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ABSTRACT

Two of the most important contributions to ship structure

analysis have been the finite element method and the grillage

method. Each has made its own important contribution, yet neither

has been able to offer itself as a satisfactory design tool.

The grillage method lacks the detailed stress patterns needed by

the designer, and the finite element method has shown itself to

be impractical when used to analyze a model as large as a ship

hull. There is an obvious solution to this problem, for the

weaknesses of one method are the strong points of the other. By

using each method where it is best suited, the analysis can be

performed with the necessary detail and without great expense.

This thesis presents a method developed by Dr. Pin-Yu Chang,

ComCode Corporation, which combines the simplicity of the overall

analysis using a grillage model and the fine analysis of the

finite element technique for critical portions of the structure.

Some results using this method are compared here to full scale

test data. Computer programs for a longitudinal and a transverse

analysis are also included.
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INTRODUCTION

The past decade has ushered in several numerical methods for

achieving solutions to the ship structure analysis problem. Prior

to this time most analyses were conducted on the basis of pain-

stakingly accumulated empirical data. The empirical formulations

produced satisfactory results for the first half of the twentieth

century. In the late 1950's economic advantages produced a whole

new size generation of tankers [16].

Figure I-1 Evolution of Tanker Scantlings [16]
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These ships were much larger than any prior vessels. They were

so much larger that given hindsight, it can be seen that prior

empirical analyses should not have been expected to produce

accurate results. This is the case for the early jumbo tankers

which exhibit a history of structural failures in the vicinity of

the intersections of prime longitudinals and the transverse

members. The failures showed quite often the characteristic

features of deformation under excessive shear loads. We can see

that these shear loads must be treated as an important factor [4].
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These failures and the general lack of empirical data sug-

gest a need for a more satisfactory design procedure. The basic

nature of the problem suggests difficulty in ever achieving a

completely accurate formulation. In order to attack the problem

one must be cognizant of the many static and dynamic loadings

imposed on the vessel. In addition there must be a satisfactory

method for analyzing the structure itself.

There have been several advances in structural analysis

that would appear to lend themselves well to the problem solu-

tion. Two prominent achievements have been the very elegant

theory of grillages [5,11,20] and the versatile finite element

method [6,7,10,12,17,22].

The finite element method has been used effectively for a

number of years by civil and aeronautical engineers. The gril-

lage theory was developed principally by naval architects. There

are advantages and disadvantages to both methods. In order to

be applied effectively and efficiently they both need a reason-

able amount of skill or understanding of the art.

There are several published examples of applications of

both techniques to the ship structure problem. Generally these

are all limited to a particular area of interest. It is no

accident that the particular areas chosen lend themselves quite

well to solutions by the method selected. It seems reasonable

to point out that the investigators selected the most efficient

tool for solving the problem at hand.

In dealing with the whole ship analysis the complex nature

of the problem demands even greater skill [10] (see Figure 1-2).
For some time the finite element method alone seemed to offer

the best route to eventual success. The efforts of Kamel et al,

at the University of Arizona, achieved reasonable results via

this route with the DAISY program [6,7]. As published, this

analysis makes use of a macro mesh to reduce round off error and

computer expenses. The macro mesh solutions are then applied to
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Figure 1-2 Structure Detail of Typical' Tanker [ZO]

a micro mesh analysis of the area in question. The actual cost

of analysis for a typical ship using DAISY has not been published.

Roberts commented on a similar effort in Great Britain that

required 24 hours of computer time and several months of data

preparation. As a design tool this type of approach is very

expensive but it does give results. It is a complete analysis

tool which solves the entire ship problem but it forces the

finite element method to its limits. As a result, certain compro-

mises are ma'e to reduce computation time but they also reduce

accuracy.

At this stage it seems entirely reasonable to seek methods

that will allow the finite element technique optimum utilization.

Extending t use of this method blindly to a point at which its

results are questionable is merely a misuse of a good tool. A

structural analyst, to be successful, must use all available

information to his advantage. If he allows himself to stop

thinking and merely feeds numbers into a computer, he has removed
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the benefit of his knowledge and judgement from the solution of

the problem. St. Denis has suggested that the ship structure

problem be solved by a judicious combination of many methods of

analysis. The final tool he envisioned would make the best use

of each technique and really would be no more than a synthesis

of available methods each used to its best advantage [6].

It is against this background that Dr. Pin-Yu Chang formula-

ted his approach to the entire ship structure problem. The total

problem has not yet been solved and much work remains to be done.

However Dr. Chang's effort clearly leads the way to a complete

rational analysis. This analysis makes maximum use of the skill

of the naval architect and should be more efficient than the

brute force application of one particular method.

The technique uses grillage analysis for the overall ship

problem and finite element methods for the local analyses. The

employment of the grillage greatly reduces the computation time

while the finite element methods allow a detailed analysis of

stress patterns. The problem has been divided into two principal

parts, the transverse and longitudinal strength analyses. The

transverse problem depends upon certain output from the longi-

tudinal problem.

The longitudinal analysis treats the hull as a grillage of

simple shear beams. The result is the set of interaction forces

between the members which are used in the transverse analysis as

shear forces between the primary members of the structure. These

shear forces along with the external loads complete the loading

pattern which can be used to compute stresses and bending moments

in the primary structural members.

The transverse analysis uses the grillage properties of the

hull to uncouple the governing differential equations by means of

coordinate transformation. This reduces the transverse analysis

to a simple two dimensional problem which can be solved using

finite elements. This reduces necessary computational time and

avoids the use of finite elements in the macro analysis which

seems to have questionable accuracy [4].



LONGITUDINAL STRENGTH ANALYSIS

For longitudinal strength consideration, the ship is treated

as a grillage consisting of four longitudinal members and several

transverse stiffeners (see Figure II-1). The prime longitudinal

members are the side shells and two longitudinal bulkheads. The

transverse members are bulkheads and web frames which act as

stiffeners. Both longitudinal and transverse members include

portions of the bottom and deck as flanges. This insures that

the total moment of inertia of the model will be the same as that

derived in the conventional manner. It is assumed that each

member of the grillage behaves as a simple shear beam. This

assumption has been verified by Vasta for medium size ships and

there is no evidence that would invalidate it for large tankers [19].

The transverse beams are free at both ends and the longitudinals

are simply supported. Since the external loads on the grillage

are self balanced, the shear forces at the simply supported ends

are nearly zero. Then the longitudinals are equivalent to free-

free beams.

The external loads acting on the plate are transmitted to

the longitudinals and then transferred to the transverses. The

load is then distributed as concentrated forces on the transverse

members. This loading transfer pattern emphasizes the importance

of the shear forces at the intersections of the prime members.

The primary deflections of the longitudinal members are computed

by distributing the loads uniformly along a longitudinal between

transverses.

Consider a particular (a-th) transverse supported by

longitudinals and acted upon by a symmetrical loading system.

In the following figure, the reactions R and R2  represent

the shear forces on the longitudinals. Since the beam and the

loading pattern are symmetrical, it is only necessary to consider

half of the beam.

- 5-
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Figure 11-2 Transverse Modeled as a Short Deep
Beam with Symmetrical Loading [4]
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Figure 11-3 Model of Transverse Taking
Advantage of Symmetry [4]

The load in the wing tank .(qw) and the load in the central tank

(qc) have been here assumed to be uniform. Since it will be

necessary only to find the relative displacements along this

member, the left end has been simply supported. The relative

displacement between points (1) and (2) of the a-th trans-

verse is Ada . Then

Ada = a- ka Rca (II-1)

where Wa is the displacement of point (2) due to the external
2

loads on the beam and k2 is an influence coefficient.
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The influence coefficients (k .) of the a-th transverse
1J

are a set of deflections at x. due to a unit load at x. . Let
2~ J

Sn be a vector of state variables at station n such that

S= n (II-2)

V -n

where W is displacement, 6 is rotation, M

and V is shear force. Then by line solution

is bending moment

w
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where I 1is the moment of inertia of section (1)

A is the shear area and E , G , are constants

This expression may for convenience be written

of the beam,

of elasticity.

Similarly

S2 = L S

S3 = L 2S2

(1I-4)

(II-5)

Combining the above equations

S3 = L 2 LS (16)(II-6)
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The boundary conditions for the beam being considered are

Wl = M1 = 63 = V 3 = 0 (II-7)

Letting Ln = L ... L1,
n n- 1'

(II-6) can be rewritten as

S 3 = L2gS (II-8)

Let L'. be a particular element in the Ln matrix. Using
JJ

(II-7) in (II-6), the deflections at point two and three are

found to be

W2 = L1 1 + L1 V 1 + L
12 14 15

W3 = L 2 81 + L V + L212 +L V 5

(11-9)

(11-10)

in terms of the initial parameters 0' and V1 . These para-

meters are also obtainable from the same equations since

L 2 ei + L 2 V 1 + L 2  = 0
22 24 25

L 2  01 + L 2  V 1 + L2  = 042 44 45

or'

L2 2

' = L25 44

L2 2 L2

2 24

L L2
V = 22 45

L2 L22 44

L2 2
24 45

- L 2 L 2

24 42

L2 2

25 42

L L2
24 42

(II-12)

(11-12)

The displacement Wa for the a-th transverse is the displace-
2

ment which is needed in equation (II-1).
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In order to find influence coefficients by this line solu-

tion method, the uniform loads (qw and qc) must be set equal

to zero in the transfer matrices L' and L 2 . In addition a

point matrix is added at the location of the required unit load.

The point matrix is

1 0

0 1

0 0

0 0

0 0

0

0

1

0

0

0

0

0

1

0

0

0

0

-1

1

i i- 1Then S = L S

where L =L._ L 2 .

Then the displacement W1

coefficient

n

..0 Lj+1 L"L ... L (11-13)

calculated from (II-10) is the influence

k = Ll 1 01 +(Li- V + Lill.1j 12 L14 15,caj (II--14 )

The unknown reaction R can now be expressed in terms of

these values by rewriting equation (II-1):

Ra -1W Ad
2 a W2

k22

(II-15)

Since q and qc

as

are uniform loads, then RC can be expressed
1

R = aq c+ bq - R1 c c 2 (11-16)

Now except for Ada all values are known and the reactions can

be calculated.
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Treating the four prime longitudinals as independent simple

beams which are simply supported and distributing the external

loads on these members, a set of displacements may be obtained

from simple beam theory for each member. The longitudinals here

are considered not to be supported by the transverse members.

The deflection, d , is that of the m-th longitudinal at them
location where it should be supported by the a-th transverse.

Due to symmetry it is necessary to calculate only the deflections

of one side shell (d ) and a longitudinal bulkhead (d ) . Now

Ad can be computed as

Ada = da - da
2 1

and the reactions Ra can be found.
m

Once these reactions between the grillage members have been

found the external loading system is complete. By methods of

elasticity, bending moments and shear stresses can be computed

at points of interest.



TRANSVERSE STRENGTH ANALYSIS

The method of transverse analysis presented here is similar

to other three-dimensional finite element solutions, except that

a much finer mesh is used. This fine mesh can be adopted without

increasing computer cost because uncoupling techniques used in

the overall analysis substantially reduce the amount of required

computer time. The basic effect of the uncoupling is that it

reduces the three dimensional system mathematically into a set

of two dimensional equivalent transverse members. Each of these

members can then be analyzed in two dimensions.

The model used for this part of the analysis is a three

dimensional body (figure III-1). The longitudinal members (side

shell, bulkhead, deck, and bottom) are represented by bars and the

transverse members are represented by plates which are reinforced

by bars. Due to symmetry about the ship's center plane the model

represents only half of the hull. The transverses are restrained

from moving in the horizontal direction along their intersection

with the center plane. In the analysis of an individual trans-

verse, the section is restrained from moving vertically at the

intersection of the longitudinal bulkhead and the bottom (figure

111-2). The longitudinals are simple supported at both ends. It

is assumed that all longitudinals are similar beams and that all

transverses are of proportional stiffness.

External loads are transmitted from the plate to the longi-

tudinals and then transferred to the transverses. The external

loads can be expressed as a function of z which is the distance

from the forward perpendicular in a direction perpendicular to

the planes of the transverses. Then the a-th longitudinal is

acted upon by q (z) and the horizontal and vertical reactions

of the i-th transverse, X. , Y. . Let d . be the deflcc-
la laxica

tion caused by q (z) (in the x direction) and let A., be

the influence coefficients of the a-th longitudinal between z.

- 12 -
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and z. in the x direction. Then the deflections of the longi-
J

tudinals can be expressed as

x

U. = d . - A.. X.
ia xia . 1J ja

V. = d . - y (III-l)
la yia .A..Y.

J ij Ja

The deflections, d. , and the influence coefficients, A..

are found by line solution methods as described in the longitudi-

nal analysis section. It should be noted that A.. is the same
IJ

for each longitudinal since they are of similar stiffness. Let

the reactions, X. and Y. , be represented by a set of equi-
13 la

valent forces, X. and Y. , which are available from the longi-

tudinal analysis. Now the displacements at the intersection can

be expressed as

Lx LxR L

U = x (X. - X +x (Y _ -Y-) + U0 .
is P. 1 8 P. 1i0

(111-2)

V. = (x11i - X. + yya= (y, - Y 1.Q) + V0 .

where U0 , V 0  are rigid body displacements of the transverse,

and L , L , L are influence coefficients of a general

transverse. Since all transverses have proportional stiffness

then the influence coefficient for the i-th transverse, say

Li ,

L , between the intersection with the a-th and 13-th
xxaB 1

longitudinals can be expressed as L /Pi where P. is the

relative stiffness factor for the i-th transverse. P. is

computed as the ratio of the shear area of a particular trans-

verse to that of the general transverse. The rigid body displace-

ments of the transverses are available from the longitudinal

strength analysis.
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By multiplying (111-2) by A.. and using (III-1) , (III-2 )

can be expressed as

A..P..J JrA -~.- Xi+ L t Aay (y
i.J Pj UjcU.a xxo~r AiJ (x. 3xyca iJ J R

+ A. . P J.U O . .(sum on jand 1)

where r1 and to are scalar factors such that

A.. = r1A..=t1Q
U 1J i j

(111-3)

(111-4)

Let

D .= A.. XX
ix 1] j1~j

D =A. .X

isx i is~

A = [A~]

-Y ={pl2}

.. (matrix)

.. (diagonal matrix)

then

P I2AP VZU - Lxx rS[P 2 (DxS

+L yx tSPVC (Dy

DxS) - US]

(III--5)

Dy - J + P 11 2APU0

.. (sum on 53)

It can be shown that the matrix PVZ/2AP1/2 is symmetric. Then

there exists a unitary matrix B such that

BTP1/2APV2B ={Xi} (111-6)
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where BT is

of the matrix

the transpose of B and aX1 are the eigenvalues
1 T

P 3/2AP 1/2 . Multiplying (111-5) by B , letting

U.
la~

as

=B. .U and using (111-6), equation (111-5) can be rewritten

I 'J cx = Lxxa 
r B P DX

-13 -US

(III-7)

+ LxyatI [BTPV2 (Dy - Dye)- V + BTP1v2APU0

0 (sum on R)

Let

C= BT.Py2(D~

Cy = ~BT .PV (D.
Yl iji yjoa

- Dyo

U= BTPI/2APU
Qi Oi

V= BTPJ/2 APV
Qi Oi

then

XiU = LxR (cxi -Ui) + L'xyT (Cyi - i + Uo (III-9)

for each

Similarly

,where (L RCa= IL ar cR]

V= LxyR (C xi - + LyyT (Cy i - + i
(III-10)

Equations (111-9) and (111-10) involving U. , i V.isare

uncoupled equations involving only one i1 These equations can
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be further simplified by letting

, L L R 0
L a=x

Now (III-9) and (III-10) can be written as

X.W. = L (C.-W. + W0 .
W c is i a

21-1

which can be computed with relative ease. By applying the inverse

transformation to these displacements, the real displacements can

be computed.

U P~1 B i01

or W. = [ + LBJ[JW(III-12)

With these deflections computed, equation ( i -1) can be

used to find the reactions, X. and Y. . This completes the

loading pattern on any particular section of the ship so stresses

and bending moments can be found at particular points of interest.

Equation (III-10) is equivalent to the equation of the defor-

mation of an elastic body which is supported by springs and is

acted upon by a set of concentrated loads. These forces and

spring factors are known so the deformations can be computed.

This is a more economical computation if the stiffness of the

longitudinals is much less than the stiffness of the transverses.
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Physically this appears to be

A. L ,then
1 a

a reasonable assumption. If

(L + A.I)1 = 1
i i

L L1- + +

1

(III-13)

Using this, equations (111-9) and (III-10) can be rewritten as

U. 0j L R L T n C. - A.-i 1U .U
nly -i- X f V + 1

V. n=1 L R L T i1 C .- A.~1 9V . 1i V9.
xy yy yl 1 0 . 0i

(111-14)

Now if we let

and

U L
Co- w0i i

n c -n-l

uil = 
ui

(III-15)

(III-16)

Then (111-14) can be written

Ui 
ui 

U0i

.rr

Vi n=1 Vi i vol

(III-17)

The series term in (III-17) will converge rapidly, and gener-

ally only a few terms will be needed. The accuracy in this

approach can be determined by applying the inverse transforma-

tion to the preceding equations.

First we can express the x-component of (111-15) as

Ua = L r (1/X)C$ - U0 /A + L t(1/X)C - v0/A (III-18)xxcV3xyo~Sy3
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But from (111-8)

and

C= =B T PD

xt3 (D3

y = BTP (DY
- Iyg

(III-19)

Now substituting (111-19) , (111-8), (111-12) into (111-18) results

in

Ua = Lxxar p1/2BX- 1 'BP'D
-DX) - )-1 BTP VZAPUJ

(111-20)

+ Lyat 3 p- V2BX1 i[BTPi/2 (Dy - 3 -A(1 BTP ]2APVJ

Then using the relations of (111-6)

U 1 
= L ra1A- D D - U )+ LtJP- 

1A-1 
D(D .~- V a xa a x ~sY 0)(111-21)

Introducing (111-4) and the fact that Ll = L /P , (111-21)
xxca3 xxca3

becomes

U~ =L xA. (DXj -Di - U0 )+L yD - D - (111-22)

A similar procedure can be used to give the following expression

for the y-displacement:

1-x - Y(T

where A.- A

Also as in (111-16)

xxc 3 iji

Vn = i AxU
xyc43 ij J

vxyc 43 ij j

Li A~ Vn-1
yyzf3 ij j

(111-24)
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Using the inverse transformation of (111-12), equation (111-14)

reduces to

U CO~U n U

= + 0(III-25)

V. n=1 V V0

As long as the external loading can be represented by a set of

concentrated forces X., Y. then (111-25) can be written as

Co

U. = L . +u L LZ +U. + z Un + U
1a xxacx 1] xyad 15 a n=2 iO

00 (111-26)

V. = Lii. + L Y. + 9. + vn + V.
1a xyal3 18 yyaa 18 la n_ i1 10iO~ ycX~S yy~3iSn=2

where

U. = - L1  X.+ U0 )- T41 5 Y + T v0 )
ia xxa3 1s 13 Ojl xya 1s 1] 0jl

(III-27)

U. = - L1 X.( +A U0  - L (Y + X v-O)
1a xyoas 1S 13]Oj7 yyat3 is 13 Oj

In examining (111-26), it can be seen that without the third

and fourth terms, it is equivalent to a two dimensional analysis.

In ignoring these terms, an error is introduced into the analysis.

This error increases as the stiffness of the longitudinals increases

relative to that of the transverses. There is in fact a limit at

which the series term in (111-26) is divergent. Unless the condi-

tion of (111-13) is met, the analysis cannot be continued in this

manner. Instead, the direct application of (III-11) is needed to

complete the analysis.



DISCUSSION

Dr. Chang's analysis utilizes several well documented tech-

niques of structural analysis. Each is covered in sufficient

detail in the body of this paper to provide the reader with an

adequate understanding of the problem as a whole. Those who are

not familiar with one or more methods and who desire greater

detail should study the suggested references.

The fundamental analysis tool is the finite element method.

This very versatile technique is undergoing a state of constant

change and improvement. One of the first applications of this

method in the field of Naval Architecture was presented by J. R.

Paulling in 1964. Since that time many investigators have used

finite elements to solve difficult structural problems with much

success. However, as increasingly larger problems were attempted

using this method, the cost became greater and the results less

accurate. The method is very appealing on the surface. It

treats problems of varying complexity and size with equal respect.

It therefore offers the practicing engineer a tool which requires

very little thinking. Such a tool can be very dangerous if used

without understanding and prudence.

The finite element method depends on four factors for accu-

racy. They are discretization, element type, number of elements

and rounding error, and the accuracy of the boundary conditions.

If conforming elements are used, the solution should converge

to the exact solution as the element area approaches zero.

Unfortunately, as the mesh size is decreased the accuracy limi-

tations on the computer itself may result in an accumulation of

round off errors. There always will be a limit where the increase

in rounding error is larger than the decrease in discretization

error. For a small structure, the actual error obtained in using

the finite element method can be made quite small. In a ship,

this limit may be reached when the actual error is still quite

- 21 -
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significant. Then a decrease in mesh size will cause deteriora-

tion in accuracy. Even if this limit has not been reached, the

additional computation time may be uneconomical. One attempt at

skirting this problem has been the use of a large mesh for the

whole structure and then taking the results and applying them as

boundary conditions of a smaller region analyzed with smaller

elements. This procedure can then be repeated as often as neces-

sary until the region of interest is isolated. This process

breaks down however, because the known inaccuracy in the original

whole structure analysis is applied on the smaller region.

Improvements to this procedure are needed whether they be more

highly developed elements or more reliable ways in which to sub-

divide the structure [6,7,10,12,17].

The method proposed by Chang combines the advantages of the

finite element method in the analysis of individual transverse

members and the advantage of grillage theory in the overall

analysis. Chang's basic contribution is the application of coor-

dinate transformation techniques of grillage analysis. This

isolates the transverses of interest and treats them with a simple

two dimensional finite element analysis. There are two basic

grillage techniques available for use. The first, a grillage of

infinite element technique, is usually associated with Wah. The

second, grillage beam on elastic foundations, was revived by

Vedler with the most notable recent developments attributable to

Michelsen, Nielsen, and Chang [5,9,11,20]. The grillage techni-

ques require that the analysis take into consideration the dis-

crete nature of a system of stiffeners. It has been shown that

as long as certain conditions are met the method produces reli-

able results in a very efficient manner.

At various points in Dr. Chang's analysis, beam solutions

are required. Most of these calculations are performed using

the line solution method. The line solution method had its origin

over a hundred years ago in Germany. It was then developed in

Russia and was reintroduced to the West when computers rendered



- 23 -

its full potential useful. In general, the method provides solu-

tions that describe static and dynamic response as well as sta-

bility criteria of structural members for various loading, geome-

try and boundary conditions. It is often called the method of

initial parameters (Krilov, Clebsh, McCauley) and is closely

related to the Laplace transform approach of Nielsen. It is a

simple method which can handle both elementary and advanced

structural response problems. The beauty of the approach lies

in the simplicity which makes it understandable and useable to

anyone with a moderate structural background [13].

Dr. Chang's technique contains no new theory, but rather is

a careful application of existing theories. The general rationale

is that each technique will be used in the area where it is most

accurate and efficient. Unquestionably, a certain amount of skill

must be applied in such a composite approach. The final result,

however, is a design tool that is simple and relatively inexpen-

sive to use. In applying these various techniques to the whole

ship analysis certain justifications must be made. Many of these

assumptions are obvious from the nature of the problem, but others

may not be so apparent. The following paragraphs will clarify

the reasoning behind those assumptions.

The shear forces in the deck and bottom plating are neglected

in comparison to the reactions between the prime longitudinals

and transverses at their intersections. This assumption is based

on the fact that measured results indicate a difference of about

an order of magnitude between the stresses at those locations.

Roberts reported of tests on a 90,000 dwt tanker which gave the

following picture of calculated and measured shear stresses [16].

We can see that the prime longitudinal and transverse inter-

sections have shear forces that are at least on the average an

order of magnitude greater than the average at the deck and

bottom. Similar results were also found by Vasta [19].
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Figure IV-1 Comparison between Measured and Calculated
Shear Stresses in a 90,000 dwt Tanker [161

Excluding the deck and bottom shears simplifies the calcula-

tions and reduces computational time. Such an assumption is bound

to introduce some error in the final results. It appears that

this is a point for future improvement. It seems possible that

a good approximation can be made for applying these shear forces

in the deck and bottom. From Figure IV-l it can be seen that

the deck and bottom shears follow a simple linearly varying

stepped function. Rather than neglecting these forces, they could

be represented by a simple function and applied as loads in the

transverse analysis.

The effect of the torsional rigidity of the longitudinals

has been neglected because the typical member has an open cross

section. It can be shown from the theory of elasticity that such

cross sections have very little torsional stiffness. The longi-

tudinals are not designed nor are they required to exhibit
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torsional stiffness in tankers. The torsional stiffness that is

exhibited by the longitudinals is ignored because the plane

finite elements used do not allow for in plane twisting at the

nodal points. Since the weight of all arguments indicates that

this type of analysis produces satisfactory results, the error

introduced is negligible.

The assumption of similarity of transverses or, at the very

least, proportional stiffness among the transverses is important

because it reduces the computations to a single finite element

analysis of a typical transverse. Then, using proportional

stiffness, the effective spring constants of all transverses

upon each longitudinal can be computed.

For very large ships the relative uniformity of cross sec-

tion should allow one to conclude that at least the web frames

are similar. Since the web frame is usually considered among

the most critical of ship members, it is selected as the typical

transverse.

The -assumption maintains that oil tight and swash bulkheads

have proportional stiffness to the web frames. Thus it is said

that the influence coefficients of one transverse are directly

proportional to those of any other transverse.

One can derive the relative stiffness factor by comparing

deflections of two transverses when each is acted on by a unit

load applied as shown at a .

The proportional stiffness factor is

db

b d

where b , w represent the bulkhead the .-eb frame and d is

deflectica. The experiments of Roberts [16] show that both

types of transverses can be treated as shear beams with little
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Figure IV-2 Sample Transverse Showing Model
for Obtaining Influence Coefficients [4]

bending deflection.

db= x dw= x(IV-2)
a GAb' a GA

where G , A are the shear modulus and shear area. Simple sub-

stitution reduces (IV-l) to

Ab
p- A (IV-3)

w

which is an approximate solution. The question of applying this

same factor to other positions on the transverse, as for example

at 3 , should be examined. It might be expected that this is

a large source of error. That, however, is not the case. Dr.

Chang shows that for a large tanker, an error in stiffness factor

of 100% will produce an error of less than 1% in the results.

