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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, yeﬁ 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
aralysis 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 fhan 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. 1In 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. 1In 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 I-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 I-2 Structure Detail of Typical Tanker [10]

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 made 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 *+*=2 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



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 lqngitqﬁinal analysis treats the hull as a grillage of
simple, 'shear beaﬁgﬁ The result is the set of interaction forces
betweeﬁ\the membéfs 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].
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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-1l). 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 Ry and R, 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.
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Figure II-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 1is Ad* .  Then

r% (IT-1)

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

loads on the beam and kgz is an influence coefficient.



The influence coefficients (kQ.) of the oa-th transverse

1]
are a set of deflections at X due to a unit load at Xj . Let
Sn be a vector of state variables at station n such that

(IT-2)

<BoE=

where W is displacement, 6 is rotation, M is bending moment

and V 1is shear force. Then by line solution

[ W ] rl -a? -at a a" a? ] [ ]
-a + q - 3
ZEIl 6EIl GAl W 24EIl 2GAl
3
2 -qg_ a
0 0 1 g~ 3w GET 0
1 1 1
2
M| =]|0 o0 1 a w M
2
- v
v 0 0 0 1 q, a
1], Lo o o 0 1 I

where Il is the moment of inertia of section (1) of the beam,

Al is the shear area and E , G , are constants of elasticity.

This expression may for convenience be written

s? = LlS1 (I1-4)

Similarly

s = LZSZ (II-5)

Combining the above equations

3 _ 1
S°® = L2LlS (I1-6)



The boundary conditions for the beam being considered are

w!=M! =93 =v3 =0 (I1-7)
Letting " =1 L ees L, , (II-6) can be rewritten as
n n-1 1
s® = L%s! (I1-8)
Let L?j be a particular element in the " matrix. Using
(II-7) in (II-6), the deflections at point two and three are
found to be
2 _ 1 1 1 1 1 -
W le 6" + L14 AV = L15 (I1-9)
3 _ 12 1 2 1 2 -

W le 0" + L14 AV L15 (I1-10)
in terms of the initial parameters 6! and V! . These para-
meters are also obtainable from the same equations since

2 1 2 1 2 —

L22 0" + L24 AV o L25 =0

2 1 2 1 2 —
L42 6 + L44 AV L45 =0
or
L2. L2 - 12 1,2
6! = fs f4 24 45 (I1-11)
- 2 2
L2 Tag = Log Lo
L2 L2 - 1,2 12
vl = 32 ‘:5 35 ‘212 (I1-12)
L2 Lyq = Bog Ty
The displacement WY for the o-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 1? . 1In addition a
point matrix is added at the location of the required unit load.
The point matrix is

1 0 0 o0
0 1 0 o0
P=10 o 1 0o o
0o 0 o0 1 -1
0 0 0 0 1
. . 1
Then st = 1171 g
i-1 _ P _
where 1, = Li—l Li—2 .o Lj+l L Lj . e Ll (II-13)

Then the displacement Wl calculated from (II-10) is the influence
coefficient
i-1 i-1

vV + L15 i (I11-14)

. o .
The unknown reaction R2 can now be expressed in terms of

these values by rewriting equation (II-1):

RS = LW - ag® (TI-15)
ka 2
22

Since ¢ and g are uniform loads, then RY can be expressed
w c 1

as

o _ o a _ oo _
Rl = aq, + ch R2 (IT-16)

Now except for Ad%*  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, dg , is that of the m-th 1longitudinal at the
location where it should be supported by the o-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

and the reactions Rg can be found.

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 unccupling 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-1l). 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
III-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 qa(z) and the horizontal and vertical reactions
ia Yia . Let dxiu be the deflec-
tion caused by qxa(z) (in the x direction) and let Azg be

of the i-th transverse, X ;

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

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

tudinals can be expressed as

. =4, - )at. x.
ia xio 3 ij Tja
V., =d_. =) ,¥ (ITI-1)
1 1 : Al Y.
R S B SR 1
The deflections, dia , and the influence coefficients, Aij ’

are found by line solution methods as described in the longitudi-
nal analysis section. It should be noted that Aij is the same
for each longitudinal since they are of similar stiffness. Let

the reactions, Xia and Yia , be represented by a set of equi-
valent forces, Xiu and Yia , which are available from the longi-
tudinal analysis. Now the displacements at the intersection can

be expressed as

U, = “xxaB (x - X, ) + “xyaB Y. -7.| +u
io P iB iB Pi iB iB 0i
(III-2)
xyaB = LyyaB
Via = (XiB - XiB) t B (Yig = Yig)| + Vo3

where U, ,

0 0
and Lxx ' ny R Lyy are influence coefficients of a general

transverse. Since all transverses have proportional stiffness

are rigid body displacements of the transverse,

then the influence coefficient for the i-th transverse, say
L;xaB , between the intersection with the o-th and B-th

- longitudinals can be expressed as L where P, is the

xxaB/Pi
relative stiffness factor for the i-th transverse. Pi 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 (III-2) by Aij and using (III-1), (III-2)
can be. expressed as

. P.U. = . L= X, + >4 o= Y.
i3 PJUJG LxxaBr Al] XJB XJB) LXYGB t Alj YJB YJB
(ITI-3)
+ Aij PjUOj ee. (sum on j and B)
where rB and tB are scalar factors such that
a.. = rBaP¥ = BaBY (III-4)
1] 13 1]
Let
Bx = . Bx =
Dixg = 213 %58 © Dxig = Pij %y
=  _ L2
Uso = PiUia
A = [Aij] ee. (matrix)
pY2 = {Pyﬂ ... (diagonal matrix)
then
pY2pp Y25 = I, P PVZ(D -5 ) -7 ]
o XX0B xB xB B
(III-5)
B V2 - 5N T 17
+ Lygpt [P (DYB DYB) VB] + PY22PU

... (sum on B)

It can be shown that the matrix PY2aApY2 is symmetric. Then

there exists a unitary matrix B such that

pTpY2pp 2 = [xi} (III-6)
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where BT is the transpose of B and ki are the eigenvalues

of the matrix PY2aPY2 , Multiplying (III-5) by BT , letting
U. =B,.0, and using (III-6), equation (III-5) can be rewritten
ia iji ja
as
= 6[ T, e _F ]
[Ai}Ua Lxxasr B'P (DxB DxB) UB
(III-7)
B[ T_ve = = T_1r
B - -
+ Lyoget P (DyB DYB) VB] + B PY2APU,
ese. (sum on B)
Let
c.. =7 Bl.p» (Pgiq = Dy )
xi 3 i3d xja xjo
— T 12 =
C . = B, .P. D . - D .
yi § 1] 1 ( yja Y]d)
= _ plpw2
UOi B°P APUOi
= _ nl V2
0i - B'P APVOi
then
O, =1 R (cxi - Ui} + LT (cyi - vi) + Ty, (II1-9)
- B8
for each a , where (LxxRC)a = é [Lxqur CB]&
Similarly
AV = Dy R (cxi - Ui) + L T (cyi - vi) + V. (III-10)
Equations (III-9) and (III-10) involving ﬁiu ’ §ia are

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

4L L R O

L = | xx Txy
L L o T
Xy Yy
W o xi = ﬁOi
Wi = s 0 G T v Woi T =
Vv C . V..
vi 01
Now (III-9) and (III-10) can be written as
AW, =L (c. -ﬁ.) + W,
i1 i i 01
= -1 =
or W= (L + AiI) Lc; + wOi) (TII-11)

All values on the right hand side of this equation are known so

Wi can be computed. This is a set of transformed displacements
which can be computed with relative ease. By applying the inverse
transformation to these displacements, the real displacements can

be computed.

U p~2p 0 7}
= _ (IIT-12)
v

0 p~ Y2

With these deflections computed, equation (III-1) can be
used to find the reactions, Xiu and Yia . 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 reasonable assumption. If

Ai >> LaB , then

(L+AiI)"1=—l- (I—-XL—-+-L-—+... (III-13)

A, : 2
i i Ai

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

T

0. ©w [L_ R L_T nfc.. -aA10.. .
il = XX Xy (ik) xi :|.1 =01 + %; =01 (III-14)
Vi n=1 nyR Lny i cyi - Ai VOi i VOi
Now if we let
A .
i = .= -
] xr (ci WOi/Ai) (ITI-15)
ViJ
and
{ﬁ_ n 5 n-1
o= - %i _t (III-16)
Then (III-14) can be written
= = n =
U. © U. U..
il B T +-}%- oL (ITI~17)
Vl =1 Vi 1 VOi

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 (III-1l5) as

cli
|

B = B =
o = Lxmsr (l/A)Cx - Uo/l + L t (l/}\)CyB - Vo/)\ (III-18)

] XyaR
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But from (III-8)

CxB =BP (DXB - DXB)

and (ITII-19)

Cyg = B'P (DYB - DyB)

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

in

ul =1 T

Bo=125,-1 [ T v2 _ = =1 V2
: wxxagt B V2B B P (DXB st) A1BTP APUO]

(I11I-20)

+ L £Pp-12p)-1 [pTP”Q(D - D - A=18Tp2ppy ]
yB yB 0

xyof

Then using the relations of (III-6)

1= B-l -1 -1 - B-l -1 _= _ _
Uy = LigyapE B7'AT! [Dyg =Dyg = Up| + Ly ot P a1 Dy g =B o = V) (IT1-21)

. i _
Introducing (III-4) and the fact that LxxaB = LxxaB/Pi , (IT1I-21)
becomes
vl=1> &f%X[p D . -u.}l+1t afY D .. -v..| (111-22)

o xx0B 1] ij-'ijB 03 XyaB ij Dij'- viB 03

A similar procedure can be used to give the following expression

for the y-displacement:

1 - 1 %Bx = i By =
= . . . - Ay - ]+ M - R . -23
v, nyaBAlJ DXJB DXJB UOJ LyyaBAlJ DyJB DyJB vOJ (III-23)

-1
where —§¥ = [A@%]
1] 1]

Also as in (III-16)

n _ .1 =Bx . n-1 i By ..n-1
U Pxxag®i3 %3 T Pryas®il Y
(IT1I-24)
VP o= .t =Bx _n-1 i EBy Vn--l
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Using the inverse transformation of (III-12), equation (III-14)

-

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

concentrated forces X. , iia then (III-25) can be written as

reduces to

n

Yo
+ (III-25)
Vo

U

A%

ia
_ L1 3 i 5 ~
Ui = Trxas¥ig * Lxyap¥ig * Uig * ngz Ul + U,
- (III-26)
_ i 5 i S
Via = nyaBXiB yyaB Yig t + ; VI: Vi
where .
o 3 zBx R § 3 70X
Uia LxxaB(XiB + Aij UOj) nyaB(YiB + 13 VOj)
(I11-27)
o = _ Bx - % Bx
Via xyaB(xls'FA Uoj) LyyaB(YlB + Aij VOj)

In examining (III-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 (III-26) is divergent. Unless the condi-
tion of (III-13) is met, the analysis cannot be continued in this
manner. Instead, the direct application of (III-1l1l) 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
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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
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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 imn 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-1 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.

‘ Cne 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 o .

The proportional stiffness factor is

%
P = EV—V- (IV"‘l)
o

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

w

where G , A are the shear modulus and shear area. Simple sub-
stitution reduces (IV-1) to

A
_ % )
P = . (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 B , 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-1.
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Forces in kg's

Longitudinal P = 5.6 P=11.2
1 102,000 102,100
2 70,180 70,210
3 70,200 70,140
4 105,300 105,100
5 140,200 140,100
6 105,200 105,300
7 70,070 70,150
8 70,200 70,180
9 70,060 70,090

10 105,100 105,100
12 -80,600 -80,510
13 -53,740 -53,800
14 -107,500 -107,300
15 -161,100 -160,000
16 -107,500 -107,500
17 -53,810 -53,700
18 -53,860 -53,850
19 -53,630 \ -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
0211l-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, g(x) , and a linear spring with stiffness k
attached at the mid-point of the beam.

g (x)

Paudl
A1 g

Figure IV-3

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

can be computed at some arbitrary point,

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

example are plotted below.

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=« . 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.

-~
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Figure IV-5 Uniform Ship-Iike 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.

-
[V a

Figure IV-6 Uniform Ship-Like Girder Subjected to
Periodic Load

The parametef 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.

Vi = Azj v, (IV-4)
where A{j are the influence coefficients of the prime longi-
tudinals treated as simple beams, and Yj is the difference in
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 Azj can be approxi-
mated as a scalar proportion of the hull influence coefficients

(aij) .

y _ _
Aij aij/F (IV-5)

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

term will result in

gijsy Voy = E;X i (IV-6)
where Eij = aij -1 . A similar result for the horizontal plane
follows:

3.y | o= rfx i (IV-7)

ij 03j 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 (III-26) and (III-27). The third term is
almost the same as for the global analysis. The only significant
difference occurs in the last term. If equation (III-24) is
examined, the series represents the coupling effects of the trans-
verse deformations. 1In 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



~ 33 =~

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. 1In
the total three dimensional finite element analysis, the error
due to discretizatién 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
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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-1.

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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¢ Lz D12 T13 Dig ¢
v Lp1 La2 Doz Doy v
Mg = P31 P32 3z Pag Mg (v-1)
My Lyr Laz Tyz  Tyg Mo
[ 1], LO 0 0 0 i L1y
or Si+l = LiS where
¢ = the twisting angle
Y = the derivative of the twisting angle
MB = the bending moment
MT = the twisting moment
Lij (i =1,4; j = 1,4) are given in table IV-2.
2
B® = Cw/Cw
Cw = the torsional rigidity
Cw = the warping rigidity
Table IV-2 - The Transfer Matrix {Lij/
sinB(x-ai) (l—cosB(x—ai)) —B(x—ai) +sin8(x—ai)
1 - -
B 2 3
CwB CwB
sinB(x-ai) l—cosB(x—a]
0 cosB(x—ai) C B 5
w cC B
w
sinB(x—aJ
0 —Bcw51n8(x—ai] cosB(x—ai) 5
0 0 0 1
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The transfer matrix for a concentrated twisting moment, MT , is

1 0 0 0 0
0 1 0 o0

0 0 1 o0

o o o0 1 -M,
o o o0 O 1 |

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

‘Sn+l = LnLn-l ot LOSO
or Sn+l = LS0
where L=LL _; --+ L (V=-2)

If the effects of the braces are treated as redundant and if Zj
is the total shear force across the middle section of the i-th

brace, as shown in Figure V-1, then Zj can be computed as

follows:
-di
Z., = (v-3)
.. + 0..B.
Joy5 * 9448y
where di = the deformation at the i-th brace due to external
loads
Gij = Dirac delta function =1 if i = jor 0 if 1 # J
oy = deformation at the i-th cutout due to unit load at
J j=-th cutout
B. = deformation at the j-th cutout due to deformation
J of the j-th brace.
aij and di 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

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

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 guadrilateral 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. 1In 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. Th? 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 elemént, 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
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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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laEake!

CCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

- C - A .
- C LONGI TUDINAL STRENGTH ANALYSIS £
c : C
CCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCLLCLCCCCCCLLCLLhCrrllllleCllll
-C : '
C WRITTEN BY PIN YU CHANG
C ADAPTED FOR MTS RY
c -, E. A. CHAZAL
c Jo M. PAYNE
c .
c THIS PROGRAM ANALIZES THE SHIP STRUCTURE LONGITUDLMALLY MODELED £5
C A GRILLAGE. FOR'MORE DETAILED INFORMATION, THE USER IS REFFREL TH
THE USER'S GUIDE FOR THIS PROGRAM AND THE PROFFESSLONMAL THESIS #Y
BY CHAZAL AND PAYNE, APRIL 1971.
CALL LONGAL
S10P
END
SURRAUTINE LONGAL
C
C PRIMARY LONGITUDINAL STRENGTH ROUTINE
C N
. DIMENSION A(342),YI(3,2),0(50,2)AF(50,50),AE(00,50)

DIMENSION IND(50,3),JD(50),T(50),R{50)
DIMENSION YB(50),YC(50),0{50)
DIMENSION DY(5042),L0(50)

DIMENSION DAP (50,50)

DOUBLE PRECISION DAP

READ(5,150) NPROB,MT

C PROBLFM NUMBER , NUMBER 0OF TRANMSVERSES

READ(5,152) (JN(I)4I=1,4MT)
RFAD (69151)AI9AJ9XI'X\]yEvGN“yZLF\i
READ (54151)Y1,Y2,SM1,SM2,SN1,SN2

C ATvAdeeeseWER ARFA OF THE SHFLLS AND THFE LUONGITUDINAL BULKHEADS
G XTeXJeooo e MOMENT OF INERTIA OF THE SHELLS AND BULKHEAUS
C 7LFN.eeeeo LENGTH OF THE HOLDS
C Y1oY2eooeoWIDTH NF THE WING AND CENTRAL TANKS
o SMl, SNlaeeeesSFCTION MONDULT OF SHFLL AT NECK AND ~UTTlM
C SM2, SNTeeeoeSECTION MODULT OF RULKHFEAD AT DECK  aAmi) BOTTHm
READ (54151)(A(I,1),1=1,3)
READ (5,151)(A(Is2),1=1,3)
C A{Ted)eeeeSHEAR AREA OF THE WER FRAMES, SWASH RULKHEADS AMD (1T1 -
C TIGHT BULKHEADS

READ (5,151)(YI(I,1)4I=1,3)
READ (5,151) (YI(1,2),1=1,3)
G YI(Iyd)eae MOMENT DF INERTIA OF THE WER FRAMES, SHASH HULKHEADS,
C AND NIL=TIGHT RULKHEADS
MY=pMT+]
DN 77 I=1,mY
77 READ (5,154)(0(1,J)5J=1,2),L0(I)
C UNTENRM LOADS OF THE TRANSVERSES
' WRITE(6,100) NPRDB
WRITE (6,101)
WRITE (6499) ZLEN,E,GNU,Y1,Y?2



WRITE (64102)
WRITE (6499) AIyAJ,XI,XJ
WRITE(6,106)
WRITE(6499) SM1,SN1,SM24SN2
WRITE(6,227)
WRITE(6499) ((A(I14J)y1=143)4d=142)
WRITE (64104) ((YI(I4d)yI=1,3),J=1,2)
WRITE (6,105)
DO 1 I=1,MY
1 WRITE (6499) (Q(I4J)yJd=1,2)
WRITE(Ay155) (JID(I)yI=1,MT)
SP= ZLEN/MY
DO 3 I=1,MT
X= [%SP
DO 2 J=1,2
DY(I,4J)=0,
DO 2 K=1,MY
M=K-1
IF (LO(K).EQ.0) GO TO 2
X1l= MXkSP
X2= K*SP
L=X2-X1
XD=ZLEN=X1/2.-X2/2,
XW=Q (KyJ)
XW=XW/E
R1=XWxXD/ZLEN

IF (XeGTaX2) GO TO 222
ANDD=ADD+XW X2 , %C3C

IF (X LT.X1) GND TO 223
ADD=ADN=2 ¢k XWk ( X=X1 ) %x4/C

GD 10 223

2272 " ADD=ADD=8 ¢ XWk (X=X1/2e=X2 /2 }se34 XMzt (235X 23030 = (333

223 DY{T,J)=DY(1,J)=-ADD/48,
2 CONTINUE
DO 39 J=1,MT
IF (1.6GT.J) GO TO 2724
R= ZLEN=JXSP
AF(T,J)=X%B/Fs(7ZLEN®%2=R#R=X%X)/7LEN/A,
GO 10 39
224 AF(I4J)Y=AF(J,1)
39 CONTINUE
3 CONTINUE
C MINSUR IS DNUBLE PRECISION MATRIX IMVERSION
CALL MINSURBR (AF,DAP,MT,DE)
IF (DELFOLOL) GO TO 225 r
NN 4 I=14MT
NO & J=1,2
O(IyJ)=0.
NO 4 K=1,MT
4 O(Ty0)=0(TeJ)+AF(T4KIEDY (KyJ)
WRITE (64226)
NN 900 T1=1,MT
900 WRITE (6,99) (Q(I,L)sL=1,42)
WRITE (A,156A)
DO 10 I=1,MT
X=FLODAT{I)*xSP
ND 10 J=1,MT
IF (T.6T.d) GO TH 9



3= ZLEN- J*SP
AC=X*B/E#* (ZLEN%*%*2~ B*B X4X)/7LEN/6.
AD=X*B/ZLEN/E*2,%(1 «+GNU)

CAF(14J)=AC/XI+AD/AI

9

10

18

19
20

AE(I,J)=AC/XJ+AD/AJ

GO TO 10

AF(T,J)=AF(J,I)

AE(TI,J)=AE(J,1)

CONTINUE

DO 20 I=1,MT
1J=JD(1)
AL=A(IJ,1)
A2=A(1J,2)
B1=YI(1J,1)
B2=YI(1J,2)
01=0(I,1)/Y1
02=0(1,2)/Y2
CALL DECO(BL,B2,AL,A2,Y1,Y2,01,029%XKsXDy1)
D(I)=XD
WRITE (6,99) D(I),X%K
DO 18 J=1,MT
AE(T,yJ)=AE(T,4J)+AF(I,d)
IF (I.NE.J) GO TN 1R
AE(T,J)=AE(T,J)+XK
CONTINUE

DO 19 J=1,MT
DII)Y=D(I)+AF(I,J)%(0(J,1)+0(J42))
CONTINUE

WRITE (6,157)

WRITE (6499) (D(K),K=1,MT)

MINSUB IS DOUBLE PRECISION MATRIX TNVERSTON

225

35

40
46

50

CALL MINSUB (AE,DAP,MT,DE)
IF (DE.EQ.,0.) GO TO 225
GO TO 30

WRITE (6,21)
SToOP .

WRITE (6433) (KeK=142)
DO 40 I=1,MT
R(IY=0,
DO 35 J=14MT
R{I)=R(IV+AE(T,J)%D(J)
T(I)=0(I,1)+0(1,4,2)=R(1I)

WRITE(7,103) T(I),R(I)
WRITE (6446) T1,T(I),R(I)

FORMAT (I15,2E16.5)
WRITE (64,62) (Ky,K=1,2)

WRITE (6A,65)

XM=0,
XN=0,
NO 50 I=1,MT

XN=XN+R{(I)*x(1.-FLOAT(I)/FLOAT(MY))
XM=XM+ T(I)%(1a—FLOAT(I)/FLOAT(MY))
CONTINUE

YR(1)=XMxSP
YC(1)=XNSP
DD A0 I=2,MT

J=I-1
XM=XM=T ()
XN=XN=R(J)

YB(I)=YR(J)+XMxSP

W



e et ey e

SB=YB(I)/SM1
" SD=YBR(1)/SN1
S YCAT)Y=YC(J)+XNxkSP
- SC=YC(I)/SM2
SE=YC(1)/SN2
WRITE (6464) T,YB(I)ySRySDy,YC(I),SC,SE
60 CONTINMUE
RE TURN
21 FORMAT (//25H MATRIX SINGULAR / /)
33 FORMAT (//32H REACTIONS AT THE INTERSECTIONS 2110/7)
62 FORMAT(//28H BENDING MOMENT AND STRFSSES 110,1204/7)
64 FORMAT(I446E15.4)
65 FORMAT(12X,*M SHELEL NDECK STRESS ROTTOM STRESS M RULKHEAD
1 DECK STRESS BROTTOM STRESS',//)
99 FODRMAT((TE15.4))
100 FORMAT(//,'INPUTS FOR THE LONGITUNDINAL STREMGTH: PROBLEM MUMBER?Y o
+15,//)
101 FORMAT (//40H LENGTH E GNU AND THE WIDTH 0OF THE TAaRMNKS /7))
102 FORMAT(//40H AREAS AND I OF THE LONG BHDS A& SHELLS //)
103 FORMAT(2E15.5)
104 FORMAT(//37H MOMENT OF INFERTIA OF THE TRAMSVERSES //6E1H.4)

34

‘10%  FORMAT (//34H UNIFORM LOADS OF THE HOLDS /)
106 FORMAT(//57H SECTION MODULI OF SHELL AND RULKHFAD a1 DFCK & FOTTOM
+ //)

150 FORMAT(213) '
151 FORMAT(T7E10.5)
157  FORMAT(5011)
154 FORMAT(2F10.5,13)
155 FORMAT(//,%dN(I)= ',501I2)
156 FORMAT (// 75H DEFLECTIONS AND INFLUENCE COFFFICTENTS i STERHELY St
1PPNARTEDN LONG, RULKHEAD //)
157 FORMAT (// 31H DEFLECTIONS OF LONG. RULKHEAD //)
2726 FORMAT(//35H UNIFORM LOANDS OF THE TRANSVERSES / /)
227 FORMAT(//25H AREAS OF THE TRANSVERSES //)
END - ‘

SURRNUTIME DECO(XT s YT gAL o A2 9 AsCe0i 0124 XKyXDym)
C PDETIRMINES NEFLECTIONS OF SIMPLY SUPPORTED LONGITUDITMALS
c THIS IS FOR THE LONGITUDIMAL STRESSES 0OF SHIPS.

