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Abstract

- L 4 5

\‘;’ Finite element procedures based on Mindlin's theory
are computationally advantageous and also have the capability
of accounting for transverse shear deformation in plates.

Ccmplementary to Mindlxn 8 theory\is Timoshenko's theory that

accounts for transverse shsar defcrmation in beams. In f.he

present work,lbcth of these shear distortion t‘heor‘lﬂs have
been applied to the "finite element “analysis of stlffened
~plates. subjected -to lateral loading. Discrete plate-beam 5
Eormulations, termed FEM(MI)'and FEM(M2), have been set up t/
illustrating two ma jor approaches in the £in, ; element

analyuis of stiffened plate s\-.ructutes A tlutd orthotropic

formulatuon, named’ ORTHO, has been presented based” on the

pia tand—ts—appti to—the case—of

closely spaced torsionally soft stiffeners: The performance
of the discrete plate-beam formulations, especially offthe -
second viz. FEM(M2), has been, found tofbe quite satisfactory

fﬂsed on a comparison wit‘h a number of .the available results.

Fur the first time an attempt ‘has been made t estimate

theoretically the errors that are likely to esult frum the

use of an orthot}opic forlnulation. ‘This ‘hdas been

* accomplished by compax.‘iso!n betwee_n ORTHO -a_nd FEM(M2) in. the

: form of a parametric study. Atd?(tional’ly. the ‘ggtﬁotrogic

x formulation has been )e.xtended to include geol!ettk. a\;'y
y e
v




non-linear behaviour. It is te_cognised that under less
: ¢ ‘
. demanding ‘conditions this latter formulatidn may be
preferable for the reasons of cconomy of CPU time' and

aimpu/:iéy of input data.
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CHAPTER 1

INTRODUCTION

1.1 Stiffened Plate Structures o

A stiffened plate, like a stiffened or an =~ *

“unstiffened shell, is-a structurally efficient form. Ever

since man réalised the advantages of stiffened plate
structures in ‘terms of strength,” weight and aesthetics,:their
. \

applications have grown and made them struci:ures of paramount

. importance. Today, stiffened plates (see Figs. 1(a) and

l(b)) comprise whol].y or; partially such- vital structures as

stiffened bridge decks and box girders, ribbed floor and roof

-slabs, hulls and decks of ships, and, aircraft bodies and

marine structures. A fairly detailed account of the

evolution of such structures can be found in Troitsky [L2]%.
. oA -

1.2 Methods of Analysis o “r
?tnblemu involving stiffene.d plates have been
investigated principally in the following behavioural
domains: (i) bending due to transverse loading, Stii)
stubility undgr cumprassi.ve and combined loadings, and (iii)
free and forced vibrations. An extensive list of references
pertaining to all these cases is given in Chang [6].
tA number within squz;re brackets indicates a reference

+ number . .




The analysis of plates of arbitrary shapes under’
arbitrary loading and boundary conditions was by itself a
formidable problem until the advent of aigital computers in
the early fifti@s. The prol;lem -of eccentrically stiffened
plates, by far the mo-k. ‘common of ;.helr kind, far exceeds the
problem of unstiffened’'plates in the da‘gre.e of complexity land
inherent redunmdancy. This is principauy 80 because of the

P of i in addition to bending stresses .

as well as the ducreta natuvre cf n.itfenau. leferen_t
ideauzat_i.ona §o the problelm were made and were restrictive
in t_he‘tr uppl%.catinns. T’he approaches f.hai ‘have been lr‘ax_nl.y
followed until the devel?pmant of the powerful finite element
method in the last two decades are summarized below:

A method ,of equivalent grillage was followed by
many investigators and consisted in replacing the pla_ta ”u‘ld
beam structure by an equivalent gridwork of beams. An
effective breadth of plating was 1ncluded as the flanga of a
typical beam. Occasionally this method gave good1 results for
deflections and stiffener stresses, but‘were hanuy of any
consequence when pl{te stresses were of interest. Horeovqr, >
considerable engi.neexing judgement was requ).red ko dacide L

upon the effective ‘widths of stiffener-flanges.

Methods based on the orthotropic plate theory were '
perhaps among the most exténsivuy used for solution of L

composite plates. According to this apgoach the stiffened




plate system was substituted by an equivalent orthotropic

‘p.late of same thickness as the original plating and having an

!enhanced 'smeared stiffness'. The major problems facing this

approach were the inclusion of torsional ,'qudity of

N . !
stiffeners and separation of the heam stresses from the plate

stresses in the final results. Also, the approach was

inapplicable for sparse stiffeners and inaccurate for the

case of concentrated loadings.

-From the early ninteen-sixties, with the uahen.nq

ih more ¥ 5
2 s

requiring uclucions of large unear matrix aquationa hegan to

o! digital computing

be developed. A method o% this, cacegory can be temed as r_ho
discute stiffener approach. According to this approach the
displacements of the plate elements and t,hole—of the one-way
stiffeners were expresséd as Fourier series solutions in the
direction of stiffeners, satisfying simply supported edge
conditions. éy substi€ution of these zquantitigu and the
individual plate and beam stresses obtained from them into -
the continuity and equilibrium conditions ‘at the juncdons o
between plates and stiffeners, a set of linear algebrah:
equations could be derived. Thg resultant system was then i
solved with the aid of electronic computing machines. An

excellent investigation of this kind wag presented in Smith

‘[2]. However, this approach, other than being' tedious, is -

plagued by its lack of generality. A‘x‘ound this time, some.
.




nalysts also worked with the ﬂavel’.opmenrzrof discrete element
ar;a"ﬁmped paramef.‘er models. For example, models for plates .
were suggested consisting of rigid bars and springs.
~ More recenély, Cham; [6] succeeded ‘in deriving

;\A;;iffetential _equ\ationa describing a plata-beam syskem
agplying_ energy .principles and using dirac delta fur‘;:tions
and. methods of operational ‘mathematics. #blutions to:certain
loading and boundary’ qond‘itiona. and config\;rations for
toraionally soft stxffen@ra were obtained. Once again.\
despxte being an elegant analytical technique &nd providing a

check to numerical methods and experiments, this approach i

. ~ . N
not suitable for general loadings, boundary conditions and \//

geometric shapes.

: " For more information on the above methods, the
feader is referred to [6,13].
1.3 The Finite Element Method and its Relevahce

i The finite element method can be u.ngled out as the

‘mcst powerful tool available to date ﬁor the prediction of
\t]-k complex behavxour of stiffened plates.
: . .

method, the analyst has at his/her dispopal the choice of

;apply}ing (a) concentrated or distributed loads or their

|combinations at various loading positions, (b) any
;comhin_at_iun of idealised support conditions, and (c) the most

|
practicable modelling of arbitrary geometric shapes.

Jed

In this versatile




= B
Furthermpre, finite element r.echniques have made possible .

analysis of the stiffened plate problem in the non-linear i
range. This latter aspect is eépecially important for an
efficient design = in predicting collapse loads and tracing

the load-deformation history under geometric and materially

3
- non-linear conditions. “

1.4 Previous Work ¥ SR

: " ‘Literature on the f:mu:e element analysis of

st;ffened plar.es started appearlng since the Jlate mneteen-

sixties and early ninteen-seventies [24, 13, M4, 15; 16, 17]

and by now q\ute an extensive amount of work has been done on

the three behavioural problems mentioned in the beginning of.
S'ec. 1.2, Beﬁnus’e the present work !}s only concerned with '
— e behiaviour of ‘such plates under c;ansv)érie loading, some of
the work pertinent to this ce;tegory arg cited.
At this point ir, is LnAtructive to direct the
discussicn on- -finite’ element models of eccentrically

stiffened plates undey the Eollwing‘ three approaches: ¥

(1) A commonly used approach is the utilisation of .
miltipoint constraints, that i) the so-called rigid
Links, [18, 19,°201. The nodes of the stiffener
2 0 : element, n\odelled as a beam, are ide to undezgq L
— preucribed displucements cortesponding to the

didplacements of the relevant plate nodes via these




(i1)

links. Most of the current finite element codes are
based on this approach. Some of the earliest works in
this-ares are i EoMcBean [14], Wegmuller [13],
Lindberg [16] and Lindberg and Olson [151. -

In'a hat similar 1 ts can be

generated by ‘intéfnally constraining the dégrees of .

N
free?m/of isnparametric beam elements to the \
|

displacement ﬂeld‘ of an isoparametric plate element.
An apprcach of this kind for general applications was
introduced by Mukhopadhyay [7] for the case of plane
stress elements and later extended t6 the case of
bending by Mukhopadhyay ‘and Satsangi [8].

Rossow and Ibrahimkhail [1] approached the problem of

stiffened plates in a different:way from a mathematical

viewpoint (although rot structurally) and termed their

method as the constraint method [19, 21, 22] of
stiffened plate analysis. This method permits the use
of conforming elements sed on complete polynomials of
arbitrary g:der. The -problem of stiffengd plati
analysis is then vreduced to a quadratic programming

problem with linear equality constraints. O'Leary and

,Harari [23] attempted to generalise this f.echniq}.'le oy

introducing isoparametric coordinates.




“CHAPTER 2

J' SCOPE AND OBJECTIVE

2.1 Rationale for Adopting Mindlin's Theo:

- The. application of Mindlin's theory [25] that

accounts, fof transverse shear deformation to. the finite
element analysis of plates is a recent deve!.apment [26 27,

! 28, 29, 30, 31, 32]. 1In contrast to a large number of.

/ 4 ing and ing' elements based on classical
P - - .

“thin plate theory that frequeittly needed six degrees of
L ; ; X

.  per node ( se displ curvatures and

twist) [33] or more, elements ‘have been developed based on

Mindlin s theory bhat need only three degrees of freedom per .

node (transverse/ displacement and rotations of the normal to-

plate midsurface). The interpolation polxnomial.s of t:'hese

latter elements are easily s in i ric form.

As a eonéequence, hie: slalts element procedibes: tased b this

approach tum out to be strikingly advan:ageouq ‘ i

computatinnally. Fur}hern\cre, on account of the,, inclasion of

-tranavutae shear deformation, the range of applicability of F .
Yow 1 ‘Mindlin elemeqts is i\ncr‘eaged considerably, extending to the

domain of thicl; plates and shells and sandwiched

.A constructions. In the initial stages of their development,

however, Mindlin »elem,ents'h‘ad questionable performance
< ; s




'
SR

- - !
because of presence of spurious shear modes and”hence

' locking in shear' in the thin plate range. The tangle was
overcome through a penalty function approach: here, a
'preacnpuﬁn of -execuve and reduced mugnnon rules in
the Gansa&gﬁ‘/ intcgration leading to the genezauon of element
stiffness matrices. As popular an lundun s apptoach is nw.
it is likely to remain so for a 1cng time to come.

Until today, to the author'a knowledge, only one

investigation of stiffened plates based on Mindlin's theory ~

has been ‘rqgortad [8] falling under the category (ii) o
desgribed in Section 1,4

In the present Eormulations," K
benefits have been derived from _it’s carlier work and models
have been set up (see Sections 2.3 and 2.4) for The first two?
categories outlined in Section 1.4. Linearly elastic

constitutive relations have been assumed for both cases.

‘- Additionally, an orthotropic element has been presented (see

Section 2.5) and the formulation in this case is extended to
include geometrically none linear behaviour.
2.2 Assumptions

The main assumptions involved in. the present

analyses are stated below:
- . > .
(a) consistent with Mipdlin's theory, transvane shear ; \
distortion is taken into accaunt and is the same for the

plate and the stif.feneta at the relgvant sections. -




. . o, 3 ¥
, \ ’

- -
(b) Consistent with Kirchoff's classical thin ‘plate—theory,

stresses nbrp(l to ‘the plate midsurface are neglected;

alsg, plane transverse sections are assumed to remain

plane after’ vending.

(c¢) A typical stiffener section is assumed ta be symmetric

r
about o vertical plane bisecting the web; consequently,

under a varth:nl loading, the stiffeners deflect’ sl\

- [veru.cuuy. o g P : "

. (4) . The in-plané. b-ncu.ng ana ahearinq Of stiffeners is ity

iy £ ﬁeq‘!ectad. . “, .

(e) :Deformations.are assumed "to be .mu:. psmnnnq a linear

# e].alti_c analysis. \ = o

2.3 Formulation FEM(M1). . &

e In this formalation, termed Finite Element Method
" (Mindlin's 1) and abbreviated FEM(M1), the concept of
"8 c;mneétlnq‘pht_e and stiffenér nodes vith xlqi.d'unks has
i bedhi utilized. The stiffeners, modelled as discrete

Timoshenko beam elements, are "placed along the plate nodal

‘lines.’ The 8-node isoparametric uadratic bending element

[27, 32], the most popul.;g of Mindlin elements, has been e
. . N 4
3 adopted.. The formulation has been described in Chapter 3.. | .~
— e —— s . -
» \‘




2.4 Fumulation PBM(MZ) o e

In this formulatkon, termed Finite E lement

(Mxndun s 2) and abbreviated as above, the Lsoparamer_ric

plate bending element used in FEM(MI) has béen modified to

include the effect of stiffeners by internally const

the stiffener displacement field to the .displacement field of

the plate element. Orthogonal stiffeners have been

.
consldered and may be placed anywhere within a plate

N -

The descn.ption of E’EM(MZ) is the abject of Chapter 4.
2 ‘e :

2.5 Formulat.

&n orthotropic ;omulation, abbreviated as

has been presented in Chapter 5. According to this

formylation, valid under r

trictive conditions, an
' eccentrically stiffened plate sjsten is replaced by
eq! ivalent uniformly thick orthotropic Pplate of smea
stilffness. To this end the constitutive retof 1on fo
.. is&fropic” bending element used in FEM(M1) is modifie
\ represent equivalent orthot ropic !;ehavi.o‘ur. O rthotr
slataimisesy Inrthe prenises of lassical thin plat
propositions, has been 'a wittely applied analytical aj
for the solution of .the stiffened plate problem, It
therefc;re deemed as necessary to make r.he. présent fo

taking into account transverse shear distortion, and

raining

- element,.

ORTHO 8 Lo

an
red

r the
d. to

opic thin

e

pproach

rmulation




[

evaluate ftsyrange of validity and limitations through a

para&etric study. . ’ [

hal . b -

5.6 Ccmguter Software
special purpose software.” has been developed in

FORTRAN language to :melement the : ﬁ.nxte element procedures.

The formulations FEM(M1) and FEM(M2)- are contained in the

linear Stiffened Plate Ar:alysis‘ Program, .SPAP. Any of these

fomuuuons may be activa:ed by specifying an option

paramater in seap. The m:n-linemr orthotropic formulation

- has been implemented via the program NLORTHO.. In these’

_prdgranms,. the elements of, the system stiffness matrix-are "

stored in a 'cqe-dimehsicna'l ‘urxja.y‘an'd solution by Gaussian

elimination is ﬁ‘erformed in the 'ubabiiity o[f an in-core

solver. No apeciéi ,tencion was given .to use the most

efficxent numérigal algcrithms because the aim cf the present‘

research has been primaz’lly to test- q\e‘effectivenesa of the

finite element, models presented.. ‘ ; 4 o
« "' The liktings'of SPAP'and NLORTHO are “included in

the Appendices. . -




. * The sign conventions are ‘such ‘that }aagglng moments

-CHAPTER 3

' FORMULATIQN FEM(M1)

3.1 (Compatible Plate and Beam Elemem;
The st}ned ‘plate, in the present mcdel, can Be

concsivad as an assembly of Mmdlin plate and 'rimcahen‘ko beam

The quadracic i.soparametric bend:mg element [27.

323 her with the col ding ‘beam elements are shown
in Figs. z(a), 2(b) and 2(c). The su,ffe\ner elemsnts are
placed along r.he edges of plate elements wherever necessary.

The variations' of the jlate shapé functions Ny along the

plate edges: (§'= £1, n.= £1) are identical to the variations

of the stiffener shape functions NEi and N it Hence. the

stiffeners are compa-uble and the convergence of the aystem

is quaranteed, :
@ - - 3 1

3.2" . Sign Conventions

'r_'lxx .and MYY ;ate positive; Myx and NYX are posit.:iveAas shoyn
in Figs.3 (M, x = My Nyx = '“xy” and tensile N, and N
are positxve. The poﬂ.txve directions of the generalized !

displa:ements, henceforth termed only displacements, are 'also

shown An Fig. 3: o e oa




freedom:

3.3 strain-displacement and Stress-strain Relations
The dxsplacement fxeld o for the plate elément

consists of five degrees "of freedon:

u
v 8 B N
=Jw = I N, L8 . {3. 1)
o ] i=1 * pi
i .
. ° .
v .
where, * .
u, v = displ ively in the 'x- and y-
. N
directions; 4
w transverse displacement in the z-direction;
0,00, % rotations of a narmal to the plate midsurface about
directions parallel to the y- and x-axXes
) respectively;
L is a5 x5 identity matrix: . -~
L os = N .
and vector 3, of nodal displacements is given as -
u 4
v . .
. % =Jw |, at the ith noder ' ' - (3.1a)
pi ° . . “
* .
. o [i. . '
i .

The displacement fields $;, and gy fOr the x- and y-

directional- stiffeners each consists of four degrees cf



For a typical x-stiffener, *

uSX
_ Yok 3
= L P R T L3, (3.2)
XsX '
)
ysx .
. oIk .
For a typical y-stiffener, '
. sy 2 !
i sy 3 5
’syu‘u YL = 1:1 N L Iuyi f (3.3)
5 xsy . )
: 3
ysy
\ where I.in relations (3.2) and (3.3) is a 4x4 identity

matrix, and the nodal displacement vectors Bgxi and -"syi are,

as follows:
~ u ’ C

N g B
¢ (35 =4 *F L., at the ith node: (3.2a)

3. =15 L at the ith node: (3,3a)

] i
ysy .
The genetélized strain;displacement relation foﬁ the plate

element is" « S L.




% . )
= plate strain-displacement matrix

o

iy
Pix

o

© o o o

©

= overall nodal displacement vector for a plate elemen

0
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Note that a comma following a aubsctl?t rindicates a spatial

differentiation with respect to the subsequent variable. .
Also, a ipt T & s
. The generalized stress-strain relationship for the

plate element now follows [29]:

e =R = By By (using (3.4)) (3:5)

o = l“xx N‘w Niy Myx Myy Mxy sz‘ oyz) (3.5a)
. and the non-zero elements (Drp)'ij of the 88 symmetric

constitutive matrix are as follows:
i Bt 5.1y, = (0Tt
(Dp)u = 1—_? = (Dp)zz‘ (Dp‘),_2 = V(DP)n (Dp)u.

- —EE ; ‘.
()33 = ot: (Dp).“ ST (DP,SS. )45

< V(np)“= (09)54:

; 1-v : ot
(D )ge = 7= (Pplgq? (Pplyy = T3 = (Oplgg:

i antities E, t, v and G have the following
meanings: a8 X i .

E = Young's modulus for the plate material;

t = Plate }.;\icknésn;

v

Poissun's ratio for K the plate material; and,

G = Shaar'm,:_:dums = i‘(l_f-‘T)‘)
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It may be noted that 'a divisor 1.2 appears in the
expression for (DP)77 to account for the non-uniform shear
7 stress distribution across a transverse section. L

R
The generalised stress-strain relations for x- {nd

y-stiffeners follow simiYarly: . .
'(3.6)
‘ (3.7)
3 where, =
- .
= B Mans Tar O s
=T _- B ' _
E fsx [“sx.x Oxax,x eysx,x (Orex wsx,x” (3:60)
. 84y = vector of overall nodal displacements of an
x—stiéfener
eSS
N&i,X' [} 0 o
o 8 3|lo 0. N, o
— @ - St L THe . 3.60)
. i=1| o 4] 0 Nsi,x
" 9 Neg,x Ved °
B i M B Bausd (3.7a)
sy syy 'syy sy ~syz o
-T
= -0 o o, - .7b) .
oy = Way,y = Oyay.y Oxay,y (Oysy” Yay.y) ! (3:70)
ssy z vector of overall nodal displacements of a~ /-
- ki © y-stiffener 2]
gy & ‘ 4
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N ’ 4
S I o 0 )
; 3o o 0 i
Boy "3l o o N o ~ .79
. a SRy ’ . ?
o |o Ny O -~y |

d - * Jiiis #i "ax4
and the ngn-zero .values (sz)u and (Dsy)xJ of the 4x

,constitutive matrices Rax ‘and D«sy are as fou&ws: .

Padu 7 Eoxlax (Dgxl2z = Egulox’ (Pgxlan
" ) ;
- Soxax.
.= 8axd e’ (sz 44 = a5 7

(Ogy)ir = BgyPey’ - (Poy zz = Egley’ Peylaa !

s ' o oA
28 T aye? Dgylys = — 157
where,
F‘s;’ E__ .% Young's moduli for x- and y-stiffeners 3
Aggr Asy Z(Cross-sectional arez;s of x- and y-stiffeners o
- ¢ . ’ RN
. Iéx' Isy £ Centroidal moments of inertia of x- and y-
» stiffeners P
i
Gsx' Gs’y Shear moduli of x- and y-stiffeners i -
. ‘Jsxe’ J y = Equivalent polar moments of ‘inertia of x- and
—_— y-stiffeners. g .
\ . 3 o
\ LI It may be noted that a divisor 1.5 appears in F
\ . (sz 44 2nd (Dy )44 to account for the warping of stiffener
cross-sections, 5 G
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3.4 Global Equilibrium Equations

Assuming that loads ,are applied over the plate surface
agd nodes;" a global system of linear simultdneous equations
can be derived using the virtual work principle (which is an

alternative statement of the minimum potential energy

theorem):

NP . NSX - NSY .
f o - -
3 e / (A [ 9,0y, dx v I [ gy Ty O
¥ . : s N
NP NP
—=:}a;';§a;\+ :z'&';ﬁ, T (3TE)

where,
in\. NSX, NSY = Total number of plate, x— stiffener and y- - -
- stiffener elements respectively ‘

o
o
. i g'=44q,r = Vector of distributed transverse loading
= .
0 . .
~.F = Vector of 11y applied nodal loads at

- an element levél.‘
P Ih equation (3.8), '3' represents first variation
* and 'I' represents summation over. elements. Also, it is
_' understood that the integrals are area or line integrals

according as t;he case may be.




The following relations define the multipoint rigid
linkages by means of which the slave stiffener degregs of
freedom are eliminated in favour of the master plate nodal

degrees of freedom from equation (3.8):

7 1 0 -e 0 u
300 1 0" 0 )
5..= ¢ p Wi = 3 (3.9)
. X j=1|0 70 1 0 o Tax pxT
0 0 0 1 o | i ¢
v . Y .
= h i o o -e v
Y
3 - f: 0 1 0 0 Aw '_5 ‘ .
Lo g o, to 1 0 o, [~ Toy ‘pyr (3.10)
0 ) o 1 ol - ‘
yji .
' In relations (3.9) and (3.10), § are

K
pxT and pyT
the 12x1 vectors of reduced .plat:e nodal degrees of freedom
corresponding to x- and y-stiffeners respectively. - !

Y

Proper substitutions in equation (3.8) now yield

NP 5 . o
L ? 9
A

NSX E .
=T T T ‘ 3
- LI aspx’l‘ (.T'sx Box Rsx E.‘sxtsx? pr'!' ax

NSY . g d 5 _
. + B[ B (Tgy Rey Rey ey Tsy! oy ¥ < .
;o M ey s Nl s - ok
DR | aspgpqdn-—# T ppp (3.11),
¢ . A
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The following element stiffness matrices are .

defined: -

A (e
Pl 5
ate stiffness matrix, K a R, By A (3.12)

St1ffness matrix for an x-stiffener,

) T gle)

Kig' = Fifociox Rax Rax Box ™ (3.13),

o / Stiffness matrix for a y-stiffener, -
- o -3 i
.

gle) - ay (3.14)

L I S
Key =/ Toy Boy Ray Bey Tay
v The superscript (e) .indicates that the above’
matrices are de'finea at the element level. Substitution of

equations (3.12), (3.13) and (3.14) in equation (3.11)

. yields: . . ‘ \ '

NP NSX . NSY
22T « (e) T (e) 1‘ (e) 3
z axp_gp‘ IP + ﬂ,PXT Kox - 3 + I xg v Spyr
- oNp NP
e s _ - T - T = s
.t_ asp‘ j‘u qad + I alp 2 .- (3.15)

Equation (3.15) ip now rewritten by augmenting all
the matrices and vectors therein to the ‘glepal size, with a

notation (g) in subscript or superscript indicating

‘global': .
(9 5 ", . (3) oy : 4 33T (9) 5
'“p(g) l’(~).: §p(9) # “p(g) Kex m) H “p(g) Kmsy- Sp(g)

= o = .
.= asp(g) e (q) + asp(d) p‘(g») } s (3.16)




& s 22
where, . '
= ~ [ -
global consistent load vector, c;c,_i 3= 3 / u_p q a
% . \ (3.16a)
Equation (3.16) is finally reduced to .
K3y = R ©eam
where, '
- (9 -(g) (g) . 5
=g 3 R D R . (3.17a)
R =d5(q) * P(g) ’ . . av A1,

3.5 Numerical Integration and Stress Extrapolation ) .

-

The element stiffness matrices in equations (3.12),
(3.13) and (#14) are computed by numerical ln.t'.ggraticn in
natural coordinates., ‘Jl'\ia involves t.rangff:ming the
differential "areas and lengths in global cartesian
coordinates to those in the element coordinates via the
relevant Jacobian @trtcea. < o

For the plate bending element.‘ the mapping from X,

y-coordinates to €, n-coordégates is defined as:

x 8 [n, o x J - s
- Dfr (3.18)
y i=10 LIRS s 2

and ‘the corresponding Jacobian of transformation is




e

ey = * (3.19)
. ooty i ==
e an an
- §
; 8 W 8 a,
ax Y ay _ 5
O RIS A
. oy 8 JNi
g & e L: - ¥y (x50 yy) £=1 t0 8} being the
i - element nodal cdufdinates. . ) =
o 3
: x = x (3.20) g
oy Fe'™
'; and the Jacobian of transformation is .
- By P . .+
Ie =3¢ (.21 )‘
2 3

: where 3X = 5 —5—— X0 x; (i=1 to3) being the global
. x-stiffener nodal coordinates. " i /‘-_' 4
' R . The Jacobian Jy pertaining to a y--tiffener touau- X 5%
shn!.larly by replacing x and & in relations (3.21) and (3. 22)
= by y and n ranpectiveli. Note that inverses of the aacobian-

T g,xy, J, and Jy. are requirédh in the computau‘,on of cartesian‘

: . derivatives of the shape functions. S
. . . W3
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The element stiffness matrices in relations'(3.12)-
(3.14) can now be rewritten as: . \
3 /
(e) _ ko & ' .
Ky f/gp RpBp A = [ BD B, |9, [ dedn (3.22)

kS e
J Tox Bax Rox Box Rax 9 =

v Ksx = .
. f.?':x E:X_st Bax Tox Ix dE‘ (3.23)
"5:;‘) =i 'i:v g':y Ray Bay isy dy = B ) :
= j EEY 5:;1 Pay Bsy Loy "y A"' - 43:24)

The .integrations on the extreme right hand sides of
‘the above - relatxons are berformed Jusing.a reduced 2= poxn:
Gaussian quadrature rule. '!‘hle elemer\E stiffness mtrices»arq
then assembled somewhat in ‘the' style of Sap IV [34],
incorparating #he seomstric) Bowndary conditions in s’
p’mceés. and the resulting mafrix eguation of the type in
equation (3 15) is solved by Gaussian' elxmxna—ucn. If
distributed Loads are present, the conaistent. nodal, load

vector is eva;uat_ed using an exact 2x2,Gaussian quadrature

rule. Finally, theé correct values of the stresses/stress

-resultants are computed at the Gaussian integration points
used in ‘element stiffness matrix generations and bilinearly/

linearly extrapolated to the element nodes [28, 35].

& . LA




. CHAPTER 4. g

Formulation FEM' (M2) . .

4.1 Description of ‘the Elenent
In the formulatx,on pre ented here, the

igoparametric plate benging elem nt described’'in Chapter 3 is

transfomed into a stiffened plate bending element eapuble Of

ing internal ortlogonal -stiffeners; (see ng- 4)

This is achieved by constraining the displacement field of a

typical stiffener element. to that of the plate element to -

which it %s attached [8]. A typical stiffener element may be
imagined toshave 'pseudo. nodes' at its ends whose
displacéments are expressibie.in terms of the displacements
of the eighr. nodes of the relevant'plate elément.: Thus the
effect of a stiffener element within a plate element is in

general felt at all oE its (piate's) eigthodes. The_

' stiffness tern\s of a typical plate element along with

eontribuuons fram a:ifgenex‘s are summed up to obtain the

rasultant stifﬁness matrix of the stiffened plate bending
e).emem: undet consideratmn. <
5 i .

I

4.2+ plate.Stiffness ;nc;luaion

. The generalised strain-displacement -and -

stress-strain relation‘a are’identical to those presented in

N

-




- ‘Chapter 3 for the 8-noded quadratic element (refer to  {

Telations. 3.4 and 3.5).. Conseqguently, the plate element,

R stiffness matrix is given by relation (3.22):and is evaluated

numerically using a reduced 2x2 Gaussian ,quadrature rule.
: v

i < 4.3 Inclusion of Stiffeners ' = 1

Ineorporation of ﬂle stiffness of an x-stiffener is
demnstrar.ed belw. An analogonﬂ ptoceduu mny be followed
¥ ‘for a y—,atj,ffener. £ 5

) 'f‘he fcxlwing §isp1acement. ﬁeld is assumsd for' an

.x—-stiffener with raupect to the gl.oba! axes of refe:ence *

@ lying on the plate midsurface: .
2oy N i LW Yex | - . uTEly & - .
2 w w

. Bl = 9y (4.1)
N o 9 " .. 2
x8x |* x
Fysx “ e = . 4
* - ‘.= - _ The above notations have been explained previously
in Chapter 3. ... v

. 2 The ral‘e\ﬁnt strain 'componantb (al';ul,ning that
stiffeners do not contribute-to the inplane shearing .

utiffneus o\f\ f.he plate) are: s . - o '




The linearly elastic stress-strain relation fgllows from

elementary strength of maferials:
\

C%xx Box O | [ Exx]- Eox % 9 2% x
¢ “xz 9 Sex xz ° Sex Y, %
. 15 .5
. . ¥, (4.3)
where Esx and Gsx are the Young's and shear moduli

' respectively for the x-stiffener material and 1.5 is a shear
correction factor: - ’ .

