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ABSTRACT.

C:9ss-sec£ion§l prdpéttieé, - inéiudinq | érogé-sectlonal
area, 'lpégtion‘of céntrbid, 'moments of 1nert;a, torsxonal
and_;atpinq'constanté and lccatlon ‘of the shear cent:e, of

Soﬁh eqqai and unequal—leq cold formed ahqle sectlons afe“'

presented., Two lmportant propertles, Bi and 82 . required'“'

for the calculatlon of theoret1ca1 buckllnq load = of e#cep;

trlcally loaded columns, are also 1lsted.

-

The computational difficulties encounteced in the exadt

solution of differential equations of equilibrium of coluans

-undef biaxial bending are pointed out and tﬁeoéetical load-
déflection felationship#'usinq_the Galérkin méthéd are pre—
sented;. _These théofetical telationships ace then‘compared
with expérimentai Ohéé, cﬁtaineg from the test§ carried on
fifteeg%gs X 50 X 4 mm-(gine'ébeéiméns'\hiphllénq qu'con;”
- nected and six with long léq'out) .and nine 55 X 55‘1 4 nm

eccentrically loaded cold—fgfmeﬁ single angles. . The . test

sbéqimens were connected at ends to the test trame by bolts

- L

on one- - legqg and.were subjected to eccentric thruast {eccen—
tricity about both principal axes). Three different.no;Enil
slendeéness ratios (80, 120 dnd .170) and three differenf end
connections (one-, two- and three- bolt end connectiops)

were used in the test progran.

- iy =
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‘experimental.fallure loads;‘ .- .

A computer-’proqran for plnned-end .boundary ¢Onst10nS .

- . - -4 W
» - - _,.

“‘was aeveloped ~to predlct the- load—deerctlon relatlonshlps

. '».-

of. cold-formed anqlgs under blaX1al hendlnq.'f Th;s broqram

- .

was also useo to eatxmate the ultlmate compfeShlve strenqths

‘a
2 - -~ H

of sucn sectlons connectea by one leq- ‘ A table q1v1nq tne

ultlmate compreSSLve strenqths of tvo commonly used cold—"

:ormed anqles Lor varloua qauqe dlstances 1S lncluaed. Falv

. - - e

lure lS qssumed to have occurred uhe1 the total stress (com— L
press:.ve _ or tens:.le) at anv po:.nt on tne cross—sectlon

) - . Y 4. o ARS
reacaes tne value of vleld stcess -or,uhen there is a. chgnqe

)

of sigo for at -least one of the deﬁlectlon components.?*ﬁ

These predlctea loads toqethe: thh those obtalned from-Ascu

v

Hanual No. 52 ano the nCCS Recommendatlons are compared wltn

- . - R .
v s ‘ . '.' X .7‘j i
oo )
L
.

The erfects or tne locatlon -of shear céntre and'maqni—

IS e .. - T - o

tude ~ of warplnq constant “-dﬁ‘ithéi'ultimate’ compreSSiVe

strength of cold-zormed 51nqle anqles have been alscussed.
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' LIST GF STYMBOLS.
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A o= areduaf the c;oééfsegtion7
. .  cw . = ia:pinq”cbﬁétant ofﬁheéréss;ségtion : ; _,;?*
e  3';;.=;modulus of elast;cxtv ’ .._;¢QiL;_f;’//:_3
_ex,é§ ; x—.and‘y- c?ordxnates or point- or appllﬁatlon‘of
' eccentrlc tnrust Hlth reierence ‘to- the centroi-
dal prxncxpal axes | ”‘
’ ’ : éi- .Qﬁ?ffectlve eccentrl_lty ‘abdut. the x-x -axis
'=-ey;v-(ex~k5)¢ . o | |
 é2 ';-effective eccentriqitv'ébout'thé y—-y axis-
_ ; = e mut (e ~¥o,) ¢ _ | a
G, = modulus of Elq1dltY =_§Tf€?37 |
Ix?:I? < poments of inertia of the croés—sectlon ‘about .-
' the_majof and‘mino;'-centroidal principal éies
] {x ; and y- Y axes),respectlvely
’ ILo» Ly = momentsrox ;?erFla of the cross- _section ';bout
the cegtroidai Axeslpgraliel and'perpehdicui&r
" to ggort leq, x'-x' and Y'«f‘ axq& cespectivélv
' IO .= polar acment of inertia of the cross—section
- _ - - h abbut the shear centre .
-~ | . J = tbrsional constant of the éross-section
) Kx, Ky = effective length factors for. flexural buckligq

about the x- axis and y— axis respectively

P = length oOf the memper

- vii -
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 fiexural-bucg1ind load .about {-Y axis

-e?térnal applied load . ‘;a-;%ﬂ R SR
.  7l'  - ) -': "5;'7ﬁ2E;
flexural huckLinQ'loa@-abdut?x;x axis =
o ' eoi SR ¢ S % e

- ' ST 1.