DIMENSTION TL(545)4T2(545),T(5,5)

CALL TM(AL4XI4A301,T1+0asM)

CALL TM{A2,4YT4Cs02,T2,044M)

CALL MULT (T4T2,T1,.5)

N=1 .

1 00=T(2,2)%T(444)=T(2,4)%T(4,2)
UST(244)5%T(445)/00=T(2,5)%T(4,4)/0Q
VaT{2¢5)%T(442)/00-T(2,2)%T(4,5)/00

X=T1(1s2)%U+TL(144)%V+TL(1,5)
GO TO (243)4N
7 XN=X
C PDETIRMINES INFLUENCE COEF. XK
A T1(1,5)1=0.
T1(2,5)=0.
T1(3+,5)=0,
T1(445)==-1.
T2(145)=0,
T2(2+5)=0.



C

C

NsizTalalstaReksieluinlsNaNalsNoRe Rale'

72(3,5)=0.
T2(445)=0.
CALL MULT (T9T24T145)
N=N+1
GO TO 1
XK=X
RETURN |
END

SUBROUTINE MINSUB (AA,A,N,DD)

MINSUB IS DOUBLE PRECISION MATRIX INVERSION

10

30

DIMENSION AA(50,50) 4LL(50),M(50),A(N,N)
DOUBLE PRECISION A,D
THIS LOOP SCALES THE MATRIX TO APPROXIMATELY OnNE (1)
L=0
L=bL+1
AHQW=AA(L,L)
SCALE=ABS ( AHOW)
IF(SCALE.EOQ.0.) GO TO 10
DO 5 I=1,N
DO 5 J=1,4N
O A(I,J)=AA(I.J)/SCALE
CALL MINV (AgNyDoLLyM)
THIS LOOP REMOVES SCALING FACTOR
NO 6 J=1,N
AA{T,d)= A{I,J)/SCALE
NH=0
WRITE (6,30) DDLSCALE

FORMAT(// 4 "MATRIX INVERSION — DETERMINANT ISTsF15.54/ 9 PSCALTRG AT

1TOR IS',E1l5.54//)
RETURN
END

SURROUTINE MINV(AyN,DyL i)

.0....0...0..0....0....0..!0.0...QouI.b.o..o.ooot.ooo.ooo...-bo:a-

SUBROUTINE MINV

PURPOSE
INVERT A MATRIX

USAGE -
CALL MINV(AgNyDy L M)

DESCRIPTINN NF PARAMETERS

— INPUT MATRIX, DESTROYED IN COMPUTATION AND REPLACED =Y
RESULTANT INVFRSE,

N - NRDER OF MATRIX A

D — RESULTANT NETERMINANT

L — WORK VECTOR 0OF LENGTH N

M - WORK VECTOR OF LENGTH N

=



OO0 OAan

OO0 0Oo

OO0

OO0

10
15

20

25

REMARKS
MATRIX A MUST BE A GENERAL MATRIX

SUBROUTINES AND FUNCTION SURPROGRAMS REOQUIRED

NONE

ME THOD

THE STANDARD GAUSS—=JORDAN METHOD IS USED. THE DETERMINANT
IS ALSO CALCULATED, A DETERMINANT 0F 7ZFRO INUDICATES THAT
THE MATRIX IS SINGULAR,

R EEEEEEEEEEEEEE . E I 3 A B BN IS B N B B B B NN B B N B AE B BRI K 2N AR BE 20 DL IR DR IE 2L 2R 20 Ak B 20 20 20 )

DIMENSION A(1),L(1)sM(1)

BT EEEEEEEEENEEEEREE RN NI B A B B ICE B NI B BN I B NN I B N A A 2L 2 B K B B N N DR BB IR 2 A4

IF A DOURLE PRECISION VERSION OF THIS ROUTINE IS NESIRED, THE
C IN COLUMN 1 SHOULD RE REMOVED FROM THE DOURLE PRECISIf
STATEMENT WHICH FOLLOWS.

DOUBLE PRECISIDON A,DyBIGA,HOLD

THE C¢ MUST ALSO BE REMOVED FROM NOURLF PRECISTUN STATEMESTS

APPEARING

ROUTINE,

IN OTHER ROUTINES USED TN CONJUNCTION WITH THIS

THE DOUBLE PRECISION VERSIOWN (F THIS SURBRNOUTINE MUST ALS!H
CONTAIN DOURLE PRECISINN FORTRAM FUNCTIONS, ABS I8 STATEMER
10 MUST RE CHANGED TO DABS.

SEARCH FOR

N=1.0

NK==N

NO 80 K=1,4N
NK=NK +N
L(K)=K
M{K)=K
KK=NK+K
RIGA=A(KK)
no 20 J=K,N
1Z=Nx(J-1)
nn 20 I=K,N
1J=17+1

® 9 8 0 8 8 9 0 9 8 © 60 083 0 e O EHOC DG O e VOO OO OO S GO 0SSV SO Ve O I E OO O & b

LARGEST EILEMENT

IF(DARS(RIGA)Y=DNABRS(A(IJ))) 15,20,20

RIGA=A(TJ)
L{K)=1
M(K)=J
CONTINUE

INTERCHANGE ROWS

J=L(K)

IF(J=K) 35,35,25

KI=K=N
N 30 I=1,N
KI=KI+N



O

C

OO0

e Neke!

[aEeke!

oo

OO0

30

35

38

40

45
46

48
50

55

60
h2

A5

70
75

!N

HOLD==-A(KI)
JI=KI-K+J

AKI)=A(JI)
A(JI) =HOLD

INTERCHANGE COLUMNS

I=M(K) .
JP=N#&(I=1)
NGO 40 J=1,N
JK=NK+J
JI=JP+J
HOLD=-A{ JK)
A(IK)Y=A(JT)

CA(JT) =HOLD

DIVIDE COLUMN BY MIMUS PIVOT (VALUE OF PIVOT FLEMENT IS
CONTAINED IN BIGA) '

IF(RIGA) 48,46,48

D=0.0
RETURN .
DO 55 I=1,N

TF{1I-K) 50,55,50
TK=NK+1
ACIKY=A(IK)/(-RIGA)
CONTINUE

REDUCE MATRIX

NO. 65 I=1,N
IK=NK+1
HOLD=A(IK)
TJd=1-N

NO A5 J=1,N
IJ=TJ+N ‘
IF(I=-K) 60,65,60
TF(J=K) 62,65,62
KJ=TJ-1+K
ACTI)Y=HOLDRA(KIY+A(TY)
CONTINUE

NDIVINE ROW BY PIVOT
KJ=K=N
nn 75 J=1,N
KJd=KJ+N
TF(J-K) 70,75,70
ACKIY=A(KJ)/RIGA
CONTINIIF
PRODUCT OF PIVNTS
N=Nx*BIGA
REPLACE PIVODT RY RECIPROCAL

A(KK)Y=1.0/BIGA
CONTINUE



FINAL ROW AND COLUMN INTERCHANGF

g
100 K={(K~1)
IF{K) 150,150,105

105 I=L{K)

IF(I-K) 120,120,108

108 JO=Nx(K=1)

JR=N*(1-1)
PO 110 J=1,N
JK=J0+J
CHOLD=A(JK)
JI=JR+J
A(JK)==A(JT)

110 A(JI) =HOLD
120 J=M(K)

IF(J=-K) 100,100,125

125 KI=K-N

DO 130 I=1,N
KI=KI+N
HOLD=A(KT)
JI=KI-K+
A(KI)==A(JI)

130 A(JI) =HOLD

GO TO 100

150 RETURN

END

SURROUTINE MULT(D 4B 4C4M)
DIMENSTION B{MyM)Y4C(MgM) o D{MyM)
PO 1 I=1,M
DO 1 J=1,M
D(TI,J)=0.
DO 11 K=1.M
11 DTy )=D0T4J)+R{TKIXC(K,J)
1 CONTINUE
RETURN
END

SURROUTINE TM(AL«XTsAyQaT4RyM)

SFE (EQ C-1) APP. C. CHANG LINE SOLUTTIUON FOR

DIMENSION T(5,5)
Do 1 I1=1,5
N0 1 J=1,5

1 T(I,s0)=0.
-'(].y].):'].o
FI=30000000.%X]1
1(192)="‘A
T(143)==A%A/2./F1
T(Le&)==Ax%3/6,/FT
T(145)=0%A%K4 /24, /F]1
F=30000000.,
G=E/2./1.3

RE o



o AGEATEG

, Tlhy4)=1.
T(5+5)=1. .

 T(4,5)==0%A=R
2,20 =1.

S T(2,3)Y=A/ET
T(2y4)=h%h/2./FT
T(2,5)==0%A%%3/6,/EI

T(3,5)=—Q%A%A/2.
T(3,3)=1.,
T(3¢b)=N

IF (M,E0.0) GD TO 2
T(1,4Y=T(144)+A/AG
T(1,5)=T(1,5)=0%A%A/2./AG

2 CONTINUF
_RETURN

END
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'$COPY *SQURCE* -F
$RUN -LOAD#4-F MAP

ENTRY = 500608 SIZE = 010E86
NAME VALUE T RF NAME VALUE T RF
GETSPACE 21T40AE * FREESPAC 2143AE *

MTS# 21C128 * CANREPLY 21E9Db *

POINT 21F028 =* SCABRDS# 21F7a8 *
SPUNCH% 21F7C8 * SERCOM& 21F7D8 =*
WRITE# 21F854 * LCSYMBOL 2204B0 *

MAIN 500608 500608 MINV 500710 500710
™ . 50F000 S50F000 DECO 50F398 50F393
REWNIND# SOFBB80 *50FBSO IBCOM# 510000 %*510000
FCVZO 512154 * PCVAO 5121EA *

FCVIO 512548 *. FCVEQ 51249a *
FIOCS# 513040 *5130A0

EXECUTION BEGINS

e o0 - &

NAME

ERROR#
GDINFO
SPRINT#
READ#
MINSOUB
LONGAL
MULT
ADCON#
FCVLO
FCVCO

INPUTS FOR THE LONGITUDINAL STRENGTH: PROBLEM NUMBER

LENGTH E GNU AND THE WIDTH OF THE TANKS

0.1000E 05 0.2050E 07 0.3000E 00
AREAS AND I OF THE LONG BHDS & SHELLS
0.5000E 04 0.4000E 04 0.2000E 11

0. 1000E

0.2000E

SECTION MODULI OF SHELL AND BULKHEAD AT DECK & BOTTOM

0.1500E 08 0.1700E 08 0.1500E 08
ARFAS OF THE TRANSVERSES
0.6600E 03 0.1700E 04 0.3800E Ou

MOMENT OF INERTIA OF THE TRANSVERSES

0.500

OE 10

0.6000E

10

0.6000E 10

0. 1700E

0.7060E

0.5000E

2

VALUE

21C10cC
21EA2A
21F788
21F848
5000D8
503000
50F38930
512000
512282
512cCAcC

00

11

08

03

10

¥* % % *

5000D8
503000
50F890
*512000
*
*

0.4001E 07

0.2200E 04

0.6000E 10



M SHELL
2 ~0.1611E 09
3 0.3946E 08

STOP 0
EXECUTION TERMINATED

DECK STRESS

~0.1074E 02
0.2630E 01

BOTTOM STRESS

-0.9473E 01
0.2321E 01

M BULKHEAD

0.5629E 09
0.2195E 09

[ A

DECK STRESS

0.3753E 02
0.1463E 02



UNIFORM LOADS OF THE  HOLDS

0.0 0.0
0.0 0. 1000E 06
0.0 0.1000E 06
0.0 0.0 -
JD(I)= 333
MATRIX INVERSION - DETERMINANT IS 0.38410E~01

SCALING FACTOR IS 0.57165E 04

UNIFORM LOADS OF THE TRANSVERSES

0. 4643E 05

0.0
0.0 0.1143E 06
0.0 0. 46U43E 05

DEFLECTIONS AND INFLUENCE COEFFICIENTS OF SIMPLY SUPPORXRTED LONG. BULKHEAD

0.1376E 00 . 0.2281E-11
0.3388E 00 0.2281E-11
0.1376E 00 0.2281E-11

DEFLECTIONS OF LONG. BULKHEAD

0.2668E 00 0.5312E 00 0.2668E 00
MATRIX INVERSION ~ DETERMINANT IS 0.37617E 00
SCALING FACTOR IS 0.16418E-05
REACTIONS AT THE INTERSECTIONS 1 2

0.96025E 05 -0.49596E 05

1 0.96025E 05 -0.49596E 05

-0.16048E 06 0.27477E 06
2 -0. 16048E 06 0.27477E 06

0.96023E 05 -0.49593E 05
3 0.96023E 05 -0.49593E 05

BENDING MOMENT AND STRESSES 1 2
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T TRANSVERSE STRENGTH ANALYSIS

WRITTEN BY PIN YU CHANG
ANDAPTEND FOR MTS BRY

Foe hAe CHAZAL

Je Mo PAYNE

THIS PROGRAM ANALYZES THE ENTIRE SHIP STRUCTURE MULELED AS A

SUHBRNUTINE  TRANCOC(IR)

CaeePRIMARY TRANSVERSE STRENGTH ROUTINE

C

DIMENSION JT{(5),LO(100)IND(5N,3)
NDIMENSION  AP(50,50)4BP(50450),CP{R0,50)
DIMENSTIOM DP(50,350) 3RL{54100) k{5, 100)
NDIMENSTION DOX{(50,100),NQY{50,100),CX(100),CY(100)
DIMENSTION UNTTS{4) ¢ ND(A)Y yMOMN(25) &1 (25),TEO(LN),2T0 (1)
DIMENSION R(2100) ¢ 1iEMY (7979)
REAL®B  DAP(504,50)4DAF(50,50),NEIG(5()
COMMON KL eK2 K3 gKb g TITGNMARD §NMT
1. UNTTS 4 ND o NOINT o M y 11PO y PRI
2 MUMEN R ¢yDMMMY
COMMOMZTINFLU/Z/AF{504350) 4 EIGI50)yNY(HD) ¢y NFILFEMEs Ll (100),
1 LROW(100) (DX (RO ) 4 M
COMMON/ZSHIP/NOLOGLNO(LIO0) g SEXLLIO0) a SEY(100) ¢ PHTLLD0) 3 MUT R,
1 7ZTR(BO) 4 ZILENGP(H0) ¢ XT3 XAZNSEC
COMMON/SAFFE/RP,CP.DP
COMMON /MATRL. /=G e GNUGALPHA L CNNVE
CNEMMON /WORK/ZDUY (129 8)
EQUIVALENCE (DOX(L1e1) 4RI (DAY (1,3)sBP(141))
NSCR=9
NFEFTILE=T
NCARD=R ‘
JPRNAR IS THE PRORLFEM NUMRER SELECTED AT YOUR COMVENERRCE
READ(H,104) JPRNA
CALL REGIMN(IR,JT)
WRITE(A,702)
READ(54104)NFEF
WRITE(A, 104 )NF
CALL TRVINCARD)
CALL LONGI{MFILE)
DO 701 I=1,1IR
ITF(JTEIN=NDTRY 701,701,700

rqﬁ

)

TN N T e N e

3-D GRILLAGE. THE GOVERMING EQUATINNS ARE URCOUPLED VIA (.
CODRDINATE TRANSFOMATION. PHYSICALLY THIS ISOLATES AKHY ¢
PARTICULAR TRANSVERSE AND PRODUCES THE NECESSARY BUUMDARY .
CONDITIONS TO ANALYZE THAT TRANSVERSE USING FINITe FLE-FHTS, -
FOR DETAILED INFORMATION SEE PROFESSTORAL THESIS GF GHAZAL "
AND PAYNE, APRIL 1971. (
. , ;
[N A A A A A A AR A A A AT A A A AT AR AAA AR A AR A A AA AR A AAAAAAAA A AR A AR AAAA A A A A A LA AN AN
CALL TRANCO(IB)
STOP
END



701

Caa

7T

110

111
1172

. 670
671
236
113

g

CONTINUE ,
S GO T 77T
WRITE (6,707)
STOP
PF=0. .
nn 110 I=1,NNTR
PF=PF+ AF(I,1)/FLOAT(NOTR)
P(I)=SORT(P(I))
NN 112 - I=1,NNTR
NN 112 J=1,NOTR
IF (1.6T.J4) 60 TN 111
AP(T4J)Y=AF(I,J)%P(I1)*P(J)/PF
G0 TO 112
AP(T4J)=AP(J,1)
DP(I,J)=AP(I,J)%PF

CALL JESSIN (APLEIGyNOTRyDAP,DAFNETG,1REP)

NN 670 J=1,NOTR
WRITE (691964)
WRITE(A,6T71) EIG(JI)
WRITE(6,ATL)(AP(I5J)sI=1,NOTR)
FORMAT((TEL5.A))
no 113 - I=1,NOTR
EIG(I)=FIG(T)%PF
CALL TRANS(RP,AP,50,NNTR)
CALL MULT (CP4NDPLAP,50,NOTR)
CALL MULT(NP4RP,CP,50,NNTR)
WRITE (bH,114)
WRITE (6y105) (FIG(I),I=1,NOTR)
WRITE(6,315)
WRITF (6,105)(NP(I147),I=1,NOTR)
NMN=N
DO 115 T=1,000
PE=FIG(T)
S PD=(PF=NP(I,1))
PF=PF%,.01
PD=ARS(PD)
IF (PD.GT.PF) "GO TN 116
CONTINUE
GO 1N 118
HRITE (Ay117)
G010 1000

INPUT THE LNOADS FROM THE LONGITUNTMAL

MUM=MOTR

CALL LOADS({MFILE,NSCR)
HRITE(6A,181)
READ(5,1001) IDENTQ
WRTTF(6,1002) TDENTO
IF(IDENTO, EGLD) GO TO 1000
CALL REWIND (7)

IF (NOTRLGTLMF)  NUM=NE
DO 1306 I=1,NOLO

CALL MFTLRE(MROMyNONE,LOANC  SFX(I) g SEY(T) 3 PHT (I ) gLy Y o iulile)

ANG=PHI (1)
no 129  J=1yMUM
CX(J)r=0.
CY(J)=0.

IF (LOADCLED.0)  GN TO 149

DN 127 K=1,NNTR
CXLJI=CX (I +AP Ky J)R=DX(K )P (K)
CY(JI=CY(J)+AP(Ky J)3DY (K )RP(K)

AL KHFEADS

AV

SHEELES

1 E

P



g T o
L BL(JsI)SSEX(TI)RCX(J)HCOS{ANG)=SFY (T)RCY (J)*STR(ANG)
L BM(JIy T)=SEX(I)RCX(JI*SINCANG)+SEY (T )*CY (J)FCOS (ANG)
OGN0 129
149 BL(Js1)=0.
, BM{J,1)=0,
129 CONTINUE .
~ LNOD(I)=NODE
. LROW(T)=NROW
130 CONTINUE
CALL SHIP1{(NCARD,MACD)
DO 2001 L=1,NOLO
KR=LROW({L)
LOCL)Y=LNOD(L)=NONO(KR)
... b0 2001 _J=1,KR .
2001 LOCL)Y=LO(L)+NONO(CY)
NTO=0
WRITE (64109) (LO(I),I=1,NOLO)
NO 201 N=1,NORO
201 NTO=NTN+NOAKO(M) k2
_ DN 304 ML=1,NUM
SPRING=1,/EIG(NML)
NN 202 L=1,NTN
202  R{L)=0,
DN 203 L=1,MOLN
J=(LO(L)=1)%?
Jl=J+1
J2=J+2
R{JIY=RL(NL+L)/ETG(NMNL)
203 R{J2)=RM(MLLL)/EIG{NL)
CALL SHPS5(SPRING,1,4MACO)
N 205 L=1,N0LN
J=(LO(L)=1)%2
J1l=J+1
J2=U4+2
BLINL,L)Y=R{JL)
205 RM(NL, L)=R(J2)
KJ =0 :
CALL RFWINPD(R)
A04  CANTINUE -
CALL MATINS({AF 50 NOTRZCP 50,04 NE, T, )
IF (IDLEOL1) GO TO &0
WRITE (A,307) ID
GN 10 1000
AN CALL REWIND(7)
N 405 J=1,N0LN
CALL NFILRE(NRNW,NODELOANC ¢ SEX(J) « SEY () g PHT () gy DY i)
AN=PHT(J) -
NO 401 I=1,NOTR
CX(I)=0,
Cy(I)=0,
NO 402 K=1 40N
CXUIY=CX(TY+AP (T KY=BL(KeJ)/P(T)
402 CY(I)=CY(I)+AP (T4 K)RRM(K,J)/P(T)
401 CONTINUE
WRITE (6,107) J
WRITE(6,4,250)
WRITE (A,105) (CX(M),M=1,NOTR,?)
WRITE(A,251)
WRITE (64105) (CY(M) M=) 4NOTR,2)
NN 403 I=1,NATR



1

403
. 1
405

404

431

430

44
435

44.0

450

1000
1
100
101
104
105
106
107
+
100
114
117
o181
250
251
an7
315

0X(1,J)=0.

L DOY(I,d)=0.

