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SYNOPSIS

A numerical method for the analysis of translational sheLi
structures iS»presented. The finite strip concept is utilised
together with finife difference approximations to the differential
equations along nodal lines, Numerical examples include open and
closed translational shells, with various end conditions and

' continuity over intermediate supports. .
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NOTATION

UPPER CASE CHARACTERS

A, B, C, D

D!I |

K, L, M

‘M, M
'y

M

Txy

MY, M', M
x’ Ty’ Txy

T

~ Up, Ub
6Up, 8UDb

AsUD, DSUD
X, ¥, Z

Xi’ Yi

Bending stiffness matrices.

Fourth derivative of displacement vector D.

Flexural rigidities for orthotropic pLates.
Load vector for bending forces. |
Young's modulus in x and y directions.
Modulus of elasticity in shear;

Load veétor fbf in-plane forces.
In-pLane:stiffnéss matri¢e$.

Bending moments per unit length perpendicular to x
and y axes respectively.

Twisting moment per unit Iength perpendicular to x axis,
Bending and twisting forces in local co-ordinate system.
Transformation matrix.

Total potentlaL energy for in-plane and bendlng
conditions respectively.

First variation of Total Potential Energy for in-plane
and bending conditions respectively.

"Part of" expressions given above.

Rectangular co—-ordinate axes.

Edge forces on strip in X and y directions respectively.

IOWER CASE CHARACTERS

r, r,r
X«’ b

Uy, V, W

Modified Young's modulus values for in-plane forces..

Strip thickness.

Radii of curvature in x and y directions and for twisting

moment respectively.

Global displacements in x, y and z directions respectively.



GREEK CHARACTERS

.ny

- € €
x?

vi,

Shear sgtrain.
Strains in x and y directions respectively.
Global rotation ébout x.axis.

Direct stresses in x and y direction respectively in
global co-ordinates. ‘

Direct stresses in x and y directions respectively in
-local co-ordinates.

Shear stress in global co-ordinates,-.
Shear streés in local co-ordinates.

Poisson's ratio in x and y directions respectively.

Angle strip makeé with global axis system.
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CHAPTER I

structures.

INTRODUCTION

' The literature on the analysis of folded plate structures may be considered

to fall into seven principaL categories with regard to method of analysis.

They are:-

(1)  Beam method. _ _
(2) Folded plate theory, neglecting relative joinf'dispLaéements.
(3) PFolded plate theory considering relative joint displacements.
(4) "Elasticity" method. |
(5) Finite difference method. v
(6) Finite element method. =~ - SRR SRR
(7)  Finite strip method. D '

The Beam Method uses conventional beam theory, which requires all cross-

sections to remain the same under load, If intermediate transverse stif-

" fening ribs are frequent, this method yields good results, but more rigorous

analyses and experiments have shown that this method cannot be applied to

more intricate structures.

Methods (2) and (3) both consider the longitudinal supporting action of each
plate to be governed by beam theory and the transverse supporting éction to
be that of a continuous 6ne—way slab, Method (2) assumes that the changes

in transverse bending moment and in longitudinal stresses due to relative
joint dispLacemehts are negligible in comparison with the values of these
moments and stressésICOmputed on the basis of no relative joint displacements,

For the general case however, these stresses are not negLigibLe and the

. method is not recommended.

Folded Plate Theory Considering Relative Joint Displacements (3) takes into
account the effect of relative displacement of the joints or the transverse

moments and membrane stresses. Practical methods of anaLysis include those

C by V.Z. VLasov; which uses a Fourier Series approximation; the PortLand

Cement Association; Gaafar, which uses the principle of superposition; and

Yitzhaki who has also included the application of plasticity to folded plate

The "Elasticity" Method, developed by Goldberg and Leve combines the équations
of classical plate theory, for loads normal to the plane of the plates, and



the elasticity equations defining the plane stress problems, for loads in |

the plane of the plates. AppLied-Loading is approximated by a Fourier Series.

Methods (1) to (4) are generally restricted to single spans with simple
loading and edge conditions. (Reference [1] contains a detailed discussion

on these methods,)

The application of Finite Difference Equations to shell analysis was per-
formed in the 1950's, the advent of high speed digital computers making it

i'possibLe to solve the resulting linear algebraic equations.

The method of Finite Elements was developed by many authors, and folded
plate problems have been solved using triangular, rectangular, quadrilateral,
“isoparametric and thick-shell elements, With this method aLt“possibLeb

"boundary conditions are soluble [14].

A Finite Strip method of anaLysis'was deveLopedvby‘Y.K. Cheung, first for
flat plates [20] and then for folded plate structures [4]. -In this method
the structure is sub—-divided into longitudinal strips which extend from one
boundary to the'other; making the method ideal for the solution of constant
cross-section shell structures. Linear displacemeht functions are used for
the in-plane dispLacements'and cubic polynomials for the displacements normal
‘to the strip surface. The displacements along the length of the strip are
approximated by Fourier Series harmonics, likewise the strip loading. The
Principle of Minimum Potential Energy is utilised to give the strip stiffness
matrix in explicit form. The solution of fhe'dispLacements is achieved in

the normal manner.

Since Fourier Series utilisation becomes impractical for structures with
"more than three spans, andvfrée boundary conditions cannot be used,
du Preez [7] developed a general finite strip method which is capable of
solving continuous structures with no boundary condition restriction. The
intefconnection of strips and other elements is also claimed.
‘Louw [8] subsequently deveLopéd a finite sfrip method of analysis for flat
plates using finite différence approximations to the differential equations
along the strip edges. Clamped and simple supported boundaries were con-

sidered.

This thesis is an extension of Louw's work and includes in-plane forces



: enabllng constant cross—sectlon foLded pLates, cLosed box structures and trans-':
lational shells to be anaLysed Support condltlons 1ncLude s1mpLe, fixed: and v

'v gu1ded ends as weLL as contlnulty over 1nter10r supports.» o



. CHAPTER 2

GOVERNING DIFFERENTIAL EQUATIONS FORvFINITE STRIP ANALYSTS

- Figure 2.1 shows a typicaL finitevstrip element. The strip is of constant
- cross—sectional shape and has four degrees of freedom per edge, (i.e.-ui, V.o
LA Gi). The right-hand axis system, and the corresponding displacements are

also shown.

Z(w)  EG2

Since in-plane, or membrane stresses, and vending stresses are not coupled, it

is convenient to derive the equations for the two ¢ases separately.

2.1 In-plane stiffness of strip

"vConsider the plate element in Figure 2.2 subjected to in-plane or membrane

stresses as shown.
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.- Poisson's Ratio:-

5.

| Strains in the X, Y directions and'the.shear strain can be given by the fol-

lowing linear functions of the displacement gradients:- '
QEA

X = ox

dv ' o '
€ = = , o : ‘ 2.1)
y oy (2.1)

= & du
.ny ox Jdy

Writing'these equations in terms of sfreéses and incLuding the effect of

= X _y X
°x Ex vy Ey
o o
ey = Ey ~ vx Ex

The stress terms can be made the dependent variables, hence:-

Ex . ' A
= —
o s v vy) [ex + vy ey]
: e e BY . .
% = T -Ev v_) [ey TV ex] (22)
S X'y '
Also T = G.y
- Xy Xy

Consider the strip as shown in Figure 2.1. Let the in-plane displacements at
edge i Dbe ui and V.o and those at edge j be uj and vj. The displacement
at any point on the-stripvsurface in the u direction can be made up of linear-

. combinations of ui and uj.

Thus .

o
|

f1(ui) +.f2(uj),

where f1 and f2- are linear funétions. Since u is a function of x and y, it

is convenient to separate their dependénce so that ui and uj are functions of

x only and f1

and f2,_ functions of y only.
Hence u(x,y) = fj(y).ui(x) + fz(y).uj(x).

At this stage, only y dependent functions need be given any specific form as « |

the x dependent functions are delt with using finite difference approximations..



6.
Since y increases from edge i ;fo'edge j, and u(x,y) must have the value
of ui(x) at edge i and uj(x) at edge j, f1(y) can be replaced by
(1 -y/b) and £,(y) by (y/b), | |
. o, Xy y
l’e‘ .u(x’y) -. (1 b)'ul(x) + (b)'uJ(x)’
By similar reésoning:—
- (4 _X b '
V(X,y) = (1 b).vi(x) + (b)‘vj(x)'

Dropping the (x,y) post-script for wu and v and expressing the displacements

in matrix form:-

A = S - (23)
v P P : : _ v
(1 _ Iy y
(1-4) 0o () 0 |
where Cp = _ I (2.4)
o _X (X
: o (1-%) 0 (%)
and by = D@ v ) uyle) AC S ~ (2.5)
(The subscript p indicates in-plane ponsideration).
Let the éQuations_in (2.1) be represented by one strain matrix:- -
-~ ﬂ - ‘ -
: o Qu -
x N o x
o » v ' | ' :
. " = . = - : 2’6
RN GEE S = N | (2.6) °
low v
ny dy ox
- Calculating pértiaL derivatives and substituting into (2.6):~
(1 -D.ux) + ().uiay |
_ 1 R, | o
e =1 (- b),vi(x) + (b).vj(x). | | (2.7)
4 1 W, (4 - X Y 4 (XY (g
(- + )+ (1 - Povi(o) + )-vyx)




" The stresses in (2__.2) can be represented by one stress matrix:-

.'O T : . R . .
_ - o . . _
= = [D ' S ' , ' 2.8
(o] = |o | = D] | | (2.8)
ol
[ XY
Where .
' [ E v E
X . XV “ 0
(A-vyv) (- vxvy)
o vxE E . ] : )
[Dp] ATV (v ° S | (2.9)
. Xy Xy
L 0 .0 G

and [e] is as given in (2.6).

The Total Potential Energy of a finite -strip for‘in-pLane forces can be written:-

s

U = I 0 .6_+ 0.6 +T . dy.dx (Internal Strain Energy)
. u|.(xx, LR s SLELE i &y)
XY '

- u . LU .V, . Edge Forces

- | _(Xi'ui in vy +Xi u, + YJ vJ)dx (Edge ore )
X

- 'P.J‘ (X.u + Y.v)dy.dx (Surface Forces) (2.10)
XY

In matrix notation:-.

[ x. ]

1
. ' Y
h T : y : i
Up = 3 I I € .Dp.e.dy.dx - I(uiviujvj) < dx

XY - X J
* Y.

| J

-.fj(u'v). ax,dy . - | . | ,(2.~11)
XY



8.

Equation (2.11) is expanded term by term in its three natural subdiVisions.

The following substitutions afe also made to avoid unnecessary compLication:-

Q@ = (1.~ vxvy)
E
a (2.12)

I S
v (1 - vxvy)
. vxE

dxy = (1- vxvy)

Expansion of InternaL~Strain Energy Term

Only an outline of the procesé is given as it involves excessive arithmetic.
" (a) Expansion of Dp.e.A
N ] T
(b) Evaluation of e,

(¢) Multiplication of eT.Dp.e.

(d) Integrating'with respect to y, across the strip.

(e) Using the Principle of Minimum Potential Energy, the first variation
of Up with respect to the dispLacements'invoLved (ui, Vs uj, vj;-

ui, Vi, uB, VB) must be calculated and'eqﬁated to zero.

The first variation of Up with respect to u, will be a partial
differentiation of Up ‘with respect to L which must be multi-

plied by the first variation of ui itself, i.e. éui;

The process is repeated for each of the dispLacements mentioned which

have first variations 5vi, 5uj, §v.; 5ui; SVi, 5u3 and 5v5.

(f) The result of the process 6uLtined in (e) above is then sorted into
three matrices; a row vector involving the first variations of the
dispLécements (1 x 8), a squar? non-symmetrical matrix involving the
-elements of equation (2.12); G, and Db as well as the constant h

(8 x 8) and a column vector involving the displacements (8 X 1).

(g) The non-symmetrical(8 X & matrix is subdivided into four(4 x 4) matrices

(K, L, M and MT) as given in Appendix 'A'.

M A N ¥ o . s e A b

P

. s




(h) Substituting (2.5) and groupiﬁg gives: (The 8 prefix to 6Up is

used to indicate a part of the total 5Up).- o

T _ 1 v T ‘ ‘ ‘ ot | ' .
A = . . . . d C . .
5Up pr[K wp,+ M wp] T8V [MTwp + L wp]} x | (2 13)
X o :

' Expansion of Edge and Surface Force Terms

From-equation (2.11) the edge force term can be written:

- Ix ]
l .
Ay =-IWT.Y1.dx.
P I
X . J
‘- g
o | J ]

Let the load vector above be represented by [J]. When using finite difference

approximations to the differential equations [J] becomes:

I R A r,]"
W=l = = =]
‘Where BSA is‘the distance between nodes in the longitudinal direction.

The surféce force terms are required, for analysis purposes, to be proportioned
and placed on the adjoining strip edges. Thus all in-plane surface loads can be
included in the J matrix above. Thus edge and surface forces may be repre-

sented by:
. | | . .
AT = - J .J.dx. ‘ 2.14
P Wp x ( )
X

"~ The first variation of AUp with respect to the displacements contained in
T ' .

v~ is:
P
60U = —jawT.J.di. (2.15)
P P . ) .
X .
Integrétion with Respect to the Variable X

Equations (2;13) and (2.15) are added éiving the total expression for the first

variation of Total Potential Energy for one strip, i.e.