He deliberately increased the stiffness factor by 100% for the

oil tight bulkheads. The resultant changes in boundary forces

were different by less than 0.5%. The results of this analysis

are shown in table IV-l.
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Forces in kg's

Longitudinal P = 5.6 P = 11.2

1

2

3

4

5

6

7

8

9

10

12

13

14

15

16

17

18

19

102,000

70,180

70,200

105,300

140,200

105,200

70,070

70,200

70,060

105,100

-80,600

-53,740

-107,500

-161,100

-107,500

-53,810

-53,860

-53,630

102,100

70,210

70,140

105,100

140,100

105,300

70,150

70,180

70,090

105,100

-80,510

-53,800

-107,300

-160,000

-107,500

-53,700

-53,850

-53,750

P = Stiffness Factor

Table IV-1 The Dominant Boundary Forces on Web Frame 127 Due
to Two Different Stiffness Factors [P] for the
Oil-Tight Bulkheads. [4]
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The reason for this somewhat surprising result comes from

simple beam theory. Consider a single longitudinal represented

by a simply supported beam. Let that beam be acted upon by some

loading function, q(x) , and a linear spring with stiffness k

attached at the mid-point of the beam.

q (x)

k

A

Figure IV-3

The deflection, d , can be computed at some arbitrary point,

A . If the spring stiffness, k , is allowed to vary, then dA

can be written as a function of k . The results for a simple

example are plotted below.

dAd
- - - - - - - -f - - - - - d

3d
A

Figure IV-4
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This shows that for some value of k , say k* , the deflection,

dA (k) , will approach d* , the deflection for k=o . Thus for

any k greater than k* , dA(k) ~ d* (a constant).

It is obvious, then, that for a sufficiently rigid trans-

verse, an error in computing the apparent spring factor of that

member will induce a negligible error in the shear force between

that transverse and the longitudinal. It is physically apparent

that the prime transverses of a ship are very rigid. This has

been verified by Chang's results.

Dr. Chang assumes that the load transfer pattern for the

transverse analysis is that which is normally used in a grillage

analysis. The uniform load is borne by the stiffeners which in

turn transfer it as concentrated loads to the girders. In longi-

tudinally framed ships, the longitudinals are the stiffeners in

the three dimensional grillage. Then the uniform load on the

plates is transfered to the longitudinals which in turn apply

it as concentrated loads on the transverses. This assumption has

long been recognized in theoretical naval architecture [15,20].

The technique, as presently coded for computer use, does

not take into account the twisting of the entire hull due to

unsymmetrical loads. This limits the use of the existing program

to tankers and vessels of similar cross section which do not

exhibit large openings in the deck. From basic elasticity we

know that closed section thin wall members have great torsional

rigidity in comparison to open section members of about the same

configuration.

In tankers the hull forms a closed section and it is assumed

that even unsymmetrical loads will produce very little twist.

This assumption is not valid for container ships and ore carriers,

indeed for any vessel with large deck or side openings that

result in an open cross section in the hull. Of course, as long

as loads are symmetrical, the existing code can easily handle

the analysis for such vessels.
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The theory as presented can be utilized in a partial analysis

of the hull. Such an analysis offers several advantages: the

greatest structural interest is centered on the mid-body; the

smaller section of interest reduces input data and computation

time; and, finally, the results should be accurate enough for

design purposes.

The question of accuracy would seem to involve three signi-

ficant parameters, which are load distribution, geometry of the

structure, and the section being studied. The relationships of

these parameters will be examined in order.

The load distribution is important because in a structure

composed of a finite number of discrete elements certain condi-

tions occur. The external loads are apportioned among the various

elements in such a way that equilibrium and compatibility are

satisfied throughout the structure. The stiffer elements or sub-

structures will share more of the load than the weaker members.

The actual sharing proportion within the structure or even the

terminal forces on each element are difficult to resolve without

a complete analysis of the whole structure. However, certain

types of loadings may be determined with reasonable accuracy.

Dr. Chang has considered two such special loads.

First, consider the ship-like composite box girder with

equally spaced and identical transverses.

Figure IV-5 Uniform Ship-TLike Girder Subjected to
Uniform Load
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If this structure is subjected to a uniform self-balanced exter-

nal load, then each transverse will share the same amount of

load independently of the longitudinal stiffness. This loading

will reduce the problem to the point where the conventional two-

dimensional analysis will yield the same results as the three

dimensional analysis for the same hull girder.

The second case is for a non-uniform, periodic load. Then

the load-sharing will occur only within the several transverses.

Figure IV-6 Uniform Ship-Like Girder Subjected to

Periodic Load

The parameter of structure geometry can be useful if certain

conditions are met. The transverses of the box girder must be

of proportional stiffness and must be arranged in the same regular

pattern. The load distribution must also follow this pattern

for a partial analysis to be successful.

Most ships are designed with the proportional stiffness and

geometric conditions satisfied. One cannot restrict loads to this

extent, so it must be anticipated that loads which depart from

the regular pattern must induce error.

In. order to assess the magnitude of this error, Dr. Chang

returns to the longitudinal strength formulation (Chapter II).

The deflection of the hull can be obtained from a grillage

analysis. This deflection results in the rigid body motion of
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the transverses.

V . = AY.Y. (IV-4)
01 1J J

where Ay. are the influence coefficients of the prime longi-
JJ

tudinals treated as simple beams, and Y. is the difference in
J

shear force at the j-th transverse. Now, noting that the ship

hull has the same length and same fixed conditions as a prime

longitudinal, it seems reasonable that the Ay. can be approxi-
JJ

mated as a scalar proportion of the hull influence coefficients

(a..)
1J

Ay. = a../F (IV-5)
1J 1J

Returning to equation 111-26 in the transverse analysis, the last

term will result in

.. y V .i(IV-6)1] oJ F

where a. . = a.. -1 . A similar result for the horizontal plane
1J 1J

follows:

a.. V =-- (IV-7)
1J oj G

In examining the left hand side of these expressions, it can

be seen that neither the length of the portion nor the fixed

conditions of the longitudinals is present. It can be concluded

that a partial analysis of the ship will result in the same first

two terms in equations (111-26) and (111-27). The third term is

almost the same as for the global analysis. The only significant

difference occurs in the last term. If equation (111-24) is

examined, the series represents the coupling effects of the trans-

verse deformations. In a global analysis, all of the transverses

are considered and all their coupling effects are accounted for.

In a partial analysis, only those transverses within that section
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are considered. If the load distribution meets the aforementioned

criteria, then the coupling will not include all transverses in

any case. The case of identical transverses and uniform loads

will result in all terms being negligible except the first two.

It will reduce to the conventional two dimensional analysis.

This analysis and the computer code based on it have neglec-

ted the coupling effects of the sections of the structure not

included in the partial analysis. The error induced by this

omission will increase with the stiffness of the longitudinals.

Dr. Chang believes that this error is probably less significant

than conducting a full analysis which will introduce greater

round-off error because of the increased degrees of freedom. In

the total three dimensional finite element analysis, the error

due to discretization by using a coarse mesh can also be signi-

ficant.



RECOMMENDATIONS

The theory as presented thus far has been incorporated into

a set of computer codes originally developed by Dr. Chang and

more recently modified by the authors to permit usage on the

Michigan Terminal System. There are limitations on the program

as presented. The following should clarify these limitations

and offer some possible future improvements.

The torsion and horizontal bending of the hull have been

neglected. This limits the analysis to vessels with substantial

horizontal and torsional stiffness for the hull. Torsional

stiffness might be considered adequate for tankers and similar

vessels of closed cross section and torsion might be ignored.

Horizontal bending is another matter, since the response of the

hull to horizontal loading seems to be approximately proportional

to the vertical response for the same load. The proportional

factor would be the ratio of the respective moments of inertia.

In horizontal bending, only unsymmetric loads can introduce an

effective horizontal load. Since stability questions arise from

very unsymmetric loading, it appears that horizontal bending

can be ignored in still water calculations.

The desirability of including both effects arises when

considering dynamic loading. It is the dynamic problem that

should generate the greatest interest. There have been several

recent advances in ship motions and sea loads. The marriage of

a good computer analysis in that field with the structural analy-

sis is a natural one and should be ardently pursued. Dr. Chang

has considered the horizontal bending and torsion problems and

has proposed an extension to the existing program.

The basic assumption is that any deformation in the ship's

structure is small enough to allow independent calculation of

the stresses due to vertical bending, horizontal bending and

- 34 -
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twisting. The method of calculating the horizontal bending is

similar to the prior treatment of the vertical bending. The

change is in the loads applied to obtain the results. In the

vertical bending problem, only vertical loads were considered.

Now the same calculation is repeated using the horizontal

loading condition. The resulting stresses are then added to

those obtained in the vertical bending calculations.

In order to analyze the twisting problem the hull is modeled

as an open thin wall beam with braces as shown in Figure V-l.

Figure V-1 Ship-Like Model for Torsion Effects Showing
the Longitudinal Stresses of Interest at
Deck Openings

The assumption is made that the cross section between the

braces is constant. The line solution method is then applied.

The transfer matrix between the state variables between two

stations without loads is
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L Ll2 Ll3 L1

MB

MT

1

0

0

0

0

L31

L 4 1

L32 L33 L34

L42 L43 L44

0 0 0

MB

MT

1

(V-i)

0 lji. i

or S. = L.S.
1 1

where

= the twisting angle

$ = the derivative of the twisting angle

MB = the bending moment

MT = the twisting moment

L.. (i = 1,4; j = 1,4) are given in table IV-2.

R2 = C /C

C = the torsional rigidity

C = the warping rigidity

Table IV-2 - The Transfer Matrix (Lj

sins x-a) (1-cos3 (x-a.i) - (x-a. ± sine (x-a.)

1 - -l
2

)wsins (x-a.) l-cos (x-a.)

( cosQ x-ai) C 2
w C 6

(- 3)'sink x-ai

-0 C sin0 x-a.1cosQx-a.

0 0 01



- 37 -

The transfer matrix for a concentrated twisting moment, MT , is

1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 -MT

0 0 0 0 1

The global matrix L is formed in the standard way [13] as

S =+LL ... L S
n+l nn-l 0 0

or Sn+1 = LSO

where L = LnL ... L (V-2)
n n-l 0

If the effects of the braces are treated as redundant and if Z.
J

is the total shear force across the middle section of the i-th

brace, as shown in Figure V-l, then Z. can be computed as
J

follows:

-d.
Z. = 1 (V-3)

where d. = the deformation at the i-th brace due to external

1 loads

6.. = Dirac delta function = 1 if i = j or 0 if i /4j
1J

aX.. = deformation at the i-th cutout due to unit load at
lJ j-th cutout

Q. = deformation at the j-th cutout due to deformation

of the j-th brace.

.. and d. can be computed using the line solution method by

treating the ship hull as a thin wall beam without using braces.

B. can be found using shear beam theory. Thus equation V-3
J

can be solved directly for Z. . Now applying the line solution
J
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method with Z. known, the real deformations and stresses on
J

the hull can be determined. Again, due to the basic assumption

of superposition, these stresses can be added to those for verti-

cal and horizontal bending. Since it is a known fact that

stress concentrations occur at the hatch corners, they should

probably be analyzed by the finite element method using the known

stress distribution for boundary conditions.

The effect of including the stresses due to horizontal bend-

ing and. twisting will vary depending on the problem conditions.

The principal factors would appear to be the magnitude of unsym-

metrical loads, the relative dimensions of the openings to the

hull dimensions, and the design of the cross braces.

In- any program which is to be used as a design tool, data

preparation is an important consideration. The user must expend

a certain amount of effort due to the complexity of the problem,

but this should be reduced wherever possible to minimize error.

The input data preparation required for the use of the existing

program is somewhat tedious. Automatic data generation routines

could overcome this inconvenience. This is essentially a program-

ming problem. Any changes made here should be considered as

part of interfacing this program with a sea loads program. The

other inputs to the program are very straight forward and could

be made directly from a blueprint. The program graphically

depicts much of the structural input so that errors are pictori-

ally obvious. The authors included one small change in the

Michigan version which allows the program to be stopped after

all input and after the eigenvalues have been determined. This

enables the batch user to stop the program and check the data

input. At the same time he can check the eigenvalues and deter-

mine how many should be used to attain the desired level of accu-

racy. This can be done at very low cost. When all the input

errors are eliminated the code is changed and the program may

be run to completion.
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The efficiency of a program is determined by the type of

machine the investigator is utilizing. The existing program of

Dr. Chang is most efficient on computers with limited storage

capacity. The running time on the Univac 1108 was about six

minutes for the example used. The finite element routine used

was developed by Paulling for an IBM 7094. The limited storage

capacity of smaller computers necessitates temporary storage of

intermediate data on some device in order to insure adequate

core storage for computations. The original version is thus

entirely satisfactory for limited storage computers.

The features of data removal and replacement within the

program are time consuming and unnecessary for large machines

such as the IBM 360/67. The authors modified the finite element

routine extensively as far as data manipulation is concerned and

were successful in cutting CPU time for this section in half for

a small test case. This test run was a simple cantilever beam

problem which was modelled using 33 nodes or 66 degrees of free-

dom and 30 quadrilateral elements. The analysis time after modi-

fications was 43 seconds CPU time. In our experience this does

not compare favorably with existing finite element method routines

developed specifically for the Michigan Terminal System. The

authors ran a similar plane problem having 72 nodes or 144 degrees

of freedom with 105 triangular elements in 7.1 seconds of CPU time

using such a program. It is our strong belief that adapting the

analysis around a Michigan Department of Naval Architecture finite

element routine would greatly reduce analysis time over all.

Since the evidence indicates that the transverse analysis can

be handled as a two dimensional problem there is no need to

incorporate three dimensional elements. Perhaps the best combina-

tion would be two dimensional isoparametric elements and pin

ended bars to represent plating and flanges. In order to appre-

ciate the extent to which the finite element analysis dominates

the computation time, consider that our experience shows it to

be 90% of the total analysis time. Any improvement in efficiency

of this section will substantially affect the total analysis.
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Time has prevented the authors from initiating more changes them-

selves. A small test data set and results which can be run at

minimal cost has been developed to encourage such a change,

however.

The problems of unsymmetric loading in regard to horizontal

bending and torsion have been discussed. In the case of vertical

bending, the present program can handle unsymmetric loading as

the sum of a symmetric and an antisymmetric system. Automatic

data generation routines previously recommended should include

computer breakdown of the unsymmetric loads into the two systems.

It has been assumed that the shear forces on the deck and

bottom at each transverse are negligible in comparison with

those in the longitudinal bulkhead and side shell. For program-

ming purposes the shears on the prime longitudinals have been

evenly distributed. This assumption is based on the findings

of Roberts [16]. Examining Roberts' test example and the full

scale tests reported by Vasta [19], both of these assumptions

appear to be somewhat questionable. In fact these are the only

assumptions of Dr. Chang which the authors believe are not well

supported by current understanding of the problem. Dr. Chang

himself admitted in commenting on results of his test analysis

of a certain large tanker that the second assumption probably

produced some error. On examining the full scale results of both

Vasta and Roberts the authors believe that both shear conditions

can be handled by a simple linear loading function. This func-

tion could be determined empirically from the existing full scale

test results. Then the reactions between the transverses and the

prime longitudinals could be distributed in a more realistic

manner. There is essentially nothing wrong with the present

approach except that some other linear distributions may result

in better answers. This would be an easy step to accomplish

and would not alter the analysis time appreciably.
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The reduction of most problems to a partial analysis as

presented by Dr. Chang and outlined in Chapter IV, seems reason-

able for the present time. The authors believe that once again

the potential user must be cautioned to weigh the restrictions

this method implies. The error caused by this type of analysis

will be negligible only if the coupling effects caused by the

excluded structure are negligible. The parameters which affect

this error have already been discussed. They are load distribu-

tion, structure geometry, and the section to be analysed. The

geometric parameter should in general be satisfied for large

tankers and other bulk carriers over a considerable portion of

the mid-body. If one considers the entire ship, the bow and

stern coupling effects would appear to be minimal. This would

not be the case if analysis were limited to a small section of

the parallel mid-body. In this example, the potential error

will be introduced by the types of loadings in the excluded

section. This difficulty would appear to increase when consi-

dering a dynamic analysis. The sea loads even at the bow and

stern sections might be significant under certain conditions.

Some means must be provided for including the coupling effects

of the excluded sections in such a problem.

As a final recommendation for future study, these coupling

effects must be examined and a means provided for entering them

into the analysis. Dr. Chang offers some very convincing argu-

ments as to why the partial analysis is preferable to the full

ship analysis. There must exist a practical point at which his

arguments are no longer valid. At this point the round-off and

discretization errors may indeed be less than the partial error

due to excluded coupling effects. Economic considerations weigh

heavily for this partial analysis, but the user must have an idea

of the error magnitude acquired by such an economic measure.

The authors favor an approach to the problem that will retain

the basic economy of the partial analysis, without excluding any

significant coupling effects. Perhaps a quasi-empirical approach
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for determining these effects, and then applying them as end

conditions for the partial analysis would offer the greatest

potential. Such an approach would admittedly contain error,

but, like the deck shear function previously suggested, it would

hopefully reduce the error incured by completely ignoring the

effect. It seems reasonable to anticipate that not all of the

coupling effects will prove significant. However, only further

study can reveal the important ones.



SUMMARY AND CONCLUSION

The scope of this project as stated in our prospectus was

two fold. The first objective was to produce a useable Michigan

Terminal System version of the subject set of computer programs,

and a user's guide was to be written for future utilization of

the program. This objective has been accomplished. A direct

comparison was made with the results of a full scale problem used

by Dr. Chang to support his program. This comparison showed that

the Michigan Terminal System version performs the same analysis

as the original. The second objective was to make a search of

related literature in order to obtain an understanding of the

assumptions made and of the restrictions they impose on future

uses of the program. The second objective has been accomplished

and the remainder of this section is devoted to the authors

findings in this area.

In conducting the' literature search, it became apparent that

most of the meaningful investigations of ships structures have

occured within the last decade. In discussing the work of Vasta

in 1958, St. Denis commented about the progress of structural

analysis. He notes, "... one may well ask what new ideas have

been introduced in ship structures during the past 25 years. The

list is hardly impressive" [19]. That was a rather sweeping

indictment of structures research prior to that time, but since

then several important advances have been made. The most signi-

ficant advance was the introduction of high speed computers.

This encouraged the study of complex problems which had previously

been avoided. The computer age soon produced results through

three very important techniques which Dr. Chang has adopted for

his work. These are the finite element, grillage, and line

solution methods. During that decade the basic ship structure

problem was studied in detail. Most of the basic assumptions

used in this paper became popular and gained support within that

period. These assumptions are discussed in Chapter IV. Some of

- 43 -
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them restrict the use of the program to certain classes of ships

and loading conditions.

There is one assumption which the authors believed was not

fully supported. This assumption neglected the shear forces in

the deck and bottom when compared with those in the prime longi-

tudinals. This conclusion is not well supported, but is an

assumption of convenience rather than necessity. The authors

have suggested a program modification to handle this problem.

On the basis of their study, the authors believe that the

concept is sound and workable. The restrictions introduced by

certain of the assumptions must be observed. For most of these

restrictions an alternate approach has been discussed in Chapter

V, but additional computer coding will be needed to implement

these extensions.

The potential of this technique is fantastic because the

cost of an analysis can be made low enough to permit its use as

a design tool. As it is presently coded, the analysis of a load-

ing condition on a typical large tanker required 6 minutes of

CPU time on a Univac 1108 and 23 minutes CPU time on an IBM 360/67,

a medium speed computer. The principal cost area in the IBM

360/67 run is the finite element analysis of the transverse. This

portion requires about 90% of the total time.

In summary, the concepts advanced by Dr. Chang are essen-

tially sound and supported by current evidence. Because of its

low cost his program has great potential as a design aid in the

structural analysis of several types of ships. Certain changes

in programming could be made to adapt the program to various com-

puters. This would increase the efficiency for a given system.

The data generation routines could be improved to reduce the pre-

paration time; at present data preparation while not difficult

is time consumming. The automatic generation of data will

increase the value of the program as a design tool with a small

cost penalty.
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In order to increase confidence in the method, a limited

number of additional studies of problems with known results should

be made. This would serve to confirm the basic assumptions which

investigators other than Dr. Chang have made concerning the

analysis of this type of ship structure. Most of these assump-

tions were advanced during the past decade. As a result, those

years were most fertile for ship structural analysis. If the

next decade is to be as successful, the practicing naval archi-

tect must be willing to accept and use these new ideas.
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APPENDIX A: RESULTS

The following sketch of a transverse web frame contains full

scale results as well as results from the computer programs con-

tained in this paper. Strain gage data from both sides of this

plate are plotted. While this is not offered as absolute proof

of the method, it does show that good correlation can be made

using this method.
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APPENDIX B: COMPUTER PROGRAMS

Two computer programs are included here: one for longitudinal

strength, one for transverse strength. Included with these pro-

grams are lists of input and output data for a test problem to

be used with both programs.
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CC CCCCCCCCC cCCCCCCC CC CCCCCCCCCC CC
C C V.CC

C LONGITUDINAL STRENGTH ANALYSISC

C

C WR I TTEN BY PIN YLJ CHANG

C ADAPTED FOR MTS RAY
CE. A. CHAZAL

C J. M. PAYNE

C 1HIS PROGRAM ANALIZES THE SHIP STRUCTURE LOINGI TUU:}IvALLY Dj-"LEi)S

C A GRILLAGE. FOR MORE D)ETAILED. INFOlRMATION, THE USER IS ' F P2 I)

C THE USER'S GUIDE FOR THIS PROGRAM ANF) THE PRO)FFESS IORA_ THESIS ~
C BY CHAZAL AND PAYNE, APRIL 1971.

CALL LF)NGAL
S1 OP
END)

SIIBROI.1INE LOI\GAL

C
C PRIMARY LONGITUDINAL STRENlGTH ROUITINE

C
DIMENSION A(3,2),YI(3,2),0(5D,2).f\H(5D,5D) E(,)

DIMENSION IND( 50,3) ,JD(50) ,T( SD) (5iD)
DIMENSION YP(50) ,YC(5D) ,D(5D)

DIMENSION DY (50, 2),LC)(50)
DIMENSION flAP (50,50)
DOUBLE PRECISION D)AP
REA(5, 150) NPROK,M1JT

C PROBLEM NUMBER , NUMBlER (IF TRAN\.SVFRSES
READ( 5,152) ( JD( I) , =1 ,MT)

READ (5, 151)AI,AJ,XI,XJ,E,GII ,7_ FI

READ (5,151 )Y1,Y2,SMI,SMM2,SN1,SN2
C A lAUs. . . . .EB AREA OF THE SHELLS AND THF LIi'\NC I TM )lN L L 1-IJ)LKH{TAI)S

C XI,XJ.....MOMENT OF INERTIA OF THE SHELLS VK)fl ILKHE.AL)S
C ZLFN..... LENGTH OF THE HO)LDS

C Y1 ,Y2. * *.WiIIDTH OF THE WrING AND CEN\TRAL T;A'KS
C SMI , S\Ni . .. .. SECT I ON NiODUIL I OF SHEL.L AT DECKAi)-T

Cn5M2 nSNfI * *!*n SEC I N (MO11I T fll"'O F 1 11%LKHV{ri. 1 r rdfI'C . i\Vi) L.IT T I1

C NFORM LOlADS (IE THE TRANSVERSES
SR ITE (6,100) !NPRO"B

WRIlE (6,101)
WRITE (6.p99) 7 LFN,EF, GNU, Yl, Y?



2

WRIfh (6,102)
WRITE- (6,99) AI,AJ,XI,XJ

WRI TE( 6,106)
WR I TE( 6,99) SM , SNJ., Sf12, SN2
WRITE( 6,227)
WRIT E(6,99) ( (A(I,J), I I,3),J=1,2)
WRITE (6,104) ( (YI (I ,J) , I=1,3) , J=1.,2 )

WRITE (6,105)
DO 1Ii=1, my

1WRITE (6,99) (0(I,J),J=1,2)
1WRI TE( 6,155) ( JD( I).=,fI
SP= ZLEN/MY

DO 3 I=1,MT
X= I*SP

DO 2 J=1,2
DY( I,J)=0.

DO 2 K=1, MY

M=K-1
IF (LO(K).EO.O) GO If.) 2

X1= M*SP
X2= K> SP

C=X2-Xi
X D =Z L FN -X1/2 .-- X 2 /2.

XW=0( K;,3
XW=XW/E

R.1 = X W X FD/ Z L F N
ADD=8R. R 1,<( X'X- ZL F 1\2) X

ADD=AOO.+XW'*X= ( . XD*3-2 * -X2_C(',C + C 3)!/7 _FN

I F,(X.(GI. X2) GO TO 222
AD)D=AO.)D+XW'X =2. * CC

I F (X. LT. X1) GO TO 223
ADD=ADDO-2. 4XW* %(X- Xl) r*4/C

GO 10n 223
222 ADD=ADD--R. *X14X- XX1 / 2.--X2 /2. ) = >3+X (2 2rC-3
223 DY( I ,J ) =[)Y( I ,J )-AOD)/48.

2 CONTIr\UF
DO 39 J =1 ,MT

IF (I.GT.J) GO TO 224
K= Z L N-J SP

GO 10) 39
224 AF (1,J) =AE (, I )

39 CONTINUE
3 CONTINUE

WRITE (6, 156)
DO 10 I=1,MT

X=FLOAT( I )=t. P
00[)10 3=1,MT
IF 1.GT.3:) ( TO 9



3

Bl Z L ENJ*SP
AC=.X*B/E*( ZLEN**2-'*B--X*X) /ZLEN/h.
AD=X*B/ZLEN/E*2 *( 1.+GNU)
AF( I,J)=AC/XI+AD/AI
AE( I,3)=AC/XJ+4AD/AJ

GO TO10
9 AF,(I,J)=AF(J,1)

AE(I,1)-=AE(J,1
10 CONTINUtE

DO 20 I=1, MT

I3=JD( I
Al=-A( 13, 1)
A2=A( 13,2 )
[1=YI( 13,1l)
32=YI (13,2)
01=O( 1, 1) /Y1
02=D( I,2)/Y2
CALL DECO(B1,B2,A1,A2,Y1,Y2,fl1,0-2,XK,XF), 1)
D(I)=XD

WRITE (6,99) D(I ),XK
D O 18 3=1,Uf,!T

AE(I,J)=AE(I,J)+AF(I,J)
IF (I.nI E.J) GO TO 12R
AE (1,3)=AE (1,3)+XK

18 COnNII NUt1E

DO 19 J 3=i1T
19 D( I)=D (I) +AF (I ,J3) (0 (J3, 1)0( 3, 2)
20 'CON TINU!E

WR I TE (6,157)
tWRITE (6,99) (D (K) ,K=1, MT )

C MINStJB IS DOUBLE PRECISION MATRIX T= I\'Ef=R1N
CALL MINSUB1 (AE,DnAP,fVMT,1DE )
I F (DE. EO.0.) GO TO 225
GO TO 30

225 W R IlE (6,21)

STOP
30 WRITE (6,33) (K,K=1,2)

DO 40 I=1,MT
R( I)=fl.