BT 403 K=1,NOTR

U DOX(TdY=DOX (T J)+AF(TaK)*(DX(K)=CX (K)%COS(AN)=CY (K)%STH

(ANY IESEX(J)
DOY(I14J)=DOY(I4Jd)+AF(T4K)H(DY(K)+CX(K)ESIN(AM)=CY (K)*COS
(AN YESFY(J)
~ CONTINUE -~
WRITE (6,420)
DO 404 T=1,NOTR
WRITE (64105) (DOX({I,N)4N=1,NOLD)
WRITE (65105) (DOY(I,N)N=1,NOLO)
WRITE (6,420)
NO 430 I=1,IR
L=JT(1)
DO 431 J=1,N0LN
AN=PHI(J) -
BLIT9J)=DOX(LeJ)RCOSCAN)=DOY (LyJ)STN(AN)
BM(TeJ)=DOX(LyJ)RSIN(AN)+DOY (L4 J)RCOS( AR
CONTIMUE -
WRITF (6,106) L
WRITE(6,4,500) :
WRITE (64105) (RL(I,4J)yJ=1,NOLD)
WRITE(6,501) ‘
WRITE (6,105) (RM{T4J),J=1,MNOLD)
CNONTINUE
NN 450 I=1,1IR
IF (I.EN.1)Y GO TO 441
CALL SHIPL(MCARD,MACO)
NO 435 M=1,KT0
R{M)=0,
DO 440 M=1,NM0L0
AN=PHT (M)
J=(LO(M) =132
Jl=J+1
J2=0+2
R(JIV=RL(I,M)
R{J2)=BM(I,M)
CALL SHPS5(0.40,MACD)
ID=JPRNR
CALL SHIP4
CAONTINUE
RETIRN
STNP ‘
FORMA T {3I15,5F12.5)
FORMAT(//20KH TRANSFORMED FORCES 210
FORMAT (10F7.2)
FORMAT (1I5)
FNRMAT( (7TE15.5))
FORMAT(//16H TRANSVERSE MO, 110 //)

FARMAT(// 4 YDEFLECTION OF LONGITUDINALY ,TH 0 AT EVERY NTHEE TR

FRSEY)
FARMAT (1015)
FORMAT( /10X, 'SCALED EIGENVALUESY)
FORMAT (10X,39H EIGENVALUE ERRNOR CHECK FROGRAM PlopaSi=//)
FORMATL/ /4 YENTER O TO STOR PROGRAM HERF, ENTER 1 0 v i)
FORMAT(// 44Xy "X DEFLECTIOMSY,//)
FORMAT(/ /46Xy 'Y DEFLECTIQONS ', //)
FARMAT (//20H MATRIX SIMGULAR I5)
FORMAT(//410Xy *DIAGONAL OF MATRIX DPT)

/7

JAENENAY]



,»420"F0RMAT(// 33H REAL LOADS UPON THE TRAMSVERSES

500  FORMAT(' X-FORCES TYPICAL ')
501 FORMAT(' = Y-FNRCES TYPICAL 1)

702 FDRMAT(/' WOMBER OF EIGENVALUES TO BE HSEDT)

707  FORMAT (//25H INPUT FRRORS IN TRAMCO
1964  FORMAT(//' eeeessel)
1001 FORMAT(IL)
1002 FORMAT(//4YIDENTOQ VALUE TS',15,//)
END

) SURROUTINE BREGIN(IB,JT)

CCuoo ROUTIME INPUT RASIC SHIP PARAMETERS
DIMENSION JT(5)

COMMON /MATRL/EyGyGNUyALPHA CONVF

//)

COMMON /SHIP/NOLO,LNO(100),SFX(100)ySEY(1L00),PHT(1Luf),

+NMTTR G ZTR{B50) 4y ZLENGP(50) ¢ XT 4 XA4NSEC
CWRITE(4,100)
WRITE(A4237)
READ(5,300)CANVE
WRITE(6,300)CNNVF
WRITE(H,10)
READ(5,300)7ZLEN
WRITE(6,300)7ZLEN
7ZLEN=ZLENSCONVE
WRITE(Ay12)
READ(5,301)YMOTR
WRITE(A,301)NOTR
ySUM=0,
Y=ZLEM/ (MNOTR+1)
NN 25 K=1,MNNTR
ZTR(K)Y=YSHE+Y
25  YSUMzYSU+Y
HRITE(6,4,20)
NSEC=1 -
READ(5,302)XI4XA
WRITE(6H4302) X1 4 XA
XT=XT%({CONVEFk4)
XA:XA*(CONVF**?)
WRITE(64213)
READ(5,302)F,GNY
WRITE(6,302)E,6NU
ALPHA=0,
G=F/2./(1+GNU)
WRITE(6418)
DO 9  I=1,MNTR
READ (5,300) P(I)
9 WRITE(6,300) P(I)
WRITE(A,14)
READ (5,301) IR
WRITF({6,301) IR
WRITE(6,416)
no 8 I=1,1I8
~ READ (5,301) JT(I)
8 WRITE(6,30]) JTH(I)
RF TURRK
10 FNRMAT(/,' LENGTH OF LOMGITUNINALSY)
12 FORMAT(/,' N, TRANSVERSES ALONG LFNETHT)



+1V STERN
18 FORMAT(/

14 FORMAT(/y"
.16 FORMAT(/

vt
)

y !

+1 - IN ARDER

20  FORMAT(/

"'

NfD. TRANSVERSES TO BE ANALYZED(5)1')

LTST TRANSVERSES TO BE ANALYZED BY POSITION FROMY,

LIST STIFFNESS FACTORS OF ALL TRANSVERSES!

FROM STERNT)
STANDARD LONGITUDINALY/, ' MOMENT NOF THERTI

+' SHEAR AREA')
100 FORMAT(1H1,* TRANSVERSE STRENGTH ANALYSIS OF LOMGITHNT#!
h +VALLY FRAMED SHIPSY,/,60('%%)//) '
213 FORMAT(/,' YOUNGS MODULUS, POISSONS RATI(:!)
237. FNRMAT(/Y C

+9 ' DIMENSIONAL DATA',/,

+' INCLUDING

300 FORMAT

301 FORMAT(I

302 FNRMAT
END

(F1
5)
(E1

ONVERSION FACTNAR TO BE APPLIED TO ALL?

Ayt

COORNINATES, PLATE THICKNESS, BAR AREA',/,
+' BUT NOT INCLUDING YOUNGS MODULUS?®)

5.5)

5051F1505)

SHRROUTINE COMSI(TM4SI)

Cow e ROUTINE TH COMPUTE INITIAL PARAMFTERS (F REAM pMEMBFR
NIMENSINON TM(545)4ST(5,1)
DEL=TM(142)%THM(3,4)=TM(3,2)%TM(1,4)

ST(1,1)=0.

ST(3,1)=

0.

SI(5,1)1=1,
ST(241)={TM{3,5)%TM(144)=TM(1,5)%Tix{23,4))/DFEL
ST(4y1)=(TM(3432)TM(LB)=THM(Lae2)xTHM(2,5))/DFL

RE TURN
END

SURROUTI

NE

C NIRECTION C

DIMENSTON UNITS(4),ND(6)yNOND(25),NL(25), TPO(10)

NIMENSINN X

].SK(()’{‘.)y

DI

DIRCHS
NSIMNF SUBROUTIME FOR PLATE
P10

(25440) 3 Y(254,40) 31 (4),GRINL(4) 00 (2.7),

)
(AyB) g AT LA sA) s AJ(B436) s AK[AGA) 3 AL {EyAB) s SKAT (A E)
PSKAJ(E36) ySKAK(AGA) ¢SKAL (A 4A) g AL (A A L) A2 Ayh,5%)

3 QKA?.("W, 614")

COMMOR
COmMOM
COMMON
COMMON
COrMOR
COMMOM
CAMMON
COMMQOM
COMMON
COMMON
COMMON

Kl.K2 4 K3 y K& o I0 s MR ,
UNITS y ND y NONDO y N .+ ITPO ’
X o Y v Z y I » F1 s
GNUL s MEMNO . MEMTYP , TEGMU , TESE .
TFJ y IFK « TFL , TniT NI ,
JNY + INK s JHK y THiL g I '
P2 » P3 s P4 o PF s FA y
YK s XL s YL s O . SK .
Al s AJ s AK s Al s SKAT 9
SKAK y SKAL s A1 s NZ y SX A °
1z s NC s XK

X1=X(INJy INJ)=X(INT 4 JNT)
X2 =Y IND g JNJ) =Y (INT 4 UNT)
RL=X(INKy JNK)=X(INT,JNT)
R2=Y( INK 4 INK) =Y (INT,INT)
XJ=SORT{XI®RX1+X2%X2)

Lov)

g SKAL (A b g

).

a



)F(l 1)—X1/XJ

DCULy2)1=X2/XJ o
NE(241)==NC(1,2)
NC(242)=DC(1,1)

XK=R1%DC(1,y1)+R2%DC(1,42)

YK=R1*%DC (241 V+R2%DC(2,2)

RETURM :

END

SUBROVTINE INFO(TI)

PDIMENSION UN1T5(4),NU(6),unwn(ZS).Nl(75),190(1ﬂ),p10(1n)
DIMENSTION X(25,40) Y (254340)3E1(4),GNUL{4)DC(2,42)
1SK(646)y DI(Hs6) Al (H46)4A JU646) s AK(H46) g ALL(6E, A)sS KAI(Ay ) e
2SKAJ(646) gSKAK(6496) ¢SKAL(646) gAL(A b el) shA2(babeb) s SKAL(HyH4),
3 SKA2(hyebe4)

CAMMON  K1,K2 , K3 , K& , ID s NORCD 4wl
COMMON  UNITS , ND , NONO 4 N1 , 1IPO , PIO
COMMDN X v Y + 7 y F s E1 , Gt
COMMON  GNUJT . MEMNO , MEMTYP , TEGNU , IFSF , TFT
COMMON  IFJ , IFK . IFL , IMI , JNI T
COMMON  JNJ + INK s JNK s THL s JNL , P1
COMMON P2 « P3 y P4 s P5 y PA s Xl
CﬂMMﬂN YK ¢+ XL « YL y NDC s SK s 11
COMMON AT y AJ . AK . DI s SKAT g N
COMMON  SKAK + SKAL y Al e N2 y S¥A1 N
coMMOM  I7 , NG S DUAMY (7107)

COMMON/ZINTO/ TJ(14,500),TA(500)
MEMNO=TJ(1,1)
MEMTYP=T1J(2,1)
CIFI=IJ(3,1)

IFJ=TJ(4,1)

IFK=TJ(5 ,1)

IFL=1J(6 1)

INT=TJ(7 ,I)

INT=1J(8 ,1)

IN=TJ(e L1I)

JNJ=TJ(10,1)

INK=TJ(11,1)

JNK=TJ (12, 1)

INL=TJ(13,1)

JNL=TJ(14,1)

P1=TA(I)

WRITE(Ay101) MEMNOGMEMTYP S IFTy IFJde TFRy THL a INT, diiTy Tobidy gty Trong i,
+INMLyJNL,P1

RETURM
101 FORMAT(1H 414,1313,F13,.5)
END

SUHBROLTINE INPUT
DIMENSTON UNTITS(4) 4ND(6) ¢ NOND(25), TPO(1D) ,PTO(10)

DIMENSTION X(25440),3Y(25,40) 4GMULIA) D0 (2,2) NS (Lh)
1SK(6eH)y DI(6H) s AT(H36) 3 AJ(646) yAK(AE3A)Y 9 AL (E4H) 3 SRAT (A6 ),
ZSKAJ(ﬁyé)9SKAK(676)9SKAL(696)9A1(60514)9ﬂ?(57“95)75Kﬂ1(59515)7
ISKAZ2 (6 by &)y DUMY(T093),XI(6)



COMMON K1 4MEMTO,NOMAT o MOB, TDNNROy NN
_COMMON UNITS,ND,NONO,NOB,IPO,PIO
COMMON Xy YyZyEyNABB, MCOM g NORD MCON, GHU
COMMON GNUL,MEMNO,MEMTYP4FA.IFS,IFI

COMMON - IFJ ~ , IFK s IFL y INT y JNI , INJ
COMMON ~ JNJ - s INK s JNK , INL y JNL y P1
COMMDON P2 y P3 y P4 y PH5 y PA s A
COMMDN YK, XL ) YL , NC » SK y D1
CAMMON AT , AJ s AK . AL s SKAT s SKA
COMMON  SKAK . 4. SKAL s Al v A2 y SKA1L s SKA?

COMMON IZ ¢NC,DUMY, ITEMP ¢ ALPHA 4 X1
WRITE(64103)
COMMON/INTO/ 1J(144500),TA(500)
READ(8,105,ERR=200) ID,NORO,NNTyNOMAT, ITERP, (HNTTS(L),1=1,%)
READ(8,100,ERR=200) NOBD,MCON,NOBR,#COM
READ(8,100,ERR=200) (NOB(I),I=1sN0OR0)
READ(8,100,FERR=200) MOR
READ(8,106,ERR=200) FA
READ(8,106,FRR=200) E,GNU,ALPHA
READ(R 4 _100,ERR=200)(NONO(I),I=1,MORN)
NN 1 I=1,NORD
JOE=NOND(T)
NN 1 J=1,J0F
1 READ(R 3101, FRR=200)X(I4J)sY(Iyd)
IFSF=0
- I=0
4 T1=T+1
IFS=IFSF
READ( 8,107, FRR=200) TJ(1eI1)gIJd(2y1)EMTO, IFSFa10(5,T) 0004, 1), T 00
5, 1) 9T 6y T) g TJ(TyI) g TU(8, 1) TJ(9, 1), TU(20,1)sTJ (L1, T)yTd(12,T),
FTJ(134 1)y TJ(14,1),TA(I),P2,P3,P4,P5,PA
o IR(IJ(2,T)) 34344
3 MEMTO=T1-1
PO 2 I=1,NNRMN
JOE=NONO( T)
DO 2 J=1,J0F
2 WRITE (64102)14JsX(T4J)sY(I,J)
~ GNh TO 223
200 WRITFE (64221)
STNP
223  WRITE (64104)
" RETURN
100 FORMAT(2513)
101 FORMAT(3F10.2)
102 FORMAT(1H 16,17, 3F20.5)
103 FORMAT(18BHINODE CNORDINATES//14H YRIN MOOE 3 15Xy THX =00,
113X, THY=CONRN//1H )
104 FORMAT (13HLMEMBER DATA//
144H0 M oM I I I I 1 J 1 0 1 0 1 Js
211X, 2HP1/ ‘ '

4L F E F F F F M N N N N a0 NN/
G4a4H MmooM oI J K L I I g J K K oL oL/
5 &H NOOT/
6 RH 0 Y/
7 8H P)

105 FDRMAT (515,4A6)
106 FORMAT(EL0.2,F7.2,E10.2)
107 FORMAT(I3,7I1,812,6E15.7)
221  FORMAT (//25H INPUT ERROR IN NONETM //)
END



C

SUBROUTINE JESSIN (AsEIG,NsReCyFyD

DIMENSION A(50450)4EIG(50)sB(NyN),C(NyN)yE(N),D(50,50)

REAL*8 B,C4F
N0 1 J=1,N

DO1 I=1,N

1 R(I4J)I=A(I,I)

CALL JFSS (NyNyRyN4C,yE,86999)
GN 70 2

999 WRITE (6,10)
10 FNRMAT ('EIGENVALUES ARE AT BEST WROMG')

e ]

CTHIS ROUTINE RETRIEVES DATA FROM STORAGE MATRICFS T

STOP

2 CONTINUE

NO 3 J=1,N

FIGLJ)=E(J)

PO 3 1=1,N

A{T4J)=C(I,J) ,
CAIL RFDRD(FIG,SO NyAyD)
RE TURNM

END

]
SURROUTINE K2RE(IRO,ICOLLICOL23BK,INyA,mACH)
NIMENSTON RK(84,84) A (MACO,MACO)
COMMON/K23RW/KH (3449 ) gKHB (4449 ) 4KJaKJIRy TFD,LJ(4)
INTEGER%2 LEN
LEN=MACDMAC %4
IRO -=KHR(1,KJR)
TCOLLI=KHR(2,KJR)
ICOL2=KHR(3,KJR)
IF (IN) 4,5,6
ITH=ICOLL
JH=ICNL?
GN TO 7
TH=ICOL1
JH=ICNOL1
GOTO 7
JH=ICOL?2
JH=ICOL1
CONTINUE
CALL READ(ALLFN,O, M, IFIN,£999)
NO 1 J=1,JH
nn 1 I'—'].vIH
RK(T4J)=A(TsJ)
KJR=K . IR-1
TF(KJR.EO, Q) GO TO R
LJO(1L)=KHR (4, KIR)
CALL POINT(IFDsLJ,y14R999,8959)
GNTH 9
LJ(KY=0
CALL PNINT(IFD.LJsT748999,8999)
CNONTINUE
RETURM

A

CERTAT

[ hyi-ie

2 A



2? @§9»7WﬁTTEf6;70)KJB“

Lt ak s R -.‘.;.,..S...—.ID:‘E—‘.-~..,...'__~ s itp oo i rtien e o gy = o o o .
70 FORMAT(YERROR IN READING FILE —-A AT LINE',I5)
END

SUBROUTINE K2WR(IROD,ICOLL,ICOL2yBKsID,A,MACH)
C THIS ROUTINE TRANSFERS DATA TO STNRAGE MATRICES IM A CERTAIW (RDER
DIMENSTION BK({B844,84) ,A(MACCI, MACO)
COMMON/K23RW/KH( 3949 ) g KHB (4449 ) 4 KJyKJIByTFNyLJ(4)
INTEGER*2 LEN .
L LEN=MACO%MACO*4
KJB=KJR+1
CALL NDTE(IFD,LJ)
KHR({1,KJB)=1IRN
KHB(2,KJB)=1ICOL1
KHB(3,KJR)=1COL2
KHRA4,KJB)=LJ(3)
IF (ID) 4,5,6
4 IH=ICOLY
JH=ICOL2
GN 1O 7
5 IH=ICNL1
CJH=ICOLL
GO TO 7
A IH=ICOL2
* JH=ICNIL1
7 CONTINUE
NN 1 J=1,JH
S .01 I=1,1IH
1 A(T9J)=BK(14J)
CALL WRITE(AyLEN,O,My [FN,R9YG)
RE TURM
999  WRITE(h, TO)IKJR
S1np
70 FORMAT('ERROR IN WRITING FILE —=A AT LIHNE®,15)
END

~ SURROUTINE K3RE(IRN,ICOLL,ICOL2 38Ky TN,y A, 1iACD)

C  THIS ROUTINE RETRIFVES DATA FROM STORAGE MATRICFS TN s CiRTATE i
DIMENSTON RK(84,84) ,A(MACO, MACO)
COMMON/K23RW/KH (3349 ) JKHR (4449 ) 4Ky K8, TED, LI (4)
INTEGER®2 LEN
LEN=MAC N&MAC D34
KJ =KJ +1
IRN  =KH (L1,KJ )

ICOL1=KH (2,KJ )
ICOL2=KH (3,KJ )
IF (ID) 4,5,6

4 IH=ICOL1

JH=ICOL2

G0 TO 7

TH=ICNL

JH=ICOL1

G TN 7

Ui

Lk



6

999

70

CIH=ICNL2
LgH=1C0LY

CONTINUE

CALL READ(ALLEN,Q4My3,4£999)

nn 1 J=1,JH

DO 1 I=1,IH

RK(T,J)Y=A(T,J)

RETURN

WRITE(6,70)KJ

STOP '

FORMAT(YERRNOR IN READING FILE3 AT
END -

LINEY,TI5)



SURROUTINE K3WR(IRDSGICOLL,ICOL2yBKyIDybMACO)
C THIS ROUTINE TRANSFERS DATA TO STORAGE MATRICES IN A CERTAINM NROEPR
NIMENSTON BK(84,84),A(MACD,MACH) '
NCDMMQN(K238W(KH(3!ﬁ9)'KHR(4’49)’KJ’KJB’IFD'LJ(4)
INTEGER%2 LEN
LEN=MACOXMACQO*4
KJd =KJ +1
.C MAIN PROGRAM FOR TRANSVERSE STREMGTH
KH(14KJ)=IR0O )
L KH(2,KJ)=1COL1
KH(3,KJ)=1ICOL2
IF (ID) 4,5,6
4 IH=ICOL1
JH=T1C0OL2
GO 10 7
5 ...1H=ICOLY
JH=ICOL1
GO TO 7
6 IH=ICOL?2
JH=ICOL1
7 CONTINUE
DO 1 J=1l,JdH
DO 1 I=1,1IH
1 A(I,J)=BK(I,J)
CALL WRITE(ALLEN,D,My3,6999)
RETURM
999 WRITE(6,7T0)KJ
oo STae. L .
70 FORMAT('ERRNR IN WRITING FILE3 AT LINE',T5)
END - '

SUBRDUTINE LOANS(NFILE,NSCR)
Coe o RODUTINE TOA INPUT LOADING CONDITION
INTEGER DEFIN
COMMON /WORK/XC(42)3YC(283),NONN(25) 4rIXTyNYC,
FDFEFINGNODE(40,25) g LROV(10D) 4 LMOD(100)
COMMON /MATRL/E 3Gy GNUyALPHA,, CONVF
COMMON /SHIP/NOLO,LNO(100)3SFX(100) 3 SFY(100),PHT (1u0),
FNNTR,ZTR(50),ZLEN,P(50) 4 XI4XA,NSEC
COMMNN /SAFE/LOADC(100) 3DX(50) DY (50),DRASE(50),
+7ZP(50)4yPC(50)4Z0(20C)40(20),ZPL(100)
COMMON /SAFE/TM(555) s TR(545)9ST(551)3SX(5,1)0DNATA(RGHO)
S COMMON /SAFE/ZI(20),EYE(20)
COMMON /SAFE/DXL(50),DYL(50)
COMMON /SAFE/R(50)3T(5042)3ST(50425,2)y0(2)3R(50,2),y Waly (36:4)
COMMON /INFLU/AF(50,50) 4DMMMY (353) :
71(1)=0.
FYE(1)=XI .
. .NSEC=1
50 NREC=0
NMISC=0
TERR=0
WRITE(A,100)



WRITE(6,102)

L WRITE(6,103)
WRITE(6,104)
WRITE(64105)

DO 150 L=1,NNLD
LOADC(L)=0 .
150 °© CONTINUE .

O

WRITE(6,155)

READ(5,300)NSETS

WRITE(6,300)NSETS

IF(NSETS)9998,9998,156
c |

156 D0 1000 NST=1,NSETS_
IF(NMISC)270,157,165
157 VWRITE(6,160)NST
WRITE(Hh,162)
-READ (5,1) NP,NQ,NDIR
WRITE (A,1) NPyNOGNDIR
165 IF(NP)180,180,170
170 WRITE(6,171)
K=2%=NP
NO 20 IL=1,K
READ (5,2) ZPL(IL)
20 WRITE (6,2) ZPL(IL)
DO 175 TIL=1,NP
PCUIL)Y=ZPL(2%IL)
[T=2%(1L-1)+1
ZPLTLY=ZPL(IT)*CONVF
175 CONMTINUE
1RO IF(NQ)Y270,270,182
182 WRITE(6,183)
K=2%N0
N 21 IL=1,K
READ(5,2) ZPL(IL)
21 WRITE(6,2)ZPL(IL)
NO 185 1L=1,N0
OCIL)=7ZPL(2%IL)/CONVF
I1=2%(IL=-1)+1
ZO(IL)=ZPL(IT)*CONVF
185 CONTINIE
' GN TO 270
Cl....‘.....l'.....t.'
C BEGIN READING IN LONGITUNINALS LOADEN FOR
CO....O....'Q.O...'..Q
200 WRITE(&,201)
205 READ(5,3) SFLYJROLLZJRNOZ2,ICOLL,,ICHLZ
CALL SWTCH(JRO1,JRO2)
CALL SWTCH(ICOL1,ICNL2)
J=JRrR0O1
I=1C0OL1
WRITE(6,3) SFLyJRNL,JRO2,ICOLY,,ICNHL?

IF(JRNL)1000,1000,210
210 TF(JRNLI-JR0O2)215,220,215
C==VERTICAL ARRAY NF LONGTITUDINALS
215  LDIR=1
GO TN 225 |
C==HORIZNNTAL ARRAY OF LOANGITUNINALS

220 - LDIR=2

SET



225 IF(NDDE(I,J)=-DEFIN)B00,230,800
230 N=NODRET(I4NODE,DEFINy JyNXCoNOND(JI))

C=-CHECK IF NODE' GIVEN HAS BEFN DEFINED AS A LONGITUDIMAL
: DO 250  L=1,NNLND
IF(J-LROW(L))250,2407250
240 IF{N=LNOD(L))250,4260,250
250 CONTINUE
CIERR=1
WRITF((’,?SZ)J’I
IF(NMISC)1040,800,1000
260  LOoADC(L)Y=1
NREC=NREC+1
DN 265 K=1,NOTR
o G0 T0 (2624264) yNDIR
262 NDX(K)=NRASE(K)*xSFL/SFX{L)
NY(K)=0.
GO TN 265
264 DY(K)=DRASE(K)*SFL/SFY(L)
DX(K)=0. ‘
265 CONTINUE | |
CALL NSCRUR(JyMNyDX4yDYyNOTR)
TF(NMISC)1040,800,1000
Cmmmmrmr e e e NSCR=9
.
C THIS SECTION COMPUTES DEFLECTIONS FOR RASIC LONGITHDI AL
. 270 SFA=0. |
SFL=1.0
SFS=1.0
CALL SEFTOCINSECsZI oFYFyNO 37040 4NPy7P 4PC 47 LFMyMICCyUDATA)
NCON=0D
CALL TMATTUXR¢NRGZLENyTH¢NOCC ¢ MCON 3 (TIIATA 3 SFSySFLySFASF L)
CALL COMST(TH,SIT)
NCON=0
NO 500 K=1,NNTR
CALL TMATT(XRGNBRGZTRIK )Y g TMgNOCC 4y NCIINgOIDATA g SFS3SFLeSEFAZFEL(R)
CALL MMULT(TMySTsSXe5,5,1)
PRASE(K)=SX(1,1)
500 CONTINUE

545 TF(NST=1)550,550,200
550 WRITE(6,557)
DO 22 K=1,NNTR
22 WRITE(6,4) K,DBASE(K)
G0 TO 200
200 G0N TN (810,820),LDIR

810 J=J+1
TF(J=JRN2)225,225,205

820 I=T+1
IF(I-1CNL2)225,225,205

1000 CONTINUE
IF(NMISG)1040,1001,1005

1001 MMISC=1
WRITE(6,1002)

. .. WRITE(6,1003) .