‘ Pro - M D |
U = Hs KoY+ MY ]+ ¥ [y 4+ L.t~ sy, }d - (2.16
8V, LML Vol o+ ev Iy + Ly ] - Y LT dx (2.16)

X ;
Integration of term involving -6¢£T By parts



0.

a . .
SU, = ¥ [M.V + L.%]|0+J‘6‘i'g[-(MT.W£) £ 100+ (K.Y, 4 wy) - STax
__ | | X | |

AGWT is an arbitrary dispLacemeht vector which can beméero or any small finite

' qugntity depending on the boundary cenditions prescribed. " For the Total Poten-
tial Energy to be a minimum, Up is differentiated with respect to the gener-

alised displacements, one at a time and each must be zero, hence:

.5WT[MT.W %‘L.w'] T oo ' | f (2.17)
P P P . : o N :
and
- JEWT[ - (MT.w' +Ly") + (K. +M.y') -JJdx = O : - -~ (2.18)
, P P P P P :

Equation (2.17) is a boundary condition equation which must be satisfied at

x =0 or x =a, Equation (2.18) represents the strip section away from the

boundaries where the displacement vector, 5W§ is generally non-zero, and hence

for equation (2.18) to be satisfied, the integrand must be zero, giving:
T, T
M. + L.y! = 0 , :
61J;P[ WPV P] ' , _ . -

T :
- L.y" M-M) V' +XK -J =0
v+ ( ¥y + KV

2.2 BENDING STIFFNESS OF STRIP

Consider a strip cross-section as shown in Figure 2.3 below:

==YV
b

—
T
1

o -
Z(w) 2 FIG23

ALl possible displacements of this cross-section which cause bending or twisting
stresses can be represented by combinations of the following displacements. The

appropriate cubic polynomial dispLacement functions are also given: (%)




| 14,
i . ' v - V -
I“__:}‘*“““"‘J———-— Y oM = fre2® @2

| [ - 2@ + ()] 0.6,

i

12 _ o(Xy3
[3(b) | ?(b)_] Wj

] 4
il
\l--g

_<
.e.f\

It

B (4 2
_—&"ﬁﬂ_, Y (b( ) - [(%)3 _ (%)2] b.ej

7 - ‘ | ' " Figure 2.4

As with the in-plane displacements, it is convenient to separate the x and y
dependence and make the edge displacements functions-of x alone. The dis-
placement of any point on the strip surface is then given by the summation of

~ the four displacements. ‘In matrix form:

W = Cprlty (2.20)
where
2 3 2 3 2 3 2 3 .
: 2 . 2 2
¢, = [(1-25+ 2y - 2 B3 2y (- -, 5y ] (2.21)
b b b b b b
and
i, i -
w, = [wi(x) Gi(x) wj(x) Gj(x)] (2.22)
The curvature displacement relationship for thin plates may be written:
' 2 2 .32 ' '
‘ oW w1l 20w o
e (2.23)
: ax2 ayZ ox. dy : _

and the reLationship between moment and cur§ature may be expressed as

Moo= Dx . | ‘ (2.24)

.
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where
[~ -
D D 0
X 1 v . v v _
D = |Dp, D o‘ | _ - (2.25)
0 0 D
B Xy,

and has individual elements:

| B n’
by = 27 - v vy)
by = - v V)

| 5 Y (2.26)
v E h
D = X Y .
1 12(1 - v vy) _

b o &

The Total Potential Energy for bending forces acting on a finite strip can be

written: (the subscript b indicates bending consideration)

1 1 o r
U = %r (M_.— +M .—+ 2 ,—) dy dx - r w.p.dy dx
b exiy Bty YTy Wl o “X+Y
a : . ‘
- j; (Myp-0, + N6, + Q.uw)dx R - (2.27)

- Rewriting equation 2,27 with the surface load expression included in the nodal

~ load expression; and using matrix notation - (Shear Strains have been neglected)

o .
Il
Nj—

b rt[XT.D.X dy dx - r r Cb.ub.p.dy dx
XYY XY
or
U, = ¥ r JXT.D.X dy dx - FJ u‘rf).ci.p.dy dx - (2.28).
~ VXY XY . -

When use is made of finite differences, loading terms become simple manipﬁlations
which are performed when filling out the load matrix, Thus Cg.p. “can be re-

placed by a matrix E, which at present requires no further definition.

Expansion of Matrices

As with the "in-plane" matrix expansion, the calculations involved in expanding
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(2.28) are both tedious and voluminous. An outline of the process is:-

(a) Multiplication of D and X.

(b):EvaLuatidn-bf XT.' ' .

(c) Pre-multiplying the result from (a) by that from (b).

(d) Integrating with respect to y and evaluating the intergrand from
0 to.b. ' |

(e) Differentiating with respect to eaéhvdisplacement present (wi, Gi, Wy
Sj;. wi, 6;, WS, 95; wg, Og, Wg, 93).

(£) Grouping the result to give:

b o

1 ! v T ]
U, = [ (BQT[A.u' + B.u] + Su'T[C.u 1+ 8u [BT.u" +D.u ~ E]) dx (2.29)
X . S : .

The matrices A, B, C and D are given .in Appendix B.
Integrating bytparts:—

'T & ' T ] & r T e n >
U, = {8u (A.u" + B.u)l -~ [sufa.u" + B.u')l - J su (A.u" + B.u")dx]}
) o 0 X

a
o} X
+'J‘5uT(BT,u" + D.u - E) dx _ : (2.30)

X

. B ] .
Grouping (2.30) as products of §u T, and fur

- a . e - a
U, = su'T[Au" + Bu]l - suT[Au + (B -2¢C)ul
b o] - fo)
+ [sul[au™ + (B - C + BY) u" + Du - E] dx (2.31)
o
. |

Using the same reasoning as in formulating equations (2.19), to satisfy the

requirements that Potal Potential Energy be a minimum:-

IT a
gu [A.u" + B.u]l =0
0

_ a
5uT[A.u'"+ (B -¢) u']l N o ‘ (2.32)
' . o :

]
o

Au™ + (B —C + BY) w+D.u-E
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2.3  COMBINATION OF IN-PLANE AND BENDING FORCES

The in-plaﬁe and bending stiffness natrices have been developed separately as
" there is no connection between the two systems of forces. In the combination
of these two sets of forces, matrices are simply enlarged with a separate

space for each system. This is shown in Figure 2.4 below.

u v W 6 u, v w, - ¢]
i i - i i J J J- J
| | ,I - ui
In-Plane 0 | n-Plame 0
| I . 'Yi
| | Wi
0 Bending I 0 Bending »
r | l" I ei_
St e s I
. J
In-Plane 0 I In-Plane 0
| "
| .
0 Bending I _ 0 Bending
. | . o
I —_ — I o
Figure 2.4

ALl strip stiffness matrices are now (8 x 8), compated with (4 X 4) previously.

The governing differential equation for a single finite strip is composed of

. the summation of the last equations of (2.19).and (2.32).

In general terms, this summation can be expfessed

‘4

o« D" +B ) RALIS Y i +'€ D' + g D = A\ v _ - (2-33)
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1
=3

where:

[ I
P O
lov)
.

- )
+ K) o
+ J) (Appendix B)

M u
N N
o =

o
B
Y .
£
c
A

il
—
=

.The full oy, ¥Y» € C and A matrices arevsimpLy an addition, as indicated in

v Figure 2.4, and are given in Appendix C.

With B = 0, (2.33) becomes:-

o D" 4+ yD" 4+ € D' + ¢D = N | o o (2.35)

2.4 . TRANSFORMATION MATRICES

Equation (2.35) is only suitable for solving flat plate problems. The Trans-
formation Matrix derived below enables.folded plate problems to be solved as
well. |

X(u)

/> - Y]

3o

W FIG25

¢+ 3) - (1) o o O (2.34)
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The angle ¢ is measured from the main-agxis direction to the Locai—éxis
direction. This angle is considered positive if clockwise and negative if
anti-clockwise. The Y' axis is parallel to the strip and in the direction

of . increasing node number.

Consider Figure 2,6; the local axis displacements can be derived from gLobéL

displacements: (Let local axis displacements be indicated by a prime)

u' = u , : :
v = v cos ¢ + w 8sin ¢ . - ) (2 36)
w!'' = - v sin d + wecos ¢

g' = 6.

Or in matrix form:

u! E 0 0 0] [u]
vt _fo Cos ff vSin¢ O, I B
w! 0 -sin g Cos ¢ 0 W
o0 o o o = 6

This is the Transformation Matrix for one edge of the strip; for both edges;.

- the matrix is duplicated. thus:-

B |
T = p——}— ~ (2.37) (2.37)
o ! r| | |

Following the normal transformation procedures, equation (2.35) is written:

TT aT LI TT Yy TD" + TT e T D' + TT CTD = M (2.738)
This equation makes possibLe the solution of folded plate problems. X 1is the
load matrix where nodal-global loads are substituted. The matrices D"",vD"
and D' have global finite difference approximations to the differential

equation along the length of the strip.

e e 2k kA s e h

o . it s

At - e
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2.5 - FINITE DIFFERENCE APPROXIMATIONS

The finite difference approximations to the differential equation along a
‘nodal line are derived as for beam elements. -All the boundary conditions
required in equations (2.19) and (2.%2) are satisfied by the use of standard

" ‘Operator Patterns as given in Appendix D,

The three boundary conditions which occur in this fype of structure are;
rigidly fixed, simply supported and guided. Each of the four displacements

(u, v, w, 8) must be given an operator'pattern for each of the above cases.

The displacements v and w become interchanged for a strip on edge, and for
any strip which makes an angle to the.global co-ordinate system there is the
corresponding reciprocation between these two displacements. Thﬁs v and W
displacements must always have the same operator patterns. . The operator

‘pattern for the 6 displacement'has the‘same form as the w displacement.

. The u diSpLacemeht may be either fixed or free. The free operator pattern
" is derived for a simple rod element having the same values of displacement
beyond the boundary as at the boundary node,

,The’three cases are as follows:-

Fixed

Fixed

Rigidly Fixed:

u
v
w . Fizxed
6

Fixed

Free

Simva‘Supported:
' SimpLvauppofted
Simply Supportéd

© =2 < ¢

Simply Supported

u- Fixed
v Guided
w  Guided
6

‘Guided

Guided Support:

ALl nodes at the end of a structure are usually given the same boundary

condition.
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2.6_ EXTENSION OF EQUATION (2.39) FOR COMPUTER USE °

Consider the following folded plate structure shown in Figure 2.7.

- Steps in the solution of nodal displécements are:-

(a)

(b)

(©)

(a)

Matrices o, Y, € and { in equation (2.38) are evaluated.
The transformation matrices and their itransposes are calculated for each

strip.

Matrix multiplication yields the following condensed form of equation

(2.38) for each strip:-

_(AL)'D""-+’(FA).D" + (EP) D' + (ZB) D = A

To compile this equation for the complete cross-section the matrices are

added‘where strip boundaries coincide as shown in Figure 2.8.

1234567

NO U NN —

FIG28



(e)

(£)

()
(n)

19..

Eg§g§:J‘1. Each small block represents a (4 X 4) matrix; with correspon-
ding u, v, w and .6 displacements. v o v
2, The (8 x 8) matrix covering nodes 1 and 2 represents the first
strip going from node 1 to 2, the second (8vx'8) block repre-
sents the second strip going from node 2 to 3, and:sd on.
3. The strip going from node 5 to 7 is broken into (4 x 4)

matrices and is placed as shown by the shaded squares.

The Finite Difference épproximations run along the strip bbundaries and
always represent global displacements. The total equation to be solved
is shown in Figure 2.9. |
The combined stiffness matrix is found by the addition of all components
in'the'equatioﬂ.undér step (c). )

The nodal loads are represented in vector form (A).

When compiling the stiffness matrix [K], the cross-section matrices
are derived for the unit strip length, only a portion of these

matriées must be considered. Thus the value S/(Number of cross-sections)

must multiply all the matrices (AL, FA, EP and ZE), where S is the

" nodal spacing.
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STEPS iN SOLUTION OF STRESSES AND MOMENTS FROM DISPLACEMENTS

(a)

()

All displacements are transformed into their respective local

axis system:-- i
L d
D1 Tio O. .D1 | | :
= F—+--- | : (2.39)
D, o | D

—_——d_

12| | "2

where the strip is envisaged as going from node 1.to node 2.

The stresses and‘moments are then calculated by the following

formulae:f

. u Iy
O - dx ox vdxy oy
- Qu v
oy = dxy ox y oy
dv . du : S :
1! = Gi= +< o
R 2 N )
2 : 2 -
M ={Di%miﬁ
ox oy
2 - 2
M! = [D1_a__;. D .a_;]
dx Yy
azw
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CHAPTER 3

NUMERICAL EXAMPLES -

"~ 3.1 Numerical Examples

This chapter contains various numerical examples to illustrate the various

displacement, stress and force results as obtained from the computer program.

The results of the first example are compared with those obtained by using
conventional beam theory, while the more complicated examples are compared

with the results obtained by other researchers in the same field.

EXAMPLE NO, 1:

This example was chosen to illustrate the three different boundary
conditions discussed previously, as well as relevant stress and

deflection cﬁrves.

Ex. 1a
Cross-section - .: Thick walled box section as shown.
Span : 12,000 m

BoundafyAconditions ¢ Simply supported - simply supported.
‘Loading R UniforﬁLy distributed load of 9,96 kN/m.
Young's modulus (X and Y): 31,0E09 '
Poisson‘s_rafio (X ande): 0,00

Program C.P.U. time : 1 min 6 sec.

t= 0
h =015
b=05

| | |
C o F ————12m— .
section = elevation

FIG31



Shear lag_at beam ends |

| l 9 . B - ) . 24,
HEE=T0 V0 ——5 193304
2 ] 0] || | |
™ o »
2|+ =1 8 2/8 -
&2 Tleo 718 6.406:03
;;3 -+ -7  3/7 | -6,406-05
L) | o ' |
Pib==16 46 ——-4 |  -19330.

losotasol b ——-— | -193304
5/9 —— -— | -192404
- 6/-10 — | -193304
| sh’ec]r lag - 8,620-07
| - EG34
';_;;sectioxi . : As in example 1a.
| Span ' _ : 12,000 m
Boundary conditidns ‘ : Simply supported - Guided.
Loading : Uniformly distribut.:edeoad'of 9,96 KN/m.

Young's Modulus (X and Y)_i 31,0E09.
Poisson's Ratio (X and Y) : 0,00.
Program C.P.U. time ' : 58 sec.

 Vertical deflection

o | | R ,
pgm 00 621 1193 16,79 20,48 22,78 2356 mm

cal. 00 637 1226 17,24 2103 23,39 2419 mm
. | (-26%)

FIG35
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g, on centre line of horizontal strips
1 2 3 4 5 6 7

——

- o ] T |
pgm. 008 183 341 464 553 6,05 642 MPa

cal 000 201 365 492 583 638 656 MPa |

" (-2,13%)
- EIG36
Sheor stress distribution 2m from lh end .
067 \/‘ 0239
0207 e 028
' | N\ tinMPa
o 0367' —T +—¢ 0366 |
calculated 0,393 program

0367 §—1 10366

0207 ‘ - 0213
o167 "\ 07

o Ex. 16

Cross-section : As in example 1a.

Span ' : 12,000 m.

Boundary conditions : Pixed - Simply supported. :
Loading : Uniformly distributed loading of 9,96 XN/m.

