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\- ABSTRAGT - .

. This thesis describes‘a‘general method for "analyzing the
. A . o ‘ . -
stresses and deflections'in box girder bridges by means ofthe degen-

© "erate.cylindrical shell tﬁeory The structure is taken as an degen-~
. erate form of cyllndrlcal shell with- edge beam and thh another
: ,plate connected at bottom. Gibson's cyllndrical shell equation is _’
used to determlne the bendlng moments and membrane stresses in each

plate element. This method is 1deally sultable for analyzlng struc_"m“

tures w:.th simply supported ends. '_I‘he appla.ed ‘loads are resolved

. kY -
1nto harmonlc components of the Fourier Series. Other boundary
v
_// condltlons are Sngested us;ng the same method for further develop-

,ment, The analy31s allows the complete 1nteractlon of one plate on

another to.be examlned and thus stresses throughout the complete

-~ structure due to uniformly dlstrlbuted load, llne load and partial

-surface load for any one plate may be analyzed

- General. computer programs based on the developed method _
are descrlbed The input requlres only the geometry and materlal
prqpertles of the striucture, magn1tude and locations of the applxed
loading. Flne; results fbr all lnternal‘forces and displacements at .
- : ‘ : : :

selected points are‘caleulated'and printed.

o ‘ Testsiwere comducted ?n'threevboi_girder bridge mode1§9_
- simply Supported at botn ends, mede from perspex consisting'oféthree.'

cells in whlch hoth stralns and deflectlons were measured under a

e
varlety of loadi ng condltxons. All models were tested in the elastic

u . . *

;ranseet
N -:_-;,'__r' .
"/ﬁ; : a ° ]
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CHAPTER 1

« INTRODUCTION

-

1.1 AN OUTLINE OF THE PROBLEM P .

The box configuration has played an importad®® role in
: o ’
structural applications for many yeans. Box-shaped crdss-sections

. are. closely.related to other thinéwailcdﬁclosed prossasectigns, the

‘most readily recognigahle ones beinp:the box section girder bridge,

and wing

__d fuselage of an alrcraft. Box girder bridges are an
establyshed feature of the hlphway system. They form a very beauti-
ful and aesthetlcally plea51ng‘br1dge for an elevated highways‘with

its broad upbroken soff it hhen'ﬁiewed,from‘beneath.' The very iarge
.torsional fiéidity of the closed ée%lulas'géction §r9vid$s.stfuctunal
, éfficiency,‘ss any non-symmetrich%o;as are_supported by all the deqk

section, fhis sfrucfufal efficieség meaﬁs that such bfidges ﬁay be

‘fighfer than other bridges and thsi:are pat;icularly aaaptabls to

" .- . 1‘ .. - .
prefabrication and to the standardization of.details ively

lar '.segments can be pfgfabricgted'and transported to the site and

1erec in a short'tihe. . : ) \ ' s_,/r«w~s\
CbﬁCPEté.box éifdgr bridgés ha}g found wide usage both ag-

;i simple span and continuous structures, primarily in the span ranges,

between 60 and 100 feet. Transverse diaphféms are used at: both the

",_— S L}

‘end and 1nter10r support points and din some cases’ addltlonal interior

d:aphrams are utlllzed betweeh supports. For contandqps brldges

1nter10r supports are often prov1ded by 51ngle columns g;v1ng a

'
[ ¥

. graceful appearance to the structures.

. ' . . ~
. - [ . ’
- N . ~ L

5
"
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For larger span, upito 160 feet, cast-in-place, simply

supported .- post-tensioned preetreseed concrete box girders have been

used extensively.

. ' L Anqther‘type of cellular bridge which has received consi-
derable attention is' the composite steel-concrete box girder bridge.

.

. . \ .
This bridge cons_.l'sts of a concrete deck acting integrally:with

cellular steel boxes.” The indlvidnal steel boxes are spaced uniform-

'elast1c1ty methods utlllze the plane stress elast;clty theory, and

ly over the g}dth‘of the bridge. . T *
'REVIEW OF PREVIOUS WORK = | ‘ R
o : ‘The problems of—folded plate structures and box seetions

are closely related and thus a rev1ew of the research .on folued,
o
plates is essential to understand the behav1our of closed cellular Sl

L)

L
-

structures. Folded plate ana1y51s are usually baded on either the:
;

"ordlnary theory" or the "elast1c1ty theory". '5 ordlnary theory

assumes that the membnane stresses in each plate can be caldplated

by the elementary beam theory, and that slab bendlng is deflned by
(23)

means of transverse one-way 'slab action only e In contrast the
e :

cla331§al two-way thin B}ate bendlng theory to determlne slmultaneous-

e~g”’§;;§ and slab moments in each plate. km

(6) (7) (8}

ly the memb
" Gibson and Gardner's work publxshed in 1965

indicated that. the degenerate cylandrzcal shell theory can be used

, successfully to solve the problemﬁ%f folded plate structures.



‘hypothesis that if the radius“of-a.cylindrical shell tends

/ ’ \‘ s
_to 1nf1n1ty, then the shell wxll behave as a flat plate and called

A Glbson( )

[
Y .

plates simply supported. at the transverse boundarles.
g 2 - ’
3 jf.'l A number of papers have!been wrltten on 'the analysis of '

A 2l .
contlnuous folded plates. Yitzhakl( ) pre nted,an approximate

. it tpe “degenerate shell theory“.‘ Thls method was only_used for

ZSOlutlon based on the ordznary theory for certain special e?ses of

'flongltudxnai-boundary condltzons. Lee(li) used a. finite—difference

; technlque to analyze structures with arbitrary end conditlons 1n

which'an extrapolatlon procegure was utilized to 1m£rove the accuracy {
. ) : : .‘ 3 . Lo '
of the eolution. ' ' .

The applzcatlon of a flnlte element aDGIYSlS to an open’

(15)

sectlon folded plate was presented by Rockey and Evans 1n\wh1eh ‘

!
‘they used a rectangular element prooe531ng 8 degrees of freedom lor :

in plane stresses and 12 deprees of freedqn for plate bendlng to

. develop an element stszness matrlx for éhe folded plate problem.

Box | girder brldges have been analysed in 4% mjor ways -

a'simple'beam-in- ndlng and: tor51on consxderlngifhe bridge as an . ]
) - RN - :
. equ:.valent pril ge of lmgltudmal and tra;:sverse girder of
fness, a boxed cellular structure and the flnlte :
element th ory. ' 4 ‘ ‘; I .
. i, Scordelat!ls)tzeated the box glrder br;dge as a serles of
o rectangular plates 1ntercodnected along the longltudlnal ]Olnts to

' forﬁra’cel lar structure ?1mply supported at the end dlaphrams,

"‘



classical thin plateftheory and plane”stfesses elastiéity'thebry N

e

were used %o determlne the bendlng momentsfana membrane stresses 1n -

‘each plate element., The solution was based on a dlrect—stlffness.

-

method in which a harmonic analysis using Fourier series was : \:
. . - . * . , L~ .

Utilized to analyze structures with arbitrary‘loéding'énd boundary
- : . - / : - ) -

B

cond;tlons. 7 o ' 7
. ' g

Threg approach were used by Scordells and Lo(lq)(lj) in
b ]

: the 1nvest1gat10n of contlnuous box glrder bridges. The first

approach, des;gnated the "folded plate method“(lg)

used a-combination of a diSplacement (stiffness) method and a force

(flexibility) methed in the solution. The second apﬁroqch called the
"finite"_éegment method*f hasrbaéed on the ordindry theorj.for folded

“plates, In this-analysis.the basicvstructural glement dsed is
vo- ) H -

formed by dividing each plate element to.a finite number of segments
[~
f : 1ongxtud1nally, compatlbllity and equllxbrlum condltlons.are then

satlsfled at seleiied p01nts along the four edges of eadp segmenx

~in the stru;ture;..The thlrd approach speczfled as the "flnlte ele-

heht method", élemqnf st1ffness_matr1¢es were‘develoged based on 24

- -degrees of fréeaom for each é;emen;._ This method can be used for

t

'arbitrary loadings.and bouﬁdqry conditions. It can also treat the

cases-of varying dimensional and material properties throughout the e

strdcture as’ well as the cases of cutouts in the plates.-

1) e

Abel—Samad,ﬂrlght and Robmson( developed two methods

- 1
, for analysis for closed section'girders following the basxc qoncepts

Yy
.
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. oflthiri-wa‘lled beam behavior. -A tha‘.n-'-WaJ,-lifd' ‘beam is chardcterized by

. b ' L w - 5 ° L} .
three dimensions of different orders of' magnitude. _-That is, the

i

J,ength is large compared to the wxdth oﬁ .the Q'cross—sectlon wh:.ch

o\\‘ ‘in turn 13 larpe compar'ed to the thJ.ckness of the e.].emé’nts of. the

A

cross-sectmn. Therefore, in formulatmf the behavmr of an indivi~
N 3 e

. dual plate element, it 1;. perrqlsslble‘tp' nepglect longltud.mal ‘

1.3 .SCOPE OF THE THESIS ; o

' ' . - - ) . - L] . - -
___moments, and transverse axial d;éformat 1ons, and to assume that

., L]

longltudmal deformatlons are lmearly dlstr.tbuted across the
q &

, width. 'Fhe first method developed, called the plate-element method,

4

e .

was similar to Scordel_:l.s_'s folded plate method. FThe second’ ‘method
named the frenemlized cooxﬂ-iﬁate-ﬁlethod. . It -employs a formulation

of equlllbmum equatmns for the CI“OSS-S(’.‘C"C‘IOI’] and ll'll’tlal para-

meter solutlon method 1:Lke that of Vlasov(n). This approach per-
E . A

mits con51demt10n of flexlble mtemor dlaphnams and. arbitrary

r

O Dp

SUPpof"t conditionss o IR

n Hattock and Johnston(‘]'.22 presented an analfrtical‘and

+

experunental study of composlte steel-ccncrete box. gn.vder ‘bridges.
For'mulas were g:.ven for determmmg wheel' load d.':.st‘mbut:.m for

thJ.s type of bmdges based on these stud:.es. 2 e .

- SN

[

»
o

'I‘h.ts thesis is an extens;wn | 'degenerat& cylmdmcal

shell theory tp analyse the problems o{ bc»c gl&jer br.1‘dges.

‘e *The pr_'oblem is considered in -,f_our stages using both

L A

analytical and "expe}'.mental technique to complement cne anothex:

. . . v
. ]

- P . J
: "\ ! . A .. - 1{ !
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' ‘Gthe' nidspa

uny -

“'1'.h'e' etages hre as follows-' ,

i - \.‘ : ’] \ .I‘.‘ d
\ Sael . . ;"\ -

LI

PP -.“ A 3BM 360-85 l:omputer' pr%bam was’ wm.l.ten for %x’malysm

“- - z
- L4 .‘,-»

of- box gerder- bmdges, ~tr'ea15mg 1t ‘as a degenerate cvl:.ndmcal shells

’! +, N

\
The program prov;des ,p rapad solutmn for, box ga.rder stmctures simply

Nl : : T
supporfted wlth !‘lgld. dlap‘nrams at the ‘twojends.l. -
. . . ‘l b
| Stage 2 .
. . . . N _‘ . ~

Three peropex box. glrder\ medels, simply supported at, twé

ends cons:,sted of three bays were tec;;ted in the elastic range under

\

o

corhditlons of um.formly custrlbuted load, long:.;udmal line 1oad and

partlal surface load ﬂnams were measured both in long:.tudmal "

b
-:n"nd tnansverse directions of . he outer surface along the midspan

. “
‘ ' PR [

'cﬂoes_ sect,l . \Deflectlons were measuried in vertical.dire'ction of

v ¢t

. Sta 3 ' - “\- “( ' .%p A . .: .

A ’ : ) . L - . . i
ghell theory" "Clementary’ beam theory! and tge,exper;mental‘mvest i+
N B ) N . s Ty Y

[ ;7 -

s

S O T R e
’J‘ " . R o ) o . . - .t ‘ . ]
C o~ Tw'o-‘methbds -have beenx‘sugges’ted for the-end conditions .

other ‘than the s:nnply supporfted case. . ‘

)

. 1
-

. T (1) Us:.ng basic functlon mstead of hgzrmom.c funct:.on,

. ’

using ﬁdd).f:_.e_d 1nput mfor_maf:.ons the. same -computer program can
_..._l B . . - e ¢l 'o/‘-.' ‘ .':“: ] . . R
- be used. to solve the éroblems. ’ - ' S ‘

[\ Lt}

€«

e T ) " Results were conpe'redobetwéen the ‘:'dénerate, cylindrical ;
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box girder sections which is’similar in concept to, that used™ to

analyse a contimuous beam. LT oo @
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2.1 INTRODUCTiON - o ] kf

~ CHAPTER 2

« THEORBTI&AL_INV;STIGATION L

'
-

This, theoretlcal 1nvest1gation is - conperned with the
elastic analysis gf box gzrders under uniformly dlstrlbuted loads,
line loads-end‘partial surface loads.,

(1) Degenerate Cylindrical Shell Theory

Both cylindrical shellsrend box girders are, highlyeina
determinate structures. Glbson and Gardner e~work showed that the
_problem of fold plate structures can be solved by us;ng the, degenerate
+ form of cyIﬁndr;cal shells. A flat surface may be generated from a

qyllndrical surface by causing the half angle of the latter to de-
crease.to a sufflclently small va;ne. Thus, if the half angle of

the cylindricdl surface is taken as 1% and R is its radius as shown

in Fig. L. .L "\,///

i_ ) ) Figo 1 ;’/""

' Then'the ratie of the rise & to the chord width/c which
is a measure o{ﬁ;he flatness off the surface is / )



6/0 - R(l - cos’ 1 )/2R sm 1° - l/230 | _ (2. l) » /

and thlS may "be con51dered sufflclently flat for all practlcal pur—

) ) . .r._
pose. . ;,“ o

Gardner 5 work( ) indicated tﬁat a close agreement between )
- the classical plate theory and degenerate cylindrical shell thedry

) g;ves the”conflrmatlon -of the applzcablllty of the. method for the

ir

des;gn of flate plates..

A

Theoretlcal testing were carried out for the cylzndrlcal
Sy ey e
shell theory to determlne how much reductlon in the half angle was
i '
necessary.-to achleve~max;mum‘accgracy. It was found that reducing

the half angle below 1° made no significant difference in the final
answers. . . | |
| As the chord widtﬁ.g is glveP by _
CoL c-ﬁznsin1° A C(2.2)
w_ghen the radlus requlred to generate a given chord deth will be
% - Cow R-C/2sml T ey
| Another justif;cat;on of us;ng the degenerated cylindr;-

" eal surfate to dea11ng with the plate problem is, 1f to consider

Gibson's cylindr;cal shell partial d;fferent;al equatxon( )

T o a2 2.3
- ““‘*RB[( 2 4 -'2’-2-)]“ + aR%/1 ——-‘i

Raqff--a_ x )
6 -4 2 y /2 '
1;_1.[2‘@_23__5+ )Z+R'*z'a"5‘ --é’
R%3¢%  ax° R“3¢ X o

. P ’ et

- 3, - oy

+ QR—-—-——a Y , . (2.4) .

R3¢3x ' "

RS . PR



_The equation reduces to

*
[

d1v1dmg each 'side by R® , ~
St Vo
IfR+= , thenRB:&"y andletY—O, X=0

[

T L.

| ‘ - . :
oy ., ' SR
3-g +2 2 " 5 + ak,: -_.;}% T (2.5)
ax ax By Ay ST .
and the plate equatmn J.S obtamed. LT
& o, -~ L

Thus a general c‘.omputer' program for- determ:.nmg fhe
stresses and deflections: in mulhz-cylindrlcal shell could fequally
ai
well be used for determining stresses in multi-folded plate struc-

tures provided that the radii and half angles were suitably-modi-

©  fied. 1In the cylindrjcal shell problem the\shell is defined in

,terms of its geometrical-dimensions,\ length radius, half angle

.and thickness, Since those'dimensions are input data, no changes
. L B

are necessary in the logic of the computer program.

The Author's work extended Gibson and Gardner's work
by adding one more shell surface to the cylindrical shell with
B - ' ‘ :
edge beams,and using the degenerate method to form the box girder,

see ‘_Pig. 2

- e,

13

T
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4 ' fa.‘ N\
- .
: : SN .
(2) Elementary Beam Theory
\ o R In this elementary ‘beam theory, it is considered

that the whole structure acts as a beam’ 31mply supported Hlth dia-

phrams at both ends. For the symmetrlcal Joading condltlon, forces

A

.o and dlsplacement are simply determlned as a general beam. For a

uypsymmetrical loadmg oondltions, t_m.st:.ng effect was added into,;
the anaiysis. This elementary. theory prov:Ldes the des.1gner very

quickly a good 1deal of the suitably of h:.s chosen dimensions,

2,2 DEGENERATE CYLINDRICﬁL SHELL THEORY

Basic assumptions used are as follows b

(1) The structure is monolithic and the joints are rigid

14

(2) Each plate of the box glrder is’ rectangular of unl- .~

form thickness and is made of an 1sotropic and homogenous elastic

mater&al.

(3) The thickness is small compared with the overall ~
dnnensions ofr the boundary surfaces. N

\\"

) . ~
1

(u) The relatzon between forces ‘and deformations is

" linear so that superposit:.on is valid,

(5) The structure :|.s s:unply supported at its extreme
ends. Transverse diaphrams at the end and- interior supports are
'infinitely rigid in their" own plane, but perfectly flexible nor- .

% ml.to, the.m;-own plane..

-

(6) "The flanges are treated asa degenerated form of -
WK

drical shell and the webs are treated as edge beam.

- . - ~ -

r
O

. ;( - ‘ . o . | ) ) .’ '/.‘),



1S

an

' (Z)_ Iﬁ»?ll plates and béams, plane sections remain plane

-

after defbrmation

Fig. 3 General Notation



It is assumed that all forces act at the centro;ds of the
shell sections all moments are abqug the centroids. The or;gxh”of

the axes is the middle surface at its m;d—po;nt both transversely
. =4

“and longitudinally.

Equxllbrium Egiatlons ‘ - .

COn51der the modified’ stpg§s dlagram shown in Flg.
the element of the shell_of long;tudinal length dx and transverse
flengtthd¢. Now the only fo;ées affectiﬁg the.eéuilibriuﬁ of the
'shell element in the diréction of x are shown in Fig. 4. Examining

-the eéuilibrium"in this direction gives

Longitudinal

-J///, S | . Shell Stress
aN / N, ' '

’4¢x*_a¢ LY TS a L S

fﬂidmdwiﬁl‘- Rigdx + X- Rdgdx =0 . (2.8)

which reduces to the stress.equilibfium equation

aNx . BNix b X 0 i =

3% R3¢ . o j” .
: : . D e SR

K p—

Similarly, by examinatlon of the equlllbrlum of the shell

element in. the other two dlrections, y=R¢ and z. The following -



[y

equilibrium ééuati!%é hold '\\\\

L BNxg My, o T " |
- Xaee twmg Yz - "\ (2.8)
S - ‘an/’/ﬁT;§¢  No S f{ |
S AR YWt TR . (2.9)

'}*Bxamination of the moment ‘equilibrium of the shell like-

i, ‘wise yields the three moment equilibrium eduations.'

.’5 aMx IMox - ) . _ - :
R 3x Y TRee - KO . (2.20) \
: My . aMxs. . | -
.. Re T Tax ~ Y TO0 o (2.11)
Nx¢ = Nox s L (212 s

il

« Thus six equations .involvihg ten unknows,and in order that

| the i)roblem may be solved, it is necessary to determine other equa-
‘tions. These equations.are obtained from the stress strain and -
strain displacement equafions.
. . ’ B ’ ]
- } Strain Displacement Relationships
) T . ] : ’ J
o ‘ 2 : . .
) Co - Su Ty OO W . ‘
A 8, ™ 3x - Z—3 _ | . (2.13)
e ax :
- u gy 4 R#Z . 3V )
. , . , .
Z Z, oW



where Sx'ande
y = Ré ; respectively and Sx

as shown-in Fig. S, |

W
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- , :
. /
- v R/ W W : -
S - —— . . . - (2-15) .
$ R3¢ . R(R + Z) : :3¢2 _R.+ Z/ .

¢ 2T the pure strains in the direqtidn'of x and

is the shear straj

¢

Fig. 5 Longitudinal Stress on Shell Elenent

Stress Strain Relationships

Now_if %X and $¢ are the normal stresses in the shell pe
mhamamdwisﬂeﬁwrﬂﬁﬁthmthswﬁémmmrﬂr
tionships may be expressed in following form.