DO 35 J=1 ,MT
35 R (I)=R(I) ±AE (I, 3)*0(3)

T( I) =C) (I,1I) +0(1 ,2 )-R(I )

WRITE(7,103) T( I) ,R( I )
4fn WRI TE (6,46) I, T(I) , (I)
46, FORMAJ (Ti15,2E165)

3= I -I
XM=XM-T ()

XN=XN-R(3 )
YB (I) =YB (3) XM *5P



4 -

SB YB( I )/SMI

SD=YPI( I ) /'SNl
YC(I)=YC(J)+XN'*SP

SC=YC (I) /SM2
SE=YC( I )/5N2
WRITE (6,64) I,YB( I),SB,SD,YC('I),SC,SE

60 CONTINUE
R ETURN

21 FORMAI (//25H MATRIX SINGULARII
33 FORMAT (//32H REACTIONS AT THE INTERSECTIONS 211011)
62 EORMAB(//28H' BENDING MOMENT AND STRFSSFS Iif, 2U,// )

64 FORMAT(14, 6E15.4 )
65 FORMAT7( 12X, 'M SHELt DECK STRESS GO TTOP iSTREFSS 'vWPIJLKHF\

1. DECK STRESS B~OTTOM STRESS',//)
99 FOPMA1(7E15.4) )

100 FORMAT(//1, 'INPUTS FOR THE LONGITUDINAL STRENGTH: PROR!LEN f'iiPF

+15,//)
101 FORMAT (//40H LENGTH EGN AND THE WI[DTH OOF THE 1 ANKS 1/ )

102 FORMAT(/ /4OH AREAS AND I OF THE LONG KHDS SHELLSI!
103 FORM.AT(2E15.5)
104 FORMAT(//37.H MOMENT OF INEIRTIA OF THE TPAlNS/ERPSES //hFl5.4)

105 FORMAT (//34H UNIFORM LOADS OF THE HOLDOS/)
100 FORMAli(//57H SECTION MODULI OF SHELL A\O FqJLKHFAI) ,X51'DI=CK FP1Tl

+ //)
150 EORMA12I3)
151 FORMAT( 7E10.5 )

15? EORMA1(5OI1)
154 EORMAT( 2F1.0.5, 13 )

156 FORMAT(/ 75H DEFLFCTIONS AND INFLUJENCE CO)FFICIE TS I f SIHELY (C,~,I, 
ULHED I

157 FORMAT (II 31H DEFLECT IONS OF LON(;. HBLKHEAD 1/
22?A FORMAT (/ /35H UN IFORM LOADS OF THE TR.AfNS\/ER SFS 1/

227 FORMAT( //25H AREAS OF THE TRANSVERSES/1
END

SUBROUTIfNE DECO( XJ,YI ,Ail,A2,A,COiD2?,XK,XO)
C DETIRMINES DEELECTIONS OF SIMPLY SO!PPOP1FIB O(i111~L

C THIS IS FOR THE LONGITUDINAL STRESSES (') SHIPS.

C FETIRi AINFS INFLUENCE COPE. XK
6 1(1,5)=U.

Ti1(2.,5 )=O.
T1(3,5)=O.
Ti (4,5) =-i.
T2(1i,5)=O.

T2 (2,5 )=0.



T2 (3, l)=0.

T2(4,5h0=.
CALL MULT (T,T2,TI,5)

N=N+1
GO TO 1

3 XK=X
RE iliRN

F ND

SIBRO(lINE MINSU)B (AA,A,N,)D)
C MINSLJf3 IS DOUIBLE PRECISION MATRIX INVERSION

DIMENS ION AA (50,50) ,LL (50) ,M (50) ,A (N1, N)

DOUBLE PRECISION A90
C MHIS LOOP SCALES THE MATRIX TO APPROXIMATELY ONE (1)

L=O
10 !L-L+1

AHOW=AA( L, L).
SCALE=ABS ( AHOWN )

IF(SCALE.EO.t0.) GO TO 10
DO 5 I=1,N
DOn 5 J=1,N

5 A(I,J)=AA(I,J!)/SCALE
CALL MINV (A,N,D,LL,Mv)

C THIS LOOlP REMOVES SCALING FACTOR
DO 6 I=1,N.
DO 6 J=1,N

6 AA(I,J)= A(I,J)/SCALE
DO =0)
WARITE (6,30) DD.,SCALF

30 FORMAT(//,'MATRIX INVERSION - DETERMv1NANT I S' ,F15. , /,' SCAV.(;F

1ITOR IS' , E15.5, // )

RETURN
END

SUIBROUIINE MIN\/( A,N,D,L ,M)

C

C SUROUtTINE MINV

C 0 RE SU.LTANT DETERM"INANT
C -WORK VECTOR O7F LENGTH N

C M - WORK \/ECTOrR (OF LELNGT:H N



4

C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
C
C
C

C
C

C
C
C
C
C
C;
C
C
C
C

C

REMfAAR KS
MATRIX A MUST BE A GENERAL MATRIX

SUBROUTINES AND FUNCTION SUBPROGRAM1S R EQUJI RE!D
NONE

ME1HOD
THE STANDAR[) GAUSS-JORDAN METHOF) IS USED. ,,THE DETEROMIN=,\r\iT
IS ALSO CALCULATED. A DETERM~INANT OF ZERO INDICATES THAT

THE MATRIX I S SINGULAR.

DIMENSION A(l1) , L (1) ,M(1 )

I F A DOUBLE PRECISION VERSION OF THIS ROUTINE I S FES I R ED, TOE

C IN COLUMN I SHOULD RE REMOD\/ FROM THE DOIJ KLLRHEiC I S l Ur
STATEMENT WHICH FOLLOWS.

DOUBLE PRECISION A, D, BIGA, HOLD

THE C MUST ALSO BE REMOVED FROM Oi )((I LF PR E(IS I Ujw ST ATFi'iFT S
APPEARING IN OTHER ROUTINES USFI)T IN CCi'INJWCT I (.N I TH THIS
RGIJ TI NE.

THE DOUBLE PREC I S I ON VERS I (OH\ OF TOHIS StJHRrFH IT I N[: MUST A\j_
CONTAIN DOUBLE PRECI1S1ON FORTRAN LI I)NCTJIONS. a 'SH1 NSTIATI 'fE l
10 MUST BE CHANGED TO DAFBS.

"!"a " a "" "" a " " a " a a 0. . . . .5"0sa"o 5o s aa aa 0555 e a ae" ew

SEARCH FOR LARGEST ELEMENT

0=1l. 0
N1K =--N

DO 80 K=1,N
N K =N K+N
L (K )=K
M (K) =K

K K =N K+K
BIGA=A(KK<)
DO 20 J=K,N

17= N= (J -1)
DO 20 I =K, N
I J= I + I

10 IF(DABS(BIGA)-DABS(A(IJ)))

15 RIGA=A(IJ)
L_( K) =I
M (K )= J

20 CONTINU1E

15, 20.2()

INTERCHANGE ROWS

.J=L(K)
IF(J)-K) 35,35,25

25 KI=K--N
DOi 30 I=1 ,N
K I= K I +N



7
H0L0om-A (KI)

JI='K I -K+J
A(KI )=A(JI )

30 A( J-I) =HALD

C INTERCHANGE COLUMNS

35 I=M(K.)
IF(I.-K) 45.,45,38

38 J P=N* ( I - I.)
DO 40 J=1,N

JK=NK+J

HOLD=-A( 3K )
A(JK)=A(JI)

40.A (J I) =HOLD

C DIVIDE COLUMN BY MINUS PIVOT (VALUE OF P I\/()T FLLMvFNNT I S

C CONl.AIN~F) IN RIGA)

C
45 IF(BIGA) 48,46,48
46 D=n.0

R ETURN
4R 0O 55 I=1,N

IF(I-K) 50,55,50
50 Il<=NK+I

!( IK)=A(IK.)/(--RIGA)
55 CONTINUE

C R FDU.CE MATRIX

nfl 65 1=1,

I K = NK+ I
HOLD=A( 1K )
13I= I--N
on65 J=_, N
IJ=IJ+N
IF(I-K) 6n,65,60

60 T F (J-K) 62,65,62
62 KJ=TJ-1+K

A (I1)=HOLD A (KJ )+A (13

65 CONTINUE

C ) DIIDEROW .WBY PIVO'T
C.

CREPLACE PI VOT RY RECI PROCAL

A(KK) =1.O/BICA
P0 CON TIN\IIJ



'CFINIAL ROW ANI) COLUMN INTERCHANGE

100 K (K-1)
I F(K') 150,150,105

105 ILK)
I F( I-K) 120,120,108

108 J0=N*(K-1)
,R=N*( I1 )

DO 110 J=1, N
KJ0+J

HOF=A(JK)
JI=JR+J
A(JK)=--A(JI )

110 A (J I) =HOL D
120 J=M(K)

IF (J3-K) 100,100,125
125 KI =K-- N

Do 130 I =1,NP I

HOLD =A(KTI)
JI=KI--K+~J
A( KI)=-A (31)

130 A(JI) =HOLD
GO TO.10 0

150 RETURN
END

SIIBRROIITINE MULT (0D, B ,C ,, )
DIMENSION K(Wi '),C(M ,M) .D(M, ')

on 1I=1,M
DO 1 3=1, M

D( I,J)=O.
DO 11 K=1.M

11 0(1,3 )=D( 1,3)+B( I, K)==C(K, 3)
1 CONTINUE

R E TU R N
END

1i1,4) -= *3/6 /ET
T( 15)=O*A),*_4/24. /F I
F-30(00000.
(=E/2./}1.3
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//

$COPY *SOURCE* -F
$RUN -LOAD#+'-F MAP

r* i .y " "i*r3 .3 . "3""0f* " " " . 1* " . " f*3S*"**1*1*3 5** " **i "" " 033 000f *0

ENTRY 500608 SIZE 010E86

NAME VALUE T RF N AM1E VALUE T RF NAME VALUE T RF

G ETS PAC E
MTS#
P 01 NT

S PUNCH *
WRITE#
MAIN
TM

R EWIND#
F C VZO
FCVIO
F IOCS #

2140AE*
21C128*
21F028*
21F7C8*
21F8.5A*
50.0608 500608
5OFOQO0 50F000
50FB80 *50FB80
5121 5L4
5125A8 *.

5130A0 *5130A0

F FEES P AC
C ANRE PLY
SCARDS #
SER COM #
LCSYNBOL
M IINV
DECO
I BCOL *
FCVAO
FCVEO

2143AE
21E9D6
21 F7A 8
21F7D8
220480O
500710
50 F398
510000
5121 FA
512A9A

*

*

500710
50F393*510000

ERROR#
GDI NFO
SPRINT#
READ#
MINSUB
LONG AL
MULT
ADCON#
k CV LO
FCVC'O

21C1 OC

21EA2A
21 F7 88
21F848
500 0D8
503000
50F890
512000
512282
5I2CAC

*

5000D8
503000
5 0189 0

*512000

".. ... 3 f*"S @0 ... s " a3"3a30 "0a3 " "3s ".a .. " " i3 a" a3 "@"3
a* 04 @ 3 3 3 0 s 0

EXECUTION BEGINS

INPUTS FOR THE LONGITUDINAL STRENGTH: PROBLEM NUMBER 2

LENGTH E GNU AND THE WIDTH OF THE TANKS

0.1000E 05 0.2050E 07 0.3000E 00 0. 1000E 00 O.4001E 07

AREAS AND I OF THE LONG BHDS & SHELLS

O.5OOQE 04 0.4000E 04 0.2000E 1 1 0.2000E 11

SECTION MODULI OF SHELL AND BULKHEAD AT DECK & BOTTOM

0. 1500E 08 O 1700E 08 0.15OOE 08 0. 1700E 08

AREAS OF THE TRANSVERSES

0.6600E 03 0. 1700E 04 0.3800E 04 0.7060E 03 0.2 2 0 0E 0 4
MOMENT OF INERTIA OF THE TRANSVERSES

0.5000E 10 0.6000E 10 060 E10 OOOE 00.6000E 10 0185000E 10 0.6000E 10



M SHELL

2 1-O0161 1E 09
3 O.3946E 08

STOP 0
EXECUTION TERMINATED

DECK STRESS

-0. 1074E 02
0.2630E 01

BOTTOM STRESS

~-0.9479E 01
O.2321E 01

N BULKHE~AD

0.5629E 090.2195E 09

DECK STRESS

0.3753E 02
0.1463E 02



LJNIFORM4 LOADS OF THE HOLDS

0.0 0.0
0.0 0.IOOO0E 06
0.0 O.IOOO0E 06

0.0 000

JD(I) 3 3 3

MATRIX INVERSION DETERMINANT IS
SCALING FACTOR IS 0.57 165E 014

0.38IOE-0 1

UNIFORM LOADS OF THE TRANSVERSES

0.0 0. 46143E 05
0.0 0.1143E 06
0.0 0.46143 E 05

DEFLECTIONS AND INFLUENCE COEFFICIENTS OF SIMPLY SUPPORTED LONG, BULKHEAD

0,1376E 00 0.2281E-11
0.3388E 00 0.2281E-11
0.1376E 00 0.2281E-11

DEFLECTIONS OF LONG. BULK HEAD

0.2668E 00 0.5312E 00 0.2668E 00

0.37617E 0 0MATRIX INVERSION DETERMIINANT IS
SCALING FACTOR IS 0. 16418E-05

REACTIONS AT THE INTERSECTIONS

0. 96.025E 05 -0-049596E 05
1 0.96025E 05

-0. 16048E 06 0.27477E 06
2 -0. 16048E 06

0.96023E 05 -0.4t9593E 05
3 0.9bO23E 05

BENDING MOMENT AND STRESSES

1

-0. 49596E 0.5

027477E 06

-0. 49593E 05

1

2

2



1 
..

C cc ccc cccccC.CGcccccccccccccccC,CCCCCCCCcCCCCCCCCCCCCCCCCCCCCCC CCC~c CCCC

C. TRANSVERSE STRENGTH..,ANALYSISC

C .

C WRITTEN BY PIN141YU JCHAN\G U
C AD)APTED) FOR MTS BY

CF. A. CHAZAL
C J o M. .PAYNE

C;,

C THIS PROGRAM ANALYZES THE ENTIRE SHIP S TP1JC;TIIP F ilNJ.f-LF)I>/\S -\
0l 3-0 GRILLAGE. THE GOVERN ING E0(JATII\' iS API JHCOUDDPL 1EI; \/ 1P

C COOnRDINATE TRANSFOMATION. PHYSICALLY THIS I SHLAI LS' A lY
C PARTICULAR TRANSVERSE AND PRODU1CES THE NECESSARY bIU/P
C CFI\IDI TIONS TO ANALYZE THAT TRANSVERSE USING FINI ft (_ I',T

C FOR DETAILED INFORMATION SFE PRnFESSJ(UNAL THESIS L CH4isZ/-L

C AND PAYNE, APRIL 1971.
CF

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCC CCCC CCCCCC LUCCCCC (:; (CC(
CALL TRAN\C( IB)
S TOP
END

SIBROU(T I NE TRANC(.I (I R

C.. . PP V1ARY TRANSVERSE STRENGTH ROUT I'\IE
D)IiE\ S I0I\I JT( 5), L0( 100), IN\D (50, B

D)IMEN1SiIN AP'(50,50),RP(50,50)),CP( O,50)
DI HEN1\S IN DRH ( 50, 50), hL (5, 100), A 1=) ,]1.(:71

DIMENSION DOX( 50,1010) ,OOY( 50,100) ,OX( l fl) ,Y ( l) .
D1I HENyS fI ( N tNITS (4) D( iOD (25) . 1( 25 ) , J7'r(1'){1.(
D)I EN S I O\ P ( 2100) ,IAY (79179

RFAL*R HOAR ( 5050) ,DAE f(50,50) ,DEJO (51.
COnNiM MONl \ K 1 , K?2 ,KB3 , K 4 , I I ) , NOi IR C0, i\11",

1UIiITS ,1\I_) ,NO ;O H. , IPF , RIO

2 I\Uvi E , R , )l '1l

COPmv1II/IfNFLIJ/AF (50,50) ,F IG( 50), DY (5 ) , NEILE1, HE, L\O( I (F)

1 LPRFlH (100) , OX (5 E

COf~MMD\I/SIR:'/\tU.LOI,LI( I 00) ,SFX( 100r), SEY( 10),p I 11 t), V P1
1. 7. R( 50) , ZLEN,P (50) ,XI, XA ,N\SFC

CfrAIVIN/SAE/NP, CR,DP

U01' nn iN / IA nNI(T K J1 n 1 1IA29 1n "(' - "

CALL lPV( I\'CAPI.))
CALL LO1NGI (N'EILE)

DO1 701 1 =1 ,1 k

I F ( J T( I) -NOTR) 701, 7(1, 70



701 CONTINUE

700 GPI E (6,707)

S TOP
777 PF0

DO. 1.10 Izi, NOTR
PF=PF+ AF(I,I)/FLOAT (N(ITR,)

110 P(I)=SORT(P(I))
DO 112 I-=i,NOTP.

nn 112 J=l, NO(TR
IF (I.GT.J)On To 111

GO TO 112

111 AP( J,J)=AP(J,I
112 DP( I,,i)=AP(I,j) PF

CALL JESSIN (AP,FJG,NUI:.TR,DAP,DAF,D I( ,VP)
[)O 670 j =1 ,NOI(TR

''RITE (6,1Q64)
WRRITE(6,671) EIC,J)

670 NR.I TE (6, 671) (ARP (I , J) , I=1, NOlTR)
671 FORMA1( (7E15.6) )
236 DO 113 I=1,NOTR

113 FIG( I )=EIG( I )PF

CALL TRANS (BP, AP, 50,NO)TR )
CALL MI+(JLT (C P, DR ,AR, 5O , I)TR)
CALL MU.LT (DP !R, C,5nl,NP;lTR )

I'RIfE (6,114)
W RITE (6,105) ( IG( I), 1=1., AIR

H I T F (6,3 1 5
',,'RI IF (6,105) (OP (II1) , =1, NOTR

DO N115 11,'IF

PF=FIz( I)
P!0= (PF--1P (I , I )

FC= P F 1
RD=AOS (PD)

IF (PD.GT.PF) cO TO 1116

115 CNTIMIJE
o0 1n 112R

11.6 .P I TV (6,117)
CO 10 1000r

C INPUT THE LO.ADS FROM ITHE Lf\_-IO ITUDiIJ\/L I KHF\!)!"HP.-"O

N I 1T (M, fT1

I LF(I DE TO.FO.F0I) L TO 1.0
CALLr) 7 ET C I R1DQ(1 7

F ( LOrADC * FO0 ) GO lTOt 149
DO 1.27 K i, NOTP

CX C )± , J ) I)X ( K ) P ( K)

127 C ( C ( )A (K J °D ( )P K)



BL(j I )=SF(I )- CX(J)*CS(A (NG)rSFY(I)MCY() SI(I)

BM(J I )=SFX( I CX(J) *SIN(ANG)+SFY( I ) :CY(J3pCOS(Ar\(;)
GO 1012 9

149 FL(JI)O
fM(, I )=0.

129 CONTINUE
LNOOI( I) =N1OFE

l..LPOW( I )rNR 1wd
1.30 CONTINUE

CALL 'SHI PI(N CARD),tAACO )

DO. 2001 L-1,NOnLO
KR=LRO(W( L )

L0( L)=LNOD(L)-NONO(KR)
DO 2001 J=1,KR

_2001 L (L) =Lfl(L) +moNOn(J )
N Tn= 0

NPJ i1F ( 6,109) ( LO( I) ,1=1 ,NOI..D1)
nn 201 N-1, NORO

20 1. N T0= iO±ND iNIO( N) 2

IO 304 M L .=I1, NUNl

SPRING=./EIC(NL
0(1) 202 L=1, NNT0-

202 R(L)=O,
)O 203 L=1 , 'KL0

31=,J+1
J2=3±2

R ( 31.) = L (ML ,L ) / ETC( ML)
203 P J 2 ) =0W (ML, L )/E IC ( NL

CALSHP5 (SPRIN)G,1, MA\C))

I)0 20 5 L1 ~

J1=+1
J2=J+2

OL (NL,L)=R(J31
205 EM (iLI, L)=R (3I?

C AL L RI Ii (
304 CONrTINUEr

CALL MATIIS ( AF ,50, NUTR ,CP, 50,0, IF , J I), I AD

I F (I n 0,O.) CO TO 60
W.,RITE (6,307) ID.

401 CON TI NIJF
.J RiTF (6,107 ) 3
WFIJTF((6,250)
NpRI TE (6,105) (CX (N) ,M=1 ,iNOTR ,2

W,,RI TE( 6,251)
WRITF (6, 105) ( CY( H) ,1. ,NOTR ,2
r)O 403 I=1,ENr)TR



17

DO403 K='1 ,ND1TRnOX( I,J3) =OX (I,3) +AF (I, K) %(DX (K) -CX (K) COS ( AN )-CY (K) *51
1 (ANil)-) - S F X(J3)

403 DOY(I, J )=DOY (I J )+AF (I, K )*(DY (K) +CX(K ) SIN ( AN) -CY (K) *COS
1 (AN))*SFY( 3)

4,05 C IN T INU(JE
W,\R 11E (6, 420 )

DO0 404 r11, NOTR

WRIT (6,1«5) ( DO X (I ,N) ,N=1 ,NOLO1
404 WRITE (6,105) (DOY(I,N),N=l,NOLO)

W".RI4IF ( 6,420)
DOI)430 I=1,1K

L=J<.T( I)
DO 431 J=1,NOLO_1
AN PHI(3)

KL (1,3)=DOX (L, 3) *COS (AN )-DOY (L , 3 *51' S AR
F3UM( I,3J) =DGX( L ,J ) *S IN( AlN) +DOY( L J )CU;S( i\V,)

431 CONTINU1E
WP!RITF(6 ,106). L

WRI TF(6,500)
WRITE (6,105) (BL(1,3) ,3=1 ,NOLO-1
WRI TE( 6,501)

NP I TE ( 6, 105 ) (RKM( I , 3) ,J3=1 , HOfLD
430 CONTINEE

DO 450 1=1,1K
IF (I.EF0.1) GO TO 441

CALL SHI P.1( NC ARD-, MACUi)
441 DOn1435 M=1, NlTO

435 R()0

AN=PHI (VNOLO
J=(L(M )-1) 2

3 1 =,I +1.
J32=J+2

P(31)=BL( I,M)
4 40 ( 32 ) =BM (I , N,

CALL S-P5 (0. ,On,Iv ACO )
In=JPKPKR

CALL SHIP4
450 CONTINUE

P ETIJRN

1000) STOP
FOPM/VI r-3) 5,5012.5)

250 FO~ivA(/,4X,I+X DEFLECTILI S', // )
251 FDRA( // ,4X, +Y OEFLECT ON S' //)

307 FORMAl1 (/ /?2(H}MVATR IX S I NGULAR )
315 FOPMAT(//,1OX , + 'DIGO nL (F MATRIX I) PI



; P~

420 FORMAI(//13 1-IREAL LOADS UPON THE Tk ANNSVERSES /)

5 00 EORN-AT( ' XFORCES TYPICAL

501 EORMAI:(. YM F RC FS TYPICAL ' )

702 EORMAT( /' N(fIKER OF E I GENVALUJES TO kE IHSFDi'

707 FORMAT (/12 5I-1 INPUT ERRORS IN TR ANCO /

1964 EOIRMAT(/1/' .. .. *. )

1001 FORM:AI1(Iil)
100? 

F 'RMAT(/ / , 'I ENTO 
VAL 

.E IS'SB 

RTNE5,//)(1BJ

C..,l.O1INE INPUT BASIC SHIP PARAM\ETERS
D IMENS IN,.!JT (5)

COMMOr N /M ATRL/ E,C, GNU, ALPHA,CON!,\/F
COMMON /SHIP/NO(L), LNOI7( 100) ,SFX (100) , SFY ( 100) , PHJT_( iXj)

+NO)TR, 7 1R( 5n) , ZLFN,P ( 50) ,tXI ,XA, NSEC
W R IT E( ,10 0)

W°'RITE(,237)
R EAD (5, 300 ) CONVE
NP; . I T E (6,3 00) COn N VEF

'RI TE( 6,10)
PEADn(5,300)ZLFIN
W R I TFE(65, 300)7_ZL EN
7 L F N 7 L FN C n V F
'4.,.R1TE( 5,12)
RFAD)( 5,301 )i.nTR
"R I T E (5,30 1) NTR

Y=7ZL F /(NOT 0+1)
00 25 K=1,NWTR
7 TR (K) =YSIIi+Y

2_5 YSIJM"=YSUWf" +Y
NI!RI TE(5,20)

READ (5,302 ) Xl,XA
WeRITE(56,3n2?) XI, Xfx
XI =XI (CONVF='~

1: RITE(5, 213)
8FAD( 5,302) F:, (NU

W R I T(_( 5, 30 2) F,CN

READ (5,301) JT(I)

8 WRITE(6,301) JT(I)
RE TU RN

10 FORMljAli!, ' LENGTH OF L(NIT1JD1)IN A lS
12 FORIVA T( / , N]. TRAN S\/ERS F S AL 11N( j !._1mIi I)



* 14 FORMA~I/' fN. TRANSVERSES TO BE ANALYZED( )' )

lA FRMAT(/ .. ' LST TRANSVERSES TO BE. ANALYZEDf BY PO:SI If ONFF00',.
' YS TE RN)

3.R FORMAT(/'LIST .STIFFNESS FACTORS OF ALL TRAN'%JSVFPSLS
+' IN ORDER FROM STERN'

20 FORMAT(/, ' STANDARD LONGITUDINAL'/ ' At MrNT OF It\WTIAu,
+1 SHEAR AREA')

100 FIR MA T( 1H1, ' TRANSVERSE STRFNGTH ANALYSTS OF LONOI UDTH,'
+;'ALLY FRAMED ,SHIPS',I,60(' ')II)

213 FOR MA T( I, YOUI.NGS MODU)LI S, POT S SONS R AT I ;')

237. FrIRMAB!(' CONVFRSION FACTOlR TO BE APPLIED TO ALL'
±,' DIMENSIONAL DATA',!,
+' INCLUDING COORDINATES, PLATE THICKNESS, f/\R AkF/-\' , /,

+4 RUT NOT INCLUDING YOUNGS MODULUS' )*
300 FORMAI1...(F15.5 )

301 FORMAT(15)
302 FORMAlf (E15.5,FiS5.5)

PEN f)

SUPRRO IIE CDM9ST(TM/,ST )

C... ROU1TINE TiOE MCMPTE TNTITIAL PARAME1(TERS CAF MEA='LF EV

DI1MENSIO N Ti( 5,5) ,SI (5,1)
D)FL=TMf( 1,2 ) TM( 3,4)-TM( 3,2 )- TM( 1,4)

S 1(3,1) =0.
SI (5, 1 ) =1.

SI (2 , 1) =(TM (3, 5 ) TM(1 ,4 )-To -j(] , 5 ) ( 3, 4 ) ) / 1-
SI1(G,1) =(TM (3,2_) TM,( 1,5 ) -TN '( 1,2) =T ( ?, 5)) /DR_
RE JURN\
F N )

SIIF R(1U1TINE IDI PC+:S
C DIRECi IN COSINE S(=t]KRUIITIN E FORPLRIAT EP-I1EN SIOIN lIJTS(4),ND.(((6),RIN(5),N1.(25),IRO l) 001[(

) I MENI\ S I O N x ( 25 ,4(1) , y (5 , zm , F]. 4 , ;H1.(/ C 2 ( ,?