1005 READ(5,5) NP,yNOGNDIR,J,I
WRITE(6,5) NP,NOyNDIR,J, I
NSETS=1
IF(J)1020,1020,156



1020

" SFL=1.0

1025

1032
1035
1036

1038

1037

710
720

T34
735

1040

1041

CNMISC==1 -

NSETS=1
NP=NOTR

NQ=0

WRITE(6,1021)
WRITE(6,1022)

_READ(5,6) IRHD,MNODE

WRITE(6,6) IBHD,MNODE
WRITE(6,1023)

A(1)=0,

A(2)=0.

N0 1025 J=1,MNODE

CREAD(5,7)  B(J) g (T(JgNLMEM) ¢ NLMEM=1,42)

R(J)=R(JV*CONVF
T(Jy1)=T(J, 1)*CONVF
T(J42)=T(Jy2)**CONVF

CMRITE(A,T)  B(J) g (TCIyNLMEM) y NLMFM=1,2)

A1IY=A(I)I+T(Jy1)%B )
AL2)=A02)+T(J,2)%B(J)

CONTINUE

WRITE(6,1027)

NO 1036 K=1,NNTR

READ(5,8) (R(K,NLME#A),MLMEM=1,2)
WRITE(698) (R(KyNLMEM) yNLMEM=1,2)
N0 1035  NLMEM=1,2

Q=—R (K, NLMEM) /A (NLMFM)

DO 1033  J=1,#NODE ,
ST(KyJygNLMEM) =S5kT (J o NLMFF) %R (J)
CONTINUE

CONTINUE

- D0 1038 _K=1,NOTR

NX(K)Y=0,
J=2
NLLMEM=2
NDIR=2
I=TRHD

_SFL=1.

N=NADET(T,NONE,NEF TN,y NXC 4 NONO(J))
NN 720 L=1,NDLD
IF(J=LROW(L))T7204710,720
TF(N=LNOD(L)Y)720,730,720
CONTINUE

IERR=]

WRITE(64252)d,1

GN TH 1040

NRFEC=NREC+1

PN 735 K=1,NOTR

DY (K)=0,

DN 734 M=1,N0OTR

DY(KY=DY(K)+AF (K yM)RST My JyNLMFEM) /SFY (L)
CONTIMUE
CANTINUE
CAILL NSCRWR(JyN,NX4NY,NOTR)
GO TO 1040
J=EJ+1 e
IF(J-MNODE)1037,1037,1041
I=1
MNONE=MNDNE-1
NLMEM=NLMEM=-]

4



T J=2

© 1045

- 1048

IF(NLMEM)1045,1045,1037
CONTINUE
IF(IERR)1048,1048,50
CALL REWIND (7)

PN 2000 L=1,NOLD

PO 1050 K=1,NOTR
DXL(K)=0, .

S DYL(K)=0.

1050

1100

1200

1250

1500

2000

9999

L9998

SRR EL NES R NFICIE N

20

100
102

103"

104

155
140
162

171
1R3
201

252

300
551

CONTINMNIIE
CALL REWIND (9)

N 1500 NR=1,NREC

CALL NSCRRE({J¢N4DX4DY{NOTR)
TF(J=LROW(L))1500,1100,1500

TF(N=LNOD(L))1500,1200,1500
NO 1250 K=1,NNOTR
DXL{K)Y=DXL(K)+DX(K)

DYLEK)=DYL(K)+DY(K)

CONTIMUE
CONTINUVE . .

CALL NFILWR(LROW(L) LNOD(L) yLOADC(L) ¢SFEFX(L)#+SFY(L)$PHI(L) DXL yNDYL,
+NATR ) '

CONTINUE

CALL REWIND (7)

RETHRN

sTP

FORMAT (315)

FORMAT (E15.5)

FORMAT (F15.54,415)

FORMAT (I5,E1545)

FORMAT (515)

FORMAT (21I5)

FORMAT (3F15.5)

FORMAT (2E15.5)

FORMAT (215,2E15.5)

FORMAT (3I545E12.5)

FORMAT(1IHl1,' LOADING COAONDITION?®)

FORMAT(/' 1. -0 LOAD SET IS A SET NF LOADS ACTIMG It
+t' A GIVENY,/,t' X OR Y DIRECTION, THE EXTENT OF THESFE!
+' LOADS IS ALONG THE',/,' LENGTH OF % GIVEN LONGITUD?
+VINALY)

FORMAT(/'" 2o ANY LONGITUDINAL MAY RE LOADEND WITH ARNY!
+V NUMRER OF LNDADY,/4' SETS, WHICH MAY KF 0ONLY PARTS
+VTALLY APPLIED VIA',/,' A PROPORTIODNAL FACTORY)

FORMAT(/' 3, LOCATIONS OF LOADS ARE DISTANCES MEASURED?
+1' FROM THE',/," STERNT')

FORMAT( /4" 4. LOAD SET DIRECTINON CODES ARE',/,
+4Xe V=1, X=DIRECTION',y/44XV'=2, Y=DIRECTINN')

FORMAT(/,' NUMRER 0OF LOAD SETSUY)

CFNORMAT(1Hly'=-=LOAD SET'IS5)

FORMAT(' NO, CNNC,., LOADS, ND, UNIF, LOANS, DIRECTIUN ¥
+!'CNDEY)

FORMAT( /4" LIST LDCATION, P')

FORMAT(/4' LIST START LNCATINON, OV)

FORMAT( /4% LIST LONGITUDINALS SO LOADENY ./,
+1' FACTNR, ROWl, ROW2, COL1, COL2')

FARMAT (Y xERRDR=NODE ON ROWYI4, vV, COLYT4, " HAS o
+' REEN DEFINED AS A LONGITUDINALY')

FORMAT (I5)

FORMAT(/,' COMPUTED DEFLECTIONS AT TRAMSVFRSES!)



740 FORMAT(1HL, " LONGITUDIMAL NEFLECTIONS DUE TO LOADSY)
741  FORMAT(/,' ROW',13,' NODE',I3)
742 FORMAT(1OX, i X=DEFLECTINNS?Y)
743 FORMAT(10X,'Y=DEFLFCTIONS')
1002  FDRMAT(/Y MISC. LOADINGS?')
1003  FORMAT(' NP,NQ, NDIR, ROW, COLUMN?!)
1021 FORMAT(1HLl,' SHEAR LOADS ON TRANSVERSESY)
1022 FORMAT(/,' BHD COLUMN NUMRER, NUMBFR NF ROWS FUR SHEAR')
1023 FORMAT(/,' WEB LENGTH, SHELL, BHD THICKNESS (CwM)"')
1027 FORMAT(1H1,' SHELL, BHD SHEARS PER TRAMSVERSE STARTING!?
+!' FROM STERN?')
FND

SURRNDUTINE LONGI(NFILF)
Cee o ROUTINE INPUTS LONGITUDINAL DATA
COMMON /MATRL/E,GyGNU,ALPHA,CONVF
COMMON_(SHIP/NDLQ,LNO(100)9SFX(IOG)’SFY(lﬂﬂ),PHI(100),
+NOTRZTRIS50) yZLENGP{50) 4 XT ¢ XA NSEL
INTEGER DEFIN

COMMON. /WORK/XC(42) ¢ YC(2R8) g NOND(ZR) ¢ XC MY,
+DEFINGNODE(40,4,25)y LROW(IOG) , LNOD(1O0)
CAMMON /TNMNFLU/AF({50,50),EIG{50),DMMY (203)
COMMOM /SAFE/MN(25) 3 NCR (51 ), DUMNY (7424
TERR=D

MRITE(/,276)

WRITE(A,250)

WRITE(64251)

LOMAX=100
HRITE(6,278)

NOLO=0

2000  READ(S5,300)XIX Gy XIY$AX G RO, TCOL L. TCOTE?
CALL SWTCH(ICALL,ICOL2)

C——HORIZ.SEQUENCE TERMIMATES WITH ZERD RN iilriRER e eseoacoooosss
WRITE(A43N0)XIX XTIV AXy JRM,ICOLY,,ICHILY
TF(JROW)IZ2020,42020,2005

2005  TFR(XIX)2007,2007,200A4

2006 TF{XIY)Y2007,200742010

2007  TFRR=1

) WRTITE(A,2008)
TN 2000 .

2010 DO 2015 I=1COLLICNHL?Z
TF(NDLO=LOMAX)I?N11,2016,201A

2011  MOLD=NOLN+1
R=NODET(T ¢ NOOE GgDFEF TR ¢ RN g MX g MO 1 Lin1) )
Le-NOLO)=JRO
LNOD(CNOLD) =N
CALL NOD(MONMOy Ny JROV, LNDHNOLT))

SFY (NTOLM) =XTYR(COAMVF:R:=b ) /X ]
PHI(NNOLD)=0,
2015  COWNTINUE
G0 TO 2000
2016 MRITE(A,288)LOMAX
IERR=1
D TH 2000
2020 WRITE(A4279)
2030 REAN(5,3300)XIX ¢ XIVYyAX TCOL 3 JROL 4 IRMT2



ﬁ ~CALL SWTCH(JRO1,JR02) , ,
;;C-—VFRTICAL SEQUENCE TERMINATES WITH ZERDO COLUMN MUMRER ¢eeeeesas
: WRITF(ﬁ BOO)XIX XIY$AX,ICOL . JROYL,JRO2
YYIF(ICOL)ZOBO 2050,2035
2035  IF{(XIX)2037,2037,2036
2036 ‘IF(XIY)2037,20%7 2040
2037 JTERR=1
CWRITE(6,2008)
GN TO 2030
2040 DO 2045 J=JRN1,JRO2
IF(NOLN=LOMAX) 2041 42047,2047
2041 NOLO=NOLN+1
N=NODET(ICOL yNODFESDEFINGJ 4NXC o NONO(J))
4LRﬂW(NﬂLﬂ)*J o
LNOD(NOLD) =N .
CALL NOD{NONDyNyJy, LMO(NOLN))
SEXINOLOY=XIX% (CONVF*%:4) /X1
SEY(NOLO)=XIYx(CONVF%%4) /X1
PHI(NNLO)=0,
2045  COMTINUE
GO TN 2030
2047 WRITE(6,288)L.0OMAX
IFRR=1
GN TN 2030
2050 WRITE(A,2&87)NOLD
, NO 3000  J=1,NYC
3000 NN(J)=J
HRITE(A,3001) -
WRITE(A,3002) (NN(J),J=1,NYC)
NO 3050 I=1,NXC
NN 3045  J=1,NYC
NCR(J)=9999
ITF(NDDE(T,J)=DFFIN)3045,301043045
3010 NCR{J)=0
M=NODET(T yNODESDEFIN,J o NXC oy NONII(J))
NO 3040  L=1,N0LO.
ITF(LROW(L)=U)2040,3015,3040
3015 IF(LNAD(L)=N)3040,3020,3040
3020 NCR{J)=LND(L)
60 TO 3045
3040  CONTINUF
2045 COMTINIE
WRITE(A43047) (NCR(J) =1 ,41Y()
3050 CONTIMIE _
TF(TFRR)I2060,2060,2055
2055 STNP
2060 N=NNTR+1
EI=E%xX]
V=7 LEN/FLAAT ()
DN 2 I=1,N0OTR
DO 2 J=1,NNTR
JF (I.GT.J) GO 70O 1
A=Y:FLOAT(J)
=YRFLOAT(T)
R=7Z L FN=A
GK=0., o
TF(XALNEL0,)GK=X%R/XA/G/ZLEN
AF(Ted)=R%X/60/EIR(ZLENNSZLEN=RXB=X%X) /71 EN+GK
GN 1N 2
1 AF(I.J)=AF(J,1)

)



2 CONTINUE
RETURN

- +V X-DIRECTION OF TRANSVERSE!)
251 FORMAT(' 1Y = MOMENT OF INERTIA OF LONGIT—I
+! Y-DIRECTION OF TRANSVERSE')

T SEGTEGRMAT(/V TX = MOMENT OF TNERTIA GF LONGIT-L BENDING IN'

BENDING IN?

276 FORMAT(1H1l,//% DEFINITIONS OF LONGITUDINALS?')

278  FORMAT(/,' LIST BY HORIZONTAL SEQUENCE'/

+V 0 IXeIY,.A, RDW coLi, COL2Y)

2008  FORMAT(' **ERROR-MOMENT OF INERTIA FOR ABOVE LONGITL!

+1v NOT DEFINED?Y)
279 FORMAT(/,' LIST BY VERTICAL SEQUENCE? /
+'  IXeIY,A, COLUMN, ROW1,ROW27Y)

Zﬁ?,.fUBMAT(ZLW_IHEBEMAREWA_TQTALvOF'-IA,' LONGITUDTMALST)

288 FORMAT(' *xMAX., LONGITUNDINALS ='IR8)
300 FORMAT(2E15.,64F15.64315)

3001 FORMAT(1H1,' LONGITUDINAL NUMBERING SYSTEM')

3002 FORMAT(//41Xe'CVy/y1Xg?0" 45X, "ROWY /41X, 'L"32513,4/)

3047 FORMAT(/,2X,2513)
LEND

FUNCTION MAXCOL(NN1,NONO,NORQO)

.C ORDERS COLUMN INTEGER VECTOR IN NECSENDING NORNER AMD  MULTIPLY

DIMFNSIUN NONO(NORN) L H{25)
DO 1 I=1,NNRN
1 H{I)=NOND(I) |
M=NORO=-1
10 NO 20 I=1,4N
o ITF(H(I)=H(I+1))30,20,20
20  CONTINUE
GO T 50
30 NH=H( 1)
H{I)=H(I+1)
H{T+1)=NH
N GO TN 10
50 MAXCNL=H(1)%NN1
RE TURN
END

SURBROUTINE MATINS(AAyJJyN,CPyJKytig DNy Ty INDFEX)

REAL®R A(84,84)

C THIS SURRNUTINE WAS NFEDED T0 MAKE PRAGRAM CMMPA

C AA IS MATRIX TO BF INVERTED P, INDEX ARF W(OIT
DIMENSTON AA(JJyJd) s CP(JJy JK) 3 TNDEX (Jdy JK)
CALL MINSUR (AAyA,NyNDy )
IF(DD) 14241

? IN=>2
anoTo 3

1 1n=1

3 CONTINUE
RETURN

END

TIBLE 10y An
MECESSARY TR

SUREZ T Tt

VALU=



Q

J1

TSURRGUTINE MEM1

TRTAMGULAR PLATE SUBRMATRIX SURRNOUTINF
DIMENSTION UNITS(4) 4ND(A)yNONO(25)4ML{25),TP0O(10),P10(10)
DIMENSTON X(25440)4Y(25,40)3E1(4),GNUL(4)Y,DC(242),
LSK(6s6)y DI(H,A)JAT(Ayb6) s AJ(64A) gAK(AA) JAL(6,6) s SKAT(AL6),

_ZsKﬂJ‘6,6)1§KAK(676)95KAL(696)9A1(6y694)9A2(69Ay4)75KA1(6v674)7

3 SKA2(bybeb)

DIMENSTION BK(QOR4,084) 4 IM(4) s IM(4) 3 ZAT(A) 3 ZAJ(E) $7ZRAK(A)7ALI6),

1 XI1(6)

COMMOM  K1,K2 4 K3 y K&
COMMOMN “UNITS 4 ND s NOND
LCOMMON Xy Y s L
COMMNN  GNU1 y MEMND , MEMTYP
COMMON  TFJ sy IFK s TFL
COMMAON  JNJ s INK y JNK
COMMON P2 s P3 y P4
COMMON YK s XL s YL

_COMMON AT y AJ » AK
COMMON  SKAK s SKAL y A1
COMMON 17 s NC y XK
COMMON  IM y JM , NAY
COMMON  ZAK s 7AL s ITEMP

CALL DIRCOS

CA=(1.0=GNU)/2.0
CR=FEXP1/(2,0%(140=GNUKGNX YK )
SK(14y1)=CR&(YK*XYK+CARXKAEXK )
SK(142)==CR%CA%NXJ%EXK
SK(1,y3)=CR:RGNUNRXIHRYK
SK(2y1)=SK({1,2)

CSK(252)=CR*CAXX %X

SK(2,32)=0,0
SK{(3,1)=8SK({1,3)
SK(3,2)=0,0
SK(3,3)=CR%XJ%X
CA=YK/XJ
CR=XK/XJ
CC=CR-1.0
DO 9 I = 1,6
no a9 0 =146
AT(I,J)=0,
AN(T, ) = 0.0
AK(T4J) = 0.0
nn 1 I:1y3
AT(LeT)==NC(L,1)
A1, 1)=DC(1.1)
AK(1L,1)=0.0
AT(2,1)==DC(1,T)-CAxDC(2,1)
AJ(241)1=CA%DC(2,1)
AK(2,1)=DC(1,1)
AT(3,1)1=CCxDNC(2,41)
AJ(3,1)V==CB=NC(2,1)
AK(3,1)=NC(2,1)
TF(NN1=-3) 4,5,5
NC:NNl
G T A
NC=3
CALL MULTRD(AT,INT,JINI,SKAT)
CALL MULTRD(AJy INJyJINJySKAY)

I P T P Y Y

in

N

E

T FEGANLY
InT
T
Ps

nC

Al

A7
N E
A2
ALPHA

W 3 e e e 4 e e g e o, e

NR ()
IPO
F1
TFSF
JT
i
P&
SK
SKAT
SKAL
TCOUNT
7hT
X1
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X
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SKALI
SWKay
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IF(IFSF).

GALL MULTRD{AK , TNK ¢ JNK 5 SKAK)

34342

CA=E/ (1.0-GNUXGNU)

CR=E/( (1, 0+GNU)*(2,0%YK))
NI(1,1)=CA/XJ
DI(142)=0.0
DI(1,3)=CA%XGNU/YK

L DIE2y1)=CA%GNU/X
DI(2,2)=0.0
NI(2,3)=CA/YK
NI(3,1)==CR%EXK/X
NI(3,7)=CB
PI(3,2)=0,0

DT I=1,3

DO 7 J=1,

3

SKAL(T+4)=SK(I,4)

TF(ITEMP)

8,8,10

XT(1)=XJKALPHA
XT(2)=XKxALPHA
CXT(3)=YKEALPHA

CALL TFMPCO( C NC,IZ4SKATXT47A1)
CALL TEMPCO( NCyI7,SKAJyXT4ZAd)
CALL TEMPCNO( NCyI7 ¢SKAKXT,ZAK)

PETURRM
END

SURRNUTINE MEM2
OUADRTILATERAL PLATE SUBMATRIX SURRMCUTIME

DIMENSTON

Fl6,h) INDEX(643)

DIMENSTION UNITS(4) oND(A) $NONO(25) yM1(25) ,TPO(10) 4P 1IN (10)

DIMENSTON

1SK(6,A),
2SKAJ(H,6)

X(25:40)3Y(25,40)3E1(4) GALIL(L),10 (757 ),
DICEsAY AT (ALB) s AJ(AsA) 3 AK{ALA) AL (A6 SKRATIA,A),
s SKAK (636 ) g SKAL(AsA) ¢ A L(E b3 L) 4 82(6y3he4) ¢ SKAL(Aybhed),

A SKAZ2(He6,44)

DIMENSTOM

BK(OBL N84 ) o TN (L) g JMI&4) g Z7AT(H) s 7A)(A) 378 (A)7AL(H),

1 XI(6)

COMMNON  K1,K2 4 K3 y K& » 10 s MORD s RIL
COMMON  UNITS 4 ND s NORNN , , TR0 . 0T
COmMMaN X s Y ,» 7 » F + 1 o il
COMMOMN GNUJ1 ¢y MEMNO sy MFMTYP 4 TFEGMU « TESE y THIT
C O™ N T1FJ s IFK s TFL y TIT ‘ s JNT , Thi
COMMON  JNJ . . INK s JNK . TR TS .o
COMMON P2 . P3 . P& . P& , PA ,
cammon YK s XL sy YL . 110 s SK , D
COMMON AT NN y AK . AL s SKAT NN
COMMON SKAK s SKAIL « N1 s 0 Z , S¥Ad . A
CNMMON - T7 s NC . XK o OFES o, TCO |, Bk
COMMON — TM y JM . Nl ) A2 o TAT RS
COmMOrN 7 AK » ZAL s ITFMP e Ol PHA sy X1

CALL DIRCNS .
XXL=X(INL g JNLY=X(INT 3 JNT)
YYL=Y(INLJNL)Y=Y(INT4JNT)
KL=XXL=:DC(1ly 1)+YYLEDC (1,2)
YEL=XXLEDNC (2,4, 1)+YYLRDC(242)
Fl(l,1)=XJ :
F(1,2)=0,0

F{T143)==GNLUEX

34



COF(Lly4)=.5%XJ%F(1,43) -
. Fl1s5)=0,0
F(241)Y=XK -
F(292)=XKkYK=4 5%XJHYK
F(243)=~GNU%XK
F(2y4)==, 5% (GNUKRXKHEXK+YK*YK )
FI245)=2,0%(1,0+GNU)*YK
F(3,1)==GNU*YK .
Fl392)=45%( XKEXJ=XKAEXK=-GNURYKXYK )
F(3,3)=YK
F{3¢4)=XKxYK"
F ( 3 ’ 5 ) =O . O
Fl4,1)=XL
_Fl4y2)=XLEYL=, 55XJ%HYL
F(4y93)=~GNUs=XL
Fladyb)==,5%(GNURXLXXL+YL*:YL)
F(445)=2,0%(1.0+GNU)*YL
F(5,1)==GNU=YL
FU542)=a5%( XLAEXJI=XLEX=GNUYL %YL )
LRG3 3)=YL
F(544)=XL%YL
F{545)=0.,0
CALL MATINS({Fy A ¢54DI46404DNyM, INDEX)
IF(M=1) 13,13,12
12 WRITE (A,100)MEMND
100 FORMAT(31H SOMETHING WRQONG WITH MEMBFL L, I8, 120 TOHIGH LIICK)
<inp
13 RA=XL
HA=YL
BR=XL-XJ
HR=YL
. RC=XL=XK_
HC=YL-YK
RN=XK
HN=YL=-YK
RE=XK
HE=YK
CXRA= 5%RA
YRA=, 5%HA
XBR=XL.-BRB/3,0
YBR=HR/ 2,0
XRC=XK+RC/3.0
YRC=YL-HC/3.0
XBD=q,5%XK
YRD=YK+, 5%HN
XRE=RE/3.0 v
YRE=, fAAAAAAOEENHE
AA=RAHA
AR=, 53R PHB
AC=, 5xRCHHC
AN=RNHN
AE=, 55:RExRHE
h=AA—=APR=AC—=-AD-AF
XM=AARYRA=ARRYRRBR-ACKYRC=AIRYBD=AFYRF
YM=AARKRA=ARRXRR=ACHXRC—AIRXRND—=AFxXRF
XTA=ADEHARHA/3,0
XIP=ARR(HRBXHR/18.0+YRRARYRR)
XIC=ACHk(HC*HC/18.0+YRCHYRC)
XIN=ADR{HD*HN/12..0+YRNHYRD)
XIE=AER(HEXHE/18.0+YRE*®YRF)

LA
e



AJ(1,1)=AAKXBARYBA

CA=E*P1

XO0=XIA=XIR=XIC—=XIN=-XIE
YIA=AA*BAXBA/3,0
YIB=ARK(BR*RR/1R,0+XBR%XBR)
YIC=AC*(RC*RC/18,0+XBC*XRC)
YID=AD®R(BD%*BN/12.0+XBD*XRN)
YIE=AFE*(BE*BE/18,0+XBE*XBE)
YI=YIA=-YIB-YIC-YID-YIE

BJ=AB*(AB/18.0+XBB*YRR)
CJ=AC*(AC/18,0+XBCxYBC)
DI=AD=XBD*YBD
EJ=AE*(AE/18.0+XBE*YRE)
XYJ=AJ(1,1)-BJ-CI-DJI-EJ
CR=—CA%XGNU
DI(1,1)=CA%xA
DI(1,y2)=CA%XHM

DI(1,3)=CB*A

DI(1,4)=CBxYM

DI(145)=0.0

10

DI(2,2)=CAXX0
DI(23)=CR%XM
DI(2,4)=CB*xXYJ
I7I(2,5)=0.0
DI(3,3)=DI(1,1)

DI(3,4)=CA%YM

NDI{3,5)=0.0
NDI(4,4)=CAXY]
NI(4,5)=0.0
DI(545)=CA*2
DO 3 1=2,5

0% (1e0+GNU)=A

Tod)+DT(T,K)¥F (Kyd)

»w
=
—
- D
<<

nno 10 K
SK(TI,sJ)
CA= YK/X|
CR=XK/XJ=1.0
CC=YL/XJ
D=XL/XJ=1.0
CR==XK/XJ

u||n [T L TR e B TR e =R |

I,J)+F(K,I)*AI(K,J)

_CF==XL/XJ.