: i N o ¢ ) . -t

== = E .
xx G (Sx + nS¢) i | ‘2,16)

e _ _E \;_. - - S . .
% myigs, = ¥ e

i v +



-~

“rt

- + E - - R _- - . ,
11 " 3 ,(s¢- *.,“S_x) | T | | (2_.18)
‘ _E-is Young's modulus, n is poissions ratio, G =1~ n2f \ N

Force and Moment Displaceent Equdtions = °
| R

_ By integrating the stresses over a section of width

Rt) -y=1l , or dac = 1 and depth 2h, as shown in Fig. 5. '_N¢ .
Ni-c , Nx¢ * can be derived in terms of u, v and w.. Again by consi-

derati_on of the moments of the force pr'odﬁc;ed._by' the stresses acting

on elements of the shell' about the neutral surfacesg,, the moments

.Hx . H¢ » Hx¢ may‘a].so be stated in terms of the displacemeﬁts u,

v, and w with the aid of the stress equilibrium equation, The follow-

ihg équations are obtained,

- - 2 2
‘ | Hx—%(a;+n'ia';) : '
) ) ax R3¢ ) o . o
Bl . ’ ‘ .‘3 \
) - EI 32\: 32'.4 ‘
KT T N2
R°9%  ax
., ' "3
o 3 3
Qq»-s%('ng +n gwa) :
: R3¢“2 R3¢
ET ,3% 3%
“ax” . Roxd¢ .
[ Lt o . =
. 2 o .
- - _EI 3w
Hx¢ 'H¢x l+n (R3x3¢ )
: n U N ' ‘ ]
'.N¢/R-#%'2—% 2 32"2+ 3“4)+Z.‘ | . -
| 9% . RIx“3¢° R a3 - v, o

+ . A
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1
‘.-""’m""‘

+,.3_23.+_.?.!-__g.’2'
RI¢ Ra¢. x
| é LN
l-...E...é. u . V ‘ '
N, G| +"(a¢+")/R] S

.N.¢ -E—% (-- + w)/R + N gz]

U =n = EA du | av B
Nx¢ N'cbx 2(1 + n) (RaqS )

where. | 1 "-'% h is the moment of inertia of unit|width of the

shell
A™2h ' the-area-of the unit!width. . . /

G=l-~n?® - . f/ | /

. ! "{'“J: ‘__ .
Compatlbllz.ty Equat jon - 1 et \ :
.. _ ’

By successive part ial d J.fferentiat 1onal e lm iration a

-

partlal different:.al equat:.on in-one ¢f the varlables' 'w! can be

-

obtained.

20 . .




wph

- - —-& X

-

- . . \r' P ;o P B
/ - - - i 2R (‘\)
'B__/ 2 ‘.1':‘" . I
a .
R(.2+32)“ +R.(l-n2)—;-a—: |
e , _ _ <
e 6 2, . .2t L2 | 24 N
T ~R&-n) (lEI n) Rﬁ-(—------a2 + 29 5) 2+ %[[(2 t+ n)——- + 23 2] Y]'
AR C ‘ 3x" - R7g¢ " ax - R a¢
| _ ' 2 - .2 '
. . .'._.,-' + -g__ [("_ 2 23 2)] x ‘_' ' (?02‘0)
S SRR ax“ . R3¢ -
,,r ' . : . . T ' . oo

The solutloﬁ of th:.s compatlblli‘ty equat:.on cons:.sts of -the c’bmple-—
i - "5

mentary functlon and a particular 1ntegml relevant to the type of - # s

g
external . loadmg ut:LlJ.zed
. o v . “ , .. . . L
The Ccﬁlemntar{y Function I _2_ . .
.o -5 ,'_'f{‘u' ) .
Equatmg the rlght-hand s.Lde of equatxon (2.20) to zero,
- the solutlon of the resultmg hol}ogeneous equa.fmn is . -
w -hug&” « cos nkx ™ A,Hem . cos kx . -
on utilizing only f'he first férrh‘, i.e.,n™=1lon substituting this ° s
s iy
olut.mn for w in Ihe equatlon the follow.mg :|.nd1.c.1al ~equat10n
A o~ f
: ‘ - T B
_resﬁlts o z _; -7 ‘
AT ¢ O kfk"’)" 35,(1 ) % “kt=0 . (2.21)
. ’ [ ‘ . . d ; ’ .‘."‘
. " The solut:.on o,f th:.s md:.clal/ equat:.on is' then ,
R A ] e s ‘*) b
M=% {(m, %+ in.) =— and : m, * in ) —
. ;'.l. ll}E 2 s l&ﬁ .
ji . \. i S
G ;



\

- g ‘92"
L._I . - , B
o |
where . . L .
[/(1+Y)+l+(1+v) o (l-v)+1—(1 1-})LL
; 2 oY ) b

-b.‘
'

ey’ h-asy o '-nf'/u' ¥ 14y
. o 2 4 2 K

' 2

1 ‘_' . . X 3 - :f . ‘ V.

‘n'.,.o‘) - . ' i,.p L
\.: : ,‘Y :' . 2 . ’ .

.where, o ; 5 \.
i o R

. Cw Rn- 2 ;

D‘ ) — - —v--' - ——

) There are elght complex values for M and thus the solutlon
r

3

for 'w! may be wrltten. g . :
Y o Hi¢ . ; Mgé . '
; W T’(Ale‘_ } ceeoe. ABe'_ ) cos kx (2.22)

~—are arbitrary complex consta%te. How these arbitrary

complex constants must be so chosen that the complete solution for

o ‘," MY

Mt is real on doing thlS 1t 1s found that 'w' eventually takes the K

3T

followlng form" . i;u" Lo - .ﬁ oo BRI .

> —~

.Y . . -
+(a cos Bl¢ - & sin Blo)e 1¢ + (c cos 8 ¢ -a 51n B'¢)e

.

4(e .cos B 19 -+ f sin Bl¢)e,ul¢ # (g cosBl¢ - h sin BI¢)e7“£¢
| T (2.23)
Hhere a to h are now real arbltrary constants. o i‘J |

PR e

Substltutlon of thzs value of 'w‘ in the equatlons (2. 19)
then determlnes the values of all requ1reg functlons in terms of a

to h. These arbitrary constants are determlned by the boundany con- -

dltlons, ex;stlng at the two edges of the shell. .. . 5

P - LT -

1
1

reo

@ .

s

P W
-
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- The values of the complementar'y functlons for all required

*

23

quaﬁt:.t:.es .are reéd:.ly tabulated as followmg dependlng whether the

N

Shell Coefficients C{f the Completientary Function (Even) .

L

-

v ': 'w/'

-’

£ =
’ TAB\LEf L
Powers of Indic J'nal: l@b,ots ) o
© ’ .
t'3: Pm, i o Pm i E
N 1 . ﬂ:, JP""‘ where -« |
. T ; . A - P=D o
JE R [ e ! .
. . v, 2
i . r 0 "
¢ )
Ll Io
. - . -
. TABLE' 2%

L ﬁb&c'(.‘,- 1—n\.

funct:.on is obtamed by- an eveﬂ or odd numbep of differentiations

' F o m-, !(aﬂ — 4B, éos m ~ (afl, &+ 88} sin ﬂ,¢}.+-.¢ b
+ {(eBy = dB3,) cos fi;d — (e, + i, ) sin ﬂ,é}f ta s _ :
(4) g_, + {(fb‘l - V"l) cos flyé -1 (eB, 4 flJ ) "“ Bidle-aip T
b L+q((e8, ~ P”" cos i, 1!- + (gB,‘ + Aly) sin B,;&)c“fn‘
N g "'L - —r—
-VFr . &g ‘ ‘3, 4 8, -| s
R - . - \ .
. R ‘ e e
g | 2EURY aAoR g a—gem | g
‘—aEli el o | g
My | T ERG P kR — B | 1= pagieRe | < ppikere
s “ L :
S — sEH R '
"ﬂ Qx .;(,inbfc" ] o+ +1 -1 L+
PN ;:f!’ﬁ WGP o by o. -1
' EIR . 2k/C; | ; - '
sl - St I R ) RSO INPRE Iy
‘ {RNGAY T | L Xt - :
i R 'guﬁ!hy", =1 Pyl "+ 1—p(14n)
2 ) _ . Y. o -
. w: | 2cos ke + 1 '

of w.:
o
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o Shell Coefficients for Compls:mentary Functlons (Odd)
: RN
R [ E‘iﬁ::sﬁ:} =T ) ::::ﬁ'r:::::::] L
« LD AR SR T G T R g
F |’ R St g, B | B l"“‘ B,
s | 2ERICLVR? m—r my + -'3". —_— ’i--’ e — s
o4 | ERGVE ,,,,[,_,,(l"_;,)_,_,,l m 4 ns ~ 33 — ] '_,,,,[.H(._,,”ﬂ, my = ml1+ 28 =3}
| RO Ca | am | i
v ;:f;k‘lcd(w/?)‘ [ *"1['57’(‘ '*"i)] " -:n‘l' - ) L —mytml + 20+ 7)) ; —n-.—mslll +yl1 +ni}
0 | wrmi | cmae@Bl | @R[ Jm | R
| e | | P
| . ! ’ .
Parficular inte;gbals, i - ' ‘ / :
A ﬁn}formly distributed load q car.x be tr.e'at‘ed as -a'Fourier N
“Series. ‘:hI‘he particular integral, Vpe;mt of the seolution, dé;)ends upon %

the type of load on the shell. jl‘wo \;ypes of load are cons:.dered the

' um.form.ly dlstmbuted load and the partlal unlformly dlstmbuted 1oad.

v v

* ' Uniformly Distributed Load ‘
e h'_: -"E-E ‘cos kx = p cos kx _ C L (2.24) '
N - » N . g
where p=gq . 47 (i.e., only the f:l.r& term of the FOUP:LBZ‘ ‘half
: . \
" . : ,
range series havmg been ut1l:.zed) o T ‘ ;

4

PR

(1) =0, (2) Y"psm¢-coskx R

— . \

(3) Z - p cos ¢ »cos kx.

’
4

‘ Subst.itu‘ting these_ v'alues in equation (2.20), we find that the solu-

¢

tion of the ﬁesultiné equation is ST o 5




La

C' ) : - / I
I' | W = Cprcos’ ‘¢ .+ cos kx |
where
s 2, Y e 2
c ""-R (1L - n )) ( (Rk)  + (4 4+ n)(RK)" + 2 ) _ ;

- 1+ 1R + BB - nPiax’/a

o

and ofi substituting this value of w in eqGativn (2.19), the parti~

cular integrals are fourgd to be:

(a) -Hx ,‘_'%_I. ('kz' + n/Rz)C «p*cos ¢ - cos kt ,
(b) _M¢ - %—I- (nk2'+ 1/R2)C.- p * cos ¢ -'coé kx,

S, L EI_. ' e e
) (c). Hx¢ "T- n.(+ k/R)C . p . sin ¢ . sin kx,

(d) .Q "'E—é (34 k/Rz)C . p . cos ¢ . sin kx,

(e) Q, "'E:-é. (kZIR + l/RS)C'. p . sin ¢ . cos kx,

.(k) ‘w '™ C,p.cos ¢ .cos ke, «

25

[

(£) N¢ - R_(Ha-‘r + 1) . cos ¢ . cos kx, h )
(g) Nx¢ "';,--%(- (HS‘ +2)p . sin ¢ . sin kx, I

~(h) N, =~ -'—]5—-‘(}{3 + 2)p . cos ¢ . cos kx,

~—"" "/ ¥R ‘

(i) u - T::K [—;Ll- (H3.+ 2) 4+ nR(H3~+ 'l')].'p . cos ¢ . sin kx,

' / kR’

) 3) v/" -w-:‘,-l—'—- [n§H3_ +3) + (Hé +2)-(2 + »Uk2R2)]p . sin ¢ . cos
: ;o k“EA _ ‘ .

o - [vp] P . sin ¢ . cos kx,
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1

,.(1) 8 f-i- [C + [vp]] p . sin¢ . 'éos‘ .kx, where.[vpl is gi\fen.
by (i) " '
L v |
where B =—2L (1 o 2%/ 4 1/RY)c. .
l-n ‘

Partial Uniformly Distributed Load-

"A partial load is considered to be uniformly distributed
over the shade nectangular area Fig. 6 with side u and C,- This
type of load can b§’c0ns{dered as a partial load in the longitudinal

direction acting over the full width of an équivalent plate;Cé.

v
s

r - |

o

[

-~
—icC

R - |C

LW N

Ae_e4n | o

e
>

- | |
' Fig. 6 Partial Uniformly Djstributed Load

(1) Iﬁ transverse direction

The partially loaded plate can be treated as three connected

plétés, as shown in Fig. 7.

Fig. 7 Partial Surface Load in Transverse Direction.

o : ::E*\ : :
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v~ ' et

As each plate contains ELght uhknowns, there are-total
24 unknowns.  However, each junctlon line (i, j) provxdes 8 equations,
4 displacement EQUlllelum equations and 4 force equlllbrlum-equations,

' giving a total of 16 equations. Another 8 equat1ons Hlll be found

.
. t

from the junctxon between plate 1, plate 3 and edge beams. If the
unknowne.of plate 2 are considered as constants. The)other 16 un-
iknewns relating t0»plate 1 and.plate 3 can be found in terms of the
.8 unkngwns of plate 2; i.e., solvxng for the stress resultants can -
'he reduced to flndlng 8 unknowns. This three plate system has been
arranéed, as an alternative to the sing;e plate, in the compufer pfd-
gram. o |

(ii) In longitudinal direction

By develcping the load in the series

- 11 ST

2 :§ mEx | mnE -
3 sin —= .9 sin . dg - .
e .
u g - _
E sin = af )sin TZX
_ - a a
me==1 S e . _ o
= E 2 2q mi{e + u) ' mﬂe) L muX
‘ (1) - (- cos S~ + cos. = sin - 8
m = 1,3'50 se . . : . 'y . ) :_-. .o ‘
. . - ‘ ’ fg
b (2 26)

RS

It can be seen that the part1a1 Joad. in 1ong1tud1nal dlrec-
tion cenube expressed by a sine series; since g, a, e and u are

given,



7

- -the above displacements at - ¢ .and .- ¢

'S

4 .

Previcdusly it was assumed
{.

cos T

~bg _ mm
P mu a

" ) . - ‘l{
thus the same computer program can be used to solve the problems
under this kind of loading byfsubspituting
{m = 1) :
S | .
(-<1) ~. &4 (- cos mile + u) | oos Eﬂ&ﬁl} ) instead of =3 .
o Tmm a a s
similar to the case,of.:iftial load acting on fhe'edge beam.
c

General shell-edg ond itions

The conditions existing at the ghell- edge are the longitu-
dinal deflection, the latepélrdeflection, the vertical deflection,

“and finally the edge rotation.

28

' By considering the equation convention used, shown in Fig. 8,

w

K are easily shown to bé.(dug

to the.o _ogonal-transformation'of the axes’ from - ¢E to - ¢k)
[} V- - ’ N




Fig. 9 Shell Moments and Ebrces |

+
" (1) At + ¢k s U s outwards from the plane of *the ‘paper and thepe-
fore + ive by the omgmal convention. N ,f"
At - ¢k » U is outwards from the plane of the paper and there- _
fore +oive by convention, |
(2) Atﬁ ¢k s vl‘s—vcos}k‘.{- H-.f‘;inﬁk N
At - ¢k . vls-‘-v c,?s ¢k- w sin ¢k
(3) At ¢ ) . vls.‘“v cos ¢, - w.sin s}k ' '
‘ At - ¢ , .vls =vecos ¢ tW sin’ ¢ | |
“(4) At"#'¢k, .8 is posit‘ivé- if the trahgv'ersg- tangenf 'rotétes ocut-
wards. | (2.27)
FJ.g. 9 J.llustrates the forces and moments existing at the
. she;l.i t::d;'gles 1- LM and ‘- 4 due to ort_hogonal transformation or
them edge forces and .moﬁenté £rom +4, to - ¢k;
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|shexts /P CoVigpeyra
. .‘ /’ /Ai s
- — -~ 4 \ -
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o

- "Fig. 10 Edge Beam Forces, Moments.and Displacements

n
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the edge of fhe edge’ beam ug » Vp ,ﬁwB and 9 and the displace- ;{.

3l

General edge beam conditions

The sets of _shel-l forces and moments operating on the\edge

,bearh at fou?,.comefs be as showh in Fig. 10. By considering the

. equilibrium of the edge beam element 6x with' shell 1(A), ‘the follow-

' mg equilibrium equations can be easily espablished..

) L
EF/ X . I ) 0

asi/ai'

(;Q¢ cos fk 4-_11‘1¢

[ -

'sin'ct»k) + we=0

Pl

| anh\\ia§2/3x_
\ : .

aql/ax'

(Q

-4

¢

s.m¢k:- N¢

_cos ¢k_)_"=' 0

¢al - Sl}'_"O

Hx@ cos ¢k + Nx

- 8H2/3x - Hx¢ sin fk - Nxé b1 + .82‘— 0

auaf.ax

e

H¢+(Q¢5cq‘s ¢ + N

+ _(Q'q, sin ¢, - N

b éin ¢k)‘h1

s €O5 ¢ ) a - o (2.28)
The following mlatidn‘éhip between the displacements of.

B
ment of the centroid of the edge bedm can be found.

L = oW, v
up u + él (K) - bl (ax)_

v.,™ v+ a, o

B N
"1,’- - o4 ]::1 0
BB - 8 ‘A(2.29)‘



By reducing these equations the following relationships

are eventually established, o

-

-_l_ ] ' " '.D ' \
My ) (Q¢ cos ¢, + N, sin ¢k-alkr~¢x-w)

k ®

1

_L i . L
M, Z (Q¢ sin L2y N¢ cos _¢k * hlkN¢x) 2
o | P N 7
3H3/3x - (M¢ + al(Q¢ sin ¢k -‘N¢ cos ¢k)
‘ _ \ _ . . ' .
+ bl(_Q%cos ¥ ‘ N‘b sin ¢k)), _ :
= ‘ : <
‘z'., . ' “ "\‘ o . .
P N, /k S , - - (2.30)
N\
1.r 04 s
, u =4+ = (—= -a, === ¢+ b, =) v
N
B k “AE TR EL T LELY
I N ", ! 3"3)'
B k2 EI_ . EIS Ix
B2 EIIE (EI, 3 -
oM ) -
1,773 1
0, = - —=( —) (2.31)
B ' k2 .ax ‘L;a
Similarly, at corner B )
v B - _ —-3'- - ) | gy 3 T
HJ. - 'k2. ( Q¢ COS_ ¢k + N¢ s:m‘q:ak + "¢x alk : w@‘_
M --‘-Q-l-'(q"slin + N bk+H‘cds'¢); -
2772 % ot Mg Paf P Ny X
s ‘ _ )
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DM/ = (H, ¢ ay (- Q

¢

+ .bi ('- Q'q: cos‘.c.bk + N¢ s;:m ¢k)

-

F == /K

S
% “.’;

;5 (Q$ cos ¢k + N

s sin__jtsk + a

1
1
k

————

-

- Ty . . - -y

sin-d:k - N¢ cos ¢k)

kN
X

) 7. é;n S -‘N¢'ébs b + by,

(2.32)

- (2.33)

¢':“"

¢)

8H3/ax --(th ~+ bl_ (Q¢- cos ¢k“+ N¢_ Bifl ¢~k)

- al".(‘Q¢__Sin' ¢}-< + N¢ cos ¢k)) | /’ .

(2.34)

N
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Ly M M '

e ‘u_.];(_r_.'.a ..._i.t __2_) i
— - N E L] .
: @ k Al L EIl. 1 E12 . .’.

- .M a9l \') /

, B~ "2 EL, " EI % ; y
i R "y +\'131 ,3."‘3)' !
B T2 EI TEI; Ox
. oM . i
1 3 1 _—y :

0. =i 3. L ! (2.35)

BT TOZ BT EL x |

. At -corne&D C .

M —-;}-(-Q"co$¢ + X 'sinqs - a. N, - w)

1 K2 ¢ - ¢ k 17 ¢x
H"-ll'-(-l.-(')' sin‘¢ + N, cos ¢ + boKN_ )

. 2 2 ¢ SHL 9 T Ty 08 N T 21k
- <
3H3/3x - (- ¥¢ + bl(Q¢ :_cos ¢k - N¢ sin ¢k)' 9
- al(Q¢ sin ¢k + N¢ cos ¢k)_) ’

N - 2.36

F =N /k ( >:_ .
. T M. M - /

. 1, F -2
u, =+ (== + a -b )} -

BT K AETCLEL T LEL, v

' \7(2._331),“"__"—
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General ‘junction beam conditions N
g . ) ' . . ' o v oL <
At a junction beam all sets of shell forces and moments% .
,) - -‘ . _“- ‘».. . -" . ! ."
.‘h_'ill operate on the beam. So, by dombining the four previous cases, "
(-. " the junction-beam eqpa‘[:',idns. become A ;p' '; ‘
Q . H L1 ( . o s y f. | - n -
ST T ces e Ny sin gy - Ak, ;
:+( Q¢ cos ¢_k + N¢ sin ¢, # alk.Ncpx)B
[} . X '. * . ’ " : 8
+(Q¢ cos ¢, + ‘N¢ sin"¢, + al@¢-x)c ) o
.j: _ \ .* _ ' ’ P e . ) . ‘
o ’ (- Q¢ cos ¢k_ +‘¢N¢ sin ok _alkN¢x)D w] K . ‘
. - /?: 1 - 7 . . .
: - 1 e L ‘
\_ j ‘H2 Z k2 [‘(Q¢ sin ¢, N¢ cc?s ¢k + blkN'¢x)A
' s g o _ .
. | + (Q¢ sin ¢, + N¢ cos ¢ + blkN¢x)B
S . P -
Q! sin 6 - o+ DN A~
. + (Q¢ sin ¢, N¢ cos ¢, + blkNx¢)C -1
.- <o ,:;. .
+ ( h sin Qk’ + N¢ CO‘S qhk +‘bl.{<Nx¢)DJ- L
. ‘ . A
1% : s
: %
4 ) - o '
B ‘ )
T T - e -_.'Ck ) /
_—"‘__'__"' I e P ——— \"‘J’-\/‘:

Ay
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. The extreme outside bay of the sepﬁiion, are similar to the
. - (v . '. . R .

&

o

"

L

AL
Y
. - L}
(2.40)
¢ H
- ‘_}
.5 . .
o
LE
RS T _’;_",_ .
; ‘\“(‘.[ a
.‘ O
L ' '
; \‘,v.l
RO
(2.41)
N .
Y ,
‘i' °
{
e
T w /
4 /
I L 4 t i . "
P
M - / .

.:, , /-. v_ ’ ‘_. B /
(2.42)

./' . . . Y 4 . . o . J‘ ""- V, (
general junction beam @ondition But with only two %S/{ of shell

R . L o
forces acting fn the edge beam.
, RN .