: The" generalised stresses, (stress-resultants) are
now evaluated by performing integration of the pertinent
quantities over the cross-section of an x-stiffener
(following the sign conventions adopted in section 3.2):

| N . 1] 10

I‘ 8xx XX o
- - xx
Moxx b= 19205 Ay =J[2 © B an_,
- xz
%z . xz 9 %
1 0 j
: Bax 9 U 2%, x
=il= o . a,,.
0 22w, - o
o =1 1.5 X x
using relation (4.3).
i o - K
~ E, © 1z o0 .
=I)= ° G Y -ex,x d‘\sx
8X 0 -0 -1)
o -1 o T
e : % Y, x
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Esx ZE gx 9 Y x .
= 2 e
= J e, 2B, 0 By ¢ a (4.4)
[}
0 ) X

where “sxx' vMsxx and stz are membrane, bending and
transverse shear resultants respectively, and d}\s»x is the
differential of Ezqs‘s-secti&nax area A ; of a .t;yl;-i.cal .
x-sEiffener. ’
Incorporatin‘qlst. Venant‘'s- torsion in an

‘approximate way (that is, considerinq open web sec:ic;;ls with

. ends not restrair.led ‘against warping so that an ‘equivalent
polar moment. of inertia or torsional Mgidity factor Ty, can
be assigned), relation (4.4) can be modified as:

Noxx e 1 . Yx
Symmetric
Maxx | | Paxliz (ay)a2
Tax 0 ° (854033 . . x
stz o0 9 ¥ . (Asx)M ux- w’ x
y ) (4.5)

"where the torsional moment T_ has been included; algo,
(Bgxly = Iaé)g gy (Bgedyp = | 2Egy st, (agy)ps

sx sxe

- 2, ‘g = [ 8%
=] 2TEgy g (85,033 =6 Tope and (85,04 = [ 15 &g,
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In partit;ul.ar, for a T-section shown- in Fig. 4, we

5 have =
(gl = sx = Eax (Duxdyt Pexte) -(4.52)
A+ t/2
. o, (Bgxhiz = Is Eax Pgx = FoxPux J&a s
~ t/2
dx+ t/2 + tifx ;
. B Dy | zaz
a+ t/2
Egx 9 5 ¥
3 . Bt [b“d'& (ar £) + bete (2d,+ ¢ + £ )] (4‘.5b)
o %
. ) " a, lc/; g
(Bgxlzy = | 2°Egy gy = Boybyy ). o ¢
» t/2
- '
LI . aF t/2 + o ” =
2
E!xbfx J 2%az
’dx’ t/2
. 1 i o 3 £3)
= = 3 Eax [y (0 71 - )7} +
= 3 3
4 vy (a5 +e. 0% (a1 (4.5¢0)
(8 )33 = 6T =6, [eh, & +cy t, bS] (4.5Q)
sx’33 8x” sxe  “"sx "l owx "x 2 “fx C£x :
~where ¢, and c, are ction da e on the

«
[*




tios @ ' ’
ratios d /b and b/t ' (see Table 5:31 of Ref. [421)

(a )‘ =y Egg ;A _ SsxPsx

(Psx)aa 1.5 Bex = —15 (4.5e)

where i )

t = plate thickness E

b,.r @, = width and depth respectively of web of an
x-stiffener

bfx’ tfx = width and thickness respectively of flange of the

xvstiffener.
2 The 'gunaﬁlizad stress-strain nlatign expressed by

(4.5) is written in the following compact form: -

o ¥ B Tan ) (4.6)
where

-

%sx l“uxx sxx s O_sle (8.62)

To=fu, -0 o, (0w )} - (4.6b)

sx X X, X Y.X X ,X *

and A . is the 4x4 symmetric constitutive matrix with

components “lx)ij'

Rev_lrit{nq equacionvﬂ._sb). we have,




u Nix O 0 ‘0 u
o] o =N, o w
- i,x
:
8%
. 0 0 .0 Nl., - . ex
. o Ny, N [ el
i} (4.7)
where ! : e
N i,% [} 0 Q
8 0 0 -N ]
oy = £ . - L= (4.7a)
i=1 . %o
o 0 o L
v |° Mix Ny 0
Epsx is a reduced vectol of plate nodal displacements

N
pertaining to an x-stiffener’ element and Ni(i = 1 to 8) are
‘the shape functions of the quadratic element of Fig. 2(a).
The following relatidns will result for a y= -

stiffener from proceeding analogously as above:

oy = Loy Eay oy (4.8)

oy = Roy *pey ~ (4.2
where  ©

-1

oy =‘(Ns'yy Mayy Tay usyz}
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o= v o o (0-w._)| (4.8b)
sy v vy Txy Uy Yy . \
iy © 0 0
0
i iy
g E E (4.9a)
R IS o N 0
iy N
o~ 0w
3 is a reduced vector of plate nodal displacements

psy
pe‘i'taining to a typical y-utiffeﬁer and the components of the
4xé symmetric constitutive matrix 4 ; can be obtained from
. relations (4.5a) through (4.5e) by replacing x by y and -
attaching similar meanings to the quantities occurring
therein. N d .
The element stiffness matrices are now defined: -

For an x-stiffener,

Kot = L fo fax Bax 3% [y By By T 06 (4010)

Pux“ a y—stiffener,

' ki;) = E:v Aoy Boy @y = | Ety Loy By Iy a0 (4.11)
t_lhete J, and Jy are the Jacobians of transformation in one
dimensiod. Note that the expressions for element stiffness
matrices as given by ;he right hand uide/'of relations (4.10)
and (4.11) can be alternatively cbtained .by/applyinq virtual

work principle (refer to section 3.4) at an element level.
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The integrals in relations (4.10) and (4.11) are

= ) numerica;l.iy evaluated following a reduced 2-point Gaussian

= quadratufe rule. Prior to integration., the respective
isoparametric coordinates A and Er of the rth x-'and y-
stiffeners are to be determined and substituted in all the .
relevant quantitie§. ‘For example, for a typical orthogonal

¢ rth x-stiffenér in a rectangular/square mesh, '

0.5 (yzi vg)

(.12) ¢

where
¥, = global y- coordinate of the rth x- stiffener
N ! ¥5.¥g = global y- coordinates of the 2nd and 6th nodes
respectively of the plate element to whié:h' the rth x- -

stiffener is attached. . -

4.4 Global Equilibrium Equations, Solution and Stress

E xtrapolation :
The application of the virtual work principle to

_the assembly of stiffened plate elements as elaborated in
Section 3.4 will lead to the eq;xilibrium equations and will
immediately reveal that the total global stiffness of the
system is an accumulation of the stiffnesses of:the

individual stiffened plate elements of proper locations. - The




solution procedure for the linear system of simultaneous

equations is identical to that described in Section 3.5.
Stresses are calculated accurately at the Gaussian

integration points of the individual plate elements and

extrapolated bilinearly to their nodes where they are
averaged. Stresses for stiffeners are also calculated at 'the
_Gaue'siah integration points of the t_atiffen_er elements ‘and
extrapolated lineafly to their pseudo nodes and

algebraically aver'aget




CHAPTER 5

® FORMULATION ORTHO,

5.1 Orthotropi& Constitutive Relation ~ :
. In addi_blon ‘to the general-assu:nptidns ataf_e.d in.
Sec. 2.2, the following assumptions are made in the present
formulation: i ! .
(i)' stiffeners are orthogonal an;i ’arel*xally and closely
spaced.
(ii) Being of open web and slender type, ‘stiffeners
) .contrib:ute insignificantly to, the torsional stiffness of
:he'éla:e.’ -
The following displacement fields are now
considered with reference to the displacemen‘:s u, v, w, ex

and ©_ at any poirt in the plate midsurface: ‘

Y

u ulx,y) - 20, (x,y)] \L,/

v T vix,y) - zey(x,y) : (5.1)
Wi wix,y) 4

The relevant components of the enginee'vng strain tensor




3 — 3%
» \ Toafe e e e e}
XX Yy Xy Yz Xz
= “U,x v.y (U.Y‘*v.x)" (U.z’".x) w.z‘".‘v”
=l 20 ) (v - 20 ) DCu bov ) = z(o, 49 )]
' W 200 =l ' (5.2) J

using relaton (5.1).
Assuming isotropic material, ‘stresses in the plate

are given as: “

“pxx B P2 T 0T O 9 xx
p;y ~{ 0, o 0 0 vy
cpxy . symesric D33 9 9 gxy '
opxz 3 » B DM txz
e DOss| | Sy2| T
. P 5.3y s
-\ whered = 1_‘:2 Dy % \ Dyy'= G, Dyg= 17 and Dgg=

li_z- and “the elgstic constants E, G and v have been explained

before (following equaf.iol{ 3.5)).

S'tresses in the x-stiffeners are:

]
“axx Eax o “xx .
= | . (5.4) -
- N 8x g
Iaxz 2 1.5 xz i .

T




where the elastié constants E
- sX

-7¢)).

before (following -relation (3

Stresses in the y~stiffeners are:

| Gsyy Esy o

o
syz

where the elastic constants E

Yy
(5.5)
€ 1 ! .
vz "
|
sy and G sy kave the same "meaning

as their counterparts for x-gtiffeners q-l relation (5.4).

and G have been explained
|

The 9enerauzed stresses are o»tained by smearing

relevant quantities over the plate thicknéss and stiffener

: ’ depths. Typically, the bending moment M ., can be obtained as

shown below assuming rectanglar stiffeners (see Fxg. 6)1

§ s

/2 b t/2 +d
w oS = Paxwx v ¥
M yx / ”pxxdz * L, I %98 xx &
-t/2 ¥ t/2

2 \/ - ' t/2 )

=02 L x
. . =2 s
’ - - t/2+a
~ ' b n‘xwa E [ (:u ad
- iy Bex Jp (P9

(5.3) and (5.4)

3
‘-Etz ° x+
2(1-v4) *

o
| e - 2P0, )+ (av,

1
y) ek iz ds;‘x("

A\

\

+

d) u

y)] dz

226, ) dz, usihg relations

23

out thé stiffeners over the plate spans and integrating the
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o
. 2 28 3
(a5 + 1.5 d e 40,75 ¢ )~°x,x} s
. ot w 3
- v =L i ¢ —Et ; .
TEELL ey a0, - B
. " s ) .
1 2 i 25r EE ; <
+37 T E 4 (a8 ™5 at+0.75t)} o - —=t_——q
. 3 TxUex L . x.” X 12“_\‘2) 4 ¢
- . R i e ; . B (5%6) .
. ”L L . Ea £
x,= —E8% “: gnearing ratio for x-stiffeners’ g »s ; P
Y s ! -
The remaining utr‘ess-:esultants can be obtained - o

similarly leading to a ccnstxtutive relatlon of the following e

type -for the linear orthotropic plate:

. ‘ S .

9,= DRy, - (5.7) ~
- - . R
where,
i ED anda EQL are respectively identical to Bp and ‘cp defined in .

relations (3.5a) and (3.4a), ahd the non-zero elements 0y - i

of the orthotropic constitutive matrix QO are given below:

)y, = 1‘;::2 + e d ) (5.72)

J Y 0 T B Oy ) (5.70) :
(05704 = F Tolexdy (8 + &) = ©g)gy . (570

R B P =:%+ ey / . : (5.70) g
B)as = § £8,,d, (& + 4) = )5, (5.70)
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(5.7€)

1 E N
i

=4 Ee” 1 +

) (lVZ).3rBuxdx(d 15dt+075t)(57g)

3 .
VEE’
(D9)45 P TS = (D )gy . - (5.7n)

. 3 . ‘ % .
< Et 1 2 i
e 4, . . +0.75 .

©odss= iy T3 ey LG+ L5 ae +0.75 ) (5.74)
(0g)ge = 7 5.79)

(), = S (5.7%)

Y L (5.72)

co © (Pglgg =
\- . - N o
5.2 The Smeared Plate Element
The quadratic isoparametric plate element described.
A s in Sec. 3.1 is und to -interpolate the independaar. degre;a of

. freedom, u, Vv, W, e and ey in tem of the corresponding

nodal di spl. e In conjur on with the generalised

stress-strain. relation indicated in (5.7), this plate element

can be nade.tu behave as a smeared orthotropic. plate

el ament .

It 2
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5.3 Incremental Strain-displacement Relationship for Large
B s A L
Deflections By

The relevant components of the Green's strain _
tensor (in Lagrangian coordinates). for finite deformations in

an affine space are: . S

1 :
©xx e 3 5
« L
vy 3 .
T = =" + 5.8
€ oy oy *w ool (5.8)
Cxz | b Rl VMg
“Cyz | Vet Yoy ® Yylip T VivYez T Yartizf - N

Introducing von Ka;mah"s assumptions which imply

that the membrane derivatives are small in comparison with

derivatives of w and since the latter is independent of z,

.equation (5.8) can be written'in the following simplified

form:
‘XX “,x * % w?x B
e w3 "’2Y .
T = Syl = wt vt vy (5.9)
txz u,z + w’x )
c v+ w
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The generalized Green's strain vector corresponding
to the above will be:

\ ) :
1.2
oo X z Yok
: 2
- ~E 2\:)(
LR ity
D _ Oy, x N o M e 2
R 7‘4- < P= S * S (5.10)
-8, 0
Y.y
g “n
o %y %x 0
, N
o 0 -V, ) _
o - w 0,
- N > o 2 AN

where it is clear that %op, and Ty respectively correspond
to the linear and non-linear parts of the total strain vector
S5+ Now, &y, is identical to E, given in relation '(3.4a).
Hence,. following relation (3.4),

y GRS (5.11)

where B, is identical to B, in relation (3.4).

*e . "jquation (5.10) is re-written on substitution of

€, from relation (5.11):

=By Tyt ) (5.12)

. * g . ¥ .
i ! b Considering the E_grst variation in strain field due

to a first variation in dibplacument field, we have

5:° =By NP" L 8 7 (5.12)
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Now,
12 e
2 Yx Yz 0
! N P
Iy o Sy
3 — ~
Yy F ™y ¥ %
. .
3 o J [ o ¥
- P, L f
e =3 - ?
oL 0 0 0 w . .
v oy "
0. 0 0 : .
v Sk o : [ o
I . 0 o o]
w
X
=2 2 (5.13)
w .
= 'y =
where % - N
N w 0 -w o, 0o 0 0 --0
at = | % 24 - (5.13a).
0w, ~w, 0. 0 o ;0 of )
Further, Y
u
& ) N :
s o 0 w0 o § .
. 3 - = ] ) 9 w
Y o 0 = o *o ’
E o =
) 0
¥
8 o o N [ o
i,x s y
= I E B'&p, using
N
=1 |o N 0 of -
R i=1 0 Ly

- relation (3.1) and TSP is defined after relation (3.4a).




=g a8 .14
g 3¢, - ) (5.14)
where
8 [} o N, ! [ [
. ix
g=|z" . z (5.14a)
i=1 o 0 Ni,y o 0

Relation (5.13) is now rgwritten with the help of
‘relation (5.14):

ean T 26 (5.15)
. Substituting de o from (5.15) in (5.12), we.

obtain .

%, = By, a'ép+ A G asp: (E_PL + QPNL) aap

- .
= EdlLasp (5.16)
where
Bowr =B G- = 3 (5.16a) -
and,
EoNL.=prJ+ EpNL (5.16b)

Equation (5.16) above defines the incremental

strain-displacement relation.

5.4 Non-linear Equilibrium Equations
The stress tensor that corresponds to the Grgen's
strain tensor is the Kirchoff's stress tensor in material
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(Lagrangian) eoordlnates‘. C_orresponding to the generalized &
Green's strain vector Eo’ we have the generalized Kirchoff's -
stress vector 9., and the two are conrected as follows under

elastic conditions: =

O S W . ) _(5.17)
where,
e o nan " voM oMt Qb R g
;e (LI Ny Nyo My My MeoQy, Qyz}. .(5.17a)
- ~.
R, has been defined in relation (5.7) and i, has been défined
incrementally in relation (5.16). Note that -6 in relation o

(5:17) is different from o in relation (5.7) in tNé sense 5,
that o) ig strictly Teferred.to the undeformed configuration
wherés ;o corresponds to the generalized Cauchy stresses in
the deformed sgate. Physically speaking, the final stresses
should be Eulerian, i.e., with respect to the deformed state
even for the case of finite deformations. ‘Hence, a
conversion from Kirchoff's to Eulerian stresses will be
necessary.¥ However, as a first order approximati_on (since
all the displacement derivatives are !mal} in comparison with
unity) [36], G
(5.17) is modified as follows:

can be approximated by Ti‘o. Thus, equation

OBy miR, B = % , (5.18)



- ] a5

As a condition of stable equilibrium, the virtual
work pffinciple is invoked at an element level following a
T = _ T = s \
).+_3c° 9y dA = 3, R . (5.19)

Ao

total Lagrangian approach:

/.
- N
where Ao is the undeformed plate midsurface area and R is
_equivalent to the expression in (3.17b). but at an element
level. : ‘

Employing relation (5.16) in.equation (5.19), we have,
L R T .
J o%h Bl T, @ = 9T R
A
°

That is, for a finite virtual displacement field,~

0 (5.20)

I B,
Ao

a@a-R=

" In the above equilibrium eguations (5.20), and

¥
. Bawm,
G5 are respectively linear and geadratic functions of 'l'sp.

Hence, (5.20) represénts a set of non-linear equations in B

Although '(5.20) has been derived at an element level, it can
"also represent, in an assembled form, the global'equilibrium

eduations.

&




5.5 Newton-Raphson Solution Algorithm '
> Equation (5.20) can be solved iteratively starting

with an initial guess (at i=1) for ‘ap and then improving the

value of"s; at every (i+1l)th step following a Newton-Raphson

algorithm [37]. At any stage of iteration i, equation (5.20)

ia i $ 5 " o -]
is in general not satisfied and is equal to a residue y( bP)

x =L
a b 3, i.e., - 4
compute ‘cn the basis of b i.e Y
. — T - =iy =,
VAL 2 [l 5, e (3 - & w0 ) \Q)
A() - .

The aim is to reduce 7(3}) in equation (5.21) to a
maximam tolerance limit (TOLER) and this is attempted through
a linearised Taylor's expansion of ¥ in the neighbourhood of

3; being equated to zero:

;(:;*1) = 'w('s; v Ky A‘a; =0 . (5.22)
where ’ ) e
;54,(2;) - —a—_EL(Ts;) (5.22a)
k)
P

-y
matrix.

K. in relation (5.22a) is called the tangent stiffness

on solution of AZ; £rom equation (5.22), 3, is

updated:




47

z;‘l = z; + ﬂ; "4 (5.23)

Correspondingly, stresses are also updated as in the

following relations: : .

=% =i

855 = R, By, A’&p B (5.24).
T S . : :
L =gy ¥ Ago (5.25)

An updated val‘ue of ¥ i-u calcilated from equation
) (5.21) and the steps outlined by equations (5.22) through
o (5.25) are repea‘nq ‘until conv’ergenca’ is attained.. In order
to impr;nve numerical stability and to obtain intermediafe
results, the load R is usually applied in increments. A
modified Newton-Raphson scheme may also be employed according
to which the updating of K, in relatiom (5.22a) is carried
out at f'ixad intervals instead of at every iteration atép.
5.6 Tangent Stiffness Matrix
- _ Assuming that the applied loading R is
2y conu‘zv;th_lc, the tangent sé_i:knen matrix in relation
(5.22a) can be evaluated as follows:
& ° Rewriting equation (5.21),
e e

%
p A,




where "

B = Bou

5= oy 0, 93 05 0 0 oy og)" =T,
1234‘5678 o

and, m is the total number of degrees of freedam per

elems_nr_.
Thus, any typical.element of ¥ is ,
8 .
$ =/ E By o m-Ry
A =1
°

, g
Assume any typical’ element (K'I‘)ij of ls'!‘ to be

Kp)yy = fkijdn

o

From relations (5.22a), (5.27) and (5.28), we have

A

(5.26a)

(5.26Db)

(5.27)

(5.28)
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Wy 5 . - =
kij = 35, + where vy and §j are typical elem-intu of w and 6p
respectively.

8
B . 0
Pl 11 oy + 8y, 553 (5.28a)
. = 4 3
¥ '_“.l“' is, 5 T
L J - T - - 3
k= BT L(3) + M(3) B = By L(T) + M(5) Byg . (5.29)\,_,_
using (5.26a) and (5.26b) ) " ;
where . -
Faul, do, g [~
™
3 )
a0, a0, 30, .
=.a'3 2 " " L=
k() = & (5.292)
i i \ »
dag a0y ] a0y
%, %, 1 kL
L |
r 2 E Cig 3 !
o a. .
138 2 75, % 38
0 P
3 LI L) L
T 23 s B 35,
u(so) = .. .o . (5.29b)

r
-
o
o
E)
5
o
o
)
of

|
I., .
I..'. 5
Lazl"»\'\,‘
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M

Erom (5.18), we have

35, = e

(5.30)

Substituting 3 from (5.16) in (5.30), we obtain

av°= R, Boyr, Np

Comparh;g reiu.l.om (5.31)

L(5y) = od By

(5.31)
and (5.29a) it is evident that

(5.32)

Mg, the second term Of the right side of equation (5.29), .

.M(;o) B = Wlog) (g_pL + a_PNL), using relation (5.16b)

- g(‘vo) EPNL' since E‘pL is in‘d?pend'ant of . %

=nuGE)AG,

using (5.16a).

Now, it can be shown that

%
¥ a=¢"
. -9
¥ 3
NX
4
=g
-y

k= Bogw 20 Bown * &

= ;_;L.n_‘nggo

righy side of equation (5.29), we obtain

(5.33)
-,
%
-N
xy
(5.34)
Ny o

\"‘Subiituti_né results from (5.32), (5.33) and (5,34) in the '
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where ]
| s’ p B (5.35a)
= ~pL %o “pL
Keno= Bop 2o By * Bor 2 +8% D_B (5.35b)
Byna” Bon 2o Fown * Bowr Bo o * Bown %o Yo
.
: N, -
X, =8 [ a—— (5.35¢)
-N N,
Xy Y
Finally, from equation (5.38), we obtain the tangent
stiffness matrix Yin the following form: E
Ky = L g+ Ry ¥ kLR o
Ay i
‘ = El.,"' ‘-(‘NL”S'? (5.36)
%E \
where .
) K=/ ga - : ' (5.36a),
2 .
S ) «
K = [ g @ (5.36b)
o
Ko = [)x, ' (5.36c)
- AQ :

In the above, K is the linear stiffness matrix;
Ky, is quadratically depéndent on 'AP,- and, K, is the initial

stress or geometric stiffness matrix.

» . v

R



5.7 Convergence Criteria & /

The following convergence tests were employed by

specifying a tolerance limit (TOLER):

[385) « 5332
FEEILL < TOLER, . (5.37)

which is a residual norm check.

[itl . gitl g, -si:ll/z ) .
- < TOLER, ¢ . (5.38)

<1, 31,1/2
o+ 3
[

which is a displacement norm check.

Note that the vectors above are assumed as global

"1in_size and the symbol * indicates a dot product.

5.8 Numerical Integration and Stress Extrapolation

The integrals in equatfons (5.21), (5.36a),,(5.36b)
and (5.36c) are numerically evaluated using a reduced 2-point

Gaussian quadrature rule. The incremental stress-resultants

given by -equation (5.24) and the Eorrespondlng incremental

‘plate and stiffener stresses are all calculated at.the 2x2
Gaussian integration points and Qilinearly extrap?lated to
the nodes. An option is provided in the program NLORTHO by
means of which non-linear ana‘lysis can be skipped and only a

linear analysis can be performed.

¥

B
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CHAPTER 6 %

NUMERICAL STUDIES . -

6.1 convergence study L
2 ¥ The results of a convergence study on a quarter ‘
plate for the formulations FEM(M1) and FEM(M2) are presented
in Fig. 7. The p;obl—em' considered is describ‘ed in ictinn
6.2 below. It is )‘.ntetesting to note that for t}us
" particular case the formulations FEM(M1) and FEM(MZ) yield "
identical,results as expécted. As revealed in Figi 7, both

the formulations.possess good convergence characteristics.

A : . st g =

6. 2 ggggle l 3 . . - .
* . A simply supported recn.angular: steel plate ”

-
stiffened centrnlly by twa orthoqonal. st:.ffeners ‘was

originally conaidered in [6] and 'used for ‘comparison in [1].
‘A quarter. plate analysis was carried out with a 3x6 mesh
vuuu\g Eurmulauons E’EM(Hl) and FEM(M2). Although matching
with the present fomulations is excel'lent for the case of .
unifamly-digtrﬁ;uted h‘:adinq (reter to Figs. 8-10), there is
a, uigniticant variaginn £Or the casé of-the central point
load (refer to Figs. 11~13). A major contributing factor to
‘this deviation ia probably the éanside.‘:ation of transverse
Qhear deformation in the present models..




6.3 Example 2
A.rectangular plate simply supported at its longer
- edges and free at its ahoé\g;/,gégee, with nine evenly spaced
. T-bar stiffeners across its shorter spans and subjectéd to a
7R central concentrated load was analysed in [2]. Results | H
obtained through FEM(M1) and FEM(MZ) based on a quarcer plate
analysis wijth a 4x4 mesh are preuented in l-“lg. .14, Good‘
. agreement with the results given in Pig. 12 of [3] s *

obseryed. i . . . . -

; }\ uct.angular stxffened steel plate aupported at
the_ corners and SubJeCted to a total concentrar_ed 1oad, of 10
.tons has been analysed with a 5x4 mesh r the entire plar_e
using formulation FEM(M2). This problem”is shown in Fig. 1

15, -16 and 18 that®

s in [33:° ‘It is pbaa‘r\(eil -from Fig:

deflections obtained ‘herein are on the lower side (within . ‘..
about '143) as compared’ to' thg experimental values but in ..’

: : ’
close Jgneemenr. with the theo:etical resylts bor.h ‘given. int

31, The computed stresses (refer to Figs. 17 and 1.9), ' . &

however, have matched qui.te well wi t‘n the experimantal values

cxtad in (3100 7 =

Lo 6,5 sxamgleq ;
; k: A slab with eﬂge beams

‘Fig. "1 in {5]. Experimental and
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5 o ss
deflections and stresses for three different cases are ‘given
in Table 2 in [5]. With a 5%5 mesh for the wholé plate, +
results obtained t:hrough E‘EM(MZ) are presented in Table 1.
The computed resylts agree within a maximum Of about 15.5%
and less than 6% respectively with the corrasponding

4n [S].

éxperimental and théoretical values giver

6.6 Comparison Between ORTHO and FEM(M2)

' The ‘aim of this investigation is to determine the

' v s extent to which the orthotropic foz;nulation may.be applied to

' obtain acdeptable results. FPor this purpose, éhe‘ various

) parameters likely to affect f.he\ assumpt:mns of orthotrophy
are 1dem:1fj,ed and a comparat;ve study .with the more accurace
formulation. FEM(M2) is carried ‘out by varying these
parameters. 1In order to facilitate a systematic study, the
slmpl‘i‘fied problem of .a square plate orthogonally .stiffened
with rectangular stiffeners of idéntied® sectiondl and

. material 'p'xopenxes is considered. Th order to estimate. the

~dsv:.ation of maximum deflection and plate as well as )
. stiffener stresses from t.he orthotropic Eotmulation with
respect to those from the discrege plate-beam formulation
FEM(M2), the fo_x.xwing oighotropxc parameters are .

introduced: s N o«




n = Maximum linear deflection obtained through ORTHO
W Maximum linear deflection obtained through FEM(M2
r (6.1)

Maximum linear plate strsas Obtained through ORTHO <
stp Maximum linear plate stress obtained through FEM(M2)

. . (6.2)
_Maximum linear stiffener ‘stress obtained through ORTHO
sts Maxxmum linear stiffener stress obtained thzough FEM (M2

(6.3)

Let the pa?ame.ter:s N “stp and Nsts’

which are all
dimensionless, be together denoted as n. = The dependence of n

on other relevant parameters may be—expressed symbolically as

follows: 3 . R
| n= (st by Al s, E B, v LT, GXO) €4 -

where 5 ' Lo ~
4 = 'function of' ’ i _
» ¥ z plate span

tt = pra¥ thickness

b % stiffener web width . '

q's B stiffener depvth‘

s =z spaclng of atLEfeners ' -

E 2 Young' :; modulus for the plate material

Eg * Young's modulus for the ntiffener material |

v z Poisson's ratLo for f.he plate .

LT =

Loading type, concentrated or uniformly distributed



GBC # Geometric boundary conditions, e.g. simply supported

and clampeG.’
' In equation(6.4), LT and GBC are discrete o
" conditions for which no rumerical values are necessary and it (
is only to be remembered that these parameters should be
‘varied. A dimensional analysis [38,39] of the remaining
K vari‘ables in equation (6.4) will result in the following
seven dimensionless r-parameters:

o=/t o, =t/b,w

a = d!/t .

1 3
5wk vy =By g =g m [ e

In the above set of r-parameters, n identifies if

the plate. is thin or thick; 7, may be utilised to study the:

effect of the span size of a plate for a given web width of

stiffemers; LB is a_measure of icity of nti H

u4.\.s a parameter of great interest which is used to study. the .

" degree of closel of sti s beyond which the

orthotropic formulation will be unacceptable; the parameter
", is mdified to a.more’meaningful rigidity ratio D]Ds Py
- shown later; the parameter e is not likely to play any role,
’ ' . in affecting smeared behaviour and hence has been kept . o
constant at 0.3; and, 7, is basically the set of dependent.

variables n ' “stp and n otg Whose numerical differences with
unity ‘g.,l; indicate the extents of departure from accuracy.' y

o It 'is known from structural mechahics ‘that B/(1-\?) is a more




meaningful quantity for plates rather than simply E because
- . of its two-dimensional behaviour. Using this fact and the
i technique of compounding [38] in dimensional anlaysis, T is

transformed as follows: &

|
3
E_ .1 1,3 E .l .t .s ., & —
S U S Y LE oL s
5 2 E, 5 4T T2 T 02 E di 1" B,
. _l28 .
3
l=:sbsds_
' L » a
t : N = ''(6.5a)
S \ ‘
plate rigidity (8.5b) __
stiffener rigidity . " (6.5¢)
. In the present parametric study, the stiffened
t & %
v plate system is assumed to be made up of one material, i.e.