Young's Modulus (X and Y) : 31,0E09.
Poisson's Ratio (X and Y) : 0,00 - "

. Program C.P.U. time © ¢ 1 min 8 sec.
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 Vertical deflection |
| 1 2 3 A 5 6 7

- pgm 000 0204 0491 067 0651 0404 000 mm

cal O, OO O 134 0418 0642 0557 0402 000 mm
- (+4, 98°/o)(+9 05%)

FIG38

Ox_on centre line of horizontal stri_ps
12 3 4 5 6 7

| . [ ?
.
~o -~
S~ =

—pgm -1382-0451 0306 0721 0795 0526 0085 MPq

- --cal -1640-0455 0364 0820 0911 0,637 0,000 MPq
| - (f12,07°/o)(-12,73°/o) - |
FIG39

- u_displacement curves (x direction)
1 2 3 4 5 6 7

top 000 5916 5831 1961 -3.484-8298 -1027-05m

bot OOO 5,916 -5831 -1961 3484 8298 1027-05m

~ HG30

P . v v o b S T A TRy B 4 RS Y LT £

s e AR A 4 rp et
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EXAMPLE NO. 2:

This example is an open cell, thin walled continuous structure. The
ability of the theory and program to cater for an interior support is
illustrated. - Longitudinal stresses end transverse bending moments

are compared with other published work,

- Reference : .F.W. Beaufait; - Analysis of Continuous Folded
Plate Surface, A.S.C.E., Dec. 1965,
A.C, Scordelis and K. Lo; Analysis of Continuous
Folded Plate Surface, A.S.C.E., June 1966.

-erssésection:' ¢ As shown in PFig. 3.11.

Span ' ‘ : 24,38 m and 19,507.m.

Boundary conditions : Simply supported ~ Simply supported with interior
_ ‘ support. _

Loading , : ‘UnifOrmly distributed load of 3832 N/mz.

Youngfé modulus (X and Y) : 2,52443 E 10 N/m2.
Poisson's ratio (X and Y) : 0,00. '

Program C.P.U. time : 2 min 21 sec.

3832 NIt

D E

B C | ; F G/
Jr1,52l—3,05—-—-1,52~-—3,05—Jr1,52l1,52~

-4

T

N
Ul
N

Cross-section  gg3y

 E— R -

2438 - 1951—+
Elevation

-

"FIG.312

T S o
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Section AB has 2 strips

Section BC has 2'strips.

-Section CD has 4 stripé o

Section D to centre line has 2 stfips S

Only half the cross-section was analysed, the rotations and lateral disPLaéee

ments at the node on the centre line were zeroed,

“Longitudingl distribution of transverse moment on
fold line C | | |

S _ 4 » . R
R A - —=

_ .“ v-z; A&Q(///,’ Q§§§§A _ j//”{r_‘tk\\ _ |
I 'Nm/m . '//, E\ — f\\

QY A A YN

M2 3 4 5 6 7 8 9 10

| o[?.rogrom | a Beaufait |

| o Scordelis& Lo
o FIG31B



o on foldine D

.29,
Transverse bending mc;ment at section 3
. o _ v \\
. 6 > N
KNm/m | /I NN
0N 7/ C B N
5 1= N~ . |
\W | |
| A Beaufait -

’o'Scordelis' & Lo

FIG 3%,

s

a Beaufait

o Scordelis & Lo

1 2 3 5
2 /Y
) LN
1 VAR
| \\\
.M_E)go\ 7 S
N AT
NS

FIG35
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Trvansvverse distribution of longitudindl stress

< v /%ET _
- 3-2-1 01 2 3 -3-2-1 01 2 3
- MPa Section 3 - Section 9

» Beaufait |
o Scordelis &_ Lo |
- FIG.3.16
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EXAMPLE NO. 3:

The structure shown is an 0pen.ceLL, thin waLLed translatlonaL shell

which has members of two dlfferent thlckneses.

‘Reference, : : A, de Fries-Skene and A.C. ScbrdeLis; Direct
Stiffness Solution for Folded Plates, A.S.C.E.,
August, 1964, v - S
Y.K. Cheung; Folded Plate Structures by Finite
Strip Method, A;S.C.E., Dec., 1969.

Cross-section - ¢ As shown in'Fig. 3.

| 30,480 m

- Simply supported —vSimpLy.supported;

“Span

Boundary conditions

‘Loading : Ridge Uine loading as shown in Fig. 3.17.
Young's modulus (X and Y) : 13,795 E0 9 N/mz.

"Poisson's ratio (X and Y) : 0,00.
- Program C.P.U. time 2 min 3B sec.

- 11154 | o
BB6 p  WB6 53

| #—2,64—~—3,02—~———:3,02—~—2 644
| Cross-section

FIG.3.17

All pLéte elements were divided into 2 strips each. The C.P.U. time given is
for the analysis of the complete stmmcture. The program, however, is quite
capable of analysing one quarter of msuch "two way symmetrical' structures.

A time of 1 min 29 sec was recorded Ffor such an analysis.
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1234567809,
T T | 297
, .
30,48-
Elevation R
FIG.3.18
Q_‘x‘at midspan |
| a | c d
20
15 1\’ . | dotted:Elasticity theory
\ ~ | Ref:16
10 M |
\
MPa
0
5
10 FIG. 319




Transverse moment at midspan

| »10._0. b C
_5
N0 S N
4 AN
BN |
-5 AN
_ v‘\i
-10

. a b C d

0 - 4

A J
| \ _ -
0,1 )
MN/m | \ -

02 —7=<

| 03

33.

- dotted: Ref. 16
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| Vertical deflection at midspan
a b c - d

I = N
xE-02 gl o~
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3,2 Discussion of Results

In example 1, the box beam webs and fLanges were kept relatively thick so as
to reduce the effect of secondary stresses and so make the compérison_with '

'simple beam theory realistic.

In all cases the deflection and bending stress curves were within acceptabLe
| limits, Fig. 3.4 shows that the method of analysis is capable of detecting
‘shear lag, which is important in the analysis of thin walled box stfuctures.
Fig. 3.7 shows shear stresses in the beam near the supports. The computer
anaLysisvoverestimates these. stresses at the ends of the structure and it
was found that extrapolating the results for nodes near the ends gives

acceptabLe answers. vFig. 3.10 shows the ‘form of the in-plane u displace-

~ment for the propped cantilever case. It can be seen -that the slope of this

.displacement with respect to the longitudinal axis is zero at the right hand
support, fulfilling the requirement of zero stress at the boundary
(o, £d_ Bu/ax)

Example 2 was compared with published work, It shows that the method is
guite capable of dealing with internal supports aqd gives reasonably accurate
results. The values, as plotted, indicate that there is a fairly large

range between results obtained by Beaufait and those obtained by Scordelis and Lo.

Fewer nodes were used in the longitudinal direction than in the two references
and thus it was nct possible to compare results at exactly the same cross-

~ sections. The number of cross-sections was limited by practical considerations
and the maximum arra& size handled by the computer.

Fig, 3.13 éhows that Beaufait's solution has a relatively high transverse
moment over the internal support. (Crosstection 6). The exact nature of

the support is not described in the literature, but Scordelis gives a very
small bending moment at this section, indicating a diaphragm type support.

The present analysis also makes use of a diaphragm type support, and is
capable of simulating any type of internal f1x1ty.

Fig, 3.14 shows fhe transversevbendinghmoment at Section 3. The results

agree reasonably well excépt at fold line B, where the bending moment is

substantially more but still within acceptable design limits.

T
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.- Example 3 shows esséntiaLLy' the gsame vazj'iabLes,as exam.pl}_e 2. The accur,acy'
" of the results, compared with published work, is also approximately the
©same; o ' o

b £ e S ¢



CHAPTER 4
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CONCLUSIONS

This chaptef contains general cbnctusions in respect of the method of analysis

and its applications. -The main points of interest which arose with the

appLicationvof finite differences are discussed, as well as computer impli-

cations énd advantages over the more usual Fourier Series Method are listed.

4,1 Finite Difference Operator Patterns

The patterns employed in the computer prbgram are given in Appendix D. The

following facts governed the choice of patterns and the resuLting.accurécy.

(b)

The haLf-bénd width of the stiffness matrix is three times the

number of degrees of freedom per cross-section. This is because

five point central difference operator patterns were used for

.the fourth derivative, of which only the'centraL'and right hand'

values were actually used in the analysis, Thus these three
values, which determine the stiffness matrix band-width, are the

minimum required for the fourth derivative.

The various strip stiffness matrices and their multipliers are

as follows:-

Matrix Symmetry Multiplier - Symmetry
a Symmetrical Dy Symmetrical
Y . Symmetrical . D" Symmetrical
€ Skew—SymmetripaL D Skew~-Symmetrical
C ~Symmetrical- D Symmetrical

It is noticed that every matrix that is symmetrical must be multiplied
by a symmetrical multiplier and vice—versa. This dictates that no

odd pattern may be inserted at the end of the structufe to increase
accuracy, as it would not be compatible with the rest of the

multiplier matrix. = The maximum_numbér of values thatrare actually

‘used .in these multiplier matrices are limited to three, as more

“would give values outside the already rather broad band-width.
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(¢) The values in the scalar matrix (D) may only be different from 1.0 | i
at the extreme ends of the structure. This is because boundary con-

ditions need only be satisfied at the ends of the structure.

(d) The in-plane u displacement boundary condition is satisfied by
-using the fact that the longitudinal stress is zero at the free

edge. The longitudinal stress is given by:

S TR

csx = dX ax+dXy -
Since the second term makes only a small contfibution, and none at
all when Vv =0, the stress may be approximated by: '

o =+ d EE.

X T x &
At the free edge, o#- = 0, which implies that 3du/dx must be
zero, This is satisfied by the following displacement model;

end of structLIJre

_T_—T—--'\i

— X

L L o r ’r.r

(e) The final strésseé aré calculated ffom_the displacements obtained,
and it was found that small differences in corresponding dispLacements.
resulted in unacceptably large differences in stresses. Thus it was'
absbLuteLy necessary to use operator patterns ﬁhich gave very good |

symmetrical displacements.

(f) External reactions and bther forces not given in the computer analysis
- can be readily calculated using the. correct finite difference 0perator

pattern togethér with the displacements given.
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4.2 Computer Program Implications

(a)

(b)

The computer brogréﬁ;.ééAwritten, uses a large amount of core storage’

: becaﬁse of the necessarily broad band width of the stiffness matrix. -

However, the'soLufion time compares very favourably with those given
in the references listed. (This may be because the computer used,
UNIVAC 1106, is a relatively high speed machine).

A small amount of core storage is required for the CA, CG, CE and

.CZ matrices, and the finite difference values are stored -as’

.efficieﬁtLy as possibLe._ This method can hence be used on a fairly

small core machine if the formation of the stiffness matrix is .

altered so that blocks of figures are transferred to disc' storage

- and are later recalled as required.

(o)

Tapering members can be given an equivalent thiékness which'.

corresponds to an identicaL second moment of area.

4.3 _Advantages over Fourier Series Method

The method of using finite differences together with the normal finite‘strip_

concept has distinct advantages over the use of Fourier Series, These are:

| (a)

(p)

()

(d)

()

The global displacements are solved directly, as compared with the

Fourier Series Methiod where substantially smaller caLcuLatidns are

done repeatedly and added, giving the required displacements. Up

to seventy, and more, harmonics are used in the papers referred to.

Pointlloadings are distributed over one nodal length, this will give .

more accurate answers than using a number of Fourier Series harmonics.

Different.boundary conditions are employed without any difficulty

and are: relatively easily understood.

Interior'supports.aLong the Length.pf a structure may be as numerous

as desired. Fourier Series becomes impractical for more than three

spans. -

This method may also be used for strips of non-uniform thickness in .

the LongitudinéL direction, i.e. cut-outs and the change of thickness



_of members'oVer”Suppofts;b'This'simﬁhy leads to the necessity of -

40,

‘calculating and storing CA, CG, CE and CZ matrices for as many -

~ different cross-sections as are required..

o
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APPENDIX A:

" STIFFNESS SUB-MATRICES (In-Plane Forces)

(]

[L]

(1]

-G%' 0
0 -dy’%
G% 0
0 dy%
dx%‘-_ o
0 ¢ 22
dx%}i 0
0 Gl;—}—l
0 -e¢ 2
—dxy%’ 0
0 ¢ 2
dxy% 0

42,



. APPENDIX B:

~ STIFFNESS SUB-MATRICES (Bending Forces)

»[‘A]

5]

el

I

-

»._ \\ »-
1% D 11.b2.D 9b D 13b2D i
‘ - X X . X _ X
35 210 70 420
111°D v 13b°D D
X X . X - X
210 105 420 140
9D . 13b°D 4%b D 11%°D
X X X X
70 420 35 210
132D 17D 116°D 2D
: X - X X X
420 140 210 105 1
By Moy O, D
5b 10 5b 10
) D, _ 2D, D, b D,
10 15 10 30
6D, D, i 6D, 11D,
5b 10 5b 10
i D, b D, D, -,2b D,
10 30 10 15
-
24D 4D 24D 4D
X Xy _ XV XY
5b 10 5b 10
4D 8bD 4D 4bD
X XYy _ Xy - Xy
70 15 10 30
24D 4D 24D 4D
X _ Xy Xy | XY
5b 10 5b 10
4D 4D * 4D 8bD
Xy T xy XV Xy
10 - 30 10 15

‘43.



[p]

[A]

12D 6D
—

b3 b2

6D_ 4D
-y Oy
'S >
12D 6D
—I -—L
b3 | 'b2
6D 2D
Y ¥
b2 b
.1.

N' u
N/m v
N/m W

Nm/m' 8

12D 6D
Y N
b3 b2
6D 2D
A v
b2 b
12D 6D
v —-—
b3 b2
6D_ 4D
A Y
b2 b |
(FPorce)

(Force per unit length)

(Force per unit length)

(Moment per unit length)

44,
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APPENDIX C:

o, ¥, € and £ MATRICES

THE o MATRIX

45.

