
11 18 -4.133E-02 -7.476E+03 2.742E+02 -1.013E+03 
12 18 -9.849E-02 -1.074E+03 3.130E+03 -1.013E+03 
13 18 -1.589E-01 4.104E+03 5.873E+03 -1.013E+03 
14 18 -2.12 5E-0 1 8.880E+03 8.360E+03 -1.013E+03 
15 18 -2.501E-01 1. 399E +04 1.06lE+04 -1.013E+03 
16 18 -2.615E-Ol 2.093E+04 1.323E+04 -;;.181E+04 
17 18 -2.331 E-Ol 1.533E+04 1.026E+04 -1.013E+03 
18 18 -1.756E-01 1.162E+04 7.614E+03 -1.013E+03 
19 18 -9.603E-02 8.504E+03 4.582E+03 -1. 013E+03 
20 18 -6.175E-96 2.014E-92 1.343E-91 5.669E+03 
21 18 9.603E-02 O. o. 1.343E-92 

-1 19 1.856E-02 O. O. 1.080E-92 
0 19 -2.6:'8E-96 1.620E-92 1.080E-91 2.151E+03 
1 19 -1.856E-02 1.972E+03 1.017 E +0 3 -1.013E+03 
2 19 -3.329E-02 3.063E+03 1.696E+03 -1.013E+03 
3 19 -4.210E-02 3.554E+03 2.045E+03 -1.013E+03 
4 19 -4.408E-02 3.540E+03 2.096E+03 -1.013E+03 
5 19 -3.926E-02 3.017E+03 1.868E+03 -1.013E+03 
6 19 -2 .• 867E-02 1.897E+03 1.384E+03 -1.013E+03 
7 19 -1.453E-02 5.380E+00 6.796E+02 ~1.013E+03 
8 19 -5.895E-04 -2.932E+03 -1.97lE+02 -1.013E+03 
9 19 7.236E-03 -7~327E+03 -1.175E+03 -1.013E+03 

10 19 -1.183E-95 -1. 391E +04 -2.087E+03 1.082E+04 
11 19 -3.588E-02 -6.468E+03 2.700F.+02 -1.013E+03 
12 19 -8.547E-02 -1.005E+03 2.698[+03 -1.013E+03 
13 19 -1.380E-Ol 3.463E+03 5.015E+03 -1.013E+03 
14 19 -1.849E-01 7.676E+03 7.070E+03 -1.013E+03 
15 19 -2.178E-01 1.233E+04 R.-544E+C3 -1.013E+03 
16 19 -2.27::)E-01 1.743E+04 8.692E+03 -1.013E+03 
17 19 -2.031E-01 1.355E+04 8.259E+03 -1.013E+03 
18 19 -1.529E-01 1.009E+04 6.482E+03 -1.013E+03 
19 19 - 8. 343E-02 7.239(+03 4.019(+03 -1.013E+03 
20 19 -5.332E-96 -1.078E-10 -1.618f-11 4.826E+03 
21 19 8.343E-02 O. O. -7.189E-11 

-1 20 1.450E-02 O. o. 1.71lE-92 
0 20 -2.085E-96 2.567E-92 1.711E-91 1.579E+03 
1 20 -1.450E-02 1.518E+03 7.165E+02 -1.013E+03 
2 20 -2.602E-02 2.369E+03 1.123E+03 -1.013E+03 
3 20 -3.291E-02 2.770E+03 1.301E+03 -1.013E+03 
4 20 -3.433E-02 2.768E+03 1. 295E +03 -1.013E+03 
5 20 -3.042E-02 2.350E+03 1.118E+03 -1.013E+03 
6 20 -2.187E-02 1.443E+03 7.803E+02 -1.013E+03 
7 20 -1.052E-02 -9.799E+01 3.048E+02 -1.013E+03 
8 20 5.195E-04 -2.485E+03 -2.769[+02 -1.013E+03 
9 20 6.415E-03 -5.986E+03 -9.446E+02 -1.013E+03 

10 20 -9.464E-96 -1.110E+04 -1.665(+03 8.452E+03 
11 20 -2.927E-02 -5.309E+03 1.856E+02 -1.013E+03 
12 20 -6.979E-02 -9.583E+02 2.005E+03 -1.013E+03 
13 20 -1.130E-01 2.663E+03 3.768E+03 -1.013E+03 
14 20 -1.511E-01 6.130E+03 5.411E+03 -1.013E+03 
15 20 -1.793E-01 1. 008E +04 6.682E+03 -1.013E+03 
16 20 -l.BrlE-Ol 1.468E+04 6.874E+03 -1.013E+03 
17 20 -1.673E-01 1.117E+04 6.487E+03 -1.013E+03 
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18 20 -1.25 5E-0 1 8.165E+03 5.007[+03 -1.013E+03 
19 20 -6.809E-02 5.532E+03 3.157E+03 -1.013E+03 
20 20 -4.194E-96 2.537E-92 1.692E-91 3.688E+03 
21 20 6.8Ll9E-02 O. O. 1.692E-92 

-1 21 9.971E-03 o. O. 2.981E-92 
0 21 -1.199E-96 4.471E-92 2.981E-91 6.926E+02 
1 21 -9.971E-03 9.376E+02 1.989E+02 -1.013E+03 
2 21 -1.803E-02 1.551E+03 2.003E+02 -1.013E+03 
3 21 -2.289E-02 1.871E+03 1.572E+02 -1.013[+03 
4 21 -2.385[-02 1.8B6E+03 11.813E+01 -1.013E+03 
5 21 -2.087E-02 1.586E+03 -2.258E+01 -1.013E+03 
6 21 -1.454E-02 9.165E+02 -1.833E+02 -1.013E+03 
7 21 -6.2lt3E-03 -2.394E+02 -3.851E+02 -1.013E+03 
p. 21 1.71 HE-03 -2.038E+03 -5.991E+02 -1.013E+03 
9 21 5.551E-03 -4.577E+03 -8.182E+02 -1.013E+03 

10 21 -6.232E-96 -7.865E+03 -1.180[+03 5.220E+03 
11 21 -2.175E-02 -4.094E+03 -7.600E+01 -1.013E+03 
12 21 -5.209E-02 -9.471E+02 9.199E+02 -1.013E+03 
13 21 -8.472E-02 1.741E+03 1.989E+03 -1.013E+03 
14 21 -1.143E-01 4.304E+03 3.203E+03 -1.013E+03 
15 21 -1.3'59E-01 7.306E+03 4.770E+03 -1.013E+03 
16 21 -1.435E-01 1.257E+04 7.488E+03 -2.181E+04 
17 21 -1.271E-01 8.285E+03 4.723E+03 -1.013E+03 
18 21 -9.463E-02 5.974E+03 3.019E+Q3 -1.013E+03 
19 21 -5.0:> 7E-02 3.360E+03 1.784E+03 -1.013E+03 
20 21 -2.746E-96 -5.392E-11 -8.088E-12 2.240E+03 
21 21 5.051E-02 O. o. -3.595E-11 

-1 22 5.393E-03 o. o. 1.656E-91 
0 22 2.327E-97 5.483E-91 3.656E-90 -7.390E+02 
1 22 -5.393E-03 2.291E+02 -7.346E+02 -1.013E+03 
2 22 -1.007E-02 6.509E+02 -1.267E+03 -1.013E+03 
3 22 -1.298E-02 8.981E+02 -1.542E+03 -1.013E+03 
4 22 -1. 351E -02 9.266E+02 -1.658E+03 -1.013E+03 
5 22 -1.156E-02 7.4 77E +02 -1.678E+03 -1.013E+03 
6 L2 -7.506E-03 3.313E+02 -1.631E+03 -1.013E+03 
7 22 -2.240E-03 -4.117E+02 -1.530E+03 -1.013E+03 
8 22 2.642E-03 -1.608E+03 -1.349E+03 -1.013E+03 
9 22 4~563E-03 -3.230E+03 -1.011[+03 -1.013E+03 