14

N

17

TF(NN1-3) 14,15,15
NC=NN1
GO TO 16
NC=

no 17 I
noo17 J
AT(IL)
AI(T,0)
AK(T4J)
AL(TI,LJ)

(LI T S | L T}
o]

N
[GAN



20

19

Be)

DO 5 J=1,NC
CAT(1,0)==DC(14J)

AT(2y0Y==DC(1,J)=CA%DC(2,)
AT{34J)=CRXDC(24J)
AT(44J)==DC(1,J)-CC*NC(2,J)
AT(5,4J)=CD*DC(2,4J)
AJ(1,J)=DC{14d)
AJ(24J)=CA%XDC(2,J)
AJ(34J)=CEXDC(24J)
Ad(44d)=CCx=DC(2,J)

A5, 0)y=CFEDC(2Z24J)

AK(24J)=DC{1,J)
AK(3,4)=DC(2,J)

AL(4,J)=DC(1,J)

AL(59J)=DC(27J)

CALL MULTRD(AT,INI JNI,SKAT)
CALL MULTRD(AJINJ,,JINI,SKAY)
CALL MULTRD(AK, INK,yJNK,SKAK)
CALL MULTRD(AL ¢ INLyJNL,SKAL)

CIFCITEMP) 19,5,19,20

XT(L)=XJ%ALPHA
XT(2)=XK*ALPHA
XT(3)Y=YK*ALPHA
XTI (4)=XLxALPHA
XT(5)=YL*ALPHA

CALL TEMPCO( NG, I17,SKAI,XT,ZAT)
CALL TEMPCN( NCy17 3SKASZXT,700)
CALL TEMPCOf¢ NGy TZySKAKyXT,7Z0K)
CALL TEMPCO( NCoyI7aSKALWXT,7AL)
CONTIMUE

IF(IFSF) 8,8,7
DO 6 1=1,5

no 6 "d=1,5
SKAL(T4J)=SK({TI,d)
DI(I4JY=ExF(I,d)
RE TURNM

END

SURRDUTINE MEMS

PIN=FENNED BAR SURMATRIX SHBROUTINE
NDIMENSTON UNMNITS(4)4MD{H) NN N“(75).N1(?“)7I)”(1”

Pi1=RaPR

DIMENSION X(25440),Y(25,40),E1(4),GNti1(4

1SK(64,6), 01(6,6)’AI(6’6)’&J(696)9AK(A96)yAL(V
2SKAJ(E4A) s SKAK(AH46) 3 SKAL(A4HA) g AL (b 46,44

3 SKA2(Ayhye4)

) s

NDIMENSION RK{OB4,0RL ), IM (&), JM(4)7AT(A)
1 XI(6)

COMMON K1 ,K2 v K3 . K& y 1IN
COMMON UNITS s ND s NN s N
COMMON X . Y .7 , F
COMMON  GNU1 y MEMNO  , MEMTYP o, TEGNU
COMMON IFJ [ IFK ° IFL Iy Ii\.iI
COMMORN  JNJ s INK s JNK s IRL
CampMmnn P2 sy P3 s P& , P5y
COMMOM YK s XL s YL y DC
COMMOM Al s Ad y AK s Al
COMMON  SKAK y SKAL sy Al » AZ

CRZOSS SeECTTim Al a
prI0 (1)
VoG (262)
e A) g SRAT (A ),
A2 (G eh o) g SEAL (6B 9H ),
IR (E)Y 7 AY 70 (50
s BRI s B
s P s PIO
° = 1 9 |::r§\‘! i
y TFSKE s I
y BT o T
NN , P1
y A .« X
, SK , DT
s SHA| s SN
y SKAT s NEA

i



COMMON 17 , NC , XK, NOMEM

C JCOMMON_ IM -, JM s NAL o, NAZ ’
COMMON — ZAK y ZAL s ITEMP\ 5 ALPHA

CX1=X(INJy INJI=X(INI,JINT)
X2=Y (INJ g JNJ) =Y (INT4INT)
XJ=SORT(X1H*X1+X2%X2)

DC(1s1)=X1/XJ
DC1,2)=X2/XJ.

TDPC(2,1)==DC(1,2)

3

DC(2,2)=DC(1,1)
SKK=P1*E /XJ
SKAL(1,41)=SKK
IT=NN1&(JNI=-1)

L IJENNIER(INI=-1)

o NS}

IF(NN1-3) 4,5,5
NC=NN1

GO TN 6

NC=3 |

PO 12 I=1,6

D012 J=1,NNT

12

7

9
10
1

15

13

AT (I4J)=0.0
A (I,J)=0.0
SKAI(I,J)=OaD
SKAJ(I4d)=0,0
DO 9 JJ=1,NC

AL(1,dd,1)==DC(1,JJ)
SKAL(14JJs1)==DC(1,4JJ)xSKK
AT(Ll,JJ)==DC(1,JJ)
SKAT(1,JJ)=SKA1(1l,JJ.1)
NALI=1
IM(1)=11
TF(INJ=INI) 7,7,8
Al(14JJe2)=DC(L,JJ)
SKAL(14Jdy2)=SKKEDC{14JJ)
NA1=2 .
IM(2)=T.
AdJ{1,J1)=DC(1L,dd)

CSKAJ (19 JJ)=SKAL(Ledds2)
GO TO 9 '
A2(1eJdy1)=DC(1,JJ)
SKA2(1,Jd,1)=SKK=DC(1,J)
NAZ2=1
JEH1)Y=T1J
BI(1,J0)=NC(1,JJ)
SKAJ(1sJJ)Y=SKA2(1,JJ,1)
CONTINUE
IF(IFSFY 11,11,10
DI(l,1)=P1
IF{ITEMP)Y 13,113,159
XT(1)=XJ*ALPHA
CALL TEMPCQO(

CaLl TEMPCO(
RETURN
FND

NC!IZ’gKhlvxIQZA])
NC g I1ZaSKAJGyXT 47D

SHRRMITINE MEMR]

TR ARG

TCOUNT

ZA1
X1

PLA

Tk

14

?

BK
ZhdJ

SHTP

.



IMENSTION - STRESS(6)
_DIMENSION UNITS(4). ND(6) ,NONO(25),N1(25), TPO(10),PI0(10)
DIMENSTION V(2100),UU(6)400(6)4AT(646)3AJ(646)3AK(6456)38L(6,6),
ISKAT(696)ySKAJ(646),SKAK(656)9SKAL(6,6)4DI(6,6)

DIMENSION VTEE(6,3)

COMMON  K1,K2 4 K3 + K& + ID s NORD y NN
COMMON =~ UNITS 4, ND « NONO sy N1 y IPO , PIO

_COMMON  NUMFO 5, V. » KK 4 KKK y ITT y 17
COMMON — UU , 00 o MEMNO , MEMTYP o INI y JNI
COMMON  INJ 4 JNJ s INK s JNK s INL s JINL
COMMON  IFSF s IFI s IFJ s IFK y IFL s AT
COMMON  AJ. y AK y AL s SKAI sy SKAJ s SKAK
COMMON  SKAL s DI y VTEE

C..b0 1 1=1,3
1 UU(I)=0.0
CALL SR1I4(KKge3¢gJNI4AT yUUgITT o KKKyIMI,INT)
CALL SRY&G(KKe3yINJgAJgyUU,TTT KKKy TNT,INJ)
CALL SR1I4(KKe3¢yJNMKyAKyUU,ITT¢KKKyINTI, INK)
IF(IPO(1)) 11,11,9
9 IT=111
. po 10 1=1,
10 UU(I)-“U(I)—VTEE(I,IT)
11 CONTINUE
IF(IFSF=2) 7,242
? CALL SR&A(DIL3,3,UU4STRESS)
TA=(STRESS(1)+STRESS(2)1/2.0
TB=(STRESS(1)=STRESS(2)) /2.0
TC=SORT( TR TR+STRESS(3)“§TRF§§(%))
PA=TA+1C
PR=TA-TC
ANGLE=28,6478%ATAN({STRESS(3)/TR)
CIF(IR) 39646
3 IF(STRESS(3)) 4,5,5
4 ANGLE=ANGLE=90.0
G0 TD A
5 ANGLE=ANGLE+90,0
6 WRITE (Ayl00)TIT4INIZMEMNO, (STRESS(T)T1=1,3),P0,Ph,yARGLF
IF(IFSF=3) 7,88
7 CALL §R4A(SKAL 3,3,UU,00)
8 RETURN
100 FORMAT(1HO,19,110,16H TRIANG PLATF 416 44X 35 10 ebyF10ab,4&H NEEG)
END

SHRRNAUTINE MEMR2
C RRANCH DEFORMATINNS AND STRESSES FOR OHAD PLATE SHIFP &
MIMENSINN STRESS(A)
CDIMENSTON UNITS(4) o NDIH) S NONO(25) 4yNII25) s TPQACIN) s PLG(10)
NIMENSTION V(2100)3UULAR)Y 300 (A)Y 4 AT (A+A) ¢ AJ(A A) 2 AK{EA) s AL (A H),
ISKAL(6,36)3SKAJ(646)4SKAK(646) ¢ SKAL(H46),DT(6H46)
NDIMENSTION VTEF(6,3)

COMMON  KleK2 o+ K3 y K& . ID . NORE s ]
COMMON  UNITS + ND » NOND s N y 1PO o PTi
CCNMMON NUMFD 4V , KK + KKK y 171 » 17
COMMON L) . 00 y MEMNC , MEMTYR 5 IN] NN
COMMNON TN y JNJ e IRK s JRK s THNL s NI
COMMON.  TFSF v IFI o IFJ y THK s TIFL y AT
COMMON AJ y AK s+ AL s SKAT v SKAJ + SKAK

(O ¥
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110 S=1./GA

120  T(1,2)==X

' T(1y3)==XkX/2./FE1
T(243)=+X/E1
T(1y4)==X%kX%kX/64/EL + S%kX
T(294)=+X%X/2.,/E1
T(3y4)=+X -
IF(INFLU)150,150,999

150 0=PROP(3)%SFL
RO=PROP(4)
T(195)==XkX%(Q%(=X%X/2be/EI+S5/24) +ROFXH(=X%X/120e/EI+S/64))
1(245)==X0kX%X%(Q+RO%X/4.) /6o /E]
T(345)==X%X%(Q+R0O%X/34)/2.
T(445)==X*(0+RO%X/2.)
GO TO (999,200),IDF

200 CALL IDENT(TC,5)
CF=PROP(5)*SFL
1C(4,45)=-CF
CALL MMULT(TsTCyTR$545,5)
CALL FOUAL(T,TR45,5)

999  RETURN '
END

SURRNUTIMNE READIN(AGB IZ+NC,K)
NDIMENSION A(A4,6)4yB(64644)
nn 1 I1=1,17
no 1 J=1,NC
1 B(T,J,K)=A(T,.)
RETURN
END

SURRDUTINE  RENORD (FLAMNGNTV yBE,RL)
CeeoRNUTINE ARRANGES EIGENVALUES IN DESCENDING ORNFR wl it
Ceae THE CNORRESPONDING RE=ARRANGING OF THF FIGFNVECTORS

NIMENSTION ELAM{N)BP{NyN),BL{NyN)
NTVLI=NTV-1
10 DO 20 I=1,NTV1
IF (ELAM{TI)Y—-ELAM(I+1)) 30,20,20
20  CONTIMUE :
GO TO 50
30 SAVE=ELAM(T)
FLAM{T)=ELAM(TI+1)
FLAM(I+1)=SAVE
DO 40 J=14NTV
P)L(\JyI)=RP(JyI)
RP(JyI1)=RP(J,T1+1)
RP(JyI+1)=RL(JyI)
40 CONTINUE
GO TN 10
50 WRITE (6,100)

RE TURN :

100 FORMAT (// 30H EIGENVALUES AND FIGFNVECTNRS  //)

END



BHM¥0¥=1§§AL , DI ", VTEE

1 UU(I)=0.0
CALL SR14(KKy5yJINTyAT UUyTTT KKKy INT,INT)
CALL SRI&(KK 5y JNJyAdgUU, TTL KKKy IMNT,TH)
CALL SRI4(KKy5yJNKyAKyUUyITT KKKy INT, INK)
CALL SR14(KK 59 JNLyALyUU, TTToKKKyIMT,INL)
IF(IPO(1)) 11,11,19

19 11=111
PO 10 I=1,5

10 UU(I)*UU(I)-VTFE(I,IT)

11 CONTINUE
IF(IFSF=2) 3,2,2

2 CALL SR4A (DI.5, 5,UU STRESS)
WRITE(6,100)TTII,INI4MEMNO, (STRESS(I), 1= lyb)
IF(IFSF=3)3,4,4

3 CALL §R4A(SKAL 5,5,UU,00)

4 RE TURN

100 FORMAT(1HO,19,110,14H QUAD PLATE,I8,4Xy5FE14.6)
END

SURROUTIMNE MEMRS
C BRRANCH FORCES AMD STRESS FOR PIN EMNDFD AR
DIMENSION URNITS(4)3ND(6E) 4NONO(25) 4N1(29) o IPQ(10) P 10Q(10)

DIMENSION V(2100),UUL6)0R(6)3AT(A+6) s AJ(636)38K(6036)38L1A6),

].SK/-\I(é)vﬁ)QSKAJ(l‘)’f’)9SKAK(606)9SKAL(596)9“1('1“?5)
DIMENSION VTEE(6,3)

COMMON  K1l,K2 4 K3 y K& s ID s MOR{O y DiiN1
COMMON  UNITS 4, ND y NOMD e NI y 1PO y PIO
COMMON  NUMFO 4V s KK s KKK sy 11T y 17
COMMON  UU . Q0 y MEBND  y MEMTYP , INI y Jrd
COMMON  INJ + JNJ + INK s JNK I s JNL
COMMON  IFSF s IFI v IFJ s TFK y IFL y NI
COMMON  AJ +» AK v AL s SKAT y SKAJ s SKAK
COMMON  SKAL » DI y VTEE

DO 1 I=1,12
1 BWU(INI=0.0
CALL SRIA(KKoIZgINTgAT 43 TTIT4KKIKyTNT4TNT)
CALL SRLIA(KKyIZoUNJgAJ Uy IIT KKK IMTyINJ)
IF(IPQ(L)) 11,111,109
19 IT=111
UL =UUCL)=VTEE(L,IT)
11 CONTINUE
QO(1)=SKAL(1,1)*UU(1)
TF(IFSF=2) 3,2,2
2 STRESS=00(1)/DI(1, 1)
WRITE(64100)TTI,INI,MEMNO, STRESS
3 RETURN
100 FORMAT(1HO,I9,110,7H RARy I1544XsE1446)
END



SURROUTINE MULTRD(AA, IN,JN,SKA)
TUUPREMULTIPLTES "AA BY SK THEN READS AA INTO Al NR AZ AND

SKA INTO SKA1 OR SKA2

DIMENSTION UNITS(4)4ND(6)4NONO(25),N1(25),1P0O(10),PIOC10)
DIMENSION X(25440),Y(25,40)4F1(4),GNUL(4),DC(2,2),
1SK(6y6)y DI(6,6)3AT(626)3AIJ(6,6)AK(69H) s ALI6,A)SKATIAE),
2SKAJ(beb) ySKAK(696) ySKALIAA) AL (Ayh b))y A2(6a634) s SKALIO,A44),
R BT ay e T , .

DIMENSTON RK(084,084)

DIMENSION IM(4),JM(4)

DIMENSION AA(646)4SKALH,6)

COMMON  K1,K2 4 K3 + K& s ID , NNORN g NALY
COMMON  UNITS 4 ND e NON s N1 sy ITPO y PIND
TTCOMMDNTTX T, Y y 1 y F , F1 y L
COMMON  GNUL s MEMNO  , MEMTYP , TFGMU 4 TFSF s TFI
COMMNON  IFJ y IFK y IFL s INT e JNT s INJ
COMMON  UNJ y INK y JNK s INL s JNML y P1
cCOMMOM P2 s P3 y P4 s P5 y P6 v XJ
COMMON YK s XL s YL s DC y SK y DI
S COMMON AT Yy AJ . DK s AL + SKAT y SKAY
COMMON  SKAK s SKAL s Al y A2 y SKA1 s SKAZ2
COMMON 17 s NC + XK o NOMEM y LCOUNT 4 RBK

coMMODNM  IM s JM s NAT s NAD

DO 1 I=1,17
DO 1 J=1,NC
SKA(TI,J)=0.0
DD 1 K=1,17
1 SKA(T,J)=SKA(T4J)+SK(I,K)*AA(K,J)
JI=NNTk(JN=1)
TF(IN=-INT) 2,2,3
2 NAL=NAL+1
IM(NA1LY=JI
CALL READIN(AALAL,IZ NC MAL)
CALL READIN(SKA,SKAL,I74NCyNAL)
GO TO 4
3 NA2=NA2+1
JMINA2Y=UT
CALL READIN(AA,A24T17Z4NC,NA2)
. CALL READIN(SKA,SKA2,IZ,NC4NA2)
4 RETURN
END



e SUBROUTINE NOD(NONO,NODE4NROW, L)
Ce « « ROUTINE COMPUTES THE LONGITUDINAL NUMBER FOR GIVEN
Cos ROW AND NODE
DIMENSION NONO(25)
L=NODE-NONOC(NROW)
DO 1 I=1,NROW
1 L=L+NOND(1)
: RE TURN
END

FUNCTION NODET(I,NODE,DEFIN,JyNXCyNONO)
Cueo ROUTINE COMPUTES NODE NUMBER FOR GIVEN ROW AND COLUMN
INTEGFR DEFIN '
DIMENSION NODE(40425)
 IF(NOND=NXC)20,10,10
10 NODET=1I
RE TURN
20  NODET=0
DO 50 I1=1,1
TF(NODE(II,J)=DEFIN)50,30,50
30 NODET=NODET+1
50 CONTINUE
~ RETURN
END

SURROUTINE MINSUB (AA,A4N,NDyJJ)
NDIMENSINON AA(JJyJJ) s LL(84) ¢M(B4) 4 A(NyN)
CIOITRLETPRECISION A,D '
C THIS LOOP SCALFS THE MATRIX TO APPROXIMATELY ONE (1)

L=0

10 L=L+1

© AHQW=AA{L,L)
SCALE=ABS (AHQW)

IF(SCALE.EQ.0.)Y GO TO 10
DO 5 I=1,N
no 5 J=1,N

5 AlT,J)=AA(T,J) /SCALE
CALL MINV (AyNyeDyLLyM)

C JHIS LOOP REMOVES SCALING FACTOR

DO 6 I=14N
NO 6 J=1,N

6 AA(TILJ)= A(I,J) /SCALE
DD=D
RE TURN
END

P i



SURROUTINE MINV(AysNyDyL,M)
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SURROUTINE MINV

PURPOSE
INVERT A MATRIX

USAGE
CALL MINV(A,NyDeLsM)

DESCRIPTINN 0OF PARAMETERS
A — INPUT MATRIX, DESTROYED IN COMPUTATION ppnh REPLACED RY
RESULTANT INVERSE.
N = ORDER OF MATRIX A
D = RESULTANT DETERMINANT
L - WORK VECTOR OF LENGTH N
M — WORK VECTOR OF LENGTH N

REMARKS
MATRIX A MHST BE A GENERAL MATRIX

SURROUTINES AND FUNCTION SURPROGRAMS PEQUIRED
NONE

METHOD
THE STANDARD GAUSS—UORDAN METH(OD TS USER. ThHr BETERMINANT
IS ALSO CALCULATED. A DETERMINANT MFE ZERD TinbICATES THAT
THE MATRIX IS SINGULAR,

' EEEEEERERENIEIII I A I A A A S AR AN A S I A N R B BRI LA A R A B A L A AR A A L

DIMENSTON A(1),L(1),M(1)

@ ® 0 0 00 0O ® 8 G 0 UG ® OO PG e OO0 SO S S OGO SO O S P OO 0@ 0O S0 GO0 E 60 600 SO0 s s s

IF A DOUBLE PRECISION VERSION OF THTS ROUTTNE [s 0FSTREDR, ThHi
C IN COLUMN 1 SHOULD RE REMOVED FROM THE DOUKLE ERECTS T
STATEMENT WHICH FOLLOWS,

NOURLE PRECISIOM AD,RIGA,HOLD

THE ¢ MUST ALSO BRE REMOVED FROM DOURLE PRFECTISTUN STATFatRNTS
APPEARING IN OTHER ROUTINES USEN IN CONJUNCTTION WITH THTS
ROUTINE,

THE DOURLE PRECISION VERSION OF THIS SURRNUITTINE MUST AL S

CONTAIN DOURLE PRECISION FORTRAN FUNCTIONS, ARYS TH0 STATEmEM]
10 MUST BEF CHANGED TO DARS.

SEARCH FOR LARGEST ELEMENT

1.0



OO0

O

OO OO0

o ReRe]

10
15

25

30

25

L0

45
4h

4R

50

55

NK==-N -

DO 80 K=1l,N

NK=NK+N

LIK)=K

M(K) =K

KK=NK +K

RIGA=A(KK) -

DO 20 J=K 4N

[7=N%(J=-1)

1d=17+1 .
IF(DABS(BIGA)Y-DABS(A(IJ))) 15,20,20
RIGA=A(TIJ)

L{K)=1

M(K)=Jd

CONTINUE

INTERCHANGE ROWS

J=L(K) :
IF(J-K) 35,35,25
KI=K-N

DO 30 I=1,N
KI=KI+N
HOLD==A(KI)
JI=KI=K+J
ACKI)=A(JI)

A(JI)Y =HOLD

INTERCHANGE COLUMNS

I[=M(K)

IF(I-K) 45,45,38
JP=Nx(I-1)

NO 40 J=1,N
JK=NK+J

JI=JP+J .
HOLD=-A(JK)
A(JIKY=A(JT)
A(JTI) =HOLD

DIVIDE COLUMN BY MINUS PIVOT (VALUE OF PIVOT ELRwENT TS
CONTAINED IN RIGA)

IF(RIGA) 48,46,48
N=0,0

RETURN

N 55 I=1,N

IF(I=-K) 50,455,450
IK=NK+1
ALIK)Y=ALTIK)Y/ (=RIGA)
CONTINUE

REDUCE MATRIX

NN 65 I=1,N
TK=NK+1T
HOLD=A(IK)
TJ=1-N

DN 65 J=1,M



OO0

OO0

e Ne!

