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ABSTRACT

The objective of this research was to deteritine the response of a semicircular

orthotropic steel shell aircraft shelter when subjected to synmtric and

unsymmetric static load conditions. A numerical technique is presented which

is capable of treating the problems of nonlinear material properties, non-

linear geometry, flexure and axial compression, and the orthotropic nature of
the structure. Basically, a mathematical model is developed which exhibits

the same characteristics (moment-rotation, load-deformation, and ultimate

strength) as a finite portion of the actual structure. This information is

then used as input to a digital computer program for proper assembly of the

stiffness coefficients and subsequent solution. The method of analysis is

based on a differential approach to the basic displacepent method, and a

fourth-order Runge-Kutta integration technique is employed to integrate the

differential equations. To verify the analysis, 22 tests were conducted on a

full-scale structure which compared favorably to the numerical analysis.
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SECTION I

INTRODUCTION

1. OBJECTIVES

The objectives of this investigation are (1) to develop a technique for

analyzing doubly corrugated steel shells used as protective shelters for air-

craft, and (2)to verify the analysis by full-scale testing of such a structure.

2. DESCRIPTION OP STRUCTURE

Although the analysis developed and presented in this report is applicable

to general shell structures exhibiting nonlinear response when subjected to ar-

bitrary static loading, the particular structure studied here was a semicircular

steel arch shell constructed of doubly corrugated arch panels bolted toget.er
to form a completely self-supporting structure. These panels were fabricated

of 14-gage sheet steel that was first deformed into somewhat of a U-shape 14
in. deep. Then, to obtain the proper curvature, small corrugations were

rolled into the panels on the bottom and sides of the U-shape. Consequently,

the assembled structure had deep corrugations circumferentially and small
corrugations longitudinally. The structure analyzed and tested in this study

was 74 ft long and had an inside radius of 24 ft. This structure was manu-

factured by Wonder Trussless Building, Inc. of Chicago, Illinois.

3. PREVIOUS WORK

Since the structure being studied was one to which no closed form mathe-
matical solution was applicable, the few previous attempts of analysis (refs.

1,2) have necessarily been restricted to treating the problem as being a

linear, elastic, isotropic arch. To the author's knowledge, the change in
structural response due to the small corrugations has never been studied.

Similar structures have been evaluated in the past. The U.S. Naval Civil
Engineering Laboratory (NCEL) has published two technical reports on the
evaluation of doubly corrugated metal buildings (refs. 3,4). In both of these

reports, the characteristics determined were shipping weight and cube, weight

of metal required, structural strength, ruggedness, erection and reerection

time, first costs, and maintenance costs.
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Although recently constructed aircraft shelters have a concrete cover,

originally they were designed with an earth cover. A rather comprehensive

structural test program (ref. 5) was conducted by the Civil lingineering Divi-

sion of the Air Force Weapons Laboratory (AFIQL). The objectives of that study

were (1) to establish design criteria and standards for a family of protective

shelters, and (2) to evaluate currently available structures for their poten-

tial use as aircraft protective shelters. The results indicated that a 48-ft-

d iimeter 10-gage stncture with a 14-in.-deep corrugation was capable of sus-

taining a 10-ft static Ioad of earth cover.

4. A1PROACI f

a. Numerical Analysis

A numerical technique capable of treating the problems of nonlinear

material properties, nonlinear geometry, and orthotropic response to arbitrary

loading was developed. To accomplish this, a mathematical model which exhi-

bited the same characteristics (moment-rotation, force-deformation, and ulti-

mate strength) as a finite portion of the actual structure was developed. The

entire structure was then analyzed by appropriate assembly of hundreds of

these models within a computer program (appendix I) which was developed as

part of this investigation. Basically the numerical approach employed was

as follows:

(1) A differential approach to the basic displacement method

was employed.

(2) A three-parameter moment-rotation (and force-deformation)

equation was used to represent the material nonlinearity.

(3) A beam model was used which, when coupled to five other

similar beam models, represented the behavior of a portion

of the shell both in the elastic and plastic ranges.

(4) A fourth-order Runge-Kutta integration scheme was employed

to integrate the system of differential equations.

(5) The compatibility matrix was adjusted during the incremen-

tal loading in order to account for geometric nonlinearity.

Every attempt was made to retain the physical characteristics of the real

structure while developing a method of analysis which had a tractable solu-

tion. The end result was a technique which predicts the behavior of the

2



structure under any static loading condition. This approach was similar to

that presented in reference 6.

b. Experimental Program

The experimental phase of this investigation consisted of two parts.

(1) Laboiatory tests were conducted to determine the moment-

rotation, force-deformation relationships, and the fail-
ure modes of finite portions of the structure. This in-

formation was then used as input to the computer program

previously mentioned.

(2) Full-scale tests were conducted on 74 linear feet of the

structure using knowm loads in order to verify the numer-

ical analysis.

As a result of this experimental investigation, a technique which

can be used to predict the elastic moment-rotation response of the individual

panels was developed, The significance of this is best realized when a re-

quirement for the analysis of a deeper corrugated section arises. By testing

circumferential strips of the panels in uniaxial tension, the variation of

the modulus of elasticity within the cross section of the panels can be deter-

mined. This information can be used to develop a transformed section similar

to the approach used in the analysis of reinforced concrete members.

3
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SECTION II

FOIvIULATION OF CONCEPTS

1. GLNERAL APPROACH R) FULL-SCALE STRUCTURE

Although the analysis of the structure being studied appears, at first,

to present a relatively simple problem, closer examination reveals several

ccmplications that prohibit the use of existing shell-analysis techniques.

The structure exhibits pronounced orthotropy, nonlinear response to applied

loads, and can be loaded to such an extent as to produce geometric nonlinear-

ity. Since the spectrum of loads of interest encompasses virtually all possible

magnitudes, the following conditions must be studied:

(a) elastic analysis (loads of low intensity),

(b) nonlinear analysis (loads of higher intensity), and

(c) ultimate strength analysis (loads that cause collapse).

A procedure has been developed which treats all the above conditions

simultaneously. So that one may better understand the approach used in the

numierical analysis, development of the matrix formulation is presented in

detail. The differential approach used to consider material nonlinearity and

the incremental approach used to handle geometric nonlinearity are presented.

The mathematical models for the nonlinear beam element, the orthotropic shell

element, and the full-scale structure are also presented.

2. MATIRIX FORMULATION

Indeterminate structural systems which behave elastically can be analyzed

by either the "force" or "displacement" method. Nonlinear systems can also

be solved by either method as presented by Richard and Goldberg (ref. 7) and

Goldberg anc Richard (ref. 8). The displacement method prevails, however,

because of the ease of generating the required equations on the digital compu-

ter; consequently, this method is applied to the approach taken in this report.

-Applying the displacement method to nonlinear systems, using a differential

point of view, results in a set of simultaneous nonlinear ordinary differen-

tial equations which is solved by numerical integration.

4



The matrix formulation of the displacement method, as used in elastic

analysis, is based on equilibrium, stress-strain, and compatibility relation-

ships of a deformable body.

Consideration of equilibrium results in the following expression relating
the vector of applied forces, {f}, to the vector of internal forces, {pJ.

{f} [A]{p} (1)

where [A] is known as the equilibrium matrix.

Employing stress-strain (e.g., moment-rotation or force-deformation) con-
cepts, the internal forces, {p}, are expressed in terms of the internal defor-

mations, (v}.

{p) = [k]{v} (2)

where [k] is the stress-strain relationship (usually called the element stiff-

ness matrix).

Enforcing continuity results in the following expression relating exter-

nal deformations, {d}, to the internal deformations, {v}.

[v} = [B]{d} (3)

where [B] is the compatibility matrix presented in figure 1.

Applying a set of virtual displacements to a structure which is subjected
to the action of real loads and introducing the theorem of virtual work gives

{f}t{d} = {p}t{v} (4)

Substitution of eqs. (1) and (3) into (4) results in

{pit[A]t{d} = {p}t[B]{d} (5)

Therefore, the caomatibility matrix is the transpose of the equilibriui matrix.

[B] = [A] t  (6)

5
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Figure 1. Compatibility Matrix Development

it can now be showiin that

WI = [B3] [k][Bj{d) (7)

or

{f) [K]{d} (8)

6



and

{p} = [k] [B]{d} (9)

where [K] is known as the structure oriented stiffness matrix ([K] =

[B] t[k][B]).

Equation (8) represents a set of simultaneous algebraic equations, the

solution of which yields the linearly elastic response of the structure for

any statically applied loading.

3. DIFFERENTIAL APPROACH

In structural systems which exhibit nonlinear material behavior, the

displacements are not linear functions of the applied loading and, consequent-

ly, a differential approach must be taken. In order to formulate the funda-

mental equations of a nonlinear structure, consider first the set of equations

derived for linear structures and introducing proportional loading,

XP K (d) (10)

where P is the parameter of applied loads, X P represents the generalized

applied load at point i, Ki denotes the force-displacement function of the

structure at point i, and d. is the generalized displacement at point i inJ
the j direction. The differential form of eq. (l0) is

d Ki(d)) (11)

or

F= Fi(d.,d.) (12)

where

dK.(d.)
(d,d

(13)



and

d
dj y(dj) (14)

integration of eq. (14) results in a complete displacement pattern for

the nonlinear structure for any given applied loading and initial conditions

(ref. 8). Mhis integration is accop)lished numerically using a fourth order

Runge-Kutta technique.

By introducing a shorthand notation for the first term on the right side

of eq. (13),

K* (15)

K* is the generalized differential stiffness matrix and is determined by

K* = BtkB (16)

where k is a square matrix relating differential element displacements to the

differential element forces.

4. NONLINEAR NUDEL

In order to develop a mathematical beam model, an expression for nonlinear

mtoent-rotation and force-defonmation is required. 'Tlie Richard stress-strain

formula (ref. 7) was chosen because of its smooth transition to fully plastic

behavior and its asymptotic nature. lhe following equation is one form of

the expression.

RO
NJ = RO (17)

where R, 0, M, NIp, and n denote the stiffness coefficient, rotation, moent,

ultimate moment, and the curve-fitting parameter, respectively. A nondimen-

sionalized form of this equation is shown in figure 2.

8



1. 0 n = 50. 00p-.o n _-.- 2 0 0-. 0 0 -- _ 0 9 , r 1_ ° " = 3 . ° °0
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0

E = rotation, deformation, strain

E0 = terminal value of E corresponding to T0 0

n = curve-fitting parameter

Figure 2. Richard Equation
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Equation (17) can be solved for Re, thus

M=i- ' ln I /n(18)

Differentiation of eq. (18) with respect to the load parameter, P, yields

dM
d(Re) : tl(19)

Equation (8) can be rewritten as

{d} [K]('{f} (20)

or in another form as

{e} = [K]'{M} (21)

and in incremental differential form as

d ({e}) = [K*] - I d{M]k (22)

where [K]-1 is the flexibility matrix corresponding to the stiffness matrix,

[K], and [K*]"l is the corresponding differential relationship which is

constant during each load increment (as well as during each numerical

integration increment).

By using eqs. (19) and (22), the following expression can be written for

a single beam element.

10



d-- (n Mi (+1) /n -6E-dP

!. i (23)

n~k_ dM.!

. L 3EI
dO.

dP 6MI](n+l)/n

Introducing the notations

AM, [ ~(n 
+ 1)n

and [n M (n +1) /n
Aj l-

and solving eq. (23) for the differential moments, the fo~lowing equation is

obtained.

2A AiA -

av 6EI I j di'L - - - - -( 4
4-AA (24)

Ido.
AiAj I2A

To illustrate the behavior of the model, consider a large value for the

curve-fitting parameter, n (thus making the curve bilinear). If neither end
moment has readed its ultimate value (Mi < Mp and Mj < Mp ), eq. (24) becomes

11



S4EI 2131 i
U_ L L UF
=---- (25)

2EI 4EI

which indicates linear action for the beam. If, however, the moment at the j
end of the beam element has reached its ultimate value (Mj = M ), while the
moment at the i end is still elastic M< M p), eq. (24) becomes

dM 3El dO.i

(26)

which represents the stiffness coefficients for the beam pinned at the j end.

This nonlinear beam model is used in the assembly of the shell model, which

consists of six interconnected beams.

In order to incorporate the effect of axial force-deformation in the

shell, tne element stiffness matrix must be expanded. This expansion is

df Ar(4-A A.) dvdp F_ 0o

-4 TO°+ (27)

(ifj dv
20 2A~ AiA 2

df dv
d0 0 A.A. 2A 3dP9 j aiv-

where fl, vI, f 2 , v2 , f3 , V 3 denote the axial force and deformation, moment
and rotation at the i end, and moment and rotation at the j end, respectively.

'lhe term Ar represents the cross-sectional area of the element and f0 denotes
the ultimate axial force for each element.

12



Figure 3 shows a portion of the actual structure to be analyzed, an

equivalent physical model, a shell model, and a beam model. Since the back-

ground for the nonlinear beam model has been established, it remains now to

show how these beam elements are to be interconnected to form the shell model

and to develop expressions for the physical properties of these elements.

Geometric nonlinearity is treated with an incremental loading approach

that assumes finite deflections. If large deflections are to be considered

in the future, an iterative approach must be used. However, a rough approxi-

mation of a collapsed configuration may be obtained by incrementing the load

vector.

5. SHELL MODEL

In order to obtain a general method for the analysis of nonlinear shell

structures, a model must first be developed which adequately predicts the

initial linear response and which may be modified to account for nonlinear

action. The framework model, comprised of six interconnected beam elements,

appears to fulfill the above requirements. A model first introduced by

hrennikoff (ref. 9), later used by Yettram and Husain (ref. 10), and subse-

quently extended to the nonlinear analysis of plate structures by Smith (ref.

6) was used as a guide to develop a model for orthotropic shell structures.

The model used in this study is shown in figure 4. In order to obtain the

properties of the individual beams, laboratory tests were conducted to deter-

mine the initial elastic response and the ultimate (plastic) capacity of

portions of the actual structure when subjected to bending and axial force.

The details of this technique and the laboratory results are presented in

section III.

The full-scale structure is modeled by assembling (on the digital compu-

ter) many elements; consequently, any load, symmetric or unsymmetric, may then

be applied and the results will include the elastic and nonlinear responses.

13



(a) Portion of Actual
Structure .

(b) Equivalent Model

No Interaction Between
Diagonal Members-

(c) Shell Model

(d) Beam Model

Figure 3. Modeling of Structures
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SECTION III

DETERMINATION OF MODEL CHARACTERISTICS

1. OBJEC-FIVE

Before the concepts previously developed can be used to predict the

behavior of the entire structure, information concerning the action of por-

tions of the structure must be obtained. This section is devoted to a

presentation of the laboratory tests conducted which are necessary for the
detennination of the required parameters for moment-rotation and force-

defonmation relationships.

2. MCENT- ROTATION TESTS

a. Apparatus

In order to obtain the flexural behavior of a portion of the struc-

ture, a 20-ft section of the arcl was tested as shown in figure S. This test
setup consisted of center supports located 76 in. apart which were connected
to the panel with flanged cartridge ball bearings and a 2-inch-diameter solid-

*steel shaft. The loads were applied near the ends with double-acting hydrau-

lic rains which made it possible to subject the panel to both positive and
negative moments. Figure 6 shows the positive moment setup. It should be

noted that the base of tie ram was hinged to allow for rotation during loading.

In order to subject the panel to negative moment, a 1-inch-diameter eyebolt

was extended through the concrete (used for a load-distributing device) and

the steel. The hydraulic pressure line was connected to the top of the ram.

Although figure 5 shows the lower end of both supports as fixed,

later modifications involved the installation of a shaft with pillow block
type ball bearings so the effect of combined bending and axial force could be

studied. lhis effect was negligible on the initial response but did tend to

result in a change in the ultimate moment of the section of about 15 percent

(stronger with fixed base).

b. Instrunentation

Since the three parameters needed to use eq. (17), shown in figure
2, are initial slope of the moment-rotation curve, the ultimate moment, and

the overall shape of the curve, instrumentation was chosen that would

16
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Figure S. Moment-Rotation Test Apparatus

Figure 6. Hydraulic Ram Loader
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continuously record the pressure in the rams and the resulting rotation at the

supports. Thlis information was recorded on the existing data acquisition

system at CERF. It was recorded at 1-7/8 in./sec, played back at 60 in./sec,

and plotted on an x-y plotter. Figure 7 shows the method used to obtain the

amount of rotation. A 12-inch-diameter alumirum plate was attached to the

support shaft; piano wire was placed around the circular plate and attached to

a weight which moved vertically under test conditions. This movement was

measured with linear potentiometers on both sides of the shaft in order to

cancel tie effect of vertical movement of the shaft.

Figure 7. Rotation Measurement Instrumentation

18
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c. Results

Initially, it was believed that there would be significant differ-

ences in positive and negative bending. However, inspection of the results

(shown plotted in figure 8) revealed the difference in elastic response to be

relatively small and, consequently, the effort required to incorporate the

difference into the computer program was not considered necessary. 'he major
difference occurred in the ultimate moment.

The initial slope of the moment-rotation curve is

2,000 ft-kips/radian (28)

and the ultimate moment is

M = 30 ft-kips/panel (29)
0

Although the curve-fitting parameter, n, is approximately 3, values of 2 and 4
would not be unreasonable. Studies were conducted with the computer program
to determine the difference in final results for a range of 2 to 4 on the

curve-fitting parameter. The final results were only slightly affected for

problems where structural yielding was not widespread.

In every test, failure of the panels was of the buckling type.

Figure 9 shows typical types of failure.

3. FORCE-DEFORMATION TESTS

a. Apparatus

As in the case of moment-rotation tests, axial force-deformation

tests were conducted to determine the initial response, the ultimate axial

force, and the general shape of the force-deformation curve for a portion of

the structure. The equipment used in this test was a static hydraulic testing

machine. The test setup is shown in figure 10. Figure 11 shows an early trial

test on a short portion of the structure (which proved unstable); it is pre-

sented here because the bottom support in subsequent tests was the same as

the top support shown in this figure.
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Figure 9. Typical Buckling Failures
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Figure 9-- -Concluded

22



Figure 10. Force-Deformation Test Apparatus

LI

Figure 11. Support Conditions
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b. Instrumentation

In order to obtain the complete shape of the force-deformation curve,

both the load from the hydraulic loader and the displacement of the loading

head were continuously recorded on an x-y plotter. In addition, potentio-

meters were moruted horizontally to observe lateral displacement (fig. 12).
1his information was recorded o~opaper tape readout.

c. Results

Since the panels were initially curved, the axial loads created some
flexure because of the eccentricity. Thiis effect was minimized by aligning

the end loads with the centroid of the center (lengthwise) of the panel. Vir-

tually all of the sections tested failed by local buckling at or very near the
center. Thle type of buckling was essentially the same as that resulting from

the moment-rotation tests. The response of the panels when subjected to axial

force is presented in figure 13. Several specimens were loaded and unloaded
repeatedly and a typical curve for this test is shown in figure 14. The re-

peated loading had no effect on either the initial or the final response of

the panels.

From figure 13, the average initial slope of the curves for tests

A-2, A-3, A-S, and A-6 is

= 1,950 kips/in. (30)AL

and the ultimate force is

f = 40 kips/panel 1.665 kips/in. (31)0

Also, the curves are essentially bilinear and can be reproduced with eq. (17)

using a large value of n (say n = 20). Thlese values are needed to develop

a model with the same -haracteristics.

In every test, the failure was a buckling type similar to those

shown in figure 15.
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Figure 12. Lateral Displacement
Measurement Instrumentation

4. MODEL CHARACTERISTICS

In order to generate a system of equations which represents the action of

the entire structure when subjected to an arbitrary loading condition, infor-

mation must be obtained regarding the representative equations for a portion

of the structure. Basically, the parameters in the equations shown in matrix

form by eq. (27) must be determined.

First, the actual structure is reduced to a cylindrical shell which has

a constant thickness circumferentially based on the initial elastic response

of portions of the structure. Also, the model will have a constant thickness

in the longitudinal direction which differs from the circumferential thick-

ness. It should be noted that the model will have characteristiz that re-

present both compression and flexural modes.

25



50

40 A-2 -,'"
A-3

30

0,-A-6

- A-5*A-4

0

00 0.01 0.02 0.03

AL, in.

Figure 13. Force-Deformation Curves

Consider the flexural mode in the circumferential direction. If moments

are applied along parallel sides of the element (shown in figure 16a), the re-

sulting rotation is ML/2E1I if purely cylindrical bending is assumed. Solving

in teris of M/O

M 2EI (32)
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Figure 15. Typical Failure Modes (Axial)
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Figure 16. Models

Equating this to the experimental value, eq. (28)

M 21I1 2(30 x 103)] = 2,000(12) (33)
o = -1) 76"

thus

I = 30.4 in. /panel (34)

A very important point must be made here. In all previous analyses, the

moment of inertia has been taken as I = fAy2dA which results in 1 = 92.4 in.4/
panel. This approach assumes a homogeneous cross section which at first may

appear valid but if the small corrugations are considered, it becomes obvious

that the slopes of the stress strain curves vary within the cross section.

It should be noted that the stress and strain are average values and not the

true stress and strain at a point. The author has developed a procedure to

predict the elastic response of the section by removing (cutting) strips frolii

the section and obtaining a modular ratio which is then used to develop a

transformed section. The results of this approach are essentially the same

as those obtained from the moment-rotation tests.

Consider a rectangular section

1 at 3

e afc (35)
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where tef c denotes the equivalent thickness for flexure in the circumferential

direction. For our case where a = 24 in. (single panel test)

tefc = 2.48 in. (36)

It should be noted that other approaches are possible. For example, an effec-

tive El could be determined. However, since E appears in both the axial com-

pression and the flexural modes, it was decided that the approach used here is

a more logical one.

Since the structure is orthotropic, an investigation into its flexu-

ral capacity in the longitudinal direction is required. The strength (both in

compression and flexural modes) in this direction is very small compared to

that in the circimiferential direction. In fact, tests have shown that the

strength in this direction could be neglected if the grid size could be chosen

small enough. However, because of the core storage on the digital computer,

the grid size used was such that the flexural capacity in the longitudinal

direction was required.

Consider a portion of the structure as shown in figure 17. The

location of the centroid is determined as

fAYd foRcosetRdO
y2 2Rit (37)

A

The moment of inertia about the x-axis is

I = fAy 2dA = 2fo(Rcose) 2tRde = R3t(d + -1 sin2q) (38)
x A0 2

Ihen the moment of inertia about the centroidal axis is

1 2

IC = Ix - Ay 2 = R't( +  sin2q - -sin2 ) (39)

This information is used in appendix I to determine the properties of longi-

tudinal members.
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Figure 17. Section of Structure

The force- deformation relationships, as determined from laboratory

tests and shown in figure 13, are used to develop the required model paramn-
eters. To obtain an equivalent shell thickness, consider

E E= a= P/ () L)N (40)

A* P ) (1,950) (76)1 0.493 in /panel (4 1)
AL E 30,000
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Then the equivalent thickness for axial stress in the circunferential direc-

tion is

t = 0.493/24 = 0.0205 in. 2 /in. (42)

'Tie equivalent thickness in the longitudinal direction was taken as the true

material thickness.

Considering the ultimate force, eq. (31), and the equivalent area,

eq. (41), the ultimate axial stress, o, is obtained.

C0 = AT 81.3 ksi (43)

The diagonal members shown in figure 16b arc not actually required

for stability in low ranges of loading. However, as the structure starts to

yield, the equations become unstable and their solution meaningless. These

members are supplied to stabilize the system and permit a complete nonlinear

solution.
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SECTION IV

FULL-SCALE TESTS AND ANALYSIS

1. CONSTRUCTION

Since there was initially a possibility of covering the structure with

either soil or concrete, a loading system was designed with these eventualities

in mind. The loading floor was designed to serve not only as a deadman for

loading the structure but also as a system that could be used to conduct

moment-rotation tests on portions of the structure with varying thicknesses

of concrete cover. This reinforced concrete floor was 16 ft wide, 32 ft long,

and 8 ft thick with screw type inserts for tiedowns. To minimize support

settlement and spreading, wing walls and horizontal tie bars were included.

Figure 18a shows the formwork and reinforcing steel used in the loading floor.

The concrete was placed in 2-ft lifts with the first three lifts being 2,500-

psi concrete and the top lift 4,000-psi concrete. An overall view of the

loading floor, wing walls, and footings, prior to backfilling, is shoam in

figure 18b. Figure 18c shows in greater detail the screw anchor inserts.
These inserts are on 2-ft centers and each one has a "pullout" strength of

approximately 80 kips. The completed loading floor after backfilling is shown

in figure 18d.

To detenitine the best method of erection, single, double, and triple

arches were assembled on tie ground and lifted into place with a crane. The

double-arch procedure proved to be the best and was consequently used in sub-

sequent construction. Since tests were planned for three different shelter

lengths, two arches were omitted during construction. Figure 19a shows the
structure partially completed and figure 19b shows the structure ready for

the first series of tests.

2. LOADING AND INSTRkvENTATION SYSTEMS

TIlie loading system was constructed by attaching double-acting rams to the

loading floor. Force links were then connected from the rams to the cables by

means of a pin at one end and a free-turning swivel at the other end. 'IMe

cables were then extended to the structure and connected to U-nuts which were

attached to 1-inch-diameter high-strength full-treaded bolts. ie bolts

passed through both the metal and short sections of 4- x 4-in. timber which
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were partially encased in metal channels. The tops of the bolts were

then double-nutted. This arrangement is shown in figure 20. Iydraulic pres-

sure was supplied to the rams by means of the air-actuated pump shown in

figurl 21.

Although the force in the cables could have been approximated by record-

ing the hydraulic fluid pressure, the use of strain gaged force links provided

a much more accurate record of the force in the individual cables. Figure 21

shows the two 10-channel switch and balance units and the portable strain

indicator that were used to determine the cable forces. The force links were

calibrated so that 1 pin./in. of strain represented 10 lb of force.

Horizontal and vertical deflections were measured at 35 locations on the

structure as shown in figure 22. This measuring method consisted of two hori-

zontal strands of piano wire (vertical separation of approximately 2 ft)

stretched perpendicular to the longitudinal axis of the structure at five lo-

cations. These wires were attached to standards which were independent of the

structure. Thirty-live weights were then suspended from the structure with

piano wires in such a way that each one intersected with a pair of the hor zon-

tal wires. Short strips of measuring tape (1/16-in. markings) were attached

to the vertical wires and to one horizontal wire in each pair. This arrange-

ment (fig. 23) provided good records when read with a transit.

3. 'IYPES OF TESTS

Since one question to be answered in this research endeavor was whether

the structure exhibited primarily arch or shell action, three series of tests

were conducted on different structure lengths. The first seven tests were

made on 30 linear ft of the shelter with the loads distributed throughout the
entire length. The second seven tests were conducted on 52 linear ft of the

> truct;ure with loads applied on a 30-ft portion from one end. Finally, seven

tests were made on 74 linear ft of the structure with loads applied on the

center 30 ft. Figure 24 shows the arrangement of the loads. Not all hydrau-

lic rams were acting on all tests. Table I gives the type of tests, structure

length, and type and amount of loading for the full-scale test series.
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Figur 18.. Cosruto of Lodn Flo
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(c) Loading Floor Showing Tiedowns and Wing Walls

(d) Loading Floor After Backfilling

Figure 18-- -Concluded
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(a) Shelter Under Construction

(b) Completed Shelter

Figure 19. Shelter for First Test Series
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(a) Hydraulic Ram and Force Link
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(b) Loading Cables

Figure 20. Loading System
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Figure 21. Load-Producing and Load-Measurement Systems

Figure 22. Deflection-Measurencnt System
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Figure 24. Applied Loads
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Table I

FULL- SCALE TESTS

Loading Average Maximum
Type Structure Load Numbers Acting Load per Rani, lb Total

Test of Length, (See fig. 24 Side Center Load,
Nu ber Test ft for load numbers) Rams Rams lb

2 Symmetric 30 1 through 14 0 4,956 69,385

3 S)ynmetric 30 All 22 3,434 2,940 68,607

4 Unsymmetric 30 1 through 14, 3,539 2,970 55,690
19 through 22

5 Unsymietric 30 1 through 18 3,598 2,980 56,090

6 Symetric 30 15 through 22 5,981 0 47,850

7 Uns)mmetric 30 19 through 22 8,020 0 32,080

8 Unsynnetric 30 15 through 18 7,962 0 31,850

102 Syimietric 52 1 through 14 0 6,044 84,425

103 Syinetric 52 All 22 4,048 3,450 80,784

104 Uns)mmietric 52 1 through 14, 4,793 4,010 75,200
19 through 22

105 Unsymietric 52 1 through 18 4,766 3,980 74,645

106 Symetric 52 15 through 22 7,806 0 62,450

107 Unsyminetric 52 19 through 22 8,130 0 32,520

108 Unsymmetric 52 15 through 18 8,108 0 32,430

202 Syiunetric 74 1 through 14 0 6,010 84,055

203 Syinetric 74 All 22 4,138 3,490 81,960

204 Unsyiibietric 74 1 through 14, 4,783 4,010 75,320
19 through 22

205 Uns)nymetric 74 1 through 18 4,791 4,020 75,565

206 Sywmetric 74 15 through 22 7,888 0 63,100

207 Unsyunetric 74 19 through 22 8,175 0 32,700

208 Unsyiimietric 74 15 through 18 8,088 0 32,350
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Tests were numbered as follows: the first series (30-ft shelter) is

nunbered 2 through 8; the second series (52-ft shelter) is numbered 102

through 108; and the last series (74-ft shelter) is numbered 202 through 208.

Consequently, to determine whether the structure behaves like an ard or a

shell, comparisons must be made among tests ending in the same number. To

facilitate such a comparison, table II is presented to show the effect of

structure length on the centerline deflections. The last column is a normal-

ized load/deflection computation in which the lowest value of P/A is taken as

the reference and the other two tests using the same loading are then referred

to it. The lowest value was taken so the percentage difference could be auto-

matically presented. For example, consider tests 5, 105, and 205. With test

205 as the reference, it is obvious that test 105 differs by almost 3 percent
and test 5 differs by over 6 percent. Furthermore, it can readily be seen

from such comparisons that the structure exhibits essentially arch behavior

and, consequently, tie length effect is negligible.

4. NIWlER1CAL ANALYSIS AND CCMPARISONS TO EXPERIMENI'AL RESULTS

he nunerical analysis developed in this investigation is based on a dis-

crete element idealization technique which uses the beam element developed in

section II. The grid systems used for each of the test cases were as follows:

Test
Series Test Case Grid System Reference

1 5, 8 20 x 10 Grid layouts are
1 2, 3, 6 10 x 10 contained at
2 102, 103, 106 10 x 15 the end of the
3 202, 203, 206 10 x 20 report.

All test problems except 5 and 8 were symmetrically loaded and, consequently,
fie grid represents only one-half the structure for most cases. 'tihe grid

systems were chosen with as many degrees of freedom as possible while utiliz-
ing only the central core memory of the computer.

Since the structure was constructed of doubly corrugated steel panels

which have essentially no areas free of small corrugations or holes, strain

measurements were not attempted. Deflection measurements were taken during

each test and these results were compared to the analytical predictions (fig.