% N >
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Propertiés of the _edge beams
'l‘ha 2nd mbment of- drea about Y axls (I ). the 2nd moment

. of area about pA axia (I Y and the area of edge beam (A ) are. eas.xly
‘ ‘;“\ LA /

determined, - . -
o T T

T SR I S
' ' | AN

'rimoshenko. in his book Theory of Elastic;ty, shows that

h torsimal moment Ha. in a beam of mctangular cross-seotion, is

\\\:\s
/)
related to'the twist per ubit,’ length in the followmg manner
" (2.43)

/ﬂ.

L mge —Gk(?b) m)a:
n¥a,
) and the torsional r:.gidxty

ey ‘-192 21/ tanh
2bl

where k.'l. . ‘r

S : 3H3
Therefore ==~ 7 Gk (2b ) (2
this is the ‘moment-twist equation that we have used

i

. L e L s 32-8-,.
T _ . o

S SN
2"
44 .

“Thus,
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The. stresses in a. box girder can be determ;ned hy consxderlng

t

the box as an assemblage of flat platesc , Bach plate can be=analyéed

_by-the degenerate shell theopy'using a cylin‘rical sﬁeil,pﬁogrem

with a modxfled radius and half angle as 1nput data as descrlbed

in the: 1ntroductzon. . i

"Single Box section pirdep:’

The above descrlgtlon concerned about the general theory

0

of cyllndrlcal shell with edge beam. A computer program was written

to treat the s;ngle box sectlon as four degenerate cyllndrlcal
' . &
-shells w1thout edge beam, '

(1) . under - unlformly distributed load, use four bays

_,,..

————-(-

o F
o

Fig 12 Szngle Box Glrder under U.D.L.

-

-{2)- under partial or line load use six'beye:m
- : : : )

3

P (11T

. . N . \ N ' -
. ) - ) . .
L e ' . ] .
. . .
" '_/'I .
" : 3

! - )
 Fig. 13 Single Box Girder under Partial Surface Load
. . ' -,.‘, o "-.-;-?‘"__ - . L
" by this Wiy both flange.and-ueb»a%e treated as plate, Logically,
_the resnlts should be more- accurate than using cylindr;cal shell

with edge beam theory uhlch consider the flange as-a plate and the-

~web as a beam, Those two sets of results were compared and found
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the difference is not large.

 Computer analysis of the problem

. It is worthy of comment that without the use of a'eomputer

the theoretical calculatlon in this thesis would have proved extreme-

ly tedlous.*~~J-

~

A general computer program had been wrztten to perform the
analys;s of ‘the degenerate shell method descrlbed prev;ously. The
program was written in FORTRAN v 1anguage for the IBM-360/65 computer

i Detalled descrlptlons of the input, output, sign conven-
'tions of thlS program are glven in Append;x A. The flow chart of
tﬁe-pppgram ie'shewn in Fig. 13a. |

. A brief description of the program is given below.

(a) Input data _ g ' - . . l‘.

(1) Dimension of the structure in termsgef span, numﬁer of

bays. =

+

(2) D1mens;on and material propertles of each flange and

web in terms of radxus half angle slope,A--- etc.
(3) Hagnltudes and 1ocat10ns of externally applied loads.

(b). tput

-
B 4

(1) The complete input data is prinfed‘as.a checﬁ.

(é)rFor'each ﬂlenge and web, all internal forces end dis-
placements are prlnted at the selected poxnt of midspan. ‘

(c) Limltatlon - “
~ The program has no limitation except the size of the

memory of the computer. The present program was wrltten to accept

o
\

RPN |

Lty



start’

read input data

Cohpute trigonometrical and
-|hyperbolic multipliers and
particular integrals

‘Compute the coefficients

of complementary function
L)

a

4

Complete function - 47 LT
C.E. ¢+ P.I. '

4

Form simultaneous equation
from boundary conditions

al

Solve simultaneous equation
G
for unknowns :

<

)

Set- the position which the
¢ results will be printed-

-

Y o

[}

Print the input data, displakements
and forces at selected int

o

~

" of each flange and web

-

P
L

end

Kl

Fig. 133 Flow Chart of the Program -

42



2.3

rd

up to 20 bays which would be adequate in practice.

ELEMENTARY BEAH THEORY

In this elementary theory it is coﬁéidergd that the whole

structure acts as a beam simply supported at both ends, Under symetri-

L

cal loading conditioﬁs, the longitudinal moments are simply determined

.as for a simpiy supported beam and then.the longitudinal forces are

determined from a knowledge of the 2nd moment of area of the cross-

section.  Under the ‘unsymmetrical loading condition the torsional

. effect will be added into the system. The advantage of this method

of calculating stresses_is that it involves at the most one page of
’ !

calculation and serves as a ready means of checking the suitability

. _"'. *
of dimensions. . o

i

(1) Symmetrical locading conditions

Assume the deflections are uniform across the transverse

' direction.,'

- - - - —

p — e 1
Fig. in S}m@etrical'Loading Conditipns-
thén'apply-$he ordinary beam theory to the system.

| The following assumptions are implied in the elementary

beam theory:



(a) The deformations of fhe cross-section in its plane
- are negligible.’

(b) Hy* and Hx¢ ’may be ignored.

(c) The strain Yﬁy‘ caused By;fhe shear force N

x¢
and poissor's ratio effects.are neglected.
+ If L is the span of the girder between supports, the.

_ maximum bending moment M at the center of the structure will be

given by .
M~/ >
From which stresses may be determined in the usual way and

" so that the force in the top plate (N ) will be

: . _ |
(Nx)top T Y%A

The force in the bottom plate

) —.ui '—~ "'
(Nx)bottog 1 * e 2A

I: the. 2nd moment of area of the cross-section.

»

y: thefdis%ance between N.A, and the central plane of the

top flangé

y': the distance between N.A. and the central plane of

o

the bottom flange o T
2A: the thickness of the plate.

uy
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|
Stx?es_s of top' plate. ' -. 'Ff):top— (Nx)tc:)p/zA .
; L g
- st ) N
ress of bottom plate 3 : (f)bottom (_Nx)bo‘_ttomlzﬁ |
Al t . . Lo
.. .. ‘Vgrtical shear stress in the web B .
. ' N . “__'_"—"—n—..__,_.______
V: shearing force ° o L
~ Q: ‘moment of area respect to N.A ‘ L -t
- b: -width of beam
I: moment of inertia of:the section .
for'Box section b is nat uniform, so P ]
‘ ' 2 S 2
=¥ b2y, VD 4y B
TR TS Y e G-
The maximum value of }."occﬁrs at N.A. vhere y= 0 and . ‘
is given by
S G - G
o max 41 2It 4 '
. = T )
(ngp‘max max * ©

at the top or bottom of the web where y —-:121- h

4

| .
em¥p @ kb

. N?,M,

2
2it % -7

- e t=tp @l 2 :
T 2T % " &




M.Pl ' Fig- 16

e | ‘.‘1" . i
. b o

N ‘ |:;/

b e

“

The stresses of tfansverse direction cannot be found by
beam theory., It can be solved by conéidering it as a one-way slab,
Since those stresses are not the host important one and. the elemen~

tary beam theory here only used to estimate .the diménsions of the

f
N

sfruéture so it has not beer calqulated here.-

A @

i

 Unsymmetrical loading conditions

- In those case the system will be considered as a combina-

tion of the symmetniﬁglmloadihg and the torsiocnal effect. The unsym- .

metrical load can be reﬁlaced by a'load‘éctiﬁé‘bn“fhejcentféid-of ‘

the cross-section plus a torque which equal to.load times eccentric
I L . . ) .

arm. Because the bridge has a finite width the deflection is in-

creased by the effect of torsion on one side of the section and |

‘decreased on the other side, The magnitude of the bending stress

is proporticnal to the deflections, thus the problem reduces to find-

ing the deflections. It is assumed the deflection curve due to

'tOEQue is an inclined straight line as shown in Fig. 17,

e
e
. .- -
- - .

! o
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} = |
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! |
C.L. . C.L,
W ':"';,:-_‘E —-,..__:E = — |——3= = =-.-__T=..:.=:..:
. L — e T
' < }“-- - o T ‘

Fig. 17 -U.nsyinnletriéal-Loadir;g Condition | ‘

) 'wl-u.-bafz“ '

A
o

o Wy =Wt be/7

w can be obt.aliﬁ_ed from elementary beam theory as mntioﬂed in last

., article, °’ : M ,
; SR o === S
J . _ Coed -
- M. =P.e  hee- tﬁ'isting moment
. For a box crcss-sectrion‘@ising the thin tube method.
s el | '

J =0

_/'92_
&=

A is the mean of the areas enclosed by the o;uter- and the innper boun-
daries of the cross-section. s is the' length of the center line of

the section. t is the thicknmess,



1)

g ' ug

- (a) Maximum bending stress
- It lis assg,!ned that the load condition is a unifo.r‘mly-dis-l

, tributed load on one half of tbé. b‘rid-lge: and that 'b'z}idge”.is tors’ional;.

ly fixed at the suppprts."“'I'h*e"-disfr'ibution- 'of----to'rque-‘can .be_found. o

A )

P 8 ' _'wbzl..2
R max 64 GJ
N V 9.- \v
Hence, ! - ‘
0. we+la ~32., .k Et_&.'*_‘___l,-__"bzl-z “
2 VT2 Tm Y 2 Et*VNiw
g v : 5 Rﬁd
sy 2

EI °

r

(b) The maximum sheariﬂg'stress occurs a.t.;the-'rcentér of

" the long side of the cross-section S / S )
’ | | /,. . 5 )
' Tmax Mt2' t ’ "
. 7 __..abe” . ; &

L BRI

b is the length 6f tﬁe loﬁg side and. c .'.is_ the ;Lefngth of the short

side of the cross-section.” G is modulis of 'rigiélity; a and B are

) constaﬂts depending on thel\;aiue of°b/c, y:hi(:h .is given.;'.n Timoshenko's
book "The theory of elas'wt:iéity",(z'of. : \ |
. N, : .

) Y

e

fun

[ PN



CHAPTER 3, ° oA
- EXPERIMENTAL INVESTIGATION - . ~ ~ . -~ :
- . ) S - a g . .
3.1 INTRODUCTION SR - -,‘ L

- - . o a . R B

AR Experlmental 1nnfstlgat10ns on full s;zed structures would

incur very high costs for whlch reason most tests are conducted on

models,

[

Z Model tests are an ecceptedftechnique'fn the analysis of
redundantfstructuress They.cen-be divided into the two broad-catetl
go}ies:as direct.end dnddrecttests. 'in direct. model tests the model’
is made such that all its proﬁertiesfare identical‘to thqsefoffyﬁb '
proposed design but on.a reduced SCale.'.If the scale ioads are

: a;pliedethen.the stpesses in the model can be scaled up to gdvelthe_

state of stress in the!prototypé. .In the indirect.model test a

v .

small structure is constructed and the results from the test are

used to ver;fy'a P posed theory which 15 then. used to des;gn the

b v
full s;zed structu . : “ﬁb. , . o

All the tests des}rlbed ‘below are indirect model tests ’

‘with the model studxes belng'used to check the accuracy with the .
- e
degenenate cylindrlcal shell theory in predlctung the e

P

-

N

‘behavior of box girder brzdge Perspex was: chosen to be the mode} :
mater;al as 1ts low modulus of elast1c1ty (0 42 % Q p51), enables

a hlgh response (strain) to be obtalnedﬁfor a low lcad.
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3. 2 PROPBRTIES OF PERSPEX**

L

o

o

' PerSpex is poly—methyl-methacrylate a water-wh:.te sol:.d

formed by the polymera.sat:.oh of methyl methacrylate wh:Lch is a

: volat:.le, clear orgam.c ln.quid of b01lmg po:.nt 100 %. ' |

~ One .of the eutstandmg propert:xes of "perspex" actyl:.c :
T . o Y \_‘
[
L]

‘haterials in™ clear form 15 the:.r very hlgh ln.ght transm.ss.xon, comb-;

ek

:mg high surface fmlsh w:Lth complete absence of colour.'- The resis-
i

tance of 'p rs‘pex' to cutdoor exposure is also outstandmg and in

e

- th:.s reSpect it is markedly superlor to other thermoplastlcs

perspex does not have a sharp melt,mg pomt but’ softens gradually

as r‘the temperature is mcreased At a tempenature of 150° to 160°

it is sufflc.tently \rubber—llke to be shaped easily and‘*s;mply

.It is noted that the mecham.call proper_’j.;_les of perspex de-~
pend markedly on' the temperature at which ‘they are measured the rate
at.which the perSpex' is st&:ssed or straine ,‘ and to a lesser

oy

. éxtent dn the’ presence oﬁ a.bsorbed water which tends to act as a

-

Aplastlcx,ser, but thJ.s last effect can usually be J.gnored.

Values for the perspex mecham.cal propert:.es are llst in

-~

' table _(l&) mchan;.cal“propert;es perspex at .20¥._C. L /5

- [ - r

(S5

A
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F A 1 ~ @
. 'lu . - TABw u . .r, .
P!" ert ’ N Unit E ! Stc'&pdar'd -
op ”y . Hel‘e _ 'Heen Velue‘ Derivi%;ion Remarks
‘.‘“’ . - . ‘ LI , TN
. .') ' ‘:,' I 'l : . " J ‘ul e\'1, )
» ) C‘ o o ’ .
Tensile strength . 1b/sq.in 12,000 . " 500 .Straining rate
i . _ e ’ . . o8 1% per sec.
" Flexural ‘strength  1b/sq.in 20,000 . * 1,000 : ' '
Shear strength 1b/sq. in ‘31,100 , - 500 T "
N oo . . ' . e - T : ) A
. ‘ .
Young's modulus - 1lb/sq.in | 4.2 x 1Q5 '
in flexure ISR .
' . _ &
Poisson's ratio” S g 0.35 o
,‘
- - \
fL"
R ' s T . ' .
3:4' MODELS. AND TESTING APPARATUS DESCRIPTION OF MODELS L o ‘

-

The models, constructed in perspex, were used to Qetﬁign'

%

the theory using a homogenous elast:.c mater\ml. 'Mode.‘gs s of three

~

, dxfferent d;mensxons were useﬁ whlch are g;ven 1n ‘table (5)

The thlckness of flanges of Model 1 and -2 are small compared

o

S'with the overall'dimensionS'of the boundary surface. Those models .

.thin plate theory. The thickness of

!

{will be. used to pfove t

was dﬁlte tthk ' This model will be used to chec% : |
[0

iflanges- Model
sults ‘From a {g:;£ plate system Hlth the theoretical

u

"the exf nimentalf‘

[

resulff from ‘thin plate theory. JF_\“\

TQ; models were sxﬂply supported ‘at thelr longitudinal

L b

N boundarles qxth solzd dlaphrams at the support p01nts. Another dia-

phrams with thlckness 3/16 1nch was used at the mldspan of the Model

e The models are made by s:.mply gluemg perspex plates

b
[ . o

 tégether, v L o SRR Sl

0



.

. model 2 '}

¢

=
AN
’

‘plate 1. showing the' detail of models

Y
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plate 2 showing the udl system



L

plate _3_ showing' _t'he. poihtloédihg'systém-

- : ) 4' . 0



Dimensions of Models

. v L :
Hodel No. of Thickness . Width °~ Thickness- Depth Width Span

NU. Box -~ of flange of flange = of web ~of web of‘}noélel length
‘ ‘ o o of model
a b c - T d . W .
1, 3 3/16" 11/3" R V'L L 12w agn
2 3 3/16" 3" - 3/uv. 2" 12" . 36"
3 ‘ 3' N ‘ 3/un an 3/4v "'2n 12" . 3pn.
q};. G
d 11
afr— -t
| L4 b L]
N\ = ) C W :I “)
=ff" . ' Fig. 20 _— S o

Loading System

~The tjpes-of loading which are used to study the behaviouv
of box g:mder bmdges are un:.for-mly distributed. 1oadmg, long:.tudmal

lme loading and partial surface loading.
(1) Un:.formly distributed loadmg and line loading system.
An a:.r pressum bag load.mg system, similar to that described,

by Gardner( ) |:Ln his experimental J.nvestlgatlon of folded plates was

to give the uniformly distributed and line loads. The air bag was placed on

L
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\

the top surface of the model and alr bag inflated to provide the load. The

top- reactlon for the air bag was prov1ded by a steel plate flrmly
anchored to the test frames. The pressure in the air bags was
measured by a manémeter ﬁsing water as tﬁe fluid med jum. vDetails
of the air bags and the gniformlj diétributed loé@iﬁg.system are
shown in Piate-(gf:'l

(2) Partial_;urfaqguloading system.

A siﬁplé lever device was develéped %n apﬁlyinglﬁhe“paf-'

)f ¥ N - .
‘tial surface loading. The idea is shown in Fig. 25.

-

. R | | _ -l S "

J model

»/  Fig, 25 The Idea of Partial S?ace Loading System '
h

An overhanding structure was made. A is B inge support, B is an
1ntermed1ate support land b are arm 1ength of CA and AB reSpectlve-
ly. If a load P is applied on the point C, the load actlng on. the
modeliwill be ) | .

. . o X=Px 1/b AEAE ; . -

The ﬁébtial load device is shown in detail in Plate (3).

&

"
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RN ,
3.4 TESTING OF THE MODEL ,
Ths strains both én the longitudinal and transverse direo- B
tions-on{the top and boftom surfaoe at_midsban were.neasuréd by ) ;_‘_- Ajﬁ'
 resistance strain gauges £ixéd on the Jnodels. with Eastman 910 | '5'-'»“3"

‘adhesive. - Normal deflections of the models were;measured by a series

.

g SRR B

of dial gauges whichfwéro-pigidly mounted on the testing rig.
The'tesﬁing.gas carried cut using‘ondformly distributed
load line;load and.partial surfaoe'load. The uniformly distributed
load and line load was carried out. by ooverihg'the surface of the
modgl with foam rubber pads and placlng a serles of alr pressure
/

bags. the pressure used in those two cases was l p51. The partial

.surfaoe load was carried out as indicated in Fig. 24 and 100 psi
. l . !

load was used in this case.

A

The deflectigns were recorded fop loads of .1, .2, .3,

L4, .5, and 1,0 psi. is test showed the models behaved in a

!

8ensibly linear manner,

‘ ’ : '
the dial gauges were set to

a Beforo loading the med
zero, which remained unchanged for [the whole test. The strain
gauges were indi;idually balanced before each loading. -Tho model
was then 1oaded and the stralns and deflections measured, _The
load was removed and strain readgngs and deflectlons agam taken
,The readlngs due to the load were taken as the dlfference betweeo
read;ngs at load and the readlngs at the subsequent unloaded con-
_ditlon. The strain gauges were then balanced in preparatlon for
the next test, The tests on each type oflloadlng were  repeated

until three sensibly cansi_.stent'reSults were obtained.
' : - /



61

3.5 ANALYSIS OF EXPERIMENTAL RESULTS . : ' .
- d’ n . ]

,Erqm\the above tests, strains had been obta:med for the
) outexérface o¥ the model along the m:..dsPan cross-section both in

.
y

long’):.tudmal and transverse dlrecta.ons. : The quantrt:ies €00 ‘¢, and

W are ploted as strains with respect to thelr various pesitions as - -

shown An the results. N

Ach&gdy of Results ', n S
) \ [ ' ’ . r-

\'I'he minimum reading of an electric res;stance stram gauge

is approx:.mately 2 x 10 6. Cons;.dermg perspex mpd_els 'Hlth a

-

vt

modulus of elasticity of about 4,2 x -lO" Ppsi, then the stress can

be measured to an accuracy of 0.8% psi. - In a box girder the forces

"and moments vary cdnside‘mbly ‘with location and any error in placing -

S the gaug/sr'léads to unknown inaccuracies.

%
£

,: Deflections were measured using 0.001 inch dial pauges. [f
Errors can be present in.the system due to the,{'model not being

perfectly monolithic. = !

a " ..r'

In addition to the above ernors fer a supposedly ideal
material, there are errors due to the use of.perepexfas_testing N o
material, /t!’/' - ‘ ' ; T . -
(l) Under a sustamed load or rap:Ldly repeated load, the | |
creep of the mater.xal occurs. The effect of creep of perspex was’ . ’
mm:l,m.sed by balancing the gauges before each‘test and the time
taken for a test was smll, less than an Nour. -

(2) Tempemture and hum:.drty were ré&gvaet to the much

.great extent they influence stram gauge reading. This was

_.\;j\\
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{

minimized By'avoiding changes in the ambienf conditions,'averaging

-

the testlng results, and u51ng a half brldge system. The half |
'brldge system was a dummy gauge mounted on perspex to Ealance the

circuit and it was assumed tha{ all changes 1n temperature humldlty,

»
.

~ etcy, suffered by ‘the active fauge, were suffered to some extent

by the dummy gauge thus giving no net fssponse.
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4,1 ANALYSIS OF THEORETICAL RESULTS

4

1 1s not possxble to obtaln the dlrect forces and moments -

« in the“tep and bottom hembers of the box section from strain measupe-'

nts on the‘extefnalffaces. ‘Therefore the fopoes'and_moments

. i - ‘ .
obtained as results from the computer program were converted into

o

éurface strains using the following relationships:

N
N - X, My
. o, -+ T
N .
o = L4 B
1 ox o_l I - "
exA",'f:"f'nE .“. .;::
. gz a: )
&% T E.T"E .
"\.
. _ : h3 |
SR e TN
12(1 - n")

. . . . . i . . - 5 . * .
The modulus of elasticity was takeu to be 4.2 x 10" psi and Poisson's
. . 1 -~ . .

ratlo to be 0,35, - ' : . .

i o

" The experimental and calculated nagn;tudes of the surface stralns

.and deflectlons are plotted aga;nst posat;on across the mldspan
section, ‘f 3 . o . 1

51

The agreement, or otherwzse, between the measured ‘and <

*

predlcted ‘values are dlscussed model by model. S : e

[ . - o . __' P
. ~. N\ . ., A

BEYAS

AR ‘ < - 83’
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. DISCUSSION or.m—:sﬁ'ms 3 '_
| Mg@h 1 L %_

l { ‘ The retJ.o of the prlate thickness to plate wid ‘h to piate

-J.ength was l 19, 8 192 for the model.’