E = E_, and further reflection on the parameter D'/Ds is
called for. Rewriting D/Dg under the preceding assumption

(E = Ea)' we-Tiave,

VIR RS
R ag 2

o[

s

-7

Since m. (= 0.3) is kept constant, it is evident from




6.7 Results from the Geometrically Nom-linear Plate

equation (6.6) that 1, (=b/p ), ™y v

2 5
are’ known. . Hence in the case studies I - VII (Tables

will be determined if 7,
and LA
2-8), the parameters that have been varied to study their

effects on n are as follows:

a
Xy -} =8 =D
S Bl t 2% Ty = p e Ly OBC (6.7)

Analysis g ¥ e g

It is known t.hat stiffened plates can t:ake up ' 3
substantially large loads.for which the second order effects
in ﬂeffrmation are quite impor:ant and yet thé material may
be stressed muchybelow ehe yl.eld poxnt. A geometrically
non—linaar and ma:eria!.ly elastie analyuis for eccentrically
stiffened’ plates undex' orthotropic assumptions using the
Integral Equations Method was presénted in [10]. A quantity L2

. .
Tt defined in [10] is redefined here: ' 5
2 '
= Volume of deck lata er unit area
pt Total volume of plate and stiffeners per Unit area

(6.8)

r

In light of the discussion in section 6.4, the
quantity £ néeds closer' examinacion. -Employing the
notations described after equation (6.4) and follomng the

definition of rpt in (6 8), we have @ CE
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g2 2/b
Tpt = L = 2 (6.9)
2 [ 3
2%t + 2nbd 2 e/py+ 2(2- 1 &

where, n = number of stiffeners in any direction

2 4
s . "(G.Qa)

It is seen 'from relation (6.9) that Top i3t

- 4 . ’
function of three non-dimensional quantities /b, s/ and
4/t which are all included in- the list of n-parameters in

(6.5). If tb together with 8/% and d /t are used as,

representative parameters, the quantity l-/b is autcmatically

fi%ed. Further, if s/%, d /t and L/b, are known, D/D , which
is a relevant parameter affecting orthotropic behaviour, ls
determinable from equation (6.6). Hence it is sufficient to
plot, 'in the thin plate range, representative values of
deflection and plate as well as.stiffener stresses against
ri s/t and 4/t, given the loading and geometric boundary
conditions. In order to attempt a compar’i.s_on with the
results presented in [10], clamped plats under uniformly
distributed loading is considered. In accordance with the
conver:ntiovns followed in [10], the representative central
deflection and plate as well as stiffener stresses are

N
normalized as follows:




w = Normalized deflection

where,

L central deflection

- _ Tofal volume of plate and stiffeners

" Area of the stiffened plate

¢ + 2n bgd,® .
& — = r_+2(§-- 1)

[
N

-5

B sm E 1-12
- & Normalized stiffener stress

where,

o_ = central stiffener-bottom stress

sm

A normalized loading parameter Q is also defined .

following the authors in [10]:

(6.10)

(6.10a)

_(6,10Db)

(6.11) -

(6.11a)

(6.12)

(6. 12_a)

©.13)




where, - ik

q = intensity of uniformly. dhtribgced loading (6.43a)

=3
5 = —Eh (6.13b) .
12(1-v%) L.
All quantities not defined in rel‘atlons (6.10) - (6.13) have
been defined previously in the present chapter.

It may be noted that a value of tpt equal to unity

v'reptesentu an unstiffened plate. ‘For such a plate, results

- - 2
have-been presented in Figs. 21-23 with comparisons from
[10]. For stiffened plates,.results have been presented for
various valpeg of rpt and "ds/t in,Figs. 24-35, maintaining,

s8/% constant at 0.067:. The relevant comments on the

° preae‘ntation of these results together with discussiéns are

included in the following chapter. ) -
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CHAPTER 7 .

DISCUSSION AND CONCLUDING REMARKS )

[

7.1 On Formulations FEM(M1) and FEM (M2)

- The main approaches in the finite element ahalysis
of stxffened plates have been demonstrated with ‘the.help of”~
the formulationa mentioned in the subtitle above. In .

Example 1 (refer. to Sec. 6.2) where the quarter plate. fesh

lay-out was identical for both FEM(M1) and FEM(M2),

practically idential regults wete@btarined. Both the v, "

fcrmula:iona can therefore be said ek, po,ssess t‘he same degree
of theoretical conaxstence.' However, the advantaqes of
FEM(M2), in which stiffeners can be placed wie.hm plate,
elements, becomes appurem: when a laxge number of stiffeners
is present. - In such a gase the use of FEM(MI), in which
stiffeners can‘be pla only along, plate nodal 1ines, wouié

warrant a dense meshing and conaequenely. "an expensive

analypu. ‘Further; awkward sizes of plar_e elements may be

n’ecessary when the stiffeners are unequally spaced ‘rendering , ’

the output results less reliable. Hence. anmz), “in which

mesh layout is not dictated by “ghe number and confxguratibn
of stiffeners, is a superior formulation as compared e.o
FEM(M1). Consequently, from Section 6.4 onwards in ‘C’haptgr

6, FEM(M1) han been dropped in favour of FE:M(M!) in the
! w @

numerical stydies. ™" L




s i Exc:ept4in the case of th;:concéi;travted‘ load case in
Example 1 in Sgé_tion 6.2, the agreement with the published
theoretical and ;experinlpntai results considered here is quite.
reasonable. It may be noted that varying support canditi‘ons‘

*: and stiffener-conﬂguraticns Eeature"in thé ‘examples e

» consideted. With a fair degree of conhdence, it can

therefore be said that FEM(M2) is @ consistent and reliable /'

Eomulat:.on. X e

a 72

in the analysis of stiffenad pldtes. Sinca no ‘single--r ', ~ =

analytical approach of general applicabxlrty is availablé" for .
g the analysis of stiffeneﬂ plates. .there is no lxterature on.

:heory In the present work, FEM(MZ) ‘has _been a:,xeady ',

uden{uned above',as an acceptably accurate formulation. -

- Tak:.ng M (M2) “as écandaxd, a comparison nas "been’ made wien ‘-

% a e ’ . the otthotropic fbrmulatiqd ORTHO by yarying the parametets T N

T . @ e _givep ink (. 5) of Section 6.6 such a, compar:.adn ia rutional,

_ginCe the —mechanica undetlying the fomulaﬂons PEH(MZ) and _

ORTHO &re’similar except for the" Eact that in the lacger the.-

:  stiffeneis. _have ‘been’ smeared out and_the’ effect: of t.his -

eme;ring on ‘the accuracy of ’deflections and stresses can be




i s 'evaluated. Pig. 20 is a typical illustration in which it is

~ shown how the devlatxon in deflection profiles v)btained £rom

the two Eormulatio narrows down with increasing number of

-stiffeners. The obsexvations from' the 1m1ted parametric

/ " study enumerated in Case Studies I - iz (Tablea 2-8) are

i - ‘enlisted below: ' . '

e t1)" From Case stdy I, it is ‘seen that maximum deflection

: o™ and plate stresses are eati‘x'naced within 108- on the

LT - ".safer side for A/t < O. m “(i.6.. 848 sf.:.ffeners) . o

whereas maxlmum stiffener stressea are ohtained within i

“ ' zoa only for s/% :lo 077 (i 12 stifieners) . v

asa of’a coneentrated load a

(11) Fox’ the in’_Case study

et RE, L2 0 ( Can “the smsnred—plate'asuumpm.an yields 1ncfeas;ﬂgly S
’ ) etronenus reaulta as indicated by an anrenaz.ng ﬂatp o
Dot i+ 't gith decrensing plate rigidity (i.e. famng ELA ¥ - %
" Moreover, s stif gener straases are larg»ely overesr.unated S .
even for a low value of o/2 as0.06m - .~ o

(i4i) In Cade Study I Al.l sides were - clan\ped, whlle in Case -

study IZI. all sidas are simply supported Ccmpan.son

, of the two cases show that the observations maqe in (,U

above fox.- r.he clampad case a:e also valid for the
, > -simply suppurtod case. ) P f - . -~7 "
"(iv}‘ In order’ to utudy, tﬁe dependence c}-’n on apan ‘size (m n——_
TR other words, magnitude af stiffener’ spacing)h_a larger '

p!.a.te of span 8 mvds baken in case SEudy W
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Furthermore, the plate aspect ratio 2/t was raised to
400. I is observed that for s/ % ratios of 0.1l and
0.067 and unuomly cm:ru‘i.nd 1oadinq, the n

parameters have nhown no. sxgniflcant changes as ,
i

: compared to the cetre-&mdxng valuu in Lhe previous

case studies.

(v) - The ‘bjective of Caze study 7 has been Wtntalie

. Cqﬂe Study V. An even La:.-gv: plau of sides 16'm was.
RN T ,considered’ for" analys’is.' 'ry\q va.lusa of n'in ‘this case’
are.seen’, t.o ‘be: about 'r.he aama as compqred to chcse m

kR s Cass Study v ‘for an s/: ;am bﬁ '0.067, vand pme tb

w stiffene: rigiﬂity zacio’ Yof 0 1;'; " e
;-v, Ar. ig tehtat}vﬁly

of Caae Stud).

_ (vi) On the- bu
‘ X accepted that roughly for g/z < o 067, :nd “maxinum ..

deﬂect;om and plate !treulql may be expected to. be

' within 6-10% and the maxims It..\.fhnqr stresses wi;mn
15-; 20I5 all on the safer'sxda‘ frol an on.hotmplc

= . theory. It is further noted on ltne buis of :

oburva!:ions in (ii) above, that an orthotrOptc f.heory

should be avoided Eor the :é gf concentrated

J loadings. ,'. 8 X 3 y o FE 5
¥ . '
(vii) Casé Study VI was undertaken in order to'study the
“effects of the parameters D/D. ar\d’d“/t\ on n, For :

three values of D/D_ viz.' 0,117, 0.469 and 0.938, d/t.
was vu‘ii;d in the range 1.984 to 5.38. "In accur’dancc

with observations in (vi) above, s/ was maintained °-
y . g e
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. ‘constant at 0.067. It .is obsérved that for the stated
. ;ungss of variation of D/Ds, and d /t. "w’ "atp and -
L fiave' xemained kemarkably Sonsistent throughout.
_(x;i.i_i) In Case Study“v!r, a rectangular plate stiffened in’
- the transvesse duecuon only wich a 1ongitud1nal s/e
ratio of ©.067 was analyzed under a upiformx.y
distributed loading anﬁ simply supported edge
conditions. The n parameters are seen u; be in quite
the same range as the pertipent values for the
\orthogonally stiffencd square plates andlysed
previously. ‘
The quantitative observations made above with -
regard to thé Case Studies I-VIT séém to corroborate the .-

prevalent qualitativesopinions on the orthotropic theory.

Huffington [40] stated that t® orthotropic theory is

applicable provided that the ratios of stiffenet spacing to

plate boundary dimensions are small enough. Hoppman -and

JHuffington [41] compared‘ t&eir"thebrecical and’ experimental

results on deflections and strains which they found in close
agreement considering an llip. % llin. plate stiffened in one
direction with 5, atiffeners. The theoretical caleulations
were baskd on an orthocropic theory. In the present
inyestigation, deflections and plate stresses have been found
%o be within 6-108 for 8/% m .067 ie., for 14 stiffeners in
any diraction'. This is an interesting correlation with the.,
& o



number. of stiffeners, viz., 15 chosen by Hoppman and

'_H'uffiqgcon [411 probably oh the basis- of expérimental
abservaticns. Further, the ‘present limited parameteric’ study
1nd1cates that the actual magnztude- of stiffener npacinq is |
1nccnsequentia1 and ‘the ratio s/l (or, the number of

. scxfﬁgnsu) governs. Clarkson [3] observea "the inaccuracy of
the ctthotropic thecry for the case of concentrated’ loadings.
Case Study IT specifically indicates the large overestimation

,°f stiffener'siteuses that may result from the application of
the orthotropic theory to stiffened plates with ‘concentrated .
loads. Huffington [40] 'tacitly assumed’ that his
orthotropic analysis w;s hof. affected by the plate boundary
conditions; in the present numerical study, no siéhificunt ¢

_changes in the values of n were found Eor,au-sid_es-clan;psd
and all-sides- simply-supported conditions. Troitsky [12]
remarked that .rigorou‘u analysis procedures yield somewhat
lower values of striesses as compared to those obtained from

Huber's orthotropic theory. The trends in the Case Studies
I-VIT confirm t.hi; statement as in nearly all cases the 0

parameters are greater than unity.

7.3 On Results from the Non-linear Orthotropic Analysis via
| /

Program NLORTHO .
Rzaultn for non-dimensional deflection’ (W), Pplate

top-stress (ST) and plate bottom-stress (SB) for a clamped
! * &
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uns‘tiffen}ed thl..n plate (rpt = 1) considering geometric
non-linear behaviour have been presented in Figs. 21-23 along
with values given by Srinivasan and Ramchandran [10].- The
latter authors fallowed an Inteqral Equations approach.
Excellent agreement for w and Sp+ and fa).rl.y cl.oue agreement
for'S, is observed. ’

The authors Srinivasan and Ramchandran [10]

presented their results on stiffened plates for different

" ‘values of rpt' However, rpt by itself is unlikely to be a

uhique parameter as revealed in equation (5.5) where t/is
shown to be a function of three relevant non-dimensional '
parametérs /b, /% and 4 /t. In fact, for a given value of
r,e dlfferent combinations Sf /by, s/% and 4./t can be
chosen. Following the rationale presented in Sec. 6.7,

results have' been presented. in Figs. 24-35 for different

values of r, and d /¢, while'maintaining /% constant at

0.067 on of the Lity oPresults for tnis

value of s/t. It is observed that for a given value of r_,

t
vthe eccentricity parameter ds/t significantly controls thz .
representative’ stresses and deflections. With increasing
values of d /t. (for‘a Eixud r t)‘ w iu anreasingly lowered,
which is an expected outcome (orthotropic bending rigidity is

a cubic function of ds .for a given plate thickness t). A

clear trend persists in the, ‘ST—- Q curves for a given ot and




7.4 Epilogue

70

-
in general, values of §, are ipgz«:ed as the parameter d /t

increases. The ‘same is, however, not seen to be true for Sgi

‘particularly, at low Tt values, e.g. 0.67 and 0.5, the

differences in the cotresponditiy Sg='@ curves (Figs. 32 and = _
35) -appear to narrow down. Pox/a given value of Tpgs @ more
effi ient design is likely to result from a higher value of
d!/t. The curves presen‘tad by Srinivasan and Ramchandran

[10] have also been reproduced for every value of 'pt
considered by. them and the lack of uniqueness of these curves \
is apparent. Prom the w-3 ‘curves, it is noted that at higher
values of the parameter d_/t:(e.g. for d /t = 6.54 in Fig.

30), the non-linear i:ehavicur is less prominent. This is »
proﬁgbly because at higher ds/\: values the stiffened plate

system behaves predominantly as a grid structure.

) On the basis of the data presen‘ted and the

preceding discussions, it is believed that the following

goals have been fulfilled: '

* The application of the computationally advgnr.a‘gicua .
Mindlin's Shear Distortion Theory to the two main
approaches in finite element analysis of stiffened plates
has been shown via formulations FEM(M1) and FEM(M2).

* An orthotropic \for ulation ORTH‘ , also b{aed on Mindlin's
theory, has bee‘h Pt esented and/a quantitative idea on the
parameters controlling its applicability has been

formed.



*
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The orthotropic formulation has been extended to the .case

of geometrically non-linear b_ehavi‘nu’r since it was
recognised that this formulation may require much less -
comput%ing time than the more rigorous discrete plate-beam
formulations, and' hence may be preferred for analysis -
:mder less demamﬂng ‘conditions.

Software has been developed which will be of considerable
aid in future developmental works on general mt;rial and
geometric non-linear behaviour under stati\c‘and dynamic .

conditions. . X
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" Table 1 Comparison of Theor&tical and Experimental Results from Ref. [5] with,Formulation FEM(M2)

' Deflection 1"(2.54 cm) from . Stress(lbfin?) at
o L beam-centre (in) ° bottom of beam-centre
v a = load on each| Theoretical E:xperimemal"vﬂu(mz) Theoretical | Photoelastic | FEM(M2)
& (in) beam (1b) ' . ' measurement
N R 39.7 .016 .0178 L0152 1929 ‘2224 1879
(1.91 em)| (177 W) (.406 mm) (.452 mm) ((.386 mm)| (13.3 MPa) | (15.3 MPa) [(13.0 MPa)| _
. 0.600 36.2 +.0279 .0255 ..0263 2667 2909 ° 2648
(1.52 em)| (161 N) (.709 1m) (.648 mm) |(.668 mm)|. (18.4 MPa) (201 MPa) [(18.3 MPa)| -
"] 0.as0 " 13.8 .0233 .0206 .0223 1665 1882 1667
(1.14 cm) (61.4 N) (.592 mm) (.523 mm) (.566 mm) (11.5 MPa) (13.0 - MPa) (11.5 MPa)
: = - .
- 5 ;
8 5

oL
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€ase Study I: 2m x 2m plate, 0.02 m thick; =
0.01 m x 0.1 m stiffeners . d
B ‘LT:  udl of 60,000 N/m? .
GBC: fixed on all sides ¥
- - 2/¢: 100" | - -
‘Table 2 ' " ) .
’ ; FEM(M2) ORTHO
8/t D/pg | dg/t ny "stp | "sts
‘ wnx 103 o,nx 1078 0 x 1078 wix 103 oppx 1078 oy x 1078 .
067 | .117 | 5 291 [, .121 -0.475 | .307 .125 -0.547 | 1.05 | X.04 |¥1.15
.077-| .135 | 5 .326 .129 -0.525 | .347 .133 -0.629 -| 1.06 | 1.03 | 1.20
.091 | .160 | s .385 .143 -0.594 | .403 .144 -0.743 | 1.05 | 1.00. | 1.25
a1 | 195 | s .463 .160 -0.715 | .485 .159 -0.912 | 1.05 | 0.99 | 1.28
. .43 | 251 | 5 .560 .182 -0,903 | .617 .183 -1.19 1,10 | 1.01 | 1.31
N .200 | .352:| 5 .812 .261 ~1.16 .867 |, .229 | -1.71 1.07 | 0.88 | 1.48
! %
. ¢
= ~N .
, N ~a
= ) o ) 7
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Case Stu: II: 2m x 2m plate, 0.02 m thick; . N
2 0.0l m x 0.1 m stiffeners - . 4
Central point load of. 24,000N .
T fixed on all sides v L o
N 100 H
i “, ) . 2%
_7&ble 3 A b i
v - >
g & FEM (M2) ORTHO
s/ b/Dg | dg/t T g N | Ngep | Tsts
3 -8 -8 3 -8 -8 i
wpx 1031 opnx 1079 ogpx 1078 wpx 103 f gppx 10 OgmX 107" b
067 | .117 | 5 | .553 [ -.400 1.06 .584 | -.467 172 | 105 1.17 62 |«
077 | .135 b5 | Le22 -.434 1.1? 658 | -.497 1.97 |*1.06 | :.15 | 1.71 |-
.091 | .160 { 5 746 -.505 1.2 .760 | -.538 12.32 1.02 | 1.07:| 1.80
' Kl
" " =
- ."
: . SR ; ;
. ' 1
o\ ¢ - .
> " - o ® e
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“case Study III: 2m x 2m plate, 0.02 m thick; . 5w ¢ ¥ g
E g B 0.01'm x 0.1 m stiffeners , ¥ L
- B " LT: . udl of 60,000 N/m? oy
tS GBC: All 'sides simply supported LTS
. s — 2/t: 100, o - ,
a Table 4 g )
- FEM(M2) ORTHO ~ ) N & R
D/Dg | dg/t M| Mstp | Msts ||
. wpx 10%] oppx 1078 : .
067 | .117 |. 5 1.29 06 | 1:02 |-1.17 \
.077 | .135 5 1.45 07 { 1.03 | 1.19 .
1091 | .160 5 1.68 08 | 1.04 | 1.22
2111 | .195 5 2.01 09 4 1.05 | 1.24
.43 | 251 | 5 2.48 13 |.1.08 | 1.29
\ J{200.f .352 B 3.37" 17 }.0.94 | 1.38 5
) d S L .
\ 2 . 2
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.- Case Study‘IV: Bm x 8m plate, 0£02 m thick;
: [0.02 m x 0.126 m stiffeners

G e 'LT: . udl of 60 N/m?
- GBC: Al]. lidel simply supported -
= - 2/t:
Table 5 . &
| = i . FEM(M2) i
L s/¢ . | p/og | ag/tl T
o) a 3 . =6 -6
wpx 10°| o nx 107 o ppx 1076 fw
: 067 | w117 | 6.3 | 330 -.235 1.25
J111 | .195 | 6.3/ .519 -.312 1.98
” ’ 7 .
e = T aad ‘ - -
e T . - %
= L b - ¥ § ¥
N 5 &'
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/ & e |
A ‘
.
\.‘. ¥ - .
- ) B ¥
£ 2 ; L
g ; ) ; i
. 4
» i ’ \
0y 0
’ ~ =
. 3
.
M ' f
g 4 ] s =
611 | vo'1 [ 901:| bz vee'- | erreo|. o€z ece'- | ot | vero| crte | 1oo* |
L ) ——
| ’ ot %% [ or x" [ ot x"m| ot x"%0 | ot ﬁ__au ot xUs|
s3s, | d3s, " . 3/% | Saa\| /s
. OHI¥O (zW)wWad , !
* 9 °1qeyL
oov
/ s uuuuumm._- im_._un. 89pT8 TTIV-
/ . Zu4/K o1 30 Ten -
i . i §19U933TI8/W L1270 X W €0°0
TIOTUR w voé *a3e1d worT X QT :A APN3sS 9seD
) P ]
. 4
-
’ 4




2l .

2m plate, 0.02 m thick;
‘udl of 60,000 N/m?
All sides simply supported

100

N o

FEM(M2)
" Nstp
wnx 03| o, x 1078 g 08

g 1.28 -.174 G.550 1.02
. 1.28 -.167 1.02
5 1.29 -.159 1.02
5.38 1.29 -.155 ‘.DZ A
2.5 | 3.62 -.363 1.02
2.75 | 3.70 -.361 1.02
3.15 | 3.80 -.355 1.02
3.39. | 3.86 -.353 1.02
1.98°| 5.68 -.513 1.02
2.50 | 6.08 -.518 1.03
%.69 6.18 -.517 1.03
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Case Study VII: 3.6m x 16m plate, .02m thick;
o - transversely stiffened by 14 equally spaced stiffeners \
B (i.e. s/% = .067, where & = longitudinal span = 16m)
_ LT: udi of 1000 N/m? g =
‘GBC: All sides simple supported ¢
2/t:’ 800 . = .
Table 8 “
FEM(M2) | ORTHO ®
D/pg | dg/t W fstp | "sts
» wx 103] opnx 1077 o ox 1077 fwpx 103 ogmx 1077
17 |e.93 | 0.a20 | -.153 | o0.849 0.437 1.01 1.04 | 1.02 | 1.19
2117 |7.94 | 0.419 -.144 0.979 | 0.437 1.17 1.04 | 1.02 | 1.19
2117 ]8.74 | 0.418 | -.138 1.08 0.436 . 1.29 1.04 | 1.02 | 1.19 |
.938 [3.97 | 2.25 -.501 2.91 2.37 3.39 1.05 | 1.03 { 1.16
.938 [4.36 | 2.29 -.500 3.26 2.41 3,78 1.05 | 1.02 | 1.16
.938 |5.00 | 2.34 5494 3.79 2.48 4.41 1.06 | 1.03 | 1.17
. »r
¥ = ~f
' e VL
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¥ig.1(a). A Symmetrically Stiffenfd Plate

.

Fig.1(5)T An Ecéentrically Stiffened Plate
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Listing of the Stiffened Plate Analysis Program SPAP
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clit I N 1
c THIS IS THE LISTING OF PROGRAM SPAP (sm?mrzb LATE AN,
c PROGRAM) . SPAP.IS SELF-CONTAINED.
DIMENSION x(mo) LY(100), NODES (100, 8) , NODESX1 (100, 3) , NODESY(100,
1 3),NODESX2(100,2) ,NODESY2(100,2) , ID (5, 100) ,LM(100,40) , Lux €100, 16
2 ),08TF(100000) ,LMY (100, 16) ,QZ(100) ,ESTF(40,40) ,PG(100) ,ESTFX1 (15
3 .16),ESTFY1(16, 16) ESTFX2(40,40) ,ESTFY2(40,40) P (400) , XD (400) ,
5 DISP(800) ,INBN(70) , IDI(5,100) ,NSTOR (16) ,P1(10)
DIMENSION IFR(100),NST(100,10),IFRX(100),IFRY(100), NETX(100,5),
1 NSTY(100,5), IPX(EO) IPY(50) ,X5(680), YS(60)
COMMON NODET, NELEM, NNODE, NDOFN , NBN, LTYPE, TANT
COMMON IETPX, IETPY .
COMMON NELEMX, NNODEX, NDOFNX
COMMON NELEMY, NNODEY, NDOFNY
COMMON NODETX, NODETY
COMMON/ELPROP/YNG (3) ,POS, TH
COMMON/ELPROPX/IDELX1, IDELX2, BRX (2) , DPX(2), al?x(z) TFX(2),
1 CWX(2),CFX(2)
COMMON/ELPROPY/IDELY1, IDELY2, BRY(2) ,DPY(2) ,BFY(2) . TFY(2),
1 CWY(2),CFY(2) .
COMMON IER1,IER2, IER3, IER4, IERS, IER6
IR RN R R AT SR RN AN ARRRERARARTES n n.\um.u.
c INPUT DATA IN FILE SPAP1.DAT
[4 FOR CHECKING CORRECTNESS OF INPUT DATA AND ERROR DIAGNOSTIC

[ MESSAGES, REFER TO FILE SPAP2.DAT e

OUTPUT DATA WILL BE CONTAINED IN.FILE SPAP3.DAT

T RN TR RN A R RE AR AR AR AN

* OPEN(UNIT=6,FILE="SPAP1.DAT*, TYPE="OLD’) .
OPEN (UNIT=2,FILE="§PAP2.DAT’ , TYPE="NEW’)
OPEN (UNIT=6,FILE="SPAP3.DAT’, TYPE="NEW’)

CHUPLELIIRII IR sty ]

c NODET=TOTAL NUMBER OF NODES IN THE mn

c NELEM=TOTAL NUMBER OF PLATE ELEMENTS IN THE MESH "

c NNODE=NUMBER OF NODES PER ELEMENT g

c NDOFN=NUMBER OF DEGREES OF FREEDOM PER NODE

c NBN=NUMBER OF BOUNDARY NODES

[

c

[

v

o~
LTYPE=1 FOR POINT LOAD; ANY-BJHER INTEGER EOR unL
IANT=1 IMPLIES FEM(M1) IS ACTIVATED; FEM(M2) OTHERWISE
IIIIIll|'lI|lIII|HIIHllI!ll|Il|'l!|!||l|“!ll||!|'II|I!I!IHI'II'I'|I
= READ (6, *) NODET, NELEM, NNODE, NDOFN, NBN, LTYPE, IANT
C|IIIHH!!I|IIIIIIHIIH'Ill|I'!!I!IHIII|HHIIIH!|IIHI'I"'IIIIIH'
IETPX=1 OR 2 ACCORDING AS THERE ARE ONE OR'TWO TYPES OF
_G - X-STIFFENERS 3
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IETPY=1 OR 2 ACCORDING AS THERE ARE ONE OR TWO TYPES OF
Y-STIFFENERS .
X(=GLOBAL X-COORDINATE OF A  PLATE NODE
*  Y()=GLOBAL Y-COORDINATE OF A PLATE NODE
NODES(,)=ELEMENT NODE NUMBER FROM THE FIRST ELEMENT TO THE LASTN

aaaacaa

[T ER SRR RR RN RN R EET)
READ (5, #) IETPX, JETPY
DO 10 NODE=1,NODET
10 READ(S, *)X(NODE) Y (NODE)
. DO 20 IE=1,NELEM s
“READ(6, *) (NODES (IE, I) , I=1, NNODE)
20 CCNTINE M/
NDEF=NODET#NDOFN
. NDEFE=NNODE*NDOFN
Crivtinn
IF (IANT.EQ.1) THER
CONTINUE
ELSE
GO TO 6001
END, IF

[EEEEEERRRTTRLIN]

INPUT STIFFENER CONFIGURATION DATA FOR FEM(M1)
NELEMX OR NELEMY=TOTAL NUMBER OF X- OR Y-STIFFENERS

c
c
c
c NDOFNX OR NDOFNY=NUMBER OF DEGREES OF FREEDOM PER NODE FOR
c X- OR Y-STIFFENERS 3 ~
c NNODEX OR NNODEY=NUMBER OF NODES PER ELEMENT FOR X- OR Y-
c STIFFENERS

c NODESX1 (IEX,3) OR NODESY1{IEY,3)=NODE NUMBER FOR X- OR Y-
c

c

e

READ (6, *) NELEMX,, NDOFNX, NNODEX

IF(HELEMX.EQ.0)GO TO 561

DO 21 IEX=1,NELEMX

3 READ(5, ) (NODESX1 (IEX, ) , I=1, NNODEX)

21 CONTINUE | . .
681  READ(S, +)NELEMY,NDOFNY , NNODEY

IF(NELENY.EQ:0)GO TO 662

DO 22 IEY=1,NELEMY ©

READ (5, #) (HODESY1 (IEY, I) , I=1, NNODEY)
22 CONTINUE

NDEFEX=NNODEX#NDOFNX

NDEFEY=NNODEY#NDOFNY i

GO T0 562

e
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8001  CONTINUE
crivrprprrrprrIrnn
c INPUT STIFFENER CONFIGURATION DATA FOR FEM(M2)

c NODETX, NODETY=TOTAL NUMBER OF PSEUDO X-STIFFNER AND

C. 4 Y-STIFFENER NODES K

c NELEX, NELEMY=TOTAL NUMBER OF X-STIFFENER AND Y-STIFFENER
c ELEMENTS

c NODESX2(IEX, 1-0R 2)=PSEUDD NODE NUMBER OF AN X-STIFFENER |
¢

c

c

[

c

c

IPX(TEX)=HUMBER OF THE PLATE ELEMENT TO WHICH AN X-STIFFENER
ELEMENT IS ATTACHED
YS(IEX)=GLOBAL Y-COORDINATE OF AN ORTHOGONAL X-STIFFENER
* NODESY2(IEY,1 OR'2), IPY(IEY) & XS(IEY) HAVE SIMILAR MEANINGS
“FOR A Y-STIFFENER'AS EXPLAINED ABOVE FOR AN X-STIFFENER °
e L L N I BT TR A R
READ (6, #) NODETX, NODETY
'READ (6, *) NELEMX, NELEMY
IF (NELEMX .EQ.0)GO TO 3001
“ % DO 3002 IEX=1,NELEMX *
3002  READ(S, *) (NODESX2(IEX.I) . I=1,2)
. DD 3003 IEX=1,NELEMX
3003 READ(6, *) IPX(IEX) , Y5 (IEX)
3001 IF( .EQ.0)G0 TO 562
DO 3005 IEY=1,NELEMY
3006 ~ READ(6, %) (NODESY2(IEY,I),1=1,2)
D0-3008 IEY=1,NELEMY

3008  READ(S,*) IPY(IEY) XS (IEY) +
‘11114 ¢ LINITIALIZE ID ARRAY!!

562 DO 101 J=1,NODET

DO 101 I=1,NDOFN , v e .