"~ ‘, |
0 0 0 0 0 0
0 0 0 0 o o
L ' 2 2
135 D_ 116D g6 D 136D
O O . X X X - - X
35 210 70 " 420
115D bop | 13b2D oD
O O ’ b4 . X - X
| 210 - 105 120 T 7140
0 0 0 0 o 0
. |
0 0 0 0 o 0
2 2
9b D 1%b°D 136 D 115D
O O X X X _ X
70 420 35 210
15b°D %) 11b°D %)
0 0 -—= - == X *
420 40 270 105 |

N
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Fnan
T ol 0 . oL -
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@z Tl o o | @ a o 0
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X r X T X T X T
s ‘a4z W a @y @ T a
= = - e =+
a ) o o o a0 o o
oL oL a5 _ 9§ _ , oL, o g, _ag ,
T 77 X T £X T 193 L
ap @l |Tave a9 T a Wz a9
IS 9
0 TP 0 0 0 T DU 0
0 0 .- 0 0 0 — -
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¢ o T or
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- T , . 1z g o 0
oC . o¢ oL, 0 T o oL _
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oL _ oL _ i, _ag oL _ ol ag - as _
.5 T X T XX L x T
@ a az a9 T T Wz a9
9 ¢
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0 0 - 0 0 o — -
: P U qQ Py
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THE ( MATRIX
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~ APPENDIX D:

FINITE DIFFERENCE OPERATOR PATTERNS

- Note: 1.'SA is the spacing between cross-section nodes.

2, Central difference formulae are used,

. Sy o .
1.€. 4% osa L= 1y 9 Yo + 1 7g]
& _ 4
52 e [ y, =275, + 1 yR]
d—4:2——--1'---[1'-4 +6 .-4:+1 ]
4 = & LTIy -ty toy, R YRR
dx SA . o o

Ath DERIVATIVE (= sa’t)

Simply Supported Ends o Fixed Ends

'<:> o o | o ©® o o -
o,v(:) -4 '1» , 0 (:) -4 1
o -4 (6)-4 1 N » 0 -4 (-4 1

Guided Ends

(:) 4 1

B Argh st

o e o A ————— e o b O
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2nd DERIVATIVE (= SA2)

Simply Supported Ends Fixed Ends

Guided FEnds o Function u: Fixed Ends

Punction u: Free Ends:'
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1st DERIVATIVE (= 2 Sa)

 Simply Supported Bnds  Pized Ends

® - - ®

-1 (:) 1 | 0 QI">1 E
IENORE | -1 (o) +

Guided Ends ' , Function u: Fixed Ends
@ o | o0
-1 (o) 1 o (0 1
-1 (0 1 ' -1 (0) 1

Function u: Free Ends

The following Finite Difference Operator patterns are used in Sub-routine ECHO to

determine stresses from deflections.



ond DERIVATIVE (% SA?}_i sl

. @—5 ‘ : ‘_1:‘_.,. ‘
1'<:)  1
<:);

| +1';'4 -5

© 4st DERTVATIVE (42

e
N OR
©

v _r; 4 -4 )

SA) j;

4o

. FbrWard.Difference-‘
,CentraL'Difference‘x j1

- Backward Difference

" Forward Diffefence.

: .Cehtrai Différence, ,’.‘

Backward Difference -

s




'FORTRAN V_COMPUTER PROGRAM
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in 1850 ,



MENAI SUBROUTINE SEQUENCE

| MAIN

DEES

FORMA

ANGLE

CONTAC |

SILO

WHEEL

GRAFT

ECHO

54.



55,

P°0JECT$M’NAI(').HATN

1

E N

ﬂn(’)nﬁnﬂnn

541

567

S5E€E

3OO0

542

SG1

COMPILER( XM= v . S :

tattaoattcc:tttttw:actttast-t‘tatttat-ctattathatttaatotottttctttt0
*MENAIY PROGRAM TO SOLVE TRANSLATIONAL SHILL STRUP'URrS

THE FIN*TE STRIP VETHOD CF ANALYSIS IS USEL

CUBIC POLYNOMIAL CISPLACEMENT FUNCTIONS ARE USED ACROSS THE STRIPS

FOR THE NORMAL DITSPLACEMENTS+AND THE IN-PLANE CISPLACEMENTS ARE

VARIED LINEASLY:

FINITE DIFFERENCE APPRPOXIMATIONS 7O THE UIFFEPENT'AL EQUATIONS

ARE USZD ALONG THT LEMGTH NF THE STRIPS & UNITS ART ALNAYS NeMsSes

T R R T T T T T I R R P Ry

COMMON/TXT/SKUL4UC 133 ) » SDUCA(UUT+5)eSD223(44C¢3 )2 SDOZE (443,
PICE(GUCZ) o CA(LL ¢4 Y4) + CO(LB 0Y4) ¢CE(ULe B,

«CZlULe i) ySTCMAX(130) 2 STGMAY(182) s TAUXY{28C)
o AMX(18C)e AMY(18C0) rAMXY (1ET]

COMMON DOXU3C) o DDY (L) e OB (200, D0XY (3T 9040205000 30)
COMMON FA(B+243C)+FG{813aZCTsFE(E98:3C) +FZ(898¢30)
COMMON AFA(3¢8¢30)91AFG(3s393C)sAFS(2,3,30)12AFZ(893¢75)
COMMON SOH{EsS+E6)191SP2(Ex326):1SD1(6+3+6)4SD{6¢6)

" COMMQON DEXyDZYsDPY¥+DPYsDE» IDNUMIDLDXsDLDXY$DLOY

COMMON MHCsMSKDsMSKBeMSIICIMEZERC(25C)

- COMMON NH279JENOXs JEMUMeHIS131) o NE (31

COMMON ANG(ZC)reSA

COMMCN /82/ATRANS

COUBLE PRECTSION ATRANS (Z2a84+2C)
MHC=hy

MSKD=R4C

MSKB=132

NW27=132

PARAMETER JE£1=72C

DIMENSTION EDV(JELY

- PRINT 541
FORMATOLIHLIsE (/Y siHCo3CX 2E€ET ('] o/ s

e31Xs"* 9 13IXN2MENATLL TRAMSLATICNAL SHell PROGRAM'-lle'*"/r

ZiXe "2 % 358Xs 2%/

'31Xl "! 3X"OATE-O-.ocoo.a.ooc.o-ooo-0. 'ZBXO‘. *'1,'
T e31Xp e 358X %"/ ' : ,
e 32 X221 3X e PROJEC T e e cnsmmoassnscancencas’ .27x9""l'

e31X 9 '+ 158X "0 %/
«e31 X' %, 3X'.CLIFNTooo-..oaoooo.o.ooon.. 228Xe7 8% ).

PRINT 567
FORMATILIH 230X 2°*#%¢53Xe*2%4/,

.31X1't"3¥"GEN‘RhL DFSCRvPTI“\: CF ST?UCTURE:......'ocoo.o-._f.ou-

Y9lXr 2%/

031X1‘t' EgXe*s%y/y
T e ILN ey A E2(V )2 3X2 2%y /,
e 31X ¥2* 58X *2")

PRIN™ =g - '
FORMATULH »3CXs®s %9 3Xs *LOADING CASE CCNSI“ERED' 3CC*a*)e2Xe %% /s
e 31Xe'2%958Xe%2%y/y

.31X-GC('&'))

EVALUATION OF ELASTIC CONSTANTS
CALL ‘DEES R

PRINT £42 . :
FORMAT(LHLs®sxALL UNITS USES AT NoM.S,ss)
WRITE(S¢E01) OEXe LY DPXeTPYSLC
FORMAT ({1HOs *YOUNGS MOOULUS X:'28Xe1PE16460/¢



B GO

60
61
52
53
64
65
66
67
€s
69
70
71
72
73
74
75
76

17

78
79
8C
81
82

8z

8y

8s

8¢
87

88 -

83
-13)
91
92

94
13
96
97

o
(=]

ge
ice
102
102
cz
104
ics

-igte

ics
ics
i1l0
111
112
11z
11y

11¢€

16

117
118

110

-

s R Ne]

(2] OO0 N

s 12 e B2l

56.

o' YOUNCS MOLDULUS Yi%98X9E186,.69/
«' POISSOV RATIO 312X eOPFE 3¢/
e? POISSON RATIO V2%,12XsF6.39/0
' SHEAR MODULUS Cl*y8XeiPFlC.E e/}

FORMULATION OF THE 2ASIC STIFFNESS MATRICFS
CALL FORMA |
TO COMPILE THE TRANSFCRWATION KATRICES FOR INTIVIDUAL STRIPS
AND TO COMPILE GLOSAL STRIP STIFFNESS MATRICES
CALL ANGLE
 PRINT 543 : g
583 FORMATULHC:*STRIP NO  STRIP WIDTH STRIP THICKNESS  STRIP

oANGLE(RAD)'v/’

62 *~")

00 sS4y Iz 1110NU” »
5534 WPTTE(S+54E) IlDB(IvaH(I’:AVC(I)

545 FORMATIIHCs4X2I2s11X1F62321CXeF6e303XeF1047)
T0 éSTABLISH THE COM3INED STIFFNESS MATRICES FOR THF ?OTALV
CPOSS-SECTION
" CALL CONTAC
c ’ . ’ : o
c TO COMPILE THE FINITE DIFFERENCE EQUATIONSy MULTIPLY WITH CAsCCs
c CE+CZ MATRICES AND COMBINE TO FORM UPPER TRIANGULAR MATRIX SKU
ol -
' "CALL SILO
c

IF(MSU1).5Q.1) PRINT S7C

IF(MS{1Y.EQ.3) PRINT 571

IFIMS{1).7G.5) PRINT S72

IrFr(MS(1Y,50.7) PRINT 573 ‘
STC FARMAT{1HCy *SOUNDARY COMDITION AT START IS FIXED')
571 FORMAT(1HC, *BOUNDARY CONDITION AT START IS GUICEDG®)
572 FORMAT{1HCs *SPUNCARY CONDITION AT START IS FREET')
577  FORMAT(1HC,'BOUNCARY CONSITION AT START IS SIMPLY SUPPORTED'

IFIME(1),.,5G.1) PRINT S75

Ir(ME(1Y,EQ,.Z) PRINT £76

TFIME(1).50.5) PRINT 577

IC(ME(2).EG.T) PRINT £78
575  FORMATI{1HO.*BOUNDARY CONDITICN AT ENS IS FIXEPY)
576 FORMAT( 1HCy *BOUNDARY CONDITICN AT END IS GUICED®)
S17 FORMAT ( 1HCy*SOUNPARY CONDITION AT END IS FREE®)

578 FOPMAT(IHTy *BOUNDARY CONGITION AT EN” Is SIMPLY SUPPORTEG® }

WRITE(S595338) SA

580 FORMAT( 1HCy *"NODAL SPACING ='4F6.3}

c FORMULATTON OF LOAD “ATRIY
CALL WHEEL

c ’ .

C . TO SOLVE DISPLACEVENTS . |

: .
CALL GRAFT

°

- PRINT 556

565 FOR“A'(‘HC-'CDUSS SECTI"V”.GX.'"OCE'. SY v "GLCBAL DISPLACEMENTS



el o
SN
e 0

123

124
125
126
127
128

12

130
131

32
133
134

135
136
137
128
139
14¢C
141
142
143
144
148
146
147
148
142
1sC

181
152

153
1ty
. 18§
15¢

is57 .

- 158
189
16C
iel
1€2
163
164
165
16¢
187

1€8°

169

17C.

aPRTYS WENAT.DEES

S46

56.3

LY

113
549

OO

2]

S5EC

om
N
(5]

..,

PRINT StE

57,

FORHATCIHC'ISXc'U'olSXv'V’tIQY|'H' 13X-'THETA(RﬂD)')

PRINT 5¢8

" FORMAT(1H +S6(°*-

*)1

NUMBER OF CROSS-SCCTIOMS
KA10Z3+MSKD/MSKS

NUMBER OF NODES PER SECYINN

KA11=MSK3/12

JEGRESS CF FREESDOM PER SECTION

"KA16=¥SKB/3

2N 549 K=1,KALQ
WRITE(S»547) K
FNRMAT({1H #5Xs13)
0N 542 L=1,KALl
KA12=(K-21)sKA1G+Lx4~3

KAalIz=KAl2+1
KALGZKALZ+1
KAZESKALY+] -
WRITE( S5, 543)

LaSKUIKALZ2eNW2T) ¢ SKUTKALIeNW2T Ve

@ SKUIKALYeMW2 Ty SKUIKALS e NU2T7)

FORMAT(1H 220X 912+ 7Xs 1PEL126¢6X¢E12.696X2512.606XeE12.61)

CONTINUE .