. K R 2' =
(Y 2) :

prodact -of - inertia of .the cross-section  about

x0=xt Ha'n-d. #l_y‘ axes

torsional buckling load parameter = (4Ecwfr2/g.2 + GJ} /r62--"

v

minimum radius of gyration -

B.e +8.e +I/A :
Ble ~82ex Io/ - -t

_Heflectioﬁs-of the shear centre (u and v) - along
”majorrand minor centroidal principal axes Tre-

' spectively and rotation of ' the shear Centre

Tr—

A¢) about the lonqitudinal'axis kz1z axiS)

co—efficients in the expressions for deflections

to'be_determinedfbv the .appiication of the Gal;;
erkin method - |
x~ and y- coordinates of the point at which the

stress is being calculated

perpendicular distances of the centroid from Ehe
c, ‘

‘outside of the logg leq and short l&g respec-—

tively -
perpeadicular distances of the shear centre from

y'-y' and x'-x' axes respectively
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m‘ calcu1ated

:‘=‘v1dth—to-tn1ckness ratlo :

é-i;iaﬁdfv4- coordlndtes of the bhear centre ulth

reference to the centrbldal pr1nc1pal axes

L= locatlon of tne cross-sectleﬁ alouq the lenqth

-

. of'the pemner, where the ﬁeflectlon is bean

i . ST s

y~j;-1arqebt efrectlve alendernebs ratlo accordlnq to

‘u ' -

| ASCE Hanual 10.-52

3 '=jmax1mum slenderness ratio

5f‘angle='o:v1ncllnqt10n of-fmaior'piinCihaif'aIis -

'Vlth reapect to . the x'—x' axls

&« Sinh A~ Sin A 3 e
T Cosh A - Cos A 71 0178_ e L e
=t -] yaa + [ x'yan) - 2y
‘_' x A A. )

T '

=T (f di-*f mydA)-zx , L

I . - :

. v .. A . . —— - o

;;5 u-73004}“ah eiqénvalue'satisfyihq the ‘character-

1st1c equatlcn Cosk Coshk = 1.'

bl

\= po1sson's ratlo L S o !

" =" yltimate maximhm:,stresslaécordinq"ta the,¢AS€E

N ooa

HanuaiLNo. 52

= total normal stress at ‘any poiant

!

= yield Sfress of the material

.= unifora axial tompressive stress = P/A

= lipearly varying stress due to beﬁ&inq afout tae

major centroidal principal axis ( x—X axis)

- ~
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. Chapter T - " e
" INTRODOCTION

1.1 - GEHERALV-_ L ST e

e

VStructural steél anqles -are uséd"extensivelvj as leq and

dlaqonal memners of lattlced towers, -as chord.and web men- . -~

" bers of trqsses; as braglnq members provxdan'Lateral sup—

port to beams'ang coluﬁqs} etc. they are easy to fakricate -

. and erect because of the basic Smelicity cf];their.crOSSf“"f**“ﬁ_

section.  In many of their botential uses, it is often re-

qulred to use. thln bar sxze anqgles. Houevér, due to econohic_

reasons, the manurdcturerb are reluctant to produce thin nar'

'7512e hot—rolled anqles unless tne demand is" apvrecxable. In

such cifcumstanqes,u cold-formedqanqlg sections, made fron
hot-rolled sheet or plate, find their use when they are sub-

stituted for hot—-rolled angles. - .
In a majority of the cases, the angles are cdnnected to

main members by one leq only, waich gives rise to the biaxi-

al bending of the angles. Cold-formed aaqles peing open and
i o ’
thin, have low torsional rigidity and as sucn, are suscepti-

-«

ble to torsional-flexural buckling which greatly reduces
their load carrying capacities. For such uses, non-avail-
ability of well-formulated and sufficiently established

. . e N . . . ! -
guidelines make proper substitution and independent usage OIL
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.2 OBJECTIVES

2

cold-formed aanes diffibdlt, 1f not altoqether 1m90851hle.
"Réalxslnq such an lnformatlon qap, “a research-—pr01ect haS‘

'been undertaken to qaln some LnStht lDtO - the oehavxour ofi

coldrrormed anqle columas under blXmal bendlnq-

- ’ ' t

26e ob]ectlves or tnls lnvesthatlon are :

'ij-,liof gqmpnte all tne cross—sectlppal_ prOperties '6f

'é&qalvana-unequal—l;q'coidffoﬁmed anéles,iﬁét .a‘de¥
slgnérfmﬁy’need. - .