10 22 -1.804E-Q6 -4.445E+03 -6.668E+02 7.912£+02 
11 22 -1.37 2E-02 -2.943E+03 -7.239E+02 -1.013E+03 
12 22 -3.340~-02 -9.598E+02 -7.468E+02 -1.013E+03 
13 22 -5.487E-02 "/.795E+02 -'5.345E+02 -1.013E+03 
14 22 -7.454E-02 2.441E+03 -9.611E+01 -1.013E+03 
15 22 -8.902E-02 4.544E+03 5.472E+02 -1.013E+03 
16 22 -9.411E-02 7.596E+03 9.396E+02 -1.013E+03 
17 22 -8.350E-02 5.414E+03 8.133E+02 -1.013E+03 
18 22 -6.174E-02 3.872E+03 9.246E+Ol -1.013E+03 
19 22 - 3.18 5E-02 8.443E+02 -5.851E+02 -1.013E+03 
20 22 -1.0h9E-96 -2.161E-91 -1.441E-90 5.~29E+02 

21 22 3.185E-02 o. o. -1.441E-91 

-1 23 1.535E-03 O. o. -1.170E-90 
0 23 8.35:>E-96 -1.754E-90 -1.170[-89 -8.861E+03 
1 23 -1.535E-03 -5.367E+02 -2.563E+03 -1.013E+03 
2 23 -3.390E-03 -2.452E+02 -3.552E+03 -1.013E+03 
3 23 -4.640E-03 -9.912E+Ol -3.965E+03 -1.013E+03 
4 23 -4.846E-03 -7.853E+Ol -4.087E+03 -1.013E+03 
5 23 -3.926E-03 -1.426E+02 -3.982E+03 -1.013E+03 
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6 23 -2.048E-03 -2.996E+02 -3.688£:+03 -1.013E+03 
7 23 3.642F.-04 -6.065E+02 -3.26lE+03 -1.013E+03 
8 23 2.529E-03 -1.179E+03 -~.757E+03 -1.013E+03 
9 n 3.083E-03 -2.029E+03 -2.016E+03 -1.013E+03 

10 Z3 1.103E-95 -1.392E+03 -2.088E+02 -1.204£:+04 
11 23 -5.94QE-03 -1. 938E +03 -2.23lE+03 -1.013E+03 
12 <:3 -1.528E-02 -9.682E+02 -3.190E+03 -1.013E+03 
13 23 -2.51.J3E-02 -2.000E+02 -3.883H03 -1.013E+03 
14 23 -3.519E-02 4.937E+02 -4.374E+03 -1.013E+03 
15 23 -4.232E-02 1.408E+03 -4.468f+03 -1.013E+03 
16 23 -4.490E-02 2.953E+03 -4.164E+03 -1.013E+03 
17 23 - 3. 99:..E-02 2.172E+03 -3.52lE+03 -1.013E+03 
18 23 -2.931E-02 1.854E+03 -3.055E+03 -1.013E+03 
19 23 -1.380E-02 -1.S28E+03 -4. 772E +03 -1.013E+03 
20 23 -2.030E-96 :1.110E-91 3.406E-90 1.523E+03 
21 23 1.380E-02 o. o. 3.406E-91 

-1 24 1.56YE-03 O. O. 1.213E-12 
0 24 -4.9311:-96 1.819E-12 -2.483E+03 4.424E+03 
1 24 -1.080E-95 -9.433E+02 -6.289E+03 9.783E+03 
2 24 -1.077E-95 -1.llIH03 -7.410E+03 9.759E+03 
3 24 -1.I39E-95 -1.217E+03 -8.111E+03 1.038E+04 
4 24 -1.151E-95 -1.240E+03 -8.2671:+03 1.050E+04 
5 24 -1.105E-Q5 -1.180E+03 -7.867E+03 1.004E+04 
6 24 -9.937E-96 -1.037E+03 -6.914E+03 8.924E+03 
7 24 -8.0rllE-96 -8.156E+02 -5.438E+03 7.068E+03 
8 24 -5.555E-96 -5.403E+02 -3.602E+0'} 4.543E+03 
9 24 -3.543E-96 -3.007E+02 -2.005E+03 2.530E+03 

10 24 -3.238E-96 -3.096E+02 -2.064E+03 S. 46 3E+03 
11 24 -4.584E-96 -4.418E+02 -2.945E+03 3.571E+03 
12 24 -7.843E-96 -8.394E+02 -5.596E+03 6.830E+03 
13 24 -1.208E-95 -1.306E+03 -8.703E+03 1.106E+04 
14 24 -1.644E-95 -1.760E+03 -1.I73E+04 1.543E+04 
15 24 -2.102E-95 -2.156[+03 -1.438E+04 2.000E+04 
16 24 -2.433E-95 -2.353E+03 -1.569E+04 2.332E+04 
17 24 -2.063E-95 -1.9d7E+03 -1.324E+04 1.961E+04 
18 ~4 -1.157E-95 -1.231E+03 -8.204E+03 1.056E+04 
19 24 1.421E-96 8.437E+00 5.625E+Ol - 2. 434E+03 
20 24 3.245E-96 O. 1.695E+03 -3.751E+03 
21 24 -1.071E-03 O. O. o. 

-1 25 -3.434E-03 O. o. -1.285E-I0 
0 25 -4.649E-03 -1.928E-I0 -1.919E+03 -4.575E+02 
1 25 -4.221E-03 -4.804E+02 -4.140E+03 -9.150E+02 
2 25 -3.391E-.o3 -7.710E+02 -4.624E+03 -9.150E+02 
3 25 -2.782E-03 -9.356E+02 -4.962E+03 -9.150E+02 
4 25 -2.720E-03 -9.688E+02 -5.020E+03 -9.150E+02 
5 25 -3.274E-03 -8.719E+02 -4.758E+03 -9.150E+02 
6 25 -4.279E-03 -6.470E+02 -4.183E+03 -9.150E+02 
7 25 -5.340E-03 -3.021E+02 -3.359E+03 -9.150E+02 
8 25 -5.825E-03 1.203E+02 -2.45lE+03 -9.150E+02 
9 25 -4.91 7E-0 3 4.738E+02 -1.793E+03 -9.150E+02 

10 25 -1.889E-03 4.686E+02 -1.814E+03 -9.150E+02 
11 25 3.254E-03 2.430E+02 -2.483E+03 -9.150E+02 
12 25 1.015E-02 -3.6 71E +02 -3.881E+03 -9.150E+02 
13 25 1.767E-02 -1.097E+03 -5.601E+03 -9.150E+02 
14 25 2.445E-02 -1.816E+03 -7.272E+03 -9.150E+02 
15 25 2.916E-02 -2.445E+03 -8.53lE+03 -9.150E+02 
16 25 3.054E-02 -2.760E+03 -8.839E+03 -9.150E+02 
17 25 2.783E-02 -2.296E+03 -7.570E+03 -9.150E+02 
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18 25 2.180E-02 -1.436E+03 -5.082E+03 -9.150[+02 
19 25 1.385E-02 -1.280E+03 -2.169E'l-03 -11.150E+02 
20 ~5 3.173E-03 -6.366E-12 8.848E+02 -4.575E+02 
21 25 -8.262E-03 O. O. -4.244E-12 