TO SOLVE STRESSES IN LOCAL AXES CO-ORDINATES

CALL ECHO (ECVeJEIL)

PRINT ESC

FORMAT(IHI:'CROSS SECTIO™

«ST*) -
PRINT 551

SUB-STPUCTURE

NODE®#35Xe*LOCAL STRESSE

FORMAT(1H s41Xe*SICMA- X'u?Xv'SIC A‘Y'lGXl'TﬂU-XY'!
el2X s *M-XTe N9 "M=Y"T9 33Xy "M=-XY")

PRINT 568

FORMAT(1H 22111(°%-

00 £55 I=1+JENOX

WRITE(S5+552)

T

FORMAT{ 1HC1EX+1I2)
DN 555 J=1,JENUM

WRITE(54EE2)

J

FORMATI1H +21%21I2)

DN 555 K=1,3

"1}

JE2CIZ({I-1)e3sJENUM+J+3-24K~2
WRITE(S5:5C54) KeSICMAX(JEZTI) o SICMAY(JE2D1 o+ TAUXY(JC2C1 ),
s AMX(JUE2C1) o AMY (JEZC1) 1 AMXY (JE201)
FORMATIIH 932XeIZ¢EX3iPFLllo5¢2X9E11.512XeE11,.5s
2X1%11e%)

e2X3¥11.522Xs
CONTINUE
STep
€ne

ElloSl
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PROJECT«MENATI(1).CEES

1 COMPILTRIXM=I)
2 ‘SUEROUTINE [DEES
z COHMOM/’XT/GVU(44":133)-S“HCA(QQC:SJ:SG°CG{44013)o°DCZE1440)-'
4 oS DICEILBTyZ) e CALBG L L) pCORAR 0L ) yCE(LGBG)
5 eCZlGLe4U4) +ySTCYAXI18C)» SIGMAY(180) ¢ TAUXY(180)s
£ e AMX (180 )s AMY( 180) +A¥XY(18T)
7 COMMON DDX(30) #D0Y(3T D130+ 7DXY(3T)I+DHIIC e DB 3C)
8 COMMON FA(E+8s35) +FC(8+B8e3C) 1 E(Ls8+2C12FZ(8s8532C])
9 COMMOMN AFA(3+8s3C)1AFG(3e2s 0l ¢AFE(293333)+AFZ(8e32¢30)
10 COMMOM SDU(Es5¢E)eSDCt62Zx6YsSD2(69246)250(616)
1 COMMON DEXsDEY sDPYsCPY20Ge IDNUMyDLOX DLOXY o DLNY
12 _COMMON MHCyMSKDs¥SKBsMSIZL +MSZERC (25C)
13 COMMON vxvv,JrNox,JENUM-Hrt11).M;(311
18 _ COMMON ANG(TC)sSA '
15 c READ EX ¢ EY o POISSON X » POTSSON Y
16 . - READ (8:10C) DEX » DEY o TPX » OPY
17 100 FORMAT ( )
18 c RTAG NUMBER OF STRIPS IN STRUCTURE ICNUM
119 READ(S,101) IDNUM
20 101 FORMAT( )
S22 C - READ STRIP THICKNESS AND WINTH
22 0O 102 T = 1.I0NUM
23 102 READ (88,1021 DHII} » DBLID
24 1C3  FORMAT( )
25 e ‘IN ORDER OF CALCULATIONS SHEAR M"DULU:.LITTLE(DX:DXY'“Y)-
26 c - ‘CAFTTALC DXy DY eD1sEXY) ‘
27 . DG = (DEX4DEY)/(La#(1.+(OPXD"Y)/24))
28 : DLDX = DEX/(1 .,-CPXs[FY]
2 DLDXY = DPX¢DTY/{1.-0PXeDPY}
30 OLDY = CDEY/(1.-0PXsDPY)
31 , DN 1C% I = 19TDNUM
22 DEXC(I) = (DLODYsCH{I)#*sZ ,.1712.
33 o DDY(I) = (DLDY*DH{I)+*3.3712,
34 © BO1(TI) T (DLDXYeDH(Il*s3a3/12,
35 _DOXY(T) = (DC#DH(I)*+3,)/712.
3€ - 108 CCNTINUE -
37 RETURN
ze _ eND

3PRT:S MINAI.FORMA
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PROJECT+MENAIl1).FORMA

WwId M oWyt

O 0

(2]

c

CCMPILER(YM=Z

SUBROUTINS FORMA
COM“OV/EY*/SYU(HQL-133!-SCQCA(QQC.S)'SDZCG(QQC:S)oSDCLE(QQC)o
eSDICEIUUT+2) +CALUY P UL ) 2COILUGr UG 2CE(HGLY)Y
e C2CUY4 ) ySIGAX (18C) oSTIGMAYL18CH»TAUXY (13C) s
oA”X(lﬁC):AHY(lSG)yANXY(lEC" . .

COMMON CDXU(20)sDDY{ZCYs«DDI(ZC) « TOXY(ZC) e OHIZCY e DB (30
CCOMMON TA(3¢8s3C)eFG(8e8e30)97E(B8s843C)sFZ(8+48¢30)
COMMON AFA(By B ZC) o AFCI8sEe2C) s AFE(ReReZL)2»AFZ(80897C)
. COMMON 59“(51576)!502(5,308’1591(503057153(6153

CAMMON CEXsDEY s DPY2CPYsCGe IDMUMCLOX oDLDXY s DLDY

COMMON “HC:“SKD:HSV;fH”l 2 MSZF20(250)
COMMON NU2T7» J‘NOX:JENUW:H‘(B‘)tME(Sl)
COMMON ANC{IC) +SA

FORMULATICN OF STIFFNESS MATRICES. THE FﬁvFGoﬁEvFZ MATRICES ARE
COMPILEC FOR ONZ STRIP AT A TIME IN ’?DER GIVEN
.00 19037 I=1+.IDNy“

THE ALPHA MATRIX tt:ttttona‘*tttsttt:ttttt*ttbttttttttttttttt:tttt
FA(3339I) = 13.#D2(T)*DDX1I}/ 5.

FA(GelUeT) = DR(I)*s2.400X(T)/1CS.

FAUT2TeY) = 13.#D2(L)«DDXAT)/75.

CA(By8:I) = DB(Il+sZ #D00X{I)/1C5.

FATG:7,1) = 11.'DQ(I)*‘Z.*DDX(I‘IZlC..

CA(Z,83T) = FA(U9ZsI) .

FAU8¢791) = -11.2D08(I)*22,¢DDXI(1)/21C0

FA(T7¢8¢I) = FA(BeTs1) '

FACT;891) = 134502 (I)%222D0X(IV/420.

FA{UeT7:T) = FA(Ts4sI} '

FAUT733,T) = 9.+0B(I)«DDXLTY/7Ce

FAC3s7sI) = FA(T17e1}

FA(Bsu,4I) = ~DB(I)*3>3T,3D0X1T)7140.

TA(By83T) = FA(BslyI)} .

FA(333.I) = —17.308(1‘ttZ.tDBX(I)/QZC..

FA(Zs8eI) = FA(8:Z91)

THE CAMMA MATRIX attattttttttttttttt.ttctt:totott:to.otttttztttto#

FE{1lelsT)
FG(2+291)

S rG{343s1)

~CH(IlsCLCX*DB{1}/3.
~DH(I)*DG*DB (X} /3,
~6.30CI(1)/ (5 «3CB(I))~ ZH.tDDXY(I)/(

+*DB (I )

]

e=6.#¢DD1(I)/(S.+D31I))

FG(H4+lsT)

S -2.¢0C(T)s0D02LTI)/15.-8.2DBLIYsLOXY(TI}/15.

e ~2.%DBUI)+DD1(I)/15.

FGl1:5:1)

" F5(6e2eT)

FG(2:621)

FG{5+2+1)
~TH(I1sDC*DB EIY/E,
FG{be2s 1)

FG(5eSeI) = FG(101sY)

FGISy52I) = FG(2¢257)

FGU7972T) = FG(232eI)

FG(292:T) = FG(H24,T)

C3(U32eY) = ~0D1(I)/ 10 -8 o*DB0YY(1}/1Ce~11e»D01(T)/10.
FGUTslel) = FG(U23+1)

Fo(897sI) = DLLI(IN/1L .+4 #DDXYLI)/1C, +11.‘C01(I)/15.
FG(T7+8eI) = FG(827+1)

Fal5s1leI) = =DH(IN&DLOX+DB11)/6.

“Dl(I)/10.+4.°DSXY(I}/1D.#D“l(I)/on

FGLT+3s 1) 6 L0 (I)/ (5 DB (I Y424 ooDEXY(I)/ (SaaDE(I)) .
o *6.*DD1(I)/15.DB(1)) - '

FEL3e7¢I) = FG(707:T)

FGlTelaT) =

FGl4s7¢1)

FG(TelsT)

o e e et S e e e VR 4 v



&C FELBele I}

61 ' v «+MB(I) D02
- 62 FGR4s8,1)
£3 . ' FGI833,7)
68 Fr{3s8, 1)
135] B
£6. FEX251s1)
67 o T FEX1e297Y
€8 ' FELS5¢2:¢1}
69 FEL2+5+1I)
7C FELBs1ls I
71 ] FE{195+7)
12 FEIE:5: 1}
13 e FEASsS5+Y)
74 ‘ €
15 _ ' FZ41e¢l I
78 . FZ12+2:13
77 : © FZA323 1)
78 FZ¥ 4441
79 F™{SsE,1)
80 FZAE6¢Ee I)
81 ' FZATeT91IT
&2 ' FZ{ 84 827)
33 . FZ8e3,7)
84 v FZALZ
8% - FZA8+7:1)
86 - FT4743: 17
87 FZLT724+7)
88 ' - FPlus7:1)
83 v e S-THED S B
SC FZU11eCSe 1}
91 FZA6¢2:1)=
g2 FZA2¢59 1)
83 . FZ{T723s51)
-1 FZL3e 72 1)
S "F2Y834,1)
86 FZl4,8: 1)
97 ’ FZ18:3:1).
ag v FZ13:8¢ 1)
39 ieee
ICC " RZETURN
1c: . EWD

. 2PRTe< MEWAL. ANCGLE

THE EPSILY

OB a0 et g 0 Z e n

CONYINUE

60.

UE(I)-n01(1i130;+q;.uetIx-ocXYtI)/zc;

(I)/3C.

-9

FG(RytsI]

-O“I(I)/10.-H.ODDXYII)/10.~"“1(I)/10.

FG(8s7sI)

MATRIX aaatttattttttttato*a:ttttatttttattttat:tttttttc
“H(I)'CLUXY‘(‘I./LI, DH(I *sDGs(-1e/2e])

=FE(29191)

DE*DH(TYI/2
-FE(51251)
DLDYYsDH(T1/2«=DGs (~DH{I)/2.)

-FE(691,1)

OLOXY* (DH{I)/24)-DCGs(DHII}/24)
-FE{G925¢1)

«=DLDXYs (~DH(I)/2.)

THE ZETA MATRIX FAIIEIEABEIBE LTINS EIP A IIBEISIEEEIL02I0 4038
-

*DH(IY/D3 (1)
CLDY+DH(I)/DBLI)
12.¢D2Y(Z)/0BtTI) %« 3,
4 .+D0Y{I}/DBLIY ’
FZ(12197)

FZ(2¢2+1I)

FZ(333+1)

FZ(4eleI}
E.*DDY(I}/DB(YI)ss 2.
FZ{892¢I) )
"~..‘ Y(¢,/38‘I,.‘2.
F2(8s7:I)

-6 ++DDY(I)/DB{I)*s2,
FZ( 79811}

-DC+OH(I)/02(T)}

FZtSe1sI)

~-DLDY*CH(I)/DB(T)

FZ{Ee 2+ 1)
~124.*2DY{I)/DBR(T)e*3,
FZ{7¢2sI)
24*DCYI(I}/03(Y)
FZ(8s0sT)
Ee«*DDY(I)1/D023(I)es2,
F2(8s721)



61,

JRUJECTsMENAT (114 ANCLE

WOy On &y N)a

A0 N0

o .

2000
20C1

2002

- ATTRANLELEx T}

CNAMPILEN{XM=3)

SUBRCUTINE ANGLE . :
COMMON/CXT/SKU144_1133)1SCQCA(44uv5)r (44003)OSDCZE(QQC)O
eSTLCEtHYT 2 2 CALLY, QQ)IC”(Q4|Q4)iCr(44|QQ)|
eCZUH4954)sSIGMAX(LCC) +SIOMAY (1827 TAUXY(L30)
e« AMX(182) s AMY(182) sAMXY (28D} _

COMMOM 20X (3C) +0DY{30)eDRL(3CT) i”DXY(JC)vDH(3C)rCB(3U)
COMMCN FA(Es8¢3C)sFC(ExBe30)sTE (58402 FZ(8+¢8¢30CYy
COMMON. AFA(89¢3s7 B)vArG(808'3C)1QFE(31393C)'AFZ(80303B,
COMMON SDU(Ze5eE€E) sSNC(E S 2E)sSDI(E13vB) ¢SNIELE)

COMMON DEXeDEY s DPXoDPYs DG IDNUMYDLDX s DLDXY s DLOY

COMMON MHCyMSKDyMSKB MSTIC o MSZELO(25C)

COMMON NH27,JINOXs JENUMpMSITI)eMD(31)

COMMON ANG(ZC) <A

CNMMON/B2/ATRANS

DIMENSION ASUM(8,+2)

DOUBLE PRECISION ATRANS (848,30}

DOUBLE PREZCISION ATTRAN{3+3¢30)

REAZ ANGL® OF STRTPIANGLE IS “EASURES FRCM CLOBAL

Y AXIS T0O LOCAL Y AXISFIR STRIPsCLOCKWISE ANGLE I= _
CONSIDERED P2SITIVE AND C@UNTERCLOCKHISE ANGLE IS CONSICERED
NEGATIVELANGLE IS ENTERED IN DEGIEES AND FRACTIONT OF A

| " ~CECREF,ORCER OF ENTRY IS AS FOR TH;CKNCSS ANU WIDTH CARCS

ONZ ANGLE PER CARD

SN 20CC I=l.ICNUM

RZAD {2+2CC1) ANG!(I)
FORMAT( }

CHANGE ANGLE TO RADIAMS

£ 2C02 I=le IONUM

ANGTI) = ANC(I)/57.235779%1
CONTINUE

TORMULATE TRANSFOQMAT Ny MATIICES
0O 2CC3 I = 2+IDNUM

ATRANS{2+251)
ATRANS(3+2,1)

SIN(ANGEEY)

~ATRAMSt2#391)

ATRANS(E: 74 1) ATRANS(2w24T)

ATRANS(7+Co1) ~ATRANSTI293+1) . : -
FORMULATION OF THE TRANSFORMED TRANSFCRMATION MATRICES
ATTRAN(I +1+1) 1.

ATTRAN(D2:2.7) COS(ANC (XD}

ATRANS(1+2,1I) = 1.
ATRANS(2¢2:I) = COSCANG(X})
ATRANS(Z+25T) = ATRANCS(222:1)
ATRANS(B.4,T) = 1,
ATRANT1SeSeI) = 1. _
ATRANS(BsEsT) = ATRANS(232271}
ATRANST7,.7,T) = ATPA"Q(szvI)
ATRANS( 8:8:T) = 1.

ATTRANI{3+3+T) ATTRAM(Z22s1)
ATT2ANC L6, TY 1. :
ATTRAN(SS+T) 1.

ATTRAN(Z9 20T}
ATTRAN (282 T)
1 - l
SIN(AMNGLE))
~ATTRAN(CZaZ»]I)
-ATTRANIZn 2+1)
ATTRAV (3020 7T)

ATTRAN(7s7+1)
ATTRAN( 81T
ATTRAN(3+42+7)
ATTRAM( 2,7,7)
ATTRAN(G2 ¢ 1)
ATTRAME TeEe )

T T T A TR IR YR AT I L))



J'CONTINUE»

62,7 S

~TO ESTAELISH TH’ TRANCFOR"ED ALFA HATQICES (ATTRAN}’A*ATRANS)

DO 2022 I1 = 1.I0NUM :
TA CLEAP TEMP. WATRIX ASUM .