15SK (66) I (6,6) ,Al ( ,6) , NJ(6,6) ,AK (6,6 ) ,AL A(, 6) 2 1 ( 'm9

2SKAJl( 6, 6) ,SV AK (6.,), SKA11(f6,6 ) ,'Al(6 ,6 L)2 ( 6, (;,) 97 5K2]Um,A,q'
3 SKA 2 (h, , 4 )

1,OM lfiK 1 , K2 , K<3
COMMN U fiIN I FS , ND

C nVMt\+ X , Y
(2~f 0 i n ' o N C , i,.F i0K~l 0

CfivMDH, IFJ. , I FK
Cn0 !ilvinrOi j NJ , I N K
C n PKMnNIP 2 ,P3

COMMONi YK , XL
cDnMn Al , A J

C 00000Nn\\ SKA K , S K AL

C it001DMin .N 1 7. , \NC

XI=X( TI j,JNJ )--X( TNT ,jJ
X2, Y( TNJ1 if\IJ ) -Y( TNT , "NI
R1_=-X( INK,j K)-X(TINT,JMT)
Pr=Y(Tk[\IK,JNK)-.Y( INI,JNMTI)
X,) 0R T( ii. XI+X2 X2 )

? Z , 1 , F

, ='1- P , IF-0011 l , T FS1F

TEL , loT 9, I

Ph, ;\_ A L :' J

,XK

, Plo:

, 1i i

if

C; L
9 ' 7

a *l.,a
if t.



[)C( 1,)=X1/'XJ"

C(2, 2.)='DC( 1, )

XK=R1*C 1 )R*DC ( 1,2
YK=RI DrC (2?,1) +R2'-DC ( 2,2 )

SF TURN
FNS

SU:JBROITINE INFO( I )
DIMENSION UNITS(4) ,N(6f f) ,NO(( n25) ,N1(?25), JPO;( J n), PI)10 )

DIMENSION X(25,40) ,Y(25,40) ,E1(4) ,(ONU1(4) .DC(?,2)7

1SK (6,6) , 1(6,6) ,AI(6,6 ) ,AJ (6,6) ,AK (6,6 ) ,AL (6,6) , S K.'\I (6,6)
2SKAJ( 6,6) ,SKAK( 6,6'),SKAL( 6,6) ,A1(6,6,1) ,f\2( 6,6,4) ,SKI ( 6,6,4),
3 SKA2(6,6,4)

COMMON K1,K2 , K3 , K4 , II) , M ORO.
CO-MYIN UN ITS , ND , NO Ml , IN 1 ,, I PO

COMMON x , Y , 7. , FFl ,Of

COMMON GNt.Jl , MEMNO , MEMTYP ,IF~ I FSF , I Fl

COMMON IFJ , J FK , I FL ,r m
COvMMON J NJ , INK , J MjK , ILL _ , ,f K L , P
COMMON P2 , P3 , P4 , P 5 ,P65

CO0MMONN YK , X L , YL( ,DC , S I , a I

cnvmn lA/KCOMMON SKAK , SKA.L , Al , [<2 ,S~

COMMON I 7 , NC , DfI iMMY ( 71 J)
COPIMON/INTO! I(45 0 0),TA(500)1,
NIFMNOT= I J (21, I )
rIFf'TPI(, I)

JFJ=IJ(4,I
IFK=IJ(5 ,I)
I FL=IJ (6 ,I)

INI=IJj(7 ,IJ
,JNJI=IJ(8 I*)
INJ=IJ(9 ,I)

.jJIJ( 10,1)
INK Ii(11,1 )
,JNK=IJ (12,1I)
iNL=IJ (13,1)
JNtL=IJ(14,1 ).

-1TA(I)

DIME'NSIO:N X(?5,LtO) ,Y(25,40) ,I1(4) ,f1(2,),Mi

1SK (6,6) , 01(6,6) ,AI (6,6) ,AJ (6,6) , AK (6,6) , \L( 6,6)1, ~K
2 SKAJ (6,6) ,SK AK (6,6) , SKAL (6,6) 1 (6,6-1,4) ,A , L. K.A 1 (,,
3SKA2( 6, 6,4) , OUMY( 7093) ,XI (6)



CO1MMN KI,ME MTO,NOMAT,MOB, ID NDlRDNII
COfMMnON IJNTS,N(DNN,NOBR,JPIPIO
COMMON X,y,Z,E,N,MCMP,MC~il1DI*,f,(-1 'd

COMMON GNUlO4ErAN1, MEf'TYP, FA, IFSI F I

COMMON I Fd , IFK , I F L , I\J , dM

COMMON JN\J , I NK , JNK , I NL , JNL , P1I

COrMMON P2 , P3 P4 , P5 , P6 , X,1
COEMMON YK , XL , YL. , DC , SK , 1)1

COMMON Al ,Ad J AK. , AL , S,'AZ S K

COMMO'N SKAK" , SKAL , Al , A2 , SKAl , SKI°'2

COMMvON IZ,NC,DIrAYtITEMP,ALPHA,XI
W. RI TE( 6,103)
COnMMON/ INTO(/ IlJ( 14, 500) , T A( 500 )

READ (8,105,ERR=200)IONO (RO(,1NI NC)% AT, ITMP ,( I IiIT S (I) , 11,l )

READ(B, 100, ERR=200) NO1B,rCOlN,N\OBB ,i rCDH"
REA (,1: 0O,ERR=200) (NO)B( I), I = l ,NORMD)
READ( 8,100, ERR=200) MOB
READ( 8,106,ERR=200) FA

READ( P,10(, ERR=200) E,GNU!,ALPH A

READ(R8 , _1QOERR=2Q0) (NONO (I ) , I=1, II'R ()

DO 1 I =1,NO\T)R O
JOE=N!ONO( I)

1 READ (8 , 101, ERR=200 ) X(I ,J) ,Y (i,J)

I FS F= 0
1=0+

IFS= JESE
READ (8,107, ERR=200) Id (1,1) ,Id (2,1 )9 , kF TD, I SH 1d I )I d(4, F ) ,I

+Id( 13,1I), Id( 1, I),TA-( I ),P2,P3,P4,P5?,P6

I F(I J(2,I .)) 3,3,4.
3 MFMTO= I-1.

DO 2 -T=1,NORF)

d DF=NON(1 (I)
DO 2 d=1,dOE

2 WRITE (6,110?) I,d,X (I ,d),Y (I,d)
GO TO 223

200 1,iRI.TF (F,,221)

S TO P
223 WRIlE F(6,10x4 )

RE TURN
100 FORMA 1(25'I3 )
101 FORiAT(3F10 2 )
102nFORMA(1H T1,7, 3F20.5) ,

106 FORMA1( E1O.2,F7.2,E1O.2)
1 07 FORMAT( I 3, 7I11,22, 6E15.7 )

221 FORMAT (//25H- INPUT ERROR IiN NOD fE Ti,1" /II)

F N I)



S

StJFROTk1INE JESSIN (,~lNBCEO

DIME NSION A(50,50),EIG(50) ,B(N,N),C(N,N) ,E(N) ,D(50,50)
REAL*8 BpC,E
DO1 J=1,fN

1RB(ItJ)=A (T,J")
CALL JFSS (N,N,B,N,C,E,&99)
GO nTO 2

999 WRITE ( 6,10 )
10 EOR(vIAT (1 EIGENVALUES ARE AT BEST WRONG'

SlOP
2 CONTI(NUE

DO 3 - =1, Ni
F I G( J) =E (J)
DO 3 I=1,N

CALL REOPD( FJG;,50.,N,A.,D)RETU'RN
END

S1'IAROHINE K 2 E( I ROn, I C 0L 1 ,JCI K I11 ,[ /\C )

C PHI S ROU INE RFTR IF.EVES DATA FROiM ~STU1R ACF MATP.I Fcr- _ CL -Tyr, { pff
DI MFiNS JON BK( 84,P4),(AC),'ACD)

CD)MMN/K3RN/KH (,49 ) ,KH( 4 ,9) ,K JKVJ , I f =), L (-)

INTEGEP*2 LEN\
L. FN=IM Ac O=MAC C)-,4

IPO =KHB(l,KJB)
ICO)L1=KHB4R(2,KJP)
I CI0L 2 =K HB(3, K JB)
IF (ID)4,5,6

4 IH=IC(D1-
JH=ICflL2
GOn TO 7

5 IH=ICA Li
JH=I.CDL1
rti.TO 7

6 JH=ICOL2
JH= ICOLl

7 CONTINIUE
CALL PF!\D ( A ,L FN, , M , I FD,&9)Fgq9
DO I1,1=1, JH
DO 1 TI=1IH



70 FORMA11('EROIN READING FILE -a AT LINE ,I5)

END

SUBROUTINE K21R( IRO, ICOL 1, ICL2, BK,In, A,rvACO)
C THIS ROU TIN E TRANSFERS DATA TO STORAGE MATRICES IN A\ CE TA'I , f.1PE

DIMENSION RBK( 4,4) ,A( MACU:,MACO)1
COMMO'N/K23RWW/KH( 3,49 ) ,KHB ( 4,49 ) , KJ ,KJBR, I F(), U(4 )

INTEGEP=,2 LEFN
L E N1=MAC 04 MAC 0*4
K JB =K JB +1

CALL NOTE(IFD,LJ)
<HR( 1,KJB)=IRO

KH'B(2,KJB)=ICflL1
KHB( 3,KJB )=ICOL2
<KH,(4,tK.JB)_= LJ)(3)

IF (In') 4,5,6
4 IH=ICOL1.

JH=ICOL2
GO TO 7

5 H=ICOLl

GO TO 7

A IH=ICrOL2
JH= ICOL1

7 CONTINUE
nn 1 J=i,JH

DO 1 I=1_.IH

l A(I,J)=BK( I,J)
CALL WI f,!ITE( A ,L F n, ,,I F[1) , ,9)
P F TURN

9(9 RITF(6,70)KJB

70 FORMAT(' ERROR I N WRITING F ILE_ -A AT L IKF1)

SURROD TIE K3P F (I RO, I COL 1 , I COL 2 , BK , ItI), ;,, if\C()

j H = I CDL 2

GO TO 7
5 IH=ICOL I

,.IF=ICOLI
GOT7



IH=ICD1L2
JH=ICF)Li

CALL READ(A,LENS,O,M,3,g.999 )
Dfl 1 J=1,JH

1)11 1 I= 1,IH
1 hK(I,J)-AI,J )

RE TURN
99q~ WJRI TE(6,70)KJ

STDP
70 FORMA 11'RR IN READING F IL F3 AT IrfF',I5)

END



v _.

SUBROUl INE K3W1R ( IRO,ICOL 1, ICOL2,FBK, I[), A,VACOl)

C THIS ROUTINE TRANSFERS DATA TO STORAGE Pf"ATRICES I Nl A (;ERT!!IIN PPOEP
DIMENSION BK( 84,84) ,A(MACO,MACO)
COMMON/K23RW/KH( 3,49 ) ,KHB( 4,49 ) ,KJ, KJB, lED),LJ( 4)
I NTEGEFR*2 L.EN
L EN =MAC 0* MAC 0*4
KJ =KJ +1

C MAIN PROGRAM FOR TRANSVERSE STRENGTH
KH(1,KJ)=IRO

_KH(_,KJ )=ICnL1
KH( 3,KJ)=ICOL2
IF (ID) 4,5,6)

4 IH=ICOL1
JH=ICOL2
GO TO 7

5.IH=ICnLi
J H= ICn0Li
GD TO 7

6) IH=ICOL2
SH = ICOnLi

7 C(ON\TINUE)

DO 1.lJ=1, JH

DO 1 I=1,IH
1 A(I,J)=FRK(I,J)

CALL WRITE( A,LEN,0,tM,3,&%999)l
R E TU RN

9q9 WRITE(6,70)KJ
S TOlP

70 FORMAli 'ERRr)R IN WRITING FILES AT LIN\F',15')
END'

SIJB ROnlI NE'LOnAD(N FI LF, NSC R)
C. ROIJ TI NE TO INPU.T LOADI NG CUNDI TI1DM

I N T EGER DE F IrN

COMMON /WORK/XC (42) ,YC(20) , MONO 0(25 ), .X ,NYC,
+DFF IN, NODE (40,25) , LRD"11((M0)) , LkrD 1
*COMMON /MATRL/F, G, GNU.,AL PHA,CDM\!fNIF

COMMON /SHIP/NOLO, LNO ( 100) , SFX ( 100) , SFY ( 100) ,;-)M1. (! M),
+MOTR,ZTR (50) ,ZLEN, P( 50) ,XI, XA,NSEC

COiMMOiN /SAFE/LOADC (100) , DX(50) ,DY ( ) , DO;AS( 50) ,
+ZP( 50) ,PC( 50) ,ZO( 20) ,0(20) ,ZPL( 100)

COvMMON /SAFE/TMM( 5,5) ,TR( 5,5) ,SI (5,1),SX( 5,1) ,UV1ATA(



WRITE(6,102)

WRITE( 6, 103)
WR ITE( 611,04)

WRITE( 6, 105)
DO 150 L=1,NOLO
LOADC(L)=Q.

1 50 CON TI NU)E

C WRITF(69155)

READ (5, 300)lNS ETS
WRIETE ( 6, 300 )NSFTS

IF(NSETS )9998.,9998, 156
C

156 Dfl 1000 NST=.,INSETS
I F ( 111I SC ) 270, 157, 165

157 WRITE(6,160)NS TIWRI TE( 6,162)
R EAD (5, 1) Np, N ,ND IR
WR ITE ( 6, 1) NIP ,NO, N I R

165 IF(NIIP)180,180,17-0...
1.70 WRITE(6,171)

!= 2 N P
O 20 IL=i_,K

READ (5,2) ZPL(IL)
20 WRITE (6,2) ZPL (IL)

DO 175 IL =1,NP
PCI IL)=7.PL(2 *IL )II 2 (IL--i +1

Z P ( IL)=ZP ( I I ) *CNVF
175 CnfITINU lE

1.R0 I F (N0)270,270,182
182 JAIRITE(613

K2 ,-NO

DO 21 IL=1,K
READ(5,?) ZPL(IL)

21 dR I TE (6,2) ZPL.(IL
DO 185 IL=1,NO

0i(I l) =7_PL (2* I L)! CON\/ F
I1=2* (IL-i) +]
Z 0 (I L) = Z P L (I I) * C0nN V F

185 CN T I K1 E
(;O TO 270

C B..\1READING IN LO0NGITtJDJ)N/\LA .S Lf)AHlFI) I- OP FT

215 LoI R=1
(.O TO 225

C -- HOP.I7.NITAL. ARRAY OF LOfNITU~iDIr~NALS
2.20 -L1I R ?_



, d. /

2.25 IF(NDlDE( I,J)--DEFIN) 800,230,800

230 IN= NODE.TI (i, NDE, DE F IN, J t1\XC ,NO0N 0(J)

C--C'HECK IF NODE' GIVEN HAS BEFN DEFINED AS -A L(ONGITIJOINAL
DO 250 L=i,NOLO

I F(J-LRW(L)) 250, 240, 250

240 I F(N-LND(L)) 250, 260, 250
250 CONTINUE

I ER.R=1

I F ( NMI SC ) 1040, 800, 1 000
260 LnA DC (L) =1

NRP EC =N RE C+1
DO 265 K=1 , NOTR

Ca ON262 X (K) =DBASE (K)*,SFL/SFX({l_)

DY (K) =0.
GO TOl 265

264 DY( K)=DBASE(K )%-SFL/SFY( L)
DX( K) =0.

26(5 CONTINUE
CALL NSCP.WR( J ,N~,DX,DY,f\:UTR}

IF (NMISC ) 1040, 800,1000
C----------------
C----------------

I\SCR=9

C iHIS SECTION COP iPIJTES DEFLECTIONS FOR BASIC LONfC1iITHU\AL
270 SFA=01.

S F L=1 * 0
SF5 = 1*0

CALL SF1OC(NSEC,_I ,EYE,fNO,Z0,O,P,7P,PC,7F,r'.jrY;(_C,UH.AT,\}
N CONl= 0
CALL 1IVATT( XB,fNR,ZLEN',TH-,;fNArCC,fNC,UKJA TA ,SFS, SF! ., S-
CALL COfNS I (TM, S I
iN C N ~=0
D-O 500 K=1 , NrTP
CALL 1 NATT ( XR , MR ZTR (K ) ,1TM, N(OCC , NCfiI\', )ATLA, Si-S , SFL o Sr'.A, F, U'}

CALL NOiVULT (Ttv,SI ,SX,5, 5,1 )
DBASE (K) =SX (1, l)

500 CONTINUE

545 IF(NST-1 )550,550,20x0
550 UITE(65,551)n0 2?2 K=1 ,NOTP

22 WRI T E (6 , 4) (IO)ASF(K )
GO TO 200

,00 GO TO (P.0,P20),LDIP
81.0 J=J+i

IF(J-JPOR2 )225,225,205
220 1=1+1

I F(I-ICOL?) 225, 22?5,?205
1.000 CON\1TI NUE

I F( NiI IS C ) 104 0,1001 ,1t"05

1001 f\!MI SC=1
l,'RI TF (6 ,a. 00n2)
N.,RITE( 6, 1Q03)

1005 READ(55) N1P,NO,NDnIR,J, I
WRI TE( 6, 5) N\.P,NO ,ND IR,J, I
NSF TS =1

I F ( J.) 102 0, 1.020, 156



10 20 cNM ISC--1

~SFL=1 o-
NP=N.OTR
NO=0

WRI TE( 6,1021)
WRITE (6,1022)

__READ (5, 6) IBRHO, MIIOE

WR ITE (6, h) I BHD,MNOOE
+WRI TE(6,1023)
A( 1)=0.
A (2) =0.
n0 1025 J=1,'NODDE

PREAD (5, 7)_._ gB(J) (T ( JNLvFN) , NLMEMd=., 2)
S(1) =R(J) *=CONVF

T( J, 1) 1( , 1) CON VF
1(1J,2.)=T( 1,2 )*'CONVF
W,"RI TE( 6,7) P11 ), ( T (1,NLMFN 1) ,NL..,'~N=1 ,2}

=\1A (1)+T (J,i1)*B3( j
A(2)=A(2)+T(J,2)*B'(J)

- - 6><ciYNTINuI)
WRI T(6,1027)
00 1036 K=-1 ,NOT R

READ (5, R ) (RP (K, NLMER t) , NLIEIVI=1 , 2
WRITE (6,8) (RP(K ,NLMiFv1 ) ,NLMEiA= 1., 2
00 1035 NLMEN=1 , 2
.S_-R ( K, NL MFA ) / A(NIL MFN
DOn 1. 033 J=1, 1ANODE

103: S1 (K,JI,NLMEM )=S T( 1 ,NFV )* (1)
1035 CONTINUtE
1036S CONTINUEF

On10'R K=1-,NC1T

10 3RDX (K)=0.

J=2

NODT P = 2
I = IRHO
SF L=1.

1037 N=NODF 1(I ,NODE ,r)FIN, 1, IXC ,NONO ( Jn 2 . 1.,NErI

IF(1-LROW!(L) )720,710l,7?0
710-I F ( N--LNOD( L ) )720,730,720
720 CON TINIUE

IFRR=1
WPTE ,2211

IF ( J -NN OOE) 10 37 ,103 7 ,1041.

1041 T13

MN fOE= MNnDOF-
NL Iv!F N= N LME N-



:F (NNLMEM )1045, 1045, 1037
1045 CONTINUE

I F( I ERR )1048,1048, 50
.1048 CALL REWIND (7)

DO 2000 L=1,NO'LO
O 1050 K=1, NOTR

DXL(K)=0.
* DYL(K)=0.

1050 (; O NT IN IJF
CALL REWI ND (9 )
DO 1500 NR=1, NREC

CALL NSCRRE( J,N,DX,D)Y,NOTR )
IF(J--LROW(L) ) 1500, 1100,1.500

1100 IF (N-LNOD (L) )1500,1200,150
1200 DO 1250 K=1, NOTR

IDXL (K) =DXL (K) +DX (K)
D.YL(K) =DYL (1<)+DY( K)

1250 CONTINUE
1500 CONTINUE

CALL NFILWR(LROW(L) ,LNOD(L) ,LOADC(L) ,SEX(L) ,SFY(L) PHI (L),XL,OYL
±NOnTR)

2000 CON TI NUE
CALL REWIND (7)

9999 RFTUJRN
9998 STOP

1 FO1RMAl (315)
2 FORMAT (E15.5)
3 FORMAT (F15.5,415)
4 FORMAT (15,E15.5)
5 FORNMA 1 (515)

.6FORMAT (21I5 )
7 FORMAl (3F 15.5 )
8 FORMAT- (2E15.5 )

30FORMAl (215,2E15.5)
31 FORMAT (315, 5E).2.5 )

100 FORMAi (iHi, LOADING CONDITION' )
10n? FORMAT(/1' 1. A LOAD 5EV IS A SET OF L1OS 6Fl IH(; Iv

+' A GIVEN',,' X OR Y DIRECTION. THE EXTENT OF THLS1F'
+' LOADS IS ALONG THE' ,,' LENGTH OF A, GIVENL LDGI iUO.'
±'INAL'

103 FORIMAT( /' 2.* ANY LONG ITUDI NAL MAY RE L OAI})INITH /xv}Y
+' NUMFER OF LOAD' ,,' SETS, WHICH H "AY LE OfN~L.Y PAR]'
+' IALLY APPLIF[) \/IA' ,/.t' A PROPORTIONAL FACT;.OR' )

104 f-O-%r Al ri /3 3. OCATIOSnF-LADSt A1r n N f-nnRE 1TA--nCES r- F-Sr r FO' 1

+'FACTOR, RPOn lr ROW2, CDL]., CDL2'
252 FlRMAI (3 ,-'ERROR-NOiDE ON ROW '14, ' , CDL1.' 14, ' HAS .'U

+' REEN DEFINEDF AS A LONf\GITU DINAL')
300 FO)RMA 1 (I5)
551. FORMAT(/!,' COMPUTED DEFLECT IONS AT TR ANS\/=R SFS'



740. FORMAl ( iHi,'LANGITtJDINAL DEF-LECT IONS DUE TO LO0ADS )
741 EO-RMAT(/,' ROW',13,' NOOFE', 13)
742 EORMAT(1X,' X-DEFLECIO-)tNS')
743- FOQRMA T(1 OX,t'Y -)EEL F C T101\1S'

1002 FORMAT/' MI SC. LOADINGS ')

1003 FORMAT(' NP,NO, NDIR, ROWr, COLUMN'
1021 FORMA (IH, ' SHEAR LOADS ON TRANSVERSES')
1022 FORMAT(/I,' BHD) COLUMN NUJMBER, NUMBE R OF R((IWS FUR ShFA I
1023 FORMA T(/, ' WEB LENGTH, SHELL , BHD TH ICKNFE:SS (Clvi)
.1027 EORMAT(1iHI, ' SHELL, RHO SHEARS PER TR ANS\!ERSF START ING'

+' FROM STERN')

SIHRni~IlINE LOINGI (NE)ILE)
C... RO UTINE IN\PUJTS LONGITUDINAL DATA

COMMON /MATRL _ IF, 0, C'NU, ALPHA, ONVF
CO.IMMO!N /SHIP/NOLO,LfNO( 100) ,SEX( 10G) ,SFY( 100)) ,PH ( luCG),

+NOTR, 7TR (50 ) ,ZLFN,P (5n) , xl, XA,,NSFC
INITEGER DEFIN
COiMM ON!- /WORK/XC(42_),YC(2),\1N0 (25),F:XCYC,

+0 FF IN/ NODEF(40 5 , 2 5 ) n)LR,' 1G( ) , l )OO (100 (

COMMON. /SAFEF/ NN( 25), W;R (51),D OUWN Y (7424)
TERR =0WP I TF( 6,276)
1kIRI TE ( 6,250 )
'"RI TE( 6, 251
LOMAX= 100

nN L 0=0

2000 IQEAO(5, 300)XIX, XIY,AX,JPfih, ICOLI 9 I0F'I. '

CALL S~oWTCH-( ICOLi , IC(+L-_

C,--HORJZ. SEE FN C[_ TFRMINATES WITH-iZERO(- F " s sloko 00" es"

RIPI TE (6,300) XIX, XIY , /X ,.1 , ICOL ., ZOL

I F ( J RCOW) 202.0, 2020, 20(15
25 1F(XIX) 2 007,2007,20'

200,6 1IF( X IY2007, 2007, 2010
2007 JIEPR=i

RKI TF(6, 2008)
GIP TO ? 20

20)10 00 2015 I=ICHL,102
TcrINOLO-LOrMAX \0, 20 164. 2fl

I FP=1
CD TO 2000

2020 W-R I TF(6,279)
20=0 I A ( 5 ,300 )X IX, X IY ,A X , I t (,JPO1,JPP



CA. WTH(JRnR2 - VERTICAL. SEQUENCE TERMINATES WrITH ZFRn COLUM~N NUMORER....,....
WRITE(30XIXXIy,A X, I(7,L,3 RP 1jR02
I F ( ICOL)2050, 20o,2035

2035 IF( XIX )2037,203.7,2036
2036 IF(XIY)2037,2037,2040
2037 IFPR. R=1I

iWRI TE( 6,2008)

2040 nO 2045 J=J RO1, 3R02
I F( NOLO-LOMAX) 2041,2047, 2047

2041 NOLOt=\IOI 0+1_
.INnODI(ICOL,NODE,DEFIN ,J,fNXC,,NONO(J) )

LROW (,nOL)=J

CA\LL ! ND( NONO, N, 3, LNO (NOLfi)
SFX (NOLO) =X I X ( CNVF'" 4)/X I
SFY(NO,(LO)=X JY ,CONVF ,4) /XI
PHI (NOLO)=0.

204-5, CONiI
CO nTO 2030

2047 ',RTITE(6288) LOAX
I FRRP= 1
(ZO TO 2030

2050 4RI TE(6,287)\nOLO
nil 3000 J=1 ,N[YC

3000 (N(J3)=,)
'!-R ITE ((N, 3001 )
WP IT(6 ,3002) (NN(J),J=1,N\yC)
D-O 3050) T=1,NXC
no 3045 J=l1\1 YC
'~C(J)=999Q-
IF(N\I)F(I,J)-DFFIN)30l45,Oo3o45

301nfM CR(J)=0
h =RIOO)E 1(1 ,NO(7DL,D)FF IN, ,NXC , NON1\H(J3
1)0 3040 L=liVOLOi
IF ( LROI( L ) -3 )30 40,30159x,3Q40

3015 I F(LNOF1) (L) N3040, 3020, 30
3020 NCR (J )=LNO (I-

nO TO 3045
3O4(' CON TI N~t'E
3049 CO1NTINU!IE

X=-Y-:-LOAT ( I)
R ZL Er-A

=;K0.