25). Horizontal deflections were not recorded in test 2 because the measuring
system had not reached the final stage of refinement. However, in all subse-

quent tests, horizontal measurements were recorded.
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Table II

CENTERLINE DEFLECTION VEPSUS TOTAL LOd) COU1MARISONS

Total Centerlinoe
Test Load (P), Deflection (A), P/A, Nonalized,

Ntuiber lb in. lb/in. P/A

2 * 69,385 3.38 20,528 1.0159

102 * 70,070 3.44 20,369 1.0080

202 * 69,710 3.45 20,206 1.0000

3 * 61,740 3.49 17,690 1.0000

103 * 61,218 3.38 18,396 1.0399

203 * 62,720 3.48 18,023 1.0188

4 t 55,690 2.81 19,819 1.0104

104 t 56,100 2.86 19,615 1.0000

204 t 56,580 2.72 20,801 1.0295

5 .V 56,090 2.61 21,490 1.0635

105 t 56,580 2.72 20,801 1.0295

205 t 56,575 2.80 20,205 1.0000

6* 47,850 2.06 23,228 1.0000

106 * 46,610 1.97 23,660 1.0185

206 * 57,048 2.00 23,524 1.0127

7 t 32,080 1.44 22,278 1.0000

107 t 32,520 1.31 24,824 1.1142

207 t 32,700 1.37 23,869 1.07J4

8 t 31,850 1.50 21,233 1.0000

108 t 32,430 1.37 23,672 1.1148

208 t 32,350 1.38 23,442 1.1040

* Symetric loading.

t Unsynmetric loading.
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Although 22 full-scale tests were conducted, only 11 are presented here.

The first test was considered a "shake-down" and was conducted in an attempt

to remove the effects of bolt misalignment and other irregularities caused by

fabrication and construction. The results of two of these tests were disre-

garded because of high wind in one instance and rain in the other. Because

of the limited computer storage capacity, analytical solutions for the un-

symmetrically loaded 52- and 74-ft-long structures were not obtained. Con-

sequently, test results from the second and third test series involving

unsymmetrically loaded structures will be presented in the future.

Figure 26 is presented to give the reader an idea of the response of the

crown when subjected to various load configurations. No scale is shown since

these plots (from program presented in appendix II) are for the linear analy-

sis only and essentially the same information may be obtained from figure 25.

It has been noted that no strain measurements were taken and, consequently,

no experimental stress values can be presented. However, in order to develop

an insight into probable stress patterns, an approximate stress analysis was

performed for a selected number of the test problems. These plots, shown in

figure 27, are useful only for predicting regions of high stress and are not

intended for design purposes. The stress distribution of test problem 3 is

with fixed supports while all others are based on simple supports. 'Ihe ques-

tion of the degree of fixity at the base was studied and it was concluded that

for the loading considered in this investigation, the hinged condition was

more representative of the actual conditions. The main reasons for this con-

clusion were (1) the base plates, to which the structure was attached, were

secured to the footings in such a way as to allow some rotation, and (z) the

panels were bolted to the base plate in a staggered manner so that the bolts

along the outside and inside were 2 ft apart and the holes were considerably

larger than the bolts. It is believed, however, that for high load intensities,

the slack will be taken out of the system and the fixed base condition will be

more representative. 'Ihis presents a rather difficult problem if the support

response becomes a function of the load intensity.

48



(a) First Test Series (30-ft Structure)

Wb Second Test Series (52-ft Structure)

203

(c) Thi1rd TJest Series (74-ft Structure)

Figure 26. Crown Displacements (Linear Analysis)
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SECTION V

CONCLUSIONS

lhe following conclusions have been made as a result of this investiga-

tion of a doubly corrugated steel aircraft shelter.

(1) Ihe initial response of the structure can be predicted with reason-

ably good accuracy by treating it as a linear elastic problem with-

out conducting moment-rotation and force-deformation tests on

individual panels. However, the cross-sectional properties (such

as the moment of inertia and the centroid) cannot be taken from

existing manufacturers' tables since this information ignores the

effect of the small corrugations. Rather, simple tests must be

made to determine the apparent modulus of elasticity of longitudinal

strips at different locations within the cross section. This infor-

mation can then be used to develop a transformed section which

includes the effect of the small corrugations. When a future

requirement for the analysis of different doubly corrugated sections

arises, this approach can result in a significant savings since the

new panel concepts do not have to be fabricated prior to an initial

analysis.

(2) 'here is approximately a 10- to iS-percent variation (depending upon

the loading conditions) resulting from treating the structure first

as an arch and then as a shell.

(3) For the loadings used in the full-scale testing program, the non-

linear solutions differed by approximately 15 percent from the

linear solutions. However, for loads which could result in inci-

pient collapse, the nonlinear and linear analyses could differ by

several hundred percent.
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APPENDIX I

CCMPUTER PROGRAMS

1. INTRODUCTION

Although the computer program, SANOS (Structural Analysis of Nonlinear

Orthotropic Shells), was developed specifically for the analysis of the

structure described in section I, it is not restricted to such structures.

The program is designed so that virtually any structural geometry (symnetric

or unsymmetric) ca. be handled with slight modifications.

A companion program, SAN1PLT, was written to plot the results from SANOS

which expedites interpretation of the grid system, loading, crown and arch

displacements, moments, axial forces, and comparative stresses on inside and

outside fibers.

Sample input and output for the SANOS program are presented in appendix

III and IV, respectively.

2. COIPUTER PROGRAM SANOS

Card Number(s) Explanation

1 Control card

2 through 11 Dimension statements (These would require changes to
increase the number of elements used.)

12 through 18 Common blocks

19 through 83 Format specifications for input and output informa-
tion

84 through 99 Read statements and comment cards for input data

100 through 110 Initialization of certain parameters

111 through 116 Calculating dimensions and central angles

117 through 119 Initialization of support information vectors

120 through 129 Reading and arranging support information

130 through 144 Initialization of parameters

145 through 146 Reading load vector

147 through 182 Printing input information

183 through 230 Calculating and printing nodal coordinates

231 through 280 Calculating and printing element properties

281 through 287 Printing support and loading information
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Card Nunber(s) Explanation

288 through 289 Storing loading information for later use

290 through 291 Calling subroutine BAND to determine the indexing
matrices for banding the stiffness matrix

292 through 430 This phase is a DO loop that applies a certain per-
cent of the load, generates the differential stiff-
ness matrix, solves the equations, and integrates
the internal moments, axial forces, and displace-
ments. This process is repeated until the full load
is applied. During the first pass through this
,ection, subroutine PRNT is called which calculates
and prints the linear analysis.

431 through 446 Checking auxiliary tapes and storing information to
be used as input to plot routine SAN1PLT

447 End of main program

448 through 481 Subroutine EQSOL- -Solves the equations for the dis-
placements

482 through 511 Subroutine PACK--Assembles the master stiffness
matrix

512 through 542 Subroutine BAND--Determines indexing matrices
required for banding the stiffness matrix

543 through 552 Subroutine MULT--Obtains the product of two matrices

553 through 562 Subroutine MTRAN--Multiplies one matrix by the
transpose of another

563 through 601 Subroutine aiPAT--Generates the compatibility matrix
for each element

602 through 629 Subroutine ELEMK--Generates the elemental stiffness
matrices

630 through 830 Subroutine PRNT--Calculates, prints, and sets up data
for plot routine SAN1PLT for the linear solutions
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SA40S
1 P~nG1A4 SANOS(IIDUTOJTPUT,TAPE?,FILMPL)

2 ')IME4310N TC8'30),XIXti30),A-IEA(830),pN(pA0o),JE4(830),KEM(813),
3 2 )'J83),yj(i30),ZJ(k330),XK(830),YK(lI30),ZKf830),

4 3 X(Lii)0(t55lJB~r(ii5)pBRIii5),NS(1155),
5 4 NSPCti55),lV115i) X0(ll55) AXIAL(830) ,PULT(830)9

6 110Mt63tO?(609UMi6)
11 (6 t5)

12 C3OMMO 121 Q3A 9ZQ31q D)OUAX220R

Is REAL -.SUM
L9 2?FORIIATC3I3,111)
?o 30 FORm~rT8I10I
21 362 FORMAT(IHO)
?2 423 F3RMAt20X4H'~33LE41AU4Br_ 15/)
23 421 FORM4T(i6X,4iH 4ONLIIEAR ANALYSIS ,OF ORTHOTIOPIC SHELLS)

?4 422 F3RM~t(14X945l 1ArER[AL N34L1NEARITY *" ItHA~. FORMULATION
?5 424 FO.NAT(491 NU49IE OF IUNGE-KUTTA INTERVALS " NRK IS1)
?6 425 FOR44T(494 NU48SR, OF IEMSEIS "" "' ' 'NM =I1)
?? 426 FORMAt(494 NU4951 OF LOAUS * "'"' " NLOAO li)
?8 427 F3R4AT(49H NU48EI OF SUPP3RTS ""# "4 "" NSUPS =I1)
?9 428 FIRmtr(491 RA43 419I~T '""' " " " NIhANO =I1)
30 430 FORMAT(49H CURVE FITTING O4RAMETER "' " R =F9.?)
31 440) FORM4T(534 **#*********SHELL GEOMETY**#*********#
32 441 FORMAT(61HOMN J4 ( AREA ULT.FORCE SECMO JL
33 IT.104, SX,6HLr-N:r4, 8X,5HITYPE pt)
34 442 FORM4T(345F2o3,18)
35 450 FORIAt(iSX24H RJ'4GE-<'JTTA INTERVAL z 13)
36. 451 F3RM4T(26XSH 'IOIE4TS)
3? .45? FOR'IAT (i23H ME43ER N). 'ION. AT J END 'ION. AT K END SlEAR
38 1 AXIAL FORCE ULT* NON. MJ/PM, 1K/PM ULT. FORCE)
39 453 FOP.AT(74E?5,4Fil.3)
40 454 FORMAT%'2?Xi4H DISPLA'EMENT9)
41 455 POR4AT(12JH 43O)5 DELTA X DELTA Y )TELT% Z
142 £ THETA X THETA Y THETA Z
43 456 F0RMAT(16vlEi?e5s5lEt5*5)
44 459 F3R4AT(I9,1P2Ei795)
45 460 FOR4M1K29H TIESE 41E ViE ELASTIC FORCESI/)
46 461 F3RMAT(424 THESE ARE THE EL'ASTIC NODAL DISPLACE~IrNTS/)
4? 434 POR44ATI494 THECK'1ESS IF SIELL (RENDING)******* THICK.I =F9.?)
48 495 POR4AT(494t THI:K4ESS OF SHELL (AXIAL)********** THICKA =F9.2)
49 497 FIR'IAT(494 MO)ULJS Or ELASTICITY OF SHELL 404409 E =-9.?)
50 502 F'3R'AT(494 4UMBEI OF 40OOES * " " " " " NODES =Ir)
51 503 PORNu(494 NUI'3EJ OF EQUAT1O'4S " "' '''P NODS = 1)
52 534 eORMAT(494 NU43IE OF 3AYS LONG "# " " " " NBAVI 15)
53 50$ FIRNAT(494 NU4F3ER OF q3AYS WIDE "' " " ' " NSAYW =T5)
54 507 FORMAT(494 LE'4GTH OF I)IAG3NAL ELEMENTS OI"" fAG :F9.?)
55 510 FORMAY530'**##''"""TlE NUMBER OF EACH SUP31T*'"""''"w)
56 511 FORMAr(t215)
57 512 FoR'Arc30*o"'"."''f*..OAo NUMBER AND LOAn##*o********Pw')
55 514 FORMAT(14,FS.3ri16,FS. 3,116,F8.3)
59 516 FnRMAT(5FI2*5)
so 5j? FORMmr5340**0'ERPENTAGE 3F LOAD ON EACH RUNGE-KJTTA INTERVAL**)
51 518 FORMATC48$ PEICE4T Or TOTAL LOAD TAKEN IN THIS I1JTERVAL 94.0)

4 F 57



52 519 FORMAT ('8HOTOrAL PERUENT OF LOAD INCLUDED AT THIS TIME =F9.01

63 550 FORMAr(iHi)
6'4 551 FOR'4AT(i5X,4OH 3LASTIC ANALYSIS ** SMITH PLASTIC MODEL
55 552 FORMAT(12X,.84 GEOMETRIC NONLINEARITY ** INCREME'4TAL TECHNUIUE
56 600 FORMAT(IP3E20.5)
67 601 FORMAt(1P9E13.3)

58 20 FORMAr(494 HEIGH~T OF STRUC.TURE HEIGHT : 9.?)
59 521 FOR4AT(49H SPA44 OF srIUCTJRE * ''" ~ SPAN =79.2)
70 623 FORMATC494 CE'4TRAL AIL-OGES********** CAU zr9*?3
71 900 FDRMAT(8FI0,0)
12 901 FORMkT c1110,iFigo.)
73 1000'. F3RMATC494 THICKV1ESS IF SHELL (BENDING-WEAK AXIS) THICKW zF9*2)
74 10005 FIRMAT(494 HALF qAND WIDTH PLUS DIAGONAL NBSYM = I5)
75 10006 FORMAT(49H LE'IGTH OF SHELL SENGTH =F9.')
76 1000? FOR'4ATC.91 LE'4T1 OF LONGITUDINAL MEMBERS " SIDE =;9.2)
77 10008 FORt4AT(49q RA)IUS OF SHELL RADII 9)
78 10009 F3R'44T(49H ULTI14TE IOMENr (IN-KIPS/IN) " "' ULTM :32
19 ?a0030 FORMAT(49t LARGER NO)E NU4IBER ON ENO OF MEMBER NUMBE IS1)
s0 20001 FORMAT(494 SMALLER NI2)E NJM9ER ON END OF MEHRER * NUMSE = 13)
81 203a2 FOR.MAT(49H NU496EI OF 400ES WITH SUPPORTS "' NSUPN =15)
52 20003 F3 IAT(494 METH)) OF 4UMBERING N03ES " ''" NODE = r5)
83 20009 FOR'4AT(49H ULT. AXIA'L STRESS (I(PS/SQ.IN/INCH) '~ULTSTR =:"92
54 READ 30L,4UMPI
85 C 4UMPR *4 NUMBER OF P138LE4S TO BE SOLVED IN THIS CO4PUTER RJN
86 00 999 JPROB~iNUPR
57 1 JEA3 301, 4PR03tN'0OE ,NBAYLN9AYW.NL)A),NSUPNNR(,MA4GLE

*88 C .4DROS ROBLE4 IDE4TIFICATION NUMBER
S9 C ~4UM3= 400OE 'JIBER ON BIG END OF MEMBER(FOR 3A'40 WIDTH CALC)
90 C 4UMSr NODE A481EI ON SMALL END OF MEM3ER(FOR BAND WIDTH :A'-)
91 C N3AVL 4 UMBER IF BAYS ALONS SHELL AXIS
92 C 4I8AYW *~NUMBER OF BkYS ALONG ARCH
33 C NLOAI " 4UNBER IF L)ADS ON SHELL
94. C 4JSU 04 'UMaER IF N33ES WHICH HAVE SUPPORTS
95 C SENGti LENITI OF 34ELL
16 READ 900 93PAN9 HEIGHT, 3ENGtH
97 READ 300,THICKD4,THrc<WULT4I,THICKAULTSTR,ER
38 READ932,C3UT,:I4,RATIOD
99 READ 900,(PCE4T(E)qIz1,NR()

130 MQ='43AYW*Ni3AYL
1)1 IF (J43AYL-N8AYW)4,5,5

*112 4 NUMB: NBAYL+3
033 GO T)6
134. 5 IUMg3= N9AYW + 3
105 6 'JUMS: I
t36 N'BAN)i0*(NUM3S-4UMSrE)+9
10? NESYI:(NBANO+I)/?
128 4'=3Y*4NA4i BY
1-39 NODES=(NBAYW+1)*(A9AYL+t)
1t0 '4305 = 5*'40EES
Ill SIDE:SF.NGTHINBAYL
t12 P1=3.t4159265
113 $3ETA=3,r2.-2.' ATANr(HEIGHT/(SPAN/2.))
t14 RADII=HEIGHT+SPA'J'TA'4F(9ETA)f?.
t15 ZA~pr-2.*8ETA
116 3AD A~180./PI
117 00 951 I~i,NO)5
t18 981 4sp t p=.3
119 4SUPSzo
120 1)0 830 11,tNSJO'4
121 READ 301,'JOOE,(N3(J),J=i,5)
L?2 10 891 K=1,5
1?3 IF(N2(K)) 892,891,892
124 892 NCT=5*ND0E-5+'4P(()
125 NSP(43T)=t
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126 NSUPSzNSUDS*1
127 NS(NSJPS)tNGT
L28 891 CONT14UE
1!~9 -890 CONTI'4UE
130 IRK=I
t31 NPRNrzo
132 LSUM=3
133 R iOR/
L34 )O 3'.2 J=iPNO)S
135 X0CJ)=O.D

W3 342 CONT14UE

142 S.U(I)=O.o

143 -10 235 MN=LN4
144 25AXIA.(MN)=0.3
14#5 'JO 236 J1,pNL3AO

W. O$RINU 550
L48 DRINT 4209NPR)B
149 PRINT 421
L50 PRINT 412
L51 PRINT 551
152 PRINT 552
153 DRN 424,NR(
L54. PRINT 425,NM
5s PRINT 5029NOOES

156 PRINT 503,N005
15? PRINT 5'240NiAfL.
158 PRINT 505,NBAYE
L59 PRINT 426pNLOA0
L50 PR~INT 427,NSUAS
151. PRINT 20002tNSUP4
152 PRINT 4?8,NRA40
153 PRINT ?JO30,NJM3E
t64 PRINr 2O001.,NJ'4S
155 PRINT Z0O039N 00E
166 PRINT 10035*NBSVM
167 -RIN.r 43 0, R-
155 PRINT 495,THI-,KA
.159 PRINT 494, tHICK1
IN0 PRINT iQOO4,T41I'(W
171 PRINT 10009,UL'q
102 PRINT 23019PULTSTR
073 PRINT 620,HE154T
114 PRINT 621,SPAI
L75 PRINT 623,CAD
116 PRINT tOO16,SE'4GTH
I?? PRINT t0007,sIoE
V18 o0 rIt 10008,RAOII
179 PRINT 497,E
ISO PRINT 362
ta1 ORINt 550
is? ilINr 440
153 C GENEIATE SHELL 30OR0P4ATES
184 C oRIGIN ALONG :ENTERLErIE Or SHELL
185 N3AYi=N0AYWi.±
186 AA=O.O
187 Pr=3.i4159265
158 C !IAN^LE 1 I #' ONE-44LF 4R3H (90 DEGREES)
189 C MANGLE =2 FULL ARCH (1.80 DEGREES)
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130 G3 T) (883,880),'ANG;.E
191 881 SEG = NBAYW
032 GO T3 88?
193 880 SEG = NSAYW * 2
L34 882 CONrI1'JE
135 00 93 I=1,NBAYL
L96 C~SI=,OFA*'/E+E4*~r
13? SRN CII=Sr'JF(AA'CA/SE34+BET4) 'RADII
L98 9 AAA 1.0

09 JCT=3
?3o 98=0.0
?31 '4AY2:N8AVL+I t43AY3sx49AYIeN9AY2
202 C 4ICODE!=--NOUES NUt48EIED 14 DIRECTION OF ARCH AXIS
?33 C N0O0:--O0DES 4J48EI.EO ALONG ARCH
?a4 IFCNCOOE)6,1b16
!35 16 CONTE'4UE
U06 00 13 I:1,NaAY2
?3? 00 15 J=1,NBAYi
Us8 JCT=J^,T41
?39 X(JC)zClS(J)
210 YtJCr)zoa'sIDr
UL1 ZCJCT)=SRN(j)-(ma0I-4ErGHri
!12 £8 CONTt'4UE
?13 10 8083+i.0
2L4 GO T3 112
?15 1? CONTI'41E
U16 90 110 t:1,NokYI

218 D3 III J=1,NB4Y2
?19 JCT:J^,T41

?21 YCic):8B'sror
?22 zCjcT):SR(I)-(RA0I.HEIG4T)
"23 111 98=8341.0
??4 .110 CONT1'eUE
?!5 112 CONT1'4UE
?26 ORTNT520
?27? 520 FORmAT L514 N03E X C39Ror4ATE Y COORDINATE Z COORDINATE/)
??B 00 11 N:1,NO05S
?29 11 PRINT 5Z1,N,X(N),Y(N),Z(N)
?30 521 FORMATIS5,Fii.3,2F16.3)
231 C OSTAIJING HEM3ER PRO2PRTI-rS AND GEOMETRY RELATP)'4sHrps
232 SQT2:SQIRTr(?.O)
?33 Z 444: .ENGtH Or ELEMEJIS ALONG ARCH
234. C 098= LENGTH 0r ELEMEVIS ALONG SHELL AXIS
!35 AA2.1#RAOII9Sl4F(CA/(2.O*SEG))
?36 33a= SENGTH/N3AYL
?37 00 13 IJKz1,NM
238 READ 202v,4NJMK4,MTY0E
?39 XJ ("q) XCWm)

i 1+ 0YJ(M,41:Y(JM)
?4.1 ZJ(m'4)=ZCJH)
2 (#2 XK(M)=X(KM)
?43 YK (MV):Y (1(M)

?1.5 JEMC'9'J.4~

247 C HTYPE INTERIOR MEMBER ALONG ARCH
?4.8 C tlTYPt 2 ' ' " " EXTERIOR MEMBER ALONG ARCH
21.9 C .9TYPr = 3 INTERIOR HORIZO'IT4L MEMBER
?50 C MTYPE = 4 EXTERIOR HORIZONTAL MEMaER
?51 C HTYPEr = 5 *" * '***"********0IAGONAL MEMBER
?5Z GO T3 (250,260,27020120)MTYPE
253 250 SECMO: '383*THICK*43/12.
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254 AREA(44)=B8'rHI4^KA
255 PJT4)9sr-r'AJT~
256 OM(M4)=BBSULrM
?57 GO TO 12
?58 260 SECM3:.5*988THIaIUM'lW1Z*
?59 AREA(4N)=s5#639*rHI^(A
?so PULT(lN)=.5*838THIC(A*ULTSTR
261 PN(M4) .5*660'ULTM
?i2 GO T) 12
253 270 SECM3=AAA*THICKW**3/LZ*

?54 AkEA(4N)=AA'HI'A
?55 PULT'-l4=AAA*THI KA*JLTSTR
256 PH ci4) =A A A ULT-4
?57 GO TO 12
?58 280 SECMD=.5'AAA*rH13KW**3/1Zo
?59 AREAC4N)=.5AAA*THIC(A
?70 PULT(4N)=.5*AAATHIC<A*ULTSTR
?71 PH (M4) =#50AAAOUL T4
?72 GO TO £2
?F3 290 SECMO=.Oi
?74 AREA(4N)=.D1
?75 PULT(4N)=£0.
V76 om(Hm4z1o.
277 12 C3NTr4UE
278 C 12 PRINr 442,MNNJ.4,~AEA(41),PULT(HN),SECMOPM14N)
279 lrY3MN)zMTY2E
280 13 XIX(V)=SECMO
?8£ PRINT 550
?82 PRINT 510
?83 aint 51i,(NS(I),I:1,N4SUPs)
?84. PRINT 512
?35 PRINT 516, (f)() I xi,l)(5)
?86 PRINT 517
? PRINT 516, CPCSE4Tcr),rINlK)

*186 00 257 Ixi,NO]5
289 237 Q(i)~(I)
230 C IETE14INE rN0EXIr4G M4TRrCES REQUIREO FOR BANO1'IG
?9£ CALL 3AND (NOES,N64qotrx9JBL!)vJ8R0)
292 00 430 MMNMMNRK
?93 RUNG=6*0
?94 FACT=0.0
295 200 CONTi4UE
296 rj=3
29? 00 330 I1i,NSSY4t
?98 00 330 Jz1,NO)5
?99 330 S(IJ)0.0
300 00 5,49 J~iNO5
301 549 n(J):a(J)PCET(4HlqI)
302 03 1'. MN:1,NM
303 C GENERATE ^40MPATISILiry MATRIX, 8
304 CALL t;MPAT(XJ,YJ,ZJ,K<,YIC,ZK,ToeMN)
305 C GENERATE ELEMr4T STIFFNESS MATRIX, ES
306 CALL ELEMK(MNXIXtTEPSOM,PMRRNES vPULTvAxIAL,AREA)
307 C 4ULTI*LY '40MPATIBILItY MATRIX RY ES

398GA'll 4ULT(3qi0v3,S9#ESf8)H .309 C t EVEL3P S TRUCtURE ORiENTED STIFFNESS MATRIX, ZIC
310 CALL 4TRAV4(#03T<,8S3)
311 15 JMM=JEMCMJ)
312 'M(rm<mCM)
313 C ASSE43LE THE MASTER 3TIFFNESS MATRIX, S
3t4 CALL 2ACK CJM~IK4tI,TK,S)
315 14 C0NtI'4UE
316 C SOLVE FOR THE 0ISPLAIEMENTS
317 CALL EQSOL(N)0ESS,2,IXJBLDJ8RDNSP)
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318 IF(N3RNT) 678,680,673
31.9 683 'ONTN'UE
320 888 PRINT 550
321 PRINr 441
322 00 539 MN~i,NM
323 ORINt t.42,HN,JE9('N), KE'I44),
324 1 AlEA(NM4),PULT(HN%.XIX(MN) P4 (4N) ,T(MN)
325 2t.4MTYD(lIN)
326 889 CONT1'IUE
32? PL~t4=0.
328 RK=1.3/PCENTML
329 CALL PR'JT(NM PJ--4,KElTv XJ, YJtZJt XK, YKt ZK, XIKE#RKNO)5,0,
330 1 408,AREA,44tYPP,',INC0'UTRAT-I0DQ,CONTROL)
331 NPRNt=4PR4T*£
332 678 CONTI'WE
333 PLOrTl:1.
334 IF(NM< 683, 993, 683
335 683 CONrI'JuE
336 C 14TEGRAT14G TIE IN4TE14AL 4DMS4NTS
337 1J=9
338 '00 4? 'N1,NN
339 J5=J(IIN)*5

*341 00(2)=:0*J5-3)
342 'J0(3)(J5-2)

3#4 00(5)=0(K5)
* 345 15=K--4(?jN5

346 )(6=0(54
34+7 10 (7) =0 (K5-3)
348 V) (4) =0(K5-2)

149 9 ) :fl (13-l)
350 r0D(10)=O(K5)
351 CALL -,PAr(XJ,YJ,zJX~,YKtzK,,,MN)
352 X~4=JHl)()lN
353 J 4 Y N)+!)()fIG

*354 Z(N=JM))(fUG
355 X(4=KM).J6fUG
356 YK4)Y(N+)7/U4
357 K4)Z(N0)3fUG
358 CALL ELEMX(MN,XIX.,T O,mPpRNE ~ PULTVAXNALAREA)
359 CALL 4ULT(3p1O,3,S8p.-,R)
350 C p= (SO) * 0

3it CALL 4ULT(3,i,tl,P,S3,OO)
362 AXIAL(MNY=AxrAL(MNfl-0(1)/RUNG
3 3 ')3 622 12Z,3
354 IJ~IJf1
355 SUM(rJ) =SJHC IJ) t0(DI UNG
3i6 SMt)SM(J+()FC
357 622 CONNI'UC
358 42 CONTI'4UE
359 C BEG1'4 RUNGE-KJTTA IMEGRArI0N
370 GO TO (700,70W,029773bIt
371 700 40 833 J=10005
372 800 X0(J)=X0(J)+0(J~f6.3
373 FACT=.50

*374 RUNG=3.0
375 GO TO 100
376 701 03 831 J=IpNO)5
377 801 K0(J):X0(J)+0(J)/3.0
378 FACT=.50
379 RUNG=3.0
380 GO TO 100

*381 702 00 802 JziNOD5
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382 802 XO(JlzXo(j)+0(J)/3.0
383 FACrI.O
354 RUNGs6*0
385 G3 T3 M0
386 703 90 803 J1,tNO25
38? 803 XO(J)=XO(J)+D(J)/6*0
388 R'JNGz6.0
359 100 CONTI14UE
390 IF(I-7X-4) 482,490,493
391 490 CONT14UE
392 PRINT 550
393 PRINT 420,0PR39
394 PR~INT 362
395 PRINT 450,M4tM'
396 TSUM4:)CEN(M't4I4)*100.G
397 LSUMzLSUM#'TSU4t
398 ORINT 519,LSU4
339 "RINt 518,TSUI
".30 ?RINt 362
'.01 PRINT 454
'402 DRINr 455
1433 JRD=3
'.04 00 672. J'~s59N305,5
4.35 JRO:Jlg+1
'.36 671 PUNTr 459R93(R4 X(R390 J-)faglti 3(
4.07 O~imr 361
'.38 PRINT 362
'.09 DRINt 451
'.2. PRINT 452
'.11 491 180=1
4.12 J"tT2z'IP12
413 03i 652 IA:1,N'1TZ2

'.15 EIOI'JSUMtrA)
41i6 E.0Mi~zSUMCIA+i)
W'.17-EOM--.44)r~a)
418 *P0J=EM4J/P9(II30)
4L19 PPPIC:EM04IK/P4(13l)
'.20 PAX=A)CIAL(I!30)/PJLT(rioi0
4.21 652 -RINr 45,8,4MP-4M94AtXA~rovmr3)pp~pKp)
'.22 482 CONTI'ME
423 IRK=IRK+i
'24 IF(I14-5) 200p99,999
'.25 99 IRK~t
'.26 0063? rzi,NMT!
4.2? somcr=su'I(i)
'.28 632 S0M2cr)=s~jm(i)
'.29 399 CONT1'4UE
4.30 403 CONT14UE
4#31 PRINT 900,C0NTR3L
432 PRINT 30000,(X0(1),Izi,N0q5)
433 30000 FORMAt(5(Ei3.5,5xlV
434 rF(C3NTR0LoEQ*Co)GO TO 998
'.35 30001 rF(UNErT,?)30001,850,30002,30003
4.36 30002 PRINT 805
'.37 30003 PRINT 804
438 804 FORtAl(PARITY*)
'39 805 F3RM4rT(#EJF*)
4.40 850 aUFFr-IUT(?,i) CX0(1),X0(N4305))
4.41 MO00 IF(U4T,7)2i000,851,851,5
'.42 851 CONTINUE
443 END FILE 7
'.44 998 CONTINUE
445 PRINT 550
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4.46 999 :ONT1'IUE
44'. E 4D
'.1.8 SJBR:JJTINr EQS3L(NI2,SSPtXJLqJR,NSP)
4.49 3IME4SIDN SSc3S9t155),?(1155),1XC1155),JL(ii55),JR(i155),NSP(1155)
.50 a IDES:M2*5
4.51 00 423 II:1,N3DES
452 IF(NS3(II)) 420,'.25,'.20
'4 53 425 '~IX(II)

.5'. 1../SS(KSiI)

'.56 D0 '.3'. JJ = II,T
4.5? 434 SStK3,JJI=SSV<8,JJl~kA

'.59 DO 424. LL2,Jlr
'.60 LO IX(LL)
'.31 IF(L..-It) 424,424,425
'.32 428 IF(NSP(LL))44Z,'2,4?4'
'.53 '.21 3B K8L)A
454 IF(8B) 423,424,423
'.55 '.23 00 '.22 JJ=LL,JRr
4.36 4,22 SS(L3,JJ)=SS(LBJJ)-3S(K(!3JJ)'89

4.38 424 CONT1'4UE
'59 420 CONT14JE
470 00 452 II:2,NODES
'71 JJ=Nl3ES41-II
'.72 IF(NSPCJJ)) 451,451,4.52
'.73 451 JB=IXCJJ)
V.4 <K:II-1

W.6 '30 450 4MLLPKK
4.77 44= 'I0DES + i - HIM
'.78 450 PCJJ)=P(JJ)-SS(J3,NN)P(4)
'.79 '.52 C3NTI'4UE
'.80 RETUR4
'4.81 E'I0
.52 SUBR.3JTINr- PAIKCJMK4,IX,ZK,SS)
'453 DIME4JSION IX~lIS5hlZ(C10,LISS(65,1155)
'84 1P3=J4*5