0O 2CC4 I = 148
20 2G04 J=148 -
ASUM(Ted) = Co

'CONTINUE ‘ _
. TO CO FAsATRANSZASUM:
80 20CS I2 = 148
. DA 2CC5 I3 = 1.8
DO 2C05 I8 = 1,8

200¢

-ASUN(IZvI3l-ASUM('2:I’l*FA(IZantIl)tAT°ANS(IQvI +I1)

CONTINUE

-T0 CLEAR FA( » 0-1)_SO'SAME STOPAGE MAY EE USED-FCR AFAC » 2113
;00 20C6 L = .18 ' . : : L .

an 2006 M= 1,8

FA(LMyTIi) = Qo

CONTTINUE _ '

TO DO ATTRAN®ASUM=-AFA

0N 2CCT X2 = 13 -

DO 20C7 K3.= 1¢8

DO 2G0T K4 = 18- o . :
AFA(K2sK39I1) = AFA(K2sK3eILl)4ATTRANCK29KY s IL)*ASUNIKY ¢ K3)
CONTINUE e . _ S
CONTINUZ

~TO ESTABLISH THE TRANSFORME? GAMMA MATRICESTATTRANSFG+ATRANS) .

DO 2008 I3 = 1sI0NUM

"TO CLEAR TEMP. MATRIX ASUM

DO 2CCS I = 1.3
00 2CC9 J = 1.8
ASUMITsJ)Y = 0.
CONTINUE

TO 0O FG*ATRANSSASUM
0N 2C10 T2 = 1+8

. D0 2010 I3 = 148

120 2C10 I§ T 18

CASUMIT2,I7). = ASU!(IZ'I’)*FG(’Z-I#o ')tATRAﬁS(IQtI3vIl)
{CONTINUE

"TO CLEAR FGU's #I1) SO SAME STOPAGE MAY BF USED FOR AFG( s sI1)

00 2C11 L = 1.8
DO 2C11 M =-1s8

.. FGLeMsI1! = Ca
" CONTINUZ
_TH DO ATTRAN#ASUM = AFG-

00 2C12 K2 = 1e8 °

0O 2012 K3 = 1.8 -
~.00. 2C12 K& = 1.8 : ' ' '
AFGIK2sKZs 1) AFG(KZ-K3'¢1)fA"RAh(KZ-Kq'Il)tA<UH(KQvK3)
CONTINUT :

CONTINUE

T0 ESTAE&ISH THE. raAwsfoanrc EPSILON MATR'C[‘(ATTRAN‘FEtA'RANS)'
D" 2C13 IX = 1eISHUM

”'TO CLEAQ TEMP . MATRIX ASUM




64.

PRUOJECTe«MENATI(2) .CONTAC

(LCLC-1+LC12)

1 ~ COMPILER(XMT3)

2 SUBROUTINT COMNTAC :

3 COMMON/’XT/SKU(QQC:;S’)oS“HCA(#qC-4|-SD’CG(QHC.3!nSDGZE(QﬂO)c
4 eSOLICElLUTy3) s CALL ¢ UL)sCO (UL UY) sCELLG o44) :
5 .CZ(HA-HQ)'CIGNAX(*80)-S;GWAY(’BCI-TAUXY(lSC)v

& e AMX(180) 9 AMY(180)e AMXY(18D)

7 ) COMMON DDX(ZC)sDDY (2 )1Du1(3C)t'EXY(7C)vDH(’G)rDBf3DI

8 COMMON FAla.a.zn).Fcts 8¢3C)sFE(343+30)19F21848:+30)

9 COMMON AFA(8yEs3CIsAFG(8sBy3C) s AFE(Bs8sZIC)sAFZ(84843C)
1c COMMON SO4(69596)sSD2(693e6)25NL(593¢56)25S0(628)

11 " COMMON DEXysDEY+LPYoOPYs DGy ICNUMDLDOX 1 DLDXY+CLDY

12 COMMON MHC,MSKD,MSK3y #5310, MSZT20(250)

2 COMMON uw27,drnox.JENuq.M°(’1).ME(31)

14 COMMON ANG(30) sSA

15 c - ' :
16 c READ A CA®D TELLING WHICH AF(AsS5sE OR Z)(IDNUM) TO PICK(LC3I)I:ZAND
17 c POW 0P COLUMN NUMEER WHERE IT MUST START IN C(AeGeE OR Z)
18 c MATRIY(LC4)3;0ONE CARD 2ER STRIP.THT MATRICES THAT.

19 c DONT REQUIRF SUBPCIVISION ARF DONMNE FIRST

20 3005 READ(8,3CC2) LC3sLCH

22 3002  FORMAT( )

22 c TEST FOR LAST CARD ; MUST BE C 4 C TQ SYoP PRcctss

23 IFtLc3.52.0 LAND. ch «EQe T ) co T0 32C6

24 S0 3CC3 LC1 = 1.8

25 N0 3004 LC2 = 148

26 Le13 = (LCcy-1+LC1)

27 Lcig = (LCu-1+41C2)

28 CA(LCI3+L018) = CA(LC13sLCI4)+AFA(LCL1,LC2,LC2)

29 CetLCIIWLCI4) = CE(LCI3oLCLlUYAFGILCIeLC2sLCT)

30 CE(LCY3sLC1I4) = CE(LC12oLCIY)+ATE(LCLIsLC2LC3)

31 : CZLLC1I+LC14) = CZ(LCI3+LCLU)Y+AFZ(LC2oLC2sLC2Y

32 3ec4d CONTINUE '

27 3003 CONTINUE

34 GO T0 3CCS

25 3CCE CONTINUE

36 c PROCESD WITH *0DD- BALL' PLACEMENT
37 c READ NUMBER OF *0PD-BALLS® .

38 READ(S8,3C11Y LCS
39 3011 FORMAT( }

40 TFILCS 0. C 3 GO TO 3CC? _

41 c - THE OPD-2ALLS ARE PLACES Iy QUADTER $1ST LH TOF GUARTCTR;

42 c 2ND RH TOP GQUARTE®; 33D LH 80TTOM QUARTER; 4TH PH 30T™OM JUARTER

> .~

4y C READ A CAPD TELLING WHICH AT(AyGeE OR 2} ({ITNUM) TGO PTCK
45 c CLCEB);AND ROW(LCT) AND COLUMN NUMBER(LCR) WHERE IT IS
46 c’ TO START IN COMBINED ¥ATRIX?THE RO0W MUMRER WHTRE 7O START READING
47 c IN SUZ-MATRIX(LC11)AND THE COLUMN NUMEER WHERE TO START IN Syg-
43 c MaTPIX(LC12)

49 3C10 RrArtenJCCB)LCG:LCTtLCBvLC1 L C12

5C c TEST FOR LAST CARD :vUST BE Cs0:Cs0s3T0Q0 STOP PRor’sc
51 IF(LCE .E3. G ) EC ~C 30C7
52 3008 FORMATY )

52 e

54 39 3GC9 LC9 = 1.8

5 DO 3CC9 LCIC = 1ok ),
56 LC15 = (LCT-1+¢LC9)

€7 LC16 = (Lce-1+LC12)

58 LC17 = (LCI-1+LC11)

59 =

Lcis



eC . .

38
62

63

ch

65

56, -

67
68

APRT.S

"CA{LCIE+LC1E}

CSILC15+LC16)

- CE(LCISLC16)

3oce

3207

MENAT.SILO

CZILC15+LC10)

"CONTINUE
8N T0 371C

CONTTINUE
R=TURN
END

CACLCIEsLCLlEI+AFA(LCLTLCIBYLCH]D
CO{LCAS2LC1B) +AG(LCIT2LC18yLCEY) .
CE(LCLIE»LCLlEY+ATE(LC27,LL180LCEY .
CZ(LClSoLClS)fAFZ(LC17bLCIBoLCS)

65.




0Oam0o

SPY(EeEe2)=1,
SD4t6eIe3)=6,
ST4lEsle31=2-4,
SN4 (54593121,
FOURTH FACE
SO4(34294)26,
SPUl 3oy,
SD4(4, 344)=¢€,
SO4(4,.844)=-4,

. SDYt4,Ss4)=1,

SO4(5¢324)=E,
SO4(5, 448121,
SD4(EsS5e4)1.
SN4(6y T L1=6,

SPUCEs L 4) -4,

FIFTH FACE
SP4(343:5)27,
SOU(4s395)=5.

"SP4t Ge445)E-2,

SO41592¢5)=7a
SPy(Ey84512-4,
€D4(Es 39515,
SIXTH FACE
SCa(4y 39611,
SDO4(5:3e6)23,

SECONC CERPIVATIVE

FIRST FACE
§$02(2+292)=~1.
Sr2l2:3913=1,
802(S+2¢1)=-1.
SP2(5s3e1121,
SSCOND FACE
SN2 14202)=-2.
SP2(1: 34211,

-SD2(2¢242)1=-2.

SD2(2s3v2)=1.
SP2(2+232)1=-24
SD2(34y392)1=1.
Sn2(4492421=-2,
Sn2(4y 32,211,
Sn2(5¢2y92)=-2.
502(51312):1.
€n2f{er2s2)=-2,
Sn215+ 342121,
THIRPD FACCT
S02121+2¢3)2-2,
SC2(1+393121,

SN2(252¢3)3-24 -
. SP202s3:31=1,

SN213v243)=-2,
Sn2( 3939311,
SN2(Y449 2423122,

€D2(44393)=1,

SN2(5¢2¢21=-2,

SD2(5¢3e3)1.
SD2(642y3)=-20
SN2(6e393)=1.
FOURTH FACE

67.
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120
121

122

122

124 .

125
128

127

128
129
- 130

131

o132

123

134
1135

136

137

2138
139

140

B e R

141

142
143

1448

T14E

146 . |
1187 -

148

149

© 150
151

. 182

153

154

- 188

135'

. 1857
158
159
- 16¢C

162 .

152

167

164
165

166

‘17

1168 .

163

i17c

111

172

172

fa .

174 -

.- 378
176
177

‘178

173

300

(9]

Sn2M1s2s4)202.
S02€1e394)72.
S021292¢413-24

SD2(2+3s54)=1.

. SN2(34294812-24 .
S SP2(3e 304122,
SN2(4y2st)=-2, -
SO2( 49394321,

.SN2(592e412~2,

. SD2(5'3IQ,:16YAI

S Sn2(592e4)2-2,

€020593¢47=1, -

" FIFTH FACE

€En2(ie2s5)1 -2,

. 532(21295):'20
L S02€293:5)21,

SD2{292451=-2.

- SN204e2451=2-2..
. S02(4y3s51=1.

SN2(5¢2:5)1=-2.
SN2(5¢ 31521,

-SD2{ 62512, -

SO2(6y 315121,
SIXTH FACE.

CSN21{2+12080)=-1,

S22(5+246) -1,

_ FIRST DERIVATIVE

FTRST FACE
SO1(492+21=-14

. SD1C4e341121,
. S71(6e391)31.
 SECOND FACE

SDAl1+4352)21.
SSl(2e3e2)71,

" §211(3+392)31. .
"SP1(4:342)21,

SO1(Ss 322121,

© SPI169392)21..
“THIRD FACE -~

SP1(1:+3:2121,

. SN1124 343121,
€010393+3152. .
'S01144. 34321,

. SR1(Ee343y21, .
'5911603131210

FOURTH FACE.

S0L(1s3.4)=1.

Sni(2e394)zT,

SD1(3e3s4151e -
SD1t4e3e84121, .
37105+ 2 4)21,

SD1(6e394)21,
FIFTH FACE"
SN1(24345121,

- S"1(443,59=1. .
SPL(5¢345) 21,

$D1(5+2,5)=1.,
SIXTH FACE

6.




;e
301

3C2

3C3

A

- 5CS
3C6 .

3c7

" 3c8.
309

31C

T311
312
313

718

315

216

317
318

. 219
2c

321
222

" 323

-
.22

dS
-

22€

327

328

- 329, .

33C

331

?72

333

'."'”3

335

337

- -

352
. 353

2E4

35¢

36
. 287
- xc8
- 329

- 4oCe

OO es £

4807

4010

- 4C2C

4C18

. SD2CCIMSS,L)ZSCZ (MRS sLed)
SOICE(MSSILIZSDIIMRSILs )
CONTINUE

SOC7EIMSS )—SDIMRS-J)

- COMTINUE

COPY IN V VALUES
00 4C13 J=1s3 ,
MST=(1 Is4- 2)+(J71)tMSQl

-0 4013 K=1s5. '
SONCA(ME T+K )= SDQ(“SG.K:J)

CONTINUE

. 00 %020 L=1+3

SC2CE{MSTyLI=SD2(MSEsLed) .
SDICE(MST.L 2= SDl(MSSnLrJY
CONTINUE

S2CZEIMS N = SD("SG:J)

_ CONTINUE L
COPY IN W VALUES ~ - Lo

00 4C28 J=1l+3

ME1C0=((Iab- 1)*(J°1)*!§4)
00 8C28 K=1l95
S"QCA(MSIC-K) SSQ(MSS'KvJ)
CONTINUE

™ 403C L=193

. €02CEIMSICeL1=ST2(MS Il v

4C03C

4c28

4034 .

£

e :
u .
o

¢y
O W
La W

o

4C37

4C3e

“SDICEIMS1ClL)= SDl!"SS-LvJ)

CONTINUE .
SCCZE(MSICY= SD(MS°:J)
CONTINUE -

©COPY IN THETA VALUES -

00 4033 J=1+3
MS13= ((’tu)¥(J_1)tHSQ)

0N 4C34 K=1sS

SOUCAIMS 139K 1ZSO4(MS12 0K )
CONTINUE - .
DO 4035 L=1e3

'S’ZCC(HSIZ:L)‘S”c(M-;ZyLvJ)
. "SDICE(MS13sL)ISILIMSIZsLs V)

- CONTINUE : ' _ S
T SNCZEIMSiZ )-soxvs12,a)‘

CONTINUE

"CONTINUZ

ENC OF START7NG CCNDITIONS

“ENG conb:’:ons

"00 4C36 T=1,.31-

“TEST FOR LAST ENTRY

“TF (ME(T1.£Q.C) GO TD 4036

IF(ME(T).E0.1)- 6O TO . &037-
Ir(ME(T1.EQ.2) GO TO 4039

T IF(METIYLEQ.5) GO .TO 4044

IF(ME(TIEQ. 7]_60 J0 4046
MT1l4=21 .
Ms18=""

MS29zT

¥S26=3

60 TO 4048
S Me14=1"

MS18=% :

[P

e pasiak




L =l

L

B

Cg2e
421

422

423

424

. 425

426

827

q2¢

429 .