101 . 'ID(I,N)=0 . i ’

* WRITE(2,2007)

2007  FORMAT (2X, 18HCONSTRAINT NODES,3X,18HCONSTRAINT INDICES)
C111111 'INPUT GEOMETRIC BOUNDARY CONDITIONS!! 1y
c NODEB=A BOUNDARY NODE NUMBER
c ID(K,NODEB)=1 MEANS K TH. DEGREE OF FREEDOM I§ FIXED AT NODEB
€ ., ID(KNODEB)=0 MEANS K TH. DEGREE OF FREEDOM IS FREE AT NODEB
R T T T AR AN AR AN AR NA NA S} e
D0 201 I=1,NBN
READ (6, ) NODEB, ( (ID(K,NODEB)) ,K=1, NDOFN)

INBN(E)=NODEB )
- . DO 202 K=1,NDOFN 7
D1 (K, NODEB) =ID (K, NODEB)
202 CONTINUE
201 CONTINUE




Cl1Y11ttIMODIFYING THE ID ARRAY!!
— ".7'  KOUNT=0
. DO 601 J£1,NODET : 4
DO 601 I=1,NDOFN .
£ e IF(ID(I, J) .EQ.1)G0 TO 601 . . : ]
KOUNT=KQUNT+1
ID(T; ) =KOUNT—
¢ NADF=ID(I, J)
, . GO TO 601
801 I(I.D=0 /-
501 . CONTINUE
CALL CAPE(NELEM, NNODE, NDOFN, NODES, LN, ID, NDEFE)
CII1111IREAD THE ELEMENT PROPERTIES!!!! 41111011 1111100

c YNG (1)=YOUNG'S MODULUS FOR:THE PLATE MATERIAL
c POS=POISSON’S RATIO FOR THE X-STIFFENER MATERIAL. N
] TH=PLATE THICKNESS :
D c YNG(2),YNG (3)=YOUNG'S MODULI FOR THE X-STIFFENER AND: v-s'rxmmu
c MATERIALS RESPECTIVELY
c BRX() ,BRY()=WEB WIDTHS OF AN X-STIFFENER AND A Y-STIFFENER
c RESPECTIVELY
c * DPX( ,DPY()=DEPTHS OF WEB"OF AN x-s'm-'mm AND A Y-STIFFENER
¢ RESPECTIVELY
c BFXQ) BFY ) =FLAXGE WIDTHS OF AN X-STIFFENER AND A Y-STIFFENER
c RESPECTIVELY
c TFX() , TFY ()=FLANGE THICKNESSES OF AN x-summn AND A
c Y-STIFFENER RESPECTIVELY - ;
c CWX() ,CWY ()=TORSIONAWRIGIDITY CONSTANTS FOR AN X-STIFFENER AND
c A Y-STIFFENER RESPECTIVELY b
c IDELX1, IDELX2=LIMITS OF X-STIFFENER ELEMENTS OF SECOND TYPE OF
c GEOMETRY WHEN IETPX=2
c IDELY1, IDELY2=LIMITS OF Y-STIFFENER ELEMENTS OF SECOND TYPE OF
c GEOMETRY WHEN IETPY=2
GUELIEELUEEE UL LV T T e e
READ (6, #) YNG (1) ,POS, TH N

IF (NELEMX. GT . 0) THEN - [ «
READ (B, #) 3 é) : -
READ(5, %) B! DPX(1), BFX(l) TFX(1) ,CWX(1) ,CFX(1)
‘IF(IETPX.EQ{1)G0 TO 1800
READ (5, #) IDELX1, IDELX2

Y . READ(E, *) BRX(2) ,DPX(2) ,BFX (2) , TFX(2) , CWX(2), CFX(2)

1800  IF(IANT.EQ.1) THEN )

CALL CASEX (NELEXX, NNODEX, NDOFNX, NODESX , LIX, ID, NDEFEX)
END IF 3
END IF 1 :




IF (NELEMY . GT. 0) THEN
READ(5,%) YNG(3)
READ (5, #)BRY (1) ,DPY (1) ,BFY (1), TFY (1) ,CWY (1) ,CFY (1)
IF (IETPY.EQ.1)G0 TO 1801
READ (6, #) IDELY1, IDELY2 "
READ(5, #)BRY (2) ,DPY (2) , BFY (2) , TFY (2) ,CWY (2) ,CFY (2) .
1801 IF(IANT.EQ. 1) THEN
CALL CASEY (NELEMY,NNODEY, NDOFNY, NODESY4, LMY, ID, NDEFEY)
END : ;
END s
IF (LTYPE-1)99,990,99
-CYY1d 1 IREAD UNIFORMLY DISTRIBUTED LOAD DATA!!!!ftftstspisneasespntneny
c QZ()-UNFDRII‘LY DISTRIBUTED LOAD FOR THE WHOLE PLATE "
CLITHILINL LI LT gy
99 READ(6,#)QZ(1). . .
DO 605 I=2,NELEM /.

506 QZ(D)=Qz{1) . /
- GO TO 992 -
. CIUITIVIREAD CONCENTRATED LOAD DATA!Y!EfIIITIRELEENY
. c NNCL=TOTAL. NUMBER OF NODES AT WHICH conm_mm 15 mx.m'
‘e NODEC=NUMBER OF A KODE CARRYING POINT LO
c P()=A NODAL POINT LOAD IN THE DIRECTION OF THE CORRESPONDING
c NODAL. DEGREE OF FREEDOM

CLEYIRELREN NN N NN LR Y
990  READ(B,*)NNCL
DO 801 INCL=1,NNCL
READ (5, #)NODEC, (P (ID (I, KODEC)) , I=1,, NDOFN).
NSTOR (INCL)=NODEC B
901 P1(INCL)=P(ID(3,RODEC)) '
. GO TO 993 . .
(RN RN RN E RN RN R AR NN AN AR AR RN RN AN AT} (REENERERTRINS
992  CALL GCLVA(NELEM,NODES.QZ,P,X.Y,LM)
993  «CALL CONS(AE,G,D,SR) .
DO 30 IE=1,NELEM
= CALL ESMB(NODES,X,Y,
i -mposmonsnuopzunmmmn
IF (1ER1.EQ.1)GO TO 676 :
CALL GEMB(LM,ESTF, IE, NADF, NDEFE, os‘m
30 CONTINVE ;
IF (NELEMX.EQ..0)GO TO 41 -
DO '40 IEX=1,NELEMX
e 2 IF (TANT . EQ. 1) THEN
g CALL ESMBX1 (NNODEX, NODESX1,X, IEX,ESTFX1, IER2)
IF (IER2.EQ. 1) G0 TO 676




\/ 119

CALL_ GSMBX1 (LMX,ESTFX1, IEX, NADF, NDEFEX, OSTF)
ELSE . =
K1=TPX (TIEX)
mmanzmmvsxvnummmzmo
IF (IER4.EQ.1)GO TO 676 >
CALL GSMB(LM,ESTFX2,K1,NADF, NDEFE, OSTF) ’
END IF

40 CONTINUE |

4 IF (NELEMY.EQ.0) GO TO 670 .

DO 5Q IEY=1,NELEMY £

IF (IANT.EQ. 1) THEN .

CALL ESMBY1 (NNODEY, NODESY1,Y, 1, IER3)
IF(IER3.EQ.1)GO TO 676 : i
CALI. csmmm,m'mx.mv,mr,m LOSTR) 5

KZ-IPY(IEY) 5 _/
CALL ESMBY2 (NNODE, IEY, IPY, XS, X. Y, KODES, ESTFY2, n-:ns)
IF (IER6.EQ. 1)G0 TO 676
CALL. GSMB (LW, ESTFY2, K2, NADF, NDEFE, 0STF) .
- END IF g
50, CONTINUE
675 CALL®SOLV(NADF, STF,P,XD, IERS)
IF (IERS.EQ.1)GO TO 676 =
D1=0 :
k=0
KOUNT=0
DO 661 J=1,KODET .
DO 881 I=1,NDOFN
IF(ID(I, ) .EQ.0) THEN
KOUNT=KOUNT+1<.
. DISP (KOUNT) =D1 -
ELSE : -
K=K+1
KOUNT=KOUNT+1
DISP (KOUNT) =XD (X)
~ END IF
661 - CONTINUE
WRITE(S,857).
667  FORMAT(2X,BHNODE NO.,6X,iHU,13X, 1HV, 13X, 1HV, 10X, BHTHETAX,
17X, 6HTHETAY)
DO 658 NN=1,NODET
A WRITE(S,850) NN, (nzsp(samlow-m M=1,6)
660  FORMAT(4X,I3,3X,E11.4,2X,E11.4,2X,E11.4,2X,E11.4,2X,E11.4) /
- .- 668  CONTINUE.
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DO 559 IM=1,NELEM L . '
DO 569 IE=1,NNODE
IF (NODES (I, TE) .EQ. K) THEN

+IFR (K) =IFR (K) +1 \

NST(K, IFR(K))=IM ~

- ELSE .

END IF
CONTINUE
CALL. STRESS (POS, TH, AE.G,D, SR NELEM, NI!DDE X.Y,NODES,DISP.
NODET, IFR, NST) , _

IF (NELEMX.EQ.0)GO TO 665 T
IF(IANT.EQ. 1) THEN J

DO 560 K=1,NODET ;

DO 660 IEX=1,NELEMX o
DO GO IN=1,NNODEX' s ‘ .
DESX1 (IEX, IN) .EQ.K) THEN ¢
IFRX(K)=IFRK(K)+1 - . : -
NSTX(K, IFRX(K))=IEX : :

DO 6611 K=1, NODET
DO 661 IEX=1, NELEMX

DO E611 IN=1,2

IF (NODESX2 (IEX, IN) .EQ. K THER
IFRX(K)=IFRX(K) +1 ;
NSTX (K, IFRX(K) ) =IEX

ELSE’ . . o .
END IF . . L >
CONTINUE ' o
END IF ° S 3 ~

IF(IANT.EQ. 1)‘I'HBI

CALL ETRESBXIOI'EIM NODET, NODESX1 , NNODEX, X, DISP, IFRX HST)O
ELSE

CALL' STRESSX2 (NELEMX, NNODE, NDDETX NODESX2,X.,Y, YB DISP
NODES, IFRX IPX, HETX)

END IF
IF (NELEMY :EQ.0) GO TO 576
IF(IANT.EQ.1) THEN

D0 670 X=1,NODET e @ ;

DO 670 IEY=1,NELEMY

* Db 670 IN=1,NNODEY . P



IF (NODESY1 (IEY, IN) . EQ.K) THEN

IFRY (K)=IFRY(K)+1 | 1

NSTY (K. IFRY (K)) =IEY “ - /
ELSE

570  CONTINUE

DO 671 K=1,NODET
*DO 671 IEY=1,NELEMY
DO 678 IN=1,2
E * IF(NODESY2(IEY, IN) .EQ. x)-mzn
-+ IFRY(K)=IFRY(K) +1
NSTY (K, TFRY (K))=IEY & 3
ELSE .
s VEND IF .
o B71 ° CONTINUE . E
. - END TF .- . 5
IF (IANT.EQ. 1) THEN
> ) CALL _STRESSY1(NELEMY, uunm\nnnssvx NNODEY, Y, DISP, IFRY, KETY)
ELSE -
CALL STRESSY2(NELEMY,NNODE,NODETY, NODESY2,X,Y,XS, DIsP,
~ 2 NODES, IFRY, IPY,NSTY)
! . . END IF :
’ 676 CALL DOCTOR(X,Y,NODES,NODESX1, NODESX2, unbwn NODESY2,
IPX,YS, IPY, XS, INBN, ID1 NNCL,NSTOR,P1,Q2)  ~ . .
STOP e c 6
END 2 £ 5 e

% e
SUBROUTINE GAUSQ2(GSPX.,GSPY,W1)
DIMENSION XG(2),YG(2),W(2),W1(4),GEPX(4), csma)
X6(1)=0.6773602692
X0(2)=-0.5773502692
Ya(1)=X6(1)
Y6(2)=XG(2) .
. DO 10 K=1,4° i '
. s Y1(K)=1.0 .
10 CONTINUE . o
GEPX(1)=-XG(1)
GSPX(2)=XG(1)
GSPX (3)=XG (1)
GSPX (4)=-XG (1)
. GEPY(1)=XG(1)




.

SH(B)=0.6¢(1.

" ADERIV(1,4)=0.64 (1.~T:
ADERIV(1, 6) =0.26% (52=T-5T2+T+T)

GEPY(2)=XG (1)

GSPY (3)=-XG (1)

GEPY (4)=-XG (1) °
RETURN

2% "

-

: SUBIWUTIHE GAUSQ21 (GSPX GSPY,Ii) .

DIMENSION GSPX(2),GSPY(2) = °
GBPX(1)=-0, 6773502692 \
GSPX(2)=0.5773602692 | - -
GSPY (1)=GSPX(1) AT
GSPY(2)=GBPX(2) ' o
"1=1.0 : o
‘RETURN
B

o

’ SUBRDUTIIB SHAPE(S, T, SH, AI)EKIV)

, DIMENSION SH(8) , ADERIV(2,8) .
SH(!)'O 26% (1.-5) * (1.+T) $(-5+T-1)
BH(2)70.5% (1.4T)# (1. -5e92) )
BH(3)=0.26%(1.+8) *(1. 'T’)O(B*T-l)'
SH(4)=0.5% (1.+5) % (1.-T+2)
H(6)=0.26% (1.+8) % (1.-T) # (5-T~1)
SH(O)-O 5+ (1.-T)* (1
5H(7)=0.26%.(1.-6) * (1

ADERTV(t, ) =0.25% (S2-T+6T2-T+T)

ADERIV(1,2) =0.6% (-62:5T2)

ADERTV(1,3) =0.264 (SZ+T+5T2+T+T)’
o)

ADERIV(1,6)=0.6¢(-52+§T2)
ADERIV(1,7)=0.26% (524T-5T2-T+T)

’ ADERIV(1,8)=0.6#(-1.+T¢T) ~ '

ADI!IV(H 1)=0.26* (TZ-S*B'B-ST!!)

122" -




‘ao.

52
53

" GO TO 63

© ADERIV(2,2)=0.5%(1.-898%
- ADERIV(2,3) =0’ 264 (T2+5+545+5T2) . T

ADERIV (2, 4)=0. 6% (~T2-5T2) : {
ADERIV(2,5)=0.26% (T2:5-5¢5+5T2)
ADERIV(2,8)=0.5% (~1.455) §
ADERIV(2,7)=0.25%(T2+6-545-5T2)
ADERIV(2,8)=0. 5% (~T2+5T2)

RETURN _ 0 . v
END

=

Si!BBﬂliTINE’JACOB (IE;X,Y,NODES,
ADERIV, XDJAC, CARTD, IER1)

4

. DIMENSION X(100) ;Y{(100) NﬂDES(lOO 8). EJAC(2 2), EJIIN(! 2),

ADERIV(2,6);CARTD(2,8) -+,
D0 9 I= #
D09 ]
EJAC(I,3)=0. ¥
EJINV(I,D)=0. . - . -
CONTINUE , .
D010 1=1,8 . - 7 '
EJAG(1, 1)=EJAC(L', 1) +ADERIV (1, I) +X (HODES (12, 1))
EJAE(1,2)=EJAC(1, 2) +ADERIV (1, I) #Y (NODES (IE, I) )
EJAC(2, 1)=EJAC(2, 1) +ADERIV(2, I) #X (NQDES (IE, 1))
EJAC(2,2)=EJAC(2, %) +ADERIY (2, I) #Y (ODES (IE, 1) )
CONTINVE .
XDJAC=EJAC (1, 1) #EJAC(2,2) -EJAC(1,2) clmc(z D
IF(XDJAC.LE.0.0)-GO TO 62

JINV1, 1)=EJAC(2,2) /XDIAC @

INV(L, c£1.2) /xDIAc
EJINV(2,1)=-EJACRR; )/XDIAC | L '
EJINV(2,2) EJAC(1, D/XDIAC o
D0 20 1=1,8 T
CARTD (1) D) =EJINV (1, 1) $ADERIV (1, 1)ozuuv<1 2) uuazuv(z 1)
CARTD(2,
CONTINUE




-

-

SUBROUTINE CONS (AE,G.D, 5R)
COMMON, 0P/YNG (3) ,POS, TH
AE=YNG(L) #TH/ (1.-P0§+*2)
G=YNG(15'6TH/ (2. % (1.4P05))
D=YNG(1) #THe#3/(12. % (1.-P0OS*+2))
BREYNG (1) $TH/ (2.4% (1. +P0S)) -
RETURN

END

SUBROUTINE CONS11 (BRX,DPX,BFX, TFX,ASX,DSX, 55X, EX,
CWX, CFX, TRX)
COMMON/ELPROP/YNG (3) ,POS, TH
COMMON CSX,XI,CX
CSX=BRX#DFX+BFXTFX * ; . 5
ASX=YNG (2) * (BRX*DPX+BFX#TFX)
GX= (BRXDPX (DPX/2. +TFX) +BFX+TFX+TFX/2.) / 4
(BRXDPX+BFX¢TFX)
XI=BRX+DPX##3/12.+BRX$DPX# (DPX/2. +TFX-GX) #92+
BFX#TFX+#3/12. +BFX¢TFX# (GX-TFX/2.) %32
DSX=YNG(2) #XI
EX=DPX+TFX+TH/2.-GX
ssx—wo (2) # (BRX*DPX+BFX#TFX)/ (3.0% (1. +POS))

) # (CWX*DP CEX TFX##3) /(2.%(1.4P0S))

IIETU'RH
END

SUBROUTINE CON621 (BRY,DPY,BFY, TFY,ASY,DSY, S6Y,EY,
CWY,CFY,TRY)

COMMON/ELPROP/YNG (3) ,POS, TH
COMMON C5Y,YI,GY .
CSY=BRYsDPY+BFY+TFY

ASY=YNG (3) # (BRY#DPY+BFY#TFY)
GY=(BRYsDPY# (DPY/2.+TFY) +BFY*TFYeTFY/2.) /
(BRY$DPY+BFY+TFY)

YI=BRY#DPY##3/12. +BRY+DPY# (DPY/2. +TFY-GY) $2+
BFY#TFY#3/12, +BFY+TFY* (GY-TFY/2.) #42 .
DBY=YNG(3) #YI

_EY=DPY+TFY+TH/2.-GY'




SEY=YNG (3) # (BRY+DPY+BFY+TFY) / (3.0# (1. +P05))

* TRY=YNG (a)n(monrvcammaomsm:mu:n/(2 (1. 'PDS))

RETURN
END

SUBROUTINE CONS12(BRX, DPX,BFX, TFX, ABX1,ASX2, DSX ‘58X,

CWX, CFX, TRX)

COMMON/ELPROP/YNG (3) , POS, TH

ASX1=YNG(2) # (BRXSDPX+BFX§FX) -

ASX2=0. 54YNG (2) 8 (BRX#DPXs (DPX+ ) *BFX$TFXs (2. -DPXomoTFx))
C1=(DPX+0.54TH) #43- (0. 64TH) ##3

C2=(DPX+0.54TH+TFX) ##3- (DPX+0,5¢TH) #23

DSX=YNG (2)# (BRX+C1+BFX+#C2) /3.

SSX=YNG (2) # (BRX+DPX+BFXsTFX) / (3.0# (1. +P0S) )

TRX= YNG(Z)t(clxoDchan«aocFX'BFxtmna)/(2 *(1.+P08))
RETURN :

END

SUBROUTINE CONS22(BRY, DPY,BFY,TFY,ASY1,ASY2, DSY, 5SY,
CWY,CFY, TRY) '
COMMON/ELPROP/YNG(3) , POS, TH

ASY1=YNG (3) + (BRYsDPY+BFY+TFY)

ASY2=0.. 5+YNG (3) # (BRY#DPYs (DPY+TH) +BFY#TFY# (2. $DPY+TH+TFY) )
C1=(DPY+0,69TH) #43- (0. G4TH) ##3

C2=(DPY-+0.5+TH+TFY) $#3- (DPY+0.6¢TH) ##3

DSY=YNG (3) # (BRY#C1+BFY#C2) /3.

SEY=YNG (3) # (BRY*DPY+BFY+TFY) / (3.0# (1.+P0S))

TRY=YNG (3) # (CWYDPYBRY#43+CFY/BFY&TFY43)/ (2.4 (1. +P0S))
RETURN

END.

SUBROUTINE SHAPE1 (,5H, DERIV)
DIMENSION SH(3) ,DERIV(3)

" SH(1)=-0.5+6% (1.-5)
“ SH(2)=1.-692



10
20

- 10

N

-

SH(3)=0.5+5% (1.45) ‘
Be (-1.42.45)

s
5% (1.42.8)

SUBROUTINE JACOBX!(TE,X,NODESX!,DERIV,DJAC, CARTD , IER2)
DIMENSION X(100) ,HUDESX!(100,3) ,DERIV(3) , CARTD(3)
EJAC=DERIV(1) #X (NODESX1 (IE, 1))+DERTV (2) +X (NODESX1 (IE, 2) )
+DERIV'(3) #X(NODESX1 (IE,3)) )

DIACSEJAC ;

IF(DJAC.LE.0.)G0 TO 10

EJINV=1./DIAC .

CARTD (1) =EJINV#DERIV (1)

CARTD (2) =EJINV#DERIV (2)

CARTD (3) =EJINV#DERIV (3)

G0 To' 20 "
IER2=1 .

RETURN

END

SUBROUTINE JACOBY1(IE,Y,NODESY1,DERIV,DJAC,CARTD, IER3)
DIMENSION Y(100),HODESY1(100,3),D! (3) , CARTD(3)
EJAC=DERIV(1) #Y (NODESY1(IE, 1))+DERIV (2) Y (NODESY1 (IE, 2)) «
+DERIV (3) #Y(NODESY1 (IE,3))

DJAC=EJAC

IF(DJAC.LE.0.)GO T0 10

EJINV=1./DJAC

- CARTD(1)=EJINV#DERIV (1)

CARTD (2] INVDERIV (2) . e W
CARTD (3) =EJINV*DERIV (3)

G0 TO 20 wwet

IER3=1

126
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SUBROUTINE. 1AZ0BX2 (IE, RNODE. X, NODES, ADERIV, XDJAC, CARTD, IER4)
DIMENSION X(100),NODES(100,8),ADERIV(2,8) ,CARTD(2,8)

EJAC=0.0 -

DO 10 I=1,NNODE

EJAC=EJAC+ADERIV (1, I) #X (NODES (IE. )

CONTINUE 2 05
XDJAC=EJAC -

IF (XDJAC.LE.0.0)GO TO 30 .
EJINV=1./XDJAC . -
DO 20-I=1,KNEE

=EJINVSADERIV(1,T)

SUBROUTINE JACOBY2 (IE, NNODEY, NODES, ADERIV, YDJAC, CARTD, IERG)

DIMENSION Y(100),NODES(100,8) ,ADERIV (2, 8) ,CARTD(2,8) .

EJAC=0.0 ¢ .

DO 10 I=1,NNODE  ° }
. EJAC=EJACSADERIV(2, T) Y (NODES (IE. 1))

CONTINVE

YDJAC-EIAC

IF(YDIAC.LE.0.0)GO TO 30

EJINV=1./YDJAC

DO 20 I=1,HNODE

CARTD(2, 1) =EJINV#ADERIV (2, )

CONTINUE

G0 'T0 40

TERS=1

RETURN . e

END - g -

SUBROUTINE ESMB(NODES,X,Y, IE, . .
1 TH,POB,AE,G.D,5R, NNODE, NDEFE, ESTF) .
DIMENSION TEMP(26),CARTD(2,8),5H(8),ESTF (40,40), ADBIIV(Z 8).
DIMENSION GSPX(4),GSPY(4),W1(4), NODES(100,8),X(100) ,Y(100)




1111111 ASHEMBLES PLATE STIFFNESS MATRIX BY REDUCED IHTEGRATXDN“
CALL GAUSQ2(GSPX,GSPY, ¥1)
D0 991 I=1,NNODE :
DO 991 J=1,NNODE
D0 70 I1=1,26
70 TEMP(11)=0.0
DO 80 K=1,4 ! >
5=G5PX (K) . .
T=GSPY (K) 5 -
CALL SHAPE(S,T,SH, ADERIV) :
___ CALL -JACOB(IE,X,Y,NODES,ADERTV, .-
XDJAC, CARTD, IER1)
CST=N1 (K) $XDIJAC e
m(t)-mn’(xhcsrouz.cumu 1) sCARTD(1, J)ocouﬁm(z.nt

Iy

-

CARTD(2, 1))

TEMP (2) =TEMP (2) +CST+ (POBOAIZOCARTD(L I)4CARTD(2,0) +

1 _G#CARTD(2,I)#CARTD(1,J)) . -
TEMP (6) =TEMP (8) +CST# (POS*AE#CARTD (2, I) #CARTD (1, J) +

G#CARTD (1, I)#CARTD(2, J)

q
-

-

-

- 'rm(u)=’rm(w-cs1-csmcm-m(m)osn(.v)
TEMP (16) =TEMP (16) -CET#SRCARTD (2, T) #5H(J) *
TEMP (18) =TEMP (18) -CST#SR#5H (I) $CARTD (1, J)
TEMP (19) =TEMP (19) +CET# (DSCARTD(1, I) $CARTDA(1, ) +
S D# (1. <POS) $CARTD (2, 1) #CARTD (2, J) /2. 0+EREH (I) #8H(J))
// TEMP (' +CST# (D4POS#CARTD (1, I) $CARTD (2, J) +
D+ (1.-POS) sCARTD (2, 1) *CARTD (1, J) /2. 0)
TEMP (23) =TEMP (23) ~CST#SR¥SH (I) $CARTD (2; J)
TEMP (24) =TEMP (24) +C5T# (POS$DSCARTD (2, 1) $CARTD (1, ) +
" L D#(1.-PO) CARTD (1, I) #CARTD (2, J) /2. 0)
w TEMP (26) =TEMP (2K).4C8T# (DSCARTD (2, I) $CARTD (2, J) +
D#(1,-POB) ¢CARTD (1,1) #CARTD (1, 1) /2. 0+R#SH (1) #6H(J))
80  CONTINUE
L=0
DO 991 II=G+I-4,6%
DO 991 JJ=E¢J-4,6%]

A\
-

-

-

Lalet
ESTF(IT, JJ)=TEMP (L) - N
991 - CONTINVE P
RETURN P

END

{ i
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SUBROUTINE GSMB (LW, E, TE, NADF , NDEFE, 0) : e
DIMENSTON LU(100,40) , E (40,40) ,0(100000) :
DO 10 I=1,KDEFE

LMIFLMCIE,T)

DO 10 J=1,WDEFE

LM2:=LM (IE,J)

IF(2.EQ.0G0 TO 10

" IF(1.EQ.00GO TO 10

IF(LM1.LE.LN2)GO TO 20

GO T0 30

IF(1 . EQ. 1) THEN

K=LU1+LM2-1 7 -
0(0=0(K)+E(T, J) @« ® PX

ELSE IF (LM1.GT.1)THEN .

L8=0 - ° -
DO 26 II={,LM1-1

LS=(NADF-I1+1) +L§

K=L5+ (LM2-Lu1 +1)

0.(K1=0 CK)+E(T. J)

DO 35 JJ=1,1M2-1
LS=(IADF-;J'D +L§
K=L5+ (LM{-LU2+1)
0(K)=0 (K)+E(T, )
“CONTINUE

RETURN

END

SUBROYTINE ESMBX1 (NNODEX,KODESX!, X IE,ESTFX1, IER2).
(IR R

COMPUTES X-STIFFENER ELBMENT MATRIX IN FEM(M1) BY
INTEGRATION B .
T R R N T R R LT R R TN R R TR R RN TERR TN AR !
DIMENSION NODESX1(100, 3),X(100) ESTFX1(15, 16), su(a) DERIV (3),
CARTD(3) , TEWP (26) ,05PX (2) ,GSPY (2)

COMION/ELPROP/YNG(3) , POS, TH

COMION/ELPROPX/IDELX1 , TDELX2 , BRX(2) ,DPK(2) , BFX(2) , TFX(2) .
CWX(2) , CFX(2)

IF (IDELX1.EQ. 0) THEN 2
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BRIOC=BRX (1)«

DPXX=DPX(1)

BFXK=BFX(1) -

TRXX=TFX(1) .
CMOX=CWX (1) -
CFXX=CFX(1)

@ TO6 5

ELSE IF(IE.GE.¥DELX1 .AND . IE.LE. IDELX2) THEN

BRYX=ERX(2)

DPXX=DPX(2)

BFXX=BFX(2) '

TFXX=TFX(2)

CNXX=CWX(2)

CFXX=CFX(2) 3

6 TO & . ' -
ELSE .

BRXX=BRX(1)

DPXX=DPX(1)

BFXX=BFX(1)

TFXX=TFX(1)

CIOX=CHX(1)

CFXX=CFX(1)

END IF . -

CALL. CONG11 (BRXX, DPXX,BFXX’, TFXX., ASX,DSX, 65X, EX,

OMOX, CFXX, TRX) -

CALL GAUSQ21(GSPX, GSPY,¥1)

D0 10 I=1,NNODEX

D0 10 J=t,NNODEX

D0 20 1I=1,26

TEMP (11)=0.0

D0 30 K=t,2

5=GSPX(K)

CALL SHAPE1 (§,5H, DERTV)

CALL JACOBX1 CIE, X, NODESX1 , DERIV, DJAC, CARTD, IER2) s
IF(IER2.EQ.1)G0 TO 40

CST=W14DIAC -
TEMP (1) =TEMP (1) +ASX#CARTD () 4CARTD(J) #CST s
TEMP (4) =TEMP (4) -CST#EX*AEX#CARTD (I) ¢CARTD (J) d
TEMP (18)=TEMP (13) +CST+85X+CARTD (I) +«CARTD (J) 8
TEMP (14)=TEMP (14) -CST#55X# CARTD (I) 45H(J) : Y
TEMP (16)=TEMP (16) -CST/EX#ASX¢CARTD (1) *CARTD (J)

TEMP (18)=TEMP (18) ~CST+55X+SH (1) *CARTD (J).