'.86 90 383 IROWI,95
'487 JROW5-IROW
4.58 IP3=tP3-JROW
'.59 11Q3z1Q3-JROW

'.91 LROW=IX(IIQ3)
'.92 00 351 1C3L=1,5
493 J 'OL=5-1~33L
4.94 ICL=1P3-JCOL
4395 LCOL=IQ3-JCOL
'446 IF (I3-1Q3) 3151 315, 314
W.9 315 SStKI)W,L-.OL)=SS(I(R0dLCOL)+ZK(IRDWICOL+5)

4.98 314 IF(I'3-1Q13) 319,307,307
'.99 307 SSLO,-O)S(.O9KL+KIO+t%,L
500 3U9 CONT14IUE
531 381 CONT14IUE
502 fnO 352 IGOL=IRDW,5
5U3 JLCUL5-I.J

534 I(COL=IP3-JCOL
515 LCOL=IQ3-JCOL
506 SSCKI'WKCOL)=SS(KR04,KCDL)+ZK(!ROWICOL)
507 SS(LRODW,L),OL):SS(LR0,ILCOL)+ZK(IROW+5,ICOL+5)
538 382 CONT1'4UE
509 380 CDNT14UJE
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51.0 RETU1'4
511 END
51.2 SUBROJTIN-r BA4DC41,N3ANDtIKJLJR)
513 DIMENSION IX(1155)tJL(1155)vJR(ii55)
514. NOOESz3*ML
51.5 48SYI 2(48ANO + 1)/2
51.6 '(OUNT = .
;L?7 DO 3F3 IIzlN3OES
51.8 IF(II-KOWI4T 0 I8SYI 371,371,372

520 GO TO 370
521 372 ix(ii)-rI-N8SV4 * KOAT4

522 KOUNr = KOUNT + L.
523 370 IONT14UE
52'4 ATU (NBA'40 -0)12
525 JS =400ES - ART
526 IS zJRT f 1
527 DO 340 IIhINDDES
528 IF(II-IS) 350,350,357-
5Z9 350 ALT =i
530 J~RT=JRT+ I
531 GO TO 356
532 352 IF(I1-JS) 351,353,353
533 351 ALT =AT + I.
534. JRT xJRT+ I
535 GO TO 356
536 353 ATI =LT + 1.
53? ART aNODES
538 356 JL(It$) JLT
531 JR~iII = JRT
5'.0 34.0 CONTI14UE
541 IETU14
542 END
543 SURRVJTINE NULrCLM,1,RESLT9AA,8B)
544' 3IMENSION RESLT(10,13),AAi0,10,a8(10,sa)
51.5 C, RESLT =AA*oB 4A IS L X 8 IS N X
54.6 00 13a I:1,L
547 00 133 Jzi,M
51.8 qESLt(,.J)=O.g
549 00 100 KztN
550 it 3, IESL-t(It J) zRESLT (IPJ) +AA (I,9XI *iaC,Jl
551 RETU14
552 ENO
553 SUBR3JTINE MTRAN(LNt4sRESLTvAAq1aBI
554 DIME4SION RESLT(i0,10)tAA(10,10)teBc±O,10)
555 C RESLr=(AAIT * 89 A4 IS NEL 88 IS NXN
556 00 1]] I=1.,L
55? 00 100 J1,tm
558 IESLt(IPJ)=Q.O
559 00 1]3 K:ttN
560 1.00 RESLt(IPJ)zRESLr(IJ)4AA((,I).59(K,JI
531 RETU1'l
532 END
533 SUBR3JTINr CNPAT( Kjfj,ZJtXKtKPZK*To,MN)
564 DIME4srON 0(10,1.ObX(830),YJ(830),ZJ(830),XKc830),

5B-1 2 *YK(830)9ZKC53O),T(83O1
55E, 00 13 121,3
537 00 10 Jz1,10
556 10 BIJz)=.
539 XXxXK(NN)-XJ(MN)
570 YY=Y<(MA)..YJ(4,4)
71 ZZZ(NZJ(4N)

572 TCMN):SQRrp(XXc*xc+YY*YY+ZZ*ZZ)
573 XY= SQRTF(XX*XX+YY*YY)
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574 CA =XX/XY
575 S4 YY/XY

576 c3 =XY/T (MN)
577 SO = ZZ/T(HN)
578 9(190=~ CA*C8
579 Ll%,2)= SA*CB
580 3(1,3) = SO
581 (,-(,)
552 .3 (1.,) =-c(i, 2)
583 f3 (ip8) -B(i,3)
584 3(2,t.) = A*SB/Tv1N)
535 .3C29?) =SA*SB/T(MN)
586 9(2,3) =-C9/T (4N)
58? 3(2,4) = -SA
538 81215) = CA
589 9 (29,5) =-B( 291)
590 (27=B2)
531 =C,8-B( 2,3)

592 l(3,1)=-B(2,1)
533832=922
594 3(,3)=-6(2,931
295 3 (3 ,5)=-8 (2,6)

'3C3,9 =B2,7
591 9 C 3, 5) =-B (2, 8)

598 9(3,91) -B(2,4)
599 9(3,10) = -6(?,5)
500 RE T Ul
501 END
502 SUOR)JTINE ELM(NSC~~~SMP4RRPSPLIXAIR4
533 DIMENSION SEC41(530),T(830),'MC830),S'JM(1660),E S(10,i0)
504 2 ,AREA(330),PL(830),AXIAL(830)
505 JZ=M'J'2-1
506 AA=A3SF(AXIAL(M.N)/PULT(MN))
53 7 IF(AA-1.0) 50,60,60
508 60 AA=5.3'AA

69 50 CONTI'JUE
310 PPIj=ABSF(SUM(JZ)/PM(.*N))
511 PPJI=ABSFCSUM(JZ+t)/2t(MN))
22.2 IF(P'Ij-i.o) 10,2.0,23
513 20 PPIJ=3.99999
22.4 10 IF(P3JI-L,0) 30,30,4)
515 40 PPJI=3.99999
516 30 ES(1,Lh=(AREA(Hl)E/oAIN))/(t.O+AA**R)*R4
5t?7 ESQi,2)=0.0
618 ESC,3)=0. 0
52.9 ES(2,1)0O.o
520 ES(3,t)=0.0
521ATR.3P!*Z)*N
522 AJ=(.0-PDJI**R)*RN
523 PRD(.**--^0MITM)/40A*J
524. ES(2,2)=PROD*2.J'*AI
5?5 E5(2,i)-ROD*Ar*AJ
526 ES(3,2)=ES(293)

4527 ES(393)=PlODv'2.0vlAJ
528 RETU 4
529 END
530 SUWRJJIN-r PR4T(PI,J-9 ,KEI, T,XJ,YJ,ZJ,XK,YKZC, XIX,ERK,NO95,O,
531 1NPROB,AREA,MTYP;-,CIN,COUT,RATMOD),Q,CaMNTROL)
532 OIME'I3ION Q(t)
533 C ONE I'JPUT CARD IS REI'JIREO IN SUBROUTINE PRNT-
534 C CONTRJL
535 OIMENSION JEM(83J),K-r9(833)qT(330),
536 2 XIX(83O) ,B(iO,1O) ,ES(10,10) ,SB(10,10),DJ (10'),
537 3 P(i0),-l(1155),XJ(830),YJ(830),ZJ(830),X((830),YK(830),
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338 4. Uj(830) AiRE4 C30)
639 *,iiTY 2E(8301
31.0 COMMON /2/ X(Q31) ZU?31) PLOTAX(220),

31.2 2STRSEK(220) ,'IA4GLE
31.3 COMM3V/4B1AYLvN3AYW
3.44 COl*ION/1./PLOTN
31.5 COMM34/5/CApJPR39pNU4PR
$46 OrMENsrON A(13)
31.7 399 FORMAT( 8lC,2H4t 14Xo6HSTRSOJP 14.Xt6HSTRSO~cg J.X,SHSTRSIJ,
31.8 114.X,54STRSIK pm/
31.9 400 FORMaF(110,'E20*5
650 420 FORMAT(2ai4H01O9LEM 4UHBTR 14/)
651 452 FORIIAT(99I MEMBER NO. NMM AT J END MOM* AT ( END SHEAR
352 2 AXIAL
553 4.53 F0RM~r(I7,iP4Ei?,5)
654 362 F3RNAT1Hl0)
555 4.61 FORMAT(42H THESE ARE THE ELASTIC NODAL DISPLACE4E'4TS/)
356 550 FORMAT(1H1)
557 4.60 F3RHArt(OX29H T4-rSE 41E TIE ELASTIC FORCES//)
558 456 FORMA!(I691El7.5t5Ei5*5)
659 4.55 FORM4TQ23H 400~E DELTA X DELTA Y 3ELTt Z
660 1 THETA X THETA Y THETA Z
561 PRINT 550
362 PRINT 1.20, NPkO
$63 PRINT 4.61'
661. PRINT 1.55
;565 JRD:3
666 1=0
537 00 671 JR25,N305,
668 JRD=JRU+1
369 1:1*1
570 XXlz)(JR-1.)#R
Sri YY1:3(JR-3)*RK
S72 ZlV--)R
373 XX0t(JR-i)*RK
674 YY=D(JR)IRK
3751 371 PRINT 451 ,JRDpXXi,YY1,ZZi,XX,YY
376 NBAY3=N6D5/5
577 PRINT 362
53 PRINT 362
579 PRINT 4.60
38 0 PRINT 1.52

582 00 4.1 MNzlNM
383 J6=J2E1(MN) *5
5341 00ft)=0(6-4)
685 DD(2)=OtJ6-3)
386 003-0(JS-2)
57 OOW=)1J5-l)
688 00(5)=O(J5)
389 K6=K (MN)*5
590 DC6):O(K(3-)
591 OO(7)=D(KS-3)
592 0DO(8):DCK6-2)
393 DO 3)D010-0)
694 OD(I))zD(K6)
55 CALL -4A(JYJXlKZt9,N
56 ESfL1,U=AREA(-4N)*E/Te1N)
697 ESft,?):O.0
398 ES(i,3)=0.U
339 ESC2,1)=O.O
To0a ES(3,1)=0.0

7<70± ES(2p2)=4.0OEXIXCMN)fT(MI,
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732 E0 J=J )=

733 40 C3TI'IES23

734 ELOTTI'IG=E UTINE5

736. C PI. = OR(Se)
737 RADL 4J00,vvi3PTOL

70 A(1)AL=~)
79 AX=(2)RK

742 AY=(3) *RAY

713 AL (JEAW =XA
714 A):'T.J(JEK)XX
715 PL6):<(JEKO8

*719 STS( JEW=0)YY*LOTfNXM
*z 750 S4Z3DE K=A-YY'005XX/5*RT"0

71 Z A CON N14U
752 SHAR=(YY-XX0ICMS

73 PRINT 701,IN,A(I) Y9HARAX

74 700 CONT1'UE

728 PRINT 799

759 30 43! IN=,JE

7310 PRINT 400,IN,STRSOJuITR(),STRSOK(I),STRSI(L),PLOTNJ(I),

72 402 CONTI'4E

73 C THS AR O TE UBIU14 CNTOL TE NTY 1 ONENRYI68 H



7~6 PRINT 706
767 00 ?a5 It1,N035

769 706 FOR'IAr(5X,3H I ,ltX,'.IQ(t),1oX,'HO(I))
770 70? F3RII4t(5X,I5,10XtpiO.'.,1OX,FO'.4)
771 705 CONTM~E
772 'RiNr 709
773 00 733 11,tNOUES

751 709 F0RM4Tr5X,3H I ,1.ox,4HXC1),1OXvs.Hz(I)l
776 71U FDJRtAT C5XI5,10XtpiO.',±iCX,Fla..
77? 708 CONT14UE
778 817 IF(U4IT,)$l?t813,81;,82

0779 820 PRINT 804.
780 818 3UFF2rt3UT7,1)(A(1),A(13))
781 819 CONTM~E
?32 50a IF (J4IT,?)8039s.31ta 3zv8 03783 803 DRiNr 804
754 801 UFFrI0UT(7,±,CSTrSoJ(1),STRSOJ(JERK))
793 304. FORH4T(*PaRITY El~Ol#)
r86 802 CONT1'4UE
787 805 IF (u'IT,97) $059806,p80? v 80
7S8 808 ciNr 30t
759 806 BUF1U(9)(tS~lTSJJRi
790 80? CONTPJUE
791 809 IF(U4ITT)soG999U991t*la
732 812 PRINT 804

93 810 GUFrf'OUT(7,1) (STRSO<(1) ,STRSOK(JERC))
794. 811. CONT14UE

81 S3 IF(uJIT,7)813,31i.,e±5,gt
796 816 PRINT 804.
F?7 B1.4 9 JFF:. UT(,±)(STRSI(c1),3rRS14(JERK))

*798 815 CONTi'JuE
P99 821 IFCU'IT,7)821.,822,8z3,

8 2,.
800 82'. PRINT 804.
sa1 822 BJFF--IUTLti) (3 .OTIJUJp2L01NJ(JERK))
802 823 CONT1IEu
533 825 IF(U4IT,7)825,8?S,82r*828
304 828'PRINT 804
805 826 9 JFF7RO1 JT(?,1)CPLOTH((1),'LOT4K(JERK))
806 827 CONT1'4UE
337 829 IFCU4IT)8s9,83-.8s,3
308 832 .PRINT 804
309 830 JUFF~kOJT(7,±)(OLOTyC)tPLOTX(JERK))
310 831. 3ONT1'UE
311 833 IF(U'4tT,7)833,8

3'.,835vi36S12 836 PRINT 804.
313 534 atFFElOUTc7,V~l~1),acNOOS))
S14. 835 CONTIEJE
315 837 IF(U'eET,7)837,838,

8 3 9,8 . 0316 540 PRINT 504
31O 838 9F T7VXiv(O--)
818 839 CONT1'JUE
519 841 IF (U4JIT, 7) 41045'2, 43, 4.4
820 844 PRINT 804
521 842 3FrOTWZit(OE)
522 843 CONTi'4UE
523 845 IF (U'4IT,7)845, 816,847,81.8
S!4 848 PRINT 804
525 846 BF~OTl(~l)NO)
826 900 IF(U'JIT,7)9oo,'.7,

8 T,S'.?327 847 CONT1~4JE
528 42 CONT14'JE
530 ENO
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3. CCIAPU[R PROGRM SAN1PLT

I PROGRAP SANIPLT(INPUT,OUTPUT,TAPE7,TAPE,FILIPL)
2 CXXXXXXXXXXXX'XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxx)xxxxxxxxxxxxxx
3 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~xxxxxxxxxx
4 C THE INPUTS TO THIS ROUTINE ARE THE TAPE 7 FROM SAN1 AND THE
5 C FOLLOWING CARDS
6 C (I)PLOICON-SIGNALS LAST SET OF PLOTS WHEN EQUAL TO O(FlO*C)
7 C; (2) L-LETERMINES TYPE OF LOADSCIlO)
8 C L~i---' DIRECT1ON
9 C L=2 --- Y DIRECTION

10 C Lz3---Z DIRECTION
11 C L=4--- IHETA X DIRECTION
12 u L=5---THEZTA Y DIRECTION
13 C (3)NUMX--NUMBER OF NOLIES FOR CENTER ARCH
14 C NUH2--NUMBER OF NOUES FOR CROhN CEFLECTICtS(2110)
£5 C (4) NOO---NODE NUMBERS FOR CENTER ARCH(NUMX OF THEMI(Il0)(LINEAR SOLUTION)
16 C (5) NOD-NODE NUHBEkS FOR CROWN DEFLECTIONS (NUMZ OF THEM) (110)
17 C (6)NOO-NODE NUMBERS FOiR CENTER ARCH(NUMX OF IHEM)(IIO)(NONLINEIR SOLUIIGN)
18 C (71SF-SCALE FACTOR FOR~ INSIDE AND OUTSIDE STRESSES(F1094)
19 C A SET CF THE AEOVE ARE NECESSARY FOR EACH SET OF PLOTS
20 C THE LAST DATA CARD SHOULD BE BLANK TO SIGNAL THE END OF THE PLOTS
21 LXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXEXXXXXXXXXXXXXX)XXXXXXXXXXXXXE(xxxxxx
22 CXXXXXXXXXXXXX)XXXXXXXXxxxxXXXXXXXXXXXXXXXXXXXXXXXXXX)XXxxxxxxxx~xxxxu)(XXX
23 COMhON/l/A(OO),(OO,C(IOU,D104id),E(134),
24 1 F(iOOfl),G(1000),
25 2 H(220),O(220)d-(220),S(231),U(23lV(155)ku(1i55)
26 COMMON/2/STRSO.j1UO),S7RSIJU100O),STRSOK(1£C0),STR(SIK(£C0G),
27 1 PLOTII..(220)PLOTMK(220)PLOTAX(220)tX(231),Z(23£),
28 2 Di(1155),XO(1155)fO(l155)
2e9 COMMON/3/CA,JERKNBAYL ,NOAYWNUMFR,NPROBMANGLEJPROB
so CALL PLOTS(100o.DUh~,5)
31 CALL PIPODE (3)

.)2 CALL RCTATE (270.0
33 CALL MAP (1,1,1,1,.1,j,.
34 C A(i)-A(1000)zSTRS~j
35 C B(t)-8(10OO)zSTRSIJ
36 C C(1)-C(l000)xSTRSOK
37 C 0(l)-Ofl000)zSTRSIK
48 C E(1)=CA E(2)=JERK E(3).=NBA YL E(4J=NBAYW-E(5)xNUMPR E(6)=NPROB
.39 C EC?)=RK E(8)=MANGLE E(9)=JPROB E(i0)xPLUTN
4.6 C E(11)=NO05 E(12)=NOOES E(13)=NM
41 c H(i)-H(220)=PLOTMJ'
42 C 0(i)-0(220)=PLOTMK
43 C PC11-P(220)=PLCTAX
44 C O(l)-QC1155)=Q
45 C S(i)-S(23i)=X
4b C U (i) -U (231) =Z
47 C; V (1) -V (1155)=01
48 C W (i)-W , 15 5) =X 0
49 4 FORMAT (8F10.*4)
50 3 REAO 2,PLOTCCN

ii ~2 FORMAT (F 10 ,0)
52 IF(PLO7CONEO.0.) GO TO 16

5 817 IF(UNII,7)817,8±8,819,8Z0
54 820 PRINT 804
55 818 8UFFERINUl) (E(£) E(13))
56 910 IF(UNIT,7)9i0,8l998ig,8l9
57 819 CONTINLE
58 CA=E(1) S JERK=E(2) I NUAYL=E(3) S NBAYW=E(4) S NUhPR=E(5)
59 NPROB=E(6) iRK=E(7) S MANGLE2E(8) SJPRO~zE(g) SPLOTNzE(LO)
b0 NODS=E(11) S NODES=E(12) S NM=E(13)

oi 800 IF (UNIT,7)800,80£,802,803
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b2 803 PRINT 804.
b3 801 BUFFERIN(7,1)CA(l)9A(JERK))
64 804 FORNA1(*PARITY ERROR*)
b5 802 CONTINLE
b6 805 IFCUNII,7)8059806,807,8ca
67 808 PRINT e04
68 80b tUFFERIN(7t1)(e8(1)B(JERKfl
b9 807 CONTINLE
70 809 IFCUNI1,7)809,810,811,8±2
71 812 PRINT 834
72 810 8UFFERIN(7,±)(CCI) C(JEkK))
73 811 CONTINUE
74 813 IF(UNIT,7)8l3,814,8i5,8b
75 816 PRINT 804

76 814 tUFFERIN(7,1) (Clii'D(JERK)l
77 815 CONTINUE
78 821 IF(UNIT,7)82i,822,823,824

80 822BUFFERIN(7,1) CHI)1,N(ERC))

81 823 CGNTINLE
d2 825 IF(UNIT,7)825,826,827,828
83 828 PRINT 804
84 826 BUFF ERIN (791) (0(D 90(JERM)
65 827 CONTINLE
d6 829 IFCUNIr,7i'829,830,831,832
87 832 PRINT 804
88 830 OLFFERINC?,1) (f-Il) ,PCJkkK))
89 841 CON'TINUE
90 '833 IF(UNIT,73833,834t835,836
91 836 PRINT 804
92 834 BUFFERIN (7,11MDA000Q(NLI)I
93 835 CONTINLE
94 837 IFCUNI7,7)837,838,83,'.0
95 840 PRINT 804
96 838 8UFFERINC7,fLCS(1)S(NOJES))
91 839 CONTINLE

98 841 IF(UNI7,7)8419842,8431844
99 844 PRINT 804
Loa 842 BUFFERIN(7,u) CLII ,OMJESI)
lul 843 CONTINUE
102 845 IFCUNIT,.71845,846,847,848
L03 84b PRINT 804
104 846 SUFFERIN(7,i)(VC(VCNOD~l)'
105 847 CONTINUE
106 849 IF(UNIT,7)8'.9,aSO,851,852
Wu 85? PRINT 804
108 850 0LFFERIgNC,1)Ch(1)9W(NOO5))
109 900 IF(UNIIT,7)900,851,851,851
£10 651 CONTINUE

112 STRSOJCI)zA(I)
113 SlRSI.J(h):8(I)
114 STRSOK(I)-zC(I)

116 10 OGNTINLE
117 DOI 1' iPJER(
118 PLOTMJ(I)=H(I)
£19 PLOTMKCI)=0(I)
120 PLOTAX(I,=PCI)
12£ 11 CONTINUE
±22 OC 12 I=±,NO05
L23 QCI)=Q(I)
1 24 01(I)V(I)
125 X0(I)=(I
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126 12 CONTINUE
le7 00 13 1,1NOOES
128 Xtl)=S(I)
129 Z(I)=U(I)
1.)o 13 CONTINLE
131 00 700 I=i.,±3
132 PRINT 7019IE(l)
1J3 701 FORMAT (5Xv3HI z,15,5X,6HACI) =PF10.4)
134 706 CONTINUE
135 PRINT 704.
136 DC 702 I=iJERK
13? PRINT 703,1,STRSOJ(I),STRSIJ(DS$TRSUK(I),STRSIK(I),PLOTMJ(I),
138 IPLOTMKCI)vPLOTAXCI)
139 704. FORMAT (7XIHI,10X,5HOJ(I) ,iOX,5HIJ(I) ,10X,5HCK(I) ,1ox,5HIK(I)
140O ±±0X,5HI',J(IJ,10x,5HMK(I),10X,5HAX(I))
141 703 FORtAT(5X,15,7f5XF1O.4))
142 702 CONTINLE
143 PRINT 706
144' 00 705 IzlNOO5
145 PRINT 107,IO(I)O1(I),XomI
£46 706 FORMAT(SXH I ,iOX,4HQ(I),IOX,4H0(I),1OX,5HXO(I)I
147 707 FORMAT(5X,I5,10XF1U4,1tOXF~o.4,iGXF1O.4)
14d 705 CONTINLE,
149 PRINT 709
150 00 708 1±,9NOOES
151 PRINT ?10,IX(I),Z(I)
152 709 FORMAT (5X,3H I ,10X,4HX(I),±OXt4HZ(I))
lt,3 71L FCRMAT(5X,I5,ICX,FXO.4,IOXF±0.4)
154 708 CONTINLE
155 CALL TLOP(RK)

156 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXxxxxXxxXxXXXXX

158 C 18-CONTROL CRChN DEFLfCTIONS AND CENTER ARCH PLOTS
159 C I8=O-0OTH PLOTS
166 C IO=1-CENTER ARCH ONLY
1bi c PLOTH-CONTROLS LABELS FOR CENTER ARCH PLOTS
162 C PLOTN=O.-LINEAR SOLUTION
lb, C PLorN:I.-NON-LINEAR SOLUTION

165 CXXXXXXXXXXXXXXXXXXXXXXXXXX%XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)IXXXXXXXXXXXXXXXA

166 PLOTN:0.
167 Is:0
168 CALL ARCHPLT(RKXZO1,IIANGLEPLOTNI8)
169 PLOTN=l.
170 I8=1
171 CALL ARCHPLT(1.,XZXd,MANGLE,PLOTNI8)
172 CALL STRESSP
173 GO TO 7
174 16 CALL PLOT CO.,0.,40)
175 ENO
176 SUBROUTINE TLOF(RK)
177 COIMON/2/STRSOJt±000),SYRSIJ(1000),STRSOX(GOO)tSTRSIKC1000,,
176 1 PLOTP.J(220),PLOTMK(220),PLOTAX(220),X(z3±,,Z(23±),

*~. 17 2 1 55)fXui(155)qQ(1±55)
180 CONMON/3/CA,JERKNJAYL ,NOAYWNUMPRNPRO8,HANGLEJPRC8

* 181 CALL SLA0R(UNELtONEW,XL,YWvN3L,NBW)
182 IF(NBAYW.GT.NBAYL) GO TO 1
103 NBAYLI=NBAYL
184 N8AYhI=NBAVW
185 GO TO 5000
186 1 N8AYLI:NE3AYW INDAYWI=NBAYL
187 CO TO 5000

188 C1xx~XXXXXXX)XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXxxxxxxxxxxxxxxxxXXXXXXXXAA
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190 C PLOT NLMBER 2
191 C MOI1ENTS'AT J-END AND K-END
192 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
193 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
194 5000 XA=0 .0
195 CALL PLOT(O.,O.,3)
196 CALL PLOT(oot0.,2)
W? D0 10 I=i,NDAYLI
198 CALL PLOT(XA+O.,YW,1I
199 CALL PLOT(XA+OKELqYW,1)
200 CALL PLOT(XAtONEL,0.,1)
201 CALL PLOT(XA,0.,1)
2b2 CALL PLOT(XA+ONEL,0.,3)
203 CALL PLOT(XA+ONEL,0*92)
204 XA=XACrNEL
205 10 CONTINLE
2to6 YAzO.
207 LI=NBAYWI/2.
20b DO 11 j19LI
209 CALL PLOT(0.,YA,3)
21U CALL PLOT(0.qVA*ONEWJ)
211 CALL PLOT(0.gYA+ONEW,2)
212 CALL eLOT,(XLtYA+ONEW,1)
213 CALL PLOT(XLPYA+2*DNEW,3)
214 CALL FLOT(XLgYA+2*ONEW,2)
215 CALL PLOT(O*#YA4+2*ONEWPI)
216 YA=YA+2*ONEW
217 11 CONTINLE
218 XA:XL M=A0. SL=i
219 C PLOT NLMBER TWe.
220 C DEFINING MOMENTS AT J-END AND K-END OF ELEMENTS.
2 1 00 110 11,oNSL
222 D0 100 K=1NBAYWI
223 G PLGTMJ = 140MENI AT JEND OF ELEMENT
224 C PLOTMK =MOMENT AT KEi4U OF ELEMENT
225 CALL hLNBER(XA928YA+(.1#ONWI,.2,PLOTMJ(L),0o.4hp8.2)
226 CALL NL!1ER(XA928,YA4C8#ONE),12,PLOTMK(L),O,4hFa.2)
2e.7 L=L+1
228 100 YA=YACNEW
229 YAzo.
230 XA=XA-CNEL
231 110 CONTINLE
232 XFOS=(XL/2.)-1.
233 CALL PLOT(XPOS,-.35,3)
234 CALL PLGT(XPOS,-.35,2)
235 CALL SYMBOL(XPOS,-.35*012021HMOMENTS (INCH-KIPS )tQ#,211
236 CALL SrVBOL(XPCS+.6-.5U,.10,7MPRO8LEMo.,?)
237 CALLNUP8ER(XPOS+i.25,-.50,.10,NPgROUo.,2HIS)
23b CALL PLOT(XL+5.,a.,-3)
239 GC TO EGO
240 500 XA=O.
241 YA=0.
242 Lz1
24.3 DO 121 1:1,IJAYLr
244 DC ill Kzi,NOW
24.5 CALL NLBRx~~5OE)Y-.*NWt1,LTJLtCH~2
246 CALL NUMBERCXA+(.85eoNEL')pYA-(.z*ONEW),.£2,PLo.K(L),qa.,4HF8.2)
247 L:L*1
248 Ill YA=YACNEW
249 YA:0.
250 XAxXA+CNEL
251 121 CONTINLE
262 XPOS=UXL/2.)-1
253 CALL FLCT(XPOS,-.35,3j
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25'4 CALL PLOT(XPOS,-*3502)
255 CALL SflBOL(XPCS,-.35,.12,21HMOMENTS (INCH-KIPS )9002l)
256 CALL SYN8OLCXPOS+.5,.50,.10,t7HPROBLEM,0.,?)
257 'ALLNIJMER(XPOS+±.25,-.50,.0,0NPROB,0.,24I5I
258 CALL PLOT(XL+5.,0.,-3)
259 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
260 cxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
261 C PLOT NLIIOER 3
262 C AXIAL STRESSES
263 CXXXXXXXXXXX)XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
264 cxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx)xxxxxxxxxx~xxx~xxx
2o5 600 XA=0.0
266 CALL PLOT(0*90.,3)
26? CALL FLOT(0*,0.,2)
2b8 00 12 I1,NBAYLI
269 CALL PLOT(XA+09,YW,1)
270 CALL PLOT(XA*ONEL,YN,1)
271 CALL PLOT(XA+ONEL,0.tl)
272 CALL PLCTCXA,0.,1)
273 CALL PLOT(XA+OhEL90.,J)
214 CALL PLOT(XA+ONEL,0.,c)
275 XA=XA+CNEL
276 12 CCNTINLE
277 YA=G.
278 LI=NeAYWI/2.
279 00 13 .Jz1,LI

*280 CALL PLOT(OotYA,31
281 CALL PLOTCO.,YA*ON.WJ)
282 CALL OLOT(O.,YA+UNEW,2)
283 CALL PLOT(XL,YA+ONEW,1)
28'. CALL PLOT(XL,YA+2*ONEW93)
285 CALL FLOT(XLoYA+2*ONEW92)
286 CALL PLOT(0.,YA+2*ONEWPI)
267 YA=YA+i2#ONEW
288 13 CONTINUE
289 C CHECK FOR FULL OR HALF ARCH.
290 IF(MANGLEsEU.2) GO TO 700
291 XA=XL JYA=0. %Lzi
292 0 PLOT NLiI8ER THREE.
293 c DEFINING AXIAL FORCE FOR EACH ELEMENT*
294 00 210 I=1,NBL
2 65 00 200 K~lNBAYW1
296 C PLCTAX AXIAL FORCE
297 CALL NUM0ER(XA-.28,YA+(.5*0NEW),.12,PLOrAX(L),0,4HFS.2)
298 L=L+i
299 200. YA=YA*CNEW
30C YA=O .
301 XA=XA-CNEL
30J2 210 CONTINLE
303 XPOS=(XL/2.)-i.
304. CALL PLOTCXPOS,-.35,3)
305 CALL PLOT(XPOS,-.35,2)
306 CALL SYMBOL(XPCS,-.35,.12,21HAXIAL FORCES ( KIPS ),0.,21)
307 CALL SYMBOL(XPCS+.5,-.5r,,.i0,7HPROBLEM,0.,7)
308 CALLNUt0ER(XPOS4 L.2 ,-.50,.10,NPRO8,ao. 2HI51
309 CALL PLOT(XL45.,0.,-3)
310 GO TO 800
311 70L- XA:0.
312 YA=0.
313 LUi
314 00 221 I=INBAYLI
315 00 211 K=1 NEII
316 CALL NLr1ER(XA+.5,YA-(.2*ONEW),.12,PLOTAX(L),q0.,4HF5.2I
317 L=L+l
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318 211 YAxYA+CNEW
319 YA=O.
320 XA=XA+CNEL
321 221 CUNTINLE
322 XPOS=(XL/2*)-is
323 CALL PLOT(XPOSo-*3!Pt3)
324 CALL PLOT(XPOS,-.o35,2)
325 CALL SYIIOL(XPOS,-s35,.12,2IHAXIAL FORCES (KIPS ),0o.,1)
326 CALL S'iBOL(XPOS+.5,-.*5b,.10,THPROBLEMO.,TI)
321 CALLNUP.BER(XPOS+1.2e5,-.*0,.o,NPROBO.,2HI5)
3 L,8 CALL PLOT(XL4-S.,0*,-3)
329 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
34L CXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXxxxxxxxxxxxx
331 c PLOT NLMBER 4
332 0 INSIDE STRESSES AT J-ENU AND K-END
333 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXX
334 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
335 800 XA=O.D0
336 CALL PLOT(O.,0.,3)