-1 26 -1.330E-02 O. O. -6.548E-11 
0 26 -1. 41 7E-02 -9.823E-11 -1.196E+03 -4.080E+02 
1 26 -1.360E-02 -2.342E+02 -2.452E+03 -8.160E+02 
2 26 -1.250E-02 -4.660E+02 -2.639E+03 -8.160E+02 
3 26 -1.1(>8E-02 -6.077E+02 -2.781E+03 -8.160E+02 
4 26 -1.163E-02 -6.298E+02 -2.784E+03 -8.160E+02 
5 26 -1.242E-02 -:».249E+02 -2.614E+03 -8.160E+02 
6 26 -1.374E-02 -2.966E+02 -2.280E+03 -8.160E+02 
7 26 -1.4A 9E-02 3.525E+01 -1.837E+03 -£1.160E+02 
8 26 -1.478E-02 4.111E+02 -1.394E+03 -8.160E+02 
9 26 -1.220E-02 6.926E+02 -1.120E+03 -8.160E+02 

10 26 -6.170E-03 6.857E+02 -1.176E+03 -8.160E+02 
11 26 3.311E-03 4.244E+02 -1.606E+03 -8.160E+02 
12 26 1.545E-02 -1.466E+02 -2.377E+03 -8.160E+02 
13 26 2.844E-02 -8.487[+02 -3.319E+03 -e .160E+02 
14 26 4.002E-02 -1.':I40E+03 -4.212E+03 -8.160E+02 
15 26 4.79bE-02 -2.099E+03 -4.813E+03 -8.160E+02 
16 26 5.039E-02 -2.313E+03 -4.867E+03 -8.160E+02 
17 26 4.649E-02 -1.922E+03 -4.223E+03 -8.160E+02 
18 26 3.743E-02 -1.252E+03 -3.058E+03 -8.160E+02 
19 26 2.519E-02 -1.350E+03 -1.735E+03 -8.160E+02 
20 26 8.592E-03 -1.155E-10 3.389E+02 -4.080E+02 
21 26 -8.416E-03 O. O. -7.700E-11 

-1 27 -2.754E-02 O. O. -1.310E-10 
0 27 -2.794E-02 -1.965E-10 -6.017E+02 -3.600E+02 
1 27 -2.729E-02 -1.052E+02 -1.208E+03 -7.200E+02 
2 27 -2.61flE-02 -2.389E+02 -1.268E+03 -7.200E+02 
3 27 -2.53 7E -02 -3.268E+02 -1.308E+03 -7.200E+02 
4 27 -2.532E-02 -3.307E+02 -1.284[+03 -7.200E+02 
5 27 -2.607E-02 -2.305E+02 -1.175E+03 -7.200E+02 
6 27 -2.718E-02 -4.837E+01 -9.918E+02 -7.200E+02 
7 27 -2.771 E -02 2.088E+02 -7.691E+02 -1.200E+02 
8 27 -2.633E-02 4.775E+02 -5.700E+02 -7.200E+02 
9 27 -20166E-02 6.567E+02 -4.733E+02 -7.200E+02 

10 27 -1.272E-02 6.336E+02 -5.432E+02 -;.200E+02 
11 27 3.973E-04 3.994E+02 -8.049E+02 -7.200E+02 
12 27 1.657[-02 -4.786E+01 -1.225E+03 -7.200E+02 
13 27 3.353E-02 -5.980E+02 -1.721E+03 -7.200E+02 
14 27 4.850E-02 -1.132E+03 -2.173E+03 -7.200E+02 
15 27 5.876E-02 -1.531E+03 -2.451E+03 -7.200E+02 
16 27 6.220E-02 -1.647E+03 -2.449E+03 -7.200E+02 
17 27 5.815E-02 -1.371E+03 -2.139E+03 -7.200E+02 
18 27 4.795E-02 -9.138E+02 -1.608E+03 -7.200E+02 
19 27 3.381E-02 -9.042E+02 -9.603E+02 -;.200E+02 
20 27 1.522E-02 -1.043E-10 1.212E+02 -?600E+02 
21 27 -3.588E-03 O. O. -6.950E-11 

-1 28 -4.509E-02 O. O. 1.871E-10 
0 28 -4.485E-02 2.807E-10 -1.967E+02 -:.105E+02 
1 28 -4.407E-02 -3.676E+01 -4.115E+02 -6.210E+02 
2 28 -4.307E-02 -8.928E+01 -4.046E+02 -6.210E+02 
3 28 -4.233E-02 -1.2741:+02 -3.859E+02 -6.210E+02 
4 28 -4.22 2E-02 -1.168E+02 -3.450E+02 -6.210E+02 
5 28 -4.270E-02 -4.288E+01 -2.749E+02 -6.210E+02 
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6 28 -4.319E-02 9.051E+Ol -1.829E+02 -6.210E+02 
7 28 -4.261E-02 2.606E+02 -9.155E+Ol -l.210E+02 
8 28 -3.955E-02 4.232E+02 -3.221E+Ol -6.210E+02 
9 28 -3.261E-02 5.162E+02 -3.248E+Ol -6.210E+02 

10 28 -2.094E-02 4.811E+02 -1.075E+02 -6.210E+02 
11 28 -4.76 7E-03 3.023E+02 -2.636E+02 -6.210E+02 
12 28 1.451E-02 -5.670E+00 -4.762E+02 -6.210E+02 
13 28 3.437E-02 -3.783E+02 -7.073E+02 -6.210E+02 
14 28 5.1 HIE-02 -7.313E+02 -9.008E+02 -6.210E+02 
15 23 6.377E-02 -9.763E+02 -1.001E+03 -6.210E+02 
16 28 6.828E-02 -1.031E+03 -9.813E+02 -l:.210E+02 
17 28 6.478E-02 -8.608E+02 -8.555E+02 -6.210E+02 
18 28 5.464E-02 -5.628E+02 -6.475E+02 -6.210E+02 
19 28 4.028E-02 -4.443E+02 -4.285E+02 -6.210E+02 
20 28 2.247E-02 -6.378E-11 6.538E+Ol -3.105E+02 
21 28 4.489E-03 O. O. -4.252E-ll 

-1 29 -6.418E-02 O. O. l:.472E-I0 
0 29 -6.334E-02 9.707E-I0 6.244E-I0 -3.248E+02 
1 29 -6.250E-02 5. 903E +01 3.763E-09 -6.496E+02 
2 29 -6.154E-02 -9.752E+Ol 4.755E-09 -6.496E+02 
3 29 -6.077E-02 -2.183E+02 3.387E-09 -6.496E+02 
4 29 -6.044E-02 -1.458E+02 4.550E-09 -6.496E+02 
5 29 -6.040E-02 1.8d3E+02 4.430E-C9 -6.496E+02 
6 29 -5.998E-02 7.658E+02 2.994E-09 -6.496E+02 
7 29 -5.804E-02 1.481E+03 4.909E-09 -6.496E+02 
8 29 -5.315E-02 2.141E+03 4.378E-09 -o.496E+02 
9 29 -4.400E-02 2.490E+03 3.283E-09 -6.496E+02 