TEMP (19)=TEMP (19) +CST# (EX# $24ASX#CARTD (I) 4CARTD (J) +

. DEX#CARTD (I) *CARTD (J) +85X#SH(I) #SH(J))

-3
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TEMP (26) =TEMP (26) +CST#TRX+CARTD (1) 4CARTD(J)
30 CONTINE '

L=0

D0 10 II=BeI-4,6¢1fF

DO 10 JJ=5#J-4,6%

LL+t d ’

ESTFX1 (1T, JJ)=TEMP (L)
10 CONTINUE

10 RETURN
_ JEND:
\
,
\ . .
i SUBROUTINE Esusvl(t‘rom.nonxsu.v,m.zsmnxm)
N Y R R AT ' IR R Ay
¢ COMPUTES Y-STIFFENER ELEMENT MATRIX IN FEM(M1) BY REDUCED
INTEGRATION .
crivvrnr e i

DIMENSION NODESY1(100,3),Y(100) ,ESTFY1 (16,16) ,6H(3) ,DERIV(3) ,
1 CARTD(3), TEMP(26) ,GSPX(2) ,GSPY (2)

COMMON/ELPROP/YNG (3),POS , TH

COMMON/ELPROPY/IDELY1, IDELY2,BRY (2) ,DPY(2) ,BFY(2) , TFY(2),
1 CWY(2),CFY(2)

IF (IDELY . EQ.0) THEN

BRYY=BRY(1)

DPYY=DPY(1)

BFYY=BFY(1)

TFYY=TFY(1)

CRYY=CRY(1) -

CFYY=CFY(1)

60 TO &

4 ELSE IF(IE.GE.IDELY1.AND . IE.LE. IDELY2) THEX
BRYY=BRY(2)
DPYY=DPY (2)
BFYY=BFY(2)

R TFYY=TFY(2)

CUYY=CHY(2)
CFYY=CFY(2) .
G0 TO 6

v ELSE
BRYY=BRY(1)
DPYY=DPY(1)
BFYY=BFY(1)
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TRIY=TFY(1) )
crTY=Cwy (1) ¢
© CRYY=CFY(1)
- L g ED IF =
5 mwnnmnommmmmssvn.
1 CEYY,CFYY,TRY)
CALL_GAUSQ21 (GSPX, GSPY, §1)
D0 10 I=1,NNODEY
D0 10 J=1,NNODEY
D0 20 II=1,26 ¢ . . ]
20 TBP(ID=0.0 T )
- D030 K=1,2
S=GSPY (K)
CALL SHAPE1(S,SH,DERIV) . ’
\ CALL JACOBY1 (IE,Y, NODESY1, DERIV, DJAC, CARTD IEY3)
~ ¢ IF(IEY3.EQ. 1) G0 T0 40
CET=N1DIAC
“TEMP (7) =TEMP (7) +ASY*CARTD (I) #CARTD (J) $CST
TEUP (10) =TEMP (10) -CST+EY#ASY+CARTD (1) 4CARTD(J)
TEMP (1.3) =TEMP (13) +CST+S5YCARTD () CARTD (J)
TEMP (16) =TEMP (15) -CST#E5Y* CARTD () #5H(J)
TEWP (19)=TEMP (19) +CST+TRY+CARTD (1) *CARTD (J)
TERP(22)<TEMP (22)-GSTVEY*ASYGIRTD (1) CARTD (1)

\ TEWP (23) I
_TEWP (26) 1) $CARTD(J)+
. 1 DSYCARTD(I) $CARTD () +S5Y+SH(D4EH ()
N 30  CONTINUE
b L=0
DO 10 II=50I-4,6e1
: DO 10 JJ=G¢J-4,6¢]
Lalst
. ESTFY1 (11, JJ) =TBYP (L)
10~ CONTINUE .
40  RETRN ;
; 5" )
k
-

* SUBROUTINE ESMBX2(NNODE, IEX, IPX,YS, X,Y,NODES, ESTFX2, IER4)
CHLLIEEY SR R R R R e ey
c COMPUTES X-STIFFENER ELEMENT MATRIX IN FEM(M2) BY REDUCED .
c INTEGRATION
CIIIIIII!HI!I!IIIIHH!IIIIlHHII'IHII!'IIIIIIIllIIIIIHIII"IIIII"I
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DIMENSION NBDES(100,8) ESTFX2(40. 40),SH(8) ADERIV(2,8) ,
CARTD (2,8) , TENP (26) ,G6PX (2) ,GGPY: (2) , IPX (60) . YS (60) ,
X(100),,Y(100) ,45PX3(3) ,GSPY3(3) , W3 (3)
COMMON/ELPROP/YNG (3) ,POS, TH
COUMON/ELPROPY/IDELX1, IDELX2, ERX (2) . DPX (2). mrxa) FX(Q),
oM (2) ,0FX(2)
IF(IDELX!.EQ.0)THEN
BRX(1)
DPXX=DPX(1)
BFXOXC=BFX(1)
TROX=TFX(1) '
CMOC=CIX(1) ) iy

. CFXX=CFX(1)

g0 - ¢
ELSE IF(IEX.GE.IDELX1.AND . IEX LE. ID} ) THEN

. BROC=BRX(2)

DPXX=DPX(2) . ) !
BFXX=BFX(2)

TFXX=TFX(2)

CTXX=CWX(2)

CFXX=CFX(2) *

"G TO 6

ELSE

BRXX=BRX(1)

DPXX=DPX(1) ; oo P
BFYXX=BFX(1),

TRXX="TFX(. .
cnoc:

cm:?xmn ) C : :
END IF ) )

CALL CONS12 CBRIX, DPXX,BFXX, TFXX, ASX!, ASX2,D5X,, 55X;

CMOC, CFXX, TRX)

K1=IPX (IEX)

. 6% (Y(NODES (K1, 2))-Y (NODES(K1 . 6)))

B=YS (IEX)-0.. 6+(Y(NODES (K1, 2)) +Y (NODES (K1,8))) -
XETA=B/A .

CALL GAUSQ21 (G5PX, GEPY,¥1)

D0 10 ‘I=1,NNODE

/D0 10 J=1, NNODE

D0 20 II=1,26

TEWP (ID1)=0.0

D0 30 K=1,2 "

B=ASPX(K)

' T=XETA




4 |

CALL SHAPE(S,T, SH,ADERIV)
- CALL JACOBX2(X1, RNODE, X,NODES , ADERIV, XDJAC, CARTD, n-:m)
" IF (IER4.EQ.1)GO TO 40 ) i
- CST=N1sXDJAC
g | TEMP(1)=TEMP(1) +CSTWASX1+CARTD C1, ) sCARTD (1., 3}
| TEMP(4)=TEMP(4) -€8TeASX2¢CARTD (1, 1) *CARTD (1, J)|
TEMP (13) =TEWP (13) +CST#SSX¢CARTD (1,1) » TD(l b
- TEMP (14) =TEWP (14) -CST#SEX¢CARTD (1, 1) #5H oH
¢ © TEMP(18)=TBF ()
e TEMP (18) =TEMP (18) -CST#S5X+5H (I) 4CARTD (1,0)) , .
. : TEMP (19) =TEWP (19) +CST# (DEX$CARTD(1, I) ocnﬁmm.m .
1 BEEXsSH(I) *6H(J))
TB‘P(IE)—TM(RE%CSTOTRX‘CARWG n tCMIi‘D(l N
30 CONTINUE
L=0
DO 10 II=5+I-4,5¢I
DO 10 JJ=6%J-4,5%)

L=L+1 : : .
ESTFX2(1I, JJ)=TEMP (L) .
. 10 CONTINE = .
40 RETURN :
END

.y .

SUBROUTINE ESMBY2(NNODE, IEY, IPY,XS,X. Y, NODES, ESTFY2, IERG)

C!'I'IIII!"IIII"|l||"!ll4"""l|!"'I'I"I”l!l"'II”"IHI"'I'“'
[ COMPUTES X-STIFFENER mﬂ' MATRIX IN Fﬂl(lﬂ BY REDUCED
4 INTEGRATION
LRI TN R EITEY N NNIT] 1||||uu||||||||un|;(p||n|||||
DIMENSION NODES(100,8) , ESTFY2(40, 40),, SH(@®) , ADD\IV(Z 8), CARTD(2 3— g

1 ), TEMP(26) ,G6PX (2),05PY (2), IPY CB0) , XS (60), X €100) , ¥ (100),
2 GSPX3(3) , GEPYS(3),13(3)
COMMON/ELPROP/YNG,(3) ,POS, TH
COMMON/ELPROPY/IDELY1, IDELY2, BRY(2) , DPY(2) , mw TFY(2),
1 CWY(2),CFY(2)
IF CIDELY1 .EQ.0) THEN X 1 i3
. X BRYY=PRY (1)
" DPYY=DPY (1)
= BFYY=BFY(1)
TFYY=TFY(1)
CWYY=CFY (1)
CFYY=CFY (1)

YN
P




, =~ 135 .
GO T0 6 ¢
ELSE IF (TEY.CE. TDELY1.. ANDTEY.LE. mn.vn)mu
BRYV-ERY(2) -
DPYY-DPY((2)
BFYY=EFY €2)

. -~ B _CALL CONS22(BRYY,DPYY BFYY, TFYY,ASY1,ASY2, DSY,66Y, ~
. .1 GWYY,CFYY,TRY) s
: - K1=TPY(IEY) - .
A=0.5¢ (X CHODES (KL 4)) ~X(HODES (KL)) ) .
B=X5(IEY)'-0.5% (X(HODES (K1, 4) ) +X(NODES (K1,8))) =

e o
AUSQ21 (GSPX,GSPY, W)

DO\10 I=1 NNODE
DO 10 J=1,NNODE
“ 1I=1,2% . B
. 20 . TEWP(K)=0.0
DO 30 K=4,2

S=EETA .
T=GEPY(K) \B& ) . . *
CALL SHAPE(S T8l ADERTV) -

CALL JACOBY2 (K1, NHODE, Y, NODES T XDRRIV . YOJAC,, CARTD . TERG)
IF (IER6 . EQ.1)GO TO 40 \ N
CST=N1+YDJA : \
TEMP (7) =TEMP (7) +CST*ASY14GARTD (2, I) #CARTD (2, J)
TEMP(10) =TEWP (10) “CST#ASY24CARTD(2, I) $CARTD (2, J)
, TEMP(13) =TEMP (13)+CST#E5Y$CARTD (2, I) $CARTD (2, J) .
'TEMP (16) =TEWP (16) -CST#S6Y$CARTD(2, I) #8H(J) -
TEMP (19) =TEMP (1) +C5T#TRY*CARTD (2, I) #CARTD (2,J)
o TEMP(22) =TBIP (10)
’ TEMP (23) =TEWP (23)-CST#58Y+8H (1) 4CARTD (2, 3)
. TEMP(25) =TEMP (26)+CST+ (DSY#CARTD (2, I) $CARTD (2, J)‘

¥ . 1 BSY+SH(I) *6H(J)) o .
: > S -
. : ,/ N -
h N

\ ¥ .




1-4,61
.5¢J
4 . Lelst N
T w . CESTFY2(IL. JJ)-'rm(L)
B 10 CONTINUE _
40 RETURN
‘ ) &

s 8
SUBROUMINE GSMBX1 (LUX, E1; IE, NADF, NDEFEX, 01)
\ * DIMENSION LX(100.45) ,E4 (16, 16) 01 (80000)
o DO.40 I=1,NDEFEX
LM1=LMX(IE, I)
D0 10 J=T,NDEFEX .
'LMZ-LIX(IE, ) -, o
IF(LMZ.EQ.0)GO TO 10 N
IF(LN1.EQ.0)G0 TO 10 * — -
. IF(Lt.LE.L2)GO TO 20 .~
o 60°T0 30 -
20 IF(LM) .EQ.1)THEN - %
K=LM{+LM2=1 ’
. 01(K) =01 (K) +E1 (I, 3)
s ELSE IF (LM1.GT.1)THEN
L8=0 -
DO 26 II=1,Lu1~1'
26 ' L6=(NADF-II+iYALS
K=L§+ (Lu2-L}1+1)
01 (K)=01(K)+E1 (1, J)
. B R END IF
¥ o L 60 TO 10
30 1§=0 - ¥
DO 36 Jy=1,Luz-1
. 36 LS=S(NADF-JJ+1)+L§
K=LS+ (LM1-LN2+1)
01 (K)=01(K)+EL(1,3)
10 CONTINUE
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SUBROUTINE GSMBY1(LMY,E2, IE, NADF, NDEFEY, 02)
DIMENSION LMY (100,16),E2(15.16), nz(ooooa) -
DO ,10 I=1, NDEFEY L AR
LM1=1MY (IE, I)
DO 10 J=I,NDEFEY
LM2=1MY (IE, J) 5 ) .
IF(L¥2 .EQ.0)GO TO 10 > L]
IF (L¥1.EQ.0)GO TO 10 ’ &
IF (L1 .LE.L2) GO TO 20
G0 TO 30
20 IF (Lt .EQ. 1) THEN
K=LM1+LM2-1
02(K)=02(K)+E2 (1. J)
ELSE IF (LU1.GT. 1) THEN
Ls=0 . " ¥
DO 26 XI=t,lMi-1
26 L5=(NADF-11+1) +L§ . s

. K=LB+(LM2-LM1+1) . ¢ . g
02(K)=02(K)+E2(1,J) - :
END IF : e i :
G0 TO 10

T30 - 1s=0
- DO 36 JJ=1,LM2-1 7
35 LS=(NADF-JJ+1)+]

K=LS+(LM1-LM2+1)

02(K)=02(K)+E2(1,J) .
10 CONTINUE

RETURN

END

SUBROUTINE CAPE (NELEM, NKODE, NDOFN, NODES, LM, ID, NDEFE)
S T T T e e
C - GENERATES CONNECTIVITY ARRAY FOR PLATE
N e T G LA AT

" DIMENSION L(100,40),ID(5, 100) ,NODES(100,8)

DO 70 TE=1,NELEM

. 1J=0

DO 70 I=1,NNODE

DO 70 J=1,NDOFN

Ti=L1+1

LU(IE, 1))=ID(J, NODES (IE, 1)) :




70 CONTINUE
RETURN
END

SUBROUTINE CASEX (NELEMX, NNODEX, NDOFNX, NODESX1, LMX, ID, NDEFEX)
CrprrtnnappuarnrpnIpInnIn (RRRRRRR AR LR R
c GENERATES CONNECTIVITY Y FOR X-STIFFENER ELEMENTS
(AR R R AL AR AR R ARARARR AN !

DIMENSION' LMX(100,15), ID(S 100) HODEBX!.(I.OO 3)

DO 70 IE=1, NELEMX

1J=0 |
DO 70 I=1,NNODEX r
DO 70 J=1,NDOFNX | .
L=Ii+ = .
IF (J.EQ.1) THEN !
J1=t : X i
ELSE IF(J.EQ. z)m:u . -
=2 E
.  ELSE IF(J.EQ.3)THEN : »
/ J1=3

B ELSE IF(J.EQ.4) THEN
Jis4
ELSE IF(J.EQ.5)THEN
J1=6

END IF R .
LU (TE, T3)=10 (31, NODESX1 (IE, 1))
70 CONTINUE. o
" RETURN -
END - g

. SUBROUTINE. CASEY (NELEMY, KNODEY, NDOFHY, NODESY1 , LWY, 1D, NDEFEY)
Acmn|m!nngnu-mu-num-n ! N "
c a CONNECTIVITY ARRAY FOR Y-STIFFENER ELEMENTS
e T T TR AR R A SRR RIRAT]
DIIENSION LWY (100, 16), ID(5, 100), NODEST1 (100,3)
DO 70 IE=1,NELEWY .
L=0 2 :
DO 70 I=1,NNODEY - =
DO 70 J=1,NDOFNY
Lialjey
IF(J.EQ.1) THEN
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=1
ELSE IF(J.EQ.2) THEN . !
Ji=2
ELSE IF(J.EQ.3) THEN
n=3.
ELSE IF(J.EQ.4) THEN
. J1=4
ELSE IF(J.EQ.5) THEN .
J1=5 »
END IF .
LMY (IE, 1)) =ID(J1, NODESY1 (IE,T)) -
70 CONTINUE 5
7 RETURN b
» 1
SUBROUTINE .50LV (NADF, OSTF, P, XD, IER8)
CHELEEIEEERLIEIIEN L E e ey T ST TR AR TR IS
c GAUSSIAN SOLUTION SUBROUTINE .

[ R RR R AR N AR N NN NN R RN RN R (RARAIRRRARRRRR R
. DIMENSION IDIG(400),0STF(100000).P(400),XD(400)
NN=NADF# (NADF+1) /2
IDIG(1)=1
DB 10 I=2, NADF
DO 20 K=1,I-1
20 IDIG(I)=IDIG(I)+(NADF-K+1)™ — ~ = "7~
3 IDIG(I)=IDIG(I)+1
10 * CONTINUE
DO 5 K=1,NADF
IF (OSTF (IDIG(K)) .LE,0.0)GO TO 80

CHI1111IFORVARD ELININATION!!!1ILILNY
DO 30 I=1,NADF-1
L=0
DO 35 J=I,NADF-1
L=L+1
DO 40 K=J,NADF-1
40 OSTF (IDIG(J+1) +K~-J) =0BTF (IDIG (J+1) +K~J) ~
1 US’I’F(IDIG(I)?L)OOSW(IDIG(INK-JOL)/DBTF(IDIG(I))
P(I+L)=P(I+L)-P(I) *05TF (IDIO(I)‘L) /0BT (IDIG(T))
36 CONTINUE
30 CONTINUE
CH11111IBACK SUBSTITUTION! ! HH0Qt i piaettanqaneinungnnpngaqrrptsenptney




-

uI=0
LI=0 )
DO 60 I=1,HADF .
LI=LI+t
“IF(1.GT.1)G0 TO 60
XD (NADF) =P (NADF) /0STF (IDIG (NADF) )

GO 0 60,
80 SUM=0
MI=MI+3
DO 70 K=1,LI-1
70 TF (. T+1)+K MI+K)

XD (NADF-I+1)=(P (NADF-I+1)-5UM) IOéF (101G (NADF-I+1))
50 CONTINUE- s

G0 TO 90
. 80  TIERe=1

©, 80  -RETURN
: END

SUBROUTINE STRESS (POS,TH,AE.G,D, SR, NELEM, NNODE, X, Y, NODES, DISP
1 NODET, IFR,NST)
C!!'I'l"IIIIIIHH"HI'H!!!I!!!IH!!ll!llll!l!!!!!!!!!!!I!!!!!!!!!ll!!
c CALCULATES STRESSES AT ELEMENT NODES BY BILINEAR EXTRAPOLATION

'DIMENSION GSPX(4) ,GSPY(4) ,WN(4) ,CARTD(2,8) ,ADERIV(2,8) ,
1 SH(8),X1(4),X2(4),X3(4) ;X4 (4) X5 (4) , X6 (4) X7 (4) ,X8(4),
1 . NODES (100,8) ,DISP (600) , XNX(4) . XNY (4) , XNXY (4) , XMX(4) ,
1 XY (4) ,X000Y (4) , XQXZ (4) , XQYZ (4) , ELNX (80, 100) ,ELNY (60, 100) ,
1 ELNXY (80, 100) ,ELMX(80,100) , ELMY (80, 100) , ELMXY (80, 100) ,
1 - ELQXZ(80,100) ,ELQYZ (80, 100) ,X(100) ,Y(100) , W(8,4) ,N(8)
DIMENSION IFR(100),NST(100,10),51(100),52(100),53(100),54(100),
. 1 §6(100),856(100),567(100),58(100)
CALL GAUSQ2(GSPX,GSPY,WN)
DO 6 K=1,NODET -
DO b6 IE=1,NELEM : ’
‘ 51(K)=0.
52(K)=0. 2
53(K)=0. - .
54(K)=0. :
56(K)=0.
56(K)=0. .
§7(K)=0. §
58(K)=0.
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-

-

ELQXZ(IE,K)=0.
ELQYZ(IE,K)=0.
CONTINUE '

' DO 40 TE=1,NELEM

Do 10 IG—! 4

S=GSPXLIG)

JeGSPY(I6)

CALL SHAPE(S,T,SH, ADERIV)

CALL JACOB(IE,X,Y,NODES, ADERIV, XDJAC, CARTD, IER1)
DO 20 I=1,NNODE

X1(16) =X1 (1G) +CARTD (1 , I) $DISP (6+NODES (IE, I) -4)
X2(16)=X2(I0) +CARTD (2, I) +DISP (64NODES (IE, 1) -3)
X3(1G)=X3(IG) - (CARTD(2, 1) *DISP (5*NODES (1E, I) -4)
+CARTD (1, T) +DISP (§*NODES (IE, I)-3))

X4(16) =X4 (16) ~CARTD (1, ) +DISP (54NODES (IE, I) -1)

. X6¥) =X6 (16) -CARTD (2, I) DISP(6+NODES (IE, I))

X6 (1G)=X6 (XG) + (CARTD (2, I) sDISP (#NODES (IE, I) -1)
+CARTD (1, 1) +DISP'(69NODES (1E, 1)))
X7(16)=X7 (10) - (CARTD (1, 1) #DISP (+NODES (IE, 1) -2)
-BH (1) #DISP (5#NODES (IE, ) -1))+ .
X8(16)=X8 (1G) - (CARTD (2, I) *DISP (#NODES(IE, I)-2)°
~SH(I) #DISP (5 #NODES (m. )

CONTINUE

XNX (1G) =AE* (X1 (1G) +POS#X2 o)

XNY (16) =AE¢ (POS#X1 (16) +X2(1G))

XNXY (1G)=G#X3(16)

X (1G) =D# (X4 (1G) +POS*X5 (1G))

Y (1G) =D# (POS*X4 (1G) +X5 (1G) )

XMXY (1G) =0, 6% (1.~P0S) #D*#X6 (1G)
XQXZ(IG)=SReXT(10)

\




XQYZ (I1G)=SR#X8(IG)
CONTINUE

D0 16 I=1,NNODE
N(I)=NODES (IE, I)
P=0.5773502692 .o
Q=0.5773502692 - »
¥1=0.25¢(1.41./P) # (1.41./Q)
¥2=0.25%(1.-1./P) #(1.41./Q)
¥3=0.2650(1.-1./P) o (1.-1.7Q *
¥4=0.26%(1.+1./P) .
¥5=0.25¢(1.-1./P)

w,0=m

(2,00

¥(3,1)=N2

(4,1)=N5

w(5:1)=N3

¥(8,1)=N5

¥(7,1)=N2

w(8,1)=N4’

w(1,2)=02

w(2,2)=04

¥(3;2)=M

¥(4,2)=W4

¥(5,2)=N2

¥(8,2)=16

¥(7,2)=13

¥(8,2)=¥5

w(1,3)=13

-W(2,3)=16

¥(3,3)=12
V4.1

;- W(6,3)=m

L owe.3)=m

¥(7,3)=N2
v(8,3)=¥5
w(1,4)=N2

W, A)=NE

¥(3,4)=n3
V(4. 4)=N5
¥(5,4)=12

(6, 4)=14
W(7.4)=01 )
vE, 0=

DO 80 J=1,NNODE
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60
40

110

120

130

160

140

180

o

-

-
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DO 60 K=1,4 ~
ELNX(IE, N (J))=W(J,K) #XNX (K) +ELNX(IE, K (J))
(J,K) #XNY (K) +ELNY (IE, N (J))
(J,K) #XNXY (K) +ELNXY (IE,N(J))
ELMX(IE, N(J))=N(J,K) #XMX (K) +ELMX (IE,N(J))

ELMY (IE, N(J))=W(J, K) #XNY (K) +ELMY (IE,N(J))
ELMXY (IE, N (J)) =W (J,K) $XMXY (K) +ELMXY (IE,N (J))
ELQXZ(IE,N(J))=N(J,K) #XQXZ (K) +ELQXZ (IE,N (J))
ELQYZ(IE,N(J))=W(J,K) #XQYZ (K) +ELQYZ (IE,N(J))
CONTINUE P “

CONTINUE

DO 110 K=1,NODET . N
DO 110 I=1,IFR(K) o

51 (K)=51 (K) +ELNX (NST(K,I) ,K) ,

-52(K)=52(K) +ELNY (NST (X, I) ,K)

53 (K) =3 (K) +ELNXY (NST(K, I) , K

: * 54(K)=54 (K) +ELMX (NST (K, 1), K)
~"55 (K)=55 (K) +ELMY (NST (K, 1) ,K)

56 (K)=56 (K) +ELMXY (NST (K, 1) ,K)

57 (K)=67 (K) +ELQXZ (NST (K, 1) ,K)

58(K)=58 (K) +ELQYZ (NST(K, I) . K)

CONTINUE )

DO 120 K=1,NODET

51 (K) =61 (K) /REAL (IFR (K))

52 (K)=52(K) /REAL (IFR (K))

§3,(K) =53 (K) /REAL (IFR (K))

54 (X)=54 (K) /REAL (IFR (K))

S5 (K)=56 (K) /REAL (IFR (K) ) : '

56 (K)=56 (K) /REAL (TFR(K)) <&

7 (K)=57 (K) /REAL (IFR (K))

58 (K)=58 (K) /REAL (IFR (K))

CONTINUE .

WRITE(8,130)

FORMAT (3X, 8HNODE NO.,7X, 3HNXX, 10X, 3HNYY, 10X, 3HNXY, 10X, :muxx
10X, 3HMYY, 10X, 3HMXY , 10X, 3HQXZ, 10X, 3HQYZ)

DO 140 K=1,NODET

WRITE(S, 160)K, 51(K) ,52(K) , 53(K) 54(K) , 85.(K) , 66(K) , 67 (K) , 58 (K)
FORMAT (6X, 13, 4X,E11.4,2X,E41.4,2X, E11.4,2X, ElL4, 2,
E11.4#2X,E11.4,2X,E11.4,2X,E11.4) -

' WRITE(S,*) "NORMAL PLATE STRESSES AT TOP AND BOTTOM FIBRES®

WRITE(6,160) .
FORMAT(3X, QHNODE NO..,3X, 11HSIGMAX (TOP) , 3X, 11HSIGMAX (BOT) , 3X,
11HSIGMAY (TOP) , 3X, 1 1HSIGMAY (BOT))

7
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DO 170 K=1,NODET

B1G1=51 (K) /TH-6. +54 (K) / (TH+»2)

§162=81(K) /TH+8. +54(K) / (THs#2)

51G3=52(K) /TH-6. 455 (K) / (TH#»2)

S1G4=52(K) /TH+8.+56 (K) / (TH#»2)

WRITE(S, 180)K, 51G1,51a2, 5163, 51G4
180  FORMAT(6X,13,6X,E{1.4,3X,E11.4,3X,E11.4,3X,E11.4)
170 CONTINUE-

RETURN

END

SUBROUTINE GCLVA (NELEM, NODES, QZ,P, XY, L)
T T T LR AT AN A
CALCULATES CONSISTENT LOAD VECTOR BY 2x2 GAUSSIAN INTEGRATION
CHUTIIRNEIERRR R R I I L ety
DIMENSION NODES(100,8),QZ(100),P(400),X(100),Y(100),
1 LN(100.40) ,GC() ,GSPX(4) ,GEPY (4) W1 (4) 5H (8) ; ADERIV(2,8) ,
2 CARTD(2,8) .
CALL GAUSQ2(GSPX,GSPY, ¥1) p
DO 10 IE=1,NELEM
j DO 20 I=1,8
20 QC(D)=0.0 ;
DO 30 K=1,4 o
5=65PX(K)

T=GBPY (K) ) .
CALL SHAPE(S, T, 6H, ADERIV)
CALL JACOB(IE,X,Y,NODES, ABEHIV, XDJAC, CARTD, IER1)

CST=W1 (K) #XDJAC
DO 40 I=1,8
40 QC(I):=QC(T) +8H(I) #QZ (IE) CET
30 CONTINUE
BN IF(LM(IE, 3) .EQ.0) THEN
GO 'm 50

« P(LI((IE 3))=P (LM(IE, 3) ) +QC(1)
: END IF

50 IF(l-ll(!E 8) .EQ.0) THEN %
GO TO 60

ELSE
P(LI((IB 8))-P(LI((IB 8))+Qc(2) |

PR - EQ.0)THEN ' ’ : .
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GO TO 70
ELSE

P(LM(IE, 13))=P (LM(IE, 13)) +QC(3)
‘END IF

70 IF (LM(IE, 18) .EQ. 0) THEN
G0 TO 80

ELSE &
P (LM(IE, 18) )=P (LM(IE, 18) ) +QC(4)
END IF .
80 IF (LM(IE, 23) .EQ.0) THEN
. GO.TO 90

P(UI(IE.M))=P(LII(IE.23))*QC(5) .

90 IF(IJ((IE 28) .EQ. O)W
GO TO 100v—-

ELSE
P (LN(IE, 28)) =P (LM(IE, 28)) +QC(6)
END IF . '
100 IF(LM(IE,33) .EQ.0)THEN
GO TO 110
| ELSE
P (LM(IE, 33)) =P (LM(IE, 33)) +QC(7)
END TF
110 IF(LM(IE,38) .EQ.0) THEN
G0 T0 10

ELSE
P (LM(IE, 38))=P (LM(IE, 38)) +QC(8)
END IF

10 CONTINUE
RETURN
END

SUBROUTINE STRESSX1(NELEMX,NODET, NODESX1,NNODEX, X, DISP, IFRX,

1 NSTX)
CIIIIIIII!lI!I!IIIIIllI|H|||I|l'I|I|HI|II|||HIlI|||||HHII|II||||||I
C .. CALCULATES X-§ STRESSES IN FEM(M1) BY LINEAR
[4 EXTRAPOLATION
CHLPLYEL R  r YR R R O R ey

DIMENSION NODESX1(100,3),X(100),5H(3),DERIV(3),CARTD(3) ,GEPX(2),

1 GSPY(2) ,NSTX(100,6), IFRX(100) ,X1(2) ,X2(2) ,X3(2) ,X4(2) ,DISP (600)

2 ,XNSX(2),XMSX(2) .XTSX(2) ,XQ5XZ(2) , ELNSX(80,100) , ELUSX(80, 100) ,




- 20

w

-

-G0 TO 6

' CWXX=CWX(1)
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ELTSX(80, 100) ,ELQSX3(80, 100) , 51 (100) ,52(100) ,53(100) , 54 (100)
COMMON/ELPROP/YNG (3) , POS, TH

COMMON/ELPROPX/IDELX1 , IDELX2, BRX(2) . DPX (2) , BFX(2) , TFX(2),
oX(2),CFX(2)

COMMON CSX,XI,GX .