I F(XA.NF.O..)G K=X*B/XA/G/7LEN
AF (193) =RX/h. /FI I ZLEN 7LFN-RB!-X X ) /7L N±(c;v

(GOfl 1 2
AF( I,J.)=AP(J,I)



2' CON'TIU
R ETURN

250 FORMAB 1/' I X =MOmENT OF INERTIA OF LONG IT-L BENDING I N'
+' X-DIRECTIO0N O'F TRANS'VERSE')

21FORMAT( ' TY = MOMENT OF INERTIA OF LONGIT-L BENDING IN'
+'Y-DIRECTION OF TRANSVERSE')

276' FORMAT(1H1,//' DEFINITIONS OF LONGITUDINALS' )
27R FORMAT(/,' 'LIST BY HORIZONTAL SEOUENC E' /

+'IX, IY,A, ROWr., COLl, COL2' )
20083 FORMAT( ' **ERROR-MOMENT OF INERTIA FOR ABOVE LONG I TL'

+3NOT DEFINED' )
279 FORMAT(I,' LIST BY VERTICAL SEOtJ1EI\CE' /

+1 IX, IY,A, COLUMN, ROW1,ROW.2'

287 FORMAT(/,' THERE A.RE_ A_ TOTAL OF',I, LO1NG IT JI'IALS')
288 FORMAT(' *MAX. LONGITUDINALS ='IR)
300 FORMAT( 2E15. 6, F15.6,3 15)

3001 FORMAT( iHi, ' LONGITUDINAL NUMBERING SYSTEM''
3002 EORMAT(//,1X, 'C',/,1X, 'O',5X,'RW/1X'L253/
3047 FORMAT(/,2X,2513 )

END_

FUNC TI ON M'A XCOL ( NNI , NONO , NORO)
.C ORDERS COLUMN INTEGER VECTOR IN OECSEN'I-\IG OPOFP AhI ..UTIPLYAxfiJ

DIMENSION NOlN(NORO),H(25 )
DO) 1 I =i,NORO

1 H( I )=n~N(I I)
N = NOR O--1

10 00 20 =,N
T.F-(H (I)-H( I±l)30,20,.20

20 CONTINU E
GO.. TO 50

H(I)=H(I+1)
H(1I+1)=NH

50 0 TOn 10

50MAXCOL=H( 1 )N
RETURN
END

P E F R N
EN' 0



SURROU TINE MEFMi
C TR IANGUJLAR PLATE SUBMATRI- X SIJIAPOUTJINNF

DIMENSIOf N UNTS(4) ,NOn(5) ,fNNO+( 25) ,N1 (25) ,JP(10) ,PiO)(10)
DIMENSION X(25,40),YC25,40),E1 (4),CNII1(4),DC(2,2)

iSI<(6,6) , f0( 6, ) ,AJI(6,6),AJ(6,F) ,AK(5,6) ,AL(5,6) ,SKAJ '(6,6),
2SKAJ1(6,5),SKAK(6),SKAL(6,6),A1(,6,4),A2(,,4),K/\1(,6,44),
3 SKA2( 664)
DJMENSIflN BK(084,084) , JrM4) ,JM(4) ,ZAI (6) ,ZAJ(6) ,/j.\K(65) ,ZAL(6),

1 X1(6)
COnMMiv1 ON K 1, K2 , K3 , (4 , ifU) , N iP rj ~.

COMNUN ITS , , iNn 1 , I PD) , 11
COMMON X_ , Y , Z F E , Fl
COMMON ONGil , M'EMNO , MENTYP , I FOM I I , I FS F , IF I
COM Mi r\) ! I F J , J FK , I FL , I il, IVY,.
CO mMN JNJ , INK , JNK , I 1ThI , Ji , , P )
COM. MnNi P2 , P3 , P4 , ' P6'
CONMMONt YK , XL_ , YL , n0 ,SK , HI)
COMMOI\ Al , AJ , AK , L SAI ,SKJ
COMMON SKAK , SKAL , Al , A? SKAl :
cOM~1ro\ Tz , ~ ,XK;, F K C00 II

COC~MMON IJM A , JM , N A ] , , 2A t? A, 7TI , 7AiJ

COMMONr ZAK , Z AL , I TEMP , AL PHA , X I

CALL DIRCOS

CRF ,EP1/ ( 2.0'-( 1.0-GNIJ4G II )=XJYK

SK(1,1)=CY<( YK YK+C A XK4 XK)
SK (1,2 )=-CK "CA cXJ*XK
SK ( 1, 3) =CB* GN1J4Xj)YK
S K ( 2, 1.) =SK ( I,2 )
SK(?__')=CBCA XJ X J
SK(( 2, 3) =0 *

SK(3,I)=SK(1 ,3)
SK (3, 2)=O0
SK( 3 t3)=CB*XJ-,XJ
CA=YK/XJ.

CC=C-I *0
DO 9 I = 1,6

DOn J=1,6

AJ., (I , J) = n~*

QAK<( J,J) = 0.0
no0 11=1,3

AN (1, 1)=-DC (1,1I)
AJ (1_1, ) DC( 1 ,I

6CALL MULTRD(AJ , JV'J ,JNJ ,SK/\J
CA LL P'lULTRO ( A,I NJ, JNJ , SKAJ)



.. ' _...

C-ALL INU L T R D(:A <,.NKJNKS KA K
T(IFS F) 3,3,2.

2 CA=E/ (3 . 0-C,+(N1*(;NU)

CRIF/((1. 0+(;NU t)*(2«0*YK )
O1(1., 1)=CA/XJ
0(1,2 )=-0.0
n ( i,3) =CA*GCNU /YK

DI 2, )=CA*GN1J/XJ
P1 (2, 2) =0. 0

1)1 (2, 3) =CA/.YK
n1( 3,1) -CB X1K/XJ.

JI (3,2).CFA
PT (3, 3)=0.0
mi('D7 1=19,3-

n0 7 J=1,3
7 SKAL (1,3) =SKI((,J)
3 I F(IJTFiAP) P98,10
0 XI(1)-XJ ALPHA\

XI (2) =XK* ALPHA
XJT ( 3)=YK==ALPH A
CAL L 1FPPCD(1NC,IZSKA I
CALL TFMvPCD( 1NC,I7_,SKAJ
CA'L L I FM4PCO ( NC,I, 1_SKAK<
PI PFTI(JRHN
ENDP

1

,X i, 7 A I
,Xi, Z./\.1

,X I ,7AK.)

SIEPnU TIN\E AMI'2
C O1,f'DP I1__ATERAL PLATESU ATXSJP.TiF

DI ME.NS JON F (6, 5 ) , INDEX (6,3)
1)IMNA11S ION UN ITS ( 4) , ND( 6 , N DiD)"\K)1( 25 , '1 ( 2 ) I Pi (.. ) ,f-'li (U1s
1)1 A1ENS I ON X(25, 40 ) ,Y (25,40) F 1 (4) f2I ! r. ( )

1 A(6tS (5,5), I(,5)I(,KA) (,6) ,K ( ,) ,.AL ( ,5 l) , F ~5

3SKA2(6,54)

1. XI (6)
COMMOlN 1,K2

COnvMMON UNITS

CO'inin I F J
COMMN ii; .vJJ

c OFiM FiN P2

COFMiMOfN SKA'<

Cfl'tA01hi ]AK
CALL DIPlTCOS
X X L *X (I 'N L, 1v1

1

9

7

K3
NI h

v

F V I ~~
I F K
I N K<
P3

NC
,. H~
ZAL

9

9

9

4

9

9

0

9

9

K4
1\1 F)MOr
7
MFMTYP

I FL_

P 4~

Y L_

X K
i A 1
I T V Iv

9

e

1

4

9

9

I l'i

Ii 1

Cr

11 if

1-4

9

S

9

1

T'f 1

TF

I <S

IA

t

9

9

9

I,7

II

I F

TI'

1 7

.7 {

)--X(I!\"IJ1\1I)

YY L,=Y( IN ..OJIIL )-Y( I f\I I , J\I)
XI...XXI.A: DC (1 , 1 ) YYL %[?C( 1, 2
YLXXL DC (291 ) +YYL, DC (2 ,2?)

F (1, 1) =X 3
F (1. , 2)=0.0
=(1.,?3) =-G1 k=X J



F(1,4)=.5*XJ*F (1 ,3

F( ,)=XK
F ( 2,92-)=XK*YK-. 5*XJ*Y(
:F( 2,3) -GNIJ*XK

F2, 4) -,5 (.GNU* XK*XK+YK*YK )
F (2,5) =2.* (l.+GNtJ)*=YK

-F ( 3,1=- GN)* YK Y K
F (3,2.) =. 5* (XK*X J-XK XK-GNiil K K

F( 3,3)=YK
F( 3,4)=XK*YK
F( 3, 5)=0.O
F (4,1 )=XL
F (4, 2) -XL*YL--. 5 XJ*YL

F (4, 4) _-. 5(GNN.:xL%"xL+Yl=YL )
F(4,5)=2.0*(1.0+GNU)4:YL
F-( 5, 1) =-GNIJ4YL

F (5, 2)=_.5 (XL 4XJ-X L XL -GN li4*YL_ Y1_

F (5, 4-)=XL 4YL
F( 5, 5)-0.0
CALL MATI1\S( F,(, 5,01 ,6,0,0Dn,Ml, INnEX )
IFUA.-1.) 13,13,12

1 1WR I TE (6 910) MNfl

100 FORMAT( 31 H SOMvETHING H )R0 Nf (1WI1TH H'ErrBFP

13 kA=XL

(- = XL-X J

IK C = XL- / K

HD=YL- YK

BEF = X K
H- F = YK

RYBA=. S4HA

X B B= XL -B B/300n
YB K= HRB/3.0
XBC=XK+BC/3. 0
YBC=YL-HC /3.0

YK0=.=.,XK 4 H

V'1C- V KC4HC

XT[?B = P (H B H!B/ 1.8. 0+ YB B 4 YK}B
X IC=-AC {HC HC/B1 .o+ YBC 4YB C)}
X I f=AD ( HD4H/12.0+ YBD4YB)
XIF=AE ( HE'H/18.o+ YBE YBF)

/ ~ 1K -1 rj- I17



7~/

XO=XIA--XI--X IC-/X10-CIE
YI A=AA*.BA*BA/3..0

,. .Y18 AR*( 1 0+XBB *XBB)
YTIC= AC* ( B*BC/ 1RAO+XBC -XBC)

YID=AD* ( B*BD/ 12 O+XBD XBD)

YI E=AE* ( BE ,CBE/ 18.0O+XBE XBE )
YI=YIA--YI'B--YIC-YID-YIE
AJ (1 ,1) AA*XBA=YRA
BJ=AB4I (AB /18.0+XB B YBB )
C,J)=AC (. AC/ 1P.0+XBC YB )

0 J =AD X B 0YB D
EJ= AE (AE/ 18. 0+XB EYKE )
XYJ=AJ ( 1, 1 )-BSI-CJ-DJ-EJ
CA=E P1_
C B=-C AG'N U
01(1,1 )=CA
DI ( l,2)=CA XrAM
DI (1,3)=CB* A
DI( 1,4)=CB -*YM

CSI(t1..5)=0. ..
DI (2,2)=CA*XO
DI (2,3)=CF% X

)1 ( 2,4)=CB*-XYJ
1-)1 (2,5)=0.0
01 (3,3)-=01(1,1)
DI ( 3,4)=CA*YM
0I(3,5 )=0.0
nDI (4, 4) =CAFY I
0I(4,5) =0.0

01 (55)=CA 2.0 (1.0C)+ 1\ U)

DO 3 1=2,5

00 3..J=i, J0E

3 01(1 ,J )=DI ( J ,I

n0 9 1=1,5
DO) 9 J=195.
Al (I ,J )=0.0
)O 9 K.=1, T5

9 A 1(1 ,JI)=A 1( , J )+01( , K )*F (K ,JI

nn 10 1=1,5
n11 10 J=1, 5
SK (I , I) =0.0nn 10) K=1,5

10 SK (I , .) =.SIK (I , J) +F (K,-I ) %-\ I (K, J)

CE= -K / X J

AI(I,,) f04
AIJ(IJ) = 0.0
AK( 1,J) = f.0

17 /AL(I,J) = 0.0



"> .

00 1, 31,C

, I(2,3 .)=DC(1,3 ) CA*DC(2,3..)

Al (3,3 )=C1DC 1J-D(2,3)

A~T(5,3)=CD DC (2,.J)
AJ (1 ,J3) =0 (1 ,3)

AJ(2,J)=CA' DC(2,J)
43 (3,3 ) =C F*DC (2, 3)
AJ (4,3 J)=CC..cDC (2, J)
43(5,3) =CF J (,3

AK( 2,3 )=DC (1,3)
AK (3,3) DC (2,3)
A..L (4 .,3 .) = D C(1,3

5 AL_(5,3)=DC(2 ,J)

CALL VU.LTRD(AT, JNJ ,3JNI ,SKAJ
CALL Nt.JLTRD(AJ,IN3,3N31,SKA3 )
CALL P"!M.'LTRD(A K, INK,3NK, SKAK )

CALL N 1L TRD( A L ,INL,3NL,SK\.L)
IF(I TFFIP) 19,19,20

20 XTI(') =X3)txL PHA

XI (2) =XK*ALPHA

X I (3) =YK=CAL PHA
XI (4)-XL ALPHIA
XI ( 5) =YL*ALPH/A
CALL TENPCO0( NC, II, SKAI, XTI9,Z ACL TIlPO 7SAI7.l

CALL TEMvPCO( NC, IZ,SKAK,XI,ZA K)
CALL IEMPCO( NC,1I7l,SK L,X I , 7A)

1.9 CO1N T INUE

IF(IFSF) 8,8,7
7 DO . .1=1,5

DO h :1l,5

SKAL (1,3) =SK (1,1)

6 DJ( I,.!)=F F( 1,3)A RE TURN
F ND1

SUkROU TI NE IvErvl

C I N-F °\(OEO B AR SU1 ATR IX 5'1PF 8)HUT-I '': 1 . P A C8( 5 rQ1 K

D I AFNS TON uIi TS (4 ) ,NO(6 ) , 'O!\ill(?25 ) , '13(25 ) ,I RD (1. () ), v II(
01 NMENSI ON X (25,40 ) ,Y (25 , ) , Fl (4~) , Ci 1 ( 4 ) , )C ( 2 ,?)

.SV ( 6,6) , 01(6,6) ,AI()(6,6) 6,6)i(6,6) ,) L (6,) 5:(,)

2 SKI\3( 6,6) ,SKAK (6,6) ,SKAL (6,6) ,A.1(, ,/- ) , A?(6,6,4 ) . Al (f,6,,14
3 SKA2(664)

1 XT(6)
C n NvO f\i

C ON NO f\I

C O~f"NON
C ONMON

C ON MON

co OM'

A 
f

I F 3
3 NJ

P2
Y K.
A I
St KK

,K3

JFK
INK..

,P3

,XL

, 4
,SKAL

e 7

, iLT

P4
YLI

A K
,Al

,ID

, TIEG N
, I r,

, IJN L

, DC5

, Al .

,A?

, {JiflPr

, IFPSn

, JKL

s .

s SKAL

P 16

\/i, i

I1 



Cn MI)N I . i N C , X-K COMMON U , N , XI C ELIIKI1 , S
COMMON IIM , JMa
COMMON Z A K , ZAL..

X1=x(IN+J,JNJ)-x(IN,JNtI )
X2-Y( INJ ,JNJ )-Y( TNT ,JNI
XJ=S ORET( X1 .X1+X2*X2 )

DC( 1,l1)=X1/XJ
DC (1,2 )=X2 /XJ

DC(2,1)=-DC(1,2)
DC (2,2)=DC( 1,1)

3 SK= P 1:=F /X 3
SI(AL(i.,1 )=SKK
II=NN1 (INI -1)
I J=NN1 %_(JNJ--1)
IF(NN1-3) 4,5,5

4 N C=N NI1
G 0.TO E6

5 NC=3
6 DO- n12 I=.,6

.O.1.2 J=l,_ NN\1
Al (I,J)=0O

AJ (l,J)=O.O
SKAI( I,J)=O.O

12 SKAJ (I ,J ).=O.O
00 9 J3=1 ,NC
Al(.1 ,J, 1) =-OC (1,.JJ

SKA1(1,33,1)=-DC(1,JJ )*SKK
Al (1,3 ) =-ODC (1, JJ )
SKA I ( 1,13) =SKA1 ( 1, 33,1 )

IIM(1)=II
If~sr\J -INI)..7,7,8

7 Al (1 33J,2 ) =DC (1 ,JJ}
SKAl (1 , J., 2 =SKK< *DC(7{1 , 33
(N Al 2

I PM ( 2 ) = I JR
Al (1,JJ ) =DC( I ,JJ)

SKAJ (1,JJ) =SKA1 (1_,JJ, 2)
C n TO q

P A.2 (1,33, 1) =DC(1,31

:S!<A2 ( 1,JJ, 1) =SKK*OC (1,33)
I\11A21I

Al 1(1,3) =DC (1,31)
S KA J (31. , JJ ) =.S KA 2 ( 1,33 J,1)

iiIFI TFNP 1 ,Ii

NA l NA? , ZAiI

ITEMP\ , ALPHA , XI

,_ Z/l

A I , X 1 , 71A 1)
!\j,X , 7 i\Ji

.I RB n ! 11iI\II F VF N h

C' BRANCH DIS5PL ACEMENITS ANDO STRESSES FrTh PI }HT- SH J P 1



DI MENSION STRESS(6)

DIM'ENS IN UNITS (4 ,NC(h)e ,NONiiO (25N25) 5,IPO (10) I (1I( 1)
DIMENSION V(?100 ) , lU(6) , () ,A I (6 , 6) ,A J ( h,6) , AK (6, 6) ',PA L(6,6),i,SAT(,6,SKA (6, 6), SKAK (6,6) , SKAL (6, 6) , DI (6, 6 )
DIMENSION VTEE(6,3)

'COMMON K1,,K2 , K3 , K4 , I D , NO1RO , h'Ni

C rvIMON UNITS , N D l NINO , N i , IPCB P Il

_COMMO N NUMFO) , VU KK ,KKK ,III , 17.
CO'PMON UU , 0 ,a MNOI , MFENrTYP , I NI ,JI

COMMON INJ , JNJ , I NK , J N K , INL , JNL

COMMON IFSF , IFI ,. IFJ , JFK , IFEL , AI

COMMON AJi , AK , AL , SKA\I , SKAJ , SKAAK
COMMON SKAL , D I , VT EE

1 (1L1( I)=O.O
CALL 5R14(KK,3,JNI ,AI ,U.U, III,KKK, INI, INII

CALL SR14(KK",3,JNJ ,AJ,UU, I I I,KKK , INI , INJ
CALL SR14(KK,3,JN.K,AK,UJ, I I I,KKK, INI, INK )
iF( IPD( 1)) 11,11,9

9 IT=III
DO 10 I=1,3

10 111(1)= ) (I)-\/TEE(I, IT)
11 CONTINUIE

IF{(IFSF-2) 7,2,2
2 CALL SR4A (DI , 3,3,UW1, STRESS)

1A=(STRESS(1)+STRESS(2) )/?.0
1 B=(S iRESS (1) -STRESS (2) ) /2.0
TC=S0RT(TR* TB±STRESS (3 )' STRESS (3) )
PA= TA+IC
PR=TA- TC
ANGLE=22.6h47P*ATAN.I(STRESS (3) /TBP)
IF(_TB)_ .3s616

3 IF(STRFSS(3)) 4,5,5
4 ANC;GLE=ANG'L F-QO.0

CO TO 6
5 ANGILE=ANf;LF+90.O
6 IRI TE (6 ,1t)0)III, IN I ,MEMNl, ( STRFSS( I),= 1=,3) ,PA,PL I.KL

TF (IFSF-.3) 7_,8 4......7 CALL SR4A (SKAL ,3,3, UUl,00)

R EFTURN

100 FOlRMA1(1HO,19,I1O,16H TRIANO, Ptt\TF,16,4X,5F14.C),biU.4,4iL@
END

SIIBRO~niINNE MEMBK2
C, BRANCH DFODRMATIONS AND STP SSES FOR Ch AD PATFE SHI P 4

D IMEN S ION STRESS (h)
DIMENSIUN .U,:NITS (4) ,ND (6) ,NJOi( 25-) ,I (25), JPO( IC), V1LI 1)

D)IMENSIO)N \I ( 2100) , IJU(6) , C (6 ) ,Al 6, ,/1(6, ) AK (b~, )L(A
.SI(AI(,6),SKAJ(,6),SKAK(,6),SKAL(A,6),DI (6, A

DlIMENS ION VT=F ( 6,3 )
CONMI"~I K 1, K2 i K 3 , Kit , I!) , N ~fl.h , iM]i l

COlNMMON IN ITS , ND , NONO1 , NHi. , I Pr. !PT
-CfOMMIN NUMNFO , V , (K , KKK , III , I7
C n iiiMO I 1111, f00 I , MI=EIiMNi fU , N-1F T Y P , I I, I

COMMON\! JN J , J NJ IK N , I 11\, K , J
COMMON I Er! SF , I F I I HIF") If-K I:l-L AT

COMMO~vN AJ , AK , AL , 5KA I , SKAJ , SAAK



120 1(1,2)=-X
T(i,3)=-X X/2./EI
T( 2,3)=+X/EI
T(1,4)=-.-X XXI/6./EI + S*X
1 (2,4) =+X X/2.* /ETI
T( 3,4) =+X
I F( INFLU) 150, 150,999

150 0=PROP (3)*:SFL.

R0= PR1P (4 )

1(2,5)=-X*X=,X ((+R0 X / 4 )/6.w/EI
T(3,,5) =-X4X (Q±R(3 X/3. ) /2.
1(4,5)-=-X*( 0+RO X / 2 .

OF) TO (999,200), IDF
200 CALL IDENT(TC,5)

CF=PREP (5) *SFL
10(4,5)=-CF
CALL rFAMUlLT (T, T., TR, 5,5,5)
CALL FOUJAL(T',TR,5,5)

999 RETURN\
END

SIJBROIJTT NE P1EAOTH1.1( A, . I ZN C, K )
DIMENSION A(6,6) ,R(6,6,4)
D0 1 I=1, 17
00 1 J=1,NC

1 P(I,J,K)=A(I,J)
* RETURN

StUBROlUl INE REiRO ( ELA~f1,N,NvT\V,FREJ,
C.. *ROD TINE ARRANGES El GENVALIJE[S IN ES CEJ IU NO (R F; )"1

C..«. THE CORRESPONDING RF--ARRAN(;INOit OF THF FI FNVECTIRS
D)IM ENSI ON EL AM( N) ,RP (N, N) ,BL ( NN)
N T V1= N T V-i1

10 00 20 I =1,NT \/ 1
I F (ELAM (I) -ELA MA(I±+1)) 30, 20,20

20 COrN TINU\E

RETURN
10 FORMAT(/ 30H FIGEN VALUEFS AN\D EIOFN\VFCTO)RS1/

END



&RM i1y= 1S AL , DI , 1ITEE

1 Iti( I) =0.0
CALL SRL4( K, 5, JNI ,AI ,UUJ, III, KKK, IN\I , TNI

CALL 5R4K,,NJLUI IIII , IM'J )

CALL SR14( KK, 5 ,JNK, AK, tJU, I II , KKK, I NI , I NK)
CALL SR14(KK,5,JNL,AL,UUi, III ,KKK, INI , INL11

19( 11=1 1 ) 1 , 1 1

DC) 10 I=1,5

10 UU( I)=UJU( I )-VTEE(1, IT)
11 COnNT INU E

IF(IFSF-2) 3,2,2
2 CALL SR4A (DI ,5, 5, UU,STPESS )

WRITE(6,100) III ,INI ,EN,(STR.ESS( I), 1=1,5)
IF( IFSF-3)3,4,4

3 CALL SR4A(SKAL,5,5,UU,00)
4 RE TURN
100 FORMA1 (IHO,1I9, I10, 14H OIJAD PLLTF,I8R,4)(,5FI4.6)}

F C)D

SUB)ROUTINE v~fr5
C BRANCH FORCES AND STRESS FUR PIN ENDEFD DAR

I ME\-S I ON UN ITS (4), ND1( 6) , NN (25) ,',1(25) , IPD (10) , P10(19:)
DI MENSIC)N V (2100) ,IJ)U(6), D@ (6) ,AfI (6 ,6) ,A<(6, 6) ,!K (r~, 6) , .L(6,6),

1SKAI(6,6),SKAJ(6,;6),SKAK(6,6),SKAL(6,),J(6,6)
DIMENSION \lVTE(6,3 )
COMMON K1 ,K2 , K3 , K4 , ID , YDPD ,

COMMC) U I S , N 0i f 
O M N NUPAFO , V , KK , KKK ,t III , Il

CC)MMC)N\ UU , (D) , MEi.iNO , H4F N1T YP , 1 NI , J I I
COMMON INJ , JNJ , INK , JNK , 1 , JPJI

COMMON IFSF , IFI , IEJ , F=K , JEL , ATI

CC)MMC)N AJ , AK , AL , SA , SKAJ , sP

COMMON SKAL , DI , \!TEE
DC) 1 I=1,17

1 U( I )=0.0
CALL SR14(KK, IZ,JNI ,AI ,UU, II I,KKKK, TNT ,TM T )
CALL SR14( KK, IZ,JNJ ,AJ,UJ, III ,KKK, TNT, INJ

IF( IPD( 1)) 11,1.1,19
19 IT=III

U( (1)=U(1 )-\/TEE (1, IT)
11 CONTINUE

00(1) =SKAL (1,1) IUU ( 1)
IF(IFSF-2) B3,2,2

2 STRESS=0Q( 1) /D)I (1,1)WR I TE (6,100)111I , I N I ,MEMNO, S TRES S
3 RETURN
100 FORMA T(1HO, I9,I110,7H RAR, 115,XE14.0 )

F ND



SUBROUJTINE M1LTRD(AA, IN,JN, SKA )

C PR EMIJ1LTI PL IES ABYSKTHEN READSAA INTO 41lPP}R 2 A.1

C SKA INTO SKAl OR SKA2
DIMENSION UNITS(4),ND(6) ,N'OnNUI(25) ,N1(25) , JP( (1.0) ,JPr( 10)

DIMENSION X(?_5,40) ,Y(2_5,40) ,E1(4) ,GNUI(4) ,D C(2,2) ,

DIMENSION RK (0R4, 084 )
DIMENSION IM(4) ,JM(4)
DIMENSION AA(6,6),SKA(6,h)
COMMON KI, K2 , K3 , K4 , IDI , Nf1RD ,

COMMON UNITS , ND , Nni\') , N I , 1 PO , P T P

COMMON X. , Y , Z , F , F 1.N,

COMMMON GNU11 , MFMNO , MENTYP , I EGMIJ , T FSF , 1 F T

COMMON IEJ , JFK , IFL_ , INI , J NJI JNJ
COMMON JNJ , I NK , JNK , I NL , J NL , P 1.