60
62

A5

70
75

80

100
105

108

110
120

125

130

150

TJ=TJ+N

.IF(I"K) 60965960

IF(J—K) 62,65162
Kd=TJ=1+K
A(TIJ)=HOLD*A(KJI)+A(IJ)
CONTINUE

DIVIDE ROW BY PIVOT
KJ=K=N
DO 75 J=1,N -
KJd=KJ+N
IF(J=K) 70,75,70
A(KJY=A(KJ)/BIGA
CONTINUE
PRODUCT NF PIVOTS
N=D%BIGA
REPLAGCE PIVOT RY REGIPROCAL

A(KK)=1,0/BIGA

CONTINUE

FINAL ROW AND COLUMN INTERCHANGE
K=N
K=(K-1)
IF(K) 150,150,105
I=L(K)
IF(I-K) 120,120,108
JO=N=(K-1)
JR=N=(T-1)
DO 110 J=1,N
JK=J0+J
HOLD=A(JK)
JI=JR+J

ACJK)I==A(JI)
A(JI) =HOLD
J=M(K)
IF(J-K) 100,100,125
KI=K-N

DO 130 I=1,N
KI=KI+N :
HOLD=A(KI)
JI=KI-K+J
A(KI)==A(JT)
A(JTI) =HOLD
GO TO 100

RE TURN

END

SUBROQUTINE NSCRWR(JyNyDXyDY,NOTR)
DIMENSTION DX(NDTR) DY {(NQOTR)

WRITE (9,10) J,N

WRITE(9,411) (DX(I)yI=1,NOTR)

L



10
11

10
11

14
15

WRITE(S,11) (DY{I)sI=1,NOTR)
RE TURN
ENRMAT (215)

FORMAT ((15E16.8))

END

SURROUTIME NSCRRE{J+NyDXyDY,NOTR)
DIMENSION DX(NDOTR)yDY{(NDOTR)
READ (9,10) J,N

READ(gvll) (DX(I),I:-lvNOTR)
READ{(9,11) (DY(I),I=1,NOTR)

RE TURN

FORMAT(215)

FORMAT ((15E16.8))

END

SURRNUTINE NFILRE(NAyNRyMCySFXySFY s PHT DXL DY Ly MITR)
NDIMENSION DXL{NNDTR) DYL(NOTR)
READ(7414)NA,NRyNCySFX,SFY,PHI
READ(T7415)(DXL(I),I=1,NOTR)
READ(7415)(DYL(I),I=1.NOTR)

RETURN:

FORMAT(3110,3E16.8)

FORMAT ((15El6.8))

END

SURROUTINE NFTLWR(NAGNR NGy SFXsSFYPHT DXL s DY Ly nUTR)
DIMENSINON DXL (NOTR),DYL(NOTR)
WRITE(T7414)INAZNRGNC 3 SFXySFY,PHI
WRITE(7415)(NDXL(I),I=1,NOTR)
WRITE(T7415)Y(DYL(TI),I=1,NOTR)

RE TURN -

FORMAT(3110,3E16.8)

FORMAT ((15E16.8))

END

SUBROUTINE OCCMITaPROPy INF ¢ Xy INFLUy SFSySFLySEAyF,G)

C==0CCURRENCE MATRIX DEVELOPMENT

DIMENSTON T(545)¢PROP(5)4TR(545),TC(5y5)
CALL IDENT(T,5)

FI=ExPROP(1)*SFS

GA=GRPROP(2)%SFA

S=0.,

TF(GAY1204,120,110



. GURROUTINE SETOC(NSEC ¢ZT o FYFGNOGZ0 g0y NP g7 P 4Py 7 LEN MOCC,1DATA)
C=—RNUTINE TO SET UP NCCURRENCE DATA VECTORS
DIMENSION ZI(20)4FYE(20)420(20)40(20),7P(50) 4P (5H0),0HATA(R,50),
+70CC(T0)
C , -
C==NETERMINFE LOCATIONS FOR ALL OCCURRENCE CHANGES
706CC(1)Y=0. :
7N0CC(2)=ZLEN
MOACC=? . . .
C-—FIRST ARRANGE X=SECTION CHANGES I ASCFHDING ORDER [prT Tiv 2TGHT
71(NSEC+1)=7ZLEN
10 NN 20 MN=1,4,MNSEFC
TF(ZI(N)=ZT(N+1))20,20,30
20 CONTINUE '
GO TO 40
30 SAVE=7T1(N)
ZT(NY=7T(M+1)
7I1(N+1)=SAVFE
SAVE=FYE(N)
FYF(M)=FYE(N+1)
EYE(N+1)=SAVF
GO T0O 10 _
4.00 NN 50 k=)l (NSFC
CNNCC=MNCC+]
50 Z0CCINDOCCY=ZI(N)

' TF(NO)L1IN,110,60
AN FOINO+L)Y=7LERN
C==ARRANGE UNIFORM LNADS IN ASCFMDING ORPDF: LFEFET TH RIGRT
70 N 80 M=71 , M0
JELZO(N)=70(M+1))80,80,90
a0 CANTIMIE
GnTH 9%
S0 SAVE=70(N)
JO(N)=70(N+1)
CZ0O(N+1)=SAVE
SAVE=0 (i)
N{N)=0(N+1)
N(N+1)=SAVE
G0 TH 70
QB DI 100 N=1 N0
NOCC=RNCC+1
100 70CC(NMNACCY=7N0(N)
1100 TE(NP)200,200,120
120 7P(MP+1L)Y=71 Fi ‘
C=—=ARRANGE CONGCENMTRATED LOADS Il ASCENDING (RNER LEFT Too RTGHT
130 DN 140 N=1,MP
TE(ZP(N)Y=ZP(N+]1))140,140,150
140 CONMTINUE
GO TO 1A0
150 SAVE=ZP(N)
7RPINY=7P(N+1) "
7P(N+1)=SAVE
SAVE=P(N)
P(MY=P{N+1)
P(M41)=SAVE
AT 130



160 DO 170 N=1,NP
NOCC=NOCC+1
170 70CCINDCCYI=ZP(N)
C==ARRANGE NCCURRENCE LNCATIONS IN ASCENDING ORDER LEFT 10 RIGHT
200 CALL SORT(Z0OCC,NOCC) :
C
C==INSERT NCCURRENCE NATA
- NOCC=NNCC~1
NN 500 Jd=1,N0OCC
NMNATA(HA,J)Y=Z20CC ()
NMDATA(T,J)=Z0CC(J+1)
NDATA(8,J)=1. ;
C== ONATA(8,J) INDICATES IF A CONCENTRATED CONDITION OCCURRS AT THE Ll =i
‘L AN NOCCURRENCE FIELD., IF SET TN 1, MONE EXISTS. TF SeT Th 2, Nk -5,
Ny 210 I=1,45
210 NDATAL{I,J)=0.
NN 230 N=1,NSEC
IF(ZI(N)=ZOCC(J))I220,4,240,250
220 TF(ZI(N+1)=70CC(J)1230,230,240
220  CONMTINUFE
240 ONDATA(L,J)=EYE(N)
250  TF(NOY3INO,300,260
260 DN 280 N=1,N0
TR(Z0(M)=Z0CC(J))I270,290,300
270 TF(Z0(N+1)=ZNCC(J))280,280,290
280 CONTINUE
200 DONATA(R,0)=0(N)
200 T TF{NPYIL00 400,310
310 NN 320 M=1,NP
o TR(ZP(MY=Z0CC{U))R20,315,400
315 NDATA(S,0)=P (M)
MNATA(R,J)=2,
320 CONTINUE
00 CONTINUFE
500 COMTINUE
RETURN
FND

SURRNAUTIME SHIPI (HMOCARDGMACH)
Coeo PNUTINE DEVELOPS FIMITRE ELEMEMT STIFFNESS ¥ATRICES
CeeeFNE THE TRANSVERSE MFEMRER
C FORMATINN OF STIFFNESS MATRICES
DIMENSTION BKK (84 484 ) yRKH(RA 484 ) qBRK (R4 4 ) JNNRA(759)
DTEHENSTON UNITS(L) 4ND(H) gNONN{(25) yNL(29) o TRPO(1T) - ul1.0)
DIMENSTNON X(25440) 3 Y(25440) 4GNUL(4A) D0 (267) '
1SK{AyA), DI(AeABY AL (HeB) s Ad(AE) yAK(AGA) g2l {AsA) a2 T (A7),
PSKAJ(AsB)Y ¢gSKAK(AB) ¢SKAL(AsA) ¢ 2L (b aAhel )7 (Aghee) 5] (Aehhed),
3 SKA2(Ashes)
DIMENSTINON Tid(4) g JM{4) ¢ ZAT(6) s ZAJ(A) 7 4K{n) o 7AL(H) L XT(0)
NIMEMSTON AQX({R4,84)
COMMOM K1 ¢ MEMTO g NOMAT g MOR § TN o NOIRT, AR
CNnMMON C 1INITS y ND ¢ NOO e N1 s IO s w10
COMMON Xy Yqe7Z 9 EyNNRRB , MCONy NUORH, MCONy G
COMMON GNUT g MEMND , MEMTYPFA, TFSFL,TFI
COMMON TFJ y IFK o TFL s Tl e T S EAR
YR O JiN « INK o JRK o IRl N R B + 111
LOnMoNn - P2 , y P3 y P s Po o A . N



COMMON YK

» XL s YL +» DC » SK s DI
COMMON AT A y MK v AL s SKAT y SKA
CCOMMON SKAK ¢+ SKAL . Al s A2 s SKAL 9y SKA?
COMMON 17 - y NC y XK s NOMFR , ICOUNT , RK
COMMOM.  TM" s JM , NAJ y MAD s 70T PN

COMMON 7 AK s ZAL y ITEMP 4 ALPHA , XI
COMMON/K23RM/KH{ 3449 ) y KHR(44549) yKI3KJRy IFD,LI(4)
IPO(1) = TEMPERATURE FLAG, ITFR#MP
e PIO(L)Y IS USEND TN PASS THE TIME OF Ay
CALL INPUT -
IF (NDROL.GT.25) GO T 231
IF (NOMAT.GT.4) GO TN 331
K1=1 L
IJK=0 ,
NN 99 J=1,NNRN
Qo NOR(T)=N1(I)
IF (NNBO,GT.NORN) 6O TN 331
IF (NDRB.GTL1) GO T 231
IF (MCONLGT.1) GO TN 331
NOBN=NUMRER 0OF ROWS WITH ROUNDARY CHRNTTIANS
NOR(I)Y IMPLIES ROUNDARY CONDITION AT THE EmD F Sun (1) TH R
NORR=1,FIXED IN X=DIRECTINN,MOBRR=N,FIXFEN Ta Y DIRECTIN
MCON=NMUMBRER OF RNOUNDARY CONDITION AT 18T R
MORB(T) IMPLIES BOUNDARY CONDITION AT MOR(I) TH sitiF
MCOM SAME AS NMOBB RUT FOR BOUNDARY CAMPITIOMS FE LST bred
K =0
CALL REWIND(3)
CALL RFWIND (&)
IPO(1L)Y=ITEMP
ND(1)Y=3
NP(2)=5
ND(5)=1
GO TN 333
3% WRITE (6,3322)
STNP
323 MACN=MAXCOL (NN, NONO ZNOR)
NOME Fi=0
ICOUNT=1
N1(1)=0
ICOLL=NNTI=NOND(T)
TCOAL2=NNTIRNOND(2)
NN 9 I=1,I1CNL1
N 9 J=1,I1c0L1
Q RK(JsJ)=0,0
11 TJK=IJK+1
CALL INFD(IJK)
IF (INI-ICOUNT) 12,12,13
12 TF(MFMTYP) 13,13,26
26 I17=ND(MEMTYP)
TFINOMEM.GTL,0) GO TN 14
NN 24 I=1,1CNLY
no 24 J=1,I1C0L2
24 RKK(TIy.0)=0,
NN 25 1=1,1C0L2
NN 25 d=1,I1COL2
25 RKH{T,4J)=0.
14 CONTINUE
NEE 20 K=144
TN(K)=0
JE(KY=0

e}



e PO 20 121,17 ..
2 S PO 20 J=14MNT
‘ Ald I,J, K )=0.0
CAZ2{I5J4K)=0.0
SKAL(IyJ4K)=0,0
MNAL=0
NAZ=0 :
GO TO (19295¢5¢5) yMEMTYP
1 CALL MEML .
GO TO 10
2 CALL MEM2
GO TO 10
5 CALL MEMS5
IFSF = 1 FORCE ONLY |
IFSF= 2 FORCE AND STRESS
IFSF = 3 . STRESS ONLY
FOR THERMAL STRESSE PROBLEM IFSF MUST RF GREATER
THAN ZEROD FOR ALL MEMBERS
10 IF (IFSF) 22,22.,23
23 WRITE(4,3)MEMND MEMTYPy INI 3 UNT oy INJy JRNJ g TNK g MK THLy JEL, TFSEelrl, e
TJe IFK g TFL gNC oy AT g AJ g AKgAL ¢ SKAT g SKAJy SKAKy SKAL 4T
NL(INI)=NI(INI)+1
22 DO 30 I=1,NA1
IMM=TIM(T)
DN 30 J=1,NAl
JMM=TH(J)
30 CALL TRAMPS(AL 3T 4IZ ¢MCySKALyJy Ity Jiii g iiK)
IF(NAZ2)16,16,31
‘ IMM=TIM(T)
NO 35 J=1,NA2
JMM=M())
A6 COLL TRAMPS(AL 3T 43 IZ¢NCySKAZ ¢y Iy Jring RKK)
N 36.1=1,NA?
TMM=gM (1) _
PO 36 J=14NA?
dMp= g ())
36 CALL TRAMPS(A24T4T7Z¢NCySKNDyJy IMM,y Jfaiviy RKH)
16 COMTIMIF
NOMEM=POMEM+]
GO TO 11
13 IRMN=INT~1
MO 49 TP=1,MNORO
IF (IRODJNEJNOR(IP)) GO TO 49
TK=MOAOND( TRO) %2 =NARRKR
RK(TK,yIK)=RK(TK,IK)*10000000.%F2
49 COANTINUE
IF (TRNDGNFL1Y GO TN 233
JK=MNR=2 =M N
RK (JK y JKY=RK (UK JK)#=10000000,%FA
232 CALL K3WR(IRNG,ICOLL ICOLZ ¢BK 4O 4 ALX, 0 ACTY)
IF(INI=-NDORD.GT.N) GO TNO QQ9
CALL K3WR(IROZICNLYLyICNOL2 yRKK =1 g AOX 4iriT)
NN 15 I=1,1C0L2
N 15 JU=1,1c0L?2
1.5 RK(I4J)=BRKH{I,.d)
TCONL L =NNTNANACTNT Y
IF (INMI EOJNNORD) GO TN 70
TEOL2 =M RNAOND( TNT+1))

OO0



70
71

999

L
100
102
103
110
332
400

S

60 TD 7L
1CoLZ=1C0LY
ICOUNT=INT
NL(INTI)=0
NOMEM=0 ,
TF(JUNTI)11,11,412
KJd =0
CALL REWIND (3)
CALL REWIND (4)
WRITE (6,102)1ID
WRITE(hAy100)ID NORDGNNT 4 NOMAT g TTEMP , (UIMITS(T)yT1=144)
WRITE(6H41L10)MORN,MCON,NORBR , MCO#M
MRITE(6hy 110) (NNB(I),1=1,M0R0)
WRITFE(64110) MOR,IFSF
WRITE(6,103)FA
WRITE(64103) FE,GNU,ALPHA
WRITE(6,110) (NOND(L),L=1,H0KD)
RETURM
FORWAT(16I5,/,(15E16.8))
FARMAT(1215,/,(1BELA.R))
FORMAT(5I5,4AR)
FORMAT (24HINATA FOR PROBLEM NUMRFR,TA)
FORMAT(FELOL24F7.24,F10,2)
FORMAT(2013)

FORMAT (//25H IMPUT ERKORS Ta SHIPI / /)
FORMAT (4F15,4)
FND

SHRRNUTINE SHPS(SPRIMG, iz g mAGIH)
FIATRIX  TRIANMGULARIZATICHN
INPUT NF FORCE DATA AMD HACK SURSTTTU Tipd R Tl
SOLUTINN OF FEOUATINNS
DIMENSTIAN UNTTS(4) g ND{A) BORO(25) g M1 (25) 3 120 (1) P10 (1),
1 INDEX(N&&, )
DIMENSTON RK (84 484 ) g 3K2 (R4, R4 ) g rTEmP (24)
NIMEMSTON AOX (84 4R4) ,DUMA(T755)
DIMENSTINN R(2100N) ,VTERP (RL)
COMMAN/K 23R/ KH (R 449 ) g KHRB (44,49 ) g K d, IR TN J(4)
COMMON K1lyK?2 , K2 . K& s 1IN s B[ y
COMENN  DNTITS WD o MOND o H , IPO g ST
COMMON NUMFD R, RK2 g RTEMP G VTEMP (DL
COMMON/INFLUZAF (50450) g FTG(S50) o« DY (50 ) el T iy ilimy Lot i (v )
T G LRNMLO0) 4NX(50) 4 1F
CNEMOMN/SAFFR/ REGDMY (&a4)
COMMONZSHIP /WAL O LNMO{100) ¢ SEX(1O0) 3 SEY {1T00) ¢ 20T (Ton ) yontt Y { 1)
FXTERMAL GFTED
INTEGFER:L ADRNF
BATA FEN/V=A 1/
CALL BCALL(GFETENG2,04AD00F (Fit) 31, 1F10)
KKK=0
KJ =0
K JR=0
CALL REWIND (3)
CALL K3RE(IRVGICALLyICUL? yRK a0 o ANK AL
NN 35 11=1,MORN
IF (MNR,EQ,0) G TR 749
NN 74 TK=1,MOLN



0 AN=PHI(IK)
IF (TL.NEJLROW{IK)Y) GO TO 74
J1=LNOD(IK)*2-1
J2=J1+1
A=COS(AM)YSSEX(IK)=STN(AN)RSFY (IK)
R=SIN{(ANIRSFX(IK)Y+COS(AM)RSFY (IK)
RK{JLeJ1)=RK(J]¢J1)+A%SPRING
BK(J?¢J2)=BK(J24J2)+R%SPRING
74  COMTINUFE
79 CONTINUE |
CALL MATINS(RKy R4, ICOLL,RK2484,004DD,, TMNDEX)
GN TO (3A438),~ '
A8 WRITE (64111)IRN
WRITE (64121) I1,.0DD
STOP )
36 CALL K2WR(TRNGZICOLLyICOL2 4RK gD AONK,MACIH)
IF(II-NNRND) 40,39,30Q
40 CALL XK3RE (IRND,ICOLL,ICOL? 4BRK24=1,4A0X,iHACN)
CALLL K2WR (IRN,ICNLL,ICOL2,RK2s=14A0X,mnal0))
nn 44 J=1,1000L1
nn 43 K=1,I1C00L2
BRTEMP(K)=0.0
NO 43 I=14,7CNO_1 .
42 FTFEMP(K)=RTEMP(K)+RK (I,J)%RK2(T,X)
[ 44 T=1,1C0L2
Lh RK(T,J)=RTEMP(I)
NN 42 I=1,ICNL?
TIK=KKK+ICTL1+1T
N 42 J=1,1000L1
TKK=KKK+]
A2 ROTIKY=R(IIK)=RK(I,.J)*R(IKK)
KKK=KKK+TICNI ]
PO 50 K=1,ICNL2
nn 51 I=1,ICHOL?
FTEMP(T)=0,0
hn 51 J=1,1COL1
51 RTEMPLI)=RTEMP{T)I+RK(I4J)%RK2(Jd,K)
NN B0 I=1,I1C0L7
BN BR2(T4K)=RTEWMP(T)
CALL KARF(TIRMGICOLYLyICOL? ¢RI 4Ny AOX ALY
AN 35 I=1,10001
NO 35 J=1,1CNL 1L
TRE RK(T4 )=RK(TI40)=RK2(I,J)
2Q LAY sKHR &K JR)
CALL POIMT(IFD,LJe1)
Kd =0
CALL PEWIND (R)
HRTTE (H,110) K1 K2 ,K2,1a
N 47 TI=]1,M0RN
CALL K2RE(TRNGICNLYL ICULY ¢ RK O 4 AN 0 ACT)
NN 45 I=1,ICNL1L
VMIEMP(T)=0,
NN 45 0=1,I1CNL1L
TKK =KX K+
48 VTEMP(T)=VTEMP(T)+RK(I4J)%R{IKK)
N 46 I=1,I1CNL]
TKK=KKK+T
46 R{IKKY=VTEMP(I)
TF (TT=-MNORMN) 4G ¢ 54,54
40 CALL KP2RE(IRN,ICHLT 10N 2 4 RK 4=1 4 AQY i)




KKK=KKK=-1CDL1

DO 47 I=1,1COL1

CTKK=KKK+T -

47
54

110
111

121
L ()ﬂ

27

NO 47 J=1,1CNL2
CREIKK)=R(IKK)=RK(T4J)RVTEMP(J)
KJR=0
WRITE (64400) (R(I),I=1,1KK)
RETURMN
FEARMAT (1I5)
FORMAT(LNTI10)
FAORMAT(1HO, 1 7HSINGULAR IN ROW s 13414+ TOOGH LUCK)
FORMAT (9H ROV NO =4 I10,10H DETFRM =, F20.5)
FORMAT (4E15.4)
FND

SURRNUTINE SHIP4

NIMENSION  JACK(25440),FORCE(25,40,2)

DIMENSTON UNITS(4),ND(6)4NOND(25) (N1(25), TPO(10) P L0(10)
DIMENSION V(2100),UU(6),00(6) AT (64,6) 400(Ay6)an<(0sh0) AL (AA),
ISKAT(A36) 3 SKAJ(646) 3y SKAK(H36) $SKAL (A A) sNT(AHH)

NDIMENSTION VTERE(A,3)

COMMON K1 ,K2 y K3 s K& « I s NIIRT) g il
CAMMOM UNTTS y NP s NONQ y P s IPND , PTC
CNMMORN  NUMFO Y , KK , KK , TI71 , 17
COMMON UL s 00 s MEMMD , MEMTYP 4, IRI s JnT
COMMOM BN s JNJ s, IAK . N . Tl R
COMMON  TESF 4 IFI v IFJ s TFK y IFL . AT
COoMMOMN  AJ s AK s AL y SKAT s SKAL . SKAK
COoMMON  SKAL y DI s VTFE SO B (TADA)

CNMMON/SAFE/JACK s FORGCE, DMY (4500)

WRITE (6,110)10

117=1,

MRTITE (A, L00)YUNTTS(1) UNTTS(2) 4UNTTS (), UMTTE(4)
CALL REMIND (4)

KKK =NRNTENONG (1)

KK=0

NO 2 I=1.NNRN

JNEFE=NOMD(T)

no 2 J=1,J0F

JACK(T4J)=0

O 2 K=1 ' NI

FORCF(TydyK)=0,0

NN 58 11=1,K0ORN

JNE=N1(11)

IF (JOF) 23,23,2?

CONTINIF

NN 58 JJ=1,J0F

READ( 4y A)YMEMBI, iEMTY Py ITNT o JNT o TNy J80 g Ty SNy Ty Iy THSE [ FT, |
T g TEK g TFL g NC o AT g A g AK g Al g SKAT g SKAL) y SEAK g SKAL 40 ]
T7=ND(HEMTYP)

GO TN (435, Ry 8yR) yMEMTYP

CALL mEMRY

GO TO 20

Call MEMRD

anoTN 20

CALL mFERS

TF (TFSF=2) 10,17,58R



10 IF (TFT)Y 12,124,111
11 CALL SRIB(ATI N0, INTJNT4I74NNT)
12 IF(IFJY 14,14,13
13 CALL SRIS(AIy OO0 INJ y JNJ G T7 4MNNT)
14 TF(IFK) 1A416,15
15 CALL SRIS{AK,00, TNK,JINK,I7 ¢NNL)
16 TF(IFL) 58458,17
17 CALL SRIS(ALQNO,INL,JNLyIZ4NNT)
58 CONTINUFE
23 CNANTINUE
KK=KKK
RO KKK=KKK+NN1=NOMO(ITI+1)
WRITE(H,101) UNITS(1),IUNITS(2)
NO 24 1=1,N0ORN
JNE=NONO(T)
N 24 J=1,JNE
TF(JACK(TI4d)) 24424425
2?5 WRITE (69102)III,I,J!(F”RCE(I,JQK)qK«:lqr\.‘v"!l)
24 CONTINUE
- 726 IK=1
I KK=NNJ,
WRITE (Ae103)UNTITS(3),UNITS (&)
N0 27 I=1,N0ORD
TN=NONN(T)
NN 27 11=1,1IN
WRITE (64104)TTT 414114 (V{IV),IV=IK,I%K)
TK=TK+NMNNT
27 TKK=TKK-+NNT
RETIHRN

104 FORMAT(IH 418,219,3X,AF14.A) ,

103 FORMAT(23HININE NISPLACFMFNMTS T 42486,/ /,
127H LOAD SYSTEM RO NODF 10X, TEX=NTSP 47X, 7THY=T1<1 )

107 FNRMAT(LH ,316,3X,AE14,6)

100 FORMAT(21IHLICUT NNODE FORCES IN s 2N0NA g/

128H LNAD SYSTERM RO NONE gOX g THX=FRCE (X g THY—=FiHT )
A FNRMAT(1ATIS5,/,(15F1AR))

100 FOPMAT(20HIMEMBER STRFEFSSES IN 42Ah,14H  BER SOUARE s 2R/
11328 1LOAD SYSTEM R il MEMRER TYPE AN MsickER X=STRESS
2Y-STRESS SHEAR STRESS 1ST PRINC STR 2nb pPRISNC ST AN
ARINC/ 44X LA4HLTRIANG PLATE) 58X, 1LAHSTRESS TO X=aXTsy /amY,

CARHX=STRESSy 6X 3 THX=GRAN 4 7X 3 AHY=STRESS, X, THY =GR AN 45X,

S

512HSHEAR STRESS/4A6X 4 12H(QUADN PLATE) //4RX s RHAX=STRESS/HOX a2 (i) /7 /)

I FORMAT(27THIRESHULTS FOR PRORLEM NUMRER, TH)
FND

SURRNITTINE SNRT (X4 M)
Cawes RODUTINF ARRANGES X=ARRAY IN ASCENMDIMG (HROER AR TR Ly S
CoaaMIT NUPLICATE VALURES
DNITMENSTON X (M)
5 Nl =N=T,
TF{NM]I)YQ9,99,10
10 N 15 T=1 4NM]
- TRIX(I)=X(T+1))15,20,230
15 COAMTIMUE
GO PETURRN
20 XA T)y=x(H)



30

I N=N-1

GN TO 5
SAVE=X(T1)

XLI)=X{I+1)

X(I+1)=SAVE
GO TN 10 '
END

SURROUTINE  SRI4 (KK gNgUNGyATJK 4Oy TTT oKKKy TIi, TK)

SR14 BRANCH NDISPLACEMENTS MR FNRCFES SHIP 4

DIMENSTON V(2100) ,ATJK(6,6),0U(6),W(A)

DIMENSTON UNTTS(4),ND(6)4NOND(25), ML (25), IPO(17),FIO(11)
COMMON K1,K24K3 Kby TNy NORODGNNT 4R TTS GWD g NOND G N 1P, PTO
CNMMAN NUMFD, V

IF (TJK=TIM) 3,3,4

TO=KK+NNT (JN=1)

GO TO 5

IN=KKK+NNY s (Jh=1)

NN 1 I=1,NRT

[1=10+1

W(T)=V(IT)

NN 2 T=1,M".

nO 2 J=1,NM]

O(T)=0U(T)+ATIK(Ty0) %W ()

RETURN

END.