2. To estlmate ultlmate compre551ge sttend;hs of_eq?al—'

' leq and unequal—leq cold-formed anql;-sectichs un5é£. '

'b1ax1al.bend1nq, u51nq tne qeneral theorY of torSLOn—

al flexural buckllnq.
_1;3. To compare experlmental load—deflectlon relatlonshlpsA
_Hlth theoretlcal ones, obtalnad from the basic dif-

- ferentlal equatlons of equlllbrlum us;nq the Galerkln"

R " method.

4. To compare experiaental failure loads with the ulti-

mnate compressive loads computed from the qéneral

theory of torsional=flexural bﬁcklinq, ASCE Manual
No. 52 and ECCS Recommendatiomns. |

5. io study "the -effects of the number of bolts in the
end conneetioné on the ultimate strength of the mem-

e
P ber. :




_5.,

To- 1nvest1qate the ilzrerence in'stréﬁdt&s. of-une—
. . -
qual*leq anqles Hlth lonq leq connected and. wlth lonq_

.1

-eleq out.‘f7f‘j T o T

- .‘ ,‘ A t: -—._._______ ) } ) - -..\ .

g-To study the‘effec£5'%bf'the location of éhe sheétu’

centre dnd ‘the 'maqditdde of'the-werpiﬁq constant on

the buchllnq load predlcted by the qeneral ‘theory of_

. toraxonal :lexural buckllnq.

)rA



‘:l_-_' Chapter II

LIIERATURE snavxx T R

.

2.1  GENERAL - - o

o

- v

The steel: anqle ‘is a comzon and almost tradltlonal member 1n'

-~

'bulldlnq and lndustrlal construction ——= its popuiarltv can ,

be . attrlbutea to 1ts relatlve llqhtDeSb, ‘ease- of xabtlcatlon

— _—

and connectlon to the other-memhers of the :tructure. Its

_use could be traced sxnce the earlv days oL tne constructlon

- history.. dowever, in view of lts lonq and w1aespread use, lt

)

‘is quite surpELSan to find -how llttlE-lS xnoun of manv aas.

" jor aspects of ltS benaVLOu: as a structural member. In some

areas, des;qn lnformatlon is. only ayallable for llmlted use

and orten ConSlStS of concluSLOns cdrawn ‘from the lnvestha*

AN

C i s PRSI
tion done on other tyges of cross-section. For someé other

cases, the design manuals and specifibations‘refet to the .

use Oof suitable rational theory or structural performance:

3 ‘ -

P

tests.

The question remains why the ‘prob len of sinélé anglé
colﬁmhs," under biaxial bendinﬁ, has got been ful}y‘tqken
care of and fhe answer is that éven though' the aﬁqie is a
.very simple sedtion to the common @man and the manufacture;,

it is not simple for the stress dnalyst. The principal

axes of the cross-section do not coincide with the usual

.
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-loadlnq dlrectlona and anv :outlne loadlnq Hlll cause hlaXL—'_“

- ’ {1.°

ja;'bgnaqu deflectxons whzch ‘are. not 'ln tne same' plane as"' 'l

7abpiié& 1dads.“;:urthermore, the Snear centre does not lle

-

"ﬂat‘tﬁe‘centroi& due to tbe lacx'_of symmetry Ln the cross-“”“
”SéCtibn and also is not in’ the llne of’ actlon, of more ‘com~- .

'-monly applxed loads Tnus anv loadLDQ'Hlll rorce the CtOSaa-

. - .
the anqle sectlon. -

- -

'farledfopbcold-ro:med-depend;nq ,upon the manu:acturlnq pro=

v

ces$-'=However, coid—:ocmei anqle sectlons are-relatlvely

‘nevw, and as such, verv llttle lnformatlon on” tnem exlsts._;n"

" the following sectlons, the avallanle llterature is brxeflv .

1

-tsurveyed For -a detalled reVLew of llterature,_:e:erence‘may

. he made to Kennedy and ﬂaduqula (1982)-

-

2.2 irggong*r:c;_i.*goi.uudu_gg.bi-r_i?aaguu;_\;‘_gggg: IONS OF
© 'BQUILIBRIOM - = . . - S T T

" The differentialm equatioﬁs of equlllbrlum for - tne qeneral
case of biqxial-eccentr;cities vere sblved by 31e1ch(1952),

vlasov{1961);'Thuriimann{1953), Dabrovsk1(1961), Prawel'and

+

Lee(T?@u),'Culvep(IQBGy énd Pekdz and Celebi(1969y, each Bs—

ing a di?gerent apptoqch., Timoshenko and Gere (13861} de-
fined the warping functioh and ‘@lso solved the-dirferential

[y

equations. They, however, neglected the eifect orf precriti-

.cal deflections and therefore, +the critical ' load ottained.

from their solution is higher than the expected ocnes, 1l.e.,

I3
E

an upper bound solution results from their_approach.