430
431

832

433

434

43<

- 432€

427

438"

§39

445

441

. 442

443
444 -
445

a4¢
447

848
449

458
452

.. 452

453

454
. 458§
" 456
457
458
459 .

4etC

Coye1

4e2
462

4ey
465.

456

- 487

468

3869

§7C
871

472
473
C o474
'S -8
- 47€

477
478
579

OO0 E OO
. .
(5] ’
)

000D e

457

4ces
1.1
4e 3¢

" 4rg9

3.

 SDUCA(MSZT4K)=SDH (MS 264K e ¥SZE)

CONTINUZ

DO 4068 L=1¢3 : i :
SD2NGIMS 2741122 SD’("SZS:!'MSZS)
SCICEtMS2TeL)=SOL(MS26sL :“528!

" CONTINUT

SPLZEIMSZT)= SD(WSZG:PSZBI
CONTINUZ
CONTINUE

END OF END CONDITIONS' ’ S
STRYCTURE MUST HAVE AT LEAST. 7 NC"ES {6 DIVISICNS) ALONu LENGTH.
. RZAD NODAL SPACINC #AND DIVID- ey SAUOQvSAt¢4.&2'¢A- ‘

READ(84 4569} SA

"FORMATL )

SA4=SAssg

"SA2=CAse2
L SAZZSAR2,

L DN 4670 IT1,M3KD

4y4c1

ROWS AND ”OLUqNS ARE RfDUC’D 1'O Z’RO IN THE ?KU

DO 4C71 J=145 . o
SD4CA( I+JI1= cD‘ICA("vJ)/SMi
CONTINUE

DD 4C72 K=143

SD2CGIIeKI=SL2C6(T2K)/SA2

"CONTINUE

DN 4C73 L=1s3
SDACEL oLz SDle(IrL)/(SA3)

. CONTINUE

CONTINUE i

MATRIY T0 ALLOH F"R )UPPORT C"NCITIOAS.

READ NUMBEQ OF RDHS TC 8 REEUCcD TO ZER0.
READ(8,44CC) MS31C .

‘FORMAT( 1
ROW NuyM32RS: 70 BE ZEROED ARE ENTERED 10 TO A CARD IN FRfE FORMAT.
FIRST INDICATE HOW MANY CARD; Te BE “EAD. (ZERCES TO BE USED

T6 FILL FIELD)
READ NUMBER'OF CARDS Y0 SE °EAO(VS#C1)

‘RTAT(3¢440C) %S401

NM=1
I~{NNJGT-MS4019 GO YO quoz
MS4C331CsNN-3

MS4B2=10 NN L
READ(Ss442T) (Mszsao;:1-1=M¢403.M5402)
NN=NN*1 - L ST :

© U gh. TO 4431

CONTINUE

VTO FACIL ITATE MATRIX VULTYICLICATIONeTHE SO4CA+SD2CGe&SDLCE

MATRPICES HAVE CILUMNS SHIFTED UT ON LeHe SIDE OF MAIN
DT AGONAL AND DOHN ON RH SIDE OF MAIN DIAuONAL.

4TH DcR*VATIVr'

MS 3522845y -

MS3E=1sMSy |
MSZI8IMSKD-KEZS _

00 4C74 I=1eMS38
MSI7=T+MS3S S ’
SDYCAL X o*) SDQCA(“SS?-I!

P

Mmoo

g s




soc

eEct
. BC2

€C3
EITE

ECE

606

CONTINUE

" D0 4323 (T1yMT310

MS3I24=MSZEROI¥)
SKUIMS324e27=1,
CONTIMUE .
RETURN

- ENT

(3POTsS MENATWWHEEL

76.



5063

(s Ne R Ne]

€308

scre

€011

SC1E

SKUTNW S, NW2T7)IZUHITJ)

SKUINWG ¢«NW2T1 W THETA(J]
CONTINUE

FAR END

NHT=MTKD-NW1l+1

B0 5003 Kz=Z1,NW1
NHNBNHT+K~-1

SKUItNW3s NW2T)= SKU(K.VHZT!
CoONTYINUE

CEXTRAL SECTION

DOUBLE END VALUES OF LOADING.
£ 5004 L=1sNWZ
wutL }=2.sWU(L)
WVYIL)=2,+4V (L)
WWELIZ2., WK (L)
HTHfTA(L)-‘.‘NTHETA(LJ
CONTINUE .
SUBSTITUTE INTO CEMTRAL SEC’ION oF SKU( s NW27)
NHS=(MSKD-2+NW1}/NW1

- D0 3005 MZ1sHNWS

STARTINC ADDPESS IN SKU( tNHZ’l

"NHIC=NW1+1

cQ SCCS N-1leNW2
NEISZNWLIC+{M-1)+4«NN2+(N-1) G
NUZENH15+1

NRIT=NW1S+2

NWIB=NK15+3

SKUINW1ISINW2T) ZWUIN)
SKUTNWIBeNW27)=WVIN)
SKUTNW1T7 o NW2T7) ZWWIN)
SKUINWI8sNWZ2TIZKTHETAIND
CONTINUEZ

CCHMTINUE

LIVFE LOACS

READ NUMETR OF NOPES HAVING LIVE LOACS.

READ(3,+5CC7) NW19

FORMAT( )

NE20 IS NODE NUMBTR,NW21 ¥S CoCSS-SECTION NUMBER: OTHERS ARE
CLEBAL LIVE LOADS. :

00 5011 I=1eNW19 :
Rfﬂn(BcSCDS)NN°C(;)aﬂuzl(I)-HLU(1!.HLV(I7-NLH(IIoNLTNE(I)
FARMAT( )

CONTINUE :

COPY INTO SHUL +NWw27)

I=z

NH’Z-(Q*NH°0(I) 3)+(vu21c11 ~1)*NH1

NN23I=NY 22+

NW2U=ME22e2

NMZS =NW22+3

SEUINW22,NH2T) Z5KY INH22+NH2T) +WLU(T)
SKUINW2ZINWZ7)=SKU(NN2ZI s NW27) +H LV (I)

SKUITNW2E ¢ MW2T) ZSKU (Nl 24 ¢ NW27 ) +WLW(T)
SKULINW2EsNW2T7)=SKU(MH25sNW2 T +H L THE(T)

T=Te2

IF€T«6T.NN2191 GO Y0 E=C1GC.

78.



12c
121 . 5010
122 . ¢

123
124
125
12¢
127 ,
128 5015
129

130

.Yt

3PRT3S MENAL.GRAFT

60 To SO1€

CONTINUT

. PUT LOADS AT SUPPORT T0 ZER®.

BN SO15 K=is%$31C
© NW2BIMSZERO(KY =~ -
SKUTNW28,NW27) =04

CONTINUE -
RETURN .

‘END
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81.

«ECHO

COMPILER(XM=3}

SUBROUTINE ECHO (EDVeJtil v o
COMMON/EXT/SU(BUL133) oSOUCA(SUC 95T sSC2CO(44Cs3)eSOCZELHEC Y,
«SDL1CE(4UT3) 9CAlLUY YY) sCOTYLU L 4) s CE(U U2ty ,

eCZ(U4y Gt} STCMAX (218G ) sSTEMAY(218CT sTAUXY(12C) s
.AVX(‘BU)vAMY(ISD):AMXY(LGD)

COMMON CX(TDlpDOY(SClvbﬁl(’C):"DXY(’C)-DH(3G),DB(3U)
COMMON. FA(B8+8¢30)9FG(SsBo30)»FE(3+8s30)sFZ (8283430,

COMMON AFR(Bs Br32) s AFG(Be@yZC) s AFE(B18rZCY s AFZ (Bs893C)
COMMON $24{695+6)12SD2(68326)+SD1{693,5)}+sSD(626)

COMMON CEXysDEYeDFPY DPY:DRGe ICNUMCLDX »DLDXY»DLOY

COMMON MHCeMSKD MSKBs¥S310yMSZER01253)

COMMON. NH27 ¢ JENOX s JERUM oM (21) 9y ME(31)

COMMON ANG(20)2SA

COMMON/22/ATR ANS -
DIMENSION JETRID(16)s JESTI1E) »JTHIDIL6)9JEENDILE)
DIMENSION EQV(JEL)D :

DOUSLE PRTCISION ATRANMS(B92,3C)

"CTMENSION EGCIS(E)+ELDISES)

DOUBLE PRECISION f“UX(S)-FDVY(Y).EDVX(37erUY(3)sCDZNX2(3)
COUBLE PRECISION TR2HY2(33+ECZHYY(3)

RTAD NUMZER OF TWO STRIP SU3- ST“UCTURLS JENUM.

RCAD(69s 75CC) JENUM

FORMATL 3 -

FOR EACH SUS-STRUCTURE READICNE STRIP NUMBER WITH SAME

ANGLE{JETRID); NUMBER IN SKU»ON FIRST CROSS-SECTIONsWHERE

FIRST NODE DISPLACEMENTS BEGIV (JESTISCONTINUE(JEMIDY:
AND END{JEEND) -

80 70C1 I=1leJENUH v
_REAC(8,700CC) JfTRID(I):JESTlI) JIMIB(TI) e JEEND(I)

CONTINUE

NUMBER OF CROSS- S’CTIONS IN STRUCTURE(JENOX)

Jr»ox Z+MSKD/MSKB

IF FICTICNUS NODES USEDsJENOX I€ REDUCED

SICUMS(1) .7 C.6) JENOXZTJEMDX-1

IF{ME(1).EQ.EY JENOXZJENGX-1

SPACE TO ALLOW IN NZw DISTLACIMONT VECTOR EDV I®
G*3sNUMBER OF SUE-STRUCTURESsNUMBER CF CROSS-SECTIONS
IN COMPLETE STRUCTURC(THIS TS CALCULATED AND PLACED
IN LIST IN MAIN PPOCRAM) JMUMEER IS JEl.

NUMBER OF CEGREES OF FREETOM PER CRCSS~SECTICMN IN NEW EIV
JE2TJE1/JENOX : o '
NUMBER OF DEGCREES OF FREEDO™ IN CROSS-SECTICN IN CLD SKU
JTSIMSK3/?

JAZC

TFIMS{1).EQ.5) JA 1

PERFORM TRANSFORMATIOM’ KEALCULATE LOCAL DISPLACEMENTS)

FOR NUMBER OF CROSS-SECYINNS IN STRUCTURE(JFNOX)
or T7CC2 J=leJENOX

FOR NUMBER OF TW0 STRIP SUB‘;TOUCTUR"S(JENUM)
O 7C03 K=leJENUM

LoAD GLOBAL DTISPLACZUSMTS INTO £GNIS

FTRST FOUP

N 7CCh4 L=1le¢4

Jr3sL

wegan A vy

JER—

Ay et e BAC



110 -

il
112

. 113

114

115
iie
117
1L

19

7CCy

7017
7011

7012
7CC2
1CC2

fa) Yy O

a9

JEGSUESTIKI+(J-1+JAY s JEC+E~1
EGDISIJIZIIZTKU (IELINW2T)
CONTINUE ’

LAST FOUR

DO 7CCS M=1eh

JSSzyeM
JEC'J'HI“(K)O(J—‘+JAI'JEQ9M 1

EGOIS(JZISI=SKUJIEG+NW2TY

CONTINUE
MULTIPLYZ ATQAN;tEGDIS
©N 7CGG N=1.8

D0 TCCH I=1.8
- JETSJETRIC(K)

ELDISINIZELD S(N)+ATRANS(N:IoJE?ltEGDIS!I)
COMTINUE '
COPY INTO EQV

.00 TC07 I221.8

JT8zlJ-1)*2JE24 (12¢K-11)4+TR2~1
EOVEJEBITELDISII2Y
CONTINUZ -

CLEAR ELCIS AND EGTDIS

00 70C8 J2=1,8

ELCTYS(U2)1=C,

ECDIS(J21=Ce

COMNTINUE

-LOAD LAST OF SET OF THE THPEE InrTo EGDIS

00 TCC2 K2=1ley

JEICSJZIEND(KI+ LU-1+JAI S JED+K2-1
ESDTS(K2)=SKU(JEITsNK27]
CONTINUZ

"MULTIPLY] ATRANSeEGDIS

00 761C L2=1s4

nM TC1C M221e4

JT112JZTRIDIKY

ELDTS(L°1-rLDI<(L°1+AraAur«Lz.r ¢+ JELL1IeEGDIS (M2}
CONTINUZ '

COPY INTI EDV

DD 7011 N2=1.4

JE12=(J=-1)3JE2+12%K~ 3+Nz—a

ECV(JEL12)ZELDIS(N2Y

CONTINUE

SLEAR] ELDIS AND EGDIS

DO 7032 I3z1.:8

ELDIS(IZ)=C.

ECDIS(IZI=C,

CONYTINUS

CANTTNUE

CONTINUZ ’ -

NUMBZP OF CROSS~SECTIONS EXCLUDING FIST AND LAST

© JE1e=JINex-?

STRESS TACKAGES REQUIRED EN CEN"PAL SECTION
JE17=JZ168JENUM

STRESS CALCULATIONS FOR FIARST C°0SS-SECTION

- DA 7013 I=1+JENUM : s
- TO GET TO STARTINCE OISPLACEvENY IN £CV

JESYDVIi243-11

LaHeNADE

82.