SURROUTINE SRIS(ATIK OO0 TTedTehyNNT)

SR15 NODE FNORCES SHIP 4

NIMENSTON ATJK(A46),00(6) FORCE(25,40,2) 3 JACK(25,40)
CNMMON/SAFE/JACK, FORCE, NEY (4500)

NN 1 J=1,NNT

Hn 1 I=1,N

FORCE(IT 4 JT 3 J)=FORCE(TT 4T ) =ATJK (T, )00 1)
JACK(IT.JI)=1

RETURN

END

SURRNUTINE SRAEA{AGMgNGgR,( )

SR&A MATRIX MULTIPLICATINON SHIP 4
NIMENSTION A(A,A)4,R(A),C(6)

NN 1 I=1eM

C{I)=0.0

N1 =1 ,0

COIY=ClIY+A(T, )R )

RE TUHRRM :

Fa



99 RETURN
END

CSURRAUTINE TEMPCO( MGy I7 o SKAZXT47h)
DIMENSION SKA(A,A) XTI (6)e7A(H)
PO 2 I=1,NC
ZA(T)=0.0
nn o2 .l=1qI7. )
2 IA(IV=ZACT)+SKA(JLT)EXT(J)
RETIRN
ENTY

SURRAUTIME THATT (XB g hB o X g Ty NOCE o edCl g NIAT A« SES 8Ly SEA L 0-)
Cuo oo ROUTINE TN COMPUTE OCCURRENCE MATRIX FEina [ 0CaTTi
Coeas/7ER TO X
DIMENSTOM TH(5,5) ¢ TO(545) 3 TRIS545) ¢ FRNIP (D) 4 AT A (i 000)
ITNMFELU=0
IF(NCON)11N, 110,100
100 IF(X=-XB)110,126G,120
110 CaLk INENT(Tw,5)
NMR=1
XR=0,
NCON=1
120 NRRB=NR 4
NN 3NN M=MRB  NACE
X1=NDATA(6,N)
N2=DNANTA( T 40)
IDF=NONATA(R,N)
N 130 I=1,5
130 PROP(I)=0ODATA(T 410}
C=—CHFCK IF POINT 4ATRIX HAS REEN USED Tiv 18T NCCHRFNCE
‘ TF(N=NBR)140,140,160
140 TF(XR=X1)160,1A0,150
150 IDF=1
160 NR=N .
, TE(X=X2)18D4170,1G60
170 NMR=N41
180  NSTHOP=1
Y=X~=XPR
XR=X .
CnTH 298
ian NSTAP=0
Y=X?7-X8B
XR=X? !
6noTN 295
29%  CALL ACCM(TOPROP,INE Y3 THFLU, SES e SFi, SEA R )
: CALL MMULT(TO,TMyTR$5,5.5)
CALL EOUAL{TM,TRsH,5)
IR (MSIOPYRAN L3N0 4400

54



Uy
~d

400 RETURN
END

SURROUTINE  TRAMPS (A y KAy TZ ¢NC o SKA KRy Tiarty JRikiy i)
DIMENSTON A(fybyb)ySKA(Aybyb) yRK(RE,REL)

PN 1 T=1,NC

PO 1 J=1,NC

N 1 K=1,17

IRK=IMM+ 1

JBK=J MM+

1 BK{IBKyJRK)=RK(IBKyJRK)+A(KgI yKAYESKAE (K, JyKP)
RETURN :
FND

SURRNUTINE TRV {NCARD)
L ae e RPNUTIME INPUTS DEFINITION OF TRAMSVERSE AWMD GFERERAT -
Coeo ALl FINTTIF FLFMFMT NATA
INTEGER NEFTM,RLANK
COMMON JWNRK/XC(L2) YO (28) ¢NONG(25) 3 vXOGBYC,
+DREFINGNODE(4N0,25)  LROW(1GD) g LNAOD(] M)
COMMNON /SAFE/HRTITS(4) o IT1(S50),TT2(bi1),
+JT1I(50) ¢ JT2(50) 3, THK(5D) 4 AX(100) , TRI (IO}, T2(10500v),
+JRI(IND) G JB2 (100, I0{1I00) 4 J1(100),NCPIS1) Ml 2Y5)
COMMAN /SAFE/TERR ¢ XL AHDyDECL « DESH,
FT e Je JROMWL G URMDW2 G TCOL L g INNL2 g RILANK ,, Tyl
+ROMA T, NN o TTEMP g MORR, wCOM, NORO (ACOR  BIEL (25 ),
+X9aY 97 s SLOPE§MTAZK g NP AR g TFSF ¢ MINIT guifitnn ¥y JRI1IT] o 4R 127
+ 1000 JRME GNXCHMT g TEGNH G MFRMNTT, JP 1 g TPT g T 1 ¢NI2 M1 3,000,
+TeAXL s AXZ2 g AXZ g AX Gy AND UL 3 d2 3 JJs T T TFT 2 TRJy TR TR,
+NUL g Py MEMTYP y MEMT Oy Ny NEMY (6323
COMMAR /MATRIL/E 4G yGMNUL AL DHA L CNORYE
KNNE=0
Pvl“ AMNK=0
DEFIN=T
TERR=0
HRITE(A,200)
WRITE(A,201)
PEAD(H, 300 )X L8N, NDECIL ¢ NESH
HRTTE(A,RO00)XLRSN,DFCL ,NESH
(s .
Ok SET LR RASIC'GRIH CNORNIMATES
HRITE(AW202)
READ(S5,1) NXCGNYC
HRITE(AL L) MXC,NYC
HRTTE(A,203)
NN 50 I1=1,MXC
B0 REAN(SR,?2) XC(T1)
WMXC=RNXC+1
XC(NXCY=XLRHD
CALT. SORT(XCNXG)
BRITE(AZ208) (T 4XO(T),T=1,0%C0)
VRT T (A, 204)
N 81 J=1 JNYT



51 - READ(5,2) YC(J)
YCANYC+1)=DECL
YCINYC+2)=DNESH -
NYC=NYCA+?2
CALL SORT(YC,NYC)
WRITE(A,208)(JeYC(J),I=1,NYC)
NN 100 1=1,MXC
NO 100 J=1,NYC
100 NADE(I,J)=DEFIH
C ek
CxxNEFINE VNID AREAS WITHINM TRANSVERSE
WRITE(A,4205)
110 READ(5,3) JROWL,JROW2,ICOLL, ICOL?
CALL SWTCH(JRNOWL, JROWZ)
CALL SHTCH(ICOLL,ICOL?)

WRITE(H,3)  JROWL,, JROWZ2 ,ICOLT, TCHL?
C==7FERN JROM1 WILL STAP INMPUT OF VOID DEFISITION

TRF(JURAW1II150,150,130
130 DO 135 J=JRIMWT 4 JROWZ
no 135 1=I1CNL1,ICOLZ2
135 NMODEA(I4J)=RLANK
GO T 110
C—=PLOT TRANSVERSE PROFILFE
150 DN 15% J=1,MYC
185 NMNM(JY=J
WRTITE(AL207) (MNH(A) 4 J=1,1YC)
NO 140 T=1,NXC
WRTITE(AZ20A)Y T4 (MONE(T4d) 4 d=1,MY(C)
140 COANMTIANI-
CxxNFFTNE NOMRER NF NANES PFR RIW
Ny 430 J=1,0Y0
NONO( J) =0
NN 405% I=1,01X{
TF(MADF(T 4 J)=NFFIFYANG 604,405
404 NONO(Y)=NONO( T +1
405 COMTINUE
410 CNANMTINUE
sk .
CHSEREGTM WRITING ON RNCARD FILE
TN=7777
ANORO=NYC
FOMAT=1]
NN =2
ITkMP=0
WRTTE(A,210)
PEAN(S,30L)YHNTITS (L) JUNTITS(2)
WRTITE(A,ANLIHNTTS (L) 2 UNMTTS(2)
MRTTRE(A,211)
REAND{S, 30T VEINTTS(3) 4 UNITS(4)
HRTTF(AG3NTYUNITS(R) GUMTTS(4)
CALL REWIND (8)
== ARD @

HRTTF (Ry212)  IDGMNORO MM MO AT g TTHoR o {UNTTS (T )5 1m0,

C==NFFINTITINN OF KOUNDARY CONMDITINNS
AORN=0N
NN 166 J=1,8Y0
TE(NODE(NXCyJ)Y=DEFIN)16641A7,414A
17 NORN=NARO+1
ROR(MNAORND ) =)
1h6 COMTINMUE

)



168
169

ffmﬁmm=1f‘

DO 168 I=1,NXC

TFIXC{I)Y=XLBHD) 168,169,169

CONTINUE
MOR=NODET(INONEJDEFIN,14NXCyNONO(1))
MORC=1 '
WRTITE(H,272)

WRITE(6,273)

READ(5,1) NOBB,MCOM

HRTTE(64,1) NORB,MCOM

C==NCARD

WRITE(8,4,274) NOBO 3 MCON ZNOBR y MC O
WRITE (8B,274) (NOR(I),1=1,NDRND)
WRITE(8,274) MOR

WRITE(6,2P9)

READ(5,2) FA

WRITE(642) FA

WRITE(R,214) FA

WRITE(6,311)NORD
WRITE(6,312)(NDB(I),1=1,NNRN)
WRITE(64314)MNORC, MOR
WRITE(64313)F,GNU,ALPHA
WRITE(B,214)  E4GNU,ALPHA

C=—NCARD

408
407

406A
(e

WRITE(R,215) (NONO(J) 9 J=1 4 NORM)
WRITE(64282)

WRITE(64207) (NM(J)yJ=1,MYC)

NN 406  I=1,NXC

NO 407 J=1,.NYC

NCR (J)=9999
ITF(NODE(TI,J)=NFFIN)4NT 408,407
NCR(J)I=NODET (T 4NODF 4 DEFIN 4 J oy NXCy NOND (1))
CONTINUE
WRITE(A4251) T, (NCR(J)yd=1,NYC)
CONTINUF

CxDEFINE COORNDIMATES FOR ~NODES

411

7=0, "
SLOPE=(DECL=DESH) /XLRHD

no 430  J=1,N0R0D

Y=YC (J)=CONVE

N 420 TI=1,NXC
IF(NDDE(TZJ)=DEFIN)L20,411 4420

X=XC(1)
IF(J=NORD)415,4124412
4172  TF(X=XLRHDY4&13,415,4415
413 Y=DESH+SLNPE:RX
TRF{Y=YC(J=1))414,414,414
414 Y=Y4+0.01%(YC(J)=YC(JI=1))
416 Y=YRCONVF
415  X=XsCONVF
C==NCARD
WRITE(8,216) XeYy7
420 CONTINUE
430 CONTINUE
C.3iesk

Cxu=DEFINE AREAS NF THE TRANSVERSE FOR

HWRITE(6,220)
WRITE(Ay221)
REAN(S,4) NTA

DIFFFREMT PLATE THICKFSSES



WRITE(644) NTA
WRITE(64260)
WRITE(64222)
DO 450 K=1,NTA
READ(545) THK(K) ¢ JTL(K) 3 JT2(K)ITI(K), IT2(K)
CALL SWTCH(JTL(K)yJT2(K))
CALL SWTCH(ITL(K),IT2(K))
CWRITE(6426L)THK(K) g JTL(K) $JT2(K)aITL(K),IT2(K),K
450 CONTINUF
WRITE(6,220)
WRITE(64207) (NN(J),J=1,NY()
DO 456 T1=14NXC
DO 458 J=1,NYC
NCR(J)=9999 _
IF(NODE(I,J)=-DEFIN)458,457,458
457 DO 455 K=1,NTA
IF(JTL(K)=J)451,451,455
451 IF(JT2(K )=J)455,452,452
452 IF(IT1(K)-1)453,453,455
453 TF(IT2(K)-1)455,454,454
454 NCR(J)=K
455  CONTINUE
458 CNONTINUF
456 WRITE(64251) T, (NCR(J)sJ=1,NYC)
sk
Cx%DEFINE RAR ELEMENTS
HRITE(A,223)
WRITE(64224)
READ(5,4) NRAR
WRTITE(6,4) MRBRAR
IF(NRAR) 484,484,459
459  WRITE(A,225)
NO 470 K=1,NRAR
READ(5,45)  AX{K)3JRL(K),JR2(K) 4TRL(K),TR2(K)
IF(IBL(K)=IB2(K))46]1 4,460,461
460 CALL SWTCH(JBL(K)4JR2(K))
GO TN 469 ‘
461 TFE(JBLIK)=JR2(K) V463,462,463
4672  CALL SWTCH(IRL(K)IR2(K))
GN TO 469
463  TF(IABS(JR2(K)=JRLI(K))=TARS(IB2(K)=Tin1(K)))abb,ahrs, b
464 TERR=1
WRTTE(6,262)
GO TN 449
445  TF(JRI(K)I=JA2(K))4AG, 464,466
466 CALL SWTCH{JRL(K) 4JR2(K))
ITEMP=IR1(K)
TRL(K)=TIR2(K)
TR2(K)=ITEMP
469  CONTINUF ‘
WRTTE(6y 261 )AX(K) 3 JRT(K) 3 UR2(K) g TRTI(K) e TR2(K) ¥
470 CONTINUE
CxxNEFINE OUTPUT REOUIREMENTS
484  WRITF(6,226)
WRITE(6,228)
READ(S,4) IFSF
WRITE(6,4) TFSF
NOMAX=100
NOUT=0

AN



471

472

473

474

475

476

477
478

479

480

481

4R?

4LR3

485
G

WRITE(6,4227)

READ(5,46) JROW,L,ICOLL,ICOL2
CALL SWTCH(ICOL1,ICOL2)
WRITE(6.,4.6) JROW,ICOLL,ICOL2
IF(JROW)LTT 44774472

DO 475 I=1COL1,ICOL2
IF(MDDE(I,JROW)=DEFIN)&4T5,473,475
TF{NDUT-NOMAX)Y4T44,4T64,476
NOUT=NOUT+1

I0(NOUT)=1

JONOUT)=JROW

CONTINUE

GO TO 471

WRITE(6,229 ) NOMAX

IERR=1

6N TN 471

WRITE(6,230)

READ(5,6) ICOL,JRN1 4 JRN2
CALL SWTCH(JRNL,JR0O2)
WRITE(H,6) ICNL,JROL1,JRO2
IF(ICNL)485,485,479

nOo. 482  J=JRNO1,JR0O2
ITFE(NODE(ICOL,J)-NEFIN)LR2,48044R2
TFINOUT-NOMAX) 481 483,483
NOUT=NOUT+1

I0(NOUTY=TCOL

JO(NOUTY=J

CONTINUE

GO TO 478

WRITE(A,4229 )MOMAX

TERR=1

GO TO 478

COMTINUE

CxxREGIN SETTING UP ELEMENTS RY RO

C, ek

NXCM1=NXC-1

TEGNU=0

MEMTO=0

NN 1000 J=1,NORN

MEMNO=0

JP1=J+1

NO 950 I=1,NXCHM1

IP1=1I+1

NTL=NODET (I 4NODFE GNDEF TN, J o NXC y MONC(1))
NIZ2Z=NODET(IPLyNODEsNDEFTING Iy NMXC e NONO(I))
MIZ=NODET (T 4NODEDEFINGJP 1T 4NXC ¢ NN AP 1))

NMI4=NODET(IPL NODEDEFTNGJPLyNXCynNONA( 1P ))

IF(J=NORN) 605,675,675

CxxTFS1T FNR THICKMESS AREA

~05

610
~15
620
625

650

NN 650 K=1,NTA
TF(JTI(K)=J) 610,610,650
IF(JT2(K)=J)A50,650,615
TF(ITL(K)=1)620,620,650
IF(IT2(K)=1)A50,650,625
1= THK (K )% CNNVE

GO TO 675

CONTINUE

1=0.
TF(NODE(T,J)=NEFIN)ANT A T5,A8]

]



T
2

SUBRRAITINE SWTCH(I1,12)
JF(11-12)99,99,10
10 I=11 :
' I11=17
12=1
9a RETURM
FhD

SURRNUTINE TEMPCO( MCy 17 s SKAGXT 47 1)
DIMENMSION SKA(Ash) XTI (6)sZA(6)
NN 2 T1=1,NC
ZA(TI)=0,0 -
NN 2 J=1,17
2 IA(I)=ZA(TI)+SKA(JoI)HXTI(J)
RETURN
END

SURRNITINE TMATT(XByNB o Xy THyNOCC ,NCOMFINATA 3 SESy SrLy SFA,F, ()
Coe s e ROUTINE TO COMPUTE OCCURRFEMCFE MATRIX FROM [ NCATIOM
Ceae/7FR TN X
NIMENSTON TM(S,S),TO(S’S)’TR(5’5)'PRHP(6)vﬁDﬁTA(R,DU)
IMFL“:O
ITF(NCON)T110,110,100
1000 IF(X=XB)11n,120,120
110 CALL INENT(TM,5)
NR=1 :
XR:O.
NCQN:l
120 NBR=NR
DN 300 M=NRR NOCC
X1=0ODATA(6,N)
X2=NNATA(T4N)
IDE=0NATA( A, M)
Do 130 I1=1,5
130 PROP(I)=NDATA(T,N)
C—=—CHFCK IF POINT MATRIX HAS REFERN USED IN 1ST OCCURENCFE
JF(N=NMNRR)140,140,160
140 IFR(XB=X1)160,1A0,150
150 IDF=1
160 MR =N
IF(X=X2)180,170,190
170 NR=N41.
180 NSTOP=1
Y=X-XR
XR=X
GO TOH 295
len  NSTOP=0
Y=X2-XR
XR=X7?
GO TN 295
295  CALL NCCM(TOWPRNOP yINF oYy IMFLUySFSySFLySFA,F,0)
CALL MMULT(TO,TMyTR$545,5)
CALL EQUAL(TM,TR,5,5)
IFINSINOP)YAA0,300,400



651 TF(NODE(IPL,JP1)=DNEFIN)ETS,652,675
652 IF(MODE(T,JPL)=NEFIN)6T5,653,675
653 TF(NODE(TIP1,J)=DEFIN)6T5,655,675
A55 WRITE(A,235)1,.
’ TERR=1] .
C sk
CaxTFST FNAR BAR FLFMEMTS
AT5  AX1=0,
LX2=0,
AX3A=0,
AX&=0,
AX5=0,
. TF{MRAR) 770,770,676
AT6 DN 750 K=1 4MRAR
.
Cm=HMRIZONTAL RARS . eeeodBL=JR2
IF(JRI(K)=JR2(K))A8R,6RN,6498
C=—==ROTTOM RAR
AR0 TF(JRI(K)=J)TBN 682,750
AR2  TF(IRI(K)=T)ARL,ABL,T50
S A84 TF(IRZ2(K)=IP1)T50,AR6,686A
AEA  AX2=AX (M) ECONVERCONMVE
GO TN 750
ARR  TFE(J=MORN)IAG A, TR0, 750
C
C—=VERTITICAL RARS, ;s IR1=TR?
QA TE(IRI(K)I=IRZ(¥))T14,A98,714
C=———=L_FFT- HAND BAR
Q8 TF(IRL(K)I=T)TOA,TO0,TOA
700 IF(JRLIKY=d)TO2,702,750
70?7  TF(JR2(KI=JPI)THO, 704,704
704 AXT=AX(K)RCONVFECONVEF
GN TH 780
(=—==RIGHT HAND RAP
706 IF(IRM(K)I=TIPL)IYB0,T70H,750
708 TE(JRI(K)=U)T710,710,750
710 IF(JR2(K)=JPL)T7R0, 712,712
712 AXH=AX (K )ysCOMVERCONYF
GO TN 750
(.
C==NTAGOMNAL RARS
714 A1=dR1(K)
J2=JdR2 () .
TE(IRL(K)Y=TIR2(¥))YT1A, 714732
=———==RAR RNOITTNAM LEFT T TOP RIGHT
716 TF(IRL(K)Y=I)Ti8,718,750
718 IF(IRP(K)I=IPLYITHD, 720,720
720 1TI=IR1(K)-1
No 730 Jd=Jd1,02
11=1T+1
ITF(JJ=-0)T730,722,750
722 IF(TI-1)750,724,750
T24 AXI=AX (K )sCONVESCOMYE
nnoTN 750
730 COMTIMUF
G TO 750
C=———RaR TNP LEFT 71 20TTh RIGHT
732 TRE(IRIA(KY=TIPIYTS0,734,T734
TR TF(IR2(VY=1)T360, 736,750
736 TTI=TR1L(¥)+1

Lo



L

PO 740 JJ=J1,J2
11=11-1
[F(JJ=J)T50,738,740
738 IF{I1=IP1)750,739,750
739 AX4=AX(K)ECONVFRCONVF
60 TO 750
740 CONTINUE
GN TO 750
750 CONTINUE

C
C=-CHECK FOR LAST COLUMN
IF(IPL=NXC) 755,770,770
C-=D0O NOT INCLUDE RIGHT VERTICAL BAR UNILESS 1LAST CriLUmm
755  AX5=0. ' '
¢ .
(=-=CHECK NNDFS FOR OUTPUT SELECTION
770 IFI=0
IFJ=0
CIFK=0
TFL=0
NUL=0
P=0, ,
NN 800 K=1,NNUT
IF(JN(KY=J)RON,TT2,7R0
772 IF(IO(K)Y=TI)RO0,774,776
774 1FI=1 :
G TO 800
T76  TF(IN(K)=IP1L)YRNNGTTR,LRQN
778  1FJ=1
: G0 TO 800
TR0 IF(JO(K)Y=JPL)ROD,T782.800
782 TF(IN(K)=1)800,784,TRA
S 784 IFK=1
GO TO ROO
786 IF(IN(K)=IP1)8CNH,T8KR,800
788 IFL=1
800 CNONTIMUE
IF(J=NNRN)ARN5,200,900
- :
C—==CHECK NNDF DFFINITIONS FOR VOINDS
Q08 TF(NDNE(T,J)=NDEFIN)R30, 210,830
Q10  IF(NNNF(IP14J)-DFFIN)R4N,R12,840
R12  TF(NNDF(I1,JPL)=DEFIN)850,814, 850
Q14 TF(NODE(IPLLJPI)=-DNEFIN)RAN,BLA,RAD
C
C—=CQUANRTLATERAL PLATFE ELERENT
816  CONTIMUF
IF (NCARDJEC.O) GN T 10
KNNE=1
GN T K2RA
10 MERNO=MERFNO+]
MEMTYP=2
WRITE(8,250) MENMND g MEMTYP y TEGMI , TESEF TFT o TFdy Tlas TH,
FUGNTT g MI2 g JPLgNTI3GUPT oNT4,TyP,lPyPyly?
GNTO 900
C== JoIP1L VOID = MO PLATE POSSIRLF
pP2?  AX2=0,
&Y b=0,
AXB=(Y,