’ (a)“- lfniformly distribﬁteci 1oad - - \_ )

n By observation of the graphs (Flg. Al to Fig. C1 ) it ‘ =

- r{,:-

can be seen that the’ deflectlons calculated us;ng the first!order
solutlon of the degene;ate sheii theory overestimate the experlmental
results by some 15% The. deflectlons calculated " from the sxmple
beam theory overestlmate the measwpea values by about 25%
| The measured megnxtude of the surface stnalns'ln the
longitudinal direction‘are overestiﬁgtedlby is% and 25% from tﬁe
|

degenerate shell théory and the smple beam theory reSpectJ.vely. $

Slmllar, zﬂapxd var-latmns, of the. tmnsverse strain .15 -~
9 e

_ found frop both the degenerate theory and the measured results. B

~

The s:.mple beam method can -.only dssume urufom'n strains in the tnans— A

¢ b

.verse dlrection and is thus real:.sta.c. ’

. L E . . . ‘ E
{b) Lme load ‘ - b B 1 . . )

The degener-ate shell theory and simple beam analys:.s

overestxnate the . expemmental values of deflections and surface

ot T
- T
strains for both the cases of the Centre bay only loaded or an

k]

edge pay loaded H:Lth a U.D,L. by 2’0%
| For the case of the bridge loaded on one of the exter;.or
bays the simple beam theory stil]. pm'giicts the rr_.easured_defl_ectlms
with ‘ﬁasmable aceumc'y. _ ' A ; ' o

) ~ks \'
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<
- -t
Cmeiie it

i

() Part1a1 surfade load.

¢

b - ,°
\

In general, the errors between‘ prediction, and expemment

o

of the partial surface loadmg condlt:uons are larger' thdn the errors

of the um.formly dxstmbuted load:\.ng conditien and ”lme J:oadihp can-"‘

dituori' Since doubl'e sme series were developed in the degenerate

- {shell theory of thls case, the er‘rors should be larger ‘log:.cally‘
s‘Thus hJ.gher- order Fourier Semes are needed to expr-ess the partial

surface load for use on, the degenerate.sbell theory.- s

. o " 0 v CE )
i+ -+ Using only the first order of Fourier Series, it can be

' found that all theoretical results o#erestimate- the experimental

“results, but msults pr‘edicted by the degeﬁerate shell theor'y still :

[}

hold qulte vwell. The dlStI‘lbUthﬂ of /ﬁtr‘ams 'in the transverse

direction 1§ quite compllcated but 1:hI degener&te shell/‘theor-y

i
"

reasonably predicts _thegexpemmental results ‘The Simple beam

method can not be usedvto predict strains in 7the transverse direc- L

KN

"‘P  tion. - - . S | s N
. ; Hode-,i 2 oo . - . [ SR ' " T )
; , ” | | The dlrr;ensz.ons of the flanies m thls model are :m the
]'-_‘ | //tlo of thlckness, width, length of 1 T 16 : 19.2._ ‘ .‘

'_' . C The discussion of the results f‘or this’ model s basically

. . J the same, is f-or Model 1. Both Model l and Model, 2 were designed

' ! -

PR

_Sso that thlc)-mes[s of the flanges Zas! such 'that thm plate theory

could be used The degenerate sh .{ theory, based on thm shell-

I3 ) w~

theory, glves good agreement '.u.th the- pem.m_ental reeul_ts.r._'l‘hus

the change in w:eb thickness’ betueen 1 and ‘Model 2 does not

[
s

-
g T

&
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N ) s i .
. . thickness, width, length of ¥ : 4 : u8.

l' (a) A Unif‘ormly distributed load "

-affect, the errors between the-prediction and measured results.

. kodel 3

This modEl was designed not to co

orm to the assumptions

of the thin shell theories\giyb relative .dimerjsions of flange
\\ B ‘ :

i ;model had a 0.375

N

inch thick diaphram at-midspEn. The degenerate shell theory only

'ﬂ‘assume the diaphrahs are’ Uniformly rigld in their own plape, and

not allow consideration of . the flex1bility of the diaphrams.

-

" Poor dgreement is obtained between the results froh degen-

erate theory and Experimeht however reasonable agreement is obtained

~between’ the Simple beam theory and' experiment. The experimeptal

strains in transverse direction are quite small, but the variation

w

is not clear.

(b) - Line load and partialasurface load

The - same dlSCUSSlon as (a) can be hold in theose two cases.

r—

Very poor agreement between the experimental and’ theoretl-l

cal results are obtained in, this model. This looks like quite-naturel

'51nce the thiekness of the flanges are not small comparing with other'

dimensions. This means that proposed degenerate cylindrical shell
theory can not be used to dealing with the thick plate Actually the

problem of the thick plate is a three-dimenSional problem of elasti-

c1ty. ¥rofh the graphs it=can ba seen the degenerate shell theory
. . _ '/’ -

underestimates the experimental results. 'The experimental deflec- lj

tions are nearly double the results from ‘the ﬁeg,‘enenate shell thebry, '

* . 4 - «
. .
-7 ~ i . L . .
: SRR : :
. - .
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the -strains still’larger. This is quite dangerbus-if used in desigm:.,

-

problem. Good agréeme%t is obtained between the experimental re-

sults and the results from simple beaqﬁkheopy; this means that simple :
béam fheory can again be used to estimate the initial dimensions of
-thé Eection even in the problem'of’thick plate.

, . o ) :
* /- The strains in the transverse direction have much great errors

s

than thegstrainshin‘the longitudinal direction. This is prébably due

1 L
t R

.to the assumptions used in the theory not being exact. The théqu:T

-, assumes that'thg edge beam cross-section/pﬁmains undistorted. 1In -

| - - . L
practice the beam yields and stress redistribution take place with the

. high théoretical_streés peaks not being measured .in practicei However,

in all cases-the theoretical results are conservative, up to_SO%'ip

some cases. C . - . ”

ey
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CHAPTER 5

COHCLUSTONS -

[

} . .+ From the detailed_discﬁesion outlined in Chapter 4 the i
o 'fdllowing:rﬁ'-oqnclu'sions can be down. [[‘ |
| El) ‘The simple beam theory can be used forithe preliminary
design.of cellular section bridgestirreepective or the dimeneiqns 051 - '. S

. P . : a
the plate elements.f . - : .

(2) The ‘results presented in thts thes;s.show that, in penenal
the agreement between the experlmental results and the degenerate
cyllndrlcal shell theory is QUlte good, prov;ded the thin shell (plate)
assumpt.ions hold For‘the unlformly distributed load case the errors -

.'between the theoretlcal results and experlmental results of deflectlon

and lonyltudlnal straln is about 150, which is usual for an analysis

'usmng the first term only of the Fourzer series, In the transverse

i - ' '
direction t;asagreement'between the measured and predicted results is .
less good, partlally due to dlStOPSlOﬂ of the edge beam. ' . =

} . For the llne loading case the errors between the measured

and predlcted values of deflectlon and longltudlnal straln is some 20%.

. The difference in‘the‘valuesiof the strain in the transverse directio

r . -+

- is great due to edge'beam deformation; ' The use of only a first term"é?ai gﬁ_;_

Fourler series for the concentrated load case would be expected to

.

overestlmated the exper1menta1 results. Even in this case the theory

glwes reasonable error between predlcted and measured results for the :

longitudinal strein'and deflection. The lack agreement'between the.

.theoretical‘and experimehtalengluee'of,t;ansverse‘strain‘is poor due '
X '

to beam distorsion. .

é%f . (3) The experimental results described in this thesis show

7 that the thin plate analy51s can he used prov;ded that the plate thick--

ness is less than 1/16 of the other two dlmenSLOns.
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) ' CHAPTER 6 ,
J o -‘ . T_{'

| - .
ALTBRNATIVE LONGITUDINAL BOUNDARY CONDITIONS

6.1 INTRODUCTION
e

The theory developed in- Chapter 2 is l:u'nz.ted in its
appllcat:.on to box girder bmdges s:unply‘ supported

For thlS part:.cular cond:.tlon the stresses and displacements can be -

P

expressed in ‘:"oumer series. The method ‘breaks down 1f we have to

deal with other boundar'y condrclons : : ' e
\ Other end cond‘rt::.ons may be dealt by a rnethod described
'by Morice (12) His me.tl}9d suitably mod:LfJ,ed then it may be used

to so].ve box guder stmctur-es with other end cond:.t:.ons usmg the -

. same computer program by degenenate eylmdmcal shell theory pre- T

n’

sented prevmusly. ’
A force method can be used to solve the cont inuous box
' girder sections which"is similar in ooncept to that used to.analyze-

a continuous beam, -

6.2 BASIC FUNCTION METHOD "
In Momce's method bas:.c function is used J.nstead of -

trlgmometmc functxons. Bas:.c funct:.on, flrst introduced by

.‘I

‘Inglis(9) have the J.nterest:.ng proper'ty that they reproduce them— i
selves on four successwe dlfferentnat:.ons. S

1 5 L .

Inglis has developed the nathemat:.cal relations for bas:Lc .

functions which are of the _form. R

A
+ )
At
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F(x) = A (cosh kx - cos kx) ~ {sinh kx - sin Jx) : ?
,The.substitution'into this expression of the boundary
, : . : / '
condition equations leads to a sequence of values of KL/and A for

various types of Boundary conditions.

i

The expansion of any form of function w in basic fuhictions:

is of the type o ' ' ‘ o
".H|- wlfl(%) + w2F2(x) + ";"f &'wnrn(x) : (6.1.1)
“The determina;ioﬁ'of coefficiept W is carried out in the samk way o T

as is done in Fourier analysis by multiplying each side of equat}

(6.;;1) by_Fn(x)‘aﬁd integnating‘ffbm'o to L.  Then, due to ortho-
gonality of the-.basic functions, we: have
T _ : Lo
. - - 2.,y o '
. an(x?éf W F_n (x)dx
o . . 0 ' _ r

- Hence we can write
e M o

% ar'qu

K Fl + ‘Joquj[o

-

Let us consider three sets of boundary conditions
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(1) Both Ends Fixe;d

" Pig. 26 : )

at x=0 f(x)=0 A(cc’:sh_'--cos kx)

1

(sinh kx - sin kx) = 0

at x=0 £'(x) =0 A(s.inh kx\ sin kx) - {cosh kx - gbs kx) = 0
at x= 0 f(x)= 0 A(coéh kx - cos kx) - (sinh kx - sin kx) = 0
at x=0 f'(x) =0 A(sinh kx + sin kx) - (cosh kx - cos kx) = 0
.- . . . -—\ . y
' Sub¥titute those boundary conditions into basic functionm.
A+0=0 o - -
_'.v-‘:‘ v A. o _ o

A(cosh XL - cos XL) ~ (sinh kL

sin kL) =0

A(sinh kL + sin kL) - (cosh kL - cos kL) =0

"

So

A e Binh KL - sin kL _ cosh XL - cos kL
- cosh kL_‘- cos kL sinh kL + sin kL~

Hence - p cosh'kI; cos kL =1

‘This equation can be solved by computer ﬁfog’mme. '
f.lq - ' .
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kL= 3,927 A, = 1.000 B

a ‘ ‘ . c _ N _ﬁ.___.__-_'______-_
k.L = 7.060 . A - .
.sz 989 , A, =1.000
kqls =10.210 . Ay = 1.000.

"In the case of a simply- supported ends, the function used

in sin kx where the boundary condit ions lead to.the r'wequiremenf

s

kL = n_, 2n ....‘...h'rf

A comparmm of the solutions of- the three cases glven above and the ‘

s:mely supported case, we can fmd the apphcable equlvalent length

to the g:mply suppbr'ted case that means use -the mod:_fled 1ength instead

- of original length the same computer programme can be used to get

the answers., In general, we shall be concerned with loadmg whlch _}s

L]

'uni.formJl.yl -dlStI‘lblltEd in .the d:.rvect:.qn of coordinate x. Using the

basic function ana-lysis_deécnibed above, -HWe find ‘that the coeffi-

ciefts of the first three terms of the series for a unit uniform

ldéding are as follow:

.o

. . / ’

. &y fowy ] gd;.' :
Encastered ~ 0.8165 --0.0347 ~ 0.3789
Cantllever . -~ 0.5750 . { - 0,434 X 10,2753
Hopped Cantilever = 0.858% Y. 0,0825 . 0.3700
- _ i ) ‘ y—--‘ - B

: It can be seen from the Tabove the behavmour of box girders
: \e .

-can be Fheoretlcally descmbed by a combmat:.oh of bas:.c funct:.cm and

i . : _“. . ' o .
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The first three values of kL. and A are:

a : ~ " ' - o R »' }l .
k,L = 4,730 . - 1,018 , g
1 , oy Aj.= 1.018 : :

o ' k2L '- -,7.854‘ j, : A? - ?.999 - #
kgl = 20,98 T T A L.000 o
| ?

(2) The Cantilever "l : . .

+—x '
rs )} \
e L ] .
4 R

P O £ L2

L /. L s
U8ing the same technique as before. In this case the

K application of the boundary épnditions the £irst three values of

jkaénd Aare;s. . . = - . «

. KL =5 A = Lgez N o
v . . - L , " a
k‘zL w4695 o . A2 — 0;{982 :

3

k,L = 7.854 o ‘A, = 1,001
. . S SO

(3) The éroppéd Cantilever

'\ h 3———3 |

o L : ‘ - 3

Ii . | -- . o : l . L . - T X

- Fig. 28
In thisléésp.the_boundéry conditicns give the following

coefficient - S ik : oo e
: o c .
4 .
- “
3

L -
4
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T

degenérate cylindrical shell theory. ’ | o

Although bas:.c equat:.on is not strlctly -a solut:Lon to the i

Gibson equatlon(B),lt isa. solutlon to the Shorer equation. It was
@
felt that little error would be: mtroducec! by usmg the program

developed fr-om GJ.bscn s equat:.on. A t.f

Smce, the difference between Gi_bspn and Shorer equaticns

. . | ot ~
. . .
- = e &

is the appearance of 'second fourth, and six order terms in the

v - former., T}xese terms r'epresent small terms. m ‘the element and have a
. )

negl:.g:.ble effect in the’ engmeem.ng des:.gn.” The f:.rst three
‘ /
oxders of f(d)) were calculated from camputer pr-ogr\am using.three

~‘eqp1valent 1ength, and, miltiplied by the appropriate values of a
- . : °

£(x) to give the absolute deflection w at various location in the

"

plate. The other terms M. , Hy’ N> Ny......'etc.; can also e cal-

culated in the.same manmer.
Consider the -case of a box section girder cont inucus over two

equal spans

S L L Lo e

Fig. 29

+ It is obvious that because -’s‘ynmietry, each of the -gif-

der-s will have boundary cond' ions correspondmg to a pr-opped cantl-

”

. lever Consider one g gJ.rders ‘say B,C which is clamped at B and '
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L

. * 'The disadvantage of this methad is we have to know the -

mode ‘shape first otherwise this method breaks down, For exaﬁple,
CA ‘

for the case of concentrated locad or unsymmetrical case, it is very

difficult to figure the mode shape; It needs advanced study.

FORCE HETHOD

g

A force method of analyses can be used to solve the

"contlnuous box girder brldges. Thls method is 1dea11y sulted to

'I-u--o—-_-—r‘-—

contlnuous ‘'box glrder brxdges which have 51mple supports at the

two ends since a hamom.c.analys:.s using Foum_er series can be

used. .Other‘end'conﬁitions can be solved by the\sfncept

suggested preVlously.

The ccnceptlon of the force method is 51mllar to that used
‘to analyze a continuous beam. A prlmary stmcture is selected 1n

which the -redindants X are taken as the reaction fotes at the

': Ly - - . . )
interior/supports since.a rigid transverse diaphrams is assured to

. ) . Y . . ' .'l. . .
exist at the interior support, the displacements and rotations 1in

- the plane of the diaphram of all points on this oross-section ofu

: the bridge should be zero under the influence of the external load

P and redundant forces X. -The redundant forces X are represented

\

by a set of three ]Olnt forces at each ]clnt con51st1ng of verticall,

-horxzontal and rotatlonal compcnents 1n the plane of the transverse

r.

diaphrams. Thus the number of redundants equal to 3n, n 1s;the .

-

number of joints. -

The analysis .is carried ocut in the following sequence of
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Fig. 30 Force Method S
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may be found.n

AT

"

' steps: o o . e

o

t., ~With the rg;_lundanfs-sét equal to zero, the structure
o .-{‘r: . . l

is analyzed undef the' giver‘i external ibading P. Because ‘of the

sa.mple supports at the two ends, a. harmom.c ana.lys:.s usmg the de-

genq,rate cylmdmcal shell theory may be used to determme d',}Splace-

ments at any des.med pomts on ¢he’ br;.dge.

fl '

displacemgnts in vector form. A ;-.
f : : N
5% i "

s : : 16

S A | .

T I P (6.3.1)

. | | . [ p] i .2 - " rd L] .

L n

2. The structur'e is then analyzed for unit values of

Y

i

?ach -of the red\,mdant forcea,, X and the correspond:.ng flexibility
.-_.,..‘_/

\matr':.xl‘;\.s formed. = - - - T -

(6.3.2)
'53., The Eotéil di‘spl'a‘cemni;"';‘under the supefpositioh of the -
F - J .

, extemal 1qadmg P and the redundantls X must be %ero at each- of the

-

pomts whgre the redurldants emst. ‘ : _ - o '

R, N

At
.3

[ ] - o G

x) "' (F l-"lglp

Pl
]

T

ey o

.‘m. '

“We: can_ repx‘esent-fthe,, e

Substrtutmg (6 3. 2) into. (6 3. 3) the redu;’xdani:_forces '

{[é][x;]._o R S

gt
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. - . 3 X ‘1""'
_ £ . 5, The simply supported structure can be ‘apalyzed, sub-
jected to thé known loading and the known redundant Forces, to de- I
- termine the final strésls_es and displacéments in ‘the continuous - box
c N . 4 ' — ) . ot '
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APPENDIX B

(i) ‘Purpose

The programme, provides solution for box girder structures

?

51mply supported at the two ends having rlg‘d dlaﬁhram?/af\tuo
aupports. Unlformly dlstrlbuted load, partlal surface loads as well
as llne loads may be applied #nywhere on theﬂstructures.. The inter-

.nal-forces; moments and dis acements in each plate at any point may
be found; S C | ‘ ’. ~ |
. | - {
(2) Restriction
| Réstriqfibn as to thy maximum number of bays are 20. Thé
-diﬁensiqd statdmeﬁtd will have to-se modified if the number of
~_ bays are over 20" | ®
(3) Descrxptlon
The_computer solutlcn‘uses a degeneratq method of cyllndrlh
c&l:sﬁell theory. The Glbson-equgtlons are used to evaluate the
prdgram. A ‘harmonic analysxs is used for the loads. The»progham is
ugitfed in FORTRAN Iv language. -
() Form-ofilnpdt Dafa _
1) First éapd (12) B , \
1 Col. 1l to 2 NN numﬁerfdf b;ys
2) Next Card (215, 2F10.5)
| '(591.. l1to5 KK c_ontfol card . . R
3 Col. 5 to 10 KKKK :dontrol Card
- : Col.il to 20 E1 Lower integrating limit:

Col,.20 to 30 E2 Upper integrating limit.
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-

\u
’ KK = 0 . ‘ KK;'l
. KKKK = 0 : 4
3 ‘ © KKKK =0
(a) Uniform Load S (b) Line Load
E
KK = 0 | KK = 1 /
L . .' . 7 L
KKKK = 1 KKKK =1 | =
Z |
\\ . {e) Line lLoad - ' o ;(d) Partiﬁl Load.
/-

" Fig. :31601ndex of Various Loading Conditions

S

oo . . R ) : . .

3) Next Cards (10r8.3) Data Cards .
 In case of (a) and (c) each plate needs one set of
' Cards

In case of (g)jand (d) each plé£e needs three sets of ;
Cards |

Every set of Cards contains twg cards

The first one of the set. ‘-_ -

Col. /1td 8 A(1)  Span length :

Col. - 9 to 16 A(2)  Width of the flange

Col.'/i7 to 24 A(3)  Thickness of " the flangg

_Col. .25‘t6'32 AH) ; H&lf'anglé bé the fléngé”

Col. 33 fo‘upﬂ" A(S) Hode of Foutier éeries

Y

3



-

Fo

Col. 4l.to 48

1

Col. 49 to 56
'

Col. 65 to 72

The second one of

'COl. 1 O a
"oi. 9-to 16

Col, 17 to 24
s

A(6)

A(\)

. A(9)

‘Load per unit ar-ea % Y

127

Control label for loads act—

)
Slope of the flange L \ '
ing on the\edge beam. . )

. s < \d ) ' N
A(9) equal to O-for z;ifo hly distributqp'load

A(Q).equal to 1 for partlal load ;

the left hand 51de edge begm. T

- Atg?wFQual to 2 for partlal Ioad actzny on.

the Plght hand s;de edge beam " T

the set

v

' Col, 25 to 32

f.
-

- Col, 33 to 40

A(1l)

-

. A1)

A(15)

\

A(13) |

, A(Q) equal to 3 for partial load actlgg.on ‘;_

"both rlght and left. hand sxde

[

-

-~

ﬁalf depth of left hand side i
i : -

"édge beam _ L

‘A(l2j-'

Half width of left hand s;de

btclge beam

Lower integration iimit for i

>KQ:§i:

léft'h€;> sidé edge beam under
partial;loadﬁi

‘Upper integration limit for left
gand side edge beam gnde% partial °
load o - \1

L} i
-t

 Load acting on the left hand side

edpe beam per.unit‘length;

|



]

Col, "4l to 48

Col. 43 to 56

. Col. 57 to 6u4

/ L L ¥
: ol. 65 to 72

| "Col. 73 to 80

AC16)

" Half depth of right hand side

™~

W ge beam

A(L7)

- A(18)

A(19)

A(20).