CALL GAUSQ21 (GSPX,GSPY, W) =%

DO 10 IEX=1,NELEMX

. N1=NODESX1 (IEX,1) -

N3=NODESX1 (%X, 3) . \
IF(IDELX1.EQ.0)THEN - 5

ELSE IF(IEX.GE.IDELX1.AND. IEX.LE: IDELX2) THEN
BRXX=BRX(2)
DPXX=DPX(2)

TRK=TFX(2)
CWXX=CWX (2)

CFX=CFX(2)

60 TO 6,

ELSE .

BRYXZBRX (1) \

BFXX=BFX(2) : .
\

DPXX=DPX (1)
BFXX=BFX (1)
TFXX=TFX(1)

CPXX=CFX(1)

END TP

CALL CONS11 (BRXX. DFXX, BFXX. TFXX, ASX, DSX. S5, EX,
CWXX, CFXX, TRX) :

DO 20 16=1,2
X1(16)=0.
X2(16)=0.
X3(16)=0.
X4(16)=0.
CONTINUE -
D0 30 10=1,2

8=GSPX(10)



40

30

- 70

130

I

" CALL SHAPE1(S,5H,DERIV) ~

CALL JACOBX1 (IEX,X,NODESX1,DERIV,DJAC, CARTD, IER2)
DO 40 I=1,NNODEX

X1 (IG)=X1(IG) +CARTD (I) * (DISP (6#NODESX1 (IEX, I) -4) -
EX#DISP (64NODESX1 (IEX, I)-1))

X2(16G)=X2(IG) -CARTD (I)'sDISP (6#NODESX1 (IEX, I)-1)

-X3(I6)=X3(IG)+CARTD (I) +DISP (6+NODESX1 (IEX, I))

X4 (IG)=X4 (IG)+(~CARTD(I) +DISP (5+NODESX1 (IEX, I) -2) +SH(I) &
DISP (6#NODESX1 (TEX, I)-1))
CONTINUE

 XNEX(16)=ASXsX1 (16)

XMEX (1) =DSX#X2(I1G) ~
XTSX (16) =TRX#X3 (1G)
XQSXZ(IG)=55X+X4(16)
CONTINUE -

P_a 5773602692 -

*XNSX(1) +W24XN5X (2)
ELNSX (IEX, N3) =N2#XNSX (1J+N1#XNEX (2)
ELNSX (IEX, N2) =0. G+XNSX(1) +0. 6#XNSX(2)
ELMSX (IEX, N1) =N1JUEX (1) +W2#XMUEX (2)
ELMSX (TEX, N3) =N2#XMSX (1) +W1#XM5X (2)

ELMSX (IEX, N2)=0.5*XMEX (1) +0. 59XMEX (2)

ELTSX(IEX, N1)=W1#XTSX (1) +N2#XTSX (2)

ELTSX (TEX, N3) =W2¢XTSX (1) +W1#XTSX (2)
ELTSX(IEX, N2) =0. B+XT5X (1) +0. 5#XT5X (2)

ELQSXZ (TEX, N1)=N1+XQSXZ(1) +#2#XQSXZ (2)

ELQSXZ (TEX, N3)=W2+XQ5XZ (1) +#19XQ5X2 (2)

ELQSXZ (TEX,N2)=0. s:xqsxzmcc 6+XQ5X2(2)

CONTINUE

DO 70 K=1,NODET

IF (IFRX (K) .EQ.0) GO “TO 70

DO 70 I=t,IFRX(K)

51(K)=51 (K) +ELNSXANSTX(K. I) , K)

52 (K)=62 (K) +ELMSX (KSTX(K, I) , K)

53 (K)=63 (K) +ELTSX (KSTX(K, I) , K)

54(K)=54(K) YELASXZ (NSTX(K. 1) K)

CONTINUE -

WRITE(6, #) "NORMAL X-STIFFENER STRESSES AT TOP & BOTTOM FIBRES'
WRITE(6,*)

WRITE(6, 130)

FORUAT (2X, BHNODE N0.,3X. 10HIGSX(TOP) , 3X, 10HSTAEX(BOTY) .
DO 76 K=1,NODET
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IF (IFRX(K) .EQ.0)GO TO 76

51(X) =81 (K) /REAL (IFRX(K)) ‘

52(K)=52(K) /REAL (IFRX (K)) /

53(K)=83 (K) /REAL (IFRX(K) ) <
5 54.(K) =84 (K) /REAL (IFRX(K) )

51G1=81<K) /CSX~ (DPYOt+ -GX) #52 (K) /XT
BIG2=81(K) /CEX+GX*82 (K) /XI
WRITE(S, 120)X,81G1,5IG2
120 FORMAT (4X, I3,6X,E11.4,3X,E11.4)
76 CONTINUE .
RETURN
END ' : 2 1

SUBROUTINE | STRESSY1 (NELENY, IIODI-.'I‘ NODESY1, NNODEY, Y, DISP, IFRY,

1 NSTY) - N F
I T T R e RN LN R R A A TR R AT AY [ENERRNRNRNE)
c CALCULATES Y-STIFFENER STRESSES IN m(ﬂi)BY LINEAR
c EXTRAPOLATION

C!I!lllIl’l!IIIIHHIII!l!II!!!II!ll!_L!H!!!!IHIH!IIIHHH!I!III!!'!!I!
DIMENSION NODESY1(100,3),Y(100) ,5H(3),DERIV(3) ,CARTD(3) ,GEPX(2) ,
1 GSPY(2),NSTY(100,6) , IFRY(100),Y1(2),¥2(2) ,Y3(2) ,YA(2) , DISP(800)
: 2, YNSY(2) ,YMSY(2),YTSY(2),YQSYZ(2) ,ELNSY(80, 100) ,ELMSY (80, 100) ,
3 ELTSY(80,100) ,ELQSYZ (80, 100) , 51 (100) ,52(100) , 53(100) , 54(100) -
COMMON CSY-,YI,GY :
COMMON/ELPRQP/YNG (3) ,POS, TH -
- COMMON/ELPROPY/IDELY1, IDELY2, BRY (2) , DPY (2) , BFY(2) ; TFY(2),
a0 ow (2) ,CFY(2)
) (\cap. GAUBQ21 (GSPY, GSPY, W)
-D0 10 IEY=1,NELEMY
-‘N1=NODESY1 (IEY, 1) :
N2sNODESY1(IEY,2) - - . B
N3=NODESY1 (IEY, 3)
IF (IDELY! . EQ. 0) THEN -
BRYY=BRY (1) . 5
DPYY=DPY (1) : -
. BFYY=BFY (1) |
= 2 TRYYSTFY(1)
CWYY=CWY(1) .
CFYY=CFY (1) .
GO TOS . .
ELSE IF(IEY.GE.IDELY1.AND.IEY.LE.IDELY2)THEN -
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BRYY=BRY (2)
DPYY=DPY (2)
- BFYY=BFY (2)
- TFYY=TFY (2)
CUYY=CWY (2)
CFYY=CFY (2)
G0 TO B
ELSE .
BRYY=BRY (1)
DPYY=DPY (1) g
BFYY=BFY (1)
TFYY=TFY (1)
CWYY=CWY(1)
CFYY=CFY (1)
END IF
——5 GALL CONS21(BRYY,DPYY,BFYY,TFYY,ASY,DSY,SSY,EY,
1, CWYY,CFYY,TRY)
~- Do 20 16=1,2
.oY1ae
s . Y2(1®)
Y3(16)=0.
Y4(16)=0.
20 CONTINUE [ .
- D0 30 1G=1.2
§=GSPY(IG) - ,
CALL SHAPE1 (S, SH,DERIV) '
CALL JACOBY1 (IEY. Y,NODESY1,DERIV, DJAC, CARTD, IEY3) [ S
DO 40 I=1,NNODEY g
Y1(I6) =Y1(IG) +CARTD (1) # (DISP (5¥NODESY1 (IEY, I)-3) ~
1 EY*DISP(6+NODESY1(IEY,1))) .
Y2(IG)=Y2(IG)-CARTD(I) #DISP (5+NODESY1 (IEY,I))
Y3(I6)=Y3(IG) +CARTD (I) *DISP (5*NODESY1 (IEY,I)-1)
Y4(1G) =Y4 (1G) +(~CARTD(I) #DISP(5#NODESY1 (IEY, 1) ~2) +6H(I) ¢
. 1 DISP(5#NODESY1(IEY,I)))
s 40 CONTINUE
YNSY (I6) =ASY#Y1 (10)
] YMSY (IG) =DSY*Y2(1G) ' H ' -
. YTSY(IG) =TRY#Y3(10) - ' -
: YRBYZ(1G)=B5Y+Y4 (10) . -
30 CONTINUE 2

“P=0.6773602692

BI.IIBY (IEY lﬂ.) =N1#YNSY (1) +W24YNBY (2)
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70

130

120
76
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ELNSY (IEY, N3)=N2#YNSY (1) +W1#YNSY (2)
ELNSY (IEY, N2)=0. +YNGY (1) +0. E#YREY (2)
ELMGY (TEY N1)=N1+YMSY (1) +W24YU5Y (2) o)
IEY, N3)=N2¢YMSY (1) +W1+YUSY (2) .
ELMEY (IEY, N2)=0. 5+ YMEY (1) +0. 5+YMSY (2)
ELTSY (IEY, N1) =N1#YT5Y (1) +N29YTSY (2) ~
ELTSY (IEY, N3)=N24YTSY (1) +W1#YT5Y (2)

ELTSY (IEY, N2)=0. 5#YTSY (1) +0. B#YTSY (2) 1

ELQSYZ (IEY, K1) =W1+YQSYZ (1) +W24YQSYZ (2)
ELQSYZ(IEY, N3)=W2+YQSYZ (1) +W1+YQEYZ (2) _
" EIRSYZ(IEY,N2)=0.69YQ5YZ(1)+0.6+YQSYZ(2)
CONTINUE )
DO 70 K=1,NODET  °
IF(IFRY(K) .EQ.0)G0.TO 70 s /
" 'D0 70 I=1, IFRY(K)
51 (K)=51 (K) +ELNSY (HETY (K, 1) ,K)
52 (K) =52 (K) +ELUSY (NSTY (K, 1) , )
3 (K)=63 (K) +ELTSY (NSTY (K, I) . K) _—s
sd(x)-st(x)m.mz(nsmn .0
CONTINVE
WRITE(S, +) *NORAL Y-STIFFENER STRESSES AT T0P & BOTTOM FIBRES®
' WRITE(S,*) .
WRITE(6,130) .- -
FORMAT (3, BHNODE NO. , 3X, 10HSIGSY (TOP) , 3X, 1onsmsmm-)>

“s DO 76 K=1,NODET P L =
IF (IFRY(K) .EQ.0)GO TO 76 0 i B =
81.(K)=B1.(K) /REAL(IFRY (K)) : v T
82(K)=52(K) /REAL (IFRY(K))-

- B3(K)=53(X) /REAL (IFRY (K))
54 (K)=54 (K) /REAL (TFRY (K)) .
§IG1=51 (K) /C8Y- (DPYY+TFYY-GY) osz (x) N1 -
$162=51(K)/CEY+GY+E2 (K) /YT ‘
WRITE(S, 120)K,5161,5162
FORMAT (4X, I3,6X,E11.4,3X,E11.4) . a
. CONTINUE s

mmm. ‘w‘i “.’

SUBROUTINE STRESSX2 (NELEMX, NNODE; NODETX, NODESX2 X, Y, YS, DISP, *
1 NODES, IFRX, IPX,NSTX) +

CIlIIIIIHIIHIIHI!IHIIIHII|I|I|||IIH|||II|IIHIHIHIIH!"HIII'lI

c

. CALCULATES X-STIFFENER STRESSES IH FEM(M2) BY LI)IEAR

&
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c EXTRAPOLATION
!-u-mmu|||u--ul|u!!!|lnm|||||m|mn|u||n||||||n
DIMENSION NODESX2(100,2),X(100),6H(8),ADERIV(2,8) ,CARTD(2,6)
1 GSPX(2),GSPY(2),NSTX(100,6) , IFRX(100) X1 (2) ,X2(2) ,DISP(600) ,
2 SIGX(2),5ICXN(50,70) ,SIGMA (100) ,NODES(100,8) , YS(60) Irx(so)
3 .Y(100)
COMMON/ELPROP/YNG (3) ,FOS, TH
COMMON/ELPROPX/ IDELX1, IDELX2, BRX (2) ,DPX(2) ,BFX(2) , TFX(2),
1 CWX(2),CFX(2)
CALL GAUSQ21 (GSPX,GSPY,W)
DO 10 IEX=1 NELEMX . | .
- N1=NQDESX2(IEX, 1) g . : .
N2=NQDESX2(IEX, 2) . . , ; 3
IF (IDELX1.EQ. 0) THEN # P
‘DPYX=DPX (1) : :
/ TRXOX=TFX(1) ] ; .
%60 T0°6 ) . <
e SE TP (TEX.GE. IDELX1.AND, TEX.LE. mm(z)'rm E
’ YX=DPX (2) .
=TFX(2) -
GP'TO & ]

“fLSE . ‘ . ) By
DPXX=DPX(1) . — -
TFXX=TFX(1) . Doy
END IF

5 P=0. G#TH+DPXX+TFXX"
KL=IPX(IEX) &
A<0. 6% (Y (NODES (K12)) -Y (NODES (K1, o))) .
B=YS(IEX)=0. so(v(nuoss(n 2))+Y(NODES (K1, 6))) -

EEMB/A .. | .  fuow Tt
D0 20 I6=1,2 ° . T :
.0 i &
0
s-asrx(m) i ' y
T=EETA .
.CALL-BHARES, T,5H, ADERIV) . F
/" CALL JACOBX2(K1,NNODE,X,NODES, ADERIV,XDJAC, CARTD, mu)

X1 (TG)=X4(IG)+CARTD (1, IN) #DISP (6 #NODES (K1, IN)-4) .
* X3(16)=X2(10) 5CARTD ({, IN) +DISP (54NODES (K1, m-n o b f 7
smx(m)-‘nm(2)-(x1(m)vpox2(m)) AU r -

.20 CONTINUE % , . s "
; ' ¥0=0.6773602692
"1=0, E‘(i +1. /xc)




¥2=0.6%(1.-1./XG)
BIGXN(IEX, N1) =W1eSICX (1) +N2¢8IGX(2)
SIGXN (IEX,N2)=N2+5IGX (1) +N1#5IGX(2) P
10 CONTINUE )
DO 30 K=1,NODETX L]
. DO 30 I=1,IFRX(K)
SIGIM(K)-—SIGIM(K)'SIG)GI(HSTX(K D.K)
30 CONTINUE
DO 40 I=1,NODETX
40. SIGMA(I)=SIGMA (I)/REAL (IFRX(I))
. WRITE(6,50)
50 FORMAT (3X, 27HPSEUDO X-STIFFENER NODE NO.,4X, 34HNORMAL STRESS
1 AT BOTTOM-MOST FIBRE) -
"~ DD 60-K=1,NODETX
. IRITE(G,’IO)K,EIGIM(K) 3
— 170 FORMAT(13X,13,30X,E11.4) *
60 - CONTINUE
"~ RETURN
END -

\

. SUBROUTINE STRESSY2(NELENY,NNODE,NODETY,NODESY2,X, Y, XS,DISP,
1 - NODES, IFRY, IPY,NSTY)
L croprrrrn gLy

]
c CALCULATES Y—ST&(WH STRESSES IN FEM(¥2) BY LINEAR
[ mDLATIDH
CII!'HIIHIHIIIHIIHIIIIIII!'IIIH"IH!IH!"I'!'IIIIHUIII' "y

DIMENSION NODESY2(100,2)}X(100),6H(8) , AVBRIV (2,8) ,CARTD(2,8)
/ _1_GSPX(2)..GEPY(2) ,NSTY (100\6), IFRY (100) . X1.(2) , X2(2) , DISP (600) ,
: 2 SIGY(2),5I0YH(50,70)  STGHA(100) , NODES (100,8) . X5 (80), m(so) .
.3 Y(100) , e
-  COMMON/ELPROP/YNG(3),POS, TH ’
: © COMMON/ELPROPY/IDELY1, IDELY2,BRY (2) DY (2) BFY(2) ,TFY(2),
© CUY(2) ,CFY(2) : e
CALL GAUSQ21 (GSPX,GSPY, W) .
DO 10 IEY=1,NELEMY ;
Ni=NODESY2(IEY,1) ~ " {
~—H2=NODESYZ(1IEY, 2) & 4
. IF(IDELY1.EQ.0) THEN LA |
DPYY=DPY(1) .

TFYY=TFY(1) F
GO -TO 6 g
ELSE IF(IEV GE. IDELY{.AND.IEY.LE. XDELY!)

-




20

10

30
40

50

70
6o

DPYY=DPY (2) 2 '
TFYY=TFY (2) :

GO T0 6

ELSE r

DPYY=DPY (1)

TFYY=TFY (1) e
END IF

P=0.5¢TH+DPYY+TFYY

K1=IPY (IEY) .

A=0.5* (X (NODES (K1, 4)) ~X (NODES (K1,8)))

- B=XS(IEY) -0.5% (X (NODES (K1.,4) ) +X(NODES (K1,8) )

XI=B/A '
DO 20 IG=1,2° 3

X1(16)=0.0

X2(16)=0.0

DO 20 IN=1,NNODE

S=XI.

T=G8PY (1G) o
CALL SHAPE(S,T,SH,ADERTV)  *
CALL JACOBY2(K1 , NNODE, Y NODES, Anmv,‘\m.mc CARTD, TERG)
X1 (16)=X1 (1) #CARTD(2, IN) +DISP (6+HODES (K1, IN) -3)

P

X2(16)=X2 (I16) . IN)DISP LIN))
SIGY(IG)=YNG(3) # (Xt (IG) -P#x2(16)) .
CONTINUE

YG=0.5773602692

W1=0.65%(1.41./YG)
W2=0.6+(1.-1./YG) - )
STGYN(TEY, N1)=N1#SI0Y (1) +12¢STGY(2)
SI6 N2)=N29510Y (1) 41145 10Y(2)
CONTINUE .
DO 30 K=1,NODETY .
DO 30 I=1, IFRY(K).

»

. STGHA(K) =STGHA (K) +5IGYN (NSTY (K, 1) ,K) RIS

. CONTINUE

DO 40 I=1NODETY .

SIGUA(T) =5IGMACT) /REAL CIFRY (I))

WRITE(6,50) -

FORMAT(3X, 27HPSEUD)_Y-STIFFENER NODE NO.',4X, 34HNORMAL STRESS
AT BOTTOM-MOST FIBRE) .

DO 60 K=1,NODETY ®
WRITE(6, 70)K, SIGMA(K) -

FORMAT (13X, I3, 30X, E11 . 4) . e

CONTINUE .
RETURN
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SUBROUTINE DOCTOR(X, Y, NODES, NODESX1 , NODESX2, NODESY1, NODESY2,

1 - IPX,YS, IPY,XS, INBN, ID1, RNCL, NSTOR,P1,Q2) '
I N R TR NN T AT AR N AR RAT
[ PRINTS ' INPUT DATA AND DIAGNOSES ERRORS
cl!HI'UIIIIIIHIHIIHIIII!llllﬁ'“lll"II'I!IIHHIIII"IIII"I‘!"'
DIMENSION X(100),Y(100) ,KODES(100,8) , NODESX1 (100,3) , KODESY1(100,
3),NODESX2(100, 2) ,NODESY2(100, 2) , IPX(60) , YS (60) , IPY (60) , X5(60) .-
INBN(70) , ID1(6, 100) ,NSTOR(15) ,P1(10) ,QZ(100)

COMMON NODET, NELEM, NNODE, NDOFN, NEN, LTYPE, IANT
COMMON IETPX, IETPY -
COMMON NELEMX, NNODEX; NDOFNX -
COMMON NELEMY, NNODEY, NDOFNY s
COMMON NODETX, NODETY
COUMON/ELPROP/YNG (3) .POS.TH - =
COMMON/ELPROPX/IDELX1 , IDELX2 , BRX(2) , DPX(2) ,BFX(2) , TFX(2) .
CWX(2),, CFX(2) 2
COMMON/ELPROPY/ IDELY1 , IDELY2, BRY(2) ,DPY (2) , BFY(2), 'm(z).
L CWY(2),CFY(2) .
COMION IER1,IERZ, IER3, TER4, TERS, IERS
IF (IANT. EQ. 1) THEN
WRITE(2,+) 'THIS CHECK FILE IS FOR FORMULATION FEM(M1)’
ELSE
WRITE(2,#)'THIS CHECK FILE IS FOR FORMULATION FEM(M2)'
‘BT
WRITE(2, #) - »
WRITE(2, 10)NODET, NELEM, NNODE,, NDOFN, NBN, LTYPE, IANT
10 FORMAT(3X,BHNQDET = ,I3,3X,BHNELEN =. ,13,3X, BHNNODE = ,I3,
3X,GHNDOFN = ,I3,3X,6HNBN = ,I3,3X,8HLTYPE = ;I3,3X,
THINT = ,13)
WRITE(2, ) )
i WRITE(2, 20) IETPX, IETPY
20  FORMAT(3X,BHIETPX = ,I1,3X,BHIETPY = ,I1)
WRITE(2, %)
WRITE(2, 30)
30 FORSAT (3X, BHNODE NO.,BX, 8HX-CQORD. , 4X, BHY-COORD. )
DO 40 I=1,NODET
WRITE(2,60)I,X(I),Y(I)
50  FORMAT(8X,13,6X,FB.4,4X,F8.4)
. 40 CNTINUE

0 -

o -



80.

70
80

100

120

140
130

110,

160

170

190

180
-1680

90

210

220

240

WRITE(2,¢) — !

WRITE(2,60)

FORMAT (3X, 17HPLATE ELEMENT NO.,16X,9HNODE NOS.)
DO 70 IE=1,NELEM

WRITE(2,80) IE, (HODES (IE, I) , I=1,NNODE)

.FORMAT (10X, I3,7X,8(2X,13))

IF (IANT.EQ. 1) THEN
CONTINUE

WRITE(2,%)

WRITE(2, 100)IIZIM NDOFNX, NNODEX

FORMAT(3X, OHNELEMX = , 16, 9HNDOFNX = ,I5, BHNNDDEX JI8)
IF (NELEMX.EQ.0)GO TO 110 . o .
WRITE(2,%) . * ! -

* WRITE(2,120)

FORMAT (3X, 17HX-STIFFEI|EI1 E.E( 7x EHIIDDB IIDS )

DD 130 IEX=1,NELEMX

WRITE(2, uo)m?(nunnsxl (IEX,I), I=1, IIIIBDEX)

FORMAT (9X, I4, 10X,2(14,3X))

CONTINUE

WRITE(2,#)

WRITE (2, 160) NELENY , NDOFNY, NNODEY - . -
FORMAT (3X, OHNELEMY = , I6, 9HNDOFNY = .IE,9|IIIHODEY'=J,I§5
IF (NELENY.EQ.0)GD TO 160 . *
WRITE(2,)

WRITE(2,170) &

FORMAT (3X, 17HY-STIFFENER ELEM.,7X,9HNODE NOS.)

DO 180 IEY=1,NELEMY

'WRITE(2,190) IEY, (NODESY1 (IEY, ) , I=1, NNODEY)

FORMAT (9X, I4,10X,2(14,3X))

_ CONTINUE Yo..
‘eT0200 . —

WRITE(2,%)

WRITE(2,210) NODETX, NODETY

FORMAT (3X, 9HNODETX = ,I3,3X, 9HNODETY .= ,I3)
WRITE(2,%)

WRITE(2,220) NELEMX, IIELEIY

R FORMAT (3K, OHNELEMX = , I3, 3X, ﬂulﬂ.ﬂﬂ .I3) \

IF(NELEKX.EQ.0)G0 T0 230 - °.,

WRITE(2,%) ; ’ ’ R
WRITE(2,240) E
Fomm(ax 17HX-STIFFENER ELEW.,6X,9HNODE HOS. y




260
260

270

290
280
20

310

330
320

‘340

360

360.
- 200

300

370 -

390
380

400

-410

20

b

DO 250 IEX=1,NELEMX

VRITE(2,260) IEX, (NODESX2 (IEX, I),I=1,2)
FORMAT (9X, I4,10X, 2(14,3X))

CONTINUE :

WRITE(2,+)

WRITE(2,270) : ,
FORMAT(3X, 3HIPX, 6X,, 2HYS) ‘
DO 280 IEX=1,NELEMX

WRITE(2,200) IPX(IEX) Y5 CTEX)

' FORMAT(3X, 13,3X,F8.4) -

CONTINUE

IF (NELEMY . EQ.0)GO TO 300 s

WRITE(2,%)
WRITE(2,310)
FORMAT(3X, 17HY-STIFFENER ELEM.,6X, QHHDDE N08.)
DO 320.IEY=1,NELEMY
YRITE(2,330)IEY, (HDDW (EY .=, 2)
FORMAT(9X, I4,10X, 2 (14, SX))
CD 'INUE
(2,%) T

: IRI'I'B (2,340)

FORMAT(3X, 3 :mn’v 8%, 2016

. D0 350 IEY=1,NELEMY

WYRITE(2,360) IPY(XEY) X5 CZEY)
FORMAT(3X, I3,3X,F8.4) ~

‘CONTINUE

CONTINUE
CONTINE
WRITE(2,%)
YRITE(2,370)

FORMAT(3X, 13HBOUNDARY NODE, 2X, 13HID NOS. IH‘PUT)

D0 380 I=1,NBN

YRITE(2,390) INBN(I) , (ID1 (K, !ITBN(!)) K=1,NDOFN) -

FORMAT(EX, 13,6K,5 (2X.1))
CONTINE  ~

YRITE(2,%) -

YRITE(2,400) YNG(1)

FORMAT(3X, 24PLATE YOUNG *S MODULUS = . E12. o
YRITE(2,410)P08

FORMAT(3X, 24HPLATE POISSON'S RATIO = ,F6.4)
‘YRITE(2,420) TH

FORMAT (3X, 16HPLATE mclm-:ss = ,F.) -
IF (NELBIX. GT.0) THEN

TRITE(2,*)

TN
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-440

450

480

WRITE(2. 430)Y8G (2)

FORUAT (3X, 47THYOUNG'S MODULUS FOR THE X-STIFFENER MATERIAL =

E12.4)
IF (IETPX.EQ. 1) THEN

WRITE(2, )'THE FOLLOWING ARE THE X-STIFFENER DETAILS :°

ELSE

WRITE(2. #)'THE FOLLOWING DETAILS ARE FOR. THE F!RST TYPE OF*

WRITE(2, #) "X~ BTIFFD’ERS (£

END I
WRITE(2, «O)Bﬂx(i) DPX (1)
FORUAT (3X, 12HWEB VIDTH, =

' WRITE(2, 450)BFK (1), TFX (1)

-

-

490 .

500

510

470

FORUAT (3X, {GHFLANGE WIDTH =

F10.5)
WRITE(2, ABO)CIK(!.) CFX (1)

,F10.6,3X, 12H¥EB DEPTH = ,F10.5)

FORUAT (3X, 20HTOREIONAL - CONSTANT FOR WEB = .F7. I 3x,
32HTORSIONAL CONSTANT FOR FLANGE = ,F7.4)

' IF (IETPX.EQ.1)GO T0 470
WRITE(2. %)

WRITE(2., 460) IDELX1, IDELX2

FORMAT (3X, 16HX~STIFFENER NO

WRITE(2, %)

L F10.5, 3X, 10HFLANGE THICKNESS =

.12;3HTO ,I2,16H ARE OF 2ND TYPE)

WRITE(2, #) 'THE FOLLOWING DETAILS ARE FOR THE 2D TYPE OF X-5TI

WRITE(2, 490)BRX (2) ,DPX (2)

FORYAT (3X, 12HWEB VIDTH = ;F10.5,3X, 12HVEB DEPTH =

WRITE(2, 600)BFX (2),TFX (2)

FORUAT (3X, 16HFLANGE WIDTH =, F10.5, 3X, 19HFLANGE THICKNESS

F10.5)
WRITE(2, 510)CWX (2),CFX(2)

FORYAT (3X,20HTORSIONAL CONSTANT FOR WEB =
32HTORSIONAL CONSTANT FOR FLANGE = ,F7.4)

END IF

IF (NELEMY .T. 0) THEN
WRITE(2, ¢)
WRITE(2, 620) YNG (3)

FORUAT (3X, A7HYOUNG'S MODULUS FOR THE Y-STIFFBMI MATERIAL

E12.4)
IF (IETPY.EQ. 1) THEN

s

.F10.5)

JFT.4,3X,

WRITE(2, ¢)'THE FOLLONING ARE THE Y-STIFFENER DETAILS :

ELSE

WRITE(2,#)'THE FOLLONING DETAILS ARE FOR THE PIIBT TYPE OF'

WRITE(2, #)'Y-STIFFENERS :
END IF



630

640

670

680

590-

800
560,
810

630
620

640

-

I

-

[

-

q
WRITE(2,630)BRY (1) ,DPY(1) : =

FORMAT (3X, 12HWEB WIDTH = ,F10.5,3X,12HVEB DEPTH = ,F10.5)
WRITE(2,540) BFY(1), TFY(1)

- FORMAT (3X, XSHFMIIGB WIDTH = .F10.5, 3X, 19HFLANGE THICKNESS =
2

F10.5)

WRITE(2,550) CWY (1), CFY(1) ;

FORMAT (3, 20HTORSIONAL CONSTANT FOR WEB = ,F7.4,3X,
32HTORSIONAL CONSTANT FOR FLANGE = ,F7.4)

IF(IETPY.EQ.1)GO TO 660 -

WRITE(2,%

WRITE(2,670) IDELY1, IDELY2

FORUAT (3X, 16HY-5TIFFENER NO. ,I2, 3HTO ,12,16H ARE OF 2ND TYPE)
WRITE(2,9)

WRITE(2, ‘) *THE FOLLOWING DETAILE ARE FOR THE 2ND ‘TYPE UF Y-STI
FFENERS :

WRITE(2, sso)anv(z) DPY(2)

FORMAT (3X, 12HWEB WIDTH = ,F10.5,3X, 12HWEB DEPTH = ,F10.5) -
WRITE(2,690)BFY(2), TFY(2) .