(i N ann

RV
5



C== JPl,1 VOID = NO PLATE POSSIBLE
824 AX1=0.
AX4=0,
GN TN 900
C=— JP1l,IP1 VYOID = NO PLATE PNSSIBILE
826 AX3=0,
AX5=0,
on TN 900
Cauwl(Iyd) VOID
830  AX1=0,
AX2=O.
AX3=0,
IF(NODE(IP1,J)=NEFIN)S822,R832,822
232 ITF(NODE(IPL,JPL)=-DEFIN)B26,R34,87A
834  TF(NODE(I,JPL)I=DEFIN)B24,836,824
C==TRI=PLATE UPPER RIGHT
R3A MEMMO=MEMNMNO+1
C OMEMTYP=]

WRITE(8,250) MEMINO g MEMTYP y ITEGH!U, TESF e TFJg TRy THL, ML,
A g MI2 g PTG NI AP L g NTa G NUL GMULyTyP PP PP

TF (KADELEOLLY GO TN 8460
GO TN 900
CaualTyed) DEF.y (IP1,J) VOID
40  AX2=0,
hX4=0,
AXS5=0,
TF(NODE(IPL,JP1)=DNEFIN)R2A,R427,22A
R4 IF{NMODE(T 3 JPL)=DEFIN)B24,R44,R74
C—=TRI-PLATE UPPER LEFT
CR44 MEMNO=MEMMO+1
MEMTYP=1

WRITE(R,250) PAE SR MEMTYP g TFON g TESE G THET g TER G T Ly it
F e NT L JP T g NI g UPT ¢ NILyNUL gMNUL s ToP ePoPogilqP '

6N TO 900
Cool(la) e (IPI4J) DEFay (I4JP1) VOID
a50 AX1=0,
AXG=0,
IF(NONE(IPL,JPL)=DEFIN)R26,852,82A
C—=TRI-PLATE LOWER RIGHT
R52  MEMNO=MEMNO+]
MEMTYP=1

FRITE(8,250) FEMNO g MEMTYP g TEGNU, TESE, LRI TR TEL oL,

FJeMTI Lo JeNI2 9 JPL o NTL NULGNULyTosPePybFPPaP
GO TN 900
C—=1TRI=-PLATF I.LOWER [FFT
860 MEMNO=MFMNQO41
AX3=0,
AX5=0,
MEMTYP=1

HRITE(R,250) FERNO g MEATYPR g TEGNU g THESEF 3 TR o THEda TRyt

+. NT1 e Jo NIZ' JP1 ’i\lIBVr\|I,H_ e MU TePoePy Pabg b
KNNE=0
G TN 90Q
C—=PAR FI.FMENTS
ann  MEMTYP=5
TE(AX1)904,G04,907
Q0P LEMNN=RE M ]

MRITF(R4250) FEMNO g MEATYR g TEOMI, TFSry TRET o« TEHEE gl g0
+\|, NT 19 JP],,NI?S’N“L 'l\-‘l“,_ Ql\‘H‘L.Q NUL, AXL ey el oeP v I

Q04 TE(AX?2)GOR,ONB,50A



S . 90k MEMND=MEMNO+1
T CWRITE(8,250) MEMNO ¢ MEMTYP 4 IEGNU IFSFoTFT o TR gNUL g B,
S R O Uy NTL, Iy NT2 e NUL o NUL 9 NUL g NUL ¢ AX2 4Py P4 P4 Py P
9NR  TF(AX3)9124912,910
910 MEMNO=MEMNO+]
’ WRITE(R,250) IV‘E’V‘F\H.]QMEW]TYPQIE(;‘“[]QIFSFQIF‘[ o TFU oML oYL o
FJeMI g JPL g NT 4y MUL s NUL ¢ NUL g NUL g AX3 43P yPoPoP,yP
91?2 IF{AX4)91A,901A6,914
914  mEMNO=FMEMNO+]
MRITE(R,250) MEMMT, MEMTYP y TEGNU e TFSF o TFJ g TFK g MUL g L,
F e NT24JPLyNI3 G NUL g MUL e NUL 9y NUL g AX4 3P sPoPoPyP
916 IF(AX5)950,950,918
Q18  MEMNMOD=MEMNO+], _
WRITE(&,25N) MEMNC  MEMTYP o TFOGNU 3 TESF L TF g THELoMUL 9 ML,
+JeNI24JPLyNTI4 NIJL g NUL g NUL g MUL 9y AXS543P P oPyPyP
S50 CONMTIMUE
MEMTO=MEMTO+MEMNO
IF(MEMNN)9T75,975,1000
Q75 VIRITE(8,250) MUL o NUL o MUL ¢ MUL o MU o WH g P9 MU,
g NUL o N g NUL g N g NUL g NUL o NUL g P g P 9P o P o PP
1000 CONTIMUE
) J=NNRO+1
MRITE(R4250) AL o MUL 9 MUL o NUJL o MEJL g il TL o ML g MU
T g NUL g MU o B o ML g MUL o NI gNUL g Py Py Py P4y, F
CALL REWIND (R)
WRITE(AL2R1)VMERTO
IF(IERR)GGG9,999G ,9GQR
999 S0P
9999  RETURN
1 FORMAT (215)
2 FARMAT (F15.5)
3 FORMAT(4LIB)
4 FORMAT (15)
5 FORMAT(F15.54415)
IS ORMAT(3I5)
200 EORMAT(IHL 4 VTRANSVERSE FINMITE FLFMERT DFEFINTT TR
201 FNRMAT(/Y X=LBHMDGNFPTH Cl.y NDFEPTH SEEFLLY)
202 FORMAT(/,' MNe X=COORDINATES{(40), MO, Y=COURBTRATEN(ZH) V)
20%  FNORMAT(/4t LIST X=COORDIMATESY/ VY Ol 1,aX1X1)
204  FNRMAT(/4% LIST Y=CONRDIMATESY/V ROV 4X, 1Y)
205 FORMAT(IHL, /4 DEFIMITION OF VOINSY/
. +0 LIST ROWLZROW2,COLL,CHLZT)
206 FOPMAT(/,1341X+25(11.2X))
207 FORMAT(// o LX g V0V o/ g 1 X g VI g DX G PROET o /4 IX G T2 T0/)
200 FNRMAT(T4,F12.3)
210 FORMAT(L1HL,//" UNITS OF FORCE'Y)
211 FORMAT(Y UNMITS OF LENGTH?')
212  FORMAT(5I5,4AA)
214  FORMAT(FIQ24F742,E10.2)
215 FNRMAT(?2513)
216 FENRMAT(IF1IN,2)
220 FORMAT(1HL,/4+' PLATE THICKMESS DFEFTRTITTIOMT)
221  ENRMAT(' N0, ARFAS (OF COMMON THICKNESS (Hn0) ')
222  FORMAT(Y LIST T,ROW)GROW2,COLL,CHIL2"Y)
223 FDORMAT(IHL /4" BAR ELEMENT DEFINITINNY)
224 FORMATI (T NO, BAR ELEMENTS (100)1)
225  FORMAT(' LIST AX ROWL,RMOW2,COLL,COL2Y)
2726 FARMAT({1HL /4% OUTPUT SPECIFICATIONMSY)
227  FNRMAT(/.' SELECTEDN NONDES RY HORTZNONTal, SEOUFSTET /7,
+1! ROW, COLLs COIL2V)




228 FORMAT(' ENTER (1)NODE FORCE ONLY'/7X'(2)FORCE AND STRESS!

: +/TXV(3)STRESS ONLY?1)

229  FORMAT(? *%MAX,MODES FOR OUTPUT SET TN'I8)

230 FORMAT(/,' SELECTED NODES BY VERTICAL SEOUENCE'./»
+1! COLUMN, ROW1l, ROW2')

235 FORMAT(' *%ERROR-THICKNESS NOT DEFINED FOR ROW',I5,', COL'
+413)

250  FORMAT(I3,711,R12,6FE15,.7)

251 FORMAT(/,13,12,2413)

260 FORMAT('Y NOTF-THICKNESS ARFAS FOR BNTTOM ELFMEMTS SHOULD!
+9/4%Y BE ENTERED FIRST!')

261 FORMAT(1XgFl2e3¢41643Xy"(',12,"')")

262 FORMAT(' *%ERROR-=FOLLOWING BAR ELEMENT INMTERSFCTS ~EluWkkErt
+!' NODES').

272 FORMAT(/t' ROUNDARY COMNDITIONS?!/,! RESTRICTEN X—=DEFLECTIORN
+ ! RESTRICTED Y-DEFLECTION =01)

273 FORMAT(" RESTRICTION Ce.l. SUPPORTS, ROTTOM SUPPORIST)

274 FORMAT(2013)

281 FNRMAT(//' YOU HAVE JUST GENFRATED',I8,' ELEMENTS')

287 FORMAT(1H1,"' ROW NODF NUMBERING SYSTEM!/)

289 FNRMAT(/4 ' ROUNDARY CONDITION WEIGHTING FACTOR')

300 FORMAT(3F15.5)

301 FORMAT(2AA)

311 FORMAT(/,' THERE ARET,I34!' C.L. SUPPORTS')

312 FORMAT(/,' C.L. SUPPORTS ARE DEFINED F(OR RS/,

+2513)

313 FORMAT(/' E =1,F154.14/9"' GNU =1,F10.,3,/," ALPHL =1,
+F10.6)

314 FORMAT(/,' SUPPORT AT BOTTOM ON COLUMNY T3, P INODEY 12,
+|)l)

END



Cz2111 FRS5 IDENTS, IDENTS,IDENT
 SUBROUTINE .IDENT(T,4N)
‘DIMENSION T(NyN)
DO 5 I=1,N
DO 4 J=1,N
4  1(1,J)=0,
5  T(I,1)=1,
RE TURN
END

€17271  FR5 EOQUALS,EOUALS,EQUAL
SUBROUTINE EOUAL(T,TR,NRyNC)
DIMENSTION T(NRyNMC)y TRINRyNC)
DO 5 I=1,NR |
DO 5 J=1,NC

5 T(I1,J)=TR(I,J)

RETURN
END

C71271 FR5 MHAULTS, MMULTS y MMULT
SUBRNDUTINE MMULT(AsR4CyNL,4N2,N3)
NDIMENSTION A(MLyN2),RB(N2yN3)4C(NL,N3)
DO 1 I=1,N1
DO 1 J=1,N3
C(I,J)=0,

DD 1 K=1,N2

1 ClI4d)=ClI J)+ACTK)EB(K,J)
‘RE TURN
END

CZZ7Z1E FRS5 MULT,MULT,MULT
SUBROUTINE  MULT (AgByCyaLlyM)
CDIMENSION  A(LyL)9BIL,L)yC(LyL)
DO 2 I=1,M
DO 2 J=1,M
A(1,J)=0.0
DO 1 K=1l,M
1 A(T,J)=ACI,J)+B(I,K)%C(Kyd)
2 CONTINUE '
RE TURN
END

CZZZZ1E FR5 TRANS,TRANS,TRANS
SUBRDUTINE TRANS(A,B,M,N)
DIMENSTON A(MyM),B(MyM)
DO 1 I=1,N

1 AT, ) =R(J, 1)
RE TURN

END



1

TRANSVERSE PROGRAN.

CHAZAL-PAYNE

APRTIL

1671

THIS REPRESENTS A SIMPLE TEST DATA SET TO BE

0.1
0000.

F+09 .0

2.05 FE+06 .3

2000,

4
10000,
10000,
10000.
10000,

2

2 1 5
oo

4 1 5
no

=

F+00Q
F+0Q
F+Q9

0 2.0
0

0

0 E+09

0

0

0

2.0
?a0
2.0
Yo F4+00

F+09

. E+0G .
. E+00 N

. *
s DO D

E+Od
- F+n0

(SR B IS 1

W) b

F+0Q
F+09
F+09
F+09
F+00
E+0Q9
E+09
F+00

2000,

N o= U

75000,
75000,
75000,
7a000,
O

75000,
75000,
Oo

— T

USED AS TapUT

P g
& “
? e
B “
7 &
7z s

B

A

A

TaA

FOR TH




O

1 4 4
. ] 1 5 5

00

00
3 4

00
840, _ 2445 19.
_40, 24,5 19.
840, 24.5 19.

THIS DATA IS AVAILARLE AS PUNCHED QUTPUT FROM

0.96020 E+05 -0.4959 E+05
-0.16048E+06 0.27476E+06
0.96020 E+05 -0.4959 E+05

LONGITTUDTMAL

PROGR A

O



VERSE STRENGTH ANALYSIS OF LONGITUDINALLY FRAMED SHIPS
R o R et kR 3 e kR R ot ok e otoR ot otk sk ok Stk ok ok

'CONVFRSION FACTOR TO BE APPLIED TO ALL DIMENSIONAL DATA
INCLUD ING COORDINATES, PLATF THICKNESS, BAR AREA
TTTBUY NOT INCLUOTING YGUNGS Mobutus
0.10000

LENGTH OF LONGITUDINALS
10006.00000 '

NO. TRANSVERSES KLONG LENGTH
3

STANDARD LONGITUD INAL
MOMENT OF INFRTIA, SHEAP ARFA
(0»20000F 10 9.0

YOUNGS #uDULUS, POISSCNS RATIO
N.2G50CE 07 0430000

LIST STIFFNESS FACTNRS OF At L TRANSVFRSES 1 n2okFx rone SToRb
L 30000

1.00000

NG, TRANSVERSES TiJ BE ANALYZED(S)
1

COLIST TRANSVFRSES TN BE ANALYZED Y POSITIUN Faes ST 20
2

NUMREP OF ETGFNVALUES TO BE USEN
1



_TRANSVEPSE FINITE FLEMENT DEFINITION

X=LBHD,DEPTH CL, DEPTH SHELL

1000 00000 2000, 00000 2000..00007
-~ NO. X-CODRDINATES(40), NO. Y=COORDINATES(25)
.. 5 .5 L
LIST X-COUGRDINATES
COL X :
1 0o
b2 50C. 000
3 190C, 000

4 1500.000
5 2000, NGO

LIST Y-CONRNIMATES

ROW \
1 0et)
2 500000
3 100C.00 -
4 1500,000

5 2020C. N0



o. 0o 0o

210941102 ZMDY £ TMOY

 SUI0A_ 40 NOTL:




UNITS OF FORCE

KG
UNITS OF LENGTH
CMm o

TBOUNDARY CONDITIONS

RESTRICTEN X=DEFLLCTION =1
RESTRICTED Y-DEFLECTION =0

RESTRICTION C.L. SUPPORTS, ROTTOM SUPPHIRTS
1 ¢

TTROUNDARY CONDTTION WEIGHTING FACTUR

1.00200
THERE APF = & CeLs SUPPORTS

Cele SUPPGIRTS ARE DEFINED FOR ROWS
1 2 3 4 5 ’

SUPPURT AT ROTTOM OGN CCLUMN  3(NODE 3)

E = 20859 73¢0 .0
GNU = 0,200

TALPHA = G L0



4

4

4



: - THICKNESS DEFINITION
NO. AREAS OF COMMON THICKNESS (50C)
1
NOTE-THICKNESS AREAS FOR BOTTOM ELEMENTS SEOULL
BE ENTERED FIRST ‘
LIST ToROW1,ROW2,COLL,COL2
e e R T

R



77



' LIST Ax.R0w1 ROKW2,COLL,COLZ |
i

L0000, Q0
10000, 000

TTe00d.c00

“10000.000

- 1 -
1
1

ENT DEFINITION ~
BAR FLEMFNTS (lGOl

5

- ] .
5
5

NUISORC N |

1)
2)

<

3)
4 )



.s..

ENTER (1 )NODE FORCE ONLY

L 2)FORCE AND STRESS
(3)STRESS ONLY

Zv

" "SELECTED NODES BY HORTZONTAL SEQUENCE
ROW, COLL, COL2

2 1
0 0

5
0

~ SELLCTED NODES BY VERTICAL SECUENCE
“COLUMN, ROWI, ROWZ

4 1
6] 0
12020011
25020100
350200NC

42020011

55020000
62020111
75020100
85020100
2021011
105021 ¢CH
12021100
25021094
32021100
42021101
85021000
62021110
12020070
250.°17000
2020000
420020101
56027000
Ge:21710
12020000
25020020
32020000
42020101
550274000
62021012
15020006
25020000
35520100
45021000
QC1 QDO

YOU HAVE

o

BODD LG a0 0 NN N N NS ) e e e et e M el e s

N
PV I o o S RRCURR UV SN B

>
~

NG

&

[CANEC G B2 IEY B )
~

[9]
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DI DN e R0 W LN N R e

5
0

P NSICVIE NI SR I R SO SrI |V IR JUR N SR

V)

P JEGEN N

MWD WO GOSN DN DO
WN T OPLPOOWONND C =

T W O W

o]
I

S
(o8

[CER

T
(AN

Fay

2
N
-2
o
Fol

GBI PO D W U W R W W W W Wi

URRS AP SEe
S rC
Do & C

ood
& IS ‘) CY
4 4 5 405
5 2 a0 0
4 % 5 4 5
[ e
. \

<
’\u

Ty S
=z

. e~
o

Y
3
>

-
(o
—

(v NS 1INV BN
' IS
3
1]

GENERATED

YN TN

- AN

P

TG

PO )

DWD NN NS D e

-~

og

e 1599999¢
0 ,99990991F
(,020QaQQ]F
C.1569995F
0.9999G691¢
(1,159929GF
0,.2999991¢
NeQ9GQQG91F
(4 159999GF
049996591+
T 15H999GE
e ODNOCQLE
N, 159540939 F
0. 15576906¢
T L0009 91t
D, THQUGs
S SR AN AP IT
i . [ RSN RRE RS '!
Ne 15999949k
1,.1599999F
N, 92NANG]1F
fa1579990¢
fel1H5aequar
D, 33999011
(e 150GAIGL
Ne1HNcayaFk
N,eeaqgalf
Ny 1599G999F
N, 59969610
0. 3G390aQ1F
e AHEGGQLYF
D ,95%20991F
-

1
cz
01
07
c?

02

o2

32 FLEMENTS

Deld



DEFINITIONS OF LONGITUDINALS

MOMENT OF INERTIA OF LONGIT=L BENDING IN X=DIRECTION OF TRANSVERSE

1Y = MOMENT OF INERTIA OF LONGIT-L BENDING IN Y-DIRECTIGMN OF TRANSVERSE

- TUTST BY HORTZONTAL SEQUENCE

0.300000F 1C  0.200000E 10 75000, 500000 5 2 2

0.300000F 10 0.200000F 10 75000, 0O0CCG 5 4 5

C.3C0000E 10 N.20000CE 10 75000.C00CC0 L 2 v

.. 0.306000F 10 '0.200000F 10  7500¢.0C00CC 1 4 &

0.0 0.0 0.0 G 0 )

LIST BY VERTICAL SEQUENCE

IXeIY9Ay COLUMN, RCW1yROW2

C. 200000F 10 0.2C0CNOF 10 75000, 000000 3 2 4

_ 0.300C00E 10 (0.20N000F 19 750C0. 0CLGC 1 2 4

¢ 0

0.G Ce0 B el 0

THERF ARE A TOTAL OF 12 LONGITUDIMALS



0 81318 O

WTETRTB sE T

N

0O 0 6 25

L EIGENVALUES AND EICGENVECTORS

0. 278B438E 01
© 0.500000E 00

0., 707107F 060  0.50C0C0E 07

0.17647CF 0O
—C.T7CTLORE €O 0,101763E-G5 . TCTL06E 00

® 8 %0 00

Ne391455E-01
(44%0999F N0 =D, 73TLIGTE 0D D.500:031F CC

SCALED FIGENVALUES
NL10N22E=-03 Neb3516F=15 5.16C89F~CK

DIAGONAL (F MATIRIX DP
O.lDGZZE—DB 0.635165f05_ (el A0RSGCE-05



LOADING CONDITION

1. A LOAD SET IS A SET OF LOADS ACTING IN A GIVFN
X OR Y DIRECTINN. THE EXTENT OF THESF LOADS 1S ALONG THE
LENGTH @F A GIVEN LONGITUDINAL

2. ANY LONGITUDINAL MAY BE LNADED WITH ANY NUMBER OF LOAD

TSETS, WHICH MAY BE ONLY PARTIALLY APPLIED VIA
A PROPORTIONAL FACTOR

3, LOCATIONS OF LOADS ARE DISTANCES MEASUREL FROM THE
STERN ' .

CUETTONT SET DTRECTION CODES ARE

=1y X-DIRECTION
=2y Y-DIRECTION

‘NUMBER OF LOAD SETS
1



NG, “CONC. (OABS, NO. UNTF. LOADS,
w032 .

r—m.«m«>mqraﬂ>quoz.o
SN S

0.0

GLFEROSE O& T T T T T
-0.400C0E-01
0.75000E 04
0.0

noza:qmcommrmnﬁmuzm>«qm>2m<m»mmm
LONPUTED DEFLECILINS AT TRANSVERSES .
2 -0.SC510E-02
3 —N.63516F-02

LIST LONGITUDINALS SO LOADLD
FACTOR, ROW1, ROW?2, COL1l, COL2
i 75¢. 00000 1 1 A4 4
250.00000 1 1 5
C.0 G 0 0N 0

AN

MISC. LOADINGS
NP, NQy NDIR, ROW, COLUMN
Y 0 0 0

IRECTION CODE



5 ON TRANSVERSES

BHD COLUMN NUMBER, MUMBER OF ROWS FOR SHEAR

WEB LENGTH, SHFLL, OHD THICKNESS (CM)
e 0.0 o 0.0
B4. 00000 2.45000
_84.,00000 2.45000
84.00000 2.450C0

D0
1.9000¢

1.6C000

1.9CG0OCT



HELL, BHD SHEARS PER TRANSVERSE STARTING FROM STERN
0.96020€8 05 -0.49590F 05 '

=0+ 16048E 06 0.27476E 06

0.96020E 05  ~0.49590F 05

L ENTER O TQ STOP PRUGRAM HERE. ENTER 1 TC 60 0N

IDENTQ VALUE IS 1

e
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1
1
2
2
2
2
-3
3
3
3
3
4
4
4
4

I, -

s

N

R WV RWN AR WNEDHUN U R RN

X=CNORD

2.0
50.00000

10C. 00020

150.00000

2C0.00000
0.0
50.00000

100, 00000

150.00000

260.00000
0.N
50.,00000

10¢. 00000

150.00000

0.0
5000030
100.00050C
150.000NG
200,0000¢C

0.9

50, 20000
193¢ . 00000
150.053000
20C. 20000

Y=CNORE

CeQ
GG 0

5.9

C.0

NN
5064 000CG
5C.ONCT0
50,0000 N

5(, 0NCUC

5Ga00CLC
1N UG
13 Ce 00 0n0
126G.00000
1ce,coone
100.006C0
15C 00000
150, 32020
150,000 0
15G.000He
1S, A5000
2O VGG
2oCl.uCr o
NG00
GGG

Al
& 2

NN N

P AL OE RLE

<

5,’}",

TN
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i

A FOR

52

1
5 -5 5. 5
22 24 25
11 16

1
=0 e5147F-02
=N 7541E-N2
=0, T227E-09

 PROBL EM_NUMBER

0.30

AR

L s KG

0.0
2 4 5

32 1

=N, 1190E-01

=~ .1 T8RE-08
-C,. 8032E-01

DEFLCCTION OF LONGITUDINAL

x““neéceérrnms
0.41908E-02
Y‘ﬁEFLECTIONs
-0 .,95904 =02
DEFLFCTION OF LON
X DEFLECTIONS
De22039E-02
Y NDEFLECTIONS

~0.17856F=-01

Co41908E-02

-0.95%04E-22

GITUDINAL

-0.17856F-01

DEFLFCTION GF LONSITURINAL

X DEFLECTIONS
Da24130F=09
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