10 29 -2.98dE-02 2.303E+03 1.011E-09 -I; .496E+02 
11 29 -1.118E-02 1.507E+03 5.048E-I0 -6.496E+02 
12 29 1.053E-02 1.t1l3E+02 -6.502E-I0 -f.496E+02 
13 n 3.260E-02 -1.409E+03 -1.060E-09 -6.496E+02 
14 29 5.186E-02 -2.901E+03 -1.814E-09 -i:.496E+02 
15 29 6.534E-02 -3.916E+03 -1.673E-09 -6.496E+02 
16 29 7.103E-02 -4ol31E+03 -9.240E-I0 -6.496E+02 
17 29 6.84dE-02 -3.452E+03 -1~095E-09 -6.496E+02 
18 29 5.906E-02 -2.184E+03 -1.419E-09 -6.496E+02 
19 29 4.529E-02 -6.343E+02 -1.1'HE-09 -6.496E+02 
20 29 3.025E-02 -3.236E-I0 -2.993E-10 -3.248E+02 
21 29 1.522E-02 O. O. -2.157E-I0 

-1 30 -8.327E-02 O. O. O. 
0 30 - 8 .l!:l3E-02 O. O. 9.365E-I0 
1 30 -8.093E-02 O. O. 5.645E-09 
2 30 -7.999E-02 O. O. 7.133E-09 
3 30 -7.9l1:lE-02 o. O. S.080E-09 
4 30 -7.8b4E-02 O. O. 6.825E-09 
5 30 -7.813E-02 O. O. 6.645E-09 
6 30 -7.688E-02 O. O. 4.490E-09 
7 30 -7.367E-02 O. O. 7.363E-09 
8 30 -6.704E-02 O. O. 6.567E-09 
9 30 -5.5 UE-02 O. O. 4.925E-09 

10 30 -3.913E-02 O. O. 1.517E-09 
11 30 -1.77 9E-02 O. O. 7.572E-I0 
12 30 6.531E-03 O. O. -9.753E-I0 
13 30 3.101E-02 O. O. -1.591E-09 
14 30 5.233E-02 O. O. -2.720E-Oq 
15 30 6.744E-02 O. o. -2.510E-D9 
16 30 7.432E-02 O. O. -1.386E-09 
17 30 7.264E-02 O. O. -1.643E-09 
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18 30 
19 30 
20 30 
21 30 

6.377E-02 
5.039E-02 
3.804E-02 
2.595E-02 

PROB (CaNTO) 
b10 60 x 58 

O. 
O. 
O. 
O. 

SLAB 

O. 
O. 
O. 
O. 

-2.128E-09 
-1.795E-09 
-4.490E-IO 

O. 

SIMPLE SUPPORTS AND CONCENTRATED LOADS 

TABLE 4. RESULTS~CONTD) 

TMX TMY 

-1 -1 o. O. 
0 -1 o. o. 
1 -1 o. O. 
2 -1 O. O. 
3 -1 O. O. 
4 -1 O. O. 
5 -1 O. O. 
6 -1 O. O. 
7 -1 O. O. 
8 -1 O. O. 
9 -1 o. O. 

10 -1 o. O. 
11 -1 O. O. 
12 -1 C. O. 
13 -1 O. O. 
14 -1 O. O. 
15 -1 O. O. 
1b -1 O. O. 
17 -1 O. O. 
18 -1 O. O. 
19 -1 O. O. 
20 -1 O. O. 
21 -1 O. O. 

-1 0 O. O. 
0 0 -4.364E+01 4.364E+01 
1 0 -7.910E+OO 7. 910E +00 
2 0 -5.626E+00 5.626E+00 
3 0 -3.583E+01 3.583E+01 
4 0 -9.101E+01 9.101E+01 
5 0 -1.b80E+02 1.680E+02 
6 0 -2.6't2E+02 2.642E+02 
7 0 - 3. 716E+02 3.71:6E+02 
8 0 -4.749E+02 4.749E+02 
9 0 -5.544E+02 5.544E+02 

10 0 -5.971E+02 5.971E+02 
11 0 -b.017E+02 6.017E+02 
12 0 -5.721E+02 5.721E+02 
13 0 -5.118E+02 5.118E+02 
14 0 -4.284E+02 4.284E+02 
15 0 -3.386E+o2 3.386E+02 
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16 0. -2.5B2E+02 2.582E+0.2 
17 0. -1.871E+0.2 1.871E+0.2 
18 0. -1.40.7E+0.2 1.40.7E+0.2 
19 0. -2.0.84E+0.2 2.0.84E+0.2 
20. 0. C. D. 
21 0. C. O. 

-1 1 D. O. 
0. 1 -6.351E+O.l 6.351E+Ol 
1 1 -<:l.141E+0.0. 9.141E+0.0. 
2 1 7.921E+OO. -7.921E+0.0. 
3 1 -2.7d5E+O.l 2.785E+O.l 
4 1 -9.6':>2E+O.l 9.652E+O.l 
5 1 -1.9J8E+0.2 1.958E+0.2 
6 1 -3.275E+0.2 3.275E+0.2 
7 1 -4.8S4E+0.2 4.B54E+0.2 
8 1 -6.475E+0.2 6.475E+0.2 
9 1 - 7 • B 0. 5 E +.0. 2 7.B0.5E+0.2 

10. 1 -B.60.0.E+0.2 1:l.60.0.E+0.2 
11 1 -B.B21E+0.2 8.821E+0.2 
12 1 -8.4<:l5E+0.2 B.4<:l5E+0.2 
13 1 -7. 598E +0.2 7. 5<J8E +0.2 
14 1 -6.196E+0.2 6.1<:l6E+0.2 
15 1 -4.599E+0.2 4. 59<:lE+0.2 
16 1 -3.161E+0.2 3.161E+0.2 
17 1 -1.894E+0.2 1.894E+0.2 
18 1 -1.0.63E+0.2 1.063E+0.2 
19 1 -1.887E+0.2 1.887E+0.2 
20. 1 D. 0.. 
21 1 D. D. 

-1 2 D. D. 
0. 2 -3.74<:lE+O.l 3. 74<:lE+O.l 
1 2 -7.533E+0'0' 7.533E+O.O 
2 2 5.6UE+OO. -5.672E+O.O. 
3 2 -4.651E+O.O. 4.651E+O.O. 
4 2 -2.7O.2E+O.l 2.7O.2E+Ol 
5 2 -6.863E+O.l 6.B63E+O.l 
6 2 -1.416E+O.2 1.416E+O.2 
7 2 -2.517E+o'2 2.517E+O.2 
8 2 -3.891E+O.2 3.8<:lIE+O.2 
9 2 -5."282E+O.2 ').2B2E+O.2 

10. 2 -6.414E+O.2 6.414E+O.2 
11 2 -7.116E+O.2 7.116E+O.2 
12 2 -7.242E"'O.2 7.242E+o'2 
13 2 -6.619E+02 6.619E+02 
14 2 -5.222E+02 5.222E+o'2 
15 2 -3.345E+O.2 3.345E+O.2 
16 2 -1.459E+02 1. 45<:lE +0.2 
17 2 2.238E+o'l -2.238E+O.l 
18 2 1.49BE+O.2 -1.498E+O.2 
19 2 5.7O.6E+O.l -5.7O.6E+O.l 
20. 2 D. O.. 
21 2 O.. O. 