COMMON P2 , P3 , P4 , P5 , P6~ , XJ
COMMON YK , XL , YL , DCI , SK , 0I

COMMOlN AI , AJ , AK , AL_ , SK AI , SKAJ

COMMON SKAK , SKAL , Al , A2 , SKAl , SKA?
COMMONI Z I , [dIC , XK , IN(ThiFM , I CohN]\ , HK

COMMON I m , J M , NA 1 , N A?

DO 1 I=l,IZ
DO 1 J=l,NC
SKA( I,J)=O.O
r)O I K=I,JIZ

1 SKA (I, J) =SKA (I, J )+SK (I, I() AA (K, J
31 =NN1* ( JN- I
JF(IN-INI) 2,2,3

2 NAi=NAi+1
IM( NAl )=JI
CALL RFADIN( AA,AI, IZ,NC,MiAi
CALL RFADIN( SKA, SKA1, IZ,NC,NA1
GO TO 4

3 1\1A?=NA?+i
JM( NA?) =J3
CALL RF,\DII\(AA, A2-, IZ,NC, N A2)
CALL P.FADIN( SKA,SKA2, IZ,NG,,NA2 )

4 RETURN
END



SUBROUTINE NOD (NO'NO, NODE, NROW,L )
C ... ROUJTINfE COMPUTES THE LONGITUDINAL NUMBER FOR GIVEN

C ... ROW AND NODE
D.IMEN'SION NONO(25)
L=NODE -NONO (NROW)

DO01I =1, NROW
1 L-L+NONO( I )

RE TURN
END

FUNCTION NODET( I ,NODE,[DE F I 11J, NXC, I'ONO )

C...ROtITINE COMPUTES NODE NUMBER FOR GIVEN ROW AND COLU(i\
INTEGFR DEFIN
DIMENSION CNODF(40,25)
IF (NONO-NXC )20,10,10

10 N0DET=I
RETURN

20 NDDET=0

DO 50 I I=].,J
IF(NODE(I I,J)-iDEFIN) 50,30,50

30 NODETT=NODET+1
50 CONTINUE

RETURN
END

SUBROUTINE MINSUB (AA, A, N,DD,JJ )
D iMENSIO^N AA( JJ,JJ ),LL( 84) ,M(84) ,A(N,N)
[ TflTgF" RRfC I S IN A, 0

C THIS LOOP SCALPS THE MATRIX TO APPROXIM/\TELY ON~F (1)
L=0

10 L =L+1
AHOW=AA (L,L )

SCALE=AKS ( AHOIW)

IF(SCALE.EO.O.) GO TO 10



' ' _ o r' ''

SUFROUJTIN E M IN\/(A, N, D,L,M )

C.C+l " '"-" "" . .... 0 0 0 0 0 * 000 "". "t".."", ""..t"".."" *""."0" 0." 0 " 90" 0 " "" " *e"" *"" *. ." . .00. "

C
C SURROUT INE M INV
C
C PURPOSE
C INVERT A MATRIX
C
C U SA GE
C CALL MINV(A,N,D,L,M)
C
C DESCRIPTION OF PARAMETERS
C A - INPUT PMATR IX, DESTROYED INN COMPUTATION krID P F' -QA_ CED HY
C RESULTANT IN\/ERSE.
C N - ORDER OF' MATRIX A

C 0- RESULTANT DETERMINANT
C L - W ORK VECTOR OF LENGTH rN
C M - !WORK VECTOR OF L ENNGTH N

C
C REMARKS
C MATRIX A MUST BE A GENERAL MAitTP IX
C
C SUB ROUJTINr~ES AND FUJNCT I OIN SUBPR(P~,. AM\,SP tIP.E
C NONE
C
C METHOD

CSHE STA.NDARD GAUSS--JORDAN IETIHHi I US ED). THLi-):FTF~rI I I\AMtT

C IS ALSO CALCULATED. A DETERMINANi\T OF ZERO Il\iIIC\TF=S TI-AT
C THE MATRIX IS SINGULAsR.
C

C
DIMENSION A( 1) ,L(I) ,M(l

C
C "!"" i" " t"t t """ " t" """ " s " t"e o ' oee se es00000oe00 eo e 0e00 s0 0*o ee o so e0

C
C, I F A DOUBLE PRECISION \I'FRS ION OF THIS 1 (111TfN F I> "S Fk

C C IN COLUMI1N I SHOULD BE REMOVED F) FP.lI hi THE- DDUi LV != i.ISC TA1 15WIC JLL ^S

C
D~luBLE PREC IS ION A, D,B IGA ,HOLD

C
C THE C MUST ALSO BE REMO\/FD FROM Dt nIDLE PVF i Si ST' tF"iT5
C APPEARING I NOTHER ROUT INES USED Jk C<?r\IJNMCT I V I T-llTHI;S



D0 80 K=1,N-

N(K = K + N

L(K)-K

KK=NK+K

BTGA=A(KK)
DO 20 J =K ,N.

I7_=N*(J-1)
DO 20 I=K,,N
IJ=Iz+I

10 IF(DABS(BIGA)-DABS(A(IJ))) 15,20,20
15 RIGA=A(IJ)

L (K ) =I
M( K)=J

20 CON TI NIJE
C
C INIlERCHANGE ROWS
C

J =L ( K
IF(j,,-K) 35,35,25

25 K I=K- N

DO 30 I=1, N
KI=KI+N
HOLD=-A (KI )

JI=KI-+J
A(KI )=A(JI)

30 A (J I) =HOnLD

C I N 1ERCHANGE COLUMNS

3,5 I=M(K)
IF(I--K) 45,45,38

38 JP=NP( I-i
DO 40 1= 1, N

jI=JP+j
HOL 0=-A (1K )
A(JK)=A(JI)

4.4 (11) =HOLD

C DIVIDE COLUMN BY MINUS PIVOT (VA\LI.F OF PIVOT E LT-' FVO TS
C CONTAINED IN BIGA)
C

45 IF(BIGA) 48,46,48

IK =NK+ I
HOLD=A(I1K)

I1.I=1-N



I F(I-K) 60, 65, 60
60 IF(J-K) 62,q65,62
62 KJ=IJ-I+(

A( IJ)=HOLD*A(KJ )+A( IJ)
65 CONTINUE'

C
C DIVIDE. ROW BY PIVOT
C

K J = K-leN

00 75 J=1, N

KJ=KJ+N
IF(J-K) 70,75,70

70 A(KJ)=A(KJ)/BIGA
75 CONTINUE

C
C PRODUCT" OF PI\/OTS
C

D=D BIGA
C
C REPLACE PIVOT BY RECIPROCAL
C

A( KK )=1,0/BIGA
80 CONTINUE

C
C FINAL ROW AND COLUNNN INTERCHANGE
C

100 K= (K-1 )
IF(K) 150,150,105

105 I=L (K )
IF(I-K) 120,120,108

108 J0=N01 (K-i)
JR=N* (I-1)
oo 110 J=1,N
, K = J O +J

HOLD=A (JK)
,JI=JR+J
A( JK )=-A ( JI)

110 A (J I) =HOLD
12 0 J= M(K)

JI = K I K + Jc

SUBROU TINE N.SCRWR (J, N, DX, DY, NUTR )
DIMENSION DX(NOTR),DY(NOTR)

WRITE (9,10) J,I\
W1,RI TE (9,11) ( DX( I) , 1=1 ,NOTR)



r

. ;:.

WRI TE(9, 11) (DY( I ), I= 1,NOITR )

RE TUR N
10 FORMAT (215)
11 FORMAT ((15E16.8))

END

SUBROUTINE NSCRRE( J ,N,DX, OY,NOJTR
DIMENSION DX ( NOTR) ,f)Y (tNOT R)

READ (9,1l0.) J,N

RE TURN
10 FORMAI(2I5)
11 FORMAT ((15E.6.8))

END

SUBROUTI NE NE I LRE (NA, NB 9109 SEX, SFY ,PHi , I)XL -, YL , (!)>i)
D)I MEN S ION DXL (NOTR) ,DYL (NOTR )

READ( 7, 14) 1N, NC, SEX, SFY, PH I
READ( 7,15) (DXL (I) ,I=1 ,NUITP

REA(715) (OYL(I ),1 1NOTP )
RE IURN

14 FORMAT( 31 10 q3F1. 8 )

15 FORMAl ((15E16, R))
END

SUBROUTINE' NFILWAP( NA,N,N\C, SX, SY,PHI ,UXL_,OYL, i)TV)
[DI IiENS I ON D)XL. ( NOTR ) , D)YL ( N OTR)
WRITE ( 7, 14) NA ,NI ,NC , SEX, SEY, PH I
WRI TE( 7, 1.5) (D)XL (I ), 1=1 ,NOTR
WWR I TE ( 7, 15}) ( D)YL (I) , I =1. ,NLITR

P F TURN

ElI E PROP (1) s*SFS
GA ( PROnP(2 ),SE.A
S =0.

I E( GA) 12010,1



42<

SUROUA]TINE SE TOnC ( N !SEC , Z7I, F YE , N,0 , , n 9I P , 7 .P , P , 71LEVN'DCC,i O; TA

0--P~iUTINE TO SET U)P OCCURkREN.CE I)ATA VEC;TOPS
01 HtENIS ION 7I1(20), EYE (20 ) , 7(20) ,0 (20) ,7 P (50) P( O ( ATI\(

+7 0CC (70)
C
C-O7F TERNI NF LOfCAT I ONS FOR ALLI_ CC-IIRRENCFE CH I--- S

70nnrC (1) 0.,
ZO1CC( 2) =ZLEN[

C--Fl PS] ARRANGOEi 1-SECT IN CHA-INGES INA SC FlI NC OP D[1RckI. I K P1 (;
71 (INSFC+1)=Z'L FN

10 0on 20 \'=1,N ISFC
I F( 71NI )- I (1\'+1 ) ) 20,207,3(}

20 (COINTINU IE

(;n TO 40
30 SA\/E=7T(N)

71(N)=710\(1+I.
7.1I (NI+1 ) = SAVE
SA\/E= EYE (N)
EYF ( N) =FYE ((i+l)
FYF:(N+1 )=SAV F
(In TO 10

40 )n050n I,= 1. , S F C
NOCC-l\IU1CC+1

50 7.OC(N'CC)=7IJ(iv
C

IF(NO) 110,110, (nf
h ( 7l(NIO±1) =7 L FM
C--APR A NCE 1I I ERIA L.OADS INH A SCF END I NC( I)lF F EEI_!.! P 1 HI'
70f iF0 ') !0I= 1 , M

IF( 0( N )-7n( !+1) ) 80, 80 ,9
P0 CN'TIINIIE

On TO 9Q

c90 SA\IE=701(N\)
70(N)} =70( N+1
7.0(N+3. )= S A V

S F)( N )= 0 ( NI 1}

nl(11+11) =S.Ael
r;Or7TOn70

N C C1=0 AC C +1
l),n 70CC ( NOC1C )=70 (
11.0 I F(NIP)20(3,20(3, 120

IFn 7 n P (N) -1 _7 P(N1,, )10,14,.5

CO TO1C30



.>'-

lODO 70 N=1,NP
NCOCC=NOCC+1

170' 7OCC(NOCC)=ZP(N)
C--ARANGCF OCCU.RRENCE. LOCATIONS IN ASCE NDINC (lPI)IFR LE..I () ' P iC
200 CALL SORT(Z OCC,NOCC )

C
C--I N SFR T OCCURRENCE .I)ATA

N DnCC =N DC-1
f")0 500 J=l,NOICCC

nDA TA( 6,J )=ZOICC.( J
i)A TA (7, J) =7zCC (J+])

ADA TA ( ,J )=l,
C-- OD TA ( 8, J )I NDICATES I F A COI\CENTRATFD CUMJi)I T I UN, _ ,CCU.PR AFTO-Kr

C /At\ OCCURRENCE FIELD. I F SET TO* 1, NON .E EXISTS.TIF SrI fT11~ H HS

00210 1=-1,5
210 DATA .(I,J)=0.

00 230 N=1,NSEC
IF(ZI(IN)-ZOCC(J) )220,240,250

220. IF (. I ( I\CI)-ZOCC(J)) 230, 230, 240
230 COfNTINUE
240 ADA ATA (1, J ) =EYE (,N)

250 JF (NO) 30,300, 260
260 DO) 21)0 N=1 ,NO

IF(70(.)-7OCC(J))270,2Q0,3n0
70n F(Z0n(N\+l)-ZOnCC(J) )280,2R0,290
2P0 CDONTINIiF
2°0 nA.TA ( -, ) =0 ( N)

300 1 F C NP )400,400, 1(

31 0(F1 320n\w=}l, P

IF(7P(N)-ZO(iCC(J) )320,315,400n
31h1 UDIATA (5,J)=P(N)

1.i'DAT/\( ,J )=2.
~2n COnNTINUE~f

400r C OI\IT I (NilIF

500CONiTlINU(E
R. E TU RN

SIPRROIIf THE SHI P)1. (-A RDOC
C.r1: 1 PITI N F DFVELOPS FINITE FLI FNT STIFFNESS Ill1FF

C. ., . E 1-)HE 1 RANSVEO SE I =IFR

C FORMATIO'N nOF STIFFNES-S IVT ICFS

COI v MOfI\' D1.1,ME N ,FMNT Y P F ' ,IFSF , I F I

(; r11;IviC~i. I EitJ , I FK , J E, IE, I

.CO IOI~l 2 , 0 , ,Nil '<



COMMON K , XL , YL, , DC , .SK , +)I

CO MMOnN Al , :J ,AK ,A L , SKAJT , SKM

COMM iON SK A-K , SKAL , A l , A? , SK! ! , >K/

COnMMON' !I Z 7N ,Xh1< , NON EN ;,, {CI 0!1
COMffiMN TM '1 jv! , A H, A? , 7 AI

COMN ZAK 7 < , AL ,ITFMP , -,LPHA ,TX

COM NNN/K23R!"l/KH (3 349) ,KHB (4,49) ,Kj, KJK, I F,L..(4 )

C I P (1) =TEMPERATU.RE FLAK;, I T P

C PI10(l) I S USED TO PASS THE TIME OF l Y
CALL I N\PUT

I F (NORO. (;T.25) GCO ITO 331.
I F (NOMA T. GT.4) GOl TO 331

K 1 = 1.
I JK=0
DO 9 9 TI, l,NOr BD

IF (NO("RO.GT.Nl1RO) GO TO' 331
I F (mn Fk. GT.].) GO TOl 331
I F VMC ON . GT.1) GO TO(.)3 31

C NOnBO=NUMPER OF ROWS WITH ROUND i(AR Y C";") J[J OK

C OR (I) I HPL.IEs BOUN D ARY CRIND I T 1I ON+AT THE =i\') iF ri _i(I) LT

C : nOFB = 1 ,FI X ED IN X-DIRECTION,N .OBR=D,FIXFDD I' Y )lC F I'I
C MCON=NUl+MB ER O'F ROUN\DAP Y COnNDI T I(IhAT 1ST!P r1,

C MOB (I) I M PL I ES BOnD(.i RY L CON D ITI ONi Al]Pk(1) 1T Lw-Cl i'A CN IS AME AS NfORB RUT FOR BOUNDAR.Y CFN'Di!I TlION)S OF 1S ,(-t ,F

K,) =0
C A LL PEWI+N(3

CAL L ?! RrWI ND (4 )
IPO( 1)=ITEAP

NDa(( 1) =3
ND( 2)=5
ND(5) =1

GO TO 333
Ir1 (ITE (6, 332)

S TOP
3?? M1vAC 0=N~A XC DnL (1_ ~, r\Ooo , NORO_

'I (ili F M=

ICOUltN1=1
gil(1l)=n
I CDl- .=MIMl ":cN[)Ri(1)
1 CDrlL 2=iN.N 1 I\'DNOif ( 2
DOn 9 I=1, ICOL-1

00 9 J=1,ICDL1
9 PI(I,J)=0.0

11-1 I=JJK±-1

1:, CONTINUE i

'4 2 0 'K 1. ,

I" (1K) =l



DO 20, ()0.20 J =1,NI 

A2( IJ,K)=O.O0

?O SKA2(I,J,K)z0.

CO TO (l,2,5, 5,5) ,MEMTYP
1 CALL MFMl

GO TO 10
2 CALL MFNM2

GOf TO 10

5 CALL NMEM5
C I FSF =1IFORCE (ONLY

C IFSF= 2 FORCE AND STRFSS

C IFSF= 3 STRESS ONLY
C FOR iHERMAL STRESSE PROBLEM IFSF MtIST kF GRFATE,
C THAN ZERO FOR ALL MEMB3ERS

10 IF (IFSF) 22,22,23
23 WRITE(4,3)MEMNO,MEMTYP, INI ,JNT, JNJ,J(\J, INK,Jf'K, I1L,JIL_, F5r,i1

11IN1 ( IN I) =N 1( IN I )+ 1

22 00 30 I=1,NAi
IMM=JM( I)
DR 30 ,)=1,ENA1

30 CALL 1P.AMPS( Al, I ,IZ,NC,SKAl,J, I VJ ,;

IF(fNA?) 15,16,31
31. rno 35 I=,NJA 1

IM=I1M(I)n0 35 J=1,NA2

~,MPA=JIN] ( ,)
35 CALL 1 RAMPS (Al , I , 17, \C , SK 2 , J I qJH ,1 [AK

.'O 36. I=1,NA2
II [A=J3Ni( I)mO 36 J=1,NA12

36 CAL.L TPAMPS( A2, I, I?, NC ,5K1 2 , 3, Ii>, J~KH

36 CONTINUF
lmil F1\'1 Jf1NFfM+1

n0 TO 11.
1'% IPO1=INI-1.

PF+fl4() I P = 1, fl R P
I F ( TIRO [F)MR( IP) ) GO T O 49

1.5 1< (I , 3)=FAKH( 1, I)

~Li=[\Ii*;NONO+( IN'I
IF ( INI FNRO) (M1TO 7f!

I C FL?2.= ['I a1R 3 N 01' 0(1T N I )



GO0 TO 71
70 ICOL2=ICOLT.
71 IC',h),NT=IJ4'I

HO'ME MU=f
IF( JNI )11,11,12

999 KJ =
CALL PEWIND (3)
CAL.L REWN ND (4)
WRITF (6,102)1ID14R I TF ( h, 10 0 )10D, NORO, NI , N 1MA T, I TEMP, ( IT S (I) , 1=]1,L + )

WP\R I TF (h6, -110 ) HsN~nhO ? OON, NOBR, MCOlrA

f-IR I T E ( h , 1 1 0) ( O I) ,1 1, MOKO
WiR I TE(6,110) MOOR, IFS F

"1RI TE( 5,103)FA
'.R I TE(6,103) F,GR-'tIIJ, AL PHA
wp RI TE( 6,1I10) ( NONO( IL ) ,L=1 , 0080 [')

SF 11 RN
3 FOP I IAT( 1515, /, ( 15E16. R)

'. FPMA1( 1215,!, ( 15E16.P.)
100 FORM A T(5 I5, 4Ah)
10? FORM A1 ( 241-IDA!TA FORP\PROBLEM NfUF, i)

10'3 FORMAT(F10f'.2, F7.?., Flf.)
110 FORPMAT(2013)

332 FORMAT (//25H INPUT F~f;,.URS 1l\ SHIP] !
400 FORMAT (4F).5.4)

F NOD

C. I 'ATRIX TRJAN@f=IILA.PIZAT1I'.l

(' INPUT OF FORlECE OATA ['HM . ,CK 501-SiTilTI ' F(K 'Fir'!.

C SOLDUTI r\ OIF FOHI AT I (f\ S
O1.IEN\SION 1f1\'IT5('Q)4 i N(5h) ,'lhif (1(25) ,f (:2L ),I i P ~ 0

1. IHD+!EX(ORHlL,3)
01 f: N= SII O 1 J( ( ~4,R4),_ k 2(OIL, 0 4), 01 ,.P(w )

1 MEN S I ON FAOX ( 84, 84) ,I0 (75
O.IN ENS ION (210) ,\'1TFH~P (P 8

C. Oli fl K1,K2 , K3 <KIL,, K .

CIiIffI (1 I j I F K NO* i f9

c1.n , L nPO 1IW'' ( 1.0 ) , I' X -( 50 ), vI 1),\!TF!'hr I

C l~vii"rl\/A'I- / 81 ,OM(/C..LL ). 0 5 l ,l ( +,. +t(

CALL K,3R E( I180 , I CI)l, .I CO[L.,K0 AIQ)



I F (ITIw ."L RPW(I K)) GD ID74
J 1 LNO[) (:1 K ) 2-1
J2=J1+1

A=CfS(AN)*SFX( IK)-S1N( A N) SFY(IK)
R SIN1(4N) SFX(1K )+CDCS (AN):'SFY(IK)RAK ( 1, Ji) =RK (1,31 )+A*SPR ING

74 CON TI NEF

CALL lA TINS (kRK ,R4, IJCOL I,RK 2, P4,On, D1), INDEX )
r (") ID (3,3 fiV

WNRITE (6,121) II,DD

36 CAL.L K.2WR ( TRO, IC)Li , ICDL2 ,_K,l , ADX , WACO
I,:(II-.4\jnpO) 40, 9,39

40 CALL K3RF (IPl, ICOL1 , ICD!L2, K2,-1, '-.(), ;A C
CAL.1L K2WR ( 10.0n, I C fLl , I C fL2 , BK2,--1 , lAYDX ,( f
DOn 44 .!=1 , lO-,t.. 1
1) r }43 K= 1,JIC'L2

HTEMP( V )=nO
DO) n 43 I= 1,JTC II.1.

43 F T F P ( K ) -RTEFMP ( K ) + RK (I ,. I) B K 2 (T , K )
4/' 5RK ( I , 3) =TF'P ( I )

DO 142 I=1.1ICF)L2
I IK=KKK.+ICOL3. .- i

~O)42 3=1,1ICOLi
I K.K=KKK+JR ? ( I K) =P(IlIK )-kK (1 ,3.)=R (I KK)
KKK=KKK+iCI-. 1
DO 50 Kis__, I COL?

F)OF)51 I=I,IC OL?

DO -1 II =1I C OL
51. STEM 'P( I )=RTFI';P( IT)+RK( ,1) 5K2.( , K

DOl 50 1=1 , IC( 'L?

CALTK3'F-IR, ICO(-Ll , ICO~i? ,kK ,0AD X, AC')

fDOn 35 J-1_, ICOL1.

3-5 5K(I , I)=K (I , I)-kK2 (I ,

CALL Of1T 1\T (I F1,. 1

TI (K= K 1K1K+ I
-' R ( IKK ) =/TFV.P ( I)

IF ( T T kIlRU ) /954 4



K KK=KKK-ICOL
110n47I=1r, COL 1
IKKKK+I

'nn 47 J=1,ICOL 2
47 R ( IKK)= ( IKK )-RK(1,3) *VTFAP (3l

54 KJIAR0
WRITE (65,400) (R(I),1=1,IKK)

3 FORMAT (I5)

1 10 FORMAI (10110)

l.ii FO-RMAT( IHO1, 17HS INGIJL AR J1\i RAW ,J13, 14-1 TAUI- LU CK )

121 FOlRMAl (9H ROW,: NO =, I10,1OH I)FTFRMt-f =, ?0.*5)
400n FORMAT (4E15.4)

FNO

S1ikROITI NE SH IP4
I'MMEI\'S IO)N JACK (25_,40) ,FORCE (25,40,2 )
UIViFNSTON UNITS (4) ,Nr)( 6) Nn(25) ,NI(25), T1 0( 19) PIU(1
Dl ''NS ION V (2100) ,!JU (6 ),n (6) ,A I(6,6 ) , Aj (6,6 ) . ( , 6) ,AL(6,6),

1SKA (6,6) ,SKCAJ (6,6) ,SKAK (6,6) ,SKAL((, 6) , U (6,6

IMENS ION \/ TFF (6,3 )
C OMMON 'K1 ,!K2 , K3 , !K4 aIfJ, UP! <

CONMMON UtI I ITS ,ND, r I ' i0\0 , V1 , I UPIT
COnvI ,1O!i NUIMF) , v , KIK , KK T I T , 17
C fjn iflfI\ IJ J, 00 , F MN Fi , Fl'iTYf-P UT, IHI, jI
COMMON I NJ ,I JII K T 1.i ,A

COnfMMON I F SF , IF I , I F3 I TFK , IFI..T

CnMN iNA,,J ,AKSKICOMMON SKAL , fDI , \TEE . U! V P ( 7(6±}

COMMOivnr,/SAF/JiACK, FOPCF,1THY (4500)
WRITE (6,110)10)

111T=1,YR1TF (6, 100)ANuTS (1) , l\ITS (2) ,I TS (3) , VTTS (1 )

CALL REWIND (4)
KK=MlN1-<Nkl( 1.

K K =0
nn 2 J=1,~NORO

I'M 2 J=1, JOE

JACK. ( 1,3)
AD 2?_ V=i.,NfNi

00-5Q R Fr I RD f

7(' TF ( TFSF-2) 1f,1 ,R



10 IF (1Ff)12,12,11
11 CA L SR1(AI fl,,INI ,JNI , .,NN1)
12 TF(IFJ)1}14414,13
13 CALL 5R15( AJ nl0, INJ ., JNJ,I, 1%Nl.ii1

14 IF(IFK) 16,16,15
1.5 CALL 5R15(AK,00, INK,JNK, 17 , NN1)
16 TF(IFL) 58,52,17
17 CALL SR15(AL,0O., INL,JNL, IZ,NN1)}
5f CON TINUEF
23 CONTINIE

KK=KKK
5'- KKK=KKK+NN1' NF)NO( i1i+1)}

WIRI TE(6, 101) IJNITS( 1) ,INITS(2)
nn 24 I=1,NORO
JiE=NONO n(I)

DOf' 24 J=1,JOE
IF(JACK (I,J),) 24,24,25

25 ~.!RITE (6,102)I11,1I,j ,( FORCE (I ,J,K) ,K=1, ,VHJ
24 CONINTINtIE
26 IK=1

I KK=NNi.
IRi TF ( 6, 1O3)I.NITS(3) ,It\ITS(4)

Ian 27 I-1,NO1Pn
1TN=NNOn( I )
in 27 II=1,IN

! 2R1,TE (6,10}4)i11,J,11, (\I.(I\/ ) ,IP=1K, 1 VV

I K= I K+NN1

27 IKK=IKK+N\N1
PEFTI RN

1n4. FOr14,IA 1 (1H , I12,219 , 3X , 6E14.6,
1.2'3 FOR V IA T( 2 3H1NI..F 1)1 SPLACEI'F'\ TS JI , 2 . Y-./!/

1.?7k] LOAD SYSTFV '! ROW N(OI)E ,1 OX, 7VY-HI SP ,7X , YHYi-I ' }
102 FfORHAT( 1H ,3I9l,3X,AF14.6)
1 f!1 FOP fiA T( 21 H iC01- k\,f1flF FORC ES I N ,2A 6 , //,

1.22k LM/\M) SYSTEN-1 ROW N \iODEl,9X, HX-FiQ~,i ; X, 7r-HY Fi''i
6 :FnsM\ 1(1.615,1/, ( 15E1.R))

10nnFOP WA T( 20.1 1FWNIOFP STRESSES II\1 , 27A6 , 1&H] HR St iA'? r ,fit'7/

1. 1320?I'LOAD , SYSTED' Rn iFI R FM2P, YOK A',DO L ,EIIH < Y- 1 ;
2Y-S TRESS SHHEA R STRESS 1ST PP 1MG STP ?i'ItF PI. TC. S I ",' I rF

3R INC,/44X,141].(T1Ar\N( PLATE), (2X,16k]STVFSS T TO IAYI'//
L,.2kXSTPE=SS, 6X, 7H-X-.,\DAI, 7X, RHY-STRESS, 6X,7]Y-(=,P -1W) , ,,
51?HI-SHFA1P STRFSS/46X ,1?k]( (MIAI) PLATF ) / /' ~X , ;-'X -T" i2SS/ i X q I( v1;) /!