FORMAT (3X, {6HFLANGE WIDTH = ,F10.5.3X, 19HFLANGE THICKNESS =
F10.5)

WRITE(2,800)CWY (2) , CFY (2)

FORMAT (3X, 20HTORSIONAL CONSTANT FOR_WEB = FLA3X,

- 32HTORSIONAL CONSTANT FOR FLANGE = ,F7.4)

END IF ’

IF (LTYPE.EQ. 1) THEN °

WRITE(2.%) |

WRITE(2, 610)

FORMAT (3X, BHNODE NO.,3X, 18HLATERAL POINT LOAD),

DO 620 I=1,NNCL

WRITE(2, 630)NSTOR(I) ,P1(I)

FORMAT (6X, I3, 10X,E12.4)

CONTINUE J

ELSE

WRITE(2, %)

WRITE(2,640)QZ(1)

FORMAT (3X, 32HUNTFORMLY DISTRIBUTED LOADING = -.E12.4)

END IF |

IF(IER1.EQ. 1) THEN

WRITE(Z, %) =

WRITE(2,%) 'nzrmxum OF THE' JNCOBIAN PERTAINING TO' -
VRITE(2,%) 'K PLATE ELEMENT ZERD OR NEOTIVE'

WRITE(2,%)"

WRITE(2, %) 'ERROR TN PLATE NODAL COORDIKATES DATA sumaw{m
WRITE(Z, %)



860

WRITE (2, ) "PROGRAM TERMINATED’

~ GO TO 660 ’
END TP -
IF(IER2.0R. TER4.EQ. 1) THEN
WRITE(2,%)
WRITE (2,) *DETERMINANT OF THE JACOBIAN PERTAINIG T0**

VAITE (2,+) *AN X-STIFFENER ELEENT ZERD OR NEGATIVE'
WRITE(2,%)

WRITE(2,%) "ERROR IN X-STIFFENER LOCATION DATA SUSPECTED*
WRITE(2,%) _

WRITE(2,+) "PROGRAM TERMINATED'

GO TO 650

END IF . ¥
IF(IER3.0R. TERS.EQ. 1) THEN

" WRITE(2,%) :
WRITE(2,) *DETERMINANT-OF THE JACOBIAN PERTAINIG TO’
WRITE(2,4) *AN Y-STIFFENER ELEENT ZERD OR-WEGATIVE'
WITEC2,9) *

WRITE (2,+) "ERROR IN Y-ETIFPENEII LOCATION DATA SUEPELTED'

VRITE(2,%)
WRITE (2, +) "PROGRAM TERMINATED*
G0 TO 850

BN IF

IF(IER6.EQ. 1) THEN

WRITE (2, %)

WRITE(2,+) *GLOBAL STIFFNESS MATRIX NOT POSITIVE-DEFINITE’

WRITE (2,+)

2

WRITE (2,4) *CHECK DATA ON.MATERIAL PROPERTIES AND SECTIONAL®

WRITE (2,+) "DETAILS*

WRITE (2,4)

WRITE(2,+) "PROGRAM TERMINATED'
GO TO 650

END IF

STOP

END

159




Appendix 2 4

Listing of the Non-linear Orthotropic Analysis Program NLORTHO




aaag

THIS IS LISTING OF PROGRAM NLORTHO FOR THE NON-LINEAR of
ORTHOTROPIC PLATE ANALYSIS

W N e

. wN e

DIMENSTON X(100),Y(100),NODES(100. 8), N
ID(E, 100),LU(100,40) ,

QZ(100) ,ESTF (40,40) .

0STF (100000) , PG(100) ,P(600)', XD(60O) ,

DISP(800), IFR (100) , NST(100, 10), 0STF1 (100000)

DIMENSTON DELP (800) ,XI(600) ,XXI(800),¥DX (600) ,CHI(5) , CH3 (5),
DELYD (600) , DELXIX (60, 4), DELXNY (50-, 4) . DELXHNXY (503 4).,

DELXMX (50, 4) , DELYMY (50,4) , D! €50,4)., DELYXZ (50,4) , -
DELXQYZ (50, 4) , XD1(800) ,XII (600), DELXSIGPT (50,4 . nz\:fsmmso 4)
JDELXSIGSB(50 ,4) ,DELYSIGSB (50, 4)

COON/CONS/POS, 013, G1,2, C16,04,C1D,D12. Di. D13, SRL/SR2;5RP
CDWON/STRES/XNX(EO 4) ,XNY (50,4), XNXY(60, 4),XMX (60,4) , XMY(60.4),
XHXY (50, 4), XQXZ(60, 4)., XQ¥Z (50, 4) , XSIGPT(50,4), YSIGPT(50,4),
XSIGSB (50, 4)., YSIGSB (50, 4)

- OPEN(UNIT=5, FILE='NL .DAT’, TYFE='OLD") ' *
. OPEN(UNIT=2, FILE='NL.CHEK® TYPE='NEW’)

OPEN(UNIT=6; FELE="NL 0L’ , TYPE='NEW') . s

aa

1001

READ(S , t)IANTP IIEHUAL 0" UNITY Fdn A LIN'EMI ANALYSIS! !
IF(IANTP Q. I)GO T0 6 . =
READ(B #)ISME ‘1IN0 OF TIMES STIFENESS HA'I'RIX TO BE UPDATED! !

_ READ(5.#)TOLER 1% TOLERANGE FOR CONVERGENCE!!

READ(5, #)NSTEP ! {NO. OF LOAD STEPS!!

READ(G , *)NODET, NELEM, NNODE , NDOFN, NBN,LTYPE

READ( , #)NSOP !!NODAL STRESS' OR DEFLECTION OPTION PARAMETER! !
IF NSOP 15 NON-2ER0, THEN DEFLECTIONS AND STRESSES IILL BE
PRINTED ONLY ‘FOR NODE KUMBER ‘NSOP. B
WRITE(2+) 'NODET, NELEN, NNODE, NDOFN , NEN, LTYPE’
WRITE (2, 1001) NODET, NELEX, NNODE; NDOFN, NBN , LTYPE
FORMAT C1X,715) -

READ(S, #)NSTX, SN

WRITE (2, #) *NSTX, §NX>

WRITE(Z, #)NSTX, 5K . »
READ(S , #)NSTY, 6KY - B .

© WRITE(2, #) 'NSTY,SNY*

WRITEC2, )NSTY.6KY . R

2000

DO 10 NODE<1, NODET.

. READ(B,, #)X(NODE), ¥ (NODE)

WRITE(2,2000) *
FORMAT C5X, 4HNODE, BX, 7HX(NODE) X, 'lHY(llODE'))

-



WRITE(2, 1002)NODE, X(NODE), Y (NODE)
1002 FORMAT(6X, I5,6X. FilJ.E BX,F10.5)
10 CONTINVE

YRITE(2,2001)
. 2001 FORMAT(3X, BH ELEMENT, 12X, SHNODE NOS. )
/- " DD 20 IE=1,NELEM
i READ (5, *) (NODES (IE,I), I=1,NNODE) -
VRITE(2,1003) IE; (KODES (IE, 1), I=1, mmm:)
1003  FORMAT(TX, I4,6X, 4(14,2X) )
20 CONTINE - . _ gt

Lo 0L ADEF=NIDETeNDIFN |
bt * NDEFE=NNODE*DOFN -

" Chrs##INITIALIZE ID ARRAY

© .7 . §82. " D0 30 J=1.NODET by )\‘/

¥ 3w, m =

<. WITE(@,200m) oo . o 5"
‘ 2007 . ‘FORMAT(2X, 1 NODES3X, \INT INDICES) "
i ey D0 40 Ist,NBN ° =g
A N .. ‘READ (6, #) NODE, (CID (K, NODE)) .K=1 : NDOFN)

s  ® " WRITE(2,2008)NODE, {(ID (K, NODE)) , K=1, nuopu)
i 20Q8  FORMAT(6X, I4,9X, s(xz @)y - X
40" " CONTINUE

: Y D
u.,‘. ’ KOUNT=0 - * - -
¥ 55 N ;
! . m(m(: N OGO T 60 :
KOUNT=KOUNT+1 . :
; 'ID(T, J)=KOUNT. I -
" NADE=ID(I, 3): EE N
@ TO 60 i ;
S 80 . B(TN=0 7
60 - CONTINUE ! , B B
L 'NOSTF=NADF'» (nm:»n/: A
. H .CALL. CAPE (NELEN, NNODE, NDOFN, NODES, Li, ID, NDEFE)
4 ’ ELEMENT PROPERT

READ (5, *) YNG, P05, TH1 o .

i - WITE(4,2009) -
S 2000  FORMAT(2X, 16HYOUNG’S uomn.usr . 15upu:ssaws Ratro,
o ¥ 1. 3X, 16HPLATE THICKKESS) *

. : WRITE (2,2010)YNG, P08, THL.
2010  FORMAT(6X.E12.4,6X,E12.4,6X,E12. 4). °




' 2014 - FORMAT(BX,E{2.4,10X,E12. 4)

c:

. WRITE(2, 2011) -
2011 EORMAT(2X,2{HWIDTH OF X-STIFFENERS,3X,21H
DEPTH OF . X-5TIFFENERS)
READ(S, #) BX, TH2 .
WRITE(2, 2012) BX, TH2
2012 FORMAT(BX,E12.4,10X.E12.4)
WRITE(2. 2013) .
2013 . FORMAT(2X,2i1HWIDTH.OF Y-STIFFENERS,3X, 21H
1. DEPTH oF Y-ETIFFE.NERS)
READ(5,*)BY,TH3 .
-WRITE(2, 2014)BY, TH3 -

¢ IF (LTYPE=1)70,80,70. - + . . /
C##4s84 424444404 49READING 'DISTRIBUTED LUA» DATAun
70 READ(, *) QZ(U

T TR

. - DO.90 !
90" . QZ(D=RZ(1) . -

i GO 10 100 “xBaw

C#++4READING' TED LOAD DATA®

80  "READ(5,*)NNCL oo

DO 110 INCL=1, NIICL . '
130 READ(G, +)NOPE. CPUIDCL.N YODE)) . 11, WDFM)
GO T0 120 ¢ o)

100 - CALL GCLVA (NELEM;NODES,QZ.P. X, Y,LU)"

120" CALL CONS (YiG,POS,BX, BY, NSTX, NSTY, SNX, SNY, THY,
TH2,TH3, D102, D3,Ct, C1D, 02, €3, c4,c5 SR1.5R2. m.
D13,013, C16,5RP) . .

IF(IANTP.EQ.1)NSTEP=1 . : o b
-+ DO 130 I=1,NADF -

130 nm(n-—p(n/m(nsm)

o -

c IN LOAD-T

DO 140 ISTEP=1  NSTEP

DO '3{60. I=1,NADF

P (I)=REAL (ISTEP) #DELP (I)
XI(1)=DELR(I)+XI(I) L 4

160  CONTINE - M L —

C##+4BEGIN ITERATION LOOF :
IF (IANTP . EQ. 1) ISIEF1 o 1 ]
ITER=0 . | , .

220  ITER=ITER+1:
IF(ITER. EQ.1) THEN . .
DO 168 I=1NADF , . . ; .
168 XII(D=XI(D) - ° g ’ .-
END IF ; . d




182 ©

170.

180

- 190

164
'

IF (ITER.LE. ISKE) THEN

DO 162 I=1,NOSTF

OSTF(1)=0.0-

DO 170 IE=1,NELEM

CALL ESMB (IANTP,NODES,X,Y, IE, NNODE, NDEFE, NELEM, DISP , ESTF)
- CALL GEMB (LM, ESTF, IE, NADF, NDEFE, 0STE)

CONTINUE

ELSE

END IF, N
CALL SULV(HADF;DW XI,XD)
011=0.0

'DO 180 I=1,NDOFN .
IF (ID(T, J) .EQ.0) THEN

T KOUNT=KOUNT+1"

DELXD (KOUNT) =XD11 -

ELSE ) .

K=K+1 . . .
KOUNT=KOUNT+1 : £
nm(xuum-xntk) ¢ " .

END IF . 5
CONTINUE i -

DO 190 I=1,NDEF

DISP (I)=DISP (I) +DELXD(I) *

CONTINUE

CALL STRESS (YNG,TH1,TH2, TH3, IANTP, NELEM, NNODE, X, Y, NODES,
1 NODET, DELXD, DISP, DELXNX, DELXNY ; DELXNXY, DELXMX, DELXMY , DELXMXY,
2 DELXQXZ,DELXQYZ,DELXSIGPT, DELYSIGPT,DELXSIGSB, DELYSIUSB, NETX,
3 NSTY) - E .

DO- 195 IE=1, NELEM

DO 195 16=1,4 . ,

XNX (IE, 10)=XNX (IE, m)»nmm(m m)

XNY (IE, IG) =XNY (IE, 16) +DELXNY (IE, IG)

XNXY (IE, IG) =XNXY (IE, 1) +DELXNXY (IE, 16)

MR (IE, 16) =XMX (IE, IG) +DELXMX (IE, IG)
», XY (IE, 10) =XMY CIE, 10) +DELXMY (IE, I0)

" YUY (IE, 16) =XMXY (IE, 16) +DELYMXY (IE, 1)

XQXZ (IE, 16) =XQXZ (IE, 16) +DELXQXZ (IE, 16)

XQYZ (IE, 16) =XQYZ (IE, 1G) +DELXQYZ (IE, 16)

XSIGPT(IE, T(IE, 16) +DEL T(1E,16) x

YSIGPT(IE, 16)=YSIGPT(IE, I6) +DELYSIQPT(IE, IG) '

-X81G6B (IE, I10) =XSIGSB (IE, 10) +DELXSIGSB (IE, 1G) .

e . 5@
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YSIGSB(IE, IG) —-YSIGSB(IE XG) +DELYSIGSB(IE, 16) ~
CONTINVE

138

2019
137
2020"

' 2021

2022
139
136

140
240
260

260

IF (IANTP.EQ. I)GD TO 137
CALL RESIDUE(NADF,ITER, IIELDI NNODE,X, Y, HUDFS DISP LM XXI),

7D0200 T=1,NADF *

(1) -XXT (1)

e

CH1=CH ..

: CALL CUW(HA.DF ITER, IETEP IIDDEI' TOLER P,XI, INDEX, CH)

IF (INDEX.EQ. 1) THEN
G0 TO 138
ELSE

* END IF

IF(CH.GT.CH1.AND.ITER.GT. so)m
G0 T0 260 .
ELSE

‘&0 TO 220

END IF

WRITE(8,2019) ISTEP

FORMAT(///,2X, 12HLOAD STEP = .13)

'RITE(G 2020)

FORMAT (2X, BHNODE 'NO. ,6X, 1HU, 13X, 1HV, 13X, 1HW, 10X, BHTHETAX,
7X, 6HTHETAY)

.DO 139 MK=1,NODET

IF (NSOP. GT..0) THEN

JK=NSOP

WRITE(S, 2021) JK, (DISP (5 JK+KK-) ,KK=1,5) -

FORMAT(4X, 13, 3X,E11.4, 2X,E11.4,2X,E11.4,2X,E11.4,2X,E11.4)
GO T0 136 '

ELSE

END IF

WRITE(8,2022) MK, (DISP (6¥MK+KK~5) ,KK=1,6)

FORMAT(4X, 13, 3X,EA1.4,2X,E11.4,2X,E11 .4, 2X, E11 .4, 2X,E11.4)
CONTINVE .
CALL STRESSF (NELEM, NNODE, NODET, NODES,, NSOP)

IF (IANTP,EQ.1)G0 TO 240

CONTINUE

@0 10,260 ot

WRITE(S, wzmmmns DIVERGING OR, 100 ITERATIONS ALREADY*
WRITE(S, +) *ITER=", ITER,’CH=",CH, *CHi=",CH1

STOP

END

e 5 © s




EUBRDU'A"I)IE SHAPE(S.T,5H, ADERIV)
. DIMENSION SH(8),ADERIV(2,8)

C+#9CALCULATES SHAPE FUNCTIONS AND THEIR ADERIVATIVESe#*
BH(1)=0.264 (1.-B)* (1.+T)#(-6+T-1)

. BH(2)=0.5¢(1.+T)#(1.-5++2)

SH(3)=0.26% (1.+8) % (1.+T) #(5+T-1)

SH(4)=0.652(1.+6)*(1.~T#+2)

6H(6)=0.26%(1.48)# (1.~T) #(6-T-1)

SH(6)=0.5%(1.~T)#(1.-5+%2)

8H(7)=0.26% (1.-5)* (1. ~T) # (~5-T-1. )

SH(B)-O B4 (1.-6)#(1.-Tes2)

5T2=2, #5sT

ADERIV(1,1)=0.
.5#(-52-5T2)
ADERIV(1,3)=0.
ADERIV(1,4) =071
ADERIV(1,6)=0.

1v(1,8)=0.

IV(1,7)=0.
ADERIV(1,8)=0.

ADERIV(1,2)=0

ADERIV(2,1)=0.
ADERIV(2,2)=0.
ADERIV(2,3)=0.
ADERIV(2,4)=0.

ADERIV(2,6)=0

ADERIV(2,6)=0.
ADERIV(2,7)=0.
.5+ (-T2+8T2) _

ADERIV(2,8)=0
RETURN
END

| SUBROUTINE ‘JACQB(IE.X,Y,NODES,

265+ (52-T+5T2-T+T)

264 (S2+4T+5T2+T*T)
5¢(1.-T*T)

264 (S2-T-ST2+T*T)
6% (-5245T2)
26%(S24T-5T2-T*T)
B4 (-1.+T+T)

264 (T2-5+5+5-5T2)
59 (1.-5%5)

264 (T2+5+545+5T2)
B4 (-T2-5T2) g
.26+ (T2-5-5+5+512)

B#(-1.45%5)
26+ (T2+5-546-5T2)

1" ADERIV,XDJAC, CARTD)

- DIMENSION X(100),Y(100), NDDB(!OO 8),EJAC(2,2), EJINV(z 2),

1 ADERIV(2,8),CARTD(2,8)

C#494949EVALUATES THE JACOBIAN AND ITS INVERSEA####43a44ssadsssssess

DO 9 I=1,2

DO 9 J=1,2

EJAC(I, 3)=0,

EJINV(I,J)=0.
9 .- . CONTINVE

D0 10 I=1,8
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53
52

1

EJAC(1,1)=EJAC(1,1) +ADERIV(1, I) #X (NODES(IE,I)) °
EJAC(1,2)=EJAC(1,2) +ADERIV(1, I) #Y (NODES (IE,I))
EJAC(2,1)=EJAC(2, 1) +ADERIV (2, I) #X (§ODES (IE, I))
EJAC(2.2)=EJAC(2.H)MDERIV(z.I):yHDB (IE.I))
CONTINUE

XDJAC=EJAC(1,1) #EJAC(2,2) -EJAC(1, 2) $EJAC(2,1)
IF(XDJAC.LE.0.0) GO TO 62
EJINV(1,1)=EJAC(2,2) /XDJAC
EJINV(1,2)=-EJAC(1,2) /XDJAC

" EJINV(2,1)=-EJAC(2,1) /XDJAC

EJINV(2, 2)-EJAC(X 1) /XDJAC
Do 20
CARTD (1, I)‘EJIIN(I 1) *ADERIV(1, 1) +EJINV(1,2) $ADERIV(2, 1)
CARTD (2, I)=EJINV(2,1) #ADERIV (1, I) +EJINV(2,2) +ADERIV(2, I)
CONTINUE

GO TO 63 ' - \
RETURN .

VRITE(6,*) *DETERMINANT OF- JACOBIAN LESS OR EQUAL TO ZERO’
WRITE(6, *) 'PROGRAM TERMINATED’

END

SUBROUTINE CONS (YNG, POS, BX,BY,NSTX, NSTY, SNX, SNY, TH1,
TH2,TH3,D1,D2,D3,C1,C1D,C2,C3,C4,C6, SR, 6R2, D12,

2 D13,C13,C16,SRP)
e't'tEVALUATES CONSTANTS FOR PLATE-STIFFENER SYSTEM###%

.SR2="

DENX=NSTX#BX/SNY v

DENY=NSTY#BY/SNX

D1=YNG#TH1##3/(12. % (1.-POS#POS))

(G#DENX#TH2# (TH29TH2+1 , 64TH1#TH2+0. 764 TH1#TH1) /3.
D3=YNG#DENY#TH3# (TH3+TH3+1 . 54TH1+TH3+0. 76+TH1#TH1) /3.
C1=YNG#TH1/(1.-POS+POS) '
C1D=YNG*TH1/ (2. * (1.+P08)) |
C2=YNG#DENX#TH2# (TH2+TH1) /2. |
C3=YNG#DENX+TH2 .
CA=YNG#DENYSTH3 (TH1+TH3) /2.

CB=YNG#DENY+TH3

SR1=YNG* (TH1#TH2#DENX) /(2.4% (1.+P0S)) - __ .
1G* (TH1+TH3#+DENY) / (2.4# (1.+P0S)) i §
SRP=YNG#TH1/ (2.4 (1.4P0S))
D12=D1+D2

D13=D1+D3 Lo
€13=C1+C3 Wy .
C16=C1+C6 .

RETURN




SUBROUTINE ESMB(IANTP,NODES,X,Y, IE, NNODE, NDEFE, NELEM, DISP,
“ESTF)
#4CALCULATES ELEMENT STIFFNESS MATRIX##sssssss tERssEEEEEES
DIMENSION TEMP(26) ,CARTD(2,8) ,5H(8) ,ESTF(40,40) ,ADERIV(2,8) .
, DIMENSION GSPX(4) ,GSPY(4),W1(4) ,NODES(100,8) ,X(100),Y(100)
> 1" DISP(800) .
[ COMMON/CONS/POS, C13,C1,C2,C15,C4,¢1D,D12,D1,D13, SR1, 5R2, SRP
. COMMON/STRES/XNX (50, 4) , XNY (50, 4) S XNXY (50, 4) , XMX (50, 4) , XMY (50,4) , -
1 J0XY(50,4) , XQXZ (60, 4) , XQYZ(50,4)
. CALL GAUSQ2(GSPX,GSPY,W1) -
T D0 10 I=1,NNODE == L
| DO 10 J=1,NNODE - |
) D0 20 It=1,26 h
TEMP (11)=0.0
20 CONTINUE
" Co##e##22-POINT REDUCED INTEGRATION
C###4+34GENERATE LINEAR STIFFNESS MATRIX:
DO 30 K=1,4 & "
§=GSPX(K)
T=GSPY (K)
CALL SHAPE(S,T,SH, ADERIV)
CALL JACOB(IE,X,Y,NODES, ADERIV, XDJAC, CARTD)
CST=N1 (K) #XDJAC
#  TEMP(1)=TEMP(1)+CST# (CARTD(1,I) $CARTD(1, J) #C13+
1 CARTD(2,I)+CARTD(2, J) *C1D)
TEMP (2) =TEMP (2) +CST+ (POS#C1#CARTD (1, 1) $CARTD (2, ) +
1 C1D#CARTD(2,I) #CARTD(1.J)) -
TEMP (4) =TEMP (4) -CST+C2#CARTD (1, I) #CARTD (1, J)
TEMP (8) =TEMP (8) +CST* (POS#C1#CARTD (2, I) *CARTD (: +
1 CID#CARTD(1,I)+CARTD(2,J))
TEMP (7) =TEMP (7) +C6T# (C169CARTD (2, 1) $CARTD (2, J) +
1 C1D#CARTD(1,I) #CARTD(1,J))
TEMP (10) =TEMP (10) -CST#C4+CARTD (2, I) $CARTD(2, J)
TEMP (13) =TEMP (13) +CST# (SR1#CARTD (1, I) $CARTD (1, J) +
1 SR2+CARTD(2,I) $CARTD(2, )
TEMP (14) STEMP (14) ~CST#SR1CARTD (1, I) #6H (J)
TEMP (16) =TEMP (16) ~CST#5R2¢CARTD (2, I) #6H (J)
TEMP (18) =TEMP (18) ~CST#5R145H (I) *CARTD(1, J)
' TEMP (16)=TEMP (16) ~CST#C2+CARTD (1, I) $CARTD(1,J) .
TEMP (19) =TEMP (19) +CST# (D124CARTD (1, I) $CAR e ) ..
a 1 D1s(1.-POB) «CARTD(2, 1) $CARTD (2, J) /2.0+BR1#
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. ’
TEMP (20) =TEMP (20) +CST# (D1#POS#CARTD (1, I) CARTD(2, J) +
D1# (1.-POS) $CARTD(2, I) #CARTD (1, J)/2.0)

TEMP D(2,1) 5

TEMP (23) =TEMP (23)-CST#5R25H (D) 4CARTD (2,.9)

TEMP (24) =TEMP (24) +C5T# (POS#D1+CARTD (2, I) ¢CARTD (1, 1) + .
D1+ (1.-POS) $CARTD(1, I) +CARTD (2, J) /2. 0) ¢
- TEMP (25) =TEMP (25)4CST# (D13CARTD (2, I) ¢CARTD (2, J) +

D1+ (1.-POS) $CARTD(1, 1) $CARTD (1, J) /2. 0+BR2#8H (1) 46H (1))
CONTINUE

IF (IANTP.EQ.1)GO TO 90

-

-

-

50

DISPL DEPENDENT STIFFNESS
DO 40 K=1,4
5=GSPX (K) : 3
T=GSPY (K)
CALL SHAPE(S,T,SH, ADERIV)
CALL JACOB(IE,X,Y,NODES,ADERIV, XDJAC, CARTD)
CST=W1 (K) *XDJAC
X¥1=0.0 . .
X42=0.0
DO 60 JK=1,NNODE ,
Xai1=XM1+DISP (69NODES (IE, JK) ~2) $CARTD (1, JK)
X2=XM2+DISP (6+NODES (IE, JK) -2) 'CAR'I'D (2,J0)
CONTINUE

~D-BNL: eees
" TEMP (3)=TEMP (3) +CST+ (CARTD (1, I) # (XM1#CARTD (1, 1)) ¢C13+

1 CARTD(1,I)* (2, )) *POS*CL: LI)e( 1.0)+
2 XM1#CARTD(2,J))+CiD)

TEMP (8) =TEMP (8) +CST# (CARTD (2, I) # (XM1#CARTD (1, J)) #POS+C1+
CARTD(2,1)¢ 2.9) TD(1, 1) (X 1.0+

2 3
2 YM1sCARTD(2,J))#CiD)

TEMP (18) =TEMP (18) -CST#CARTD (1, T) + OXG41sCARTD (1, J)) #C2 . ‘
TEMP (23) =TEMP (23) -CST#CARTD (2, I) # (XM2¢CARTD (2, J)) sC4

-

0 -

~D~BL

TEMP (11) =TEMP (11) +CST# ( (XU1#CARTD (1, I)) CARTD(1, J) sC13+
(XM24CARTD(2, I) ) #CARTD (1, J) #POS#C1# (XM2¢CARTD (1, I) +X01 e
CARTD(2, 1)) #CARTD(2, J) #C1D)
TEMP (12) =TEMP (12) +CST# ( (O{19CARTD (1, 1)) 4CARTD (2, J) #P0S#C1+
(XM2+CARTD (2, I) ) $CARTD (2, J) #C15+ (XM2#CARTD (1, I) +XM1#CARTD (2, I) ™
CARTD(1, J) #C1D)

14) =TEMP (14) -CST# (XM1#CARTD(1, I)) #CARTD (1, J) $C2
W‘hs)m(xs)-csr-(mocmmtz 1)) #CARTD(2, J) +C4

N

~D-BNL
mm)mua)«cs‘rc(mxccmm(x 1)) ¢ (XM14CARTD(1, J) ) 9C13+
(XM1#CARTD(1,1))#( ) L1))e

. (XM19CARTD(1, J))orosocuow'cmm(z 1)+ ((2¢CARTD (2, 9)) $C15+
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(XM2¢CARTD(1, I)*)OIIOCARTD(Q I))'(MCCARTD(I J) +XM1#CARTD(2, J))

*C1D)

-

IC STIFFNESS
TEMP (13) =TEMP (13) +CST#+ (XNX (IE,K) *CARTD(1, I) *CARTD (1, J) -
XNXY (IE,K) # (CARTD (2, I) sCARTD(1, J) +CARTD (1, I) #CARTD(2, J) ) +
XNY (IE,K) #CARTD (2, I) #CARTD(2,J))
CONTINUE .

20

i)

26

L=0 .
DD 10 II=5+I-4,6%I
D0 .10 JJ=§eJ-4,6¢J
LaL+1

|ESTF (LT, JJ) =TEMP (L)

CONTINUE BEpeane:
DO 60 I=1,NDEFE

IF(ESTF(I,I) .LE.0.) GO TO 81

CONTINUE

RETURN

WRITE(6,*)’A DIAGONAL ELEMENT OF AN ELEMENT STIFFNESS MATRIX *

WRITE(S,*) 'LESS OR EQUAL TO ZERO; PROGRAM TERMINATED.’
END -

SUBROUTINE GSMB(LM,E, IE, NADF, NDEFE, 0)
DIMENSION, LU(100,40) ,E(4G, 40) ,0(100000)
DO 10 I=1,NDEFE

Lu1=LM(IE, T)

DO 10 J=I,NDEFE

LM2=LM(IE, J)

IF (LM2.EQ.0)GO TO 10

IF(LU1 .EQ.0)GO TO 10

IF(LN1 .LE.LM2)GO TO 20

G0 TO 30 )

IF (L1 .EQ1) THEN

K=LM1+Lu2-1

0(K)=0(K)+E(I, J)

ELSE IF -(LM1.GT.1) THEN

L§=0

DO 26 IIgt,Lut-1 ]

L8= (NADF-1I+1) +L§

- K=L8+ (LM2-LM1+1)
.0(K)=0(K)+E(T, J)

END IR
a0 TO 10
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30 L§=0
D0 .36 JJ=1,LM2-1
36 LS=(NADF-JJ+1) +LS .