-1 3 O.. O.. 
0. 3 -3.97O.E+O.l 3.97O.E+O.l 
1 3 -3.429E+O.l 3.429E+O.l 
2 3 -3.691E+O.l 3.691E+O.l 
3 3 -2.O.62E+o'l 2.O.62E+o'l 
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4 3 4.35SE+00 -4.355E+00 
5 3 5.BIE+00 -5.731E+00 
6 3 -5.352E+Ol 5.352E+Ol 
7 , -2.015E+02 2.015E+02 
8 3 -4.430E+02 4.430E+02 
9 3 -7.473E+02 7.473E+02 

10 3 -1.055E+03 1.055E+03 
11 3 -1.29aE+03 1.298E+03 
12 3 -1.407E+03 1.407E+03 
13 3 -1.325E+03 1.325E+03 
14 3 -1.037E+03 1.037E+03 
15 3 -5.910E+02 5.910E+02 
16 3 -9.048E+Ol 9.048E+Ol 
17 3 3.693E+02 -3.693E+02 
18 3 7.361E+02 -7.361E+02 
19 3 4.876E+02 -4.876E+02 
20 3 O. o. 
21 3 o. o. 

-1 4 O. o. 
0 4 -6.238E+Ol 6.238E+Ol 
1 4 -1.643E+02 1.643E+02 
2 4 -1.9cHlE+02 1.<J88E+02 
3 4 -9.617E+Ol 9.617E+Ol 
4 4 6.363E+Ol -6.363E+Ol 
5 4 1.977E+02 -1.977E+02 
6 4 2.241E+02 -2.241E+02 
7 4 6.751E+Ol -6.751E+Ol 
B 4 -3.258E+02 3.25BE+02 
9 4 -9.542E+02 9.542E+02 

10 4 -1.70BE+03 1.70BE+03 
11 4 -2.373E+03 2.373E+03 
12 4 -2.725E+03 2.725E+03 
13 4 -2.637E+03 2.637E+03 
14 4 -2.0B5E+03 2.085E+03 
15 4 -lol22E+03 1.122E+03 
16 4 9.789E+Ol -9.7B9E+Ol 
17 4 1.272E+03 -1.272E+03 
IB 4 2.156E+03 -2.156E+03 
19 4 1.538E+03 -1.53BE+03 
20 4 O. O. 
21 4 o. o. 

-1 5 O. O. 
0 5 -1.254E+02 1.254E+02 
1 5 -5.890E+02 5.B90E+02 
2 5 -5.753E+02 5.753E+02 
3 5 -2.724E+02 2.724E+02 
4 5 1.450E+02 -1.450E+02 
5 5 50372E+02 -5.372E+02 
6 5 7.779E+02 -7.779E+02 
7 5 7.32BE+02 -7.32BE+02 
8 5 2.485E+02 -2.485E+02 
9 5 -B.262E+02 8.262E+02 

10 5 -2.366E+03 2.366E+03 
11 5 -3.811E+03 3. BllE+03 
12 5 -4.587E+03 4.587E+03 
13 5 -4.522E+03 4.522E+03 
14 5 -3.672E+03 3.672E+03 
15 5 -2.030E+03 2.030E",,03 
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16 5 4.3'l6E+02 -4.396E+02 
17 5 2.981E+03 -2.981E+03 
18 5 4.890E+03 -4.890E+03 
19 5 3.304E+03 -3.304E+03 
20 5 O. o. 
21 5 O. O. 

-1 6 o. O. 
0 6 -6.590E+02 6.590E+02 
1 6 -1.454E+03 1.454E+03 
2 6 -1.081E+03 1.081E+03 
3 6 -4.909E+02 4.909E+02 
4 6 1.899E+02 -1.899E+02 
5 6 8.297E+02 -8.297E+02 
6 6 1.293E+03 -1.293E+03 
7 6 1.417E+03 -1.417E+03 
8 6 9.802E+02 -9.802E+02 
9 6 -3.015E+02 3.015E+02 

10 6 -2.669E+03 2.669E+03 
11 6 -4.954E+03 4.954E+03 
12 6 -5.968E+03 5.968E+03 
13 6 -5.883E+03 5.883E+03 
14 6 -4.842E+03 4.842E+03 
15 6 -2.769E+03 2.769E+03 
16 6 7.476E+02 -7.476E+02 
17 6 4.465E+03 -4.465E+03 
18 6 7.157E+03 -7.157E+03 
19 6 4.571E+03 -4.571E+.03 
20 6 O. o. 
21 6 o. o. 

-1 7 o. O. 
0 7 -1.2 71E +03 1.277E+03 
1 7 -2.223E+03 2.223E+03 
2 7 -1.496E+03 1.496E+03 
3 7 -6.701E+02 6.701E+02 
4 7 1.844E+02 -1.844E+02 
5 7 9.697E+02 -9.697E+02 
6 7 1.560E+03 -1.560E+03 
7 7 1.786E+03 -1.786E+03 
8 7 1.420E+03 -1.420E+03 
9 7 1.366E+02 -1.366E+02 

10 7 -2.726E+03 2.726E+03 
11 7 -5.510E+03 5.510E+03 
12 7 -6.532E+03 6.532E+03 
13 7 -6.372E+03 6.372E+03 
14 7 -5.202E+03 5.202E+0) 
15 7 -2.998E+03 2.998E+03 
16 7 9.215E+02 -9.215E+02 
17 7 5.038E+03 -5.038E+03 
18 '1 7.805E+03 -7.805E+03 
19 7 4.921E+03 -4.921E+03 
20 7 O. o. 
21 7 o. o. 

-1 8 o. O. 
0 8 -1.401E+03 1.401E+03 
1 8 -2.464E+03 2.464E+03 
2 8 -1.686E+03 1.686E+03 
3 8 -7.715E+02 7.715E+02 
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4 8 1.590E+02 -1.590E+02 
5 8 1.007E+03 -1.007E+03 
6 8 1.650E+03 -1.650E+03 
7 8 1.924E+03 -1.924E+03 
8 8 1.596E+03 -1.596E+03 
9 8 3.051E+02 -3.051E+02 

10 8 -2.648E+03 2.648E+03 
11 8 -5.521E+03 5.521E+03 
12 8 -6.539E+03 6.539E+03 
13 8 -6.308E+03 6.308E+03 
14 8 -S.008E+03 5.008E+03 
15 8 -2.597E+03 2.597E+03 
16 8 9.746E+02 -9.746E+02 
17 8 4.706E+03 -4.706E+03 
18 8 7.583E+03 -7.583E+03 
19 8 4.860E+03 -4.860E+03 
20 8 O. O. 
21 8 O. o. 

-1 9 c. O. 
0 9 -1.337E+03 1.337E+03 
1 9 -2.382E+03 2.382E+03 
2 9 -1.669E+03 1.669E+03 
3 9 -7.834E+02 7.834E+02 
4 9 1.304E+02 -1.304E+02 
5 9 9.641E+02 -9.641E+02 
6 9 1.598E+03 -1.598E+03 
7 9 1.875E+03 -1.87SE+03 
8 9 1.S68E+03 -1.568E+03 
9 9 3.258E+02 -3.258E+02 

10 9 -2.450E+03 2.450E+03 
11 9 -5.143E+03 5.143E+03 
12 9 -6.107E+03 6.107E+03 
13 9 -S.847E+03 5.847E+03 
14 9 -4.540E+03 4.540E+03 
15 9 -2.147E+03 2.147E+03 
16 9 9.353E+02 -9.353E+02 
17 9 4.144E+03 -4.144E+03 
18 9 6.924E+03 -6.924E+03 
19 9 4.496E+03 -4.496E+03 
20 9 O. O. 
21 9 c. o. 