~

Half width of right hand side

- edge beam

Lower integration limit for
left hand side-edge' under

partial loqd '

" Upper integration limit for
- right hand side edge beam under

~partial load

Load acting on the left hand side

~ edge Leam per unit length.

The input order of plates see Fig. (32)

]

5

3 -

-
———— ' a ]

1 Fig. 32

2

4) All above control and da{ta cards are. repeated. for next

problem to-be solved. _/

A

6.

~

c ‘ 3 5) .One blank card is‘ad.ded, at the end of the data deck. -

SO I
- ]ga S B

i

-

L P Since éach plate coﬁsiést of B'hnknowns,\ghe' number of u'r-l-

' .lmywns equal to 16N, if the section consists of N bays, and 16N simul--

%

taneous equations will be solved. In order to -gv?more accurate

B
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multlpl:.cat.mn.

OUTPUT DESCRIPTION
a) Input Check Print Out T
The complete input.. is px-inted aﬁd ﬁaay be used to check up

on possible errors in punchmg field SPEC.'LfJ.CatJ.on and order of the

cands. , - 1 g o : . _ b
b) "R‘esu.lts ,. ‘. | |
1) 'M¢.- transwerse moment per- un1t length

. 2) H}; ._longrtudmal moment per um.t \1eng'th ' . L
:ii) Qxi . normal shear- on transverse sectmn per unit length , |
4) N ¢ ' ‘transverse membrane force per \un:Lt length . C\\ #.. '
‘5). Nx ) longitudmal membmne “force per unit length -

6) ux E 1ong1tud1nal displacement

7) & X E nomal dlSplacement

<

----S)f-AQ J normal shear on 1ongltud1nal section per unit lehgth
e . - | | [ — e - _ ~
9) ¢ Q, + ——1 - ' .
o $ s
©10) Nx¢ membrane shear per unit length
. 1 o . “
11) v x E traﬁsvcrse di_splacemcnt i
12} 8 . rotation of the shell - S
13) AH"-" ", tcrs:.onal motneljlt pcr'unit lengg | | N @ 2
14) H,. ' 1ongi:1_:utlinél mouient_ of edge beam per unit length
15) M, . transverse moment of edge beam per; unit length .
16) M, . ‘"torsionmal moment of edge beam periunit length .
"17) 8 . ' rprotation of the edge beam ‘_ , '25

e . -
» . . \
. . ’ ’ ’
o . . ' '
- - . . . . . . .
. . 3 ’



DESCRIPTIOH OF SUBROUTINES

CISSY2

" COEFFL.

STIF
ABMOD
oDD

" EVEN

CISSY
CISSYYL

CISSY5

CISSY6 -

“f
CISSY?7

CISsYs

_ forces.

COmpute the coefficients of complementary functions and

particular functions.
{ - - ‘
Compute trigonometrical and “hyperbolic multiples and

‘Computation of rigidities of edge beam.

Compute the \coefficient of torsional rigidity

RS

Shell force resultants obtained by an odd number of the

130

differentiations of the normal diSplacements as in table.

Shell force resultants oBtained by a even number of the

dlffnrentlatlons of the normal dlsplacements s in table.

-Plate diSplacements for uniform load.use only.

Y

Plate disPlaéements for partial and line loads use only.

‘ Edge beam forces and displacements if the plates joint

tﬁg edge beam at the ‘top andlleft hand side corner of
the edge beam, 'Displacement equilibrium eqﬁa;ions..\
édge be;ﬁ‘for?es éhq'disﬁlacengnts, if the plates joint
the edge.beam af'théthp ah@'righf hand side corner of
the edge'beah; ‘Digpiacement bquilibfium gquationg.
Edée‘beam forces and displacements if the plate jﬁinf

the edge beam at the bottom and left hand side corner -
o ' \

. of the edge beam, Dlsplacement equ111br1um equat;ons.

Edge beam forces and dlsplacements if the plate joint

the'édge beqm at the-bottom and right hand side corner

" of the edge beam, Displace@ént‘equilibrihm equations.

3
o
3
"




. .
. , Ly

MULT . - Matrix multiplication,.

INVERT - Matrix inversion.
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MATN
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sl aNaRal o]

ANALYSIS OF S!MPLY‘SUPPDR;W%H
1

CYLINDR1CAL SHELL IHEOPY W

DOUBLE PRECISION Bl, BZ'BByB

COMMON 1,45

S
a,ac,r S L

BOX GIRDER BRIDGE BY DEGENER&TE
#EDGE BEAM———S.Y » CHANG

o JULY 196Q3N

-COMMON Cl,yC2,C

CUMMON A'UrV'Hj‘ngA E HeoFy G F
‘VIANN A6 g A4 KKK

DIMENSION TU48,48) 45(48,1)

l,EB,X.CQ
Gy Al, A2oA3pA4,Dl|DZ,D3gD4 DByDb

%or,od}o@.nlo,_

[

~"DIMENS ION A{20),U(9), V), WI9), XA(Q):YA{9I'E{4y10)1H(13f4)'F(13)'
1G(13),F3(13}), Z(499) 21 (449)4E3 (84 1),X120,9)

. DIMENSION U0(9)gAll(ﬁOOi'AIZlIZOOTWBSTZU_E*QI BCST?O:BvQ) :
- DIMENS 1ON Bl{48,481,82(48, 48 ) BB(#B.9);B4(48.9).B(8 171 ,+8C( 8, 17!

DIMENSION KAlJZO)gKAZlZO)
: .

%00 KKK=0

DO 830 =1,48" B
S(141)=0. .

Y

830 T(I,d330.,

DO 830 J=1,48 (\ i

Lot
4

DO 6995 1=1+8"
B(1,179=C.

6995 BCUI,17)=0.

READ{1,99) NN

bt it e e

IF(NN.E0.0l_GD TQ 3000
WRITE{3,6000) NN -
MM=2%NN s
‘NNB=MM-1"
MT=MM+2

RN

“DO_1000 ‘MA=1,MM . "y

'

—— e s e

MM A=0 -
READ (1 »400£7 KKyKKKKq EL y E2

WRITE (3, 42201, KKyKKKKyE1,E2 m;_w
T KAL (MA)=KK

IFUKK.EQaL )}, GD TO 8001

\JﬁOO READ(1,100) (A(I},I=1,20).

""\..-

KAA=((A(5I-1.1/27]) .
KAA=(~1) %%KAA |
CCC=A(4)%#3.14159265/180.

IFLA(9).EQ.0.) GO TG 4500
1F{A{9).EQ. l ) GO TO 4501

- ,E .
. ‘e .

"-L-,_,—

by

o
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; »
. ) -0 3 L . %‘
. T et UMAIN ' .
. : - oo - ' . ‘,‘_/’_.' ‘ o
AX1=A(51%3,14159265*A(19)/7A(1) . { . S
a AX 2=AT SV K3 T4 159265% A ( 18)Y 7ATT) - = ,
ot AlZOI A{20)/2. *(CDS(AXZ)—CDS(AXIH o . g o
f o « IFLA(9)EQ.3.), G0 TQ 4501 - B L
6D TD 4500 S e e T -t e

© - 4501 AXl= Al5)=3, 14159265*&(141/A(1)
AX2=A(5)*3,14159265%A(13) /A(LE

T R(ISISATIST 2, *tCUsrszr“fﬁytnxl):'
uéﬁg 4500 IF{(KK.EQsO)oAND. {KKKK,EQ.D) ) GO TDV4000

. AXI=A(5)%3,14159265%E2 7A(1) _ Lk : ' : L
AX2=A(51%3,14159265%£1/78(1) "'“““““"”“"TT"““*““‘"“'*“"‘“*
R L CALT)I=ALTY/2. *(C?iig;gl—tUS(AXIII - : C -
.~ 4000 DO 1999 1=1,20 S ' L _
T [ MNSSORMEST >0 _ , — : 7 K
© 1999° ALL{MN)=ACI) ; . - R '
CALL CISSY2 : o -

e —————— e e

GDTD 999077 I T, Con t }ﬁ R

"+ . 8001 CONTINUE

DD .9000. MMA=1,3 ° S a Co
RFIDTT“deT‘(XTTT“T“T—§§1 : ~ . o o —
.. CCC=AF4)Y*3,14159265/180, "o ' : o .
. Al2)=A(2)/712.%5SIN(CCCY) T e F : -

TIF{AI9).EQ.0.} GO TN 4600 L . _ B T

. IF(A(9).EQ.2.) GO TO 4601 - ’

. -~ AX1=A({5)%3,14159265%A(19)/A( 1)
- AXZ2=RTS A3 1A 159265%A (T8 /ALT) _ ' ' :

A(20)= AI20)/?-*(CDS(AXZ)-CDS(AKI)1 . -

GO TO 4600 | o =

c 4601 AX1=A(S5) %3, 14159265*A(14)IA(1! - ‘

- . AX2=AlS5)%3,14159265%A(13) /A1) - . . o

= ‘ A{15)=A(15)/2. *(CDS(AXZ) COStax1)) . -

4600 CDNTTNUE -

: IF ( (MAJNEs 2] ANDW{KK.EQ.11} . AND.(KKKK NE 1)) GO TO 4006
AX1=A(5)%3,14159265%E2/A(1) ‘ ‘ .
S AX2=AT5)*3,14159265%E1 7A(L) ‘ :

g CA(T)= A(7l/2wﬁ(CUS(AfZI -COS(AX1)) a o
4006 CONTINUE , ~ ‘ : _ L

‘ oD I598 T=¥,20. - . _
. MN=20%MMA+ [~ 20+MA*60 -60 . ' . . .
1998 Al2(MN)=4] HEE . - ~

CALL LISy 2T e e s e e
TF(MMA.EQ.2) GO 0 80c2 . ? - ) ) ' v
" fF (HHA EQ 3} GO T0O 8003 ’ ; :
. RN
: o~ ) . .
‘ ‘ K - ! ( ~
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5 o : . ‘
' e SN
o v ! MA IN : J
: lFtMA}EQ«i\ GD TD 1&01 s ‘ . -~
" CALL Q$25;2 , D . |
1404 CONTIN : L
e KKK=1, o R .
L TAtA)==AlG) T LT LT T
‘<i;' ‘CALL "COEFFL - - e
: CALL CISSY1 \ o
001 I=1,4 - . v . N ;
)= B(IrITlfl(I 9) T P ¥ -
. 00-7001 y=1,8 . e N o .
TT0017BtT, Jf=201,d) T T "b,Eﬁ*'“-'T;““‘“
. CALLC1SSY I o - \
002 I[=5,8 - Do
" BUINLT)= Bt1.17)+E¢IA.9» . LI
- 2 J=1,8 o o
7002 B{I,J)=E(1A,J) | ST, o
_ GO 10/ 9000 , . o h o
8002 \CALLACOEFF] S . :
L CISSY1 ™ A v T
®  DO- 7003 1=1,4 e i
. . BREIaTN= Btl,17)+z(l,9n e
T DO 7003°4=9,16 " ' - - )
S JA=J-8 : Mo T L o
7003 Bl1, JI7Z(I,JAI ‘ N -
. CALL GISSY .~ R R 't . T
. - DD.7004 13548 N P
. IA=}=-¢4 ~T g :
BUI, a8, 17)+E(IA 9y o -
DO 7004 J=9,16 R . /' '
. - Jp=J-8 . \ RNEE ' .
y —\moparr:n E(TA,JAT. P , . - .
+ AL4)=—AL4) e . m— v T
| +. CALL COEFF1 L ‘ - 3 N
CIIE”CISSYI "“—“*‘—*““;"""“*“—; it . i
. ) .. -/
. DD 7007 I=1,4V N Sl T
_ . BC(1,171=BC{ T, 17)+ztr 9y 7. X ~
L D0 7007 J=9,16. -~ . — - - : K
: Ja=Jg-g" ° . 8
~ 7007 BC(I,J)=2(1,J4) s oo e .
T CALL CESSY o - ey A
‘ Do 7008 F=S548 + P TV
1A= Y-4- ! - b "L\ {
- - ~ st of .
- A - ' . \
P e T L :
- /_ ’ M ff . L ’:j )
. o l Q “ , L AU ’ E
2 ’ , . l noY o ;. . N /
i N 5 . . L—- - L. f



MAIN . a
BCII,17)= BC(I-17)+E(IA 9 R

7008

* 8003

135

DG 7008 J= 9“16
JA=J-8
BC(I,J)= E(IA,JA)

Neted Tn 9000 - LTI T T e e T "."“'""""

CALL COEFF1
CALL CISSY1 -

7005,

e

OO 7005 15154
BCUT,1T)=BC(1,17)42(1,9)
DD 7005 J=1,8

BCAT o d)=701,J) = o7 oo T TR T e e
CALL CISSY. ., - o L

DO _7006 1=5+8 . = - |

'3

o 7006

TA=T-4 Pz ' )
BC(1,17)= BC(I'ITI+E(IA,9)

DO TO06 J 1,8
BOCL 1 =ELTA,g) T T )
‘" KKK=0 /
IF(MA ‘EQ.NNB)Y GN TO 01

1504

9000

“K(4T=-A(4)

CALL CISSYS , ; : :
CONT INUF e ‘
CONTINUE =~ = s

DO 7200 I=1,8. =

D0 7201 J=1,8 /

- . 7201

-, DD 7202 IA=1,9

BT (T, D=8 (T, 37 —_—
B24'1,J)=BC(1,J) - ‘ - .

1202

JA=IA+8

7200

TCALL MULT(BL,B37B3,8,8,9)"

83(1,1A)=B(1,JA) /"1\
B& (I IA)—BC(I.JA) A
CONTINUE . - =
CALL INVFRT(B1,8) — T
CALL ENVERT(82,8) "

CALL MULTUB2,B4,B4,8,8,9) -
¢ 7300 1=1,8 . :

S TTI00 0=, 1T
IA J-8 " < S 1
BlI,J)=R3(1,1A) - /3

¥ BCTT; JT1=04 (1, TA) - == T

D0 50 1=1,8 : ‘ . , oo
DO 50 J=1,9 o
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o o MAIN .
BS{MA,I,J)=R3(1,)

. 50 BLS(MA, T4 J)=B4{1,J)
KK K=2 .

e IF{MA,.EQ,. ll_‘VGO To 9300 T o .
TG0 TO 9801 B T e e e
9800 CONTINUE T , S S

CALL CISSY
DO 8500 M=1,4 ) ‘
DD'BSOO I=1,9 - '
e IA=L¥B S T
00 85004J=1,8 - T
8500 X(M, I)-T(M,J)*B(J,IA)+XIM.!)
DO 8600 I=1,4
S{Is17= 511.1:-x(1.9:
- DO 8600 J=1,8
"'i_ﬁ% 8600 T(I, J)-—X(I'J) o S
: S0, T CALL CISSY” T ~
~ DD 8501 H=1,4 . :
D0 8501 I=1,9 )

lA 148 \ ..
'A J)*aly, IA)+X(M,11 : s R
—1,4 Y .

TB501 XM, T

SITA,L)1=S(IA,})1-X{149)
. DO 8601 J4=1,8 S B
8601 T(IA,J)==X{1,J} | : : .
TTTLFINN.EQ.Y) GO TO 9807 -
. " G0 TO 9803 :
“9801 CONTINUE
NASMA%2-1~ - : .
LA=NA+2 - , g
L8=LA-3\ . - Cos , a

LC=LB=-2""_ . : -

CALL-CISSY _ | ' | : : -
DO 8508 M=1,4 . N

= DO 8508 [=1+9

I‘A QL]’ : -

IAA-(LA-I) *‘H-M\

/D0"8508 y=1,8"" T
JA=(MA=1)%8+]
8508 X{M,1)= x(M.1:+rt1AA,JA1* BLJ,TA)
=

t

” & "“-’-\



1987 1

"MAIN

DO 8608 I=1,4 o -~
TA={LA-11#4%7 :

CSUTAy1)=S(TA,1)=X{},9)

DO 8608 J=1,8 -

"'J A=(MA=-1 Y%8+) T T T T s e e e "'"}g"-"“"' e

/ 8608 TITA,JA)==X[1,J) :

/ : CALL CISSY -

: DO 8509 Mr1,4
‘DO 8509 1=1,9 o .
Ia=8+1 . : . e o . :
CTAA=S{LB-1)®x44M Ty 7 S T T T e e
DN 8509 J=1,8 ! '
JA=(MA-1)%84+ ] '

8509 XM, TT=X{M, Y& (VY AR, JAVF 6(J, TATS

DO 8609 [=1,4 .
TA=(LB~1)%4+] :

TS (IAL LSS A, L) -X(1,9) ¢ - ' .
DD 8609 J=1,8 '
JA={MA=-1)%24+] 3 _ e B '

8609 T{TA,JA)Y==XT1{7 1) ' - f‘“
CALL CISSY ) .

. DD 8510 .M=1,4 : :
" ] “00‘3510'1=1;9fﬁf}>*“‘““’” : -
IA=8+1 : ’ ,
LAA= (LC-1)%4+M . ' .
00 8510 J=1.,8 . '““
JA=UMA-1)%8+y - '
BS10 X(M,1)= X{Hy 1) +T(TAA, JAI % BLY, T1A) . :
TUTTTTTTTD0 8610 T=1,4 0 . o ' - T
TA=(LC=1)%4+1 : o »
S{IA,11=S(1A,1)=X{1,9]) ' ‘
DO 88T0 J=1,.86
t JA={MA-1}%8+]
8610 T(IA;JA)=~X(1,9]} : : o :

CALLTCYISSY T T o R T - T

DO B511 M=1,4 ' o

DD 8511 §=1,9

N TA=B+T
T IAAS(NA-1)I%44M
T T —————DO-A511 J=1,8
— - JA=(MA=1)%8+)

BS11 X{MyI)= X(Myl)+T{IAA,JAl*
00 8611 l 144




o MA IN
1A= (NA-T) %441

a7

138.

S{TA,17= SIIA,tl-x(l,ql
.. DO 8611 J=1,8
JAs(MA-1) %R+ y
8611_T(1A.an=-xrl.J1
IF{MA.EFQ.NNB) GO TO 9802
9803 CONTINUE

NA=MA®?

LA=NA+?

R e LB=LA+3
CALL CISSY -
DN B504 M=1,4

_._..LC=LB-2 . '.. - oL _.A . . S

DO B504 1=1,9
IA=8+1 h
CTAA=(LA-1) %4+M
DO 8504 J=1,8 ST .
o JA=(MA-1YR B+
8504 x(M.t1-§1ﬁ11)+T(JAA.JA)*BC(J.1AJ
DD 8604 [=1,4
IA={LA=1)*4+1
SUTA, 1)=SETA, L)=-X{1,9)
DD a604 J=1,8
T JA=(MA-11%R+y A
B604 T{IA,JANI==X(I,4J) : .
CALL CISSY
DO 8505 -M=1,4
DD 8505 I=1,9
T TTIA= 8+I o T
TAA=(LD—1}%4+M
DO 8505 J=1,8

~ JA={MA-1Y48+]
8505 X{MyL)=X{M, I)+T(IAA.JAI*BC(J.IA!
: DO 8605 I=1,4 . .

[AS(LB=1)84e] " 70 7 7 o
‘S{ IA'I’:'S( IA'I’nX(I'gl
. DD 8605 J=1,8

. JA=(MA-]1 %8+ -
B605 T(IA,JAa)=-X{1,J]}
CALL CISSY

—— e r—_—— e A e s ate - - e e e ————— vt e - mmR——— e

DO 8506 M=1,4
DO 8506 I=149

IA=8+1]




. ' " MATN
TAA=(LC=1)*44+M

T e

DN 8506 J=1,8
JA=(MA~1)%8+

A

DD B606 I=144
IA=(LC~1)®6+]
S{TA,1)=5(T1A, 1)-k(l;9)

B506 XIMyT}=X{M,1)+T (1AA, JA)*BC(J, IA)' |

DO 8606 4=1,8
“JA={MA-1)%B+].
8606 TUIAsJA)==X(T,J)

CALL CISSY T
DD 8507 M=1,4
DO 8507 I1=1,9

e

. TA=8+] _

T IAA=S (NA=1) ¥4 4M

DO 8507 J=1,8 :
TIAS{MA-Y )RRy T T T

B507 X(M,1)= X(Hvl)+T(IAA.JA)*BC{J 18 L

DD 8607 I=1,4

TA=({NA=-1)%4+]
SUTAy1Y=StTIA,1)=-X(T,9}).
DO 8607 .J=1,8

I

TJAS{MA-L) =B+

. 8607 T(IA.JA)—-X(I,J!

G0 TD 9850

$802 CUNTTNUE
CALL CISSY - -
DD 8502 M=1,4

IA=1+8 .
[AA=M+B2MM—4

DD 8502 I=t,9 T T

D0 8502 J=I1,8
JA=J+8%{MA-1)

- 8502 X(Ms1)= T{IAAQJAliBC(J,IAI+X(H @)

DO 'B6D2 T=1,4 ~ 777
IA= [ +8%MN-6 ' .
SUIA,1)=SC 1A, 1)=X(T,9)

U UM g PN DU U Ay

DO Bé0Z2 J=1,8
JA=J+8%(MA-1])
8602 TIIA,JA)==X{T,J)

CALL CISsY ST
00 8503 M= 1.4 -
DO 8503 I=1,9 .