337 CALL PLOT(O.,0.92)r338 00 14 1=1,NBAYLI
339 CALL PLOT(XA4Qo.YW,1)
.24C CALL PLCT(XA.ONELYW#4)
341 CALL PLOT(XA+ONELU.,1)
342 CALL PLOT(XA,0*,1)
343 CALL PLOT(XA+OtELtb*93)
344 CALL PLOT(XA+ONELO.,2)
345 XA=X.A+CNEL
346 14 CONrINLE
347 YA=0.
348 LI=NBAvWI/2.
349 DC 15 .i:1,Li
350 CALL PLOTC0.,YA,3)
351 CALL PLOI(0*,YA+ONkW,3)
352 CALL PLOTTCo.YA+ONEWf,)
353 CALL PLOT(LYA+ONLWJ.)
354. CALL PLOTMXLYA%%2*ONEW,3)
355 CALL FLOTCXL#YA*2*ONEW,2)
356 CALL PL0T(Uo9YA+2*ONEW,1)
357 YA=YA*ONEW
358 15 CONTINLE
359 C CHECK FOR FULL OR HALF: ARCH.
360 IF(MANCGLE*EU.2) GO TO 900
361 XAxXL IYA:0. SL:1
362 c PLOT NLIMeER FOUR*
363 C DEFINING INSIDE STRESSES At J-END AND K-END CF tLEPENT.
364. 00 310 zitNaL
365 00 300 K=1,NBAYWI
366 C STRSiJ:IlNSIDE STRESS AT J-END.
3o7 C STiRS1KsINSIi)E STRESS AT K-END.
368 CALL NLMBER(XA-.28,YA+C.1#0NEW),,±129STRSIJ(L),90a,4HF7.2)
369 CALL NLM8ER(XA-.28,YA+(.8#ONEW~,.12,STRSIK(L),0.,4NF?.2)
370 L=L+i
371 300 YAzYA+CNEW
372 YA=0.
373 XA=XA-CNEL
374 310 CCNTINLE
315 XPOS=(XL/2.)-2.
376 CALL PLOTCXPOS,-.35,3)
377 CALL PLOT(XPOS,-.35,2)
378 CALL SYMSOL(XPOS,-.35,.12,43HCOMPARATIVE STRESSES Ch INSIDE FIBERS
319 1 (KSI),U.,43)-
380 CALL SIM8OL(XFCS.1.5,-.5O, .10t7HPROELE,0. ,1)
361 CALL NUNBERCXPOS+2.25,9.o,.1O,NPROB,46,2HI5)
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382 CALL PLOTCXL+5.,0*%,3)
383 GO TO 1000
384 900 XA=O.
3d5 YA=O .
386 Lzi

307 00 321 I1,r4AYLI
388 Od 311 K~i,?e~h
389 CALL NLMBERtXA4(o15*ONEL),YA-(o2ONEW),.12,STRSIJ(L),90.,4HF7,2J
390 CALL NLMBER(XA,(.85#ONEL),YA-(.2*ONEW),.12,STRS1K(L),90.,4HF7.2)
391I LLtl
392 311 YA=YA+CNEW
39j3 YA=0.
394 XA=XA*CNEL
395 321 CONTINLE
396 XPGS=()L/2.)-2.
397 CALL PLOT(XPOSt-*35,3)
398 CALL PLOT(XPOS,-.35,2)
399 CALL S'MOL(XPCS,.o35,.12,43HCO1PARATIdE STAESSiS Ch INSIDE FIEERS
400 1 (KSI),0*,43)
401 CALL SYHDOL(XPCS+1.5,-.50,.10,7HPRO8LEM,0.,7)
402 CALL NLt1ER(XPOS+2.25t-.509..10NFRO~,0.,2HI5)
403 CALL PLOT(XLI-5.,0.,-3)
4uj4 cxxxxxxxxxxxxxXxxxxxxxxxxxxxAxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxmAxx
405 cxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxx
406 G PLOT NLMBER 5
407 C OUTSIDE STRESSES AT J-EtJD AND K-END
408 cxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxx
409 CXXXXXXXXXXX)XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
410 1000 XA=0.0
411 CALL PLOT(0*,0.,3)
412 CALL PLOT(0.90.,2)
413 00 16 111,NBAYLI
414 CALL PLOT(XA+0.,YWL)
415 CALL PLOT'(XAtOKELYW,1)
416 CALL PLOT(XA+ONELt0.,1)
417 CALL PLOT(XA,0.,1)
418 CALL PLOT(XA+OKEL90*#3)
419 CALL FLOT(XA+ONEL,0.,2)
420 XA=XA+CNEL
421 16 CONTINLE

-'422 YA=O.
423 LI=NDAYWI/2.
424 D0 17 .=1,LI
425 CALL PLOT(O.,YA,3)
426 CALL PLOT(0.,YA+ONEW,3)
427 CALL PLOT(0.,YA+ONLW,Zi
428 CALL PLOT(XL,YA+ONEW,1)
429 CALL PLOT(XL,'A2ONE,Z,
430 CALL PLOT(XLYA+2*ONEW,:,)
431 CALL PLOT(G.tYA+2*ONEd,1)
432 YA:YA+2*ONEit
433 1? CONTINLE
434 C CHiECK FOR FULL OR HIALF ARCH.
435 IFCI'ANGLEoEQ.2) GO TO 1100
436 XA=XL iYA=0. IL1i
437 C PLOT NLMDER FIVE*
438 C DEF1hN11G OUTSICE STR~ESSES AT J-END AND K-ENC OF ELEMEN7.
439 00 41C L=19NBL
440 00 400 K=1,NBAYWI
441 C STRSOjzOUTSIOE STRESS AT J-END.
442 C STRSOKZOUTSIDE STRESS AT K-ENO.
443 CALL NLM0ER(XA-.28,YA+(.1*ONEW) ,.12,STRSOJCL)O.,4HF7.2)
444 CALL tNLN8ER(XA-.28,YA+t(.8*ONEW),.12,STRSOK(L)0,4hF7.2)
445 L=Ll1
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446 400 YA=YA*CNEWr447 YA=O.
448 XA=XA-CNEL
449 410 CONTINLE
450 XPOS=(XL/2.)-!.
451 CALL PLUTCXPOS,-.35,3)
452 CALL PLOTCXPOS,-.35,2)
453. CALL SYIUOL(XPCS,-.35,.12,44HCOMPARATIVE STRESSLS ON OUTSIDE FIBER
454 IS (KSIbU0.944)
455 CALL SYMBOL(XPCS+1.5,-50,10,IROeLCft0.,7)
45b CALL NLt1ER(XPOS+2.Z5,-.50,.1ONPROE,Oj.,2HI5)
4i? CALL PLOT(XL45.,O.,-3)
458 GO TO 1200
459 10L xA=O.
46C, YA=O .
461L=
462 OC 421 I=1,NBAYLI
463 DU 411 Kzi,N~h

A464 CALL t4UNER(XA+(o15#ONEL),YA-(.2#ONEW),.±2,STRSOJ(L),9Go.4HF7.2)
405 CALL NL%'1ER(XA+(.85*ONEL),YA-(.2'ONEW) ,.12,STRSOK(Lh99j.,4HF7.2)
466 L=Lf1
4b7 411 YA=YA+CNEW
468 YA=0.
469 XA:XA+CNEL

4b 421 CONTINUE
471 XPOS0L/2.*)-2,

412 CALL PLUT(XPOS,-.35,3)
473 CALL PLOI(XPOS*-.35,21
414 CALL SVM13L(XPCS,-.35,.12,44HCOMPARATIV& STRESSrS CN OUTSIDE F18LiR

4475 IS CKSI),944)
476 CALL. SYMeOL(XPCS4.1.5,-.50,O,?9HPROULLM,0. ,7)
477 CALL NLORXC+.5-511,IReoHS

*418 CALL PLOT(XL+5.,O.,-3)
479 1200 CONTINLE
48b CXXXXXXXXXXXXXXXXXXXXX~xxxxxxxxxxxxxxxx
481 CXXXXXXXXxxxXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
482 C PLOT NLNI3ER 6
463 C LGOING VALUES
484 CAX~X~XX~~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJXXXXXXXXXXXXXAxxxxxxxxxxxxxxxx
485 CXXXXXX~~~~xxxXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxXXjXXx XXXXXXXXXXXXX xx
486 REA02,L
487 2 FORMAT11101
488 XA=O .0
4o9 CALL PLOT(C.,0.,3)
490 CALL PLOTCO.,I2.,2)
491 CO 18 l:1,NBAYLI
492 CALL PLOT(XA+0.,YWi±)
493 CALL PLOT(XA+OKEL,YW,1)
494 CALL PLOT(XA*OKEL,tu.91)
495 CALL PLOT(XA,0.,1)
496 CALL PLOTCXA4OhEL,C.,J)
497 CALL FLOTCXA+OtEL,C.,2)
498 XA=XA+CNEL
499 18 CONTINLE500 YAxO.
5U1 LXrNBAYWI/2.
502 O C 19 Qj1,Ll

503 CALL PLOT(O.,YA,3)-
504 CALL PLUT(G.,YA+ONEW,J)
5035 CALL PLOT(O.,YA.ONLW,2)506 CALL PLOT(XLlYA+ONEW,±1)507 CALL PLOT(XL,YA+2*ONEW,31508 CALL PLOTCXL,YAt2*ONEW,2)
509 CALL PLOT(0.,YA+2*ONEW,1)
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510 YA=YA+2*ONEW
511 19 CONTINLE
512 C CHECK FOR FULL OR HALF ARCH*
513 IF(MANGLEsEQ.o2) G0 TO 14,00
514 NBAYkll=N8AYhI41
515 XA:XL %YA=O.
516 00 521 Jz1,NOL
52.? 00 511 K=19NBAYWII
518 CALL NLMBERCXA-.28,YA+C.1*ONEW),.1U(L)0,'eHF6.2)

*519 L-L+5
520 511 YA=YA+ONEW

*59!1 YA=O.
522 XA=XA-CNEL
523 621 CONTINLE
52'4 XPOS=()CL/2.)-.75
525 CALL PLOT(XPOSo-.35,3)
526 CALL PLOTCXPOS,-*35,2)
527 CALL S'IlL3OL (XFOS,-.35,.129i6NLOAD1hG ( KIPS ),w.,i6)
528 CALL SYtBOL(XPOS+.25,-.50,.1,t7HPROBLEMO.,7)
529 CALL NLMBER(XPOS+1.0,-.50,.10,NPROBO.,2H15)
5.30 CALL PLOT(XL#5.,0*,-3)
531 GO TO 1600
542 1400 CONTINLE
533 XA=D.
534 YA=O.
535 U0 621 1=1,NBAYLI

*536 00 611 K~1,N8W
5.37 CALL NtMBER(XA4(.15*ONEL),YA-(.2*ONEW),.12,O(L),90.,4HF6.2)
538 L=L+5
539 62.1 XA=XAICNEL
540 XA=O
541 621 YA=YA*+.NEW
542 XPOS=(XL/2*)-*75
543 CALL PLOT(XPOS,-.35,3)
544 CALL FLCT(XPOS,-.35,2)
545 CALL S'M0OL(xpOS,-s35,o12,16HLOADING ( KIPS )909916)
54b CALL S'VMBOLCXPOS+.259-.5), .10,7HPRODLM,0.,?)
547 CALL INLMBER(XPCS+1.t0-5U, .10,NPROU,Q. ,2HI5)
548 CALL PLOT(XL+5.,O.,-3)
549 1600 CONTINLE
5t;D RETURN
551 END
552 SUBROUTINE SLALR(ONELCNEWXLYWNBLN6W)
553 C ONEL =ONE INCRLMENT IN X DIRECTIOK
554 C ONEW =ONE INCREMENT IN Y DIRECTION
555 C XL =TOTAL LENGTH X UIRECTION

*556 C YA TOTAL LENGTH Y DIRECTION
557 C NBAYW =NUMBER OF BAYS WIDE
558 C NBAYL =NUMBER OF &5AYS LONG
559 C N3L, = NUMBER CF X INCREMENTS PLUS 1

*560 C NBW =NUMBER OF Y INCREMENTS PLUS I
561 c NSAYLI =NUMBER OF X INCREMENTS
562 C NBAYWI =NUMBER OF Y INCREMENTS
563 COMMON/3/CA,JERKNt3AYLNBAYWNUMPRNPRO8,MANGLEJPRiC8
564 2 FORMAT (2110)
565 IF(NBAYW.GT.NBAYL) GO TO ±
5b6 C CHECK TO SEE WHICH UItIENSION IS LARGER
567 C SET UP SCALES TO A £0 INCH VERTICAL SCALE
568 YSCALE=10.
569 XSCALE=(i0./N8AYW)*NBAYL
570 ONEL=XSCALE/NBAYL SXL=ONEL*NBAYL
5/1 ONEW:YSCALE/NaAYW $YW=ONEW*NBAYW
572 NGAYLI=NBAYL
573 NtAYWI=NVAYW
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574 GO TO 5000
575 1. YSCALE=10.
576 XSCALE=(LG./NBAYL)*NEAYW
51 ONEL=XSCALE/N8AYW SXL=ONEL*NBAYh4
5713 ONEW=YSCALE/NBAYL S YW=ONEW*NBAYL
579 NBAVLI=NBAYW
586j Nd3AYWI=NBAYL

582 ckxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXAXXXXXXXXXXXxxxxxxx~xx
583 C PLOT NLIIOER III584 C GRID SYSTEM
565 CxxxixxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxx

587 5000 XZO.
588 C ACTUAL DRAWING OF STRUCTURE WITH ELEMENTS
5119 ZALL PLOT(0.,0.,3)
596 CALL FLCT(0.,0.,2)
591 00 10 I±,NdAYLI

*592 CALL FLOT(X+0.,YW,1)
593 CALL PLOTiX+OhELfYW,l3
594 CALL PLOT(X+OhEL,D.oi)
595 CALL PLOT(X*0o0.,C,)
596 CALL PLOT(X4ONELO*,3)
597 CALL PiT(X*ONEL,0.,2)
598 X=XONEL
599 10 CONTINLE
6#.0 Y=J.
601 L=NSiAYkI/2.
602 UO £1 .=19L
6u3 CALL PLOT(O.,Y4O.,3)
604 CALL FLCT(0*,Y*ONEWt3)
605 CALL PLOT(0.,Y+ONEW,2)
606 CALL PLOT(XLY+ONEW91)
607 CALL PLOTCXLY#2*ONEW,3)
608 CALL PLOT(XL9'Y+2*ONEW92)
609 CALL PLOTCO.,Y+2*ONEW91)
610 Y=Y*2#ONEW
611 11 CONTINLE
612 T:NB3AYhli'2. £ Lr=r $Z=LT
613 IF(T*GT*Z)GkO TC 16
614. 102 X=Q. %Y:0.
615 CALL FLCT(0.,0.,3)
616 CALL PLO1C0.,O.,2)
617 00 12 I=iN83AYLI
618 IK:-NI8AII/2
619 00 20 K±1K
620 CALL PLOT(X+ONELY00NtW,1)
621 CALL PLOT(X*0.,Y+2NoNEW,1)
622 Y=YG2*CNEW
6Z3 20 CONTINLE
624 X=X+D. SY=YW
625 CALL PLOT(X+ONEL,YW,3)
626 CALL PLOT( X+OhELtYW,2)
62? NNAYhI/2.
6.28 00 15 .=I'M
629 CALL PLCTCX+0.,Y-ONEW,I)
630 CALL PLOt(X+ONELpY-2*UNEW,i)
631 Y=Y-2*CNtW
6.)2 15 CGNTINLE
633 X=X+0NEL SY=O.
634 CALL PLOT(XY,3)
635 CALL PL0T(XtY,2)
636 12 CONTINLE
637 GO0TO22
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638 16 xzo.sySo.
639 CALL PLOT(0.,O.,3)
640 CALL PLOT(0*,0992)

6410 £7 I IiNAYLI
642 IK=NBAYWI/2
643 00 19 K=1,IK
6-#4. CALL PL0T(XtONELY+ONEM,1)
645 CALL PLOTCXY+2'ONEW,1)
646 Y=Y+2.40NEW
6'.7 19 CONTINLE
648 CALL PL0T(XfONIEL*Y+ONEWti)
649 X=X+0. $Y:YW
650 CALL PLOTCXYW93)
651 CALL PLOT(XYW,2)
652 M=NEAYhI/2

654 CALL PLOT(X+ONELY-ONEW,1)

655 CALL PLOT(X,Y-2.*ONEW,±)
656 Y=Y-2.*ONEW
657 21 CONTINLE
658 CALL PLOT(X+ONEL,0oil
659 X=X+ONEL S Y=O.

6bIJ 17 CONTINLEI.6b1 2Z CONTINLE
66,2 C NUMBERING OF ELEMENTS
663 500 XzXL $Y=0. SSCALE:1.
6b4 N8L=N8AYLI+i
605 NBh:NBAYhI,1
6b6 00 550 L1,oNOL
6b? 00 540 K=i,NBW
668 CALL NLNGER(X-.07,Y+o,.1oSCA:E,o.,4HF4.o)
6o9 SCALE =SCALE +1.
610 Y=Y40hEW
671 546~ CONTINLE
672 Y:0.
673 X=X-ONEL
674 550 CONTINLE
675 XzXLSNUM=l$0.
676 00 200.- K:1,NBAYLI
677 00 206& I:1NBAYWI
618 CALL NUMBER(X,Y+ .4*0NCW,.07,NUM8,90.92HI3I
679 Y=Y+ONEW
680 NUMB=NLMB+i
641 2000 CONTINLE-
682 2001 Y=O.
683 00 2002 J=19NBAYWI
b64 CALL NLMBER(X-.5*ONEL,Y-.05*ONEW,.07,NUMB,90.2H1I3)
685 NUMB=NLIiP4-1
6d6 CALL NLlBER(X-.25*UNEL,Y4-25*ONEW,.07,NUMB,135.,2Hi3)
687 NUMB=NUMB+i
688 CALL NUMBER(X-.375'ONe.LtY+.625'ONEW,.U7,NUME,45.,2HI3)

*689 Y=YtONEW
9,0 NWIO=NUMB+l

691 2002 CCNTINLE
* 692 CALL NLMBERCX..50ONEL,Y-.05#0NEW, .07,NUMb,90 .,2HI3)

693 X=X.-ONEL
694 Y:0O.SNL.MOZNUMB+1
695 2003 CONTINLE
696 Y=G.sX:0.
697 00 2004 I=1,NGAYWI
698 CALL NL'r1ER(XY+4ONEW,.0?,NUMB,90.,2H13)
699 Y=Y+ONEWF700 NUMB=NLMB+1
701 2304 CCNTINLE

80



702 GO TO 800
703 800 CONTINUE
704 XPOS=(XSCALE/2#)-95
705 CALL FLOT(XPOS,.*35,3)
706 CALL PLOT(XPOS,-935,2)

j.707 CALL SYttiOL(XPCS--35p.i2,i1HGRIO SYSTEM90.01i)
708 CALL SYMBOL(XPCS,.*50,.±0,THPROBLEM,0.,7)
709 CALL NLMBER(XPCS+.65,-.50,.1ONPROB,0.,2HI15
710 CALL PLOT(XSCALE+4.t0.,-3)
711 6000 RETURN
712 ENO
713 SUBROUTINE ARCjHPLTCRKXZ,OMANGLEPLOTNIB3)
714 COMMON/3/CA.-JE~iKN8AYLN8AYWtNUMPRNPROB
715 CALL MAP -. 2.-.2.O,,.1)
716 C RK 1 .0 / PCENT OF LOAD
717 C X=X FRCM MAIN PROGRAM*
718 C Z=Z FRCM MAIN PROGRAM.
719 C D=DISPLACEMENT.
720 C hANGLE=FULL OR HALF ARCH.
721 DIMENSION XCI) ,Z(1),D(I)
722 DIMENSION XXO(21),ZZDCZ±),XOR(2'),ZOR(2±),ZCCR(21)
723 C NUMX = NUMBER C7 NODES TO PLOT ARCH
724 C NUMZ z NUMBER OF NODES TO PLOT CROWN OEFLECIIONS
725 READ 1,NUMXtNUNZ
726 1 FRI~IAT (Z110)
727 DO 10 lm1,NUtIX
728 C NOD =. NODE NUMBERS TO BE 'USED TO PLOT THE ARCH
729 READ 1,NCD
730, MOO=54 NOD-4
751 MODI=50NOD-2
732 C CALCULATION OF COORDINATES OF CENTERLINE ARCH. AND CEFLECTED bENTERLINE
7,33 C ARCH.
734 C XX3=,OEFLECTEO COORDINATES.
735 C ZZD=UEFLECTEO COORDINATES.
736 C XOR=ORIGINAL COORDINATES.
737 C ZOR=ORIGINAL COORDINATES.
738 XXO(I)=(D(UD)*RK)*1O.+X(NOD)
7,39 ZZO(I)=CO(MUD1)4 RK)*±O.+Z(NDD)
740 XOR(I)=X(NOO)
741 ZORCI)=Z(NOD)
742 10 CONTINLE
743 C MANGLE = 1 OR 2 DEPLNOING ON-WHETHER IT IS A FULL ARCH OR HALF AfiC'
744 IF(tIANCLE.EQ*2)GO TO LOGi
745 DO 11 I1,NUMX
746 G SCALING OF COOFDINATES.
747 XXD(I)=XXD(1)/(-50.)
748 ZZO(I)=ZZ(I)/50.

750 ZOR(I)=ZORCI)/56.
751 11 CONTINLE
752 C PLOTTIthG AXES.
753 YY=IO.
754 CALL PLOT(.,YY,3)
755 CALL PLOT(.9Y'~,2)

S756 00 12 IT1,10O
7ti7 CALL PLDT(0.,YY,i)
758 CALL PLOT(O.,YY-1.,I)
759 CALL PLOT(-.1,YY-l.,1)
7b0 CALL PLOT(Go.YY-1.,1)
761 12 YY=YY-1.
762 XX=0.
763 DO 13 IXml,16

*764 CALL PLOT(XX,O.,1)
765 CALL PLOT(XX+1.,0.,IJ
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7b6 CALL PLOT(XX*1.,-.1,1)
767 CALL PLOT(XX+1.,0.,1)
7b8 11 XX=XX+1.
769 C NUMBERING OF A)ES*
710 SCALINC=50. SYY=10- SYSCALE±0O.*SCALINC
71. OC 14 IYz1 pjj
772 CALL NLtBER(-1.,YY,.±UYSCALEO.,4HF8.2)
713 YY=YY-1. p
774. 14 YSCALE=YSCALE-SCALINC
775 XSCALI:250. SXX=0. SXSCA=fl.
776 i2O 15 1X=117
?77 CALL NLM8ER(XX-.259,25,.10,XSCA,0.,4HFO* 2)
778 XX=AX+i.
?79 15 XSCA=XSCA+XSCALI
780 CALL PLOI(0.v,93)
hi1 CALL FLOT(O.,0.,21
782 00 16 I:1,NUMX
783 C PLOTTING DEFLECTED AR(CH.
7d4 CALL SYMBOL(XXC(I),ZZI2(I),.C7,1,O.,t-1)
785 16 CONTINLE
786 CC 17 I1,NUMX
78? C PLOTTING ORIGINAL ARCH.
76ts CALL SYMBOLCXOR(I),ZOJ((I),.07,ZC.,-1)
7d9 17 CONINtUE
790 IF(PLOtN)2009200,303
791 200 CALL SYMBOL (6.,-.950,.12,49HOEFLECTIONS-LINEAR SOLUTION (NAGNIFICA
792 1TICN CF i±Oho.,48)
793 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)I
794 C~xxxxxxxxxx~xxxxxxxxxxxxxxx1(xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
795 C PLOT NINBER 7
79b C CENTER ARCH ANC UEFLECTEO CENTER ARCH(LINEAF SOLUTICN)
797 cCxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx)XXXXXXXXXXXXXX~xxxxxxxxxxxxxxxxxxxXX
798 CXXXXXX)XXXXXXXXXXXXXxxxXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXxxxxxxxxxxxxxxx
799 GO TO 400
800 300 CALL SVM80L(6.,-.50,.12.52HCE:FLECTIONS-NCNLIhEAN SOLUTION (MAGNIFI
801 ICATION OF 10) ,0. 5i)

*862 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXx
803 exxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXAXX
804 C PLOT NLMBER 9
805 C CENTER ARCH ANC DEFLECTED CENTER~ ARCMI(NONLINEAR SOLLjTION)
806 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxx~tnxxxxxxxxxxx
807 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXA~xxAXXXXXXXXXXXXXXXxXXX
808 400 CONTINLE

* 809 CALL S'MBOL(7.5,-.65,.10,7HPRO8LEI,0.,?)
810 CALL NLMBER(8.b,-.65,.l0,NPRO8,0.,2HI5)
811 CALL PLOT(20oOo,-3)
812 IFCIOSEU~i)22,25
813 100 00 26 I~iNUMX
814 XXO(I):-XXDCI)/50.
815 ZZOCI):2Z0(I)/50.
8,16 XOR(II:XORCI)/50.
817 ZOR(I)=ZOR(I)/50.
818 26 CONTINUE
819 C PLOTTING AXES.
8 r.0 YY:10. SXX=16.
821 CALL PLOTtXXYY,3)
822 CALL PLOTCXXYY,2)
823 00 27 IT1,10O
8e4 CALL PLOT(XX,YY,1)
825 CALL FLOTCXXYY-1.,1)
826 CALL PLOT(XX-.1,YY-1.,1)
827 CALL PLOT(XXtYY-1.1)
828 21 YY:YY-..
829' XX=0.
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830 UO 28 lXzl,32
841 CALL PLOT(XX,0.,1)
832 CALL PLOT(XX4+t.q0s,1)
6 33 CALL PLOT(XX+le.,.l~l)
834 CALL FLCT(XX+1.,0.,L)
8s5 28 XXzXX4I.
836 A; NUNeERING OF AXES,
837 YS=50. iYY~iO. $YSCA.iC#*YS
8138 1)0 29 IY=1911
839 CALL NLIIER(7.,YY,.10,YSCA,0.,4HF6.2)
840 YYYY-1.

841 29 YSCA=YSCA-YS
842 CALL 5fll8OL(-lo5t4.s.j.O,1HZ990op1)
843 XSCAIN=50. SXXzO. SXSCA=-400.
844 00 30 IX1,1I7
84.5 CALL NUtBER(XX- .25#-9459oi0,XSCAt0st4HF8.2)
846 XX=XX+1.
847 30 XSCA=XSCA+XSCAIN
848 CALL SYMBOL(8*v-1.,.10,1HX,0.,1)
849 XX=80SY20.
850 CALL PLOT(XXYI,3)
851 CALL PLOT(XXYY,2)
852 DO 31 I1,NUMX
853 C PLOTTING DEFLECTED ARCH.
854 CALL SYMOOL(XXC(I)+XXZZO(l);.O7,1,0.p1lI
855 31 CONTINLE
856 0O 32 Is1,NUMX
1157 C PLOTTING ORIGINAL ARCH.
858 CALL SYMBOL.(XOR(I)+XXZORt(I),.07,2,0.,-1)
859 32 CONTINLE
86C IF(PLOIN)201,2G1,3O1
861 2011CALL SYMB8OL (lZ.,-.50,.±2,49HDEFLECTIONS-LINkAR SOLLTICN (NAGNIFIC
862 LATION OF £0) ,0.,48)
863 GO TO 401
8b4 301 CALL SYMIBOL (12.,-.5O,.12,52HOEFLECTIONS-NOLIsLAR SCLLTION (MAGNI
865 IFICATICH OF i0)t0e,51)
866 431 CONTINUE
867 CALL SYMBOL (15.,-.b5,.10,?HPROBLEM,0.,?)
86$ CALL NLHBER(16.,-.65,.±0,NPROB,0.,2HI5)
8b9 CALL SYMBOL(9.,5.t.12,3HRK=,0.,3)
870 CALL NLMBER('3.5,5.,.12,RK,0.,4HF5.2)
871 CALL PLOT(40.,0.,-3)
872 IF(I8.EO.1)GO TO 22
873 25 00 18 IziNUMZ
814 Uxxxxxxxxxxxxxxxxxxxkxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxAxxxxxxxxxxxxxxxxxxxx
875 C;XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
876 C PLOT NLM8ER 8
877 c CROWN CEFLECTIONS
878 cxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

880 G NOO=NOOE NUMBERS TO BE USED To CALC;ULATE CROWN UEFLECTIONS.
881 READ1,KOO
882 "OGI=5*NOD-2
883 C CALCULATION OF CROWN tEFLECTIONS.
884 C ZCOR=CP0WN DEFLECTIONS.
885 ZCUR(I)=(D(OO1)*RK)
886 18 CONTINLE

*867 C DRAWING AXES.
888 XX~0. $YY=5.

809 CALL PLOT(XXYY,3)
890 CALL PLCT(XXYY,2)
89± TZ=8./I UMZ

8 892 DC 19I=19NUMZ

893 CALL PLOT(XXtYY,1)
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894 CALL PLOT(XX4TZyy,1)
895 CALL PLOT(XX+rZtYY-1)
896 CALL FLUT(XX+TZPYY,1)
8137 19 XX=XX+1Z

898 XX=O. SYY=5.
899 CALL PLOT(XXYY,3)

9uo 00 21 I=1,NUPZ
901 C PLOTTING OF CROWN DEFLECTIONS.
902 CALL SYMBOL(XXZCOR(I)+YY,.07,2,0.,-1)
903 21 XX=XX+)Z
90)4 CALL. SYM8OL(2.5,-.Zi9voi2t28HCROWN DISPLACEMENTS (INCHES) ,0.,28)
905 CALL SYMBOL(2ot-.75,.12,32MvERrICAL SCALE I INCH I INCHO.,.32)
906 CALL S'MOL(3.,-.5,.10,7HPROBLEN,O.,?)
907 CALL NLM8ERCL..,-.5,.i&JNPROBO.,ZH15I
908 CALL PLOT(12.,O.,-3)
909 22 CGNTII LE
916 RETUR~N
911 ENO
512 SUBROUTINE STRESSP
913 CALL MAP(-i.,11.,-1.,11.,0.,1.,0.,1.)
914 COMtlONi'/A(1000),8(101J0),C(1000),D(1OL*0),E(lO),
915 1 F (1000),VG (i000),
916 z H(220h,0(220),F(220),S(231),U(2311,V(1155),W(1155J
917 DIMIENSION X(100)tY(IOii),T(100),R(CO),R1(10C),X4(0,J0),Y±(±.JC),X2
918 1(1030) ,Y2(1000)
919 C A-STRSCJ
920 oC B-STRSIJ
921 C C-STRSCK
922 C i)-STRSIK
923 C L (1)zCAE(2)=JERKE(3)=NBAYLE(4)=NBAYNE(5):NU~iPRE(6)=NPROB
924 I(()2)E3+
925 NbAYL=E(31) S NE3AYW=E(4) SNUMPR=E(5) SNPRG8=E(6) -SCA=E(1)
926 NUMI) GAYL
927 NUMTZNEAYL
92o J=NBAYL+i
929 PRINTiItNUINLMT.j
930 1 FORMAIA(4(0X9II G) )
9.)1 F(L)=A(I) SF (J)=C (NUN)
942 GC1)=8(I) SG(.j)=(NUM)

93.3 00 10 K=2,NBAYL
934 F(K)=(CCI)*A(I41))/2.
935 G(K)=(C(I)+8(I+11)/2.
936 PRINT3C00,F(K),G(K),C(I)tA(I+±),D(I),B(1+±),
937 3 OL FGRI.fT(5X,5HF (K)=,F10.4,5X,SHG(K)=,FI04,5X,HC(I),FIO.1,5X,7l-A(I
938 1+1)=,F1O.4,5XSHD.(1)=,F10.4,5X,7HMJ(I+1)=,F16.4)
939 1=I+1
940 10 CONTINLE
9,#1 PRINT 3__01CA
942 3001 FORMAT(5X,3HCA=lFl,.4)
943 Y(I)0O.