-1 10 c. O. 
0 10 -1.170E+03 1.170E+03 
1 10 -2.105E+03 2.105E+03 
2 10 -1.503E+03 1.503E+03 
3 10 -7.196E+02 7.196E+02 
4 10 1.051E+02 -1.051E+02 
5 10 8.618E+02 -8.618E+02 
6 10 1.431E+03 -1.437E+03 
7 10 1.686E+03 -1.6&6E+03 
8 10 1.402E+03 -1.402E+03 
9 10 2.769E+02 -2.769E+02 

10 10 -2.148E+03 2.148E+03 
11 10 -4.493E+03 4.493E+03 
12 10 -S.353E+03 5.353E+03 
13 10 - 5.11 7E+03 5.117E+03 
14 10 -3.992E+03 3.992E+03 
IS 10 -2.097E+03 2.097E+03 
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16 10 8.328E+02 -8.328E+02 
11 10 3.863E+03 -3.863E+03 
18 10 6.071E+03 -6.011E+03 
19 10 3.922E+03 -3.922E+03 
20 10 O. o. 
21 10 o. o. 

-1 11 c. o. 
0 11 -9.480E+02 9.480E+02 
1 11 -1.1l6E+03 1.1l6E+03 
2 11 -1.240E+03 1.240E+03 
3 11 -6.015E+02 6.015E+02 
4 11 8.318E+Ol -8.318E+Ol 
5 11 7.154E+02 -1.154E+02 
6 11 1.195E+03 -1.195E+03 
1 11 1.397E+03 -1.391E+03 
8 11 1.149E+03 -1.149E+03 
9 11 2.043E+0.z -2.043E+02 

10 11 -1.164E+03 1.164E+03 
11 11 -3.660E+03 3.660E+03 
12 11 -4.36i!E+03 4.36BE+03 
13 11 -4.161E+03 4.161E+03 
14 11 -3.215E+03 3.215E+03 
15 11 -1.621E+03 1.621E+03 
16 11 6.885E+02 -6.885E+02 
11 11 3.082E+03 -3.0B2E+03 
IB 11 4.923E+03 -4.923E+03 
19 11 3.183E+03 -3.183E+03 
20 11 o. O. 
21 11 o. o. 

-1 12 o. o. 
0 12 -6.953E+02 6.953E+02 
1 12 -1.263E+03 1.263E+03 
2 12 -9.199E+02 9.199E+02 
3 12 -4.490E+02 4.490E+02 
4 12 6.261E+Ol -6.261E+Ol 
5 12 5.315E+02 -5.315E+02 
6 12 8.9b3E+02 -B.963E+02 
1 12 1.043E+03 -1.043E+03 
B 12 8.469E+02 -B.469E+02 
9 12 1.314E+02 -1.314E+02 

10 12 -1.31BE+03 1.31BE+03 
11 12 -2.109E+03 2.109E+03 
12 12 -3.231E+0~ 3.231E+03 
13 12 -3.055E+03 3.055E+03 
14 12 -2.300E+03 2.300E+03 
15 12 -1.060E+03 1.060E+03 
16 12 5.161E+02 -5.161E+02 
11 12 2.149E+03 -2.149E+03 
IB 12 3.574E+03 -3.514E+03 
19 12 2.331E+03 -2.331E+03 
20 12 o. o. 
21 12 o. O. 

-1 13 O. o. 
0 13 -4.269E+02 4.269E+02 
1 13 -1.168E+02 1.76BE+02 
2 13 -5.680E+02 5.680E+02 
3 13 -2.112E+02 2.712E+02 
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4 13 4.179E+01 -4.179E+01 
S 13 3.38SE+02 -3.38SE+02 
6 13 S.613E+02 -S.613E+02 
7 13 6.485E+02 -6.485E+02 
8 13 5.192E+02 -5.1nE+02 
9 13 6.696E+01 -6.696E+01 

10 13 -8.297E+02 8.297E+02 
11 13 -1.686E+03 1.686E+03 
12 13 -2.006E+03 2.006E+03 
13 13 -1.877E+03 1.8 77E +03 
14 13 -1.353E+03 1.353E+03 
1S 13 -4.990E+02 4.990E+02 
16 13 3.2S1E+02 -3.2S1E+02 
17 13 1.184E+03 -1.184E+03 
1B 13 2.1511:+03 -2.151E+03 
19 13 1.439E+03 -1.439E+03 
20 13 O. o. 
21 13 o. o. 

-1 14 O. o. 
0 14 -1.513E+02 1.513E+02 
1 14 -2.754E+02 2.754E+02 
2 14 -2.010E+02 2.010E+02 
3 14 -9.608E+01 9.608E+01 
4 14 1.989E+01 -1.989E+01 
S 14 1.274E+02 -1.2 74E +02 
6 14 2.062E+02 -2.062E+02 
7 14 2.332E+02 -2.332E+02 
8 14 1.800E+02 -1.BOOE+02 
9 14 1.094E+01 -1.094E+01 

10 14 .,..3.161E+02 3.161E+02 
11 14 -6.273E+02 6.273E+02 
12 14 -7.438E+02 7.438E+02 
13 14 -6.901E+02 6.901E+02 
14 14 -4.664E+02 4.664E+02 
1S 14 -4.777E+01 4.777E+01 
16 14 1.234E+02 -1.234E+02 
17 14 3.055E+02 -3. 05SE +02 
18 14 7.620E+02 -7.620E+02 
19 14 5.299E+02 -S.299E+02 
20 14 O. O. 
21 14 o. o. 

-1 15 o. o. 
0 1S 1.264E+002 -1.264E+02 
1 15 2.304E+02 -2.304E+02 
2 1S 1.702E+02 -1.702E+02 
3 1S 8.748E+01 -8.748E+01 
4 1S -2.678E+00 2.678E+00 
5 15 -8.774E+01 8.774E+01 
6 15 -1.SS3E+02 1.S53E+02 
7 1S -1.886E+02 1.886E+02 
8 15 -1.623E+02 1.623E+02 
9 1S -4.156E+01 4.1~6E+01 

10 1S 2.076E+02 -2.076E+02 
11 1S 4.4S7E+02 -4.457E+02 
12 1S S.297E+02 -5.297E+02 
13 1S 4.816E+02 -4.816E+02 
14 1S 3.062E+02 -3.062E+02 
15 15 -2.350E+01 2.3S0E+01 
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16 15 -8.139E+Ol 8.139E+Ol 
17 15 -1.535E+02 1.535E+02 
18 15 -5.240E+02 5.240E+02 
19 15 -3.752E+02 3.752E+02 
20 15 O. O. 
21 15 O. O. 

-1 16 O. O. 
0 16 4.023E+02 -4.023E+02 
1 16 7.321E+02 -7.321E+02 
2 16 5.368E+02 -5.368E+02 
3 16 2.678E+02 -2.678E+02 
4 16 -2.522E+Ol 2.522E+Ol 
5 16 -2.991E+02 2.991E+02 
6 16 -5.102E+02 5.102E+02 
7 16 -6.03-'E+02 6.037E+02 
/j 16 -5.019E+02 5.019E+02 
9 16 -9. 716E+0 1 9.716E+Ol 

10 16 7.277E+02 -7.277E+02 
11 16 1.516E+03 -1.516E+03 
12 16 1.802E+03 -1.802E+03 
13 16 1.674E+03 -1.674E+03 
14 16 1.194E+03 -1.194E+03 
15 16 4.276E+02 -4.276E+02 
16 16 -2.816E+02 2.816E+02 
17 16 -1.030E+03 1.030E+03 
18 16 -1.918E+03 1.918E+03 
19 16 -1.294E+03 1.294E+03 
20 16 O. O. 
21 16 O. O. 