;.18 € CALCULATE EC2WX2(2)
. 181 © JC2722JESTOV4E
o182 S JEZTISUESTOVHE+UE?
w. 133 . UE2T4TJESTDV+G 424002
. -184. S . JE2TSTJESTCV+G+TeJE2
- 185 .- ED2WX2(2)12(2.#S0VIJE2T2)~ s.tEPV(ch73)+4.atDV(Jrz7u)
is6 - | e=le#TDVIJE2TS)1/(SA 82 4]
187 € - . CALCULATE :ED2UY2(2)
188 JEGTSJIESTOV+2
‘o183 © JE4BZUESTOV4E -
790 . JE48=JULSTIV+1C g '
191 . ED2WY2(2)Z{1.sEDV(JELT)- z.tCDV(JEQB)+1.0EDV(JEQS))/()S(J’ZB)ttZ)
192 . € . . CALCULATE ED2WXY(2)
193 S JESDTJESTOV+?
- 184 © JEB1SUESTDV+74JE2 -
188 o | JES2=JESSTOV4742+J72
. 196 . ED2WXY(2)1=(~3 .tECV(JE‘C)04.'E’V(JESI)—I.*EDV(JESZ)}/
137 . el 2e88A) :
o138 ¢ -
11389 - ¢ ReHs  NOJE
.2cc ¢ : , S
201 € . CALCULATE EDUXI3Z)
202 _ JEE4ZJESTCV+8 -
20T : _JEBSZUTS 44 gE2
204 . JESEIJCSH4JEZe2 - , o
265 . , EDUXLZ)=(~ 3.thVtJESQ)+u.tEDV(J’55)- s+EDV{UJESE)I I/ {2.+SA)
.2c6 ¢ CALCULATE EOVY(Z)}’ ‘ :
207 © . JESSTIJESTOVel
2c8 _ . JES8IJESTOV*S
. 208 " JES9=JESTCVsS ) '
‘216 CEOVY(3)=l1.eEDV(JEST)- Q.tEDV(J558143.tECV(JESS))/(2.*05(J€23))
211 € CALCULATE EBVX(3)
212 . - JEBTZJESTCV+ 9.
213 . JEB1ZJZECHJED
214 - JEG2=JESTOV#+3+2edc2 : e S
v 2180 . EDVX(Z)S(-3.eCDVIJEGI) +4 oo ECVIUFG1)-140EDVI(JEE2Y)7 (2. 9SA)
216 c CALCULATE ECUY(2]) : ) R
217 © JEEI=JECTOV
218 ~ JEBHZJESTLVe 4
219 JEBES=JSSTCOV+E
220 ‘ © EDUY(2) (1, e ECV(JEEIY-4 .o EDV (JEEG) +3. 'EDV(JES‘)1/(2.‘CB(JE23))
221 . C CALCULATE (£D2HX2(3)
222 L JT27E=JESTOV41C -
- 223 0 JE277=JESTOVHITHIT2
| 224 ‘ JE27ESJESTOV+10420 82
| 225" ' JEZT9TJESTOV+10+30 JEL 4 :
226 : oﬂux’(3)~(2.afavnazz7s) S.¢ECV(JE277) +4. +EDV(JE278)
‘221 e-1eeZCVIJEZTIII/(SAss2.] - E ~
1228 . C CALCULATE E22WY2(3)
[ 229 - - JEZS3IZJESTOV+3.
' 230 JT2542J2S7DV4T
b 221 : JE25E=JESTOV+11 ‘ S _
_Jl 232 S CED2UY2(3)3(1.# SDVIJERS3)=Uee ECVIJT254) +3. 4EDV {JE255 )
L2z "~ e/ LZELJIE23)42,) : T : o 4
-4 22 . ¢ CALCULATE ED2WXY (3)
— 22t ' JETI2zJESTOV411 T,
o236 JETTIZJESTOVS1143E
Lo 231 S JET4s JESTCV’11+20JEZ ' ‘
3 238 . . ED2WXY(3)=(~ 3.aE:V(J_72)0u.':DV(Jf73)‘l.thVlJE74))/

-'233 e(24058)

A e e o g 1 B e Ry RS s+ o iamprasy, A
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360 .
361 -
- 362

. -362
L
368 -

- 368
. Z67

289
BEREY 4
CL3n

372

31T

© 374

© 3718

376
2217

378
- 319

-.38¢

281 .
‘382

383

3384

.385

... 388 .
< 387

- 388
389

- 390

331
332

293

- 4-1

29¢

296
137
o298
.- 389
| 460°

4C1

402
402 .

404
8C*x

408
. 4C7.
- acs
4Cs.

410
921

412

413

414
y1€t
416

417
418

" 419

anNn

OO0

T

L JE122ZUECOVAL
JE12T=JECTV+E

<«

CALCULATE EC2Z2HX2(Z)
-JE124=JICDV+10-JE2
Jrzcs JECOv+ 1D

JE126=JECDV+1C+JE2

3 v En2WX2(3)=(1. ‘E“V(JEaZ“) Z.OEDV(JE125)01.tECV(JEIZOI)/(SA“Z)
- C - CALCULATE ED’HYZ(SJ . o .

JE253=JCECOV+ 3’
"JE260=JNCOVeT
JE261JECOVH 1L

- ED2WY2(3)= KI.O‘DV(JE’SS}-Q.'EDV(J’ZBJ)#3.‘E0V(JEZSl)f

./(“B(Jce”)tz )
CALCULATE EDZNXY(’)
- JEIICZJECDV+11-JE2:
JF131:JECDV+114J32

v

P ¢ X

CALCULATE STDESSE°

DO 7C17 ﬁ 1:3

‘..‘..

PP

EDcHXY(a):(°1 ‘EDV(JE'SC)#l."DV(JEISl!)/(Z.QSA)

JEL13IIZJENUMs 3+ (LS~ 1)‘JE”UM‘3+3‘(L 1)*"
SICNAX(JTIZZ)’DLDYtE“UX(Hl+CLQXYtEDVY(F)
SIGMAY(JELI3IZ)= OLD'Y‘EOUX(N)#DLDYO’DVY(M{'

TAUXY(JE133I’”G‘(EDVX(P!QVDUY(“))

. A“X(JE173)1‘(DCY(JEB’)'EDZHXZ(P)#“DI(J’BZ)‘EDZHYZ(N)l-
: AMY(JE133)--(DDI(JEBZ)tED’HXZ(M)*“OY(JfSZ)‘EDZHYZ(H)T,
AMXY{JEL33)= ODYV(JEBZ2)e2 .*‘C‘HXY(HI

717 CONTINUZ. |

‘2 .. " CLEAR DERIVATIVE VECTORS.

D0 7018 N=1.3
EQUXINy=3. "
ESVYINI=O.
:"vxtv.-...
EOUYIN)=C. ~
c:uxz(N):c.
"ED2WY2(N)I=Ca .
© EO2HXYINI=C,

©. 7018 .CONTINUZ .
7016 CANTINUE 1,i

7C22 'CON*INU'

c srnsss,vALcu_Ar'OVS FOR 'LAST CPReSS

o 30 7019 I=iedeEnuM 0 T e
c TP GEY TO STARTING ADCRESS :

JEEDYZJEL-JE2+14T012-11~1
LeH. uooe. T T

CALCULATE EDUX(l)
JE134=JEECV-240E2
JE1T5=JCIDV-JER
JEL26=JEEDV © ’

v

EOUY(l)'(‘.tE“V(Jf13Q)-Q.’fDV(J'13J)+3.tE?V(J’136))/(

CALCULATE ECVY(1) -
JE137=JEZDY+1
- JELZBzJEEDV+S

am

SICTION.

[P,

. eSA)

e

EDUYC31Z( 14nE0Y 151210 Q.‘EDV(JEIZZ)*3.-EDV(J’123))/\_.tDQ(JEQZ)
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APPENDIX F:

MENAI - USERS" MANUAL
The_progfam is liberally documented and the READ Statements are explained in
the varibus sub-routines. All data is entered in FREE. FORMAT, units being_com—

‘binations of Newtons and metres.

MATN PROGRAM: Calls the sub-routine in a specific sequence, and monitors all

the output. No data is read by this program,

Dimension parameters indicating the size of large matrices must be chahged to

suit each structure:

Seguence No, | Parameter

25 MHC
26 MSKD
27 , ~ MSKB
28 ‘ NW27
29 » JBE1
where:
MHC = Sigze of "Stiffness" matrix for 1 cross-sectlon (= Degrees of

~ freedom per section).
- MSKD = &Size of Diagonal in total Stiffness matrix ( = Degrees of
freedom in complete structure).
Half Band Width in Stiffness matrix (= 3 x MHC)

MSKB =

NW27 = Column in Stiffness matrix for placing the load vector. (= MSKB
+ 1),

JE1 = 3Size of displacement vector to accommodate transformed global

displacements. (= (Number of 2-strip sub-structures) x 12 X
(Number of cross-sections inVStructure)).
The common storage BLock "EXT" must'be'changed for each different structure as

indiceted:

COIVHVION/EXT/SKU(MSKD NW27) , SD4CA( MSKD, 5) , SD2CG( MSKD, 3) , SDOZE(MSKD),
. SD1CE(MSKD, 3) ,CA(MHC, MHC) CG(MHC,MHC) , CE( MHC ,MEC) ,
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.> .CZ(MHc,MHc),SIGMAX(JE1/4),SIGMAY(JE1/4),TAUXY(JE1/4),
.AMX(JE1/4) ,AMY(JE1/4) ,AMXY(JE1/4)

SUB-ROUTINE DEES: Formulates the elastic constants.

Sequence No. ' - Variables Read

16 | DEX,DEY,DPX,DPY

19 | IDNUM | |

23 ~ DH(I),DB(I) (I = 1,IDUM)

Mhere:

DEX° = Young's ModuLué in the X axis direction.
‘DEY = " ' n "oy " " .
DPX = Poisson's Ratio in the X axis direction.
DPY = " " L 4 " L
IDNUM = -Number of strips in structure (Max. = 30).
DH(I) = Strip thickness, | :
DB(I) = Strip widths.

SUB-ROUTINE FORMA: Formulates the basic strip stiffness matrices. No data is

read by this sub-program.

' SUB-ROUTINE ANGLE: CbmpiLes the transformation matrices for individual strips

and produces global stiffness matrices.

-Sequence No., Variable Read
27 T ANG(I) (I = 1,IDUM)
where:
ANG(I) = Strip angle to global co-ordinate directions. One strip angle

per card, entry sequence same as thickness and width cards.

SUB-ROUTINE CONTAC: Formulates the combined cross-section stiffness matrices.

‘l

Sequence No., " Variable Read
20 - LC3,Le4
38 : LcS -

49 LC6,LC7,1C8,LC11,1C12



" where:
IC3
Ic4
LCcS
LC6
LC7

Lcs
Lc11

LC12

N
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Strip number.

‘Row number where the L.H. top corner of the strip stiffness

matrices BeLong in the'combinéd-matrices.v Repeat for all'normal'

strips. Place 0,0 after last entry to stop process.

Number of strip stiffness matrices that require. 'split' placing.
(If split placing is not required, enter O and program auto-

maticaLLy'skips'this process).

'Strip*number.

Row number in combined matrices where strip stiffness sub-matrices
belong.

- Column number (ditto).

Row number in sub-matrices where the copy process sfarfs.

Column number in sub-matrices where copy process starts.,

" Repeat étep 49 four (4) times for every strip stiffness matrix that requires

Ysplit! placing. Information given first for L.H. top section (4 x 4), then

R.H. top section, then L.H. bottom section, and finally R.H. bottom section
(4 x 4). Place 0,0,0,0,0 after last entry to stop process.

SUB-ROUTINE SILO: Formulates the Finite Difference equations, multiplies them

with the combined cross-sectional stiffness matrices to give the upper half

of the banded stiffness matriz,

Seguenée No. . Variable Read

247 Ms(r) (I =1,16)

249 MS(I) (I =17,31)

254 ME(I) (I =1,16)

256 ME(I) (I =17,31) o

432 SA (Min No. nodes in longitudinal direction = 7)
453 MS 310 |

459 - MS 401

464 MSZERO(I)

where:
MS(I) _ = Single digit numbers indicating boundary conditions at stért

of structure. 1 = Fixed, 3 = Guided, 7 = Simply Supported.
(Zeroes to be used to fill field).

PR

T e e i

P P PP Y
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-




ME(I)
- SA
MS310

M5401

MSZERO(I)
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Ditto ... at end of structure. 

‘= ILongitudinal nodal spacing (metres).

Number of rows to be reduced to zero in stiffness and Load

Matrix (Columns are automatically done as well)

Number of cards to be read with ten row numbers per card.

(Zeroes are used to fill field).

Vector of numberszentered on MS401 cards (Max, = 250)

SUB-ROUTINE WHEEL: Formulates the load matrix.

‘Sequence No. ' Yarisble Read
46 wo(I), wv(I), wi(I), WTHETA(I) (I = 1, to number of
. nodes per cross-section) '
100 NW19 . ‘ - |
105 | NW10(I), Nw24(I), WLU(I), WLV(I), WLW(I), WLTHE(I)
(I =1, NW19)
where:
- Wu(I) = Cross-section dead lad in global X direction.
- wv(I) = Half cross-section dead load (N/m) in global Y direction.
wW(I) = Half cross-section dead load (N/m) in global Z direction.
WPHETA(I) = Half cross-section twisting dead load about X axis (Nm/m).

One card is read for every nodal point on cross-section.

NW19

- NW20
NW21
WLU(I)
WLV(I)
WLW(I)

WLTHE(I)

. Number of nodes having global live loads. (Max. number = 50)'

If no live lads - use dummy.

Node number for load. -

Cross~section number for load.

Global live load in X direction (N).
ey v (/).
nw wm g (w/a).

Global twisting live load about X axis (Nm/m).

One card read for each node having global live loads.
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SUB~ROQUTINE GRAFT: Solves the linear algebraic equations to give gLobaL dis-

. placements., No data is read by this sub-program.

SUB%ROUTINE.ECHO: Solves stresses in local axes co-ordinates. The structure

is now thought of as a combination of two-strip sub-structures to facilitate the

application of the Finite Difference operator patterns. Sections may have an
odd number of strips; this merely leads to a duplication of stress and moment
calculations for a particular node or the cross-section. Strips belonging to

the.sameASub—struéturé must have the same thickness and width. -

Sequence No. - : , * Variable Read
23 JENUM - _
30 T . JETRID(I), JEST(I), JEMID(I), JEEND(I) (I =1, JENUM)
where: .
JENUM = Number of two-strip sub-structures. _
JETRID(I) - = Strip number for transformation of displacements into

local axis directions,

JEST(I) = Row number in SKU( ,NW27) matriz, on first cross-section,
. where first node displacements begin. .
JEMID(I) = Row number in SKU( ,NW27) matrix, on first cross-section,
" where second node displacements begin. '
JEEND(I) = Row number in SKU( ,NW27) matrix, on first cross-section.

~ where third node displacements begin.

" SIGN CONVENTION FOR OUTPUT
STRESSES: (In local co-ordinate directions)

SIGMA - X: Positive indicates tensile stress. (N/mz) :
SIGMA - Y: Positive indicates tensile stress.'(N/mZ)
TAU - XY : Positive as indicated.

M -X : Positive induces sagging of strip.
M-X ¢ Positive induces sagging of strip.
: Positive as indicated (= - (M - YX).

M- XY

i
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