K=L5+(LM1-LM2+1)
0(K)=0(K)+E(T,J)
.10 CONTINUE
RETURN . i
B .

SUBROUTINE GAUSQ2(GSPX,GSPY,W1)

C###¥»+3TWO-POINT GAUSS INTREGATION INITIALISATION####
DIMENSION XG(2),YG(2),W(2),W1(4),GSPX(4),GSPY(4)
XG(1)=0.6773602692 : P -
XG(2)=-0.5773602692 .
YG( G (1) .

YG(2)=XG(2)

w(=t.0

K=K+1 ‘
WL =N (D) *H (D)

10 CONTINUE
GSPX(1)=-XG (1)
GSPX(2)=Xa(1)
GSPX(3)=Xa(1) '
GSPX(4)=-XG (1)
SSPY(1)=XG(1)
GSPY(2)=Xa(1)
GSPY (3)=-XG (1)
GSPY (4)=-XG (1)
RETURN o
END

SUBROUTINE GAUSQ3 (GSPX3,GSPY3, N3) » . g 1
Coo4#+4THREE-POINT GAUSB INTEGRATION IN 2-D INITIALISATIONS#wess -

DIMENSION X(3),Ya(3),¥(3) ,W3(9) ,5PX3(9) , GEPY3(0) .o
XG(1)=0.77450887,

Xa(2)=-0,77460667 Z .

%0(3)=0.0 . . .




3.

YG(1)=XG (1)
* . YG(2)=XG(2)
YG(3)=XG(3) w E \
. W(1)=0.66666566. -
¥(2)=0. 56566566

, W(3)=0.86888889 . -
K=0 :
DO 10 I=1,3

~D0.10 J=1,3 !
K=K+1 - .

GSPX3 (K) =XG(I)

GEPY3(K)=YG(J)

W3(K)=W(I)*W ()
10 CONTINUE

RETURN .

END

SUBRUUTIN‘E GAUSQ21 (GEPX GSPY, W1)
Cx###+44THO-POINT GAUSS INTEGRATION IN ONE-DIMENSION INITIALISATIONO eren’
- DIMENSION GSPX(2).GSPY(2)
0

GSPX(1) 73502692
GSPX(2, 773502692 -
GSPY(1)=GSPX(1)

GSPY(2)=G5PX(2)

wi=i.00 .
RETURN P
END

SUBROUTINE CAPE(NELEM,NNODE,NDOFN,NODES,LM, ID, unm)
++ DIMENSION LM(100;40),ID(E,100),NODES(100,8) '
C##++4++GENERATES CONNECTIVITY: ARRAY FOR PLATE ELBIFJITS““""“"”“O

DO 70 IE=y, NELEM - . \
1J=0" ~ * ‘ . )
DO 70 I=1,NNODE ¥ s
DO 70 J=1,NDOFN + - . 5
1I51041 p. & i , .
. LM(IE,19)=1D(J, NuDEs(IF. m T ;
70 CONTINUE . & ot
© " RETURN : . :
¥ END e « g m T * . % b
D e Sy @ o, wk .
SUBROUTINE SOLV(NADF,OSTF,P,XD) . - .
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DIMENSION IDIG(800),0STF(1G0000),P (800) ,XD(800) ,P1(600)
C##+++ IDENTIFYING THE LOCATIONS OF DIAGONAL ELEMENTS#sssdasessss
NH=HADF® (NADF+1) /2

4 IDIG(1)=0
‘IDIG(1)=1 »
DO 10-I=2,NADF
, D0 20 K=1,I-1 . ’
20 IDIG(I)=IDIG(I)+(NADF-K+1)
IDIG(I)=IDIG(I) +1
10 CONTINUE 4
* DO b K=1,NADF
. IF (OSTF (IDIG(K))..LE.0.0)GO TO 81
5 CONTINUE o
ELIMINATI P M
DO 30 I=1,NADF*1 .
L=0
DO 36 J=I,NADF-1
L=L+1 *
DO 40 K=J,NADF-1 .
40 USTF(IDHJd)oK-J)'usTF(IDm(Jd)ol(-.l)- .
OSTF (IDIG(I)+L) *O5TF (IDIG (1) +K~-J+L) /OSTF (IDIG(I))
P1(T+L)=P1 (I+L) ~P1 (I) $0STF (IDIG (1) +L) /OSTF (IDIG(I))
3  CONTINUE
30  CONTINUE

-

C: 'BACK SUBSTITUT
: MI=0
LI=0 : g
> DO 60 I=1,NADF . =
: LI=LI+1 ‘ o
& IF(I.GT.1)60 T0 60
XD (NADF) =P1 (NADF) /0STF (mm (NADF))
> GO TO 50
80;.  SUM=0
" MI=MI+1 4
= .D0 70 K=1,LI-1

70 - * SUM=SUM+OSTF (IDIG (NADF-I+1)+K) #XD (NADF-MI+K)
' XD (NADF-1+1) = (P1 (NADF-T+1) ~5UM) /OSTF (IDIG(NADF-I+1)}
50 CONTINUE,

+ RETURN
81 WRITE(S, %) 'GLDBAL BTIFFNESS MATRIX NOT: PdﬂITIVE DEFINXTE'
WRITE(S, ') "PROGRAM TERMINATED’ ) K

EHD § )




1
2

" SUBROUTINE smss(mcmu,r_ﬂz.ma,nm,m.m,mbz,x.v,unnss.

NODET, DELXD, DISP, mmmmmmmxwz
XSIGPT, YBIGPT,XSIGSB, YSIGSB, NSTX, NSTY)
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C###4+4+CALCULATES: STRESSES AT ELEMENT NODES BY,BILINEAR EXTRAPOLATION+#*

12

w

1
2
3
4

DIMENSION GSPX(4),GSFY.(4),W(4),CARTD(2, 0) ADERIV(2,8) ,X(100) ,
5H(8) ,X1(4) ,X2(4) ,X3(4) X4 (4) ,X5(4) ,X6(4) X7 (4) ,XB(4),Y(100),

NODES(100,8) , DISP (800) , XNX (50, 4) , XNY (50, 4) , XNXY(50,4) , S&x(so A,

XUY (50, 4) , XMXY (60, 4) , XQXZ (50, 4) , XQYZ (50, 4) , DELXD (800) ,
XSIGPT(50,4) , YSIGPT(60,4) ,XSIGSB(60,4) , YSIGSB(60,4)  _
COMMON/CONS/PUS, C13,C1.,C2, C16,C4, CAD, D12, D1, D13, 6R1, 5RZ, SRP
NDEF=NODET#6'.

CALL GAUSQ2(GSPX, GEPY, W)

DO 8 IE=1,NELEM

D0 10 I6=1.4

X8(I6)=0.

B=GEPX(IG)

T=GSPY(IG) =

CALL SHAPE(S,T,SH, ADERIV)

CALL JACOB(IE,X,Y,NODES, ADERIV,XDJAC, CARTD)

~ XM1=0.0

XM2=0.0 = ¥

"DO 12 JK=1,NNODE .

X41=XM1+DISP (6#NODES (IE, JK) -2) #CARTD (1, JK)
XM2=XM2+DISP (6+NODES (IE, JK) ~2) #CARTD (2, JK)
IF (TANTP.EQ.1)XM1=0.0 .

- IF(IANTP.EQ.1)XM2=0.0

1

1

1
2

"D0'20 I=1,NNODE
. X4(1G)=X1 (16) +CARTD(1, I) *DELXD (6#NODES (IE, I) ~4) +
XM1+CARTD (1, T) #DELXD (6#NODES (IE, I)-2) Lo
X2(1G)=X2(IG) +CARTD (2, I) +DELXD (6#NODES (IE, I) -3)+ -
U24CARTD (2, I) $DELXD (54HODES (IE, 1)-2) -
X3(1G)=X3(16) - (CARTD (2, I) +DELXD (6#NODES (IE, I) -4)
$CARTD(1, 1) +DELXD (SVHODES(IE, 1) -3)) - COUZACARTD (1, )+
XM1#CARTD (2, I)) #DELXD (6#NODES (IE, 1) -2)
X4(10) =X4 (16) ~CARTD(1, I) #DELXD (6#NODES (IE, I) -1)

X5 (1G)=X5 (10) ~CARTD (2, I) +DELXD (6+NODES (IE, I) )
X8(10)=X8(16) + (CARTD(2, 1) +DELXD (5#NODES(IE, I) -1)
+CARTD(1, I)om.)m(smonu(m n)»
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X7(16) =X7 (16) - (CARTD(1, I) $DELXD (64NODES (IE, D) -2)

~5H (I) *DELXD (6#NODES (IE, 1) -1)) .
XB(IG)=X8(1G) - (CARTD(2, I) 'DELXD(E"IBDEB;(I‘E. -2)

=BH(I) 'DEJD(E‘IIDDEB(IE )

CONTINUE i

XNX(IE, IG)=C13#X1 (I )0POS‘C1‘X2(IG)-'CZ’X!(IG)

XNY (IE, IG) =POS#C1#X1 (IG) +C15+X2 (IG) +C4#X6 (IG)

XNXY (IE, IG)-CID‘X.G(IG)

=C2#X1 (IG) +D12+X4 (IG) 'PDS‘D!‘XE(IG)

-CI‘XZ(IG +POE+D1#X4 (IG) +D13#X6 (1G)

XMXY (IE,IG)=0.5+(1. PDS)‘DDXH(I\.)

XQXZ (IE; 10) =SR1+X7 (16)

XQYZ (IE, IG)=SR2X8 (1G) *
XSIGPT (IE, IG) =YNG* ({1 (IG) +POS#X2(IG)~0. S'Tﬂi‘xl(m)-
POS*0. 5‘11“‘)(6(16))%1 .~POS**2)

o ¢

YSIGPT (IE, IG) =YNG# (PDS*X1 (IG) +X2 (IG) -POS#0.B#TH1#X4 (IG) -
0.64TH1#X5 (IG)) /(1,-POS*#2) -

IF (NSTX.GT.0) THEN

XSIGSB(IE, IG) =YNG* (X1 (1G)+(0. EOTHHTH'Z)‘XC(IG))/“ ~POS*+2)
END IF

IF (NSTY.GT.0) THEN

YSIGSB(IE, I6) =YNG# (X2 (1G) + (0. ¥ TH1+TH3) #X6 (16) ) / (1. “POS*+2)
END IF 3

CONTINUE )

CONTINUE

RETURN

END

-
SUBROUTINE STRESSF (NELEM, NNODE, NODET, NODES, NSOP)
DIMENSION ELNX(80,100) ,ELNY(80,100) ,ELNXY(80,100) ,ELMX(80,100) ,

" ELMY (80, 100) , ELMXY (80, 100) , ELQXZ (80, 100) ,ELQYZ (80, 100) , X(100) ,

Y¥(100) , NODES (100, 8) , ELXSIGPT (80, 100) , ELYSIGPT (80, 100,
ELXSIGSB (80, 100) , ELYSIGSB(80, 100) ,(8,4) ,N(8)

DIMENSION IFR(100),NST(100,10),61(100),52(100),83(100) ,84(100),
§6(100) ,58(100) ,57 (100) ,58(100) ,6T1(100) ,6T2(100) ,5T3(100),
ST4(100)

' COMMON/STRES/XNX (60, 4) , XNY (60, 4) , XNXY (50, 4) ; XX (60, 4) XMY (60, l).

XMXY (60, 4) , XQXZ (50,4) ,XQYZ(60,4) ,XSIGPT(60,4) , YSIGPT(60.4) ,
XBIGSB(50,4),YSIGSB(60,4)

' DO & IE=1,NELEM

CULATES ELEMENT BY BILINEAR EXTRAPOLATIONe#s+svesevs
DO 6 K=1,NODET '

81 (K)=0.0




20

<

- B2(K)=0.0

§3(K)=0.0
54(X)=0.0
§6(K)=0.0

2
g
4

ELMXY (IE,K)=0.0
ELQXZ(IE,K)=0.0
ELQYZ(IE,K)=0.0
ELXSIGPT(IE,K)=0.0
ELYSIGPT(IE,K)=0.0
ELXSIGSB(IE,K)=0.0
ELYSIGSB(IE,K)=0.0
DO 20 K=1,NODET
DO 20 IM=1,NELEM
DO 20 IK=1,NNODE
IF (NODES (IM, IK) . EQ.K) THEN
IFR(K)=IFR(K) +1
NST(K, IFR(K))=IM
ELSE

END IF -
CONTINUE ‘

" DO 10 IE=1,NELEM

DO 16 I=1,8
N(I)=NODES(IE,I)

. CONTINUE

P=0.5773502602 '

.Q=0.5773602602 N

W1=0,26¢ (1,41./P) 4 (1.+1./Q)
¥2=0.26%(1.~1./P)*(1.41./Q)
%3=0.26¢(1.~1./P)*(1.-1./Q)
W4=0.25%(1.+1./P)
W5=0.26¢(1.-1./P)
W(1,1)=0

176



B IR TS

- W(6,1)=W5 .

(2,1)=w4
¥(3,1)=N2

¥(5,1)=¥3
w(7.1)=N2

Ww(8,1)=W4
A= ) . -

Ww(8,2)=W5

w(7,2)=¥3 . .

%(8,2)=N5 = i . . &
w(1,3)=¥3 . 3 " - -
W(2,3)=W6- ’ .
§(3,3)=R2 .

W(4,3)=0e . 5

WL 0)=N2

W(2,4)=W5

w(3,4)=W3 .

W(4,4)=W6 4 -
w(5,4)=N2 5

w(6,4)=N4

W(7,4)=W1 . '

w(8,4)=W4 ; & : v
DO 60 J=1,8 E :

DO 60 K=1,4- )

ELNX(IE, N(J)) =W (J, K) #XNX(IE, K) +ELNX (IE, N (J))

ELNY(IE, N(3))=N(J,K) #XNY (IE, K) *ELNY (IE,N(J))

ELNXY (IE, N (J)) =N (J, K) XNXY (IE,K) sELNXY (IE,N()) .

. ELMX(IE, N(J))=W(J, K) $X0X (IE, K) (IE,N(J)) * T
ELMY (IE, N (J) ) =W (J, K) #XMY (IE, K) +ELEV (IE, N (J)) Ve ¥, -
ELMXY (IE, N(J))=W(J, K) #XMXY (IE, K) +ELMXY (IE,N(J)) . : i .
ELQXZ(IE,N(J))=N(J, K) #XQXZ (IE, K) +ELQXZ (IE,N(J)) . e
ELQYZ(IE, N (J)) =W (J.K) #XQYZ (IE,K) +ELQYZ (IE,N(J) ) 5 -

. ELXSIGPT(IE,N(J))=W(J,K)*X8IGPT(IE, K) ou.xsmn(xz Il(.l)) # = ) !
‘ELYSIGPT (IE, N(3))=W(J, K) YSIGPT(IE, K) +ELYSIGPT (IE,N(J)) I &
EL IE,N(J))=N(J.K 1IE, nou.xnmn(m N(D)). % . .
ELYSIGSB(IE,N(J))=W(J, X)OYSISBB(IE l)ou.vmn(m DY~

. 1 ¥ ¢
. N # »
' o R S
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pou‘rmlz\s L '
CONTINUE

DO 30 K=1|NODET '

Do 30 Iéi IFR(K)

51(K)=B1 (K) +ELNX(NST(X, 1) K) -
52(K)=52(K) +ELNY (NST (K, 1) , K)

.. 83(K)=53 (K) +ELNXY (NST(K. I) . K)

J54(K)=54(K) +ELUX (45T (K. 1) . K)
85 (K)'=56 (K) +ELMY (NST(K, I) , K)
66 (K)=56 (K) +ELMXY (NST(K, I) , K)
ST(K)=57 (K) +ELQXZ (NST (K. I) ,K)
§8(K)=58(K) +ELQYZ(NST(K, 1) ,K)

T4 (K) +ELXSIGPT (NST (K, 1) ,K)
72 (K) +ELYSIGPT (NST (K, 1) . K)
45T3 (K)=5T3 (K) +ELXSIGSB (NST (K,I) ,K) .

. su(x)-sn(x)om.vsmsn(us'r(x 1).K)

CONTINUE

DO 40 K=1,NODET.

$1(K)=S1.(K) /REAL (IFR (K))

*52 (K) =52(K) /REAL (IFR(K))
S$3(K)=53(K) /REAL(IFR(K)).
54 (K)=54(K) /REAL (IFR(K))

56 (K) =S5 (K) /REAL (IFR (K))
56(K)=56(K) /REAL(IFR(K))
57(K)=57(K) /REAL(TFR(K))  °

- 58(K)=58(K) /REAL (IFR (K))

K)=5T3 (K) /REAL (IFR(K))
-srhy/nzmxmx))

IF (NSOP . GT . 0) THEN
60°T0 90 "
ELSE: .

END IF

: WRITE(S,2000)

) FORMAT (3X, BHNODE NO.,7X, 3HNXX, 10X, 3HNYY, 10X, 3HNXY, 10X, 3HIOCK,

..10X, 3HMYY, 10X, 3HMXY, 10X, 3HQXZ, 10X, 3HQYZ) '
'.DO 60 K=1,NODET ~
WRITE(6,2010)K,51 (K),52(K) , SS(K) 54(K),86(K), 56(K) B
FORMAT (6X, I3,4X,E11,4,2X,E11 .4, ax E11.4,2X,E11.4,2X,
E11.4,2X,E11.4,2X,E11.4,2X,E11.4)

CONTINUE
WRITE(8,2020)

FORMAT(///,3X, 102HBTREEHE.B A'l' PLATE TOP (XBIGPT 13 YEIGP'I') AND




\\\ " : N I

1 STIFFENER BOTTOM (xsmsa & Y516sB) w - AMD Y-nmscrmus) <
WIKTE (6,2030)

2030 . FORMAT(/,3X, BHNODE NO. ,3X, BHXSIGPT, 7X, BHYSIGPT, 7X, el-n(sxasn ™,
2 1 6HYSIGSB)
DQ 70 K=1,NODET
v WRITE(6,2040)K,ST1 (K) , T2 (K) , ST3 (K) LSTA®)
- | 2040 Femusx,-naxznczxxunzxs\uAm(zu 4

T
70 % CONTINUE LR
s © ‘G0 TO 100 . » s \
] 90, WRITE(6,2060)
g - 2060 FORMAT(3X, slmunt?uu 7, 3HNXX, 10X, 3HNYY, 10X, 3HNXY, 10, SHOOK, “~__
. 1 10X, 3HMYY, 10X, JHAXY, 10X, 3HQXZ, 10X, 3HQYZ)
R ~
', JRITE(6;2080)K, 51 (K) , sz(x) L3000, 54(K) , 56 (K) , 5800, 5700, 80
2080 - FORMAT(EX,13,4X:E11.4,2X,E11.4,2X,E11.4,2K,E11.4,2X," © -
1E:H=xzu¢zxznczxsuo\ /.
; 'nmz(&)zo'm)
5 2070 - FORMAT(///.3X, 102HSTRESSES AT PLATE TOF (XSIGPT & YSIGPT) AND
1 STIFFENER BOTTOM (XSIGSB & YSIGSB) IN X- AND Y-DIRECTIONS)
. WRITE(6,2080) B
" 2080  FORMAT(/, 3, HNODE NO.. smemsur 7X, 6HYSIGPT, 7X, euxsmsa 7
1 BHYSIGSB) . . <
WRITE(6,2090)K,5T1 (K) ,5T2(K), ST, LSTA(K) -
e 2090 FORMAT(6X,I3,2X,E11.4,2X,E1d.4,2K,E11:4, (2K,EL1.4) .
, ' 100 . RETURN ° ~ r
END -
s 0
: ) \
SUBROUTINE GCLVA (NELEM, NODES,QZ,P,X,Y,L¥) i
DIMENSION NODES(100;8),QZ(100),P(800),X(100),Y(100), A\~
. 1 LM(100,40) .qC(8)., GEPX(4) ,GEPY(4) , W1 (4) , 5H(8) , ADERIV(2,6),
. 2 CARTD(2,8) ,05PX3(3),GSPY3(3),¥3(9)
g - __CALL' GAUSQ2(GEPX, GEPY, W1)
> DO.40 IE=1,NELEM °
e DO 20 I=1,8 . TP .
“y o, ,207  Q6(D=0.0 -
DO 30.K=1,4 -,
. 5=GSPX (K) L . .
oo T=0BPYLK) . e !
CALL SHAPE(8,,5H, ADERIV)
. ~CALL JACOB(IE,X,Y,NODES, ADERIV, XDJAC, CARTD)

CST=W1 (K) $XDJAC -
n . ]




50

90

100

110

10 ¥

Do lo I=1,8

qc(I)-nc(I)‘sutl)tnz(m)tcs‘r
CONTINUE

IF (LM(IE, 3) .EQ. O) THEN

G0 T0 50 .

ELSE «

P (LM(IE, 3) ) =P (LM(IE, 3) ) +QC (1)

END. IF
IF (LM(IE,8) .EQ. ) THEN
G0 -T0 60

ELSE

y PRI
P(LM(IE, 8))=P (LM(IE. 8))+a¢(2)

END IF
IF(LM(IE, 13) .. Eﬂ 0) THEN
GD 'l'(J 70 .

P—(l-ll(E lS))‘P(LI(!E 13))+QC(3)
END IF &
IF(LIl(IE 18) .EQ. O)TllEH

GU TD 80

p(m(n-:. 18)) =P (LU(IE, 18))+QC(4)

END IF
IF (LM(IE, 23) .EQ.0) THEN
GO TO 90

ELSE
" P(LM(IE,23))=P (LM (IE,23)) +QC(6)
END TF

IF (LM(IE, 28) .EQ. 0) THEN'
G0 T0 100

ELSE
P(LM(IE, 29))—!‘ (LM(IE, 25))'%(8)
END IF'

IF(LM(IE 33) EQ. O)THEI(
GO T0 110

P(Lll(IE 33))’!’(1.\((11! aa))*ﬂC(ﬂ
END IF

IF (LM(IE, 38) .EQ. O)TIIEII

GD 'm 10

P(LI((IE 36)=P (UCIE, aa))w}c(s)
END IF

CONTINUE

RETURN




.

EUBRBU'I'INE RESIDUE (NADF, ITER, NELEM,NNODE, X, Y NDDES DISP,LM,XXI)..
. DIMENSION.GSPX(4) ,! GEPY (4 llﬂ) X(100), Y.(100) ,NODES(100,8)%
1" BH(8). Am:rv(z 8) ,CARTD(2,8) , DISP (600) ,LM(100, 40) ,XXI (600) -
COMMON/STRES/XNX (60,4) ,XNY(60,4) , XIIXY(SO 4) 200 (60, l) M(SO 1).
1% XUXY (50, 4) , XQXZ(60; 4) . XAYZ (50, 4)
Co##2944THIS I8 A PREREQUISITE FOR THE ] FORCE .VECTO

CALL Gnusnz(csrx GBPY,W1) o . ]
DO 10 TE=1,NELEM S \
20 IN=1,NNODE . 2 3 \

- DO 30 KT=1,6 o
INT=BSINKT-6 . 3o v
DO 40 K=1,4 . B

~ B=GSPX(K)

T=GSPY (K)

CALL SHAPE(S,T,SH,ADERIV)

CALL JACOB(IE,X,Y,NODES, ADERIV, XDJAT, cm'm)

CST=N1 (K)*XDJAC
XM1=0.0 ) . . |

Xu2=0.0 . | s

DO 6O JK=1,NNODE {
: XM1=XM1+DISP (6+NODESIE, JK) -2) *CARTD(1, JK) ..
60 ( IE, JK) ~2) 2 JK)
: X1=0.0 o . Bt e .
Xu2=0.0 ) 3
IF (LM(IE, INT) .GT. 0. AND KT.EQ. 1) THEN
- XXI(LM(IE, INT))=XXI(LM(IE, Im)‘cs’rtomx(zs K)+CARTD (1, Ill)-
1’ XNXY(IE,K) #CARTD (2, IN))
END IF :
IF (LU(IE, INT) .GT. 0, AND. KT.EQ. 2) THEN
XXI (LM(IE, INT)) =XXI (LM(IE, 1m)ocsrtom(m K)*CARTD (2, IN)- /'
1 xxm(n: K) #CARTD (1, IN)) : E

aa

u.u(mnm GT.0.AND.KT.EQ.3) THEN '
XX (LM (TE, INT)) =XXI (LM (IE, IHT))*CSTO(XIIX(IE‘K)‘WDCARTD(]. m)~
”» 1 XNY(IE,K) #XN24CARTD(2, IN) ~XNXY (IE, K) #XM2¢CARTD (1, IN) -
- 2 . XNXY (I, K) #XM1+CARTD (2, xll)-xuztm K) $CARTD(1, m)-xm (IE:K)+ .
~"3 CARTD(2,IN))
¥

. \IF(LM(IE, INT)GT.0.AND.KT.EQ, 4) THEN .

\ % ] -

by




- L BT RS Bt}

YXI (LM (IE, INT)) =XXI (LM(IE, m))*CSTObM(IE x)ocnmu ™+
1 JMXY(IE,K) *CARTD (2, IN) +XQXZ(IE,K) #SH(IN))
END IF P
IF(LU(IE, INT) .GT. 0. AND.KT.EQ. 6) THEN
© 4 -= 7. YKIOMGIEINT))=XKI(LM(IE, IND)) +CSTe (-XAMY (IE.K) SCARTR(2,IN) +
YUXY (IE,K) #CARTD (1, xu)oxeu(m x)-su(nm
END IF
40 . CONTINUE
30 CONTIKUE ; )
20 CONTINUE - v ; o ( ¢
10 CONTINUE . : .
' RETURN .

-

SUBROUTINE CONV(NAD¥, ITER, ISTEP, NODET, TOLER, P, XI, INDEX; CH) P >
& DIMENSION XI(600),P(800)

C”"OHODULE REQUIRED FOR CHECK!NG OF I s Wy
51=0.0 : : 2 -
5240.0 . :

DO 10 I=1,NADF v
S1=51+XI(I) 42 oo
52=524P(1)#32 = e aey B aeo o B
10 *  CONTINUE e ) 5
1=5QRT(S1) , . . '
- 52=5QRT(52) B 2 ol
CH=51/52 = g ?
IF (CH. LE. TOLER) THEN B .
‘r INDEX=1 : » i ) R
















	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Copyright Information
	007_Dedication
	008_Abstract
	009_Abstract iv
	010_Acknowledgements
	011_Table of Contents
	012_Table of Contents vii
	013_List of Tables
	014_List of Figures
	015_List of Figures x
	016_List of Figures xi
	017_Notation
	018_Notation xiii
	019_Notation xiv
	020_Chapter 1 - Page 1
	021_Page 2
	022_Page 3
	023_Page 4
	024_Page 5
	025_Page 6
	026_Chapter 2 - Page 7
	027_Page 8
	028_Page 9
	029_Page 10
	030_Page 11
	031_Chapter 3 - Page 12
	032_Page 13
	033_Page 14
	034_Page 15
	035_Page 16
	036_Page 17
	037_Page 18
	038_Page 19
	039_Page 20
	040_Page 21
	041_Page 22
	042_Page 23
	043_Page 24
	044_Chapter 4 - Page 25
	045_Page 26
	046_Page 27
	047_Page 28
	048_Page 29
	049_Page 30
	050_Page 31
	051_Page 32
	052_Page 33
	053_Page 34
	054_Chapter 5 - Page 35
	055_Page 36
	056_Page 37
	057_Page 38
	058_Page 39
	059_Page 40
	060_Page 41
	061_Page 42
	062_Page 43
	063_Page 44
	064_Page 45
	065_Page 46
	066_Page 47
	067_Page 48
	068_Page 49
	069_Page 50
	070_Page 51
	071_Page 52
	072_Chapter 6 - Page 53
	073_Page 54
	074_Page 55
	075_Page 56
	076_Page 57
	077_Page 58
	078_Page 59
	079_Page 60
	080_Page 61
	081_Page 62
	082_Chapter 7 - Page 63
	083_Page 64
	084_Page 65
	085_Page 66
	086_Page 67
	087_Page 68
	088_Page 69
	089_Page 70
	090_Page 71
	091_References
	092_Page 73
	093_Page 74
	094_Page 75
	095_Page 76
	096_Page 77
	097_Page 78
	098_Page 79
	099_Page 80
	100_Page 81
	101_Page 82
	102_Page 83
	103_Page 84
	104_Page 85
	105_Page 86
	106_Page 87
	107_Page 88
	108_Page 89
	109_Page 90
	110_Page 91
	111_Page 92
	112_Page 93
	113_Page 94
	114_Page 95
	115_Page 96
	116_Page 97
	117_Page 98
	118_Page 99
	119_Page 100
	120_Page 101
	121_Page 102
	122_Page 103
	123_Page 104
	124_Page 105
	125_Page 106
	126_Page 107
	127_Page 108
	128_Page 109
	129_Page 110
	130_Page 111
	131_Page 112
	132_Appendix 1
	133_Page 114
	134_Page 115
	135_Page 116
	136_Page 117
	137_Page 118
	138_Page 119
	139_Page 120
	140_Page 121
	141_Page 122
	142_Page 123
	143_Page 124
	144_Page 125
	145_Page 126
	146_Page 127
	147_Page 128
	148_Page 129
	149_Page 130
	150_Page 131
	151_Page 132
	152_Page 133
	153_Page 134
	154_Page 135
	155_Page 136
	156_Page 137
	157_Page 138
	158_Page 139
	159_Page 140
	160_Page 141
	161_Page 142
	162_Page 143
	163_Page 144
	164_Page 145
	165_Page 146
	166_Page 147
	167_Page 148
	168_Page 149
	169_Page 150
	170_Page 151
	171_Page 152
	172_Page 153
	173_Page 154
	174_Page 155
	175_Page 156
	176_Page 157
	177_Page 158
	178_Page 159
	179_Appendix 2
	180_Page 161
	181_Page 162
	182_Page 163
	183_Page 164
	184_Page 165
	185_Page 166
	186_Page 167
	187_Page 168
	188_Page 169
	189_Page 170
	190_Page 171
	191_Page 172
	192_Page 173
	193_Page 174
	194_Page 175
	195_Page 176
	196_Page 177
	197_Page 178
	198_Page 179
	199_Page 180
	200_Page 181
	201_Page 182
	202_Blank Page
	203_Blank Page
	204_Inside Back Cover
	205_Back Cover