-1 17 O. O. 
0 17 6.718E+02 -6.718E+02 
1 17 1.219E+03 -1.219E+03 
2 17 8.882E+02 -8.882E+02 
3 17 4.383E+02 -4.383E+02 
4 17 -4.755E+Ol 4.755E+Ol 
5 17 -4.988E+02 4.988E+02 
6 17 -8.449E+02 8.449E+02 
7 17 -9.976E+02 9.976E+02 
8 17 -8.304E+02 8.304E+02 
9 17 -1.612E+02 1.612E+02 

10 17 1.229E+03 -1.229E+03 
11 17 2.563E+03 -2.563E+03 
12 17 3.046E+03 -3.046E+03 
13 17 2.862E+03 -2.862E+03 
14 17 2.144E+03 -2.144E+03 
15 17 9.874E+02 -9.874E+02 
16 17 -4.700E+02 4.700E+02 
17 17 -1.989E+03 1.989E+03 
18 17 -3.348E+03 3.348E+03 
19 17 -2.212E+03 2.2121=+03 
20 17 O. O. 
21 17 O. O. 

-1 18 O. O. 
0 18 9.271E+02 -9.271E+02 
1 ill 1.675E+03 -1.675E+03 
2 18 1.209E+03 -1.209E+03 
3 18 5.889E+02 -5.889E+02 
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4 18 -7 .060E+0 1 7.060E+01 
5 18 -6.781E+02 6.787E+02 
6 18 -1.144E+03 1.144E+03 
7 18 -1.351E+03 1.351E+03 
8 18 -1.133E+03 1.133E+03 
9 18 -2.345E+02 2. 345E +02 

10 18 1.696E+03 -1.696E+03 
11 18 3.554E+03 -3.554E+03 
12 18 4.216E+03 -4.216E+03 
13 18 3.9B7E+03 -3.987E+03 
14 18 3.064E+03 -3.064E+0~ 

15 18 1.553E+03 -1.553E+03 
16 18 -6.407E+02 6.407E+02 
17 18 -2.913E+03 2.913E+03 
18 18 -4.702E+03 4.702E+03 
19 18 -3.090E+03 3.090E+03 
20 18 O. O. 
21 18 O. O. 

-1 19 O. O. 
0 19 1.155E+03 -1.155E+03 
1 19 2.072E+03 -2.072E+03 
2 19 1.473E+03 -1.473E+03 
3 19 7.054E+02 -7.054E+02 
4 19 -9.662E+01 9.662E+01 
5 19 -8.300E+02 8.300E+02 
6 19 -1.3S9E+03 1.389E+03 
7 19 -1.639E+03 1.639E+03 
8 19 -1.385E+03 1.385E+03 
9 19 -3.082E+02 3.082E+02 

10 19 2.110E+03 -2.110E+03 
11 19 4.444E+03 -4.444E+03 
12 19 5.248E+03 -5.248E+03 
13 19 4.974E+03 -4.974E+03 
14 19 3.854E+03 -3.854E+03 
15 19 2.020E+03 -2.020E+03 
16 19 -7.887E+02 7.887E+02 
17 19 -3.686E+03 3.686E+03 
18 19 -5.854E+03 5.854E+03 
19 19 -3.876E+03 3.876E+03 
20 19 O. O. 
21 19 o. o. 

-1 20 O. O. 
0 20 1.330E+03 -1.330E+03 
1 20 2.363E+03 -2.363E+03 
2 20 1.646E+03 -1.646E+03 
3 20 7.692E+02 -7.692E+02 
4 20 -1.282E+02 1.282E+02 
5 20 -9.433E+02 9.433E+02 
6 20 -1.560E+03 1.560E+03 
7 20 -1.831E+03 1.831E+03 
8 20 -1.548E+03 1.548E+03 
9 20 -3.573E+02 3.573E+02 

10 20 2.449E+03 -2.449E+03 
11 20 5.169E+03 -5.169E+03 
12 20 6.066E+03 -6.066E+03 
13 20 5.758E+03 -5.758E+03 
14 20 4.434E+03 -4.434E+03 
15 20 2.069E+03 -2.069E+03 
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16 20 -9.086E+02 9.086E+02 
17 20 -3.976E+03 3.976E+Oa 
18 20 -6.692E+03 6.692E+03 
19 20 -4.510E+03 4.510E+03 
20 20 O. o. 
21 20 O. o. 

-1 21 o. O. 
0 21 1.409E+03 -1.409E+03 
1 21 2.469E+03 -2.469E+03 
2 21 1.677E+03 -1.677E+03 
3 21 I.619E+02 -7.619E+02 
4 21 -1.655E+02 1.655E+02 
5 21 -1.007E+03 1.007E+03 
6 21 -1.638E+03 1.638E+03 
7 21 -1.895E+03 1.895E+03 
8 21 -1.569E+03 1.569E+03 
9 21 -3.287E+02 3.287E+02 

10 21 2.696E+03 -2.696E+03 
11 21 5. 634E +03 -5.634E+03 
12 21 6.584E+03 -6.584E+03 
13 21 6.315E+03 -6.315E+03 
14 21 4.977E+03 -4.977E+03 
15 21 2.537E+03 -2.537E+03 
16 21 -9.81:l8E+02 9.888E+02 
17 21 -4.609E+03 4.609E+03 
18 21 -7.370E+03 7.37QE+03 
19 21 -4.938E+03 4.938E+03 
20 21 O. o. 
21 21 O. o. 

-1 22 O. O. 
0 22 1.306E+03 -1.306E+03 
1 22 2.267E+03 -2.267E+03 
2 22 1.519E+03 -1.519E+03 
3 22 6.757E+02 -6.757E+02 
4 22 -2.019E+02 2.019E+02 
5 22 -1.009E+03 1.009E+03 
6 22 -1.604E+03 1.604E+03 
7 22 -1.808E+03 1.808E+03 
8 22 -1.401E+03 1.401E+03 
9 22 -1.255E+02 1.255E+02 

10 22 2.B28E+03 -2.828E+03 
11 22 5.700E+03 -5.700E+03 
12 22 6.703E+03 -6.703E+03 
13 22 6.552E+03 -6.552E+03 
14 22 5.334E+03 -5.334E+03 
15 22 3. 016E +03 -3.016E+03 
16 22 -9.972E+02 9.972E+02 
17 22 -5.1~6E+03 5. 156E +03 
18 22 -7.793E+03 7.793E+03 
19 22 -5.057E+03 5.057E+03 
20 22 O. o. 
21 22 o. o. 

-1 23 O. O. 
0 23 3.568E+02 -3.568E+02 
1 23 7.797E+02 -7.Y97E+02 
2 23 5.872E+02 -5.1:l72E+02 
3 23 2.659E+02 -2.659E+02 
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4 23 -1.099E+02 1.099E+02 
5 23 -4.646E+02 4.646E+02 
6 23 -1.214E+02 1.214E+02 
1 23 -1.856E+02 7.856E+02 
8 23 -5.267E+02 5.267E+02 
9 23 2.046E+02 -2.046E+02 

10 23 1.415E+03 -1.415E+03 
11 23 2.586E+03 -2.586E+03 
12 23 3.186E+03 -3.186E+03 
13 23 3.184E+03 -3.184E+03 
14 23 2.644E+03 -2.644E+03 
15 23 1.516E+03 -1.516E+03 
16 23 -4.216E+02 4.216E+02 
11 23 -2.506E+03 2.506E+03 
18 23 -3.998E+03 3.998E+03 
19 23 -2.390E+03 2.390E+03 
20 23 o. o. 
21 23 O. o. 