944 X(1)=8.
945 00 £2 K=2,81
946 Y ( K) = Y (K- I) +.i1
947 X(KI=SCRTF(64-Y(K)*Y(K))
948 12 CCNTINLE
949 P1=3.14159265
950 aETA=(Fl-CA)/2.
951 L=O
952 REAC 2, SF
953 2 FORMAT(F1O.4)
954 00 13 KI=1j
955 T(K)=:(CPICA)/2*)+L*(CA/0o.)
956 R(K)=8.+(SF*F(k))
957 RI(K)=d.+(SF*G (K))
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95'8 PRINT 2002tT(K),R(K) 9Rl(K
939 3002 FCRNAT(5X,5HT(K)=,F±0.4,5X5HR(K)=,Fl0.4,5XIEHRI(K.',F±O.'d

9bC L:Ltl
90'31 13 CONTINLE

*9b2 Do 14 K=19J
963 TAK=TCK)
964 Xj(Kj~ri(K)* COS(TAK)
965 Y±(K)=R(K)* SIIAAK)
966 X2(K)=R1(K)* CCS(TAK)
967 YZ(K)=R±(K)* SINCTAK)
968 14 CONTINLE
9b9 ZEROX=I.* COS(T(1))
970 ZEtROY=8.* SIN(T(1))
971 LF=O
972 1006 YY=8. SLP=LP+l
973 CALL PL0T(0.,9YY,3)
974 CALL PLOT(darYY,2)
975 00 15 9=1,8
976 CALL JP'LOT(Q.,YY-1.,±)
917 CALL PLOT(-.lYY-±.,±)
978 CALL FLOT(0,,YY-1.,±)
9?9 YY=YY-1.
960 15 CONTINLE
981 XX=O.
9d2 00 16 K=L,9
983 CALL PLOT(XX+1.,G.,±)
9*4 CALL PLOTtXXti.9 -.Q±,I)
905 CALL PLOT(xx4±.,0.,1)
9o6 x:~xx.

967 16 CONTINUE
98d YY=S. I XX=-.5

919 tLM=8
99u DO00 C 1 I199

991 CALL NLM8ER(XXqYY,10,NUt,0.,2H13)-
992 NUMl=NUI,-i

j 993 5000 Y YY.3 SXIs.

995 DO 500± I=1,10
996 CALL kLMBER(XX,YY, .l09NUHXO.,2H±3)
997 NUMX=NLMX+1
998 ,5001 XX=XX+1
999 CALL PLOT(3*,0*93)

1000 CALL PLOT(0.,0.,2)
1001 00 17 I(=1,8i
1002 CALL PLOT(XCK),'Y(K),±)
10J3 17 CONTINLE
1004 CALL PLOT(0.,0.,3)
1005 CALL PLOT(D.,0.,2)
1006 CALL PLOT(ZEROXZERDYti)
1007 CALL PLOT(0.,0.,3)
±006 CALL PLOT(0.,0.,Z)
1009 UNITZ1./SF
10±0 IF(LP.LQ.2)GO TO 2000

1012 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxx~xxx~xxx xxxxxxxxxxxxxxx
101.3 c PLOT NLMBEIR ±0
1014 C AVERAGE OF J-E1NO AND K-LND OUTSIDE STRESSES ALONG CENTER ARCH
1 015 cxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

1017 00 ±8 K1I,4
1018 CALL SYMBOL(XlU<)9Y1(K)q.0?#2tO.,-l,
1019 16 CONTINLE

1021 CALL SYMBOL(3.2,-.70 ,.10,7HPROI3LEM,0.,7)

±02 CLL YHOL(.,.5,.±,11-IU~lD STESES,.856



102CALL lLMBE R(4.0,-*O p,.109NPROB,0 602H IS)
10e3 CALL SYMBOLCj.,-*9f*16,7H UNIT =pO.t8l
102'. CALL NLMBER(3.7,-.9,.10,UNIT,0.,4HF5.Z)

F1025 CALL SYNtOL(4.0,-.9q.i0p3HKSIt0*,3)
1026 CALL PLOT(12.,G.,-3)
1027 60 TO 1000

1G,~0 C PLOT NLIIBER 11
1031 C AVJER~AGE OF J-EIW AND K-END INSIDE S7RESSf.S ALONG CENTER ARCH
1032 CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)XXXXXXXXXXXXXkXXXXXXXXXXXXXXXXXX

10.34 200u 00 19 X=LJ

10,)6 19 CONTINLE
l0Z,? CALL SYM8OL(3*,p-.54J,12qi5HINSIE STRESSES,G.,15)
1038 CALL SvMSOL(3.2,-.7,.10,THPROULEt,0.,97)
1039 CALL NLM BE R(4.0,-*7,.1iONPRO8,0.,f2H15)
1040 CALL SYHBOL(3o,-.9,.i0,7H UNIT =90.98)
1041 CALL NLMaER(3.7,-.9,.10,UNIT,0.,4HF5.2)
104.2 CALL SYM8OLC'..0,-*9,.10,3HKSID.,3)
1043 CALL PLOTC12*,0.,-3)
1044 RETURN
1045 ENO
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APPENDIX II

INPUT INSTRUCTIONS FOR COMPUTER PROGRAMS

1. INTRODUCTION

The basic program, SANOS, can be executed independently but will yield

only printed results; to obtain plots of the results, the SANIPLT program

must be executed.

2. DATA FOR SANOS
Format Information

I 10 (1) NUMPR - number of problems in this computer run

8110 (2) NPROB, NCODE, NBAYL, NBAYW, NLOAD, NSUPN, NRK, MANGLE
where: NPROB = problem identification number

NCODE = 0, nodes numbered in direction of
shell axis

= 1, nodes numbered along arch
NBAYL = number of bays along shell axis
NBAYW = number of bays along arch
NLOAD = number of loads on shell
NSUPN = number of nodes which have supports
NRK - number of Runge-Kutta (loading)

intervals
MANGLIE = 1, one-half arch (synuivetrical load-

ing)
= 2, full arch (unsymmetrical loading)

3F10.0 (3) SPAN, HEIGHT, SENGTH
where: SPAN = span of shelter (total) (inches)

HEIGHT = height of shelter (inches)
SENGTH = length of shelter (inches)

7F10.0 (4) *THICKM, THICKW, ULTM, THICKA, ULTSTR, E, R
where: THICKM = equivalent thickness of shell-

bending-strong axis (inches)
THICKW = equivalent thickness of shell-

bending-weak axis (inches)
ULTM = ultimate moment (inches-kip/inch)
THICKA = equivalent thickness of shell -

axial (inches)
ULTSTR = ultimate axial stress (ksi/inch)
E = modulus of elasticity (ksi)
R = curve-fitting parameter

This information is obtained from laboratory tests.
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Format Information

3F10.0 (5) COUT, CIN, RATMJD
where: COUT = distance front neutral axis to outside

fibers (inches)
CIN = distance front neutral axis to inside

fibers (inches)
RATMOD = E strong/E weak (ratio of moduli)

8F10.0 (6) PCENT (I), I = 1, NRK
percent of load (in decimal) on each increment of

loading

6110 (7) NODE, NP(J), J = 1,5
support information 0 indicates no support
1 indicates supported against displacement in x
direction

2 indicates supported against displacement in y
direction

3 indicates supported against displacement in z
direction

4 indicates supported against rotation about x axis
5 indicates supported against rotation about y axis

110, F10.0 (8) I, D(I) NLOAD times
loading conditions (I indicates coordinate number)

313, Ill (9) MN, JM, KM, MTYPE
where: M = member number

JM = j end of member
KM = k end of member
MrYPE = 1, interior member along arch

2, exterior member-along arch
3, interior horizontal member
4, exterior horizontal member
5, diagonal member

F10.0 (10) CONTROL
where: CONTROL = 0 -- no plots required

= value -- plots required

3. DATA FOR SAN1PLT

Fonnat Information

10.0 (1) PLOTGCON
If PLOTCON = 0, signals last set of plots
If PLOTCON = value, more plots to conic

110 (2) L (Determines type of loads)
L = 1 -- loads in x direction
L = 2-- loads in y direction
L = 3 -- loads in z direction
L = 4 -- moment about x axis
L = 5 -- moment about y axis
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Format Information

2110 (3) NUMX, NUMZ
NUMX = number of nodes around arch desired for

plotting
NUMZ = number of nodes along crown for plotting

110 (4) NOD (node numbers for arch deflection plot of linear
solution, NUMX of them)

110 (5) NOD (node numbers for crown deflection plot of linear
solution, NUMZ of them)

110 (6) NOD (node numbers for arch deflection plot of non-
linear solution, NUND of them)

F10.4 (7) SF (scale factor desired for plots of inside and out-
side stiesses)
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APPENDIX III

SAMPLE INPUT DATA FOR SANOS

Test problem 5 is presented since it is an example of unsynmetric loading.

5 9 10 20 10 23 6 2
590o 2 0. 360.
2.48 0.15 15.0 0.O2l 81.5 30000. 2.0
2.on 12.0 7. i
e1667 .1667 .1667 .1667 .1667 .1667

1 2 3 4
2 1 2 3 4
3. 1 2 3 4
4 1 2 3 4

1 2 3 4
6 I 2 3 4
7 1 2 3 4
8 2 3 4
0 1 2 3 4
]" J. 2 34
11 3 2 3 4

221 1 2 3 4
122 2 3 4

223 1 2 3 4
224 1 2 3 4
22c 1 2 3 4
276 1 2 3 4
227 1 2 3 4
21 ! 2 4220 1 2 " 4
20 1 2 3 4
231 1 2 3 4
126 0 2 0 0

463 -2.08
473 -2.08
4P3 -2.0A
snR -1.52
51P -1.3
5:) -1652
51A -1.52
5s; -2.0o
5'iA -4.17

563 -4s17
968 -4917
57q -6.17
S7 -4 .1.7
9) 7 4*37

5pq -4.17
5o -4e17
50P -4*.17
60 -2.0o
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i01 02 4 560 1025
2p0203. 4* 57 14n24 5
303 04 4 58014 25 1
4p0405 4 59 14026 5
5)05)06 4 60 )1 25 5
6o06107 4 61) "r26 1
7)07)08 4 62 )127 5800069 4 631626 5
9309p10 4 641627 1

I0010I11 4 65 16128 5
11001 12 2 66 1127 5
12001?13 5 67 17128 1
13002112 5 68 )1729 5
14)02113 1 69 1828 5
15302114 5 70 18)29
16003)13 5 7131830 5
17303 14 1 72 19 29 5
1803 )15 5 73 19)30 1
39104114 5 74 01)31 5
20304.15 1 752030 5
21004016 5 76 20 31 ]
220050 15 3 77 20132 5
23005016 1 7.802131 5
24005n17 5 79021032 1
25006016 5 .8002133 5
26006017 1 81 02232 5
2700,618 5 82322 33 2
2800701.7 830 "24
29007018 19 4024125 3
30007019 5 85 "?6
31 08018 5 86026127
32008019 1 87 22 3
33008020 5 8C( .22 -

34009119 5 89C C 3 2 3
35009020 1 93n,0 o'
36009021 5 9 i1
37010020 5 o2 7 3,
38010021 1 ° "', -)

39010022 5 94 02
40011021 5 )5?24^"14
41011022 2 96' 3r
42012013 3 97,24 q6
43011014 3 98l2m?
44014015 3 O2 "03(
45015016 3 ! . 'V746016017 3 -1 r2

4 01.7018 3 3,"2 267
4 018019 3 13n2 6 P
4 019020 3 I'4"27"?
50020021 3 !%2 3;
51021022 3 1n' .7

52012023 2
53012624 5
54 1 302 3 5 lOC Or' ,L
550131024 ] ! !0 j '
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Oii I ON~ t. .7 I'"
01? 2%41 r. 16. V4I

1 1 1 1 1 1 4 111 0 
4"o

113 '4 1 17 ,,5,

113t )42 17 n1r, 6 r
11. t 4.7 173 9.n -. ,

21 13"44 176 14., "
12 23 44 17P,)4WR7

124 3'4v5 -79 t. , t-'

125 )36..37 .. 1iL 7
197V, . 3 14 .
'?p." -50^1 5

I?! .41 (.4 2
132 "4' M4 3 1 7 . /1

" 11 '. '45 2 1 4')."

1' 3 , 19 r ') 61191 5' 6
V' r0• .,..2 1 ir. 61 r

11611 V6 ." A. 11A5 eS"1n4 • • %,, ?

. 11.'4 7 ITO; r

1. 1 47 ,7 r'') aV,7

79 4?~~ 9 po rC -ON

" 04j q 2 %';'^6a S
1 - '9 t.4 0 2 l 54 6 ,

1 2 1"50. r 6(' ,"6A 2

1 0 3 'S 2n 4 . ',4r

21' I 0$: 21 ' '. 06 C

"' 4 m m R 2 1 r, A, S-7. :'Lm r4"^R I ?' 7 ") .5 F 9
! r, "' 4 . ' n , . 20 8 n 5 i no.
I r 0 4 11 5 1 M in M ,, C n

1 61 410r 3 211 1t5,62
221,. ~ 4qn 13 6 t. ")^r-

=O ~k/:r, 2 17 ' *6 p

16 ir if If S 4 2! 1 S57 -67 '
4,/ 4 '5 5 2 21( .7 "I-,q
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6C276!N72 11P A

227~~6~ 7b 4?.73

7- 724 2P' C,

2? 61 73 ) 7 v,

,3 6~ "73 2~ 11 C'%!

2327 .6 1 7?' h 2"'2 F '20

2219 i 7A 74l -I

?-11 AY1 "72, 221^7 Z1 37
2?211'$170 2 Q4 !7 "Oe

?i3'~ ifi 7"s? '"
235P6 7" 3.TQ/
26 6 P0 5 171 0

;63.Ml l 30 115 "4~~

2 tCP 1 6 7 r

77 l~lt 32.0 ?J'7

27 4 7 72 3? n T7 fOQ 1
27,7 P% 32 Cn71

2 2 .' 3? "Al0)0 N n7%-,
73 3? n 08 " 1

7 7, 3~' 7 1 339 f% r1 '

2,5177 74 '?t~q10 ,-93



3 "*. r 9. '. "3 317 02114

3 39 lr. A
350 63391' ~n1.1', 1r

33COI~,1:96 3 395 00. 1

0,) IP

344 IAA0

3 09111)1 40.07 1A 4

3I 0904 V, 4040 19
352 09 1A3 5 43 T,7 1:

4 1 C)
=' t4 4 e 101 o) .

? 0Ote 16 .410 . 121 2
./91Ini 411 11 112

?I

390 11 n 4 413 13114 3
35o,09(06 t!14 1 l4.1 3
36"nalln7 1 415 l1

39200110PS. r, 4,^1 Ia l q

' F~ 9 .-- 4 111111 17
2AJ'' 10-1 411 V ..

K 6 n9 C, 11111

3 sI' lnOP ! 42-1 .'711 3
? 1 S 10'117 4 211511
?5m6l) 10 q 4 11 211.S

3YV_'4'31223361 .N',1 4411123 1
37?"I" , 107 4251 1?1 24
3 "6 ' n')l I ? " 2 1i 1 1 12? T

!7' ' '" I 425114M24

37?]-'107 1 47114124

3710 1 484 27

7/1, ln r 4 259 114.12 m

39110 -2 0 4361612
372101 1-1 42 11612- 5
-273!C1 12 1 43S11772737 1011113 43 17120 1
35 011'1 ,- 4 411712 7

94

. . . . . . . ..4 =



441 11q 18 -5 4961361373
44 2In 1 9.1 ' 1 497117?' "
44. 1 .31.,0 5 4 1 8 13 3
44 11 29 5 499130141
4451 .3.0, 1 500140 41 3
4 4 L ,31. , 5011.4 1.42 3
44 L230 5 502142141 1
",.' L20 14 1 503131144 2
49 120 13. 5 504 .3114r
470121131 1. 505134.144
-4"11'21 132 2 5061,34. 1
45212-2 1'2 3 5C7 34146
4 31 I23 1.P.4 3 508 13' 14 S
45412 4 . 3 59 1.3 r146 1
435L251Z'6 3 510 35 47 5
45 ,2-6i27 1 511.36 146

4571271.28. . 512 36147 1
4581 2o1:2 ,3" 513.36149
4 2 1 j,,4C 3 5141'7147 r

4.6 113,1 3 515 37148
4611311,32. 3 516r3, S
462 12 .,3.3 2 517 .148 5
46312213:4 5 518 13141
"621133 5 519 31150 S
465 12 134. 1 520"13q14t
466 12 '3,3 5 r •521130150 1
467 12 4 l . 5 '5221,3-1151
.461L24 i35 1 523140150
469 241 6 . 524140.51 1
470 12r1,S5 5 525 141 '0 1
471125136. 1 526 411.51 5

4,7212 511. 5 527 4.1152 1
473126 036 5 52814 153 r
47 4 2 6137 1 5201415 M,
4751 23.P 5 53014 35? 1
,76127 '.37 r 53114 1.54

4771Z7 731 1 53214 1.53
478127T39, 5 5-3314 154 2
479129138 5 53414 145 3
4 012 130 1 535141146 3
481121140 5 53614, 147 3
48212 1.9 5 53714 148 3
4 3 ,l114b 1 53814 1340
4S .2.'4 I" 54 34i5n
4 33 131 1,40 5 54015 1154$6 13" 11;4. . !, 54115115? 3

487131141 5 542157153 3
8 8131141, 5 54315 154 3
489 13,11.42' 1 544 14 155 2
4701311"43 54514 156
49-113.42 5 54614 155 V
4921", I43 2 5471.4j1S6 1
49313313.4 3 548'4 157 5
44 '3 135 3 54914 156 S

'4j A'3 136 3 55014 157 I
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551196 6 0 666'7
552147 -57 5 607 62 74 5
553147158 1 6081,63 73
554147159- 5 609 63 74 1
555114, 58 , 610 '63 17 S
536 4A 1-59- i 6,11164 74
51,7141,160 9 6121643.5 1
55.3 4 159 61 64 76 5
559[Il' q160 1 61416 75 5
56014-161 6].5165 76 2
561150160 5 616 166 67 -

6 L 1 1 .61716'7 6,3
,6. 0162 5 61, 6AI69 3
5641,S.11 r. 619,60 7 3
566251163 5 621 7'72 3
6715pl67 = 622371173 .568:52163 1 620 7 74

569152164 5 624174 7417
5701.53 63 5 625 75 76 -
571.5l164 I 626 661 77
572 5165 627661 70
573154164 5 628 67 77
5741! 165 2 62916" 7
575.'5q15 &  630 671 79 55761561,5.7 ,31 6S70
577 515s 3 632 61 170
57815115f 3 63.3 6R W0 5
579 3 50160 3 634 6o 70 r
51,000 1"61 3 635 601 , Pn 15811-61"62 3 636 60 1-i 5
58762163 - 637 70180 5
5 .3(5 t 4- 638170181 1
5141641.65 3 639170182 5
5.515M166 2 640171181 5
?6.5 167 5 641 7118? 1

587 15616.6 r 642171183 5
5,116 r6167' 1 643172182
589156168 5 644 172.8 1
59 5" 7167 645172184 5
5'91157168 646171183 5
5°2 57 69 5 64717M ]
593 51 R"6A 9 648173 85
5 '-4 '5A]69 1 649174184 5
595 159170 5, 650174185 1
59615q5969 5 6511741'86 5
5 7 59170. 1 6521751 855
598 501-71 5 653175186
5991 60170 5 654175187 5
610 160 17 1 1 655176186 5
601 60172 5 656376187 2
602161. 71 6577717q 3
603 61 172 1 653178179 3
604 61 73 5 6t9l1761l80 3
605 ,62 K7 2 5 66801111 3
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6611 81182- 3 716 91701 5

662 182 83 3. 71.7 1! 07

663 M84 718.913.
6641,841'04 7 19 1179 7 2
66.5 186 7,21192.0 1
666 IS :8':7 3 721 19- ')4
667 -1 7 1R 2 722 93 03

668 718.9 5 723±93 04 3

669 7A 8R 5 724 9.-05 
670178189 '1725194?4 .5

67.1171'-96 5 726 )43
672 7l O8 5 727 94.06
673179 EJ I 728 9WO5 S
.674 Y 79q . '729 95 06 1

675 18 .90 5 730 95 ",7
6-768091IO 1 73119-06 r

6771,0192 5 73219 07
678 8119X 5 733 191 09O
679113119 1 734 4707.Q

680101193 '~735197203

681182192 S736197201 5

682 8219"3 1 7371 9A20 5

683182194 5 7381 9 0 2

68418.1'93 5 739191 00 3

.685 ;8' 3) 1 741 2 .01 3

6P6 8 1-05. 5 t74 1 l 7) 2
687 84 94 5 742232203 3

6,88 B .1' 1 743 :C 104 .s

68'9 841§6 5 744 .04205
6'?0 S51.5 745 0 06 3

651 85 '6" 1 746 1 207 3

692185197 5 747 07 08 3

693 86 196 5 748 20A709 3

6'94186 9.7 1 7491q* 10 2

695186198 ,5 7501947.1 5
696 3 7.57- 5 751.0, J)I 9

6971-8719s 2 752 00211 1

,6"3 1 P169 3 753 00212 5,

699189t90 754201 ?]
700190191 3 755 0,1212 1

701191192 3 7 5. 01 13 5

702192193 3 75 70 22.

7,0 31 9A19,4 3 758.02213 1

7 0 419 -4 U9,5 3 759202214
70519519,6 3 760 01213 5
70{ 11W 3 7612-C 214 .707 19 798 3 7622C1215 5

708 1, 1. 2 7630 4214

7C9 s. p- 6 5 764 20 21 1"
7101899e 5 76520 716 5

711M'89 1 1 766,0 715 5

.712 r89. O 5 767 0cYS 16 1

7.13' 90 00 5 768205 17 5

714 1 6t- 1 76M06216 5
715i0.) 5 77202 17 1
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771 C6?18 5 G26226P27 4
7722,)7 17 5 '327I27V28 4
773207?18 1 82822S229 4
774207219 5 829 2I23n 4
7"5 r3 18 83023T 1 4
776201219
77720 20
77820 ,16
77920( 220 2
7821021 1 3
781211212 3
782 1 213 3
783213214 3
78 214215. 3
78521 216 3
7 8 62161.7 3
787217218 3
78821819 3
78921 .20 3
790210221, 2
791210222 5
79221'21 5
7932-112-2 1
79 211223 5
7952122,2 5
79621 23 1
79721I2 24 5
798211223. 5
799 13 224 1
800211225 5
801214224 5
802214225 1
803214226 5
80421522"5 5
80521526 !
806215227 5
807216226 5
808216227 1
8 '-9 2228 5
810217227 5
811217228 1
812217229 5
8 13 21822?2 5
3 142 i228 1
81521A230 5
8ii621R29 5
817 2 10 230 1
8102 10 231 5
81 1322,230 5
82n 2' 231 2
821221222 4
822 22 ?223 4
• 2321?24 4
62422 225 4
82 5 25 26 4
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APPENDIX IV

SAMPLE OUTPU? DATA FOR SANOS

Test problem 5 is presented since it is an example of Lunsymetrical load-

ing.

PRORIFM NUMREO 5

NnNLINFAR ANALYSIS OF ORTHOTIOPIC SHELLS
MATERIAL NONLINEARITY *' RICNAW FORMULATION

PLASTIC ANALYSTS **-SMITH PLASTIC MODEL
GEOMFYToIC NONLINEARITY Of INCREMNTAL TECHNIQUE

wMTOD OF MUMNERING NOOF.S 4" 4'9' NCOIE 0
NUMRFD 'IF RAtS LONG 9u u4 44' 4' N9AYL 10
NUMBER OF qAyS WIRE 4 94" 4'" NRAYW a 20
NUMRER OF LOADS 9444494"" NLOAO a Q

NUMBER OF NODES WTTH SUOnj9QTS """"04 NSUPH 23
HUMAP OF 9UNGE-KUTTA INTERVALS f4444' NIX 6
AMOUNT OF 5TqUCTURE MOrPLFl 444""" MANGLF a 2

SPAN OF ST'tUCTIDE " ' " SPAN = 10o. 00
IiFIGHT OF CtTQUCTU)F 4 4' 49' HFTGIT a q50

LENGTH OF SMELL *"~"'"'"' SENGTII = 360.00

THICKNESSq OF SMELL crO r444#9 TNjrCH1 = 2.401
COURLF THICKNESS OF HFTAL(TmIC'KW CAL) TMI11Cr .j5
ULTIMATE MOMENT (IN-Kfl'S/INI ""'4''** ULrM - ID.ODu
THICKHFSq OF SHELL (AIL4'H'' IICCA c .02
ULT. AXIAL S;TRCSS (tTPS/Sn.TN/TNlH) 44 ULTSTP = i1.SU

MODULUS OF eLASTICITY OF S;4rLL V*0444 a 34000.00
.3 CURVE FITTING PAPAMETD ' "'4 R P.00

DTSTANI'E FROM N.A. TO nUTSIOF FIRERS * CO'JT 2.00
OTSTANCE FROM N.A. TO TNSIOt FIREQS '4 CIN 0 1.00
MODULAR DAIIO(UNCOQR. TC FCPR.) 444499 0ATMO 7.50

NUMBER OF! EMnCRS; 4444444444 4H 43AT
NUMPER OF NODES 444444444'" NODES 2%1
HUMRPD OF FOUATTONSZ N'O~'~" 4)5 a 1155
RAND NInTH 4444444444944 NqA'JO 170
HALF RAND MIRTH PLUS OTACOHAL '"0*0* NRSfN 6r,
NUMPEP OF SUPPORTS *~" ' " " NSUPS a 89
SMALLER NODE NOMPFR ON END AF HFMRFR * NU4SF a
LARGER NOE NU49FQ ON rNDj OF MEMMlFR 44 NUMir 13
THICKNESS; 'F SHFLL (RFrNqINF.WFAK AXIS) THICKH 1.28
CENTRAL 04nE.Ir~~S'...'#.P CAR* nf.00
LrNGTH OF LONGITUDINAL mMFn'1FS 944499 S;iIF a 3A.0o
RADIUS OF SHFLL '' ''''' RADII * qr,. no
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"; * S149LL GOFqI.....,I.
m0~ o104tE V fOOROYNATE 2 COORiINATE

£ -2q5.00 0  0. .100
2 -291.000 36.000 .I0n3 :295.000 72.000 .3004 -2Z5.001 1011.100 .100
5 -;l95.000 t4lo. 000 .3(0
6 -295.000 180.000 .1007 -'95.00q M16.000 .100
A -295*noq 2526000 .1009 -295.003 241.000 .100

10 -295.002 lps.*100 .00
It -?95.100 360. 000 * 00012 -291.368q 0. 46.14.813 -?91.368 36.000 4i.11.8
t 4 -291.368 72.000 46.11.8

15 -291.3681 t0q.000 46.11.8
16 -i91.364 11.4.000 46.148
1? -?91.368 140.040 46.11
18 -291.36R 216.000 4.6.141
19 -2q1.368 252.000 4.6.L48
24 -m9. 364 288.1004o4
21 -291.36i 324.800 46.t4 A
P2 -291.3681 360.000 46.14q23 -P80.562 0. 91.160
24 -p4Q.56' IF..000 91.lbO
25 -283J.562 ?2.000 91.16026 -240.16T 106.0"0 91.160
27 -240.562 144.004 qt.tfi0.28 -?40.1;62 180.000 Qt6L60
24 -;.562Sb 216.000 91.1603p -pq0.562 252.000 91.16031 -243.56Z 2A8.n00 91.160V, -280. 16v, R24.000 91.16033 -280.562 360.000 91.160
14 -'n2.847 0. 13302~735 -?62.447 16.009 1-33.127
36 26.8. 72.000 133.127
37 -6.84 10R.4000 133. 12?38 -262.R847 144.*000 133.12?
3R -'62.qkf 1010.000 13'R.12?
40 -?6z.447 216. 00f) 111.12?
41 -762.847 P52.000 m1.q2?
42 -262.R47 2A'1.000 133.12?
43 -?62.8%47 324.00n 133.927
44 -262.8A47 360.000 133.27
45 -234.660 0. 173.39?
46 -231.660 36.000 173.39?
4? -234.66,3 7P.000 1,1.l9?41 -:13A.660 108.000 171. 3q
49 -234.66J 144.000 173.jq?
5O -'3A. 660 180.000 1?'.39 7
51 -238.fiba 216.000 173.39?
S2 -234.66n 257.000 173.19?
U3 -23R.660 288.000 173.19?
5S4 -'30. 661 '524.000 173*.S9?55 -238.660 360.n00 173.39?
56 -208.59? 0. 204.5q?57 -201.5q7 36.000 710- ,9?
58 -pos.549r 7?.000 208t.597
59 -208.597 108.000 204.59?60 -2008.507 t44.(100 '04.597
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61 -208.Sq? 1O. 000
62 -204.5q? 216.000 20i.SQ?
63 -208.50? ?o2. nOn 208.5Q?
64 -201. Sq? 96A1.000 20.oq?
65 -201.507 124.000 20.OW?
66 -201.5 ? 360.000 201.50?
67 -171.19? 9, 238.660
6A -173.IQ? 16.100 23.6 60
60 -171.3q? 7. 000 23q.;60
70 -173.197 n08.000 P3.66n
7I -103.14q 144.000 23R.660
72 -71.3q7 1An.000 235.660
?3 -173. 1? 216.000 238.66074 -t71,34 jq 22. 000 23PI fjb