A0’

- . MA IN
[A=8+1 '

T{AA=M+EFMH=]12 . —— : ——
DD 8503 J=1,8 :

JAz J+B%{MA=1) 7 . . . ,

X{Ma )= T(IAA,JA)*EC(J IA,+xtM'I,~~v-Wﬁu~~~unmfnfm"ﬂnnﬂumuuA
DO - 8603 T=1,4 . '
TA=1+8%MM-12

STTA, 11=SUTA, 11=X(T, 51
DD 8603 J=1,8. S :
JA=J4R%(YMA=1) | o

* B60A TU1A,JA}==X(T,J) LT R R IR

. 9850 /CONT INUE

_KKK=0 L R L ' ' v

GO TO 1000

[‘ 9990 CONTINUE

_1F(MA.EQ.1) GO TO Toor 3 . -
TIF{MALER.2) GO TO 111Y - ¢ S . oo T T e
IF(MA.FQ.NNB) -GD TO 1003 I L ..
“IF(MALEQ.MM) GO TO 1113, - L

T

et IF(MAL.EQ.MA2) GO TO 1112
GO 7O 1002 o

1401
1001

FAL= (YA+11/2 _ ‘ S ~,'f“rj
MA2=MA/?2 S -

CONT.INUE -
CONTINUE

CALL COEFFI ' K Y —
CALL 'STIF. | - o,
00 2 1=1,9 ° -

T, 1)= —(U(I)*09+YA(I)*010 A(II}*CQ*H(I)i/CQ**Z

Z(211=2={ULT)*D10-YA(I)%#D+A{12)%CO*WIT) I/ CO%*2 :
Z(3.I!"(XA(I!+A(11!*(V(II*DIG YAII)*D9J+A(12)*(V(Il¢7°+¥ﬂ([)*nl'

>

Z{3,11=-2(3,+1)

2 2l4,1)==HL1)/C9

_Il1,9)=21(1,9)+2, *AI15)/(3.1416*C9**2*A(5)1 , L B
DU3J{1!

Z11,1)=(14, Ii/A1+At111*2(1.Il/A2+A(121tztz I}IA3)/C°
Z1024T)==(2(24 1) /A3 -AL01LY%2 (3, [} AAG) /0 9%%2 '

I3, V== Z (1, 1V/A2+A(I2Y%2(3, I)/ﬂﬁf?tqv*z

'3 2104, 1 )= -ZIB'I)/(AQ*CQ#*Zi

00 9 I=1,4

EREgg o e e e - _
“SUTAV11=SUIAY1I-21€1,9)

D0 9 J=1.8 . .




" 1111 CALL COEFFL

MAIN
™ T(IA.JI--ZI(I.J) '

W1

D0 601 I=1,9

Z101e T =(284, 1) /7000120220, I)/A2+A(123*ZIZ JIIABIICQI

601 Z1{2+1)==-(2(2, Il/A3+A(11l*Z(3,IIIAQ)/CQ**?

DD 8 I=1,4 S | N\
S{I,1)= Stlyli+“(ls9) , - R

CALL CISSY R e SR

DO d J=1,8 _ . .
T B THIcJI=ElT,J) , .o ‘ \
- IF(MMA.EQ.1) GO TO 1404 L .

900 Al4)=-Al4) ~ - _ L ‘

‘-”:s

-..I_F ( NN ],, 900' 901 . 900 - . L IR LI Ty .‘,,,A e, .._..H......-......... -

“CALL CISSYS ‘. \
GO ¥O 1000 R

il CALL STIF
T D0 202 121,00 0 0T

213 Ii-—2t3 1)
- 202 214.11=—w(li/cq' ;
TTTTTTTTTTITIUL,9)=211,9) 42, 0*A(151/!3 141 6%CO** 2%A('5))
DO 604 1=1,9
CZ1C1e1)=0Z04y 1) ZAL-ALI1)%Z (1,10 7A24A(12)%2(2,1)0/A3)/CO

Il1{2, Il--(ZT?“TTTK?+A(1T1*Zl3,I}/hﬁ)/CQ**Z
Z1(3,1i=~(111, I)/A2+A(121*l(3,1)IA#!/CQ**Z
21(4'Il——Z(B'I)/(AQ*CQ**ZI
604'CONTINUE 7 I '

DO 750 I=1,4 . . . o [

S(I,1)=5(1,1)= Zl(l,9i

DU 750 J=I,8 . N
BT 1L _ x St- '
750 TCI,JA)==21(1,]) - -

007203 T=1,Q T T T T T T e

203 leZin"iZ(?vI)IAB A(lll*l(3&ll/h4)/t9**2

Z1(1,.1)=tZl4, IIIAI+Al11l*Zl1 Il/A2+Al12l¢Z(2;I)/A3IIC°

CATLL TTSSY g
Do 751 I=1, 4 ~
TA=8+1 N : ~

G TAT11 =S (TAT1)+ECT79) — S —
. D0 751 J=1,8 . | '
JA=8+J

Z

{-
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MAIN

751 T(IA, JAI=EL T, J)

_ IF{NN-1) 910,911,910
910 Al4)=-A(4) _ .o :

CALL CISSYe . : : T B

GU TD l 000 T e ‘*"' " R o momm e e T " i
.. 1002 CALL CISSYT - : . | o
, Al4)==A(4)
. CALL CISSY5 B ) — i - .
" - GO TG 1000 ' - ' _ : .
_ 1112 CALL C1SSY8B ‘ . ' - '
Al4)==Al4) ST T I e :
. CALL CTISSY6
- GO TO 160D

1403 CONTINUE
1003 CALL CISSY7- . S
_......901 Al4)=-A{4) -
. CALL COEFFY 7177

CALL STIF
D10=-D10 : : T
DO 65 T=1,9 e ~ :
Zlly1)==(~ U(I)*DQ+YA(Il*DIO+A(16)*C9*N(I)}/ 9**2
Z0241)=={ULIIADIO+YA{T V4DV +A (LTI #CO¥RL 1) ) /CI %%
Z03,1)=XA{I)+A(16)%(=-V{])*D10- YA\£1*091+A(17)*( V(Il*DQ+YA(I)*Dl”)

65 Zla,1)=WI{T1)/C9
Z01,9)=Z11,9F¢2.0%A(20}/(3. 1416*(‘. *%2%A(5))
‘ D0 617 /1=1,9
R 711, I)—(?Ur IIIA1+1&(16I*Z(1 Il/A? A(l?l*Z(Z'Il/AB)/CQ ‘

T2 0y =20 242, IV /A3 ~ACL6)#Z (3, 1) /7A4) /CORED . .
I3 1) == 2L, TV A AC LTI R (3, LV FALY LG 9RO . TR
617 2104y 1)==2(331 1/ (A4%=CO%%2)
s DO 760 1=1,4
IA=T +8 %M~ 4
L sth1=stA b -21019)
DD 760 J=1,8 _ . . :
JASJ+8*x(MA-1) T PP ) -

T60 TUTALJA)=-221,0) . | . ///
| DO, 66- 1=1,9 '

AT, D= (2, TV 7AT=ATI6 TR Ly TI7A2=A U LTTR I T2, I T763T7CY
66 11(2.:a--(ztz,l)/A3+At15)*z(3,ll/A431c9*¢2 |
o=-p10 o _ ~ : ,
B o Y 8 T o 33 T R - i
DO 761 I=1,4 . : o ‘
TA=T+8%MM=-12

-5




3
/
: o S MAIN 4 o
v S{IA+11=S{JA, 1)+E(1,9) L -iﬁhﬁ‘“hhﬁhmf““““‘“-~;5‘__-
PO 761 J=1,8 — ‘ — =
C 4 JA=Jes®{MA-1) ) N | | '
761 TUEAYAI=F(I,J) . - N '
IF(MMR.FQ.3) GO TO 1504 =~ 7777 7 7 m s e m e
| G0 T0-1000 : S - ;o -
1113 CALL CI5SYB - T .
ST1 AT4Y=-"R"(%)y ‘ . -/ ,
CALL COEFF1 o i ' : .
" CALL STIF t ' . __— T
- Dlo -010 . T e s S i ’-:‘#::—’_;—“.-—f: R P
DD 265 -1=1,9 e s
----------- e {1y 0)=={= UiI)*DQ+YA(Il*DlD ACLE)ACIFHI 1)) /2 9%%2 ; -
; == (U Y 40T 0 VATT T %09 AT TV CO¥FW(TTV7CT%%2
R  I(3,11=XA ‘++ALL6)*(+V(I)*DIO+YA(I1*09)+A(171*{ V(I)*D°+YA([I*OI
265 L4 1) =N{T)/CY e
IOy 91=11,9) 42, 0%A(20) /{3, 14r6keas«2*A(511 e
00 620 I=1,9 T :

21(1j44:1%;;fi}/A1 A(lé)*l(l,ll A2=A{1T1%212, II/A3)/CQ'
ITT7,T1== Y TIZEIFATLBT#Z( 3410 7061 /L 92, ,
Z1(341)=-0Z 0y TH/R2=AL1T)%2(3, 1 T7A4)/C9*%2 |

620 Zl(@.l)*—Z(B.I)I(AG*CQ**ZJ L -
T TR 37 1= Leh
IA=T +82MME] 2.
StiAyl)= s::n,xn-zlit,qn

B0 37 J=1,8 S - -
- JA=J+B% (MA=1) : o L
. T TCIAJA) ==L LTy d) o . o . -
s 266 [=1,9 T T o T

' 71 (1, ‘(Z(ﬁrll/Al+A(161*Z(IfIIIAZ A!lTi*Z(Z'!}/ABIICQ
C 266 Z1(2.01==0Z0221)/A3=AC161%Z(3,1) /A4) /CO%%2 ~ ° :

T DIO==N10 . T T =
! CALL CISSY: \\\“‘\\\\ o S : .
g DO 36 I=1,4 ‘ S S } ' . :
\ L e ’\“ T . o

! SUIA,1)=S{IA,1)+E(1,9)
- DN 36 J=1,8 .-
JA=T+a*(HA-1] .
; 36 TUIALJA)=C(1,J) -
. —YPOO0 CONTINUE = —— ————— ___

_‘ff.‘_—‘ - : il “NAZBEMM S R __:::_.-__,....__._.-,._,,H_ e ‘ - ' :____ S R,
: CALL INVERT(TvNAl ) T '
CALL MULTUT,S+S, NA,NA 1) . : w
.: Q —‘— "
f" _ 1



LNy

MAIN

DD ROO NA=1, MM . B v
DO 800 . 1=1,9 ” ,
! IA=1+8%NA-R : : : ' ' -
' “~_ 800 X(NA, IV=S(1A,1) Ny : ' ' .
DO 200 MASI MM ¢ e o
KK=KA1(MA) - - L '
TF(KK.E0.1) GU T0 6200 . ' \

_ _ - hO 201.7=1, . o
— _-MN=20D%*MA+] 20 - ~ '
C e ALDMSALLMNY O

WRITE{3,1800) Al1) ' . T
201 CONTINUE s , ‘
.. DO 80 -JA=1,8
BO E3(JA,1)=-X[MA,JA}
G0 TO 5990
e 0200 KKK=1 - . _ \
\ DO 6199 MMA=1,3 T ‘ ’ i ST
Tee—e ‘D0 6201 I=1,20 ' :
| MN=20%MMA+ 1-20+MA¥60-60
. ACT)I=A12(MN)
6201 WPITE{3,1800} A(I})
_ DN 5995 .1=1,8 -
5999 E3(1,11=0. - -
' DO 5998 .1=1,8
TA=MA%8+1-8
5998 B(I,1)=-S{IA,1} .
GO TO (5987,5988,5989),MMA
5988 D0 5980 I=1,8 A I
T 5980 E3U{I,1¥=8(I,1) T T ¢
- GO TO 5990 . R : : \\
5987 DO 5981 I=1,8 : : .
. DD 5981 J=1,8
5981 E3(1,1)=E3(I,1)+B(J, I}*BSIMA,I'J)_
. : DO 5982 [<=1,8
5982 Esll.ll--tcat1,1:+BS(MA,I,9IJ
L GD TO 5990 _ o S |
b . 5989 DD 5983 I=1,8 - | v L : '
. DO 5983 J=1,8 -
5933 E3{1,1)=E31(T, 1)+B(Jv1!*BC5(HA. I,9) Lo
DB 5984 T=1,8. e
I T 1 Y E3(I!1,="{E3(It]."l’BC‘j(MA!I}g’) . T ‘ : N T
60 TO 5990 : ' .
5991 CONTINUE A o |




MAIN

6199 CONTINUE

5990 CONT

CACL CYSSY 2 ‘,Tuud__h;_h%wh"kmm:_Wf“ﬂm__",T_u

AG=AL4) /4,
DO 11 I=1,13

e} j? N=119 -
Al 4)=5~N '

_,_A(4I=Ar§;*n4 | T - |
DL=COSLC2%AL4)) ~ 77 77T e

D2=SIN(C2%A(4)} g

- DI=EXP{C1%A(4)) X : “.
Da=tXPI=CI¥A(&IT

- D5=COS(C4%A(%))
DE=SIN(C4*AL4))

T UDT=EXPUC3I®ALGY) T '

. DB=EXP(-C3*AL4)) . :
DI =COS (A4 1+A6) ' Lo '

DYO=STNCAYE J+ARE]
. IFGI=T) T100,7100,7101,
7100 CALL EVEN(U,I)

60 TO 7102 | .
7101 CALL onnxu.ta " R
7102 U1=0. - :

B T2 J=1,8

Ul=UL+UCJ)*E3(J, 10 . .
12 CONTINUE oo ™
TUOINY = U1+U(9l U o '

GO TG{90,1+1,9051, 111.90.90,90.1:1 1,0 /

90 IF(KKK-1) 85,84 ,85

84 TFUINLEQLVITAND S IMMATED.TFY GO TO 91
IFCINJEQ.9 ) ANDLIMMA, EQ.3)) G3 TO 92
G0 TO 1. - 7

TTTBSTIFINGEQLTY co T oy T T
IFI(N.EQ.9) GO TG 92 ‘
GO-TO 1 - : L \

ST TUI, TT=UOINT T : e
GO TQ 1 o . -
92 E(1,11=U0LN) - '

1 CONT INUE ™
WRITE(3,101) tUOJ&:.N-r.qi
11 CONTINUE

; - 0
L - 4 C .
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IF(KKK.EQal) GO TO 5991 - : !//il_'

HAIN
5912 CONTINUE — = — \
: LA=MA/ 2 L | , .
.l LBziMA+1)/2 - - - | ’
[F(LA.EQ.LE} GO TO 96 ST T T T
D10=-010 ' '

I(1,2Y=-(-E{(1, 9)*09+E{1,4)#010+Al161*c9¥%(1 10))/C9%: 2+A(201/

b (3.1416%Cox%2%A(5))
20242)=-{FE{1,9)%DLO+E(1,4 ) %DI+A(1T)*CI, E(lqu)l/CQ**’
L0399 2)=E01, 1 M+AL1G) % (- Etl;B!*DlO E{l, 4)*)°)+A(17)*( E(l Rl*)9+
‘1E(1,4)%D10) :
20442)=E(1,10)/C9. '
Z{1,1)==(T(1,9)=No+T(1, 4)*010 A(III*CO*T(I 10)!/(9**?+A(15)/(

13 1616%Co*%2%A('5]))
202311 ==(T(1,9)%D10~ T(1,41*09+A112l*C9*T(1 101|/c0**2
2t3.11—-(Tt1 1}+A{11)*(Tl1 SI*DIO—TI1,4]#09)+A(12l*(T!l.3)*00+

o 1T(1.4)¢010))

Z04y11==tTI1, 1011/cq g o B ~
. GD\TO 200 ‘ - ‘ . , . .
96 CONTINUE 7 , - S T
D10=~D10 g

Z(Yleh)=={-E{1, 91w09+»c1. )iDIO A(lo)*L@*:(l.lOl)/.Qﬁ*2+A(ZO}/
13, 1416*cq*ﬁ2*A151) i \
202,4)==-(E(1, 9)*b10+E(1,4)*09+A(17)*CQ*E(1 10)1/c9**z -
Z0354)=E(1,)1+AL16)*(+E(1, B %D104E(1,4)%D9)¢A(1T) *(~E(L, B)*O?+

1E{1,4)*D10)
Z{4y4)=E(1410)/C9 ‘

Z{1,3)5-(T{1, 91*DJ+T(1 4)*010+A(111*59*T(1.101)/ca*¢2+A(15!/(
13.1416*6@#*2*A(5)l T

Z02,3)=={T41,9)%D10~-T(1, 4)*09+A{12)*69*T(1,10)!/C9*¢2 :
1(3.31—-(7(1,1)-At11)wtr11 B)*DIO T(L,41w09)+A(12)*(T(1 B)*)

N

1T{ 1ga) #0101 .
204,3)1=-(T(1,101)/C9
IF{MA-2) ©3,93,94

93 D0 2000 I=1,4 T -

L]

2000 TiMA,1I)= ZlI'II+Z(I'3l

~ . T(MAL,1)=T(MA,1)42, 0*&(15)/?3 14164CI*¥2+A(5)) ° L
! DO 2001 I=1l,%4 . RS . L

20

2b

2(1,5)=2(1,2) ' ' ,‘
01 Z2{I,6)=21144) . .

TTUIF(MM=2) 200,95,200
94 DO 2002 I=1l44 "
02 TLMA, I)—Z(I:ll+lt1 3!+Z(I 51+Z1L1, 6)

° ' . ! ) T . f . o
- o . .
. . . .
»

v
4.
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D0 2003 1=154 L o

o v . 147

" 2004

s - ZII'IS,:Z(IyZ' : v RENERN)
W 2003° ZtTv6)=Z(T,4) " L . o
- JF(MM-MA) 200,495,200 ' - - T
TTTTHRUI95 D07 2004 12144 T RAa e

T(MT,1)12r1.51+Z(1,6) ' ‘ 7.
T(MT, 1)=T(MT, 1)+2-*A(20)LL3.1416#5@**2*A(5)]

200
TN
2005
99
100
101

CONTTRUE ‘
-

DO 2005 F= 2.HT.2

NPITE(By?IOOI(T(I'J).J 1,41 C- o : o
FO RMAT (2 [2 ) _' \. . . '""":"""'»"; Bttt Chot et et
FORMAT (101 8. 4) :

FORMATIQ(EL1Z.4)) , .. . .

102

. . . .

FORMAT(FYZ .49

103 FORMAT(BLE12.4))
1800 FORMAT(F12.5) - :
2100 FORMAT (4E12.4). 7 777"~
. 4001 FORMAT(.2I5,2F10.5)

- 4220
6000

- 3000

-E_]..=' g/f"\{O. 5[' K

FORMAT(* KK=*p 15,9 - KKKK-'.IS.
TTTRNEYL 3/1'—“‘ .

GO TO 400. . !

sTop - . .ot . .

52=#,F19.51

. . . . o
———————————— e e e e e e s e e g W . . . . e ——————
END : yﬂﬁﬂ‘ I . ‘
wdﬁ ) ‘ N ) ‘ :
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s CISSY o

SUBROUTINE CTSSY . - P

. c Nﬁ PLATE DISPLACEMENTS FOR UNIFORM LOAD USE, nva .

e -__M”_ g T A iR ) .
“DOUBLE  PRECTS 10N r,s S e
:COMMON T35 : T

C OMMON AvU1VvaXA'YA EyHeFoG,F3, 2, ZI,FB{X fQ

‘f ) COMMON C1,C2,C3,C4, AL, A2, A3, R4, DI,DZ D3134 35106:0?:08'39 DLO
) 1ANN AL y MA s KKK R

m  DIMENSION T(48,48),5(48,1}) - e
" DIMENSTON Atzoa.ut91.VI9).4f@1,xntqi.vA(Q),Eta,lo) H(]3'4l,F(
1G(13), F3t13).2(4 9).11(4,9),53(3 11,xt20,9) . :
~3 DO 6 1-1 T : 4
" DD 6 J=1 9-‘ _ ot
6 X(I,31=0, .
"RE TURN i e
2 CONTINUE. - . L
CALL EVENI(U,.6) ‘ B ' -( . S
CATL EVEN(W.7Y & o oL _ o
CALL ODD(V,11) e Co St '
CALL NDN(XA,12) - e
IF((KKK,EQ.1) «AND. ({A{4).LT.0.)) GO TO 11~
IF{ (KKK EQ.1), ANn.tA(4) 6T+ 0.1 760 TD 10 .