-1 24 O. O. 
0 24 8.053E+Ol -8.053E+Ol 
1 24 3.280E+02 -3.280E+02 
2 24 3.201E+02 -3.207E+02 
3 24 1.501E+02 -1.501E+02 
4 24 -8.511E+Ol 8.511E+01 
5 24 -3.015E+02 3.015E+02 
6 24 -4.486E+02 4.486E+02 
1 24 -4.321E+02 4.3211:+02 
8 24 -1.620E+02 1.620E+02 
9 24 4.5b3E+02 -4.563E+02 

10 24 1. 214E +0 3 -1.214E+03 
11 24 1.928E+03 -1.928E+03 
12 24 2.406E+03 -2.406E+03 
13 24 2.414E+03 -2.414E+03 
14 24 1.988E+03 -1.988E+03 
15 24 1.116E+03 -1.116E+03 
16 24 -2.609E+02 2.609E+02 
11 24 -1. 11 7E+03 1.111E+03 
18 24 -2.832E+03 2.832E+03 
19 24 -1.692E+03 1.692E+03 
20 24 O. o. 
21 24 O. o. 

-1 25 O. O. 
0 25 1.526E+Ol -1.526E+Ol 
1 25 1.984E+02 -1.984E+02 
2 25 2.286E+02 -2.286E+02 
3 25 I.C43E+02 -1.043E+02 
4 25 -8.163E+Ol 8.163E+Cl 
5 25 -2.521E+02 2.521E+02 
6 25 -2.931E+02 2.931E+C2 
1 25 -1.23<.JE+02 1.239E+02 
8 25 3.198E+02 -3.198E+02 
9 25 I.C26E+03 -1.026E+03 

10 25 1.841E+03 -1.!l41E+03 
11 25 2.514E+03 -2.5"f4E+03 
12 25 2.992E+03 -2.992E+03 
13 25 2.924E+C3 -2. 9.24E +03 
14 25 2.324E+03 -2.324E+03 
15 25 1.235E+03 -1.235E+03 
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16 25 -1.751E+02 1.751E+02 
17 25 -1.543E+03 1.543E+03 
18 25 -2.536E+03 2.5 36E +03 
19 25 -1.7l7E+03 1.7l7E+03 
20 25 O. O. 
21 25 O. o. 

-1 26 O. O. 
0 26 4.293E+Ol -4.293E+Ol 
1 26 4.117E+Ol -4.1l7E+Ol 
2 26 3.949E+Ol -3.949E+Ol 
3 26 1.620E+Ol -1.620E+Ol 
4 26 -1.770E+Ol 1.710E+Ol 
5 26 -2.547E+Ol 2.547E+Ol 
6 26 3.569E+Ol -3.569E+Ol 
7 26 1.976E+02 -1.976E+02 
8 26 4.633E+02 -4.633E+02 
9 26 7.965E+02 -7.965E+02 

10 26 1.144E+03 -1.144E+03 
11 26 1.420E+03 -1.420E+03 
12 26 1.542E+03 -1.542E+03 
13 26 1.453E+03 -1.453E+03 
14 26 1.131E+03 -1.131E+03 
15 26 6.265E+02 -6.265E+02 
16 26 5.961E+Ol -5.961E+Ol 
17 26 -4.541E+02 4.541E+02 
18 26 -8.536E+02 il.536E+02 
19 26 -5.808E+02 5.808E+02 
20 26 O. o. 
21 26 O. Q. 

-1 27 O. o. 
0 27 3.722E+Ol -3.722E+Ol 
1 27 6.1j9E+00 -6.159E+00 
2 27 -1.004E+Ol 1.004E+Ol 
3 27 -1.303E+00 1.303E+00 
4 27 2.08BE+Ol -2.088E+Ol 
5 27 6.472E+Ol -6.472E+Ol 
6 27 1.439E+02 -1.439E+02 
7 27 2.641E+02 -2.641E+02 
8 27 4.131E+02 -4.131E+02 
9 27 5.641E+02 -5.641E+02 

10 27 6.958E+02 -6.958E+02 
11 27 7.801E+02 -7.801E+02 
12 27 7.909E+02 -7.909E+02 
13 27 7.1 7lE +02 -7.17lE+02 
14 27 5.574E+02 -5.574E+02 
15 27 3.459E+02 -3.459E+02 
16 27 1.399E+02 -1.399E+02 
17 27 - 3. 816E +01 3.816E+Ol 
18 27 -1.808E+02 1.808E+02 
19 27 -9.398E+Ol 9.398E+Ol 
20 27 O. O. 
21 27 O. o. 

-1 28 O. o. 
0 28 6.184E+Ol -6.184E+Ol 
1 28 3.787E+00 -3.787E+00 
2 28 -1.670E+Ol .1.670E+Ol 
3 28 1.975E+Ol -1.975E+Ol 
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4 28 9.322E+Ol -9.322E+Ol 
5 28 2.012E+02 -2.012E+02 
6 28 3.453E+02 -3.453E+02 
7 28 5.176E+02 -5.176E+02 
8 28 6.925E+02 -6. 925E +02 
9 28 8.368E+02 -8.368E+02 

10 28 9.319E+02 -9.319E+02 
11 28 9.628E+02 -9.628E+02 
12 28 9.214E+02 -9.214E+02 
13 28 8.131E+02 -8.131E+02 
14 28 6.508E+02 -6.508E+02 
15 28 4.73 5E+02 -4.735E+02 
16 28 3.243E+02 -3.243E+02 
17 28 1.980E+02 -1.980E+02 
18 28 9.949E+Ol -9.949E+Ol 
19 28 1.699E+02 -1.699E+02 
20 28 O. O. 
21 28 O. O. 

-1 29 O. O. 
0 29 4.263E+Ol -4.263E+Ol 
1 29 4.191E+00 -4.191E+00 
2 29 1.174E-0 1 -1.174E-Ol 
3 29 3.145E+Ol -3.145E+Ol 
4 29 9.085E+Ol -9.085E+Ol 
5 29 1.748E+02 -1.748E+02 
6 29 2.799E+02 -2.799E+02 
7 29 3.970E+02 -3.970E+02 
8 29 5.088E+02 -5.088E+02 
9 29 5.957E+02 -5.957E+02 

10 29 6.462E+02 -6.462E+02 
11 29 6.537E+02 -6.537E+02 
12 29 6.180E+02 -6.180E+02 
13 29 5.46lE+02 -5.461E+02 
14 29 4.500E+02 -4.500E+02 
15 29 3.514E+02 -3.514E+02 
16 29 2.689E+02 -2.689E+02 
17 29 1.979E+02 -1.979E+02 
18 29 1.436E+02 -1.436E+02 
19 29 2.058E+02 -2.058E+02 
20 29 O. O. 
21 29 O. O. 

-1 30 O. O. 
0 30 C. O. 
1 30 O. O. 
2 30 O. O. 
3 30 O. O. 
4 30 O. O. 
5 30 O. O. 
6 30 O. O. 
7 30 O. O. 
8 30 O. O. 
9 30 O. O. 

10 30 O. O. 
11 30 O. O. 
12 30 O. O. 
13 30 O. O. 
14 30 O. O. 
15 30 O. O. 
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16 30 o. O. 
17 30 C. O. 
18 30 O. O. 
19 30 O. O. 
20 30 O. O. 
21 30 O. O. 

TIME FOR THIS PROBLEM = o MINUTES 39.256 SECONDS 

ELAPSED CPU TIME = o MINUTES 51.154 SECONDS 
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