75 -171 0? 2A1.0o P34.66076 -173,1q? 174.000 238.a60
77 -171.391 360.100 234.66A
7A -113.027 0. ;62.44?
74 -111.qP? 36.000 P62 14?
10 -L13.927 7".000 262.14?
6t -113.02? 106.000 262.14?
R2 -133.427 144.000 62. 147
43 -t3.02? 110.000 "62.14?
114 -133.02? 216.000 262.147
15 -113,027 25?.000 262.447
66 -133.2? 2R1 .000 262.147
7 -133.92? '24.009- P62047
11 -t13. q27 160.000 '62.447
49 -q1.160 0. 240.362
90 -0t. 160 36.000 209.36:
91 -t.160 72.000 240.;62
92 -01.160 104.000 240.56293 -41.16o 144.000 280.5b
q4 -at. t .o 1O. 0 24n.562
O -4.161 216, not 24n.362
q0 -qt.60 ;52.000 280.312
q7 -91.160 284.000 280.36201 -Qt.160 324.000 240.i62
Q9 -q160 36n.000 210.;67

t00 -46.148 0. ;91.164tot -46141 36.000 291.161
10 -46.1411 72.000 201.164
103 -46 14q tA.00 291. 168104 -46.141 144.000 2 .16
105 -46.141 11 10. 00,160
106 -46.141 2 16.000 :,q.164
t07 -46.144 29'2.100 )qi1.6
10 -46.144 '1.000 2qt.161
'00 -46.t4 124.000 q01.168110 -46.141 '60.000 2qt.164
111 -.000 0. 205.000112 -.000 16.000 2q5.qo113 -.000 72.000 2Q5.300
1t4 -.000 t08.oO0 295,.10
115 -.000 144.000 2q5.100
116 -.000 111.000 2q5.30
it7 -. 00 716.000 295.)00
it -. 00i 7?5,00 2q5.000110 -.000 24A.OnO 245.00
120 -.000 324.000 2M5.000
121 -.900 160.000 205.00122 46.148 0. 2qt.361
123 46.148 36.000 291.168
124 46.1,41 72.000 201.368
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125 46.1W ton.ooo pqj*061
126 46.14%1 t44.000 2qI. 164
127 46. t1 180.000 291.3168
12' '6.14' ;06. 000 )ql1.36,t
12q 46.16.1 P52.000 pqn.161
130 46.141 244.000 291.161
131 46.16.1 1246000 791.lbq
V'2 46.141 360c.000 291.361
133 91.16d 0. 240 .562
134 91.160 16.000 2A0.362
135 91.160 72.000 280.i62
136 91.160 101.000 2q0.iR6
137 91.160 144.000 280.362
13% 91.60 ~ 110.q00 280.-;62
13q 91.160. 216.000 2q0.;62
140 91.19.0 252.000 2010.562
1il1 91.162 28't.000 2k0.562
147 91.160 3 24.000 210.i62
143 91.160o 360.000 24n.56?
14.4 133.9?? 0. 262.14?
145 131021 36.000 W002.47
146 133.02? 7'.000 262.i4l
14? 113.92? 108.100 2G2.4?7
144 113.9?? 144.nn0 262.4?
149 1'13.92? 110.l"no 262.44.?
110o 113.2' 216.000 7262.14
Is1 111.92? 7'3;.000 262.1i4?
152 133.92' P284.n0 ?62.14?
153 143.027 124.400 762.14?
114 133.047' 39i..000 z267.14?
151 17.34? 0. ?S3l.1~f0
156 t?3. 141 3F..(0021 1.
157 173.39' 77.0 234.!60
15.1 :7.9?1 ".0 234..i9.0
159 173.39? 144.n00 231%.360
160 173.39? 110.000 211.6160
161 173.39? '16.000 234.660
162 171.19? 25P.000) 2301-660
163 173.3q? 244.400 2.1.660
164 17.39? 324.000 23q.660
165 171.39? 160.000 211.660
166 p01.596 0. 20q.&0?
19. 201.544 36.000 201f.;9?
16%1 i08.69s 7). 010 208.59?
169 201.595 108.0002A.O
170 201.596 t44.000 20i.59?
071 206.596 180.000 20.59?
172 2M.5%6 '1t6.000 208.09?
17 2001.596 '752.000 201 .54?
174 2q8.5QS 24q. 000 20A.;ZO?
175 708.596 324.900 201.197
176 P01.596 160.000 204.59?
17? 23q.660 0. 173.39?
!.?A 738.661 36.000 173.39?
179 238.66 ?'.000 173.3q7
IRS 234.66a 101.000 173.19?
181 23q.660 144.lOO 17-3.19?
182 13q. 661 1 0.000 173. 19?
113 234.664 P16.000 173.39?
jA4 234.660 29P.000o . 173.39?
Iit; 2301. i60 2 A4.000 .71 .39?
186 P30. 6k0 324.000 171'.10Q?
1A? 734..664 160.000 j73*30
JAR 26l.A4? 0 133.9'?
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149 ?F)Z..'44 36.11 n'112
lqo IF,?A.7 72.000 13Wi.M

192 '167. 44? 144. 000 111.127
1M3 P62.4 ? lA11.fnOo 133.12?
194 ?62.447 216.000 131.127
1q5 '62.01.? 7?. 090 11321
19 '62..1 2AA.000 131.127
1q? P62.9147 124.000 13't.2f
tQR ?6.A4,7 360.000 113.127
t9q 210.56' 0. qt1.60
M011 240. 6 36.noo q1.160
201 qO. 562 72.1110 Q1.160
202 '90.562 tOA.qO0 91.160
?.01 '0.562 t44.000 9t.160
P04 23 .562 M19.000 91.160
205 ?10.562 ?16.004 qtoA60
206 pAq.56? ?52.001 ot.ti6J
27 29,0.562 24q.ACJ q9.160
20q 240.562 124.000 q.t60

209 R9. .56? 3611.non 91.160
710 P.M.36i 0. 46.14A
211 Pa1.36i 36.000 46.148
112 291.364 72.0Q 46.148
213 291.361 tI9.000 46.144

214 :291.36t 144.l01 46.148
p1 291.368 t.000 46.14q
P16 Pct.361 21f.nO 46.144
217 M91.364 '12. 090 46 .1
218 291.01 24.,000 46.1.4
P19 iqt1.69 3P4.nC00 46.14R
22a iq.36 36n.100 46.14%
221 2Q5.103 3. .JO
222 ?q5.000 I.000 .1no
273 '95.000 72.000 .100
274 Iqc5*4f3 t0q.0o0 n) o3
22S 2q9.oo 144.000 ,nO10

P26 'q95.000 tO. Oil .IO
227 ?"9.000 216.0n0 .10
2?8 2qs.000 257.1100 .JO

729 qs.90o 0oA.qQ0 .1110P30 2q5.000 1P4.000 .100

231 2q1.000 360.00 .JO
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o# W# # 6400 V I4 TH E NI IMRro n r E AC 
1 41 3 4 6 7 A 9 11 ±2 ±. 1'16 I? ia tq 21 P2 ;3 P1. 26 27 ?A 2q31 32 33 1i4 36 17 34 39 41 42 43 4'.46 47 48 VI 51 5' 53 54 1101 110? 1103 11041106 1107 to tiOq 1111 1112 111i i114 tl16 1117 1118 111q1121 1127 1123 1t24 1126 1127 1128 1129 1131 11M2 113 1134136 1137 1134 13q 114l1 1142 1143 114. 1146 1147 1141 114911!l 115' 1153 1154 51?

NUMQSR ANn L~4......~0. 0. 0. 0. 0.0. 0. q. 0. 0.0. n 0. 0, 0.0. 0. 0. 0. 0.0. 0. 0. 0. 0.0. 0. q. n0. 0.0. 0. 0. 0. 0.0. p. 9. 0. 0.0. 0. 0. 0. 0.0. 0. 0. 0. 0.. 0. 0. 0. 0.0. n .. 0. 0.0. 0. 0. 0. 0.0. a, a. 0. 0.0. . 0. 0. 0.0. .0. 0. 0.0, 0. 0. 0. 0.
0.0. 0. 0. 0.0. O. 0. 0. O.0. 0. 0. 0,O. il .0. 0.

0.0 . 0. 0
0. 0. 0. 0. 0.0. 0. n. 0. 0.0. 0. q. 0. 0.0. 0. 0. 0.
0I . 0. 0. 0.0. 0. 0. 0. 0
0. 0. 0. 0, o.0. 0. 0. 0. 0.0. . 0. 0. 0.0. O, 0. 3. 0.

. .0. go 0.0. 0. 0. 00 0.0. 0 . 0. 0. 0.0. 0 . n. 0. 000f. 0. 0. 00. 0. 0. 0.0. 0. 0. 0.00 0O. 0, 0.
0.0. 0. 0.0.0. 0. 0.0. .0. . 0.. .0. 0. 0.0.0..0 

0.0. 0. 0. 0.
0. 0. 0.

1.0. 0. 0. 0.0. 0. 0. ..
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0. . 0. 0. 0.
a. 0. 0. 0. 0.

0. 0. 1 0. 0.
0. . 0. 0. 0.
. 0 0 , 0 .

0. 0. ~ 0.0. 0.0. 0. fl. 0. 0.
0. n o 0. 0. 0.

0. ql 0. 0. 0.
0.n .0 0.

o. 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.

. O q . 0 . .
0. 0. 0. 0. 0.

0. 0. Offt0 0. O.

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

02.~0 00 0

0. 0. 0. 0. 0.
0. 0. 0. 0. 0.

.. 0.

0. 0. -I.00 O. 0.

0. 0. 0. 0. 0.
0. 0. 0. 0. a0
0. 0, 0..O
O. 0:O '.O

0. 0. O0 0. 0.
0. 0. 0. 0. 0.

0O.0 -2.. 000 0. 0.

O. 0. 2. noO . O.I I0. 0. a O1O. 0. -2.0 0no o o.
0. 0. 0. 0. 0.

O. A . n, 0. nO,
0. O. 0.O .

O . 0 : - 1 : 9 2 0 0 0 n . O .
. . n} 0.:OO0:O -ft. sp, n 0 11 . o.

0. 0.. 0. 0.
3: 0. -1152W0

rr  
0: O.

O0 0. - I. 520 0O.

0. 0. 0. 0. 0.
O. O. 0. 0. 0.
O. 0. -2.9)QOnd 0. 0.
0. 0. -4,.17000 0. 0.
0. . -4,. 17000 0. 0.•
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0. 0. -4.17000 0. 0.0. 0. -4.17000 0. 0.0. 0. -4.'?000 0. 0.
0. 0. -4.1700 0. .
0. 0. .17000 0. 0.0. 0. -4.17000 0. 0.0. O. -4.17000 0.,0 . 0 .-2 .0 0 0 0. .

0.0. 04. 090 0. 0.0. O. 2. q, 0.0. 0. 0. 0. 0.O, . 0, 0. 0.O. 0. 0. O. 0.

0. 0. 0. 0.0. 0.o.a0. 0. 0. 0.0. 0. 0. 0.0. 0.o~ 00.0. 0. 0.0. 0. 0. 0. 0
0. n.2. 0.

0. 0. 0. O 0.
0. 0. 0. . .
0 . 0 ., .. 0. 0. 0.O

0. 0. 0. 0..

0 . 0. 0. 0. 0 ,
0. 0. 0. 0. 0.
0 . . O . 0 .
0. . 0. 0.O. 0. ..

0. 0.

0. . . a. .0. . O. 0.0. O. o. O0 ..

0. 0. 0. .

. 0. 0. 0.0. . O 0.. 0.
0. O. 0. ..0. . ..0. 0. . O.0., 0. 0. 0. 0.0. O. 1. 0. 0.n. 0. 0. 0. 0.0. 0. 0.
0. O. 0..

010

O. O0 . 0. 0.0. . 0. 0. O
0 . 0 . 0. O , 0 .
. 0. 0.O .

0 . . n. . 0 .
0. U. 0, . 0.

. n, . 0. 0.
0. 0). n.O .
O. 0. 0. 0I. 0.
0. n. u 0. 0.n. ~0 0.Q . OO . O , O. O .

0. 0.O . O.
O. . 0. nO.0. 0. O.O.O

0. 0. 0. 0,.O
0. . 0. 0. 0.

0. n. 0. 0). 0.

i0.



a. a. a. a. 0
0. 0. . .0. n. 0. 0. 0.0. 0. a. 0.0. 0. O. a. a.a. 0. a. a.0. 0. 0. 0.0. a. a. O. OO. n. 0. 0.
0. 0. q. I. 0.0. 0. 0. ..a. 0. O. a. ..
0. 0. 0. 0.0. O. 0. 0.0. a. a. a. 0.0. 0. . ..a. O. a. O. *0. O. 0. 0. 0.
0. 0. O. 0. O.a. 0. O. O. Ooa. O. 0. . .0. 0. O. 0. 0.a. O. 0. a. O.0. 0. . O. 0.0. n. 0. q. O.. O. O. O. 0.0. 0. 0. 0. 0.0. 0. . 0. 0.0. n. . 0.0. O.. 

0.a. a. a. O. a.
0. 0. 0. 0.

. 9. 0.. . n. O. a.0. 0. . a. a.. 0. . 0. a.a. 
.. . a,0. . n. a. 0.a. n. a. 0. a.

0. 0. n, 0.0. V. 0. ..00.O. 0.0. 0. 0. .. . q. . 0 ... . 0.a. O. . a. a.a. a. . a. a.
. O. 0. 0.u. 0. . .a. O. O, a. O

u. a. a. Oa .
0. ~ .0.

"PER. ENTOAE 'F LnAD O7 F(ACH RUt F-KUTTA IrJTERVAL.16rKa .16670 .t660 .ib,70 .166?u
t6671
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PIN J04 K41 ARFA 1)LT.FnRP~F UL T. MOM LF~NGTH OF YK~
I 1 2 .446 3Q.611 4. 3CI 14.7.I8 0630 82 ' 3 .41 f.f 9.613 4.390 347. 181 1b.330 03 3 4 .446 3q*j .6lq 1.718 1b.1104 4* 5 .4016 3q.615l 4.09 5CO 47.1 A1 36. (In 45 6 .86 3.6~ 4.390 147.141 36.oort 456 6 .486 3 1.60~ 4.39 3718 6.o6 6 7 *4 ~ 3.1 .9 147.181 36.011d 4

A a .8 3Q.611 4*)9') 347.181 36.nOO 4q 9 o AR 3q.60~j 4.090 347.181 36.000 410 I 1 .416 39.6 13 4.491 347. VI1 36.000 4
11 1 12 .Tn. It.07 22.i~q 270.000 46.291L
13 2 12 .010P 10.0:: .110 10:00: 5::.: 64142 1 13 QtOi 10.00 .110 10.000 56.642IS 2 14 .756 61.614 450751 54R.000 46.291

103t Oa I.00)OL 10.000 5A.642 s17 7 14 .756 61.614 45.75q 54".000 463.29118 3 15 .010 10.00 *31 0Ou 58.642 519 4 4 .0 I0.q0j .,.10 10.000 5A.642 Spa 4 1; .756 61t.614. 45;.759 940.000 46.291 1Pt 4 16 .gin 10.000 .110 10.000 54.64222 5 is .010 10.lro .110 10.000 5q.64>23 5 16 .756 6114 45.)15Q 540.000 46.;191245 17 .10 1'.0 .1 1.1.000 51.642 525 6 16 .01 AU 0.000 .110 IO.0ou 5q.64?76 6 17 .756 61.614 45.15q 4.00 4.27 6 18 .010 1.003 5411I.000  4~6.qi21 717 .n1, 10.000 .110 10.000 5 1.642 5'20 7 t4 .7%6 61.6t4 45.759 4.00 4.9t0 7 1o .1110 S400 51 0.000 4"6.231 a Ii r~ 000.1 1q000~ 54.642
33 A :0q .756 61.614 45. PC; 540.000 (46.29133 a to .01 i1.000 .110 1.000 54.642.O4 I .(1 1.000 .110 10.000 Si .642 535 C' 2d .756 61. 6t4 45.759 540.000 46. jqI13(' q ,oj .010 10.000 .110 1,1000 Sq.642.17 1 :01 .01 1II.A00 .110 10.000 5.4.59 I" 22 n7 k 1. 1 45.759 540.00o 46.7%1 1'9 10 22 .010 10.000 .C1) 1000 58b.40 11 ' .10 1.00 .110 V1.000 51.642 541, 11 2' .37A 30.,n? 22.179 270.006 46.29142 12 IT *9?2 79.027 8.18') F2435 6043 11 14 .972 ?., .0 6q.363  36.ngo44 14 1S .Q72 7q.?27 q 1q 6 14.363 36. 39045 19; 16 0972 79.?27 8.180 6q4.363 16.010 34 A1? .07? 79 .227 A.110 604.363 36.0no 34 7 18 112 70 2 ? . 6q4.363 36.'ooo 348 I09.7? 7q.727 q.180 694.063 16.000 34CI 19 2,1 0~77 7n.pp7 8.10 6Q4.363 36.00') I0'0 20 p1 .072 790'27 8.LAO 9.33 3.00 .1;1 21 '.- .9072 7q.'27 q.L80 6014.3635 3 6 . 00 302 2 3 37 3.87 2.i7l P.70.006 46.2q1 ?53 12 :'4 .00OLoDo .1 10.000 .254 11 23 .010 10.000 *10 10.-000 54.b42

55 1 .q 2 .756 61.614 45.15Q 540.000 46. ?1 156 1 25 .010 10.000 .110 10.000 5
.457 14 24 n010 10.000 .l10 10.000 51.64Z208 14 25 .756 61.614 45.759 540.000 46.29Lrg 14 24 .010 10.000 .110 10.000 58.642

108



60 t5 PS .010 10.000 %110 14.000 5'kh42
A1 15 26 .756 61.614 5.759 540.000 '.,2q0

62 15 '7 .a0 in.o00 .010 10.000 5.642

S3 16 26 .010 to.000 .010 1n.000 58.642

6' 16 2F .756 61.614 45.?5q 540.000 4c).291

65 16 2R .010 1n.qon .10 10.000 54.647

66 17 ?7 .010 10.000 .10 0.000 :64 2
6? 17 Pi .706 61.614 45. 5'l 54.0OOu 46.2ql
,6 17 pq .010 1nOnag .010 10.000 54.642
6Q jA 24 .nIO 19.000 A310 1..00 58.u42
70 14 20 .756 61.61 . 45.750 540.000 46.1?q I
?7 1A 30 .010 tO.OnO A10 10.000 511.642
?2 Iq 2q .010 10.n0n .10 10.000 55.642
73 1q 31 .756 61.614 45.750 540.0o 46.201 1
74 0 31 n 10. ik 000 .31 10.000 5.642
75 2:0 3i0 010 to000 .tO tO.0OU 5i.042 5
76 20 11 .7r6 61.614 45?5q 540.000 46.2q1 1
77 PO 12 .010 tO.00 .310 tO.OO 51.642

in 21 33 .010 10.000 .010 10.000 51.642 "
Tq 21 '42 . 756 St1U61 49 .7*5Q 54n. 000 46.291 1
me 21 33 .010 tqoOno .110 10.000 5 q.642 C;

At 22 2 .010 10.00 .310 11.000 5. 64?2
ft2 22 31 .17A 30.80 7217Q '70O.000 46.291 2
43 23 1 .072 70.22? LA3.O 604.363 36.00 3

P4 24 25 .072 7n027 4.180 6q4.363 36.90 3
05 ?5 26 Q?7: 79.'27 S.ta0 604.363 36.000 3
66 26 2' .072 7q.?27 4.t60 604.363 30,100 3
A7 P7 24 .072 70.727 5.160 604.363 36. 03' 3
8P 28 21 .Q72 M0.277 6.118 604.363 6. 0gin 3
S9 20 30 .q7? 74.727 8.1 0 6Q4.063 3t3. do O
00 30 31 .Q72 7I.2P? . IA0 Q4. 363 3b. 00

01 31 32 .072 70 .27 1,.1. 6q4.363 36-.00
02 3? Ii .07? ?Q.227 1.1to 604.163 36.00 
03 23 44 *378 30.47 72.4V0 270.000 46.211
04 ?3 30 .010 10.00 .110 10.000 54.642
Q5 2. 14 .g1n tn.0o .310 10.000 r0.64?
06 ?4 15 .756 61.614 45 . 5 540O0V0 46.21 1
07 24 16 .010 10.000 .110 10.000 5q,42'.
06 P5 35 .010 10000 .1 10.000 S. 2 I

09 25 16 .756 61.614 45.ts'q 5'.0.000 44.201
100 P5 17 f0tQ 09.000 .I1t 11.000 '1.64?
t1 26 36 .ni1 10.00 .114 14.000 i4o0 t.4

102 26 17 .756 61.614 45,700 .4.000 4.201 I
I03 76 1n .10 tn.0 .310 .n000 S 1. 64?
104 P? 37 .010 10.000 .113 10.000 54. 2
Or 27 IS .756 I .614 45.75q 540,000 4j.211 1

106 27 30 .01 10.000 .110 10.000 5A. b4
17 24 31 .01n to.000 .115 tO.000 5.642
108 24 3q .756 ft.6t4 45.759 540.000 46.?qt
100 26 41 flln 10.000 .310 10.000 6.642
110 29 19 .010 i0.000 .)10 19.0O 51. 642
111 20 40 .756 6t.614 45.75q. 540.000 46.2 1
112 70 41 .010 10.000 .110 10.000 0. (42
113 31 40 .010 11.ono .JIO 10.000 51.62 ;
114 30 41 .756 61.614 45.750 540.000 46.291
115 30 42 .010 60.00 .100 1o00 31:b42
116 31 41 .01n q.0O00 .1Q 10.000 5.6 2
117 11 42 .756 61.614 45.75q 540.000 46.291
118 31 41 .Oo 1*.30 :110 19.000 54.642
1q 72 4' .nn 19,000 .111 t0OOU 54.,-42 S
120 12 43 .756 61.614 45.75n 340.00. 46.211 1
121 12 44 .1O to.000 .10 In. (100 5R.6'64
127 3' 43 .010 10.000 .)to 10.000 34.64? 5

t23 33 44 .17A 3q.qn7 2;.17q R71.000 .291

109



124. 14 35 .07? 7127 .10 694.3163 16..1i125 is 6 q7?7 7n.77 i.tAU 644.363 16.o 1 3126 3 17 Q7P 7n.227 1.t9 6Q4'.363 14.OnI127 17 34 N977 ?n.277 9.LAO 614.363 36.oJ0128 34 R1 . Q72 70. ?? q.1 694.363 36.000 .312q In 3 .q72 7q.?27 t.1.1 6Q4.363 -3b. 9130 4n 41 .q72 7q.227 9.110 6q4.163 36.q10131 1 4' .072 MOn01 9.t9I 64.363 36.001'2 4? 43 .47? 7Q.22? 4.10 604.363 30.141173 43 44 .072 70.2?2 1.18n 694.363 36.310134 34 4i .37A 0.807 22 47q 270.000 46. ?q I115 24 46 . q10 O.009 *)10 10.090 51. 642176 75 45 .9n1 10t Uo *210 .q000 9.6 42I 7 3g 46 .756 6t.6t4 45.1Sq 540. oo 46.29113% 15 47 .010 1n.00 .110 10.000 5%.64 2 5'q 16 46 .nlo to.00 .)19 1n.000 51.642
140 16 47 .?h 6t.614 45.,5q 540.00a 46.291 1I.1 16 wt .on 11.1O0 .)13 10.000 54.642142 37 .7 .qlo 1n0.000 .110 11'.000 51.642 S143 37 4I .756 6t.614 45.1/51 541.000 46.211 11%4 " 7 40 .Ito t.090 .'10 11.003 5i.642145 3q 4 it10 1*.000 .210 1A.a00 14.642146 39 4 .756 61.614 4S. ?5q 540.OO 46.291 1147 '9 I3 .to 19.00 .110 tn.0O 5 1.64P144 30 4Q ofln 10 .000 .11.I) Ia. v nu li.o42!4q 30 3 .76 6t.614 45.?5q 541. U00 46.?11150 0 5 *Qlm 10.000 .110 10.000 54.64?11 41) SJ .Alo t11.0 .,1 tn.nou '.% b42tc? 41V 51 .756 t.614 45.15q 540.090 46.291tr3 40 52 nlo to.9I0 .110 10.000 59.647154 41 1 .920 1.000 .1II 1q.000 51. G42155 41 t ? .756 61.A14 45 .75q 54n. 0 46.1%156 51 .010 tq.090 .J10 1n.o 51.642157 4? 52 .010 19.000 .11n 19.000 51.6421S 4? 53 .756 61.614 45 .7tq 540.000 46.2Q1 1t19 42 54 .010 1O.0nO .110 10.000 51o.4210 43 r. .99 19.no0 .19 19.000 51.64216t 0 54 .756 61.614 45.154 540.090 6. 21116 ' 43 59 .01 10.000 .111 14.000 q.56216' 44 54 .010 tn.000 .110 1.90 5.6q200164 44 59 *'7' 30.40? I.99 270.000 46.21 2IF5 45 46 .072 70Q?77 t.IA9 604.363 36.300166 46 47 .172 /n.727 I.190u 604.363 36.990t67 4/ 4q .972 7q.227 8.tAO 6Q4.363 . 36.3n 3160 49q 41 07q 7..727 .90 6q4.763 16.G00 3060 40 59 *92 7n.271 q.t19 r^4.363 36.010 3170 5 91 .9 77 7q.227 3.149 6q4.363 36.991 .U

171 51 52 *0077 70.V727 i I1at0 6 04 .36,t 36.9091? 5? 53 .q72 70.227 I.1A90 r04.363 16.100173 g3 94 .q2 7q.27 '. I0 6%4.163 36.115174 54 55 .qI; 7n.*'2 9.1tI 6Q4.363 16.09 o175 45 go .37A 31. A2.11 279.000 46.?91176 45 ,n10 ,1.000 .110 19).000 
5 1

.o2177 46 q6 .nlo 19.0o0 .110 111.OO b .64?17A 4A 57 .7S6 61.6t4 45. 1 40.000 56.1 ?17q 46 go .910 10.000 .010 O2 q.64I1A0 47 51 .10 10.03 .)10 19.000 59.642181 47 59 .7 61.614 ;5t' 540.000 46.2111A7 47 51 .010 t0.OOq .110 t9.000 5964 513 4 7 ' .S10 10.000 .110 1O.OO0 58.64214 49 91 .756 61.614 45.75S 540.000 46.7q 1

1A5 40 0 .010 tn.00 .)10 19.00u 51.64?
106 4q gn .Pto tn~onoj .}tO t.O00 511. 6? 1197 4q 6q .756 61.614 45.159 49.00t 46.91 1

110



tAR 40 61 .010 10.000 .)10 1O.no0 54.n%2
169 50 61 .010 10.000 .010 7o,00o #. ,2
IQ 50 61 .756 61.614 4s.t5q 54q.00u '. 21t
tQl so 62 .010 10.000 .110 1.0OOu 54.h42 .102 51 .n1 .if) 0.000 .110 13.Onu 50.6.?
I ' 51 6' .756 61.614 4S. yq 54.Qooo 46qo!
101 51 63 .010 t.0no .11

n  
t1.00 o 5,.U2105 r? 62 .o1 tn.0o00 .110 1.1.000 10.642

106 52 63 .756 61.614 4..10I 540.0Ou 45.211
107 5? 6' .10 1t.000 11U 10.000 5 i.ot.2
196 51 61 .01A 10.000 . M0 10.000 5'J.6
1qQ 53 64 .75b 61.614 45.f5q 540.000 .46.01209 53 6- .0n 10.000 .119 10.0 no 5% 64?
201 !;4 64 .010 to0.O .110 11.000 '1

6
.b42202 54 63 .756 61.614 4S.750 540. 00o 46 P.1?03 54 66 .010 inAgo .110 10.000 5% 6422a4 55 6 .I 10.0On .110 tn.00 50.642

205S 55 66 . t~ 3n0.6k0? '2. q70 M7.000 4.6.201 I206 56 5? .72 7Q."?7 1 a. i 94. 3FI 16.1JM
207 57 51 .97? 70.22? I.tI Q04.363 36.100 j208 58 5 ,qp 70.P17 A.IMO 6Q4.3o3 36.010 .209 5q 60 .072 7n.227 4.LIo 694.?63 36.011 I?10 60 61 .972 74.227 .t0 6q4. 163 16.u'j3?11 61 6 .972 70.727 t.10o 6q4. 163 16, l0 3212 62 63 .QP 70.27 q.tO 604.363 36.100 3213 63 64 .97? 7Q.27 1. t8n q4.363 16.01 3?14 64 65 qP77 7.'27 it.1o 6n4.363 36.03. 3'1. 65 66 .q7: 70,.'7 .180 60q4.363 36.010216 56 67 .37A s0.607 227? W 71.000 6.2 1
217 56 60 .010 tn.000 .11) 10.000 iR.642214 57 67 .010 10.0on .111 1.OOd .U47210 57 60 .75b 61.614 45 .n 540.300, 4. .2112'0 S.' 61 .010 0.0n0 .I10 OqOu l.h42,221 54 60 Otn 10.000 .119 10.0 0 50422M2 56 6 .756 61.614 45.tO 54. .OCU 46A 1223 5 70 .01n 1n.000 .110 1fl 0 .Ui.o4 '
274 50 60 .10 tn.0o .115 10oi, 0.642275 Sq 70 .756 61.64 45.5l 540.000 46.291226 50 ?1 .nlo to.000 .110 11.000 8. 64222? 60 70 .0p 1q.ooC .110 10.00o 50.o'2
220 6

n  
71 .7 b 61.614 45.?50 54000 5.6401

220 60 72 .010 1000 .110 1.3.000 91% 642230 61 71 .010 10.000 .110 I .00j 58,6.42231 61 71 .756 61.614 45.151 644.900 46.201
232 61 71 .010 1n0.0 .110 10.0n0 51.642233 62 72 .010 10.0O .13 11.000 50.642
23. 6? 7' .756 61.614 45.151 540.000 46.?ql235' 67 74 .010 10.000 .110 10.000 5;.642236 6' 73 0ip 10.000 .°10 10.000 54.642 S
23? 63 7' .756 61.614 45.?50 54n.000 6. ?1 1236 63 75 .010 10.000 .110 1n. 000 5.l*2230 64 74 .010 11.000 110 1n.n,00. 5',6'2240 64 70 .756 6t.614 4c.750 54n.000 46.a9 t
241 64 76 .010 10.000 .10 10.000 54.642242 65 75 010 10003 .110 10.00.] 56

,o42243 65 76 .756 61 A14 45.75Q 540.000 46*1244 69 77 .010 1n.00 .110 10.000 5.642
245 66 76 .010 10.000 .10 tO.000 51.S42 S246 66 77 .37A ^0.07 22.79 ?70.onC 46.2q1
247 67 64 0o7P 7Q."77 q.t 604.363 36.01 3
246 66 60 °077 70.727 .tgo 604.367 3C.01124q 6q 7) .Q/2 7Q,27 q.160 604.363 36.100
250 70 71 .077 7Q.127 .101 64.363 36. 3 14
251 71 7> *07' 70.727 i.IaO 6n4.163 3,.11



25 ? 7 73 .q72 7q.?2? A.LAO 6Q4.363 3
o.0 D J253 73 7'4 .972 79.'27 R.180 694.361 lb. q'33 .25 74 75 .q72 ?Q.21 S.tAO 6q4 .367 36.400 1