DC 4 I=1,9" \s - ‘“..,, . —‘
E(l.l)--llll.lnmn : . ;

E(2,1)==Z1(2, T)+VII}*DG+W[T}*)I10

. EU3.10=-Z1(3, 1) +W (1) *D2-VLI)*D10 = L A
A R A D) =- 21 A DI XALTY T . . T
~ RETURN - S o :
10 DO 20 1=1,9 : - o
T E( 1,1 )=-0(T) - , B A
E(25 1)=-V{ LJ¥D9=-W(I1)2*D10 . E _
E/A, 1) =-wl )*oqfvrif#nlo " . S
TTTTZ0 LG, T=xALQY . T T T T
s ~ RETURN ° X B - [ » '
11 {90 21 t=1,9 : {
" “ETL 1V=UlTY 7 e
ot Etz,tl-vrxl*oq+wt11*olo . -
Q . EU3s1)=-VEII*D104W(112D9 e
. T2V Elas Dl =oxALT) . LT
R RETURN -, ‘ S -
__END o -
. N ®, . °
. .
9 " ;‘)
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' lug
- / s L
< - 3
3 CIssyl
: LI ‘
: SUBROUTINE CI1SSY1
C. - X8
- C . ~ . L : \ . ' L
"Gc%m-;gh_m;.gLAIE DISPLACEHENT§ FOR PARTIAL AND LINE LOADS USE ONLY '
. onua;t PRECISION T,5S
o COMMON. T,5
,  COMMON AgUyV o Ws XAy YAy FyHy £y GyF3yZe210E3,%,C9 ©° ,
e COMMON C14C24C3,Ch, AlyA2443,A4,401,02,03,04, 05,06,07,08.09,010,
TR LANN, A6y MA, KKK LT T T e
DIMENSION 7(43.48),5taa 1)
DIMENSTON At?n).ur91,v¢9i,w¢91.xA(9i.YA(q).E(a 10).H(13 4),F(13
16( 13,lF3(1‘3)!7(4!9)111(4f°}rE3(ﬂvI)cX(ZO 9)'R(9],U(\(QI
IF{A(G)) 1,1,2 .
- 1 D05 [=1,9 i ,
i "“*-ztl,I)=-w(11 R
(2, 11=XAL1) L
Z{3,1)=-YA{1)%D9+U(T}1%D10 - ' ' :
g zta.xi—YAt:1*010+utl)fo9 ‘ , : T e T
. GD TO 3 T -
2 NN & I=1,9 . -
Y T 6 U ) ST T S & T
Z02,1)==X%XAL1)
Z(3, 1)=YA{ 1)%D9-U{T}*D10
6 Z({4,I}==Ul1i*n3~ Y"A"(Iarow . : .
3 CONTINUE o . : : .
e ..p _RETURN .
END T .
- : e 1’
: » .
v u
a ‘ . o { -
ZR ~
T~
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, CISSY?2 _ o \
SUBROUTINE CISSY2 | ' ..
_ . ..C__ “-COMPUTE THE COEFFICIENTS OF COMPLEMENTARY FUNCTIONS AND
C™77 7 PARTICULAR FUNCT!QNS et SN ST e
., ~ L
¢ |

DOUBLE PRECISION T15%
- COMMON T,5-
__COMMON A,U,V,W,XA,YA, F,H,F,G,F3,z.21.53,x.cq .
COMMON C1, cr,ca,cq a1,a2,A3,A4 D1,D2, Da,oa,ns.na n7,08,09,D10,
1 ANN ¢ A6 s MA, KKK _ )
. DIMENSTON 7(48,431.5145.11 - T .
DIMENSTON A{ZOi,U(qi,V(ai,W(QI,XA(9J.vAtgl,F(4.161.H(13.41,ﬁ%T?TT
1G( 13}, F3t13).2(4,9).11t4.9;.52|B,In.X(?o 91 - -
A6=3,14Y6%A16)/180-. _ _
CAL6)=(AL3)%%3) /]2, - - ) . o
Al4)=3.1416%A(4)/180.
BA=3,-3,*%A(1.0) %%2" . .- ' e
"BA=SQRT(BA) , B ' L o )
BA=SQRT (BA) . g
) _&; B1=SORT(A{)/A{2)) .
TN U B1= 3.1416*31*A(2)/(A(f?*anl :
BA=SQRT (BA) .
Al SOREL{1. +311**2+1.)+1 +B1

_ A2 =SQRT ((]. +BI}**2+I.)-1.-81 L

_A2=SORT(0,5*A2) :

T A3=SQRT((1.-Bl)#%241, )1 +31

A3=SQRT{0.5%A3) - | : '

A4= SORT((I.—BI!**2+151}1-- 1 : -
- A4=SORT(0.5%A4) : - i -
C1=SQRT{A(2)/A(3)) -~
€273, 1416%C14A(2) /A(1) - ' L
TTTBASBA®RSQRT(C2) T ' T S '

" C1=BA%Al ‘ :
C2=8BA*A2 .
C3=BA®A3 . .
C4=BA®A4. A _ o -
CS5=BA*BA%{1.,+B1) e _ -
T C6 BA*BA . T T T T s e e

C7=BA*BAX(-1,+B1)

_C8=BA*BA

— o e e

b
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’ T C9=3,1416%AL5) 7A(1) '
TOO=T. - AUTO Y %%2 _
' Gl1)=2, O*AtﬁlltGO*A(ZI**Zl e
- Gl21=-2,0%Al61%Co%%260 , Co
i i G(3)=6(2)#%C9/B] . e e
l4)=-4, O*CQ**G*A(bi*Alzl/(GO*Bl**Z) _ L
. Gi5)==Gl4)/R]1 , o . ,
Gl6T= G(5171A(3T1ca) S ' - 7
Gl 71=2. , /’/
. GIB1=2.0%A16)#CO**3/ IGO*((B1)#+%], 51) ' SR
T " Gl9)=G(B) : . T T
G(10)=2, O#GIQD*A(?)*CGIPI R
Glll)=-4, *A(bl*Alzl*CQ**3/(Gﬁ*A(33*(81**3 5)) L
[ T3 5 SNV -3 E— —
. Gl13)=—2,0%A(6)%C/ (Y. O+A(10) ) *A( 2} )
o H{l,1)=C5~ “AL10)%CIkx2en[2) #x2
ST T T HE L, 2) =06 -
HOLy3)=CT=A010)2COR%R2A( 2) k2 -
H{l,4)=C8
AT271T=1.0= A(ldTFCS/TTTﬁ?A(ZII*a?)‘
HU2, 2)==AL1D)%CE6/((CO%A(2) ) *%2)
, H{2¢31=1,0-A0101%CT/ ((CO*A(2) }#x%7)
T (2, 41=—A(10)*68/((09*A(2l)**2)
HI3, =1,
H(3'2)—lo
A3 5 ==1, .
H{3,4)=1, h : . .
H(‘nll=0. , . . 4
'“““"“""""”"H“"H{'!*,2):1,' T TTTTm e e
H(443)=0, & '
H(4!4)=°10 ’
HS, 1T=-1,
H(542)=1,0+81 , . .
H{5,31=1, | L e e
TTHI5,41=140-B1 T T T e T
H(b 1’—-1- :
H(6,2)=1.,0481+B1%A(.10)
HI&E, 31=17 , . N
. H(644)=1.0-~81-81%A(10) \ -t ,
—H(7,11=1, O SR S
H(7,2)=0. """ B o T T
H(7,3)=1,
H(7,4)=0. *
kal
' \
k b
:,-- . o
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H(8, 11=A1-A2 - ' e )
H(8,2)1=A1+A2 \ ) - J
H{By3)=—A3-2s4- P _ . .
e RIBy4Y=A2-A4 o
CHEG, 1)=A1#(1.0-B1*%{1.0=A(10)))~a2 ST
P HU9,2)=41+4A22 (1, 0-B1*{1.,0-A(10}})- §
: H{993)==-A3%(1,04B1%(1.0-A(10)}))-Al
HI944 1= A3=-RG¥ (1, 0¥B1* (0= A(lOi))
H{10,1)=-A2 .
o ~ ‘H(].Ov’l‘A] ' . ‘ ~ " ‘ .
| HU10 3 ) 2ha L  _'__._,_,m” el
N HULD,4)=-A3 ‘ ' '
HE11,1)=A1+A2%(1, 0-B1%(1, 0+A(101))
HOL T 2 = A2 =A% (T2 0<81¥ (L 0FACIOVY)
HOL1,3)=-A3+4A4%{ 1, 04B1% (1, 0+A(10}})
) . HUL144)=-A4-A3%(1,0+B1%( 1, 0#AL10C)) )
HU12451)==2.0%C1+G(11)*H{11,1}
H(12,2)=-2, 0*C2+G[11)*H(11.2!
H{1243)=-2,0%C34G(119%H{ 11, 3)
H(12,6)=~7, O*C4+G(111*H(11 %)
H{13,11=C1 . , : :
H(13,2)=C2 . | \ ' e
H(13,3)=C3 :
Hl13,4)=C4
_FO=CO%*A(2)

FI=" A(b)v(T(T“d¢Fn~¥2r3¢4)+(A(?l#*é}*(GO*A(3J*(C9**4J)/A(Sﬁ
F2=—(A(21¢*4)*((Fn*#4)+(4.0+hi10)!*F0**2+2 0}*G0
F124,0%F2*ALT)/(3.1416%F16A(5)} )~ = .

“"’f“““”“”*’A(7)— 2 O%A{TI/(3s1416%AL15))

- F(ll-—Fl*A(b)*(A(lOl*C9**2+1.31(A(2)**2])/63
| F(2)==F1*Al6)%(COx%2+A(10)/(A(2)%%2) /G0

FOLAT=Co0RA (6 T*F 1/ (U T 6FATITTYFAT2Y) "

FI3I=F1*A(6) X (CO*¥3+CQ/ (A{2)%%2))/GD

FIB)=F1*A(6) *(CO*=2/0(2)+1,07(A(2)%%3))7/G0

Fl9)= Fl*A(bl*(C9*¢2/A(2}+l O/(AT2)#¥31+Coxk2/( {1, 0+A(10|!*A(2))1"

FI9)=F(9)}/G0 - \

H3= AI61*F1*((CQ**4)+2 0*C9**2/lA(2)*A(2l)+1 0/(A{2)%%4)) /60

FUGY==AT2T*TH3+ATT Y] S (

F{10)=-(H34+2.0%A(7))/C9
FI5)=~(H342,0%A07))/(CO%*28A{2)) :
FOIL)={H3 42, D%A(T7) )% (2.0+1. a/(cq**Z*Ataanaz)nf"””“f‘”‘ T
CF(11)=F(113+A(10)I%(H34+3.0%A(T)) . T
FOL1L)=F(11)/7(CO%*2%A(3))
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6 o

Ft51=t-(H3+2.o*A17))/th**akAtz}n+A(10:*At2;¢(H3+d(7:Jrf}cqmatzns

FOT1=F]
FLL2)=(FI+FI110) /A(2)
Fi13=-4, *AIBI*GD/(3 1416*A(6)*((”0**4)+GO*A(3!/(A(6]*{A(2)**2J))}

TEI(TV=FLY : B

-~

F3(2)——A(6)*C9*C9*F13/G
F3{13)=0

.
'

F313T= 1(6)*TC§¥F?T*FI3/CD
F3(8)=0

+ F3{9)=0

F3(4l=—A(2)*(A(bi*(CQ**él*Fl3/GQ+4 *A(BIIB 1416)

- F31L0¥=0
- F3{5)=0

-F3(6)=-F€TKT#£110)/A(3) — ~ - —

F3(11)=0 | : -
F3(12)=0 - o

'"F3(ll--A(6)*A(IO)*CQ*CQ*F13IGD

" RETUPN

END
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JSUBROUT INE CISSYS o [
. . ! 6

: o - CISSYS

C
: C S L =
e \,/' FDGE BEAM FORCES AND DISPLA’EHFMTS: IR THE PLATES JOINT THE

‘EDGE BEAM AT THE TOP AND LEFT HAND SIDE CORNER BF .THE EDGE =~ "
C .BEAM. DLSPLACEMENT EQUILIBRIUM EQUATIONS - .

DOUBLE PRECISION T,$
- COMMON - T, 5 : 2 :
~ . COMMON ‘AyU Vo Wy XA, YA, EyH, T} G.Fa .11,F3.x ce - TTTow L
COMMON C1,C2,C3,C44A1,A2, A3.A4.01 D2, 03.04 D5,N6,07,08,09,010,
A ANN A6 s MA, KKK p v ‘
DfMﬁNSTDN TTH8aR T, SU&dy T
DIMENSION A(?Oi.U(OJ.V(QJ,thl,xntqs,va(nl.rta 10).Htf\ 4).r(11),
L IGU131,F3(13),2(4, 91,21(4 9).53(8 1)+X(20,9)
CALL COEFF1
CALL STIF
Di0=-D10 , : : .
DOy 5 T=1,9 ' ' -
Z(1,!)=—(-U([)*D9+YA(I)*DIO+A(16)*C9*H(I)IICQ*B?
) Z02,1)==(ULI)*DI0+YALT I¥DI+A(1TICO*W(T)) /CO%~D
o ZtBbIl—XA(II+A{16)*(-V(11*010 SYALTI®D9 ) 4A(LT )= (- V(I)*DQ+YA£I]*010)
5 LlayI)=W(I1}/Co
ZU149)=72(1,9})+]. o*mtzo}/(3 1416*C9**2*A(5!) : . .
Dd”%ﬁz‘T‘T“‘ -
L1l 10=(20(4, Il/A1+Al16)* {1,I)1/742- A(I?)*Z(Z'I)/ABJICO
Z1(241)=-12(2,1)/A3- Allb)*2(3vlllh4)1r0¢*2 ‘ -
CLYE3y DY == U2 s TV JA2SACYTYHZU3, IV /ALY JCOERD T
602 1114,IJ--Zts.I)/tA4*CQ**21' '
NA MA%2 Sy
=NE+¥7 .
LB=LAf3 .
LC=1B-2 ' - : '
DO 'TO0 I=l,4 7 I T T T e e
A . "TAS(LA-1 %44 . ' : _ '
e StIA,ll—S(IA.Il—z1(I,9: 3 " -
DO 700 J=T,8 : -~ . ‘ o
o JASTMA-1)*8+4) L - . .

700 T(IA,JA)==21(1,J) . ‘ ' o - )
e 603t _“mﬂlwﬁn______w,,f,wmm_"n____m.‘_nnﬂ_muw"m.wk
BANSTIR L (1(4,I:/A1+A(161*2(1.11/A2+At17)*1t2.I)/A3l/£9

603 21(3,1)= -tZ(I,I)/A2+A{17)*2(31!)/A4)/C9**2
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- CISSYS5

DY 708 1I=1,4 e
IA={LB-1)*a+] : _ .
"S{TA,1)}=SC1A,1}-2111,9) R . ‘ !
- DD 708 J=1,8 v T
JA ;(H.A-I)ﬂf8+‘| SRR e - e
T708. Tl rJAY==Z21(T,J) - :
oo 6 I=1, °

' Zl(lsl)h(?(#vII/Al A(lb)*l(lg])/A2+A(17)*7(?;!1/&3]/99 /“i
6 E1(2,1 )“-[Z(ZvI}IA3+A116!*Z(3 [)/A4JIF9**? . , .
“o . DD 716 I=1,4 , o

CIA={LC-)})®44T . 0 T T e
SCIA,L)=S{IA,1)~21(1,9)
DO, 716 J=1,8
JA=Z (MACT ) %B+J
716 TUIAJAY==211(14J) ) . )
« DO 306 1,9 ‘ ' ' '
T Iy IVE(Z LAy T/ AL-ATLG )Y I {1, 1)/ A2~ at171*zt7.1)/A31/b
306 Z143,1)==1Z11,1}/A2-A017)*2(3, 1)/A4»/cq*«z
. 'Dl0==-D10 \
CALU CTsSY
PO 724 1=1,4
TA={NA=T1Y %4+ k N
SUIAYL)=S{TA,L)4E(T,9) - . - .
DD 724 J=1'8 . _ - '
JAS(MA=1)*B+] -
T24 T{(TA,JAY=E{I,J)

.

-

RETUSN
BN
S - -
g - / A
!
. i
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R
CISSY6
o SUBROUTINE- CISSY6
c T :
C
€ - EDGE BEAM FORCES AND DISPbACFMENTS. IF THE PLATES JOINT\THE
o EDGE BEAM AT THE TOP AND RIGHT HAND SIDE CORNER QOF THE EDGE
g BEAM. DISPLACEMENT [QUILIBRIU” EQUAT.IONS. Lo
c _
DDUBLE PRECISION T, S
Y  _COMMON T,S . : .
TCOMMON AyUgVaWeXA YA E,H,F, GoF3,Z421 43X, €0 "7 .
COMMON C1,C2,C3,C4, AL, AZ.A3,A4 D1sD2,D3y24,D5,06,07,08,06, D10,
1ANN 3 A6y MA 4 KKK .
DIMENSTON T(48,38) 5 S(48, 1] - ' -
DIMENSTON A{20),U(9),V(3),W(9),XAI9)+YA(Q),FT 4,10}, H(13,4J.=(131.
L _ 16(13)'F‘”l3)02(4 S)y211i4, Q)+ E3(8y) e X{20,9) -
DIMENS ION A11(400),+A12{60)
CALL COEFF] ' :
CALL STIF }/p o
D10=-D10 . -
PO 205 1=1,9
1y D) ==(-UlI)*N9+YALT ) %*D]0- A(l&l*CQ*W(Il)/CQ**Z
. G2y I == (UL LI ED10+YA(T)I%DI+A{ 1 T)*CO*W( I)) /CO%x2 .
: . It3, r)-xA(IJ+A(161*t+vtr)*010+YA(11*D°;+A(15|r( V(II*DG+YA(II*010)
205 Z(4,1)=W(I)/CO
I01,9)=7(1,9V +1.0%A( 21 "'(3 1416*C9**2*A{5)l ,
DN 606 I=1,9 - - ' Y
2L, 1= (204 IV /AT-AL16Y %2 (Y, 1) ZA2-AL1T)I €2 (2, l)/A31/C9
T T T I T == 22, TV ABHA(L6 ) RZU 3, 1} /AG) JCORED ‘
Z1C0341)==(Z4 41V /A2=A(LT)%Z(3, 1)/ AL} /COt%2
. 606 Z1(4, 1)==Z(331)/(AGXCH%%2)
. - TNA=MA®Z T
LA=NA-2 - . (d
LB=LA+3 ' : , )
S Capey T e e ——- e
DO TO0L I=1,4 -

- TA=(LA~ 1}*4+I
STTA, Y T=STIAT Y= -1 (1,9}

DD 701 J=1,8 . . o
: JA=(MA=11%8+] o : A_.__QML___~‘_.__'Z__M___4 o
TTTTTTTTTTI01 THUIA 'JA)*-ZI(I,JJ . T T _ -
. - DO 605 1=1,9 -

Zl(l T)=(2(4, IIIAI*A(16)*ZII'II/A2+A( 17]*2(2:[1/A3)/CQ




CISSYs . ) .
- :

605 ZI(B'I)-‘(Z(I I)/A?+A(17)*Z(3,III&AI/CQ**Z

157

DO 709 T=1,4
TA={LB=11%4+41
S{IA,1)= S(TA, li-Zl(I'Qi

-

T UAS(MA-11%8+4J
709 TUIA,JA)==Z1(1,4)

—_ DO 7 09 J 1 H . l e ....'“.T-,...,. P ..‘,._.---.-T.'--‘-- S

b0 206 1=1,9 . ‘ j
I1(1,1)= (Z(G I)/A1+N[16)*7(lol)/A2+A{17)*7(?y1)IA3IIC°

206-2142,1)=-(2(2, [1/A3-AL16)%2(3, I7A4) 769%%2

17 .[ 1 A e e r___- S

N IA={LC-1)%4+1 T *
SUIAy1)=S{TA,1T-21(1,9) e

00 T7T7 J=1,R -
JA=(MA-1)%*8+] -
17 TL14,40) =Z1(1,J) . ‘
DO 506 I=1,9 ST
PN & I}—(7(4'T)/A1+A(161*Z(1r1I/A? A(l?)*?(Z.I)/ABl/C“
506 Z1U341)==(ZTU1,1)/7A2=-A(1T)%2(3, L) 7A&4) 7CFx%2

OT0==0710

CALL CISSY

DO 725 I=1,4 S
CIA=(NA-1)%4eY T
SUIA,1)=S0TA, 1) +ELT, 3
DO 725 J=1,8

725 TCIALJAVSE(T4J) -

JA=TRA-TT*8+%]

RETURN’

END © T T e e -
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. C s R
SUBROUT INE OJSSYT' o ' |

IJ

' EDGE BFAM FORCES AND DISPLACEMENT%, IF THE pLATts JOINT THT
“"EDGE 'BEAM AT THE BOTTOM. AND LEFT HAND SIDE CORNER OF THE EDAE
BEAM, DISPLACEMENT EQUILIBRIUM EQUATIDONS -

| -
nrﬁnr{h(ﬁﬁ .

DOUBLE PRECISION T,S5 - ) L : ' R
___COMMON T,S .
TCOMMON AsUsV Wy XA, YA.E,H FyGyF3:2,21,E3,X,€9 ~ 7 :
. COMMON C1,4C2,C3,C4,A1,A2,A3,4A4,01,02,D3, D4y D5, D&, 07 28, 09.010,'
QANN A6y MA, KKK
TMENSTON T 48,48Y,5T44, 11 - - o B
DIMENSTON A(20) ,U(9),V(9),W{9), YA(9) vAtal.Eia 101.H(13.4),rt131.
' 16(1%1 FAL13),2(4,9),2104, 9) yE3(8,1),X(2C,9)
7T DIMENS 1ON A11(4001.A12{601
CALL COEFF! :
CALL STIF . . ‘

B0 57 1=1;9 - -
CZC1, 1) == (ULI)ADGHYALT ) #D10-A(11 )% COXNIT})/CO%%2 - b
Z02,1)==(UCT)*D10~YA(T ) #DS+A(12) *CI*WI 1)) /CIe=2

VZ(3:1)—(XA(I)+A{11)¢(V(1)#010—YAII)*DQI+A(12)*(V(I)*09+YA|I)_?lxll
) Z(3r[)’—2(3|1, . .
82 Il4,1)==WIT)/C9

e 11(1,11-(2(4;11/A1+A(11)*zt1 Ilzazwac121*2(2.1)/A31/c0 1“7@___

"I 9V =211,9)+1, FATIST7 13, 1416*C9**2*A(5)) P
DO 608 I=1,9 ’ ‘

TIT(24 T =={202, T} /783 -A{11)%2 (3, 1)/ A4)/CO%x7
11(311)=-IZ(1.I)/A2+A(12I*Z(3 [)YA4) 7C9%%2
608 Z1{6,T1}==213,1)/AG%CI¥*2)

NA=MA% 2-1 Y , |
LA=NA+2 - ) _ : f
: LB=LA-3 - : " e
, LC=LB=2 T e T e ey e _""‘”‘ ’ A -
DO 702 I=1,4 : " :
Y TAS(LA=1) %441 -
STTAS TTSSTIAS LT=ZI( T, 9T
DD 702 J=1,8
B JA={MA-1)%B+J o e
“‘““TOZ‘T(IAhJA)——ZI{I 3 T T ‘ _ o
: D0 607 1=1,9 ’ 3 ) 2
> I 5 ¥ & ¥ 1)-{1(4 !)/A1+A{11l*2(1.I)/A2 -A{12)%2(2,1)/A3)/C9
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710

L SUIAL1)=S(1A,1)~ 2111,9V S
DO 710 J=1,8 e
CJA=(MA-1) %8+

159

DO 710 T=T,4 _ ,
TA=(LB-1)%4+4] : .

g

TIIA,JAY==211(1,J)

L 7 O\ ", o b
Z103,0)=-(7(1,1)/A2~ A(121*2(3.1)/ A Kkt A O

. Al‘ 53

D0 53 1=1,9

TIZ1{1,1)=(204, 1)/ A1~ A(lll*?lt Ty/A2- A(lZ)*Z(?:lY/A3)/C9 /

Z102,1)3¢

ZTZfIL[A3+A(111*Z(3 1) 7AG) fC9%%2
DD 718

I=1,4"

CTAS(LC-1)*4+1 ‘ B //

SEIA, 1)-S(IAcll 21(1'91 a ) : el

718.