112 FOIl?IA T( ?7k]1RVSIILTS FO)R PRO -RL Fi 'A [II~i kH,I5)H

IF(.X (1I) -X (1±1) )1 5,20l,30

() IlN T P R
21") F (I) = N



N.N-i

X( I )=X-(r+1)
x ( 1+]. ) =SA\/F
r O, TO 10

S (JFRR ntOI\IF SP14(KK,N,J1\,AIJK ,fJ, I T, K KK, TI IN IIK}
C SR14 RR/NCH IISPLACFVIFNTS OR FORCES SHIP 4

DIME NSION .V( 2].0) Al 1K ( &, (C) ,00( &)., W(
DI MEN\S I N NIFTS (4) ,ND ( ( )0, ND( 25) ,FIT(25),I Pf(1 O),I0(16')
COMMO nN K 1 , K,K3, K4 , ID, NO()R , N 1 , INIT '+ L MD, NiI O , N 1 , j p., [ [
COMMON NUMFf , V

I F (11IK-ITIN) 3.3,4
3 I (.1 K. K±NN 14 =( +1.N-

ConTO 5
4 T r=KKK+NI4 Jr.-1
S i I II=1,NN..1

I T=In+I
A(I)= \/ (II )
DO 2?_I=1,N.
DO 2 J=1., NNI

2 0IJ( I )=OhI( I)±A IlK (1,1J) (
PR F j P N
F I\i A

C SR 15 \NODE FORCES SHI P 4

DIMENSION \tAIJK ( &,6 ) ,QD(A),F 1RC( ,=25,1 -, 2 ,A.<(
COMMOf N/ ,SAFE/JIACK, FORCE, '-'n 1YJ(4500

1. FFRCF (II ,-J I,IJ) =FFRCPF (I I,JI I)-A IlK (I I ) 01

R F TI JR NI
END



St)F RflhTINEF SWTCH(Ii12

12

1Q 1.F1(1.(R

t IROUl(1INF TF P ,F( N,, 17 SKA,XI,7 )

D)I EN:S ON SKA ( -,,6) ,XI (6) ,7ZA(6

IdO 2 I 1 N C
7A( I)=
!f0 2 ,1=1,17

2 A.( I)=ZA( I.)+SKs(J, I )*XIJ )
P TIJRN

SI)1 E)OfVIINF TIiATT(XF,NK.X,TM,NHC),C,,'CVOh' )A -F FS-LSC...;1t1TF .,(R~ 'tF fA P X (=-!: cf7.FP TO1 X

I F(NCON )110,110, 00
100 IF( X-XR3) 110,120,120
11o CALL inENT ( T9 )

IA =f( TA(7

X1F=OOATA(P,N)

D0fl0 30 1= 1,5
130 PRO)P (I) =OF)ATA (IT,+

{ - =0 
GiO TO 295

295CALL OCCMir ( TI]P, 11FYlFLk, SFK h-. H'F1,0
C !!\LL. N l3 IT (TO,Tvl ,TR , 5, 5!5
CA L L En IAL ( TN, T,, 5. 5)
I F( NS IlOP 300,30t ,400



577

CONTINUE

4 S0F0.R EOW I RNH~ fINE TRA 
P PS (A ,K :4, I Z ,NC ,SKA ,Vk , J 

°" , K

DI NENS IN *A ( ,, ,4) ,SKA (6,5,4) ,5K (84, f
DO n1 I=1,NCi

00 1 J=i,N±C

J RK =J(~'A+J

J B K = J IV, [+ J
1 BK( I BK ,J BK )= B K (I B K , J K) +A/( K ,IK*KfKJK='

PEJRN
FND

SYI'O1,1 IIE TP\/ ( NCARD[
C... POU-ITIE INPH.TS DE FF I1N I T I ON OF TPA.NSVFVf F G (=k+Q:,"i

C. * AL F INI I F Fl_ FK!FNT DATA
T ITFGFR DEFTJ ', P _ \NK

COMMOfiN /[SDP K./ XC( L2 ) ,YC ( 28 ) , MONO l( 2 YC

±1DFFI N',1\NODE)( 40,2) , _R.fhli@N ") , Lr\V1D( ir
CO~!MON \/SAFF/I S ITS (4) ,IT1(50) , IT?(5

+J 11. ( 50) , JT2 ( 50) , THK. (50) AX (100r), J. I. ~( 1 ) , I+;( 1 f )

+.IPi. (100n) , JS? (100!) , Ifi (100t) ,JO( 10),VC'$) (2)
COFMrmn k'/SAFF/ I ie'P , XirHD, [FCI.,IDS~

±1 J,~fI~I] ,J OY2,IC i., (11_ ,kN, j\ iFOj ,';H ,

+ f'DK( i;A T, N IIT E= , OE , Cj !, \ i D i C ( ,'l !( 2 ),

+IXFYt,7,SI._n FNTAVi , FGKarIi=v ,l\O,JPI, I) ,". I i !1 I ,!pI ,i~
+I C ,I J1!.1jT,AX) AX? ,AX3X4, A X ,,l1. ,JJ, II,Tl, IFJ, JFK, TEL
+r .. L, F, AHIITYP, NFr NTD),N ., ON:Y ( 6)32?

I F?(?5=(l
RI TF (t.9200,)

i R!I TF (65,201.

CALL.STR(XC,NXC)
!,!'T IT}=( A, ;0})(1,XC (I) 1=?_, ;}r,



5 READn(5,2) YC(J1)
Y C ( NY C+ l) = DE C L
Y C(NY C +2) =DfF SH
NYC=N YC +2
CALL SRRT T(YC, NYC )
WRITE (6,20F) (J ,YC(J) ,J-1,NsYC )
DO) n100 ~nI = ., NxC
DO 100 J=1,NYC

100 NOnDE( I , J)=DFIN'.
C

C*DIFINF \JD [)AREAS IWITHI'-N TPANS\/FRSF

WRI TE( 5,205)
110 READ( 5, 3) JR.O~j, JR{:W2, ICOLl., ICO1L?

CALL SI'TCH( JR\Oli1 JP.0W2
CA LL S1.1TC H (T )ID 1T1Cn!...?

WiiRI TE( 5, 3) J R nWJ,J ROn'2 , I c:L, fICUL

--Z_7FRO JPOWa1 WILL STO)P INPUT O)F \/M I ) l)F
IF( 3F'.OW,1 ) 150i,150,130

130n nOn 735 ..J = JPR O1 , J3 ('W?
DOn 135 I=ICOL1,1IC0L2

135 1 "NDEf(I , J )= RLAr\IK
(;on TO110

C---PLOfT TRANS\IEPRSF PROFILEF
150 nnD 155 J-1,fNYC
1.55 \, ( 3) =J

Ni I TF ( S,207) ( NV-.. (J3),J=1 , LtYC,
I.)C) 1./+l I = ]_ , NXC
'k. IT ( 5,205)1I, (NDE(I 3) ,J, ) YC

n~FF TI RE NI\[ FR OF iROOfFS PPFROW

I"O1" t !. TO 3J 1. INiyC

wRiON0(j3) =0

On405 I=1I NYC

IF ( INI1F (1 , )-fl ~i:FIJ L) /05 A- f4 45

44/~ MONO( ) =NU\O-N'('11 ±
40 .,5 CON TI NUEI

410 CON1,1TINiIE.

FI7 TUIV/f

C-1:AF0 TNI" ' IT nisiON i\CAPD FTL
TI 0=7777

I.,;ruv AAT=1

"'P T TF (5,21.0
r: F AU1( 5, 301 )uIN I T (1) , I N IT S (?2

'RITE (, 3tf .1 I NITS (1) , I NITS (?2
"F'T TE (5,21.1.

P F A0(5,30] )I\ITS(-),IINJITS (4)
1"I I TE (5,301 ) 1IN ITS ( 3) ,r v I PR(4)

C-- :(, A I _LI_. R F'° :

NP I TF (P, 2 1.2 ) I IMO 0 \1 ii

C,--DEPFINI TIN OF EkOi ARY CI\DITIlN'S

I0n 1. 55 3=--1 ,'\'YC
I F ( WOO')F ( NXC , 3 )N-DFT N ) 1556, 157 ,1A

1. 57 f\OOMB+:1

16 -1 CN TIMi1E

T , T 4



/M CON'=

DO 16P I=1,NXC
I F( XC( I )XFHO) 168, 169,16 9

168 CON T-I NU
169 IiiOB=,InOD E TI , NODli)E, DEEF I N, 1I, N XC, NOn N (1 .}

MO8C= I
WRI TE(6,22

WRITE( 6,27.3)
REFAD (5,i1) N0F31, MCOM
WRI TE (6, 1) NOB, rfCOn

C --I NCARD
WRI TE(8,274) NOBO,MCU.NJ,Nf.)RB,MC OMv
AIRITE (8,274) (N08 (I ), I =1, NOBO)
W R IT E (8,2 74) MOS
WH I TE( 6, 2R9)
READ(5,2) FA
WR ITE ( 6, 2) F A

WWRITE(8,214) FA
W R I T E( 6, 311 ) NOBO

i.WR I TE ( 6,9312 ) (NOB (I) , I1=1 , iNOBO

HR I TE ( 6, 314) f NOC , NOR
WRITE ( 6,313) F, GNU, AL PHA

W R I TE(8,214) F, (;NU, ALPHA
C - -NCARD

WRITE (8,21.5) (N O0(..)) , J= l_, DIfl
W-.RI TE( 6,282)

MR I T E ( 6, 2 07 ) ( N M (J ) ,J= 1, ''YC
DO 406 I=1,NIXC
DO.407 J=1i,NYC

NCR (J ) =9999
IF(NODE( I,J)-DEFJN )407,40I ,407

408 NCR ( J)=NDDET (I ,NODF , -F F I \l, J ,NXC ,Nf. l\IU (J) )
407 CONTINUE

WRI TE( 61251 ) I, (NCR( 3 J = ,NYC 4 6 C kTIN F

C DD FFEI NE FC 1.)OPDJ TN/\AT FS FOnR \I C)DEFS
7=0.
SLORE= ( OEC-L--I)ESH) /XLKHD)

Dn 430 J=1,\Mi0RO
Y=YC (3)==COfN\/F
l:1 420 I=1,NXC
IF(NOnDF( I,J)-DEFIN\)Li2Ol,411,420

411 X=XC(I)
TIE( j-~nORO)41 5,412,412

C' *DFI NE AREAS 1)E THE TRAN\S\'FRSE FUR )1 TFFFFK R.AT 1h
YPITF( 6,220)
MI T.( 6,221)
P EAi 5,j=.)) NTf



WR ITE(6, 4) NTA
WRI TE( 6,260)

WRI TE(6,2'22)
DO 450 K=i,NTA
READ (5,5) THK (K),?JT1 (K) , JT2 (K) ,I Ti. (K ), I T2 (K)
CALL SWTCH( JR (K) , JT2 (K) )CALL SWTCH(IT1(K),1T2(K))
WRITE '(6,261) THK (K) ,JT1 (K) ,JT2 (K) ,IT 1 (K ) , IT? (K) ,K

450 COnNlTINUE1
W)RI TE ( 6,220)
WWR ITE( 6,207) (N ( J) ,,=1 ,,NYC)
DO 456 -I=1,N\XC

DO 458 J=1 ,NYC
NCR (J )=9999
IF(NODE(I,J)-DFFIN)458,457,458

457 DOn 455 K=1 ,NfTA

IF( JTI (K )-J )451 ,451,455
451 I F (JT 2(K )--J )455,452,452
452 IF( IT1(K)--I )453,453,455
453 IF( 1T2(K)-I )455,454,454
454 NCR( J )=K
455 CONTINUE
458 CONNTIN'IUE
456 k IR ITE ( 6, 251) I, (NCR(J ),J=1,NYC)

C DEFT 1\IF R/\R F 1. E NTS
U2 RI TE(,223)
WP ITF (6,224)
PF./(5U,4-) NIP AR
WRITF(6,4) NO AP
I F(NRAPR) 484, 4A4,45q

459 WRITF(6,225)
Do 470 K=1, N A P
RFAD( 5,5) AX (K) ,JKi (K ) ,.F2 (K) , I R ( ( ) , J k2 (K
IF(JBl (I)-102(<) )461 ,4E 1,461

460 CALL S WTCH(J01(K),JR2(K) )

CO TO 469.
461 IF(J0=1 (K-)-JfA2(K) )4A3,462,463
46? CALL Y4TCH( 101(K) ,1k2(I()

On TO 469

"4h4 I FRR=1
WR ITF(6, ?62

CO TO 4 69

I TFMP= 1 ( ) KA (_)4 q 4

PFlA)(,4) }IFS F
\RI TF(6,4) TJESE
O.r1 A1\X =I (00
01l !T-=O



1 (

.v:

WR I TE ('6, 2 27)
471 READ(5,6) JROW, ICOLI, ICOL2

CALL SWWTECH(TCOLI, ICOL_2)
WR I TE(,6) JR0nW,TICOL1, IC,01L2
IF( J ROWL) 477, 477, 472

472 DO) 475 I =TICOL1,tCOL2

IF(NODE(I,JROW)-DEFJN)475,473,475
473 I F(NOU)T--NOMAX) 474, 476, 476
474IN OUT=NOUIT+1

JO( NOUT) =JROW
475 COnNTINUE

GO TO 471
476 WRITE (6 ,229) NOnMAX

IFERR=1
@0 TO 471

477 WRITE(6,230)
478 READ(5,6) ICOL,JROI,JRO2

CALL SWTCH(JRn]i,JR12 )
1,PI TE(6,6) ICOL,JROl,JRO2
I F( I COL)485,485, 479

479 n0. 422 J=JRni,JRO2
JF (-NOOE ( ICOL, J) -OEFIN )422,4R20,42?

480 IF( NOWfIT-NOMA< X)421 _, 4R83 ,4 ?3

4P] NMI J T=NOnUT+1I
I O( NI~ Ji) =ICOL

,JO(NOUT) =J
422 CON1TINIJE

GO TO 478
423 WR ITF (6, 229) NOMA X

I FRR=1
GO TO 472

485 CONTINUEF

C BEGI NISFETTING, UP FLE'vEN"TS FY RY
N X C 1 =N XC -1
I FONt 1=0
MEN MTO=O

00 1000 ,I=1,fP

J P1= J+1
00 950 I=1,NXC%i1
I P1.= I±1
NJi1=NOOFT(I , "OE ,OFF IN,J,NXC , NI iU ( I) )
N~ TI =NODET (I P1, i(1'OD.. 1)DE= TJM,.1 9 \'XC , NONDKI(J

(;OnTO) 67 5

650 CONTINUt-E
1=,b



SU.F ROU TINE SWATCH (Ii].9I?
IF( 11-12)99,99,10

I0 1=11

12-1

St PROD 11 NE I E?"PCO ( NC, I Z,Sl< XT1,/7A)
IMENi.F:SION SKA(5,h) ,XI (() ,7A(6)

DOn 2 I=1,tNIC
ZA( I)=0.O

2 7 A (I) =7 A(I +SK/A ( J, I1)4X I (,)
P ETIJRN
F N 0

SlIA RlofTlf\IETMA+11TT(X ,fNK , X,TMv, NOC C ,,ICOL',,ClA T/ , SF5SibL , SFI, , R)
C. M *RITI NETO] COMPOITF OCCU1RRENCE MATRIX EPOVyiI LOCA T I(1.'
C...7 FR TO X

DI MIF\IS I ON TMi( 5, 5) ,TO(5, 5 ) ,TR?(5,5 ) ,PROP (5) , DATA(

IF ( \ICOil11, 110, 100
100o IF( X-XB ) 110, 120,120
110 CALL I D EN T(TM,5 )

XB=O.

I fl Mk1\IP

DOin300 N=NPifR ,NCC
X1=O)DATA ( (, jIl

X2=OOfA1A( 7,1\)
I OF=OD)ATA ( P,N)
DO1 130 1=1,5

13 PROfP( I )=ODnATA( I ,N)
-HFCK ' iI TrF POIT 1MAT.sn RIX HAS. PEEN, USEDri.. 1ST.D. _JRFI'C

Y=X?-XR

X B =X 2
(;O TO 295295 (;ALL OCC1( TO, P!l>P, IDF,Y,bELt), SFS, SI-i.., SEA,0
CALL I~ilvII~LT ( T1, TM ,TR ,5, 5, 5)
CAL L E tJAL ( TMv, T«, 5,5 )
IF (NM5 lOP) 300,300,400



h 51J! F(tIOD( IP:,JP1)-DF'FN)675,652,('75
A'52 IF(NIODE( I,JP1 )-1FFII\ )6 75,653,h75

653 1IF (,IN00 '(IT1,J- EI N) 675, 655, 675
(55 WR I TE(6,.235) I ,J

I FR P =].

C' TF.S] FOPRBAP FLFN FINTS

(75 AX1=0.
AX2=0.

A X 30.
A1X4=0.

T F (MBAR) 770, 770, '75
h'76 on 750 K=1.,r\kAR

C,

C;_~-IflR.I7FOrTA.L RAS.... .J1=JP2

('----ROTWKI K AR
hrn0I F (JRi (K)-J) 75652, 75r

6'P2 IF(I1k](K)-I )('4,(84,750

? ( I A )( 2 = A.X (V ) 1%1\/NV:C0N1fF

A~ii TOl 750
$ TP F ( J - NflP ) 69./,75, 75r)

C--\FP.i ICAL kA e. . . Ik1=I-?
('aA IF( I k](K )-i 2.2( ) ) 7]_4,h9 2),7 14

C----FFT'HANDG8/AP.
('98 I F(I i.(K )- I ) ]0(', Y000,70/'h

'700 IF(JR1(K)-J )70?,702,750
70? IF(JR2 (K)-JP) )750,7011,7('4
704. / Xl =A X ( K ) C 0j\I\/F=<C0!\F(27 nTO 750

C, ---.- p 1OH -r A r''
706 TF( 11(K)-TIF.)7'5,70-;7 0

7n0 IF ( JK 1(K)-J ) 71. 710,750
71() I F (JO?(K )-JP1i ) 7 5 ,71x,712
712 AX 5='\X (I<) CPM\i= C0nN\/

(0 TO 750

C. -- 0 I A'f~ ON AL ki\ S7 1 1~=~I;1(K

( fl TO 750

7 0 C, F") TINlUF

Gr TOC 750
- -- APTOP L EFT 1-11 TfP'RIG (HT

732 IF (I 1(K<)- I 1)750,7Th ,734
7 4 T I =F (18? (KI !)-I ) 73t',,7 36>, 75i)

76 IIH1.( )+.



O.740 JJ=Ji,J2
II =II l
I F( JJ-J ) 750,73-8,740

73R I F( I I-I P1 )750,739,750n
7 391 AX4= AX (K) CINV F*C ONVF

GO:' TO 750,
740 CON TI NUEF

(;O1 TO 750-
750 CONTINUE

C
C--CHECK FOR LAST COLUM1N

IF( IP1--NXC) 755,770,770
C--DOC NOT INCLUDE RIGHT VERTICAL BAR JILE.SS LA.ST CUiLUIII\,

755 AX5=0.
C
C---CHECK NO1DES FOR OUTPUT SELECTION

770 JFI=0
IFJ=0
I FK =0
I FI...=0

NIL=0
P=0.

DOl 800 K=1 , NfLIT

I F(Jfl(K)-._)P0D772,7 2 0
772 IF( 10(K)--I ) 80D,77., 776
774 IFI=1

GO(* TO 800
77h IF( IO(K)-IPl) 800778,800
778 JFJ=1

rCo10 8 00
780 TF(30l(K)-J1P1 )200,782.20()l
782 IF(10(K)-I)800;,784,7%(
724 ITF K =

GO TO P00

78h IFL=1<-P1 _ ,7 $f

P00 CITINO. .F
I F ( 3-INOlRD ) 05 ,QO ,Q OC

C--CHEC.K ~nIFF lF IN[-I IT IO(NS FOR V ! IOS
P05 TIF ( iODE (T1, J)--OFF IN) 830, 81C, 830
',1.0 IF ( NODE (1 P1 , 3) -OFF IN) 240,812,8 40
81? IF ( kI0F( I,%JP1 )-DEFN )850,814,25081.4 IF (NOfDE(I P1,3 21. ) -DEF IN11) 60 , 81.6,86(~

C

22.2 AX?=,
} M r



C -, JP.1 I VOl ID N LATE POSSIBLE
824 1.AXI .-

GO TO 900

C-- JP1,I -P1 \/OJO - (NOrPLATE POSSIBLE

8:26, A X3=0O

AX5n*.
(~TO)90

C. *( ,J1.) VF).Jf.
83 0 AX1=O.

AX 2=0.
AX3=O

I F (NODE (.I P 1 ,)) -EF1IN) 82? , R32, P22
P32 I F(NODE (I 1,J ) 0FIn) 2P4

934 I F ( NOD(E(IJ, JPIi:)DEF IN) 824,83h, 8?4
C---1RPI-PLATE UPPER RIGHT

83e MHFIIP-1t MNOf+1

, N E(8 5 )EM ,!1,MMI;T P G.t i F TFJ KI 112, P1,N 13, 3JP 1, N I4, F\IIL , UIL , IT P , P ,P , P, P

I F ( KOO F . 1 ) GO TA P60
(T TO 900

C. *(I , 3) OFF. , (1 P1, J) Vnl U)

A X 4 =0r.
A X 5=0).
I F (i NODE(I Ri , 3P1))FEEI N)926,92427,Q?

P42 I F.(.NO)F ( I,4?J Pl1))'F 824,P44, 924
C--1PI--PI ATE UPPER LF9FT

R44 I EIVN=rFAin+1
vwIEM4TYP=J.

W>>1ITF(P,2_50) AF ,iwA(,A FMYP,IFG\I,irs, THIT-~,_,h
+J , NIl, 3 P1. , N I3, 301 , N 14, NI. II, NW , T , P.p , , , P

nO TiA9 00
Cs.* (I, 3), ( IP , J ) OFF. , (I, JPi )\IIAi

I F(N (P1, JP1)-O7FFINi) P2h, P2,P26
C--I- PL.A TE LOWr.ER RIG7HT

P 52IFiH\IO=,MFMI\it+i_
PEMITYP= 1
<<'PI IF (9P,2?50 ) IF i \I A,HIiF IiTYVP , I(I\DNA, I f= F _i El, FI E , I

+J" NIl1, 3J, F 12 , 3 P1 , I\1 14, NLJL , NUIL , 1T, P , P , P , P, P

GOn TO c900

-- R - I AT I ( 9250 ) F kI9 F T PIE IFF>H I lFHI K

90 F NAII0= F P INI\'(+ 1
ART TIF ( , 250) -- MNAI ( 'flYP, IFI}- 'I, M S, - FF19 TI- f, LW,!!' ' !

904l TF( AX2)QO'P,CUfl9,



WRTE(P,250) EVIN0,IAE1TYP,FGCNJ, I FSF, IF1, F..k!LiL, NH'L,

N , ,NI 2, NU1L ,NIUL NIJL , NUtL, AX2 P , P PP

40.E IF ( AX3)12,1,10

HRf I TE ( R, 250 ) MFrAN0 , MFMrTYP , I F" N , I FSFvfIFl I FI. , 1L , L,

9 14 ?fl 1FNN 1+

I PTF ( 8,t2.50) Iv=FNNOi Mi"E TYP , IFGN I . IJFS F, I F J, TFK , NtL , .. r'W

+.:1, 2 , J P1 , N113, NU[L, NIJL NKUL , NUL , A X4 , P , P , P , P , p
9 16 IF( AX5 )450,9 50,9 18

Q1F8 IA Fv MN 0= )I AF\+ 1

WPRI TE(8,250) MFivi\IO,IFIJ'TYP, JFG NIJ, ISF, I' I, IFL,NUL, MWI,

1j,12 ,JP,NI4,U1.L, NUtL,NUI 1, NI_ , AX5, PP f RjP P

9-50 COV'. TI NHF
F NIT0= N F N'T 0+1 I F I'll\I 0

I F (MFrJ\N)97,975,1000

975 lPRI TE (8,250) NUtL , NUL *NUL , NIJL , 'iL I VOL ,I IL, N.I Il_
+1 ,NI IL , HIIL , NlI ,N L, Mt.L ,NtIL, I ,P ,P , P ,P ,P ,P

"PI TE ( ,250 ) IlL, NUiL MlL, IL , MIlL_, 'II , I 0,I.I

+'I1 MI L f ,1. IL,[IiJL ,MIILN ' iN.L .. RL , P,1' P P ,p,
CAILIRFI 'I21N0 (8)

I F (IER)9999 .9999 ,999P
9998 SIP

99c99 PFETII1RI

1 FOP.IAA1 .(215)
2 FOIR MAT (F15.5 )

A4 FOPRMAJ (1_5)

5 FnOPrMAi (F15.5,415 )

SFOPFIVIAT(315 )
200 FOP M!\AI( 1H1 , ' T 1 ~SA/RSFT1=IITF FLFiIiO I I T TT

201 FOPMRAT( / 1 X-LBM: I) FRIM CL., OEPTH SHFLL1.._
202 FOPFl\ M,1 ( /, VI l. C n _1RDFI NA !T FS (40) 0 , Y-f L~T 'l' '

203) FOPMA~iT( /, ' LIST X-Cj-.fiaPOI M.A,TFS' /' CHI ', 1.Y , y'X

204 FORMAI 1 ( /, ' L I ST Y-C[1OI) I ,.A!TES ' / (' 00~AT _i FNTI-0= ~~.' *'i ,'/

+ ' LIS 1 OWt]., ROW? ,COL]J.,Cf'L2
205 FOPM1iA T(1, 13, iX, 2 (I1,?2X)

207 FOPMA1 (1/,IX, 'C' .,iX,'H1,.5X , PLOh'', X 'I. ' ,2'-T >

2(19 F1OiIAI ( 4, l? 2_3

225 FOIV1A1T( ' LIST AX, RO10l],R1002, CAL]_. ,C:lI 2')
225 FOniAA1( 01 / 'OITPI!IT SPFC I~F IC[\ T)'*

227 frlRMAJ 1I( / " SELFCTFO 1 II ~iKY NHOP T I-ONT\L__ IF-V< 1- ,

+ 1 PO1W, COLI-. , CMHL?'