255 75 76 *q7P 7Q.'27 8.180 6q4.363 36.000
256 76 77 .072 7q.227 4.180 6q4.363 36.000
257 6? 79 .37R 3).907 22.971 27n.000 46.2qt
259 67 7q .010 10.000 .110 10.000 5.642zSq 6R 71 .010 10.000d .1, l0.OOu 54.64?260 64 79 .756 61.614 45.759 540.000 46.291261 68 an .910 to.000 .310 10.000 '.6422M2 69 7q .010 10.000 .010 1.000 54.642 6261 6q qo .756 61.614 45.759 540.000 46.291 1?6 69 A1 *010 10.00. .110 10.000 51.642 5265 70 40 .010 to.000 .10 19.OO 59.642 5296 7M f1 .756 6.61f. 45.75q 5.O00 46.291 1267 70 2 .010 t0.000 .310 10.000 59A.62 5268 71 1 .011 I .000 .10 110.000 51.642 52Fq 71 q2 .756 61.61. 45.75q 540.000 46.211 1270 71 91 .010 tO.OOd .110 O.000 5.E? C27t 7' q2 .010 1.000 .19 111.000 5I.b42 52'2 72 q3 .7r6 61.614 45.75q 54q.0ou 46.21 127 7? q4 n010 10.00 .110 to.Onu -8.642 527'. 7 Al n 10 19.00 .J10 11.000 591.64?275 ?1 94 .756 61.614 45 .?;q s.. O00 46.291 t276 73 %5 .010 1q.00O .11a tO.Ou 51.64?277 7 %' .010 tn.nO0 .110 10.000 5R.64?279 74 91 .756 6L.61. '.75q 540.000 46091 L279 7' Rh .010 10.000 .310 1O.000 54.6422M0 7, 95 °O to.000 .110 t'.oou 51.642M91 75 q6 .756 61.614 45.15q 540.000 46.211 t2A2 75 97 .010 1l.00 .)10 1.Ou 59.6'.?283 76 AS .q10 10.00 .110 10.000 59.642284 76 9? .7S6 61.1. 45.15q 54.000 46i.ql 129% 7 A t .010 t.000 .110 tO.00] 5.6422A6 77 97 .010 10.000 310 10.0OU 5q.642287? 77 * .37R in.07 72. W1 270.000 46.211 2?R9 78 7q .07? 7q.?27 5.10 604.363 36.000 32Q 79 it .q7? 70.277 9.180 694.963 36.010 32a0 99 91 .902 7Q.'27 i.Aq 694.163 36.Iq1 3201 91 92 .972 79.227 9.190 604.363 36.010202 42 13 .972 79.2?? 9.t8 6q4.363 36.000 3
20 a 09 9? ?. ~ 91i 694.363 16.10.) 3204 A. AS .Q7P 1q.22? A.tqo 0'.363 3b.000 32q5 85 96 .072 70.727 i.1.A9 6q4.163 36.00 3?16 A6 97 .97? 70.-;7 3.tAO 6q4.363 36.010 32q7 A7 qq .72 70.227 q.tAO 6q4.363 3b,2O 3
q99 74 919 N 74 If).90tO7 :12.17q '70.000 4619Zqq 78 qO °O4L.0 11 OU0 56Zql290 18 9) .01O 10.003 .110 13.000 54.642

300 7q J1 .010 if) n00 .110 10.000 SA.64?301 7q qO .756 6t.614 45.19Q 540.000 46.29L t302 7q 01 .010 to.Orj .11ip 11.0Ou 51 b42303 AM q1 .010 to.00O .110 1N.aOOC 5q.64204 80 q .7S6 61.614 45.759 5460.000 .211 1305 80 q .010 10.000 .110 10.00.. 561
3n6 A1 91 .010 tO.0O .)10 10.O0u bO,162 S307 Al 9' .756 61.61. 45.159 540.O00 4b.29134 st q? i.n0 to.000 .111 11.0011 5.,b42 530q A2 W .010 to.00 .311 10.000 51.64? r310 92 '3 .756 6t.614 45.75q 540.0OO '.6.2% 1311 A8 q4 .010 10.000 .]10 1.000 50.642 5312 q3 q3 .010 n0,OOu .1O 10.00o 59.'. 5313 Ai q .756 6t.6t4 49.15Q 540.000 46.62 r314 93 95 .010 1.009 .110 10.000 51.'t4 5115 94 Q4 .010 ttl.no .110 10. 00 5.1.642 5

1.12



316 854 as .7 C6 61.615. 45: 750 St.O .0to 6.211
317 84 96 Doin to.000 .JO 1Q:.0000 SA:642
314 AS 05 .01.0 to000 .)10 inlO o o5.
319 is 96 .156 6t.614 4.5.75q 540.000 46.. 91
320 45 97 .010 10.000 .jig 10.000 511.b42
321 86 04 .0n10 10t.000 .110 to0.0 00 r5k. 642
322 U0 07 . 756 61 .614. 45. P5q 540.000 4b .;,9
323 M6 90q .010 t 1100 .110 10.000 58. 642
374 87 '47 .01n 10.000 .210 10.000 54.64?
125 87 91 .7?56 61.614 45 ..75 540. 000 4.401
326 87 99 .010 10.000 .110 10.000 CA. 642
32? A4 98 .010 10.000 .110 10.000 5,8.642
128 88 99 .I78 30.517 72 .37a 270.00Os 46. 291 2
329 eq 90 .97P 79.227 A.180 694.363 3 6. 0.10 3
330 90 q1 .172 7o.2'i A.1R0 6014.363 36.10n 3
33 91 02 q07p 79.2?)? 8.180 6q4.161 36.000
13P 92 93 0972 79.227 81 10 6Q4.363 36.110 3
333 q3 q4. .9q7' 7Q027 8.180 604.363 16.000 1
334. q4as .5 Q2 7Q.127 81.140 6Q4.363 36.040
335 a5 96 *072 70.P27 1. LAO 6Q4.363 36.300 3
116 q96 9? 0972 7q.'127 A.10 604. 363 16.a0n0 .3
3'? 97 qa *072 7Q.P27 h.180 6a4.363 36.00 3
338 98 q9 0972 MVIV7 1.140 604.363 36.000 3
339 49 100 .370, 30.q07 22.i79 ? 70 .0 46.291 ?
34.0 89 101 .010 10.000i 31 1T. 000 54.642 5
34.1 00 101 .0l0 10.000 .110I 10.000 51.642 5
34.2 90 101 .756 61.614 450759 540.000 46.211 I
343 00 10? O010 14.900 .)In 10.000 51.642 5,
35.4 at 101 .n10 to.000 .)10 10.000 Si. 64.'
34.5 91 109 .7%6 61.614 45..7 54.000 46.711 1
!4.6 91 101 .0ln 1.090 .110 10.006 5A b4 2
!5.7 q? 102 .010 10.000 .110 t0.000 51.642
34.8 02 103 .7rb 61.615. 45.?5q 54.000 44.791 1
349 Q2 t15 nip0 1.000 ..110 10.000 59.4.
150 q3 103 01A 10 .000 .)t10 ll 10OI 10. C4?
IC1 03 104 . 7c6 61.614 45. CI 540.000 46.?I1
392 Q3 1O5 .01n 10.000 019 10 .0a 5s-42'.5

35 414 .716 1 0000 .5110 -341 :Q0 46..21t
355. 94 105 .1 61.61t4 /5so 4.00 54.1
3;5 n4 10V, .030 10.000 .310 10.000 54I.o4?
356 05 105 .010 10.0001 .110 10.000 ';R.642 1

357 a5 106 .750 61 .b14 45.759 55.0.000 4CI.291 1
398 05 107 .010 10.063 .111 10.000 5q.642 jj 2.~
35q 96 105 n01n i0.001 .)1o 11.00 a50 i.642
360 86 1n7 .75b 61.014 45.15q c5.0 .00 4.291
362 0? 107 .ff 10in00AM .110 1Mo0o 54.b42 5

364 q? LOQ .010 10.00031 A00 A.4

T371 9I o 75 6t t 10 1'; 8.18 64*04.3 36.110 3
377 12 103 .972 70.277Il I.0 69.O163 6.00 64r

374 10 10 o07 73027 .179 69.13 000

375 10510 n?972 7q.227 8.L80 604.363 36.100
37P 106 107 .972 7Q.277 8.180 604.1t63 34.000 .3
377 103 104 q872 7q.227 i.180 6q4.301 36.10)

378 105 109i .72 7Q.727 q.100 F94.363 IS.100 3

378 107 110 Q872 7'.117 0t.10 6q4.,361 16.00.1 .3

113



30 100 tit .37A 30.107 >Zj7q 270.000 46.2111

3q1 100 112 .01 tO.an03 .J1O 1n.OG0 50. 642

!A? 101t ttt .AI0 1.O0 .110 1O.O0u 5F.6164

300 1ni t12 .756 61.64'. '.5qbO 54.OnO V.:2t

344 tot M 1Op tO.OO .110 1. .00 5R.642

3" 107 It? .010 tO.0n .110 1C.000 53.642 5

3MF 102 ill .756 61.61. 45.759 51.00 4b.lq1

307 102 114 *010 tO.o00 .110 to.Ono 54.642

300 103 113 .0tO 1.0000 .010 10.000 5..642

30q 103 t1 .7r6 Ft1.614 .?59 94o .0 00 46. 1

340 103 1t5 ,to tO.000 .I1l 14.000 50.62 S
30t 104. t1 .010 10.000 .li0 10.000 -. 642 5

3Q2 10' it3 .756 61o614 45.5q 5.0000 46.2gt 1

93 10'. 116 .010 1n.000 .11 n 1OoO 5O.bo42 5

3Q' 15 115 1on 1.000 .110 to.000 50.61
305 105 116 .756 61.614 .5.?59 540.000 46.291 1

306 105 it .P1O 10.O0 .110 10.0O0 5A .642
3q7 106 116 .ntO 1n.000 .110 1n.000 54.642 5
30' 10 1t7 .756 61.61 15.75q 540.00C 46.9t

3qq 106 11 q 01o 1l.00 1qO 10.001 13.642 5
400 107 It? Ito 1o.0O0 .110 10.000 54.642 5
40t 107 t1 o756 61.614 45.75q 540.000 1.6.2q1 I
hn2 107 111 .010 10.000 0110 10.000 58.612 5
403 100 t0 .010 1 10n .110 10 .° 51.642 j
404 10q t10 .756 61.614 45. 75 5.0000 46.2q1 1
400 tO 12J .PO tO.000 .110 1U.000 56.642 6
4%6 toq li1 .010 1.000 .110 10.000 5q.642
407 100 120 .75b t.61. 45.15 54n. 00ou 46.211 1
404 1OQ t2t .nin 10.000 .10 1q.000 5.6.2
4
n
G t1O 120 .01n 10.000 .11n 0.q000 S0.64 2

to0 11 C 1 .374 1080 2. i 0 27n.000 1.h.2n1 2
it 111 112 q?2 7q.P27 R.IAn 6914.36J 3. CC3i 3

412 112 t3 *q72 7q.?? It.LA 6q4. 163 1019
413 113 t4 .07P 7Q.?27 0.10O 6Q4.363 36.o00 3
41' 114 t10 .47? 7q.227 q .1O 604.363 36. Ou j
415 1t5 t16 .72 7q.'27 °.t1O0 694.363 36.10G 3
.16 116 it' .Q7' 7q.22? A.10O FQ°.363 i6910 3
41? It7 110 .72 79.027 q .t1.1 604.363 36.000 3
4t 110 t

o  
072 74.027 4.A0 6q4.161 A°.090 3

419 110 120 Q97? 7q.?',? q.1O 6 °4.363 36030 3
4PO 120 t2t .Q77 7q.?2' 0°.10 6q14.363 36.0fl 3
4?1 Lit 12? .37' '".407 72.07q 2?7.Ooj 46.211
422 111t 13 .010 1OO00 .110 to.000 95.62 5
473 112 12? .010 MOO00 .119 to.ono 54.642
424 112 123 .756 6t.614 '5.75q 510.000 4U.2q1
425 112 124 01t 10.000 .110 13.00 50.642 5
42A 113 123 .010 10.000 .110 10.0OO 51.642
427 113 124 .756 6t.614 15.7cq 54P.000 46.291 2
420 113 125 .00 0.000 .310 tO.0O0 58.642
47 11'. 12' .010 q .000 .110 10.000 5R.642 6
430 114 125 .756 61.614 45.759 51n.o0 46.291 1
431 114 126 010 10.000 .110 1n.000 50.642 -
432 £15 t25 010 tO.nO0 .110 10.0O 1.642 5
431 115 126 .756 61.61' 45.15q 51.0000 46,2 1 1
434 15 127 .o0 10.O00 .)tO 10.00 54.642 1
415 116 126 .010 10.0o0 ..)10 iO.OOC 51.642 5
436 116 t27 .?55 6t.614 45.79q 51n.no 46.'.1 1
1.f? 116 124 .010 tO.90 .110 10.000 5.1. ? 5
430 117 127 .010 1O.OOn 0 .1.000 53.61.?
43q 117 124 .756 61.611. 45.7,n r.40.000 46. 701 1
410 117 12q .01n 11.000 .113 10.00 5.64?

44.1 110A 120 .010 Mon0o .110 10.000 5A.64.2
442 110 12q .76 6t.6114 5.5q 54.0.000 6.291 1
413 11' 110 .uln 10.000 .11n 1.000 54,h42
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I
'1 1q t20 .01." 11.000 .110 t.o001 5%t,.2
445 119 13 .756 1t.614 45. 5q 5.0.0 0d 46.2 4
446 1tQ 131 .110 tn.000 .110 1P. cOo 54.64?
447 120 130 ,nio ln.000 .10 in.00 ii. b '244A 120 Ili .756 61.6t4 15.759 540.000 *1. .q444 120 132 .010 1 .000 .110 10.000 ;q.642
'50 121 ILi .OIn tA.0o .10 I0I.O00 .642 I451 121 13 .37 3 f.1ka? 12.17q 170.000 46.291
45

S 
122 tL3 .q?? 7q.27 0.0Q0 6%..163 36. n00 3453 123 t2. qp q 7.727 1.100 l O0. 3F3 16.000

454 12' 125 .072 70.727 0.1o An 'Q.363 36.190 1.55 125 126 .Q? 7q.2 7 5. L0 604.;63 36.031 3456 126 12' *07P 7q.227 .10 6q4. 363 3o.300 34S7 127 l~q 0472 70.927 %.tkn gq4. 363 3w.fqqJ 3
45* 12I 12n .07? ?n.P)7 q.to 6'Q.363 3b. 00
460 110 111 .07? 7q.227 A.10 6q4. 363 36.310 3
461l 111 IVA qT" 70.227 Is.titq EC14, 163 36. a4 3462 122 111 .37A 3 0.q~ 4 I . 17o a 70.00U .2q1 2

4f3 122 134 .010 1n.000 .110 1n.0"u I q.642 0
t64 123 133 .010 10.000 .10 11.000 5 .642 5445 123 1!5 .756 61 .614 45.75q 54f,0. OD 6.291 1
466 137 135 .010 10.001 .011 i.000 ;4.6'
417 124 134 .00 i) 0no0 .110 10.010 1 .64 246P 124 1li .756 61.614 45..54 snt.000 46.291 11.61 124 16 n t.0 .)10 10.000 Si.642 54? 125 135 .010 .0o0 .010 1.000 r, .A42
47t 125 11 .756 61.61. 45.154 SO.O00 46.?;41 1462 120 1W. .0t to000 .110 1..000 34.6 2
41 6 116 .010 10.000 .119 1'.0t , 1 * 6 42 C

474 126 1ill .7s6 bi6141 45.15n 9.n.70 ?4.21

475 126 l. .010 t.0.00 .11q 10.000 i.642
476 127 131 nlin to000 .110 10.00 .1.642
177. 101 1l? .7r,6 f1 .614 45.7 5I.0nOq 4h.21147A 127 1 In .010 In 110- .11n lqnOO 14. 641 f
?Q 1.20 1311 ,n In.009 .10 10.000 jt u4 51.0 128 11 2756 61.6.1 41 ft0 54.000 46.62q%

41. 12q 14 .37t0 '0.00? .110 271.00 o .60 21.1 1402q I %01n n. 700 .O IIn I .0 00 5%42
41.3 P 141 .7% 70.614 0.16q 6:.,000 46.3 1 3444 12 134 .010 1M.09 .110 t 4.300 51.604 It 1 40 0t9 t o. 0 1 .)In 14.1 a S. 9 2

4A.6 130 11 ;76 1.A17 15.5Q 403000 3410

1.R7 137 1t .072 19.100 ,110 10.000 5A.493fqC 13' 134 . ? 1.22? 11410 50.000 36.3)i 1400 130 14l .04 10.n2? .113 tn. nod 54.642 9°10 10 11.1 .077 7o 11000 0  
54.64 5

42 132 t3 .37-t TO.n? Mi.7Q ?Mn.OO 46.1% 2
503 113 114 *(177 ?.727 0.1A 604.363 16.03 3
4% 1 'k1 ij ,n~ p 7. 27 .tqq 6 Q 4 , " 36°-)11U 3
405 135 11 .072 7q.'2? 0.P1.9 Lol .Q.363 6.1100 3450 136 1 7 072 7q.007 '.Igo 6Q4.363 36.210
497 137 t1 .Q72 79.A21 A.Lll 604.363 36.430

501 13 tic .07 7q.007 I.10 104.16 36.000 .1; O 10 11 'Q77 70.*?7 .teO 60a.3o 360Q30 3

SnP 142 t43 Q 72 7q.;!27 A .1 A 64.363 16.0.1J 35 01 131 144 0k Iq, 07 2.7Q 270.nlQO 46.ql 75 0 4 1 3 ,1 1 4 5 0 1 0 1 0 , 0 0 0 . 1 0 1 0 . 0 0 0 5 .6 2

SOS 134 144 .01t 11.000 .11n 10.000 54.642
5 1% 134 14i .75b A1.614 49.71,q 5 4n.oq 0 0.?ql
S 7 134 146 jinf t.U 11.00 10.000 ';.642 '
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SO 135 t45 ,'ll 10.000 .010 10.000 55.647 5

5n0 135 146 .756 61.614 45.159 540.000 46.201

510 135 11.7 .o 10.000 .110 10.OOu 54.642

511 136 146 .010 t0.000 ,01 10.000 58.64 

S12 136 147 .75b 61.614 45.751 540.000 6.2q1

513 136 144 .nlO to .0On .110 1.00o 53.642

514 177 147 .010 1.000 .110 10.000 51.642

515 117 .4q ,75b 61.6 1 15.153 5.,oo 46.21 .

016 137 t49 .010 10.q00 .310 10.000 
5
to12

517 131 tW .010 10.000 .10 O1.000 5.642
518 135 140 .756 61.614 45.759 540.00u 466741 1

519 13h 150 ,01n 10.000 010 10.000 5o1 .2

520 1T 1.4 .010 10.000 .110 10.000 5,o.42

521 1Q 153 .756 61.614 45.155 51.OO 46.291 1

s? 130 tt .010 0000 ,010 1q.000 5 I642

523 140 15O .n1n 10.000 )t1 MO0u 51.6?

52 140 t5 .75b 61.614 45 1q 510.000 16.201

525 140 152 ,nn. 10.000 .I10 20.000 5.642

526 141 151 .010 1.no .110 tO.000 5A.642 '

527 141 15' .756 61.614 15.59 540.006 4b,2q I
S2A 1.1 153 .010 10.000 .110 10.000 5i.64?

S2Q 142 15' .0In toOno .110 10.000 tl.o42

530 112 153 .756 61.61 45.759 540.000 46. 1 1

531 142 154 .013 10.000 .110 10.000 qlb.4?

5'2 11 151 .01 10.300 .11n 10.000 51.642
533 113 154 . 370 33.07 '2i0 q 270.00 t 46 .21 2

534 11.1 14 .072 79.727 4.L80 q04.363 36.00"
535 115 11 6 .72 70.327 8.150 6Q4.163 36.0coo 3

V86 116 11.? .47? 7q.227 4.140 oq4.3b! 36.05 3

537 1 7 11.e ,07? 7Q.127 1.180 6Q4.363 36.910 3
!34 14A 4o .972 79.27 8,189 694.363 36.10 3
530 14 153 .012 70.2?7 A .1O 604.363 36,Ina 3

S50 150 t5 .72 ?Q?;? I.13 604. 363 if):on 3

541 151 152 .q?2 79.727 5.280 604.363 36.000 3

S. 15' 153 07? 70?.27 A5t.O 654.363 3..0f0 1

513 103 154 .072 7q.271 qAO 6q4.363 36.00 3

54 14 155 .374 30.U7 ?2.179 270.000 46.291 2

545 11. 1S6 .010 10.000 .10 10.003 5%.642

546 115 155 .010 t".000 .110 1OO00 3.6 6

51.7 11 15b .75b 61 .614 45.700 510.000 46.291 1

S48 115 157 ."tq 11.000 .110 t0.000 33.6 2
5Q 14A 156 ,%10 10.000 .n10 10.000 5,o1.2 '

550 116 157 .76 61.614. 4S.15n 50.n0 46.211 L

551 116 151 .nn 10.003 .)13 10.000 5.64.2

557 147 197 .0i 1q.000 .310 M0o0 'q.61.2

553 147 154 .75b 61.614 45.159 541.000 '6.201

55. 117 15q o010 i.000 110 10.000 M)'t.64 '

555 144 151 .ip to.000 .110 1o0.00 S,41,

596 141 15q .756 61614 45.70 54P.00. *..?qt

557 11R 163 .010 1.000 .1tO 10.000 94.642
I58 4n 150 .1qa tO.00 .110 10.000 .,.642
55q 11Q 163 .75b 61.614 45.15q 54C.001 16.2?1

560 14Q t6 .010 10.0Qu .110 10.000 ',4. ?

561 150 t60 .010 10.000 .110 10.000 54.64.

56? 150 161 .?96 61,614 5.,?5q 540.003 1.6.21 1

563 10 162 .110 1f.0O .310 to.fOO 51.642

564 151 161 .n1
n  

1n.000 .010 to.000 54.642 r

565 151 t6' .756 6.61t4 45.150 540.000 46.701 1

566 151 163 .no 10.000 .010 n.000 5R.642

67 152 162 .Ou 10.000 .)10 1C.000 54.642 5

565 152 163 .756 61.614 45.75q '4n.000 46.241 1

560 15? 16 .nlo 1Ono0 .110 100,00 14.642 93
570 153 161 .010 10.000 .110 10.000 51.9,4 '3

571 153 164 ,756 61.61'4 45,'5 540.000 '46.91 1
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57? 153 16p 01n til .110 1.004 .'.b42 ,573 154 tr,4 .010 tO.000 .)10 10.00 5 b'.b4257'. 154 165 .*T74 '1.10 ;?.17q '7q.flo 46.'91575 155 156 .07? 7Q.:27 1 .1 604.363 3
c.0.0 3576 1 R6 157 *072 70.277 5.isO SQ4.363 36.00 577 157 t5q .072 79.?27 5.010 694.363 36.)09571 155 tsq .072 ?Q.??? q.l0o 604.163 16.000 3570 150 161 .077 ? 7Q227 A. 1 6o4 .76 7 36.090 3S'h 160 t61 *q72 7Q*727 R. LM 604 363 36.000541 161 16' *07? 70.727 t.10 604.163 16. 00 .4

5RI 162 161 .Q72 70.?27 q .t0 6Q4.363 16.000 3S3 163 164 .07? ?.2Z7 A.t10 6n4.363 36.0005". 164 165 .072 79.22 I.IA0 694.363 36.00 3
555 155 166 .37P 3f) 00 22.i7q 270.000 46.201 25'6 155 167 . *01 10.n00 .010 10.000 51.6425? 156 166 .010 in.000 .110 10.000 5.,64255 156 16? .756 61.614 45.75q 54.000 467,9159 156 16t nlo I Q000 .I10 1n.0) 54.642 5500 157 16? .I1g tO.000 .110 10.000 5.642 5501 157 165 .756 61.614 45.7g0 540.00 46.201 1So? 157 1iq nin tq..O1 1.1 .111 10.000 i1.64Z 7503 1q 165 .01n 10.000 .110 10.OOL 55. 55O4 1s5 160 .756 61.,614 45.759 540.000 46.291 1505 154 571 1ln 10.000 .110 in.000 5 I6t. A.506 15I 16 .010 10.003 .110 1r. 00U rq. ;42SQ? 50 171 .7r6 61.614 45. 750 3 4

0.O0u 46.7155 50 1,1 .010 1.000 .110 II.OOU 64.142 :501 160 171 010 10.0030 .S10 li.OnO Si.642640 160 t7t .756 61614 45.753 540.000 4.116Sr 160 172 .1n10 t1.ou .110 q100o ;.i? .
602 161 171 .010 tq00 .110 in.000 5A.04?601 161 17 .76 61.614 4S. Sq 540.006 46.29160'4 161 M'3 .010 10.0n- . 10 q0.000 55-.6426n5 16? 172 .01 tonqO 110 10.000 '*..642606 1$;? 173 .756 61.614 45.750 540.Onc 46.7016n? 162 1?7 .010 1 0 00 111 10.000 in.647
6 0 R 1 6 3 1 ? 1 n l O 

5oq O .1n. 60 u 4 2
600 t63 174 .756 61.614 45.?5' 5

4
4.fou .a11610 163 175 .010 1n00 .110 

I.O00 3%.b ,S11 14 174 .ni1 10.000 .110 10.000 8.6 7612 164 t? 756 61.614 45.75Q ;4-. ooo 46.20161! 16. 176 .Ole 10.000 .310 10.000 51.642614 165 175 ,ln 10.000 .110 1.0on 5 .42615 165 176 .378 1q5.507 22.i70 271.000 .6. ?Q1616 166 167 *72 70*.77 I.180 604.363 36.01617 167 165 ,9i? 70,277 5.100 604.363 36.011618 16t t6q .Q7? 7n.227 8.tO 604.363 J6.OqO61q 16Q 1?O .072 70.27 .180 64.363 6.000620 170 171 ,72 7.727 0.180 604.63 36. 000671 171 17? .Q77 7Q.;27 t.t83 604.163 36.00067 177 171 *07P 70,?27 ".10 604.363 36.030623 173 174 *072 ?q.?27 .tO 604.63 36.000624 174 179 A077 79.:)77 A ~ ~ 694.163 36.110
6P5 175 7, *07P 70,'27 5.t0 604.163 16.010676 166 177 .37A .30.507 22.17n ',0.0 no 46.2q162? 166 174 .010 10.000 .J10 tOOu 54.,64?6'A 167 177 .01f 10. 00 .110 10.000 '1.642.6 p 167 175 .756 61.614 45.75q 540.0no 46.211610 167 170 .010 10.000 .111 10.000 5I.647631 169 171 .910 11.500 .110 10.0 S0 e.642

6'1 160 179 .756 61.614 45.750 4n0.000 46.?'1 t
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636 169 t4 .010 10.000 .10 10.000 51.642 b,37 170 1A0 .010 10.000 .110 10.000 5A.642 5638 170 141 .756 61.614 45,7511 5.O00 46.291 t639 170 12 .nip tO.O0 .010 10.000 5o.64.2640 171 1k1 .010 10.000 .110 10.000 98.642 5641 171 14n .756 6t.614. 45.759 5 10.000 46.?91 1642 171 143 .010 1O.000 .210 LOO00 58.642 5643 172 l? .010 tO.O00 .010 10.000 58.642 56. 172 143 .756 61.614 45.76q 54.000 46.291 1615 17? l14 .010 10.000 .10 10.000 58.642 5646 173 141 .010 10.000 .310 10.000 53.642 '617 173 14. .756 61.61 45.759 5. ooo 6.2% 1648 173 145 .010 t.000 .10 10.000 58.62 r61q 174 ±81 .010 10.o00 .010 10.000 58.642 5650 17 145 .756 61.614 15.75q 5.0.000 46.291 165t 17 t4 .010 1. q0 0 .01 1e.000 5A.62 5652 175 t15 .010 10.000 .310 1n.000 55.642 5653 175 146 .756 61.61. 1 5.?5q 5.0.000 46.291 1654 175 187 .O1l 10.000 .110 10.000 54.642 5655 176 116 .019 10.000 .310 1o.00. 55.b42 5.656 176 18? . 178 3l.07 ?2.179 270.000 46.291 2657 177 t7 .972 7q.227 8.180 604.363 36.000 3658 17A t7q 0972 M.227 q,180 6q4.363 36.030 3059 179q 110 .72 7Q.227 8.180 694.363 36.001 3660 180 1M1 .072 7q.227 A.180 694.363 36.000 3661 1 41qA a72 7q.227 .t80 6q4.363 36.000 36K2 182 143 .972 7Q.:27 8.14O 64.363 36.000 3663 183 11. .q72 79.727 8.1O 6q4.363 36.090 366. 18185 .972 7q.227 I.It0 694.363 16.010 3e6r 145 1R6 .q72 79.227 4.1q3 6S4.363 36. 0qu 3666 186 147 .972 70.227 8.18O 6q4.363 36.010 36A7 177 044 .374 In.807 72.171 270.000 .6.1 p664 177 1qq .010 10.000 .110 10.000 51.642 5669 178 184 .010 O.OflO .310 11.000 58.642 5670 174 t9 .756 61.614 15.S75q 51q.00 46.291 1671 174 190 .010 .O000 .110 1O.OCu 54.642 5672 17n 1q .010 tfl.ou .010 10.000 54.62671 17q 1q .756 61.614 45.75q 5n.00u 46.29167' 175 1q .010 10.000 .019 1.000 54.642675 180 tq1 .010 10.000 .10 10.000 51.62 5676 180 1ql .756 61.614 15.759 54n.000 46.291 1677 180 192 .010 10.000 .010 10.000 54.642 5678 141 191 .010 t0.oo Ii1u 10.000 54.62 5679 141 19 .756 61.614 15.75q 51..000 46.291 1680 181 191 .010 10.00 .010 10.000 5A.62 5681 182 192 .010 10.000 .110 10.000 58.642 5682 18? tq3 .756 61.61.4 15.75q 540.000 46.91 1643 182 t. .010 10.000 .110 1.G.000 54.642 568 183 193 .01 10.000 .110 10.000 5R.642 0685 183 1q9 . 75b 61.614 45.759 540.000 46.291 1646 1W3 195 .010 10.000 .110 10.000 53.642 5b7 11 19q .010 1O.0O0 .110 10.000 5q.62 5644 18. 195 .756 61.614 45.). . 540.000 46.291 1E89 101 1q .010 10.000 .010 10.000 58.642 560 185 1 .01 10.000 .110 10.000 58.642 5691 185 196 .756 61.614 45.759 510.000 46.291 1602 185 197 .010 O.000 .lq 10.000 58.642 5693 146 1q6 .010 10.000 .010 1l.o00 58.642 569% 146 197 .756 61.614 45.759 540.000 46.791 1-60r 186 194 .010 10.050 .110 10.000 5.642 56Q6 187 1q7 .010 10.000 .110 10.OOU 54.642 5697 17 lq .R7A 30.407 2 .17q 270.00G 46.291 269A 188 149 .972 79.27 4.14o 6Q4.363 36.000 3699 189 190 .972 7Q.927 8.180 694.363 36.090 3
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q-