TUIA,JA)= Una o e :
DO 353 I£1, B ,
Z1{1,1)+ 2(4 TI/A1-ALLL)%ZT1,T)/7A2+A{12)1%Z2(2,1)/A3)/CO

353

DO 718 J=1,8 . . ' ' '7~\1ﬂ
JA=(MA-~1) %8+ | N T

21(3'1l=-(le'Ii/A2+A(121*2l3rll7Ahl/C9**2

CALL CISSY &/

DD 726 I=1,4 - . I

TS{IAL1Y=SUIALLYHE(TI,9)Y . | L

TA=(NA-1)%4+1

DO 726 J=1.8
JA=(MA~-1}%A+]

726

T{TA, JAY=E(1+d) : :
RETURN ~ ' “
END : '

——— e ——— P —_ .

i

b
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 SUBROUTINE CISSYS - 3 o -\\\
°\ “ig ‘.". .. ' o ‘ L, ) .. &_
. C . . EDGE BEAM FORCES AND DISPLACEMENTS, IF THE PLATES JOINT/ THF \
¢ EDGE BEAM AT THE BOTTOM AND RIGHT HAND'SIDE CORNER OF AHE EDGE- .
C BEAM.  DISPLACEMENT "EQUIL IBRIUM - EQUATIONS. : :
C : ¢ s
C R o
g DDUBLE PRFCIS!ON r,s '
] * _COMMON ¥,S ' :
- COMMON "A U yVeWs XA, YA, EH, F,G.F3,7,11 £3, X,Co = o
COMMON C1,C24C3,Cby A1, A2,A3,A4,D1,D2, N3,D4,05,06,07, DB,D9, nio,
LANNyAG 4 MA, KKK .
. DIMENSICN T(4B8,481,5(48, 1)-‘ -

DIMENS ION A{20},U(9),V(9),W(9),XA{9), YA(Q)vE(#le)'H(llv@’qF(l%lr
1G(13):F3(13)v?(4o91v21(4t91p53(8 11,X(20,91}) -

DIMENSION A11(4001,412(60)

CALL COEFFL -

CALL STIF

00 262 1=1,9 : ' S —

Z01,11==(U(T)*DO+YA LT} #DI0+ALL 1Y ¥CORW( 1)) /COB%2 :
L0231 == (UL TI#D10-YA (T VADOACL 2} #CO*W( 1))} /COR%2 :
I3, T)=(XALT ) - ACLL) #(V(1*D10- YA(I)4091+A(12)¢(V(1i*JC+YA(I)#lell
2(3,1)==713,1) - . e

262 Il4y1)1=—-W(1}/C9

TC1,0YV=Z(1,9T+10¥ATIS1713.1416%Co%%2%A(5) ) T,
DO 619 1=1,9 -
ZLULy [1=0Z{4y T1/A1-AU11I#Z(1, 1) 7A2¢AL12) %2 (2,1)/A31/CT

L2, 10==(Z02, V1/ABCALLL)#ZU3, 10 /840 /CO%¥2 o
Z10341)==0ZC1, 1) /AZ+ALL12)%2(3, 1)/ A4}/ CI*%2

619 2104, 1)==2(3,1)1/(A4*%CG*%2)

TlCetBez T TR

NA=MA®Z-1
LA=NA~2
LB=LA-3

DD TOT I=1,4 . _ ‘ _
TA=(LA~1)*4+1 - 9

-

H*TOT"T(IA,JA)--ZIII,J)i"'Lb” 'f""'.

St [Ag 1 ) =S“+I_A| 11“11( 1 gCJ)

- DO TOT--J=1,8

JA={MA=1)%B+)

DO 618 T=1,9
Zl(lt[)‘(l(ﬁ IV/Al~ A(Il)*l(l,]l/AZ A(lZi*Z(Z'II/AB)/CﬂA ”—

ERN

N
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CISSYB — o

618 L1 (3, I)—*(Z(l 11742~ A(lZI*Z(3pI)IA4!/C?**2

DU T15 1=1,4:

° IA%JLB'I)*4+I )

. S(IA 1) S'IAvl) 21(179) -
' D[] 715 J 1,8\ o -'Fi"'—-'_""“"'""_'"."'_"_"'—

. JAF(MA~1) %8+ S T ’ g
715 T[IA,JAI--ZI(I J)

[

L D0 263 (ET 9T " ;

263 71(2 I\=—t2(2 I)/A3 A(111*2(3 t:fna}/cq**z
DO 723%1I=1,4 , .

TA=(LC-1)*4+1 ' = . .

S{IA,1}= S(ln.ll-tht 9) e 0

00 71237 J=1,8 B
JA={MA=1) %R+ ‘ RS
123° TU1A, JA) ==Z10149) .. o
CUTTTRTTTTB0 S63 1=1,9 0 TR T ' o
lelyl1—(2(4;1)/A1+Al111*2(1 Il/A2+A(12i*Z(2oIIIAB)/CQ‘
. 963 11(311)“Q(Z{IgIIIA2+A(121*Z{3 LJ/A#)/CQ**2
CALL- CISSY™ , b \ :
PO 731 1=1,4 e L KR R co
TA={NA-1) %441 T Y L
. ) SlIAil) S{ iAll""E(llg, “ ’ N \\' .
.00 731 J=148- . _ SR [N A

. JAS(MA-1)%8+y ° . . S
T TSTTTTA JAY=ETT, Jl R L
JRETURN -~ Lo S .
D - < & |

et e et e o e | Ry s i e B b At © . e maATere e T e o e e iy iy

a

O

g

. 3 -
, .
-, . ' -,
. o a .
. o
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COEEF1

SUBROUTINE COEFF1
_ COMPUTE TR IGONOMETR 1

DDUBLE PRECISION T,S

CAL, AND HYPTRBOLIC MULTIPLES AND FORCES'

o

COMAONT T, ™

COMMON A,UsV,W,XA,YA,EY H'FvaF3|ZcZIaE3»XfC°
'COMMON C1,C2,C3,C4, AI,A21A3 ALy014024D3, D4+35,064D7 DP;DQ DlO.

T1ANNy AB ¢ MA, KKK

&

DIMENSION T(48 481i5(48 1y

DIMENS TON A(201,U(9)

D1=COS{C2%A(4))
D2=SIN(C2*Al4})
DAZEXPLCI%A(4) )

““'ﬁ.hFXP(-CI*At4))

DS=COS{CaxA(4))

IGFTTT‘FBITBl'2(4}91711(§"§f.E3(8 fTTfT?G“Q)

JVU9) o WIQ), XALTY YA(Q),th.lo),Ht13,43.F(r3

¢ -

D6=STNICL#+A{4Y T
D7=EXP{C3*A(4))
DA=EXP(-C3%A[4)).
- D10=SIN(A(4)+46)
" D9=COS (A(4)+AH)
CALL ODDIU,0)
CALL ODO{v,RrY
CALL ODD(W,10)
. CALL EVEN(XA,1}
TUCALLY Ev {YA, 41
RETURN:
END

A

__g__%___;_; :

B

.f\;d/,
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7

SUBROUTINE STIF

e LN

DOUBLE PRECISIUN T.s

COMAGN TS = ~
COMMON A4UsV Wy XA, YA,E+H, F.Gr 3.2,21 F3,X,(0
COMMON CI,CZ.C3,64 AI,AZ, 'AQ Dl 02:03 04105'06137 38 09 010-

lANN A6, MA, K . .
“ DIMENSION T BrQB)'S Bvl) :
DIMENS TON Al OlvU $VI(O ), N(QI,XA(Q].Yﬂ(QI;E(#le)'H(13'4lv§(13)

-2 Al=4,0%A(11

TIGCTIV TR AT, 204,97, 2114, 9Y“F§T§—l'"¥120“37_ o

IFCAC4Y)Y 141,42

A4, 0%A LI EACL TN ®R3 300 .
111%AC 121 %%3/3,

MODCACTIL) 4 ALL2),APS)

. OFAPEEAI/TL 0¥ ATTON) T | T —
T03 S L .
Al=4.0%A(16)*A{1T)

A2=4s 0%AL1TI%ACL6) £ 3/3,

A3=4,0¢A(16 1% AL1T)*%3/3, - o o
CAUL - ABMOD(A(16),A(1T),APS) o N o
A%= 2. 0F APE¥AS/ Y- 0+ATTOT) = | ~

i ' 3 CONTINUE | 7
: RETURN . g N
e M e
] L R L . W
. /\// ) ) '
fﬁ\.
.
— - :
X L / . ) -”/Jf.- 4
L Y ’ N o
L ‘
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ABMOD
’ SUBRNDUTINE ABMOD(AQO yAOL ,APG) -
€ ' - :
C . , - .
C COMPUTE THE COEFFICIENT OF PORSTONAL RIGIDITY. .
e e O L E TS LORRTTCLENT OF TORSTONAL RIGIDITY. 1
C . ,
"IE ({AOO=AOL} LT.0. 0) GO TO 509
APISAO0T T T -
. AP2=A01 :
G0 TO SO01 |
T 800 AP L1=A0L o T ' J-n
~ AP2=A00 : - )
501 CONTINUE 3 - ;
AP5=0 T )
_ DO 5021 N=1,21,2
s . AP3=N = -
T AP4=3.1416%AP3XAPL/( 2. O*APZI
. TAPT=TANH{APG)
_APS=APS+APT7/{API¥%S5) )
B2 CUNTTHNUE :
. APH=1.-192, *APZ*APS/(API*(B 1416**5)! )
. RETURN - N .
ST T NG -
¥
ri. ?
U S ST
I’. } .
T
--_-._/‘ -
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EVLN L - . ‘

~
'

\

A

O GO0

—4 -

SUBRGUT INE EVEN(R, T T , _ — -

- ‘ - . N n
P oo .
1 :

SHEL[’FORCF'RESULTSlD3TﬂINFDTBY'K"EVEN NUMARERNF ™~ 7 77
DIFFERENTIATIONS CF THE NOPMAL DISPLACEMENTS AS IN TABLE

-t

" DOUBLE
COMMON
TCOMMDN
CUOMMON

PRECISION T,S .

T+$S '
ByUsVar s XA YA€ H,F oG, F37v2,21, r¢.x,n9

CLyC25C3,4CayALyAZv A3, A4y CLy 02,03, 04,05,

Py

D6,NT 08,0, 110.'

LANN g A6y A, KKK

DIMENSTON T(46,48), Stén,l)

DIMENSION AL20) ,U{9),V(9),n{3),XAL91, v«(91,E14 10),H(13.41,F11
IG(l3hF3(IU'Z(4,m;ZL(4'ﬂ,EB(%l),X{ZO‘H . _ X

DIMENS ION R(9Q) ‘e N
CROLY=GUII=H{T 1 )70 %03 -G(II*H(I.EJ*JZ*DE
RE2I==GT)%H(T 3210 D 3=G( 1)xH{1,1)=n2%=n3

RE3I=G(DI=H{ T, 3105 *D7T=GIT I *HUT, 4)*D6*DT :
R(%)=—G(!}“H([}&)*DS*DT-GII)*H(Iy3[?Dﬁ*DT' R
RESI=GUI)EHI T 112D #N4+GC T 24 (] ,2) =D 2204 : R B

RI(6
R{7

CEL2HTT 33 2D5=D8+G (T )2H{] ,4)=DOH0G

Egsg([$$H(I'2’#”1*°5*611)*HlI.ll*ozina

R!B)'-G(ll*H(1,4)*n5*39+6(I}*H(l,3)*D6*U8

REG)=F (L) =D9+F3 (1)

RETURN - : o
| END -

e e e s 1 ——

e
[
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4 v 0op f

OO0

SUBROUT INE ODDIR, I} _

'”DIFFERENr1ATIONS“0F'THE;NGRMAL”DISPLACEMEVTS'AS'erTnBLE‘ S

NOUBLE PRECISION T,S

COMMON T,.5 . ‘ e
COMMON AqUsViWe XA YAZELH,F,G,F3, ]_,21,['3 X,C0 - : )

COMMON ClgbZ,r3,QG,Al A) A3 A4 401 402403, 04,05 96-”7 Dq,pq 010'
TLANNG AH § MA, KKK ) '

DIMENSIUN T(4R8, 43).9(*’1“11) :
DIMENSINN AL20),009),VI9),w(9) ¢ XAL Q) , YA(9) ,E(4410) 4H{13, t’flnFH?h

1&(153vFjild)'114.9),11(4,5T}C5(3 TT XT27, 9]
DIMENSIUN R(9)

R{1)= G(I)*H(l,ll*ol*ﬂj ~GUIIRHT 20202503
TUTRE2YE-GUI)EHOL 232D ¥D3=G L Y sl L, LY 2D2EDY -
R{BI=GEIIHHIT 3)0205%DT-GLII*H (] 441 %206%DT

RL4)==GUI EHUT, 4)¥NSAYIT=G( 1511,y 3)e06x0T

RISY =GO THA{T (L1*01 504 =G 1) =H([,2)%D2%D4 ' ) - o
.R16)=+G'lI)*H(loZI)*:')l_"-‘ﬂ@-G(I)*Hll._l)“’.)Z"‘f‘_O‘r
CR{TI==GLINVEHO T, 3)¥D5%03~6( 1 1¥HI [, 4} %0670 A . 7 .
i K(U)-+b(li*ﬂillv#l*u“*Uﬂ-b(l)fr1(l.$)"“b~UH ' ) -
S RI9)=F(I}=D10+F3( 1)
C o RETURN

T END
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[ i ‘ & . . . !
INVEPT ' i | |
. : ' R : . o , 4
o SUBROUTINE INVERT (A, N} ' : R
c N . - " - § D
C . | o - '
€ MATRIX TINVERSION - o - ' ‘ 3
. c ] P FST— - e _.‘._.__._. ..' - - - ——7..—.‘\‘—7 - l.- -- Limma s  — P - . -
- C ) ‘ . | \\u)
IMPLICIT RFA;gng -H,0-2) '
DIMENSTON A(4B,467, INDEX(4573) , . ; -

ri

DD 108  I=1,N
- 108 INDEX(I,I)—O i o

: 1= . L S e e . ..L,., k-i ..' e
. 109 AMAX-—I. . . | '

' PO 110 I=1,N ' ’

ITFCINDEX(T,100110,111, 110 ‘ ——— . ' -
. 111 DO 112 J=1,N ] ‘ '

o IFCINDEX(J,110112,113, 112 _
113 TEMP=DABS(ALT,J)) . "N ¢ |
' IF(TEMP~ AMAX)lla,llz 114 o .
114 IROW=T . , . : . :
ICOL=J T — ‘ ‘ . o
' . AMAX=TEMP - ' o -
. 112 CONTINUE , L
110 - CONTINUE. - o
S IF(AMAX1225.115,1168 7
116  INDEX(ICOL,1}=1R0OW ‘
IF (TROW-TCOL) 119,118,119
119 00 120 J=1,N
U TEMP=ALIROW,J)
- CACIRCM,J)=ACICOLJ) Y
120 ACICOL,J)=TEMP i !>
[1=11+1
: INOEX(1T,27=1C0L
118 PIVOT=ALICOL, ICOL)
o atrcot,Icou=t. o - S o
T T Ty voT=1. /PIVOT T
| D0 121 J=1,N
. 121 ALICOL,J}= A(ICDL'JI*PIVDTJr : . ‘ '
DO 122 I=1,N . - . :
IFLI-1C0L) 123,122,123 _ : S i :
123 - TEMP=A(I,ICOL) . - °~ ¢ L
TTA(TI,ICOL)=0. - . o ) .
DO 124 J=1,N S L _— |
124 A(I,JI—A(I-JI—A[!CUL JIXTEMP | Lo , \ -
o r.:._ . ._,_\ . R '




INVERT
122 CONTINUE

GO T0.109
125 - ICOL=INDPEX(11,2) . .
: AROW=INDEX(YCOL, Y - - -
.DO 126 I=1,N S
TEMP=A(1,IROW) T

: ALL,IROWI=ALTI, ICOL) - . '
1126 A(I,ICOL)=TEH
. IT=%1-1 SR
225 IF(I1)125,127,12% .
115 WRITEL&,1001) ' : o -
1001 FORMAT(1H0,2X,11H ZERD PIVOT) B :
127 CONTINUE | -

RETURN - T
END . .

¢
"
9
v
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.
1
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[
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a0 -7

"168

A

’ 1

MATRIX MULTTPLICATION

CIMPLICIT REAL*A(A-H,0-7)

o

— DIMENSION A(48,48),B(48,9),C

DO 11 L=1.1"
DO 11 N=1,K

11 CULLNY=0.

PO 2 L=1,1
DN_2 N=1,K

3,

(4849))D(48,9)

D0 2 M=1,d4 . ‘

2 ClLyN)= C(L.N1+A(L,Ml*B(M N)
DO 3 N=1,X
DD 3 L=1,1

- 3 D(LvN)=C-‘L!N’

RETURN

END b
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' | APPENDIXD /. . . .
. / . ."1
'~ LIST OF SYMBOLS USED - -
. : : S “
a-nh Numerical constants - . e '
. / ‘
a, Half depth of :édge beam >
'bl ' Half width of edge beam
ét“_i,«~”"/' " Fransverse span of shell )
gﬂlgﬂzgqs - Numericalﬁconstants
k ‘jTrigonomefriclparameter ,
mlm2nlp2p" e Nuper§CAl constants |
u , Longitudinal displacegent of shell
ug Longltudlnal dlsplacement of edge beam -
- ; ' {
. . / ' ’ a . L
v . _Transverse dlsplacement of shell
: ; 2 . ‘ .
Vg ,_' e ﬂvaransverse dlsplaCENEDt of edge beam - : ‘
Vig : ' 'Displacenent iny - directxon | _ - . -
w o Normal dlsplacement of shell .
Wy o Normal d1sP1acement of edge . 4
-"'ls . Diéplacemnt in z - d:.rectlon /’\ o,
x S ' Cartesian cpordinaté axis '
ny _ . Cartesian coordinate axis
' ;z°' S . CarpeSian coordinate axis i _ \
‘ i ' : - S ' v
A ' . Half thickness of shell
AlﬁzAs . : Ng?ericé% constqntsp o
o ' - : a . .
3132B33u ‘ Numer1ca} constants . . L s - ‘Ig
C,Hy ' Numerical constants L ‘
. L : . ! . . ! B N L
. . B . . . g o |
- E - - Young's modulus - &

F : Force in the edge beam in x - direction



' Load- in z direction
6 : - :

Ot \;"f .
C - \
Moment of inertia about y axis.

quept-of inertia about z axis

_ Torsional rigidity of edge beam

. _’/_ :
Numericaﬂ constants

Longitudinal span of the shell
Longitudinal moment of edge beam per unit length
?rehsverse.moment'of‘edge”beam per unit length’

Torsional moment’ of edge beafjger-enit length

: Lengitudina%'homen; of shell per unit length

‘Transverse moment of shell per unit length.

Torsional moment of shell per vhit length .
Longitudinei'membneég\force per unit length

Transverse membrane force per unit ‘Tength

| ‘Hembrane‘sheering stress per unit length .

o ny

'"Normal shear ‘on transverse sectlon per unlt 1ength

Normal shear e‘~long1tud1nal sectlon per unlt 1ength

.Radlus of cdrvature of shell element

oForce 1n the edge beam in z dlrectlon

Force in the edge beam in y direction
5 " ‘

'?and'in x d;;ectloh AN

Load in‘yedirection L foem TS0

>

AR y .
Rptation‘of shell . -

Rotatlon of edge beam

i}

. Half angle of shell in transverse dzrectleﬂ\\\\\




q Vot : : ‘ ‘
&, 0,0,8) Numerical constants .
gt : o o
8182818.2 . Numerical constants o
f Y Numerical constants . oo
6 Rise of shell over span c S
\- : - - i * .' . {l
N o Poisson ratlo :
. go~ T L e S .
[6] —— Displacement matrix 'dﬁle to external load,. - -
v 19 « o Displacement matrix dué to redundant force
[X] .- ‘Redundant'f_orc_es matrix i T
] © . Flexibility matrix e R . .
f 2 : ) N . - "~
\ B A ’/
F. . . :
o - L
) "K . /\ . ¥ _ e
: . A -
- ;- ) ' 1
.. 1 I - b . -
. .
o ' !
-~ NS e .
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