_ ?sectlon to twlst cauSan torsxondl—rlexural buckllnq in-
v . B . .

These anqle sectlona can Le hroaa17 ClaSSlIled as not—”'



R 2._5_ conn—ronnzn wer.e sscnoss

Tor51onal—flexural buckllnq OLr concentrlcally loaded tnln-'

ualled 51nqu vmmetrlcal columns ¥as rlrst LnVeathated by

2‘

Chajes and quter (1965) and Cnajes, Fanq and ﬂlnter-(1966)-il,

Tney proposed a srmple method of calculatlnq torsxonal—flex— i"

? . ural buckllnq 1oad of such columns which gas‘also extendedf

to the lnelastlc range. nn lnteractlon-equetion, aocompanied'

LI

s # by sets oL curves for de51qn use, was suqqested. 'Tests'weree
also ‘done :or cmecklnq the analytrcal procedures developed.
In 1969 Pexoz and CelebL studled the qeneral beha71our

of tnln—ialleo Sanly—stmetrlcal open sectlone under eccen—

trlc axxal loaélnq in. the plane - of symmetrvf' The effect of

““rﬁeprecrltlcal derlectlons and other modlrlcatlons vere lntro—f '
iy -
duced to the basxc theorv -and the complete ranqe of hehav—
1our of such eccentrlc memhers was explored. -Slmpllfled de—

HE-J

) ?'San proceduree and qraphs forl some complex pdrameters were

presented toqether Hltn experlmental conflrmatlon of theorv._

Teste;carrled out by Carpena,. Cauzillo and Nlcollnl (1976)
» showed that cold-foraed alees had em averaqe'_bucklinq
'strenqth greater rnan that.of hot—rdlledranqles,

It is therefore quite clear that the bebavioural infor-
mation'evailable for cold—formed_ angle secrione, ccnnected
by one leq, is scarce. . That's why the cold-formed desiqnl

’ eodes.amd manuels'(CSA 1974, Schuster 1975,'A15i 1980, Win-
ter 1977} 4o not give any ultifate stremgth formula or ta-

-

bles but siamply rerer the designer to the use of any ration-

4l taheory or tests for determining structural performance.

Y
~



All «fof tne, reéhlred cro=5*sectlonal proﬁérties': of -
fcold—toxmed sectsons, to the. nest of the author' kﬁowléddé,.x

'are not reailly i dvallable.? Formulaa ror B and 82 wereii

developed for equal-leq anqlea onlv (Pekoz and Celebl 1969);f~d

3 It is also COmmon to uSe the maqnxtdae f warplnq conatantf'

.

as.ze;o .and_lqcatlon of shearA_centre at.s5C, r"SC

‘shoun in Fid. 4.3.

2.4 HOT-BOLLED AHGLE SECTIONS .

Chen and Atsuta {1972) ueveleped exact 1nteractlon equatlons-

"

- £or blaxlallv loaded doubly svmmetrlcal c:oss—sectlons. ThlS[

K7

"QHaS'QOLE va curve zlttlnq. In 197u tney ‘extended thlS.

méthod‘éo'the case of an unsvmmetrlcal sectlon compésed“df
rectanqular elements wnlch meet each other at r;qht_;nqle.
iThlS methou is appllcahle ta any equal, unequal and_built*hp
anqle and’ 15 consxue:ed powerful and effLCLentl. -
The‘use_ of anqles‘aS* latgrall? unsupported‘ héams-vas
investiqatéd by.Le¥qﬂ‘and'La#;(fB?O);'The.solutidms are also
applicable ror <restrained beans between the restr;int
points. The angles were loaded with a uaiform moment over

1 . A
the entire span which sxmulated the most critica] lateral

bucklinq.situatlou. The design of tnevegﬂgi:IEE‘EE&\unequal-
leg angles -;>-approximated by the dual rectangle idealiza-
tion, neglecting the fillet and toe radiil —-— were foundlﬁo
be governed by.streés'and deflection criteria rather than oy

buckling. Safe load tables vere also presented. Tests were

-



t e L

'undeztaken bv Thomas and Lelqh (1970) to compare the theoryf’

J:developed vh;ch snowed that the anqle of twlst normally re—""

"duces the maxlmum sectlon stxess produced. o oo ,i;'f}j

-

bllltY of u51nq flnlte*element analys;s lnstead of a phv515

:lcal test.. Only elastlc behaVLour vas con51dered, thereby,u'

llmltlnq ltS appllcatlon to the slender anqle columns only.

A total oz flfty-seven : 90 I 90 X 7 no anqle sectlons,

‘Hlth eccentr1c1t1es in the plane of symmetrv and also aboutlf
”;boph tpe'prlnCIpal axes,ﬁ'were tested by Yokoo,LAHakabavashl .