228 FORMAT(' ENTER (1. )NODE FORCE ONLY' /7X' (2) FORCE AND STRESS'

+/7X' (3) STRESS ONLY')
229 FORMAT('*MAXNODES FOR OUTPUT SET TD'I )

230 FORMAT(/,' SELECTED NODES BY VERTICAL SEQIJENCE',/,
+' COLUMN, ROWi, ROW2')

235 FORMA1(' **ERROR-THICKNESS NOT DEFINED FORR , I'::,,' , (II'

+,I13)
250 FORMA1( 13,7I1i,P12,6_15.7)
251 FORrAAT(/, 13,t12,t2413 )

260 FORMA1( ' NOTE-THICKNESS AREAS FOR KOTTTh1EFLFHFrNTS SHrII LD'
+,/,' BE ENTERED FIRST')

2:61 FORMAT(1X,F12.3,416,3X,' (',I2,' )' )

262 FORMAT( ' 'ERROR-FOLLOWING BAR ELEMENT INTER SFCTfS5 KI ,i

+' NODES')_
272 FORMAT(/' BOUJNDARY CO]NDITIOINS'!,' RESTRICTED X-ULFLF( IrHI =1/

+' RESTRICTED Y-DEFLECT ION =0')
273 FORMAT( ' RESTRICTION C.L. SUPPORTS9  F1TT()M' SIJPPORi'S'

274 FORMMI(2013)
281 FDRMAT(//' YOUI HAVE JUST GENFRATFO' , I8, ' ELE_"MEIT S')

282 FORMA1(1H1,' ROW^lNOnDF N UMBERING SYST M'/

289 FDRMAT(/, ' BOUNDARY CONDITION WEIGHTING FACTOR')
300 FORMAT( 3F1.5.5)

301 FORMAT(2A6)
311 FORMAT(/,' THERE ARE' ,13,' C.L. SIIPPIIRTS' )
312 FORMAT(/,' C. Ls SUPPORTS ARE DEFINtE-) FUPR ROWS'!

+2513)
313 FO1RMAT(/' FE='F15.1,I,' GNU =,lO3/, LPHI\='

+F1O.6)
314 FORMAT( /,' SUPPORT AT BOTTOM ON COLU(i I ' 3( NMLI)-'1

+1)')

FEND



CZZZ'ZI FR5 I'DENTS,ID0EN\TS, IDENT
SUBROUTINE IDENT(T,N)
DI MENS ION TI"-Ni, N)
DO 5 I=1, N
DC) 4 J=i, N

4 '1(I,J)=O.
5 T(1,I)=l.

RETURN

CZZZZ I FR5 EOCIJALS, EQUALS, EQUAL
SUBROUTINE EC)U,L (T, TR, I\R, NC )

DO 5 I=1,NR
DO 5 J =l,NC

5 T(T,J)=TR(I,J)
RE TURN
END

CZZZZ I FR5 MM ULTS, M[,ULTS,fAMULT
SUBROUTINE MT(ARCN,2,3
DIMENSION A(N1!,N_) ,B(N2?,N3) ,C(Nl1,N3)
DO 1. I=1,Nl
DO 1 J=1,N13
C( I ,J)=O.
DO 1 K=1,N2

1C( I,J )=C( I,J)+A( It K) "B(K,J)
'RE TUJRN
END

C Z ZZZ I E FR 5 M UL T , MU1LT ,M ULT
SUBROUTINE MULT (A,B,C,L,M)
DIMENSION ALL),(L,)C(,)
DO 2 I=i,M

SUBROUT INE TRANS-( A, B, M,N)
DIMENSION A(M,l) ,B(Ml,M)
DO I1.I=1,N'
O 1 J=1,N

1.ACI ,J)=A(J, I)
R ETURN
END



I. 0

I
C;
C

I.RANSVERSE PROGRAM CHAZAL-PAYNE APRIL 1q71
THIS REPRESENTS A SIMPLE TEST DATA SET T) BE USED AS INPU.T DATFA FiP To-it

0. 1
10000.

2.
2.05

1s

F +09
F+0 6

00
0.3

2

1000.
5

00.

1.500.

2000.
0 e 0

1000,
15(00.

0 0

1

2000. 2000.
5

I

1 .fl 1 5 1 5
4

10000 
n.

2

4

00

5
1
1

5
1
5
5

1

I
3

5
5
1

1 5

1. 5

300

30

3.0
3. 0

0.

0
1)

F+OQa
F+nq
F+09
F + 09
F±+00
F +n 09

F+00

2
F+0n
E + 00

2.0
20n

2. 0

"0.
2.0

0 0

F+ ()c
E= + 0)9

+n49
f=+ 0
F+00n
!. + 0 9
F +09

F +1)0

751080.
7 5000 .
75000n.
75000f.
0 .
7 500 0.

7 5000.
0,

1.

1
I,

a
.

r1< LI.



7. +c.3
0. 

E+000750

00

3 4
00

840.
R40.
840n

1.
i.

1
1

4 4

5 5

24. 5

24.5
24..5

19.
19.
19.

C THIS )A TA I S AVA ILABLE AS PUNCHED OUTPUT FPRM1 L! IkI( iJ HALPR i(;Pl

o0q9A020 E+05
--0. 1048 E+06
0.*96020 E+05

--0.49 59 E+05
0.*27476E+06

-0.4959 E+05
1



I f. 7/

TASFSE S ,TRENGTH ANAL YS I IF LONGITUDINALLY FRAYED SH IPS

CONVFRSION FACTOR TO BE APPLIED TO ALL DIMENSIONAL D AT A
INCLUDING COORD IN AT ES, P1 ATE THICKNESS, BAR 4 A
BUT0NOT INCLUDING YtJUNGS MODULUS

0. 1:0000

LENGTH OF LUJNG ITUDI N AL S
10000.00000

NO. TPANSVERSES LONG tENGTH
3

STANDARD LONGITUDINAL
MOMENT OF I N FPT1IA, SH E AP AR F

YfOUN(;S l1JULUS, POISSCNS PATIO
rO*2(' 00F 07 0.30(0)

LIST SIFNESEACTORS OF AL LrT 'SV }ZSFS 11 1 0?7F! Fi\ f V-1k
1Ia.0000M)

T x'0000

NC. TRAN SVFP SFS Tid BE ANALYZE{(5 )

....L " 11T T ..N S V FR SES T fl F A 'vA LY7FZA / Y1P SI TI.C;\ F f±' s ItK 'i

NUMBKEP OF)OF NVALUE S TO hE USV-;

1



7A

TRAVPS FIIT ELEMET DEFINITIOJN

X :L.31I), PTH LDEPTIHELL

1(QC.OO(O 2J00OOc+ 20Pc CVU>

NO. X- COPD IA TS (43) , N 1. Y<(Y)OrI NATEFS{2?5)
5 5

LIST X-COO0Rr)INATES
COL X

2 50C.0uOO

LIST Y--CKOflPDI)NAT FS
ROW Y

4 1 Q.000
5 200C.O000



II I I I l

T TI i I LI '

I I I 1T 1I

I 1 .1 , 1 1 .

0. 0 . 0X3 
0



t y:' .r

'i ,_

UJNITS OF FORCE

UNITS OF LENGxTH

_.OtUN DAP Y CO~NDITION S
PE$TRTICT E Ox--DEFL[CT TON =1
RESTRICTED Y DF:F'LFC TLIm'I-

RESTRkICTION C.L. RUPPCf-1RS, r0 TT ~SUPQ1

tAOUNP AVY CflN!)I T ION WF I T IN G FAiC TOP'

1 C0!., (

THEPE APE '5 C.L. SUPPORTS

G.1. SU.)PPOk1 S A RE OIF I NFI) -EUP N(7tS
1 2 3 4 5

SUPPJP T Al' ^ DTTf N T t~ 3 (NODE 3 )

GNU = 0.30)



0

72 7-

1.1 1 1 1 1

2 ? 2 2 2

3 333 3

44 4 4 4 4

5 5 5 5 5 5



PLtE THIKNS S D IIIN
N. A.REA FCO0MO7LN THICKNESS (50)

N TE~T HCKNFSS AREAS FOR BOTTOM ELEMENTS SHOUiLI)
BFE ENT;ERED FIPSTI

;LIST T RNW1,R04W2, CCLI,9COL 2
16000 1 5 1 5 ( 1)



7W

2 1. 3 5

II 1 1 1 1

2 1 1 1 1 1

31 1 1 1. 1

4 1 1 1 1 1



BAR MEF-tTI(100

LIST AX R W 1,R2 C W,CL 2
L! lO.00 5 5
1000,0. 000 I 1

10000. 00 5

1 5 ( 1)
1' 5 ( 2 )

3 3 ( 4)



OUTPU1T SPEC IFICAT IONS

(2)FOCEAND STRESS

(3)STRESS ONLY

S LCTED NODES BY HOkI 1 NTAL SEQUENCE
ROt'W, COLl, COL2

2 1 5
0 0 0

SE LECTED NODES B3Y VERTICAL
COLUMNROW 2"

4 1
0Q {

12020011
29 502010=0
350)20 000

5 5 U2000
6 2020.1
75020100

8502?O0100
92021011

1050210C';
120?.1100
250~2l00;?
3 2021. 1>)
4202 1 10 1
550?210 0
62r21 110

3 2 2 0 4 ? r, 01

55!)0 )0~
62? 1,)10
2o000

2 5 {-:0000

3? 20"0
42(2-2010 1
5 50 2 "00
6 20?21 01 C
1 5UC(1)
2520'M
350(10.)
45C'? 1t00
c C 00(K) j

5
0

1 1 1 2 2 1 22
1 1 2 10
1. 1 1 2 C 0 ' 0
1 2.1 3 2 2 2 3
1 2 1 3 000
13 142324
1 3 2 3 0 0 )(
13140000

1 4 1 5 2 402 5

2 1 3 1.en0 C' 2
2 22?323 3

23 3 3 3 3 4

L 4 2 5 3 4 .3 5

3 2 3 3 4 2 4
.33 4 4 "3 4 4

4 1 5 14C4C)405
4 21 4 2 ? 1

Lt 3 4 4 ; 5 4

4 4 4- 5 (3 4 ~j5

' 2 '33 0 u~

SE CUE NC F

1) 9 99 9 99
09 9 -0 9F

U. 1.5 49999Ei

0. g999C99 I
0. 15g9799E

{; . 15 Q')99F

r15'9 )99F

9 C 709 9 1 F

O l
J2
02

02
01.
0 ?

01

C 2

C? '

YOU HAVEI JUST (;ENFIATVr) ~ L -AI3 7 L h. ;tip L.N S



DEFINITIONS OF LOINGITUD1NALS

IX =MOMNT OF INERTIA OF LONGIT-L RENDING IN X-DIRfECT IO"N OF TRANSVERSE

IY MOMENT OF I.NERTIA OF LONGIT-L BENDING TN V-DIRECTICdI OF TRANSVERSE

-._ LIST BY HORIZONTAL SEQUENCE
I X IY, A, 'ROW, COLl, COLI

fl.300000,F 1.0 0,.200000E 10
0.300000F 10 0.200000F 10
C.3 0.0000E 10 0.230000c0EF1')
O.300000F 1-0 0. 200000E 10
0.00.

LIST BY VERTICAL SEQUENCE
IXrIY,A, COLUMN, ROW1,ROW2

C.3000C!0,O0F 10 O. 2COCO OF 10
0.300000E 10 0.200000OF 10
,)0C.

750000. 000000
75000. OflCO-
75000.0000 0::

75000. 0000CC.
00

5 2
5 4 5
1. 2
1 4 5

0y 2

750000 OOC000(,

7 5000. oC;C4c;Co
3
1
r,

2

(1

It

THERE APE A TOTAL 2 12 LONGITUDINAL S



.. :.,

L. 1 2 3 4 5

61:16 0

2 0 0 22

C)8 13 18 0

4 0 0 2,4

)0 0 0 25

FICFNVALUES AND [IGENVEGIORS

027~8438E
x..5000 OOE

*@ " " "

0 *I 764 IOU
-0. 7(71 G(RE

01

01.7(7107! (vj

0. 1..1763E--C5

.50CG0E 0?)

k ,0707106rE00

0.500OI~CC

0. 1 ~~ 4CQ-

" ""5".55

0. 39Q1455E-O01
4r 1.cqc9 0F0

SCALFO FIGENVALUES
* 1 I02.F- .a3 1.635i16r-'5

DIA(fALIf MAI R1X OP
'.1C 2F - "3 0.f3 5 6 --(C. .



r .+'' 

i
.,

1.ADI: CN D IT ION

1. A LOAD) SET I S A SET OF LOADS ACTING IN A GIVFN
X, OR Y D IREC T ION. THE EXTENI OF THESF LOADS I S ALONG ThE
LENGTH £ - A GIVE LNGITUDIAL

2. ANY LONG[TUDINAL' MAY BE LOADED WITH ANY NUMBER OF LOAF')

STS, WHICH MAY BE ONLY PARTIALLY APPLIED V IA
A PROPORTIONAL ' FACTOR
3.- LOCATIONS OF LOADS ARE DISTANCES -AASUP E FRDh THE

STERN

4. LA S ET DIRECTION CODES ARE
=1, X-D IR ECT ION

=2, Y--DIRECTION

NUMB FP OF LOAD SET S



4j)Jr

w Z_

0 J1

C

I" r-

D w

e,~ll%

( 3S S

lr - t N+

'r

C)

o sue

Pl N) .-

11

0

0)000

0.

CSI

C

0 02

2 01



BHD C(2LU ,N NIJMI3E'UB R FROWS FOR SU!F A R

W~~LNGTH, SHELL, BHD THICKNESS (CM)

p4100000 2.45000190.

84.00000 2.450C_0V , fr



0.16048E
0.96020E

SHERSPER TRANSVERSE STARTING FR M STERN
--5O O.959--0- 5-

06 027476-E%
05 0.49590E 06

ENTER 0 TO STOP PROGRAM HERE. ENTER I TOl GO 91Ni

TOENTO VALUE is 1



~F -COOQONATE S

* /
. 'A

c OW NODE X- C (QR [ Y-Cfl{ i tO)

1.
1-

1
1.

1
2

3

3

4
4
4

4
4/

5;

1
2

4.
5
1
2
3
4
5
1
2

.3
4

5

3
4
5

2

4

).0
50.0 fOO

icC. ooo0o
150.00000
2 CO *00000

0. 0
50.0000

100.0000.0
1 'b. 000{0
200.*0000 0

0.0 r

50.*00000
100 *00000

150.00000
.200. 00000

0.0
50.00000

100. 00000
150. 00000
200.00000

(1)":
50. 0C00'

10(U .X0000
150 r*.0' 0 )0
20 C. 00") C

0.0
o .0
0.0
0.0
0 * 0

50. OOOCu
SC * 000 C 0
~~(J ooncr~
5(. uOCO(

* )002)f

~)C'0~)

I~(~ 0 )C00
iN' r'y'rn
1~'C 0')(C0
15( 00(~ C
15CJ ~r~r

I5'~ B'~(''

)C ('

jR ~. ~

1~ )(~~ (

2 C~C. 'JC~ C

2iQ.CJ~)C'
, '.'.-



MEMBER tD4T4

E EF F F F
[ Jl I J I J I
N NN N N 
I I J J K K L

J

L

P1

1 2 0 '

25 0 1

3 5 0 10
42001

10 5 1 0 0

2 501 00
4 2 1 1 01
5 s- 1 0 0
1 2 11 1

3 2 01 1 C

5 9 1 0 0

1 2 ( 0

2 5 (0 00

3 5.0 0 0

43 25 0 1

41 520 0CU
2 C t 0

I

l
0

I
0

0

0

I.

0

111 2
1 13

1 23 1 3

1323

14 1 5
2 4 2 2

2 13 1
2. 22 3

3 1 3 2

33 4 3
3 4 3-

4 1 4 l-
4 1531
4 24 3
4 3 4 4

5 1. 5 2

5 2 5 3

5454
6 (. 0 o

'tj

2

2

0

3

3.
4.

0
3.
4

4

4

1)

C ,

(J;

I

C

3

0

4

1

4
1

.3

3

t.

1

C

4

t

7

U
2
n'

2
0

2
C
3

/4

4

(.

C
4

C

5

4

I'.

4

3.

/.

QC). 91q9>(l

9 ) ( C) C.0C1

1.1

c;."'"'9"Q

9Q ; c .1

"1

1. U.

f"i.U c a .a ,



DAT A RFO-13 PR LEM NU B EFL77 77

32
O.1:T= 01
O.? O _0 7 0.3 0 0.0

555 5 5
2? 24 25 ? 4 5
11 16

l 32
-5147F-- 0 09)*1190E-01

_f'. 7141 E-02 -L.:.178 RE-O8

.72.-C. 8032E-01

DEFECTION (IF LONG 1TU-D INAL

X 4 O E 
i-7 .V ) LECT 

IONS

-0 .95Q04[-2 -'J.95G04E-r?72

D3EFLFCT ION (JF LONGITUDINAL

X ) =FLECTLONS

2 2-39E- 02 Co.220-39F-0?

Y flVFLECTIO3NS

Y DFFLFCTIJNS

CM

8 13 1f

.3

-C.61E - T.2
-'1--

1. AT FVEPY 1CT HF7[ T 7?AN\'S\/EF S

f AT FV .Y '?U1H f TRAVFPSF

3 AT £-V EI \Y T TH (VHF



i= FCr ON OP .LONG IT1JQNAL

X OFF EETiONS.

-O.27212E-:02 -C. 2i-O)2

VY!)FF LEC TI ONS

r . X41OE'e2 O.6 941C0E-0 2

DLECTION OF LONGITUDINAL

X- DEFLECTIONS-

-- O31 55OE-D2 -O.31550E-- 92

Y DE FLEC T IJNS

-041Lt733E O1 -0.417C3E-0 1

D[EHFL:C TI UN. OFLONhGITtJ)DTNIL

x.'E FLECTIONS

Y iEFLECTIO~NS

- C.4 (16 1E-1)I -- 0.40 1.1E-GI;

... %e '4 7F-' a 5). It 7 E-K:C2

4 AT [VtJYTH- iA VF r

5 AT EV EPY f:T HER TP ASVFPSL

6 T F VFPY ETHER t-'s'VE P

7 A T [VF -' YVT E'F V R A N SV E R



.,FPCtIO FLOGrDIA AT EVERY CTHFR T ANSVHF S,

x DEFLCT I ONS

~2 8b38 E.2 0.?8618 E-02

\vDFFLF CT[ONS

DEFLFCTION OF L3NG;ITUDINAL 9 AT EVERY (THE~ TRAN:SVERSE

X DEFLECTIONS

(.28850F 02 O.2A85OF--O?

DEFIFECTID!N C- LONGITUDINAL 10) AT LVLK 'Y PTH[fV=A VL

< DEFFL'ECT ION S

y )r FLrFC INS

-- '. 4349F-' 2 -). 6134O)F-C?

-- U .. 3i444F-fl? -L .t)3L44f7'_,?



l 0 L 0,,,N Go I T U. 0 1 N AtOFFt -CT-1 OFFFCIC1 O LOGIUDIAL 12 AT FVERY OTWER TRANSVLSE

x OEFIECTIJNS

0. 26294E 02

Y( DEFLECTIONS

-0. 66346E-02 .- () 6634 6 F-('?

REAL LOADS UP ON THE -TRANSVER.SE S

C 62724E
-q *428 4E

L\.9*5645E

x. 64')E
-- 0 * 97 7E
-0. 60,51 9F

*1:35..3E
-( ,14?IE

-(1.0627 24E
-rQ.42 865 E

Cis Q5695 E
0). 16 649E

02
02
,02
0 5
032
02

05
02
932
02?
0 5

0. 3 2?87E
-0 .43181EF

01781lIE
n. 16661E

-- 0.46651E
- 61 06 9 E

0. 25i1-7E
- .91.405 F
-0. 3 2 98 6
-0.43181EF

0. 17817E
0. 16650E

0'2

02
03

05

('2

02
02!
()3
05

-U .36205 F-05
03. 1 53)51= (2
0.1.9800E 0

-- 0.31946E t:5
-0.51 ?(3E1--5

.21285F C

.? 8300?E (

-( 36205F--05
0.155lC?

o'" ':13C( . :~
J .19 4'-F (S

( 4r72i) E

-- 0 1X36 t

_1"1944L

. 76ui"

"l6 2 5 F

. 2

( .

7)

+ )

47222f

-K.34404E

* )6 25 1 E

.47 2
-C'.3935'W
- ;. -14 4 2?1

1 L

02G
0 5

0 2

U9?

02
:)5

R~E At.L JAS UPON THE TPANSVERSES

TRArNSVERSE NO. 2

X-rRCFS T YP ICA L
.37 yIr: ? -0.4665 iF- C

.606 19E 02 -C . .61 068E 02
Y-F:fPRCFS TYP ICAL

'13533F 03 D.?5197E 03
1.(.91421E ()5 -i..91405E 05

5 212~S

0.5 3 )C

--0. 3 13 0- I

c, 776 C 1f F L

! . - c4

.6Tr :L- 0?

- )56 2 C

I-
r-L. 3 36U.-- O1

-! C'?649[-DI
-f. 1639E-f08

0 .2487F-C 1
-0a .04SF-.

-0.1126E. CK:
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, IV

'4L)"

.A

IV

z5

60

Cie
Q.

L(U

LU

0

LM

0
0
0
N.

"

0

0

0

0

co

0

0

LU

N

0

0

co

~0

N N

0

0

(,

UI

U

U

IV
110

:1

C,

L

r-4

.-4

LU

N'

N
0c

n

Lu

0
0

LA
"

0
0

co

L,

0

N

'-4

"4

eN

f4
0

w)

0

0 0 02

wU
C,

N
1.0
LA

0

1)

LU LU

co -J
1% "

0 O

o1

LU
N

-4!
Ni

S4,

1

N
%'0

0

co
N

S 0

"%

1

N (I -,
0 0 C

o 0) o

r.1

Z te.!
O U.

LU' I_

(, V

U

LU

z

z

C4

IV"

LU wU

C'

0 "

0 C)

LU

0N
N
N
N
"

r~N N

LU LU LU

N1 M L
N N M

,)0 '
" 9 "

C) 0) 0

-4 N V

0

co

N
N
Q

~0

LUJ

0'

-4

0

,.J-

0r

0

!.f

C)

n.L

Nc N
N V"-
O 0

C) 1

* .7I

" "

1U U

'

-4

'0

-4
N

ti

N

->

N (m,5 -4,5 -.3' (4,5 r(,5 ' .N N C,5 :-n 1-101 N

lJ

0
14

'U
co

C)

LUN

0

N N

N r4

-4 ,t
" 9

01

'

C)

0 Co
-4 0

1 4

v'1

0
a'
10

0

11 ' Li

(O LA

0 t1
'-4

4' .

M4, -4

LA ,

ti0

" "

I I)

Nt ~ LA r co a" 0
'-4

N . rM

CL

U].

-4 F--

-

U]

CL

LU
ti
4c
-4

LU LU
F--, --
4
-4 -4
0t. CI

i-4
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1--4 -4 -4 .- 4 9--4 ...r -4 .. N N N N N N



i

s

i

i

_

.

Le -~

3

3

3

3

3

4

4

iAR

QUAL PLATt

UJA0 PLATE

BAR

QUAD PLATE

QUAD PLATE

BAR

2

3

4

5

6

1

2

-0.291269E

0.11l4820E

0.505080E

-o .252101E

- 0. 197Z 85E

-0.143525E

-0.8408302E

- 0.7 87 1 72E~

0 -04819822

0. 150621E

-o0.264258E

-0. 895520E

-0.32 I7U5 b

- u.474713E

03

03

02

03

03

02.

02

-0.513956E 01

-3.538672.1 01

-0,118032E 31

-0.206385E 01

-0.202429E 03 -0.107545E 01 -0.535979E. 03

-0.277349E 03 Z.70148!tE 01 -- 0.132087E 03

0.306030E 02' 0.365557E 01 -0.990100E 02
--0.103865E 03 0.422200E 00 -0.307030E 03

4 QUAU P L AT E

4 QUAD PLATE

4 BAR

4 QUAL PLATE

5 BAR

5 BAR

5 BAR

5 jA4R

3

4

5-

6

1

2

3

02 -0.50 7364E 01

03 -0.564692E 01

0 3

03 -0,.3636192 01

02

03

03

03

-0. 124639E 03 0.427182E 01 -0.453643E 03

0.536743E 02 -0.131335E 0.1 -0.275325E 02

-0.287964E 02 0.1770492 01 -0.232211E 02



C4 TNr ctcs I ~K

LOA) YSTEM

I

ROW
1.
2
2

I 2

NODE

2
.3

5
4I

4

-FORCE
O, 666P 751F C?

-0.2131 05E

%.555977c: C2

-it6250H-01
-0. 19(6)5E C5

-0. 781250E-C1
-0. 15625CF-C1l

O. 46 7C31 E 02

Y- FOlPCF
.'151277E 05~

- .353G2E U5
.546b 75 E[-01

-'114(613F 05
-f .1 929E3E:J

-C.5)}3c;06F ('-

-x.251' 6 E 03

I.
1.
1
1.

2
3
4
5



NOD 1)SPLACEMET f4 C

LQDSYSTEM

1I
I
1.

1

1

1

1
1
1

A
1
1
.1
-1

1

1

R IW

1
I

2

2
2
.2

.2

3
3
3

4
4
4

5
5

5
5.

NODE

2
3

1
2
3
4t
5

2
3
4
5

_1_

2
3
4
5
1
2

4

5

X- DISP
-0 .3368 88E--C1
-0.3 13499E-CI
-0 2648 72E-CI
-0. 161303FE-CI1
-0.16392-C

-- 0.1 85814E--C1
-0.*190204E 01
-0.4 55466 F -0 2
0.4 56863[-(,12-0.676641E--0)

-0.k4 14 43F- 02
-0Q.7 70880E-03

0.38l948E-C2
0~ *584763[--(C2
0 .6O5363F-C 0
0. 13521 4E-01

0. 1.62E

0.*1 202 83E--Cl
. 732242EF-02

'7 9 .92 3 E- Cq

r 40475 F - I
0).31 8087E-C1

0-. 2 363123EV-0 I

0. 1 F-0, 18784E-(8

Y- D s p
0. 248744E-0l

-0).94202 IE-02
-0.404521 E -O0P0 .11 iC7IE CRS
-- C.1.12645[ CO:f.

0.27058 IF-Cl
-- 0.768516E-C 2
--0).430537--0:1
-0 . 84 367 0E1-01
-0.105921E ~((
to.25 15 56E- 01

-0 1,IJ2' c E-- C
-'.622125E-C l

-0 C )244E1-C11
-C. .94 25F-Cl

' 171739 E- CI

-o)"(6 3 51. 51 F-r1
-0.175595E-01

-. 2447 iE- 1
C. 15T77 s9F-4:1

-0.231 75E- 1
-t'.64ti4'5E-( 1

-7+34 7E-( 1
-0. 7"21 10C2t.--:I

S1TU0 P 0

EXECUT ION TFPNINATED)
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