700 1q0 1q .072 70.727 A.1 0 6q4.3b3 3h000 3
701 191 192 .972 79.227 .1A0 65q4363 36.000 3
792 192 193 *072 70.227 4.1A0 64.363 36.000 3
703 1q3 194 *q72 70.27 ,10 6%4.363 6o0 3
704 194 105 ,072 79.27 8.180 6 4.363 36.000 3
705 1q5 t6 .q72 79.227 8.480 694.363 36.000 3
?06 196 tq7 .072 79,227 0,180 604.363 36.0f0 3
707 197 1qq q72 70.227 8.10 604.363 36.000 1
708 180 199 .370 30.807 p2.79 270.000 46.2"1 P
7M9 1R 200 .010 10.000 .110 10.000 50.642
710 189 190 .010 10.000 .010 10.000 56.642 5
711 109 200 .756 61.614 45.75q 540.000 46.291 1
712 109 201 .010 10.000 .010 10.001 58.642 5
713 190 ?00 .010 10.000 .010 10.00t 5R.642 0
71 190 201 .756 61.614 45.75q 549.006 46.291 1
715 190 10? .010 10.090 .10 l,.000 58.642 5
716 191 201 .010 10.000 .010 10.000 54.642
717 191 207 .756 61.614 45.7S0 540.000 46.291 1
VIA 101 20i .010 10.000 .10 19.000 55.642 5
710 192 '0 .010 10.00 .110 10.000 54.642 5
720 192 P0 .756 61.61 45.75q 540.000 46.291 1
721 19? 204 ;010 10.000 .10 10.000 50.642 5
722 103 200 .lO tn.00 .110 10.000 5A.642 5
723 1q3 '04 .756 61.614 45.750 51.000 46.21 1
?24 193 705 .010 lo.non .11q 10.000 56.642 5
725 1q4 '0 .nlO 10.OC0 .010 10.000 58.5'2 S
?26 194 205 .756 61.614 45.S5q 540.006 46.291 t
727 t9 P06 .010 10.000 .310 10.006 51.642 5
?78 I05 205 .010 10o000 .910 10.000 51.642 5
72q 105 2M6 .756 61.614 '5.75q 540.000 46.291 1
730 1qS 207 .010 10.009 .310 10.000 50.642 5
731 196 2M6 .010 10.000 .10 10.000 58.642 5
'%2 106 20' .756 61.61 45.75Q 540.000 46.2q1 1
73Y 106 290 .010 10.000 .910 10.000 50.642 5
734 107 207 .010 10.000 .310 10.000 54.64? 5
735 la? 231 .756 61.614 45.75q 540.000 4b.2ql I
736 1q7 UCq .010 10.009 .010 10.000 50.642 5
737 1q 200 . .010 10.000 .110 10.000 5i.642 5
738 19A pOq .378 30.407 27.079 270.000 46.291
79 lqq 200 .07? 7q.227 .1.0 604.363 36.000 3
?40 200 201 ,07? 7q.P27 4.LO 6q4.363 36.000 1
741 201 20' .e72 70.227 8.to 694.363 36.010 3
742 202 203 .072 7Q.227 A. LA0 604.363 36.000 3
743 203 '04 .072 7q.227 0.1t0 694.363 36.000
744 204 205 .072 7Q.2'7 5.18.1 694.363 36.000 3
745 205 20F .q7? 70.27 8.10 694.363 36.400 3
746 206 107 .07? 70.227 q.IO0 604.363 36.000 .
?47 207 204 .q72 70.227 .L0o 64.363 36.000 3
74A 208 20q .972 790q27 .10O0 6q4.163 36.010 3
74q 190 210 .370 30.07 P2.i7Q 270.000 46.211 2
700 199 211 .nia t0.000 .110 10.000 Si.642
71 ?0 210 .010 i0.0OO .110 Mo.o00 5R.o42 S
752 200 211 .756 61.614 45 .751 540.004 46.291
793 200 212 .010 t.OOO .010 10.000 50.642 b
75' 201 211 .010 10.000 .010 10.000 58.6.2 5
755 201 212 .756 61.61 45.75q 540.000 46.291 1
756 201 21! .010 10.000 .010 tn.000 51.642 5
77 202 212 .010 10.000 .110 10.000 58.642 5
758 P02 21 .706 61.614 45.159 510.0C0 '6.201 1
759 202 P14 .010 10.000 .010 10.0o 50.642 6
760 203 213 .010 10.000 .210 10.000 5A.642 5
761 203 P14 .756 61.61 45.75q 54n,0000 46.291 1
762 203 215 .niO 10.no0 .010 10.000 5q.642 5
763 204 '14 .010 10.000 .110 10.000 50.ot2 5
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7' 2"' '15 .756 61.61'. 45:1"q 510.000 .6.,2)1 1

165 20. '16 .0n 10.000 .010 10.000 54.642 '1

?66 205 215 .010 10.000 .110 10.000 50.642

767 205 216 .?r6 61.61. 45.759 540.000 46.2q1

76A 205 217 .010 10.000 .110 10.000 5A.u42

760 206 716 g in 10.000 .110 10.000 50.642 5

770 206 217 .756 61. 14 45.759 540.000 46.291

771 206 211 .010 10.000 .310 10.000 53.642

?72 07 '17 .010 t1.000 *010 10.0Co 34.642 S

773 207 21 .756 61.614 45.75q 540.000 46. 91 L

77' 20'7 Piq .010 10.000 .110 10.000 58.642 5

775 ?O U41 .010 10.000 .010 10.000 5q6642 5

7?6 204 ljq .756 61.614, 45.75q 540.00 46.2q1 L

777 200 i20 .010 10.000 .110 10.000 5A.642 5

770 20 21q .010 10.000 .I10 10.000 50.642

7?q 20Q 270 .070 30.007 '2.j7q 27n.000 46.291 2

?0 210 211 .q72 7q.227 0. t 6q4.363 36.000 7

7At 711 212 .97? 79.227 8.10f 6q4. 363 36.000

782 212 211 .472 79.?27 0.180 6q4.363 36.000 3

7M3 213 214 072 7q.227 5.100 694.363 36.000 3

74' 214 215 .972 7q.227 8.10 694.363 36.000 3

?45 ?1 216 .7? 7q.227 .t80 6q4.363 36.010 3

706 716 21 .072 7q.227 $.LO 6q4.363 36.010 3

77 217 211 .q72 70.227 0.1O 6q4.363 .36.030 3

70A 2t I'tq q72 79.?27 $.10 694.363 3b.00 3

709 ?t1 20 .q?2 ?q.p27 1.180 604.363 36.010 3

7O 210 221 .17A 30.407 22.17q 27n.000 46.201 2

7M1 710 222 .010 10.000 .110 10.000 r8.642 S
7q2 211 22t .01n 11.000 .010 10.000 5R,64,2 5

701 211 22 .756 61.61 45.75q 540.000 46.201 1

?qk 211 223 .010 10.000 .110 10.000 58.61,2 5

75 212 222 .010 10.000 .010 10.000 51.; 4?

76 712 273 .756 i1.614 45.?5Q 540.000 46.291 1

707 212 224 .010 10.000 .L1 10.000 51.642 5

706 211 2P3 .n01 tfn.o00 .a10 10.000 5.b42 6;

?4Q 21 0 224 .75 61.614 45.75n 540.000 '6.2q1 1

000 213 225 .010 10.000 .310 1C.000 r4.642 5

401 21 224 .0tO 1.;000 .110 10.000 50.642 5

802 214 225 .756 61.614 45.750 540.000 46.291 1

403 214 226 .01n 10.000 .010 10.000 5R.642 5

804 215 725 .010 10.000 .010 10.000 5A.642 5

005 215 P6 .756 61.614 45.759 54n.000 46.211 1

406 215 227 ,010 19.000 .110 10.000 50.642 5

q07 216 226 .010 10.000 .910 10.000 501.642 5

800 216 227 .756 61.614 45.750 540.000 46.291 1

809 216 221 .010 10.000 .11001000 50.b42 li

410 217 227 .010 10.000 .310 t0.000 58.642 5

S11 217 220 .756 61.614 45.750 540.000 46.091 1

811 717 220 .010 10.000 .110 10.000 58.642 5

813 210 120 .010 10.000 .410 t0.000 51.642 5

81' 21A 220 .756 61.614 45.759 540.000 46.291 1

815 210 230 .010 10.000 .110 10.000 50.642 5

016 21q 220 .010 10.000 .010 10.000 51.642 5

017 210 '30 .756 61.614 45.75q 540.000 46.291 1
SIR ?1q '31 .010 10.000 .110 10.000 50.647 5

810 220 230 .010 10.000 .010 10.000 '10.642 5

A70 270 231 .370 30.07 22.174 270.000 46.291 2

071 221 222 .4A6 3q.613 4.0 0 347.181 36.100 4

M22 722 223 .406 3q.611 4.3qo 347.101 36.000 4

073 223 2?4 .4A6 3q.611 4.0q0 147.101 16.000 4

$24 224 225 .4Ab 39.613 4.I00 347.181 36.000 4
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139 3.664.20E-02 -3.56013E-01 -1 .23i16r-03 -?.71.620E-02 13.000 .064. -. A1'. -. ')
11.0 3.27744'E+92? -3.37918E*00' -1.4.312lE+01 3.391.001400 54n1.000 .607 -.(16 .055
141 5.511621-0? -5.776421-02 _1.q2S26SE-03 1.O7AS3E-Ul 10.000 .001. -. 1106 *011
14.2 4.22176E-02 -4. .1121.6E-O -i..21.3qF-03 -S.Pt551.F-G2 11.300 .0U4 -. 094. -. J.35
If*'% 3.5.02561407 -3.I.8666E*02 -1.18i.E40L 3.1.817.F4O 541..000 .630 -. F4.6 0

11.5 1.63?tSE-0? -1..5*21.9E-92 -1.5770O7F-03 -2.?71.1'E-02 10.30(5 .005 -.0nl5 -.oJ71
15.6 3.50?391402 -1. 551.75140' -1.525.?6F401 .3.51482E2+00 54.010) .64.9 -. s .- -
14.? S.1.'9127- n: -5.5305?F-O? -t .i70951-03 5.5216qE-02 10.400 .0G5 -. I; jj
1448 5.41054E1-02 -5.810131-02 -1.70442E-03 2.743071-03 10.300 .005 -.C05 .4
11.9 3.5?0:lc14I32 -3.59710 -1.54.76!E+01 3.601.911400 54.0.000 .661 -. 166S05C
150 5.122111-02 -5.3060CE-01 -1.q1256-03 3.146751-02 10.000 .0013 -. P0514
181 5.201.96E-02 -5. 304.03E-02 -1.7MV2E-03 2.62179E-02 10.100 .005 -. 6-35 .1'j
152 3. 619571E+02 -1%.6023.E40' -t.560361401 3.5q941E.00 54.0.300 .*670 -. ,7 4
153 5.131351-02 -4..93110r-O? -1.69q901-03 6.1',05qE-0. 10.000 .00; -.P05 .3-11
151. 5.17981.-0P -5.59734r-Ol -i.47226F-03 5.651t2E-02 to..331 .005 -.(q6 .3))v
155 1.63678E+0? -3.5R2371+3'l -1.55q761.01- 3.S0.31,9~o0 54.0.JO0 .673 . 6;jf.A.;
15b 1.7032518P -. 5'81510? 1.5?5?9E-03 -2.41078E-02 19.009 .005 -. M0 -.00?

1501 3.6177E14A? -N.SPMEW4U -t.51.269F.01 1.41RUSEoUU S4.0.JOO .670 -J3' tp
15q 1.237781-f? -1..O5b13F-02 -1.14116E-03 -4.96r,1.15-02 13.03'] .0041 -. fl'3' -. q.).,
160 5.1.11216-07 -5. ?51E.Jr-12 -I.9q951F-03 1.011211-01 10,U00 .0ui -. A06 .9oJ
161 ".S'163Ea.O? -3.1.2819Es02 -1.5in371F41 3.71139.u '1)4.000 c54. -. 0 5r ;),
162 1..111

5
12F-OP -3.A&.fl'6E-02 -1010r~7-03 -...2003SE-UP 143.50' .04 -. 1 I14 -. 141

163 5.181.6'V1-f? -5. 37892E17 t 1.7/1075103 9.'.1473E-0? 1.1.00( .00i -0.1-30.

164; 6.527961-0' -6.37391E-31 -1.?4466ir-02 -5.374.00E-0? 694..363 .001) -. ) -03
166 -6.66701.-01 -4.441852E-31 -4.9'.66F-03 -9.76A144E-02 OU1.3*3 -.001 -.011 -13
167 - A. ?0317F-ni -5.1912431-01 q.tq61.SF-03 -1.31.3731-Cl .91..S61 -. 001 -.111 -.. ,
' 168 - 5. 570 r0- 01 -3.4SW.7-']1 5.4!.qSOE-03 -1.579Z11-Di 694.361 -. 001 -.03 -5j)''
169 -3.52.qE-0 -1.1965E-9i F.544150E-U3 -1.64481.-61 A.94. 36 1 -.Opt -.000 -..3
170 -1.21022F-01 -2.3014801 1 -. 01 P13 - 03 -L.6%SbOE-G1 ',Q'4.351 -. 000 -. A 11) -10 ?
I 17 -2.2337SE-01 -4.U.6216E131 -5.91222E-03 -1.57223E-01 041. 3b3 -. 00]) l1 -.not .OA

*17? -'..101F-41 -8. 18861-01 -1.105071-02 -1. 11621E-Oi 1 % . A 3 -.0ut -. p11J -. '?
173 -7.967111-01 -1..5'.656F-01 q.1.87621E-03 -9.77626F-02 . 094.363 -.001 -.001 -10 1
171. -4.293761-01 1. 3'. "2E-01' 1.2l142F-02 -5.304410E-02 6.94.363 -.Out .09)9 .0-11
175; -6.1.2i74V401 -5.38091.1,01 '.21.867r-01 1.1'070Ee00 ?70. 300 -. 234i -.119 i)4R
176 4.4193W91-0? -5.37189E-02 -1.68321.1-03 1.55614E1-01 10.300 .004 -.005 o .06
177 't.311.8-0? -2.50714E1-02 -90'70L1:-0. -1.01.916E-01 10.300 .003 -. C03 -.J1i.
17s 2.3915,2F+02 -2.71.5711.0' -t.ioqqprsoi 3.192S91+00 5'.0.jOO .4411 -41 .33'lry
179 1.97AW020 -r2. 79'76E-02 -1.83746E-03 1.666O1E-01 10.300 .005 .036a .31'U
180 1.564412E-07 -2.4',511.1-02 -1.101.61-03 -1187-1 10.03] .0054 -.P 3 -.011
141 Z.61.779140? _?.q3ME5+02 -1 .20 72?1401 3.38144.lE00 540..00 .1.93 -.544 j"
182 5.158A831-07 -5. 71939E-3? -1.83871.1-03 1.31107-01 1.3 00 .00i -.006i .3t1I
181 4..1!653E-02 -1.56d72c-d? -1.11361.1-03 -7.522101-62 13.300 .034. -.rq. _.)IS
181. 2 .15 2 7 AE +0' -3.040301+32 -1.2418+01 3.448200E+00 54.0.300 .525 -. 570 .351
1R5 5.11.24?r-0? -5;.55 256E-02 -1.424412F-03 9.V4P4E8-i.? 10.300 .305 -.06 .0n1']
186 4..'4531E-02 -4.AIM11E-02 -1.1.6198-01 -1..132q91-0? 10).310 .001. -. 004 -.031.IA? 3015361+02 -3.172? 1+37 -t.141llEs.OI 3.591444C00 94.0.J3'] .56.2 -.5312 .35f
188 5.1.9381-07 -5.233801-02 -1. ?53P881-03 5.386069F-02 13.000 .005 -.rCO5 Q16
189 1..'27q3E-l? -s..603q'2E-0' -1.60432F-03 -2.21254F1-04. 11.000 .00i -.on; -.00)
190 3.158120F.07 -I.?2865E,02 -3.380021,01 3.631.791.00 !'543.000 Sql3 ,493 .6
191 4 .qq3.37 1 -o, -4.91.393E-0! -1.691.73r-03 2.824.82E-02 10.300 .3 -.. 5 .1
192 4..98008t-0? -'.1217q3c-07 -1.696571-03 3. 0252iC-02 113.303 05 -0) . 00.1 .
193 ?.6601.E+n? -1.21.166140' -1.41036CO+01 3 .6084'.81.4 1.3J.000 .6n3 -. f -14
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1@. t.74.I-? -4.50?74E-02l -1.9;8023E-03 -1.28962E-(12 I0.1100 .00; -. al~ .it
1q5 111270 -5.311136E-02 -1 .79 712E-03 7.06393E-02 14.000 .0os -4"..113
Lq6 .3.3Q1E4? -3. P?256FP402 -1,.4295I.7401 3.5140?F+00 540. j00 .61q -.FA6 .05 /
1127 4.550140-0? -4.07M88-02 -1.47024F7-03 -4.71553E-02 10.000 .OUS .0 -.Jup
IOA 5.15371E-02 -5.679S7E-02 -1. 14'.7912E- 03 1.033730-0. MO~OG out, -.n. ill)
19q It.40? OSE+02 -3. 24425E0? -l.43T92E+01 3.4.0441E.+00 540.00o .631 -.fn23 1
200 4.14049E-02 -1.534500-02 -1.10M5E-03 -8.39655E-02 13.Ju.0004 -.0,1 - 06
201 5.179250-02 -5.4971&E-32 -1.AA196?E-03 1.380310-01 to. JOu .005 -. Car) J1.4

202 3.3121101F+112 -3.170060402 -1..16q0E401 3.211970.00 540.000 .627 -. 54t 3
203 3.9434hE-0? -3.2552SE-02 -1.P272f60-03 -7.1295610-02 13.000 .0w4 -.11il -.3 U 4
'P04 11.123080&-0? -5.569900-02 -1.775587-03 1.2446?8F.-Ol I1.j00 .0Go.; -.7.36 .3I:'
?or, 1.647500402 -1.52549E402 -6.1255260+00 1.41l79E+00 273.000 .610 -.505 .04
206 -t.12913E02 -1.1LAM12-01 -2.7760ir-03 -4.15264F-02 b94.363 -. 000 -. 000 -. 031
207 -L.4?347F-01 -5.11748E-Ot -1.040007-02 -6.85154E-02 6.9'.363 -. 000 rat0 -..Jai
2012 -5.461650-01 3.47475E-01 2.4.8233E-02 -8.712113E-02 694.363 -. 001 . fla -. 401
200 3.10P1200-01 I. 3854A12-01 2.212532F-04 -9.832190-02 694.363 .000 .E342 -.001
210 3.pq1150-01 12.I1f2GE-01 1.4?195E-02 -1.0201290-01 694.363 .000 .CO1 -. uJl

*211 q .IqIS60-i0 5.8212630.01 -7.t1644E-03 -1.011132E-01 694.363 .001 .001 -.301
21 5.011623E-01 7.1123707-01 3.604077-03 -9.5122300-02 694.363 .001 111. -.001.
213 ?.Ii921E-01 -3.336

0
5E-Ot -2.960040-02 -S. 544670-02 694.363 .00. -.&030.1

214 -3.12908F001 -3:614660E:01. -1:541267F:03 -6.7771N0-02 694.363 -. 000 -.0.21 -.ant
7115 -3 '445E 1 12.61400-33 9.it849E-03 4 ..16126E-02 1)94.363 -. 000 to0o -.G0t
216 -1.39221E+01 -4.I.93p07+01 -6.6q9450-01 1.202?50400 ?70.000 -.05Z -.166 - .0314
217 2.80956E-02 -4.15695E-02 -1.18563E-03 1.72736E-01 13.300 .3n3 _.C34 .017
218 2.3412030-n2 -q.970.3'.-03 -5.6q4040-04 -1.277M12-01 10.30 .00p -. 001 -.j 1
.#19 1.12746104.02 -1.63MqEW0 -5 .84 965 E+00 3.056950.00 541.000 .199 -.302 aA

*220 3.14230E-02 -4.40003E01 -1.21103E-03 1.1248510-01. IO.jOo .0o' -.00'. 1.6
221 2.'.qtfl7P-0? -1.20741.E-3? -6.1713E-04 -1.3?592E-01 13..200 .002 -. 001 -. 1 .1
Z22 I 137407.202 -t.2590'.0+OP -6.40606F+00 3.2q%91C00 540.3120 .241 --744 .353

*223 3.11270801-0? -4 .07 346E-02 -1.23"1720-03 1.40469F-U1 13.300 .003 -.C.14 .31.
224 2:1711E- OP -I.121122r-112 -7.924520 -04 -81.5762PE02 10.00(i .01.3l -.11OP -.Oaq
25 1.a77p

7
4f2 -2.0'.h;!',02  -12.045416+00 I.4J1J2Ee120 '.0..000 .311 -.?19 . "0

226 3.1031290-0? -3.1201720.uC' -1.212100-03 1.019412-(;1 0l.i00 .001 -. 1104 q013
P27 2.4111E02 -2. 26PW4-32 -8.952507-04 -4.710530-02 13.4-I0 .003 -. 0-17 -.2..A
2212 t1650957.02 -?.19154E.0' -810losi400 J.513'.0E.10 540.,140 .3h4' - .1. o) 06
2Pq 1.2646F-02 -'.3q7q10-0' -1.129124F-03 5.412lTF-02 01.0002 .003 - r I1 .1U.
P30 3.2090.90-op -2.776637-02 -1.op081r-o.1 - 4. 11211qr-04 11.00 .013 -b111 -. 0 h,1
P31 " - I AS AE + O -P'.27 3 O+07 -q. Sq It If f 3.r)2312124n0 '.'41-I01i .401 -. 6"1 .,
73? '.221267-02 -3.1It71107-02 _1.081125r-03 7.62.164t -02 11.000 .0s11t)1 .71.)d t
233 3.2751240-02 -3.0q4q57-22 -i.n126sor-03 l.1'.q74F-U? ti.uJoj .U0 - .'20'
?34 2. 13479040? -2. 'tg2tL5+32? -t.012517.01 1.5211+10 10'.ou .4.3? -*.h 1, J.
23S 3.01122657-02 -:1.651977-0' -q.7q040F-04 -1. "3222-02 10.0001 .001' -.1103 -. 02?
236 3.4165R0-02 -1. 5361120-0' -1.112f.02E-03 7. 650'111-2 10.j00 Jul1 -.1 14 j
23? 2.49?757.02 -2. 408 23E402 _1.25qqlE+O1 3.44517F+00 r,40.J00 .4b 3 -. 44u . '
2312 .. 03741E- n? -2.2R1010-02 -q.04474F-04 -5.6M7l5-02 10.300 .00.3 -. 1,11 -.00*.
239 1.16.11OE-07' -3.841028E-01 -1.23574F-03 1.122910-01 1..40 .003 -.C.24 .011
240 2.r0759Q0.02 -2. 4621297.412 -1.111510+01 3.31919F400 l;40 .0 00 .490. -. 457 .JL.
241 ?.155120-02 -1. 79622E-22 -7.12959-0. -1.013740-01 10.300 .003 -.C02 -.010
242 1.34607E-02 -4.133250-I? -1.3101120-03 1.54412E-01 13.lo .0G3 -. C.04 U t1'
'243 2.?q6710402 -P.447107.32 -1.1.3294E401 3.07219E.00 540. JOG .513 -. 9-53 . .1r"
244 7.760990-0? -1. 59304E- 01 -7.'.n9IIE-0. -1.01567E-01. 1'2..03 O0bl -.CO0? .111
245 3.0622990-02 -'..2SAA12E-0'P -1.15257E-03 1.46262E-C1 13.0001 .003 -.79. P
246 L.I81910+02 -1.17A114E,02 -5.53091p400 1.17906E.C0 270.300A .512 - .436 .3-
247 -1.444370-0? 2.97739E-01 8.6717'E-03 -2.34734C-02 t,04.363 -. 000 .1133 -. 09111
2412 Z.?01121E-11 7.,5059E-0t 1.235750-02 -2.312374E-02 694.363 .000 Olt1 -00)
249 60531111E_01 2.12344E+00 3.966B17-02 -1I. 7326 1E-u2 b924.363 .001. .C-31 -.0*11)
?50 P.101265r400 1.98890+00 -1.69657E-02 -9.400150-03 694.J63 .063 .002 -.300
251 t:4q13tE400 '.22747:000 2.,0448120-02 :3.95275F.-03 64.:363 .002 .003 -00252 2.?25404 00 1.75172E+00 -1316.1E 02 -2.095890-03 694.363 .003 .0a3 -32
253 1 .755130.120 2. 60164E i.00 2.3701?7-02 -4.56034F-03 694.363 .003 .(04 -.11P
254 2.61:1227000 1.21123E+00 -1.711415E-02 -1.115600-02 694.363 .0114 .702 -.003
255 1.'9612000 3.69725E-01 -2.574.61r-02 -1.946430-02 -j94.363 ou?1 .091 -.jv+0
256 I.1701290-n1 1.17 1390-03 -1.071.99F-02 -2.1912910-02 694.363 .001. .( W -.00)
?S7 3.76743E401 -2.400.620,31 -1.3461217.00 1.6412510-ni U/4.000 .14.0 -.601 .241
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254 1.5nO00r-0l -l.A99295-0? -3.493455-04 1.6617-01. 1A. 00ai .000 -.C(7 -It I
25Q 5 .5 US ME-07 1. 1Q42q5-0? 1.09021F-04 -1. 2 42 97-01 10.000 .001 ('-uI -. 01
260 -1.007235+02 7.22661F.q1 2.373245+00 2.341155.O00 540.000 -. 18? (1, q .114
261 ?.'7234E-01 -1. 750385-0') -3.37424E-04 I.773595-01 10.000 .000 -.rq? .J1.1262 6i.077455-03 1.16551F.-0? 31.655105-OS -1.28225-ol 10.000 . 001 A.M -. ns -32 61 -3.351925401 1.360q85*01 2.10283E+00 3.145125+00 540.000 -. 155 . r2 *
264 5.10447V-03 -1.2639q85-0? -3.03567r-04 1.315525-1. 10oo .001.1ou -. 001 .1
265 5.14064E-03 7.479055-01 1.577475-05 -7.82165E-02 to1000 .061 *Doi -. 4
266 -2.746575*01 -A.8I.7485400 4..108975-01 3.2stf?+0u 540.000 -. 052 - .Pt6 .51267 4.005F-03 -9.540005-11 -?,4583q5-04 9.751235E-02 10.000 .000 -.C01 a.0)
P631 6.440715-03 1.73q105-03 -4.608075-05 -4.249305-02 10.000 .00i .n0j -.014
269 -3I. 209; F. +0n -2.3400,55.01 _3.i?250ro1 3.13977E+00 540 .000 -. 015 -0f:41 U.'4
270 5.16011:-9't -5.9281..5-03 -2.07764E-04 5.3073DF-02 10.300 .001t -. 091 .0271 5.4045"5-03 -4.013645-34 -1.025115-04 2.60627E-03 10.000 .001 -.0W! JOG42P72 3.01l'5401a -3.71342E401 -1.454610*00 3.35790400 6143.000 .056 -.149~ .0i5
273 40121 'ILE01 -1. 43403E-433 -1.40787E-04 2.61362E-02 10.000 .000 -.000 .003274 7.047715-03 -3.016%E5-01 -t, 716465-04 2 .9514E-02 1.300o .001 -.001 .o&3
P75 3.332675+01 -4.716365+31 -1 . i7#16500 3.351205*00 540.000 .072 -.047 t*276 5.934005-03 ?.91763E-04 -9.622535-05 -1.66290F-q12 10.000 .001 .L'10 -.03?P77 6.482405-93 -6.52742E-03 -a.20549F-04 7.1944302 10.000 .001 -.Cot
27 1 7.684'75+01 -6.237195+01, -3.00792E+00 3.305675+00 540.000 .14? -.114V
P79 5.40?265-0' '.33540E-03 -1.52332F-05 -4..9040E5-02 101.000 .001 .390 -. 345280 7.236fiR5-01 -9.674175-01 -2.69123E-04 1.023025-01 10.o0 .001 -.Cal .31?R1 %qq0'r*01 -3. 104975+01L -3.466345400 3.173455*00 540.300 .131L -.190io732_ 7.30864-Ol 6.59079E-03 -2.07613E-05 -9.504455-62 10.000 .001 Fjl -
233 6.343544E-03 -1.007235-0' -3.396395-04 1.'.50435-01 11.000 .0001 -.032 .019
284 1.5 037" 00 -1.02096170T, -5.46320E4.00 2.46007C.00 540.000 .2/1 -.IqaJ0285 8.574435-03 5.0565755-03 -5.12%6F-05 -9.02161E-62 13.000 .001 .0.3 -.31i
286 5.;258R'2- 0' -1 .391095-0? -4.126715-04 1.176060-01 10.000 .001 -.002 .014

'7 7.18315+01 -5.201735401, -7. ca1+0 5092605E-0j 272.000 .290 -.116 12288 -7.450415-0't -1.27*915-01, -3.9090'5-03 -1.45693E-03 V.94.J% 3 -.000 -.C31 -. 0

2819 - 36147a49ro1 56.11474E4 01' 1.570085-01 3.07772E-02 b94.361 -. 000 .(31 .0-1-?aft 5.304455430 p.31537E*00 -4.247445-2 6.709095-02 694.363 .003 03 .3?at 2.'27235.00 '.qQ026E+fO 7.3 1733F-02 q.,305'75-02 6904. 3b6 .063 .17312q' 4.QA5745+00 1.6S2265*91 -0.176.17F-02 1.06942E-01 694.163 .001 1 n1.1203 1.641015.0A 5.03j2375+ 00 0.44427r-02 i14817-01 G 14. 363 .00? rq07 *
Z4 904t4+0 .66bE+0 67?orv0A .12.lcrn, 1.94 Sr --0 .,as 2.551 74r,0n1 6.036f90b03 n~.40'7'.r-02 7.44543F-02 69 4. 3401 .064 .314 .20 6.04563f+00 %.451045-31 -107710 .7.24-0? h94 S.,_~ ono .ii%9 .4oW-01 -5.011175-01 -1 .555)14F-07 8.445410-04 .i94.36t .001 -.1 130 .33298 '1 40475.o01 5).11113000 -1. 42101IF+00 5.41714E-01. ?70.joo .331 .i t4 it299 -1.23020q-ol 1.18114E-0? 7.18'5?F-04 1.1338625-u1 13).000 -.003 .1ll .4 1 1300 - 2 .?611t5- 0? 3.97511-0? 1.061145-03 -1.010135-01 10.000 -.002 .004 -.J0113Yo01 -2.74544E.02 '.236265+0? 1.09157317,01 2.502055+00 5411.000 .5 1r .42' tJ41302 -3.q28705-02 .70 754F -1) 1 .132135-03 1.408515-01 11.300 -.004 P13 J3143 01 -2.49034F-02 4.53272E-02 1.107275-o3 -9.46123-02 10.000 -. 002 c.00 -.061"?o04 -2.911305.0p, 2. 45'0315.02 1.158845+01 1.02145E+00 540.0J0 -. 531 .4'4 .04 1305p -". 1130*F-02 ?.A1221E-0? 1.045025-03 1.027985E-01 MAOj0 -.003 V330 1208-2 4.769935-0? 1.37262F-03 -5. asaqiE-op 10.000 -.003 .1705 -.015307 -2.602005+0? 2.179:5.02 1.06512E*01 2.960115.00 541.000 -.482 .431 J34,703 -3.744345-02 3.502937.-C? 1.236Z55-03 7.92267E-02 10.005 -.004 .04 ), hiR09 -2.17464F-0? 4.105965-0? 1.702335-03 -2.,75674E-02 10.300 -.00, .014 -.0J310o -2. 60251E5.02 '.336415.0? 1. 077335* 01 3.163275*00 540.000 -.462 .442 .01711 - 3. 2300i65-02 3.342315-0? 1.121095F-03 4.48432C-02 10.000 -.003 .G03 .004'112 - 3. 543375-02 4.215035-02 i123055-03 7.28S685-o3 10.000 -. 004 .(04 .001313 -2.30??05.0? 2.231465.0? 9.79506F+00 3.00604E+30 540.000 -.692b .41.3 014 -3.662Q35-u2 1.913925-0? 1.293025-03 2.767135-02 10.aOO -. 004 .r344 U3315 -3.37064E-02 3.090565-3? 1.1.36005-03 2.450400-02 10.000 -.011 .0 W. .0) ?'10. -2604P345,02 2.232?19502? q. qq9155+00 3.167116E.0o 540,000 -. 434 .42.1 .3)1317 -3.07193S-0? 3.71520E-32 1.15717F-03 -4.275335-03 10.0 -.053 .1 -301tE-07951~o 1.7385S25-02 1.23433E-03 5.507495-ca 10.300l -. 0013 00310 -2.3102445. 02- 2.4701s5E*V 86805301E+00 2.9730,85.00 S540.000 -. 371 .3 0.32 -. ~395-2 .2665-? .233320-03 -2.441470-02 10.000 -. 103 r''4 -. J)371 -2.0006W0c~ 2  1.033905-02 1.01310-03 7.4Q498C-02 10.00.1 -. 001 .1 1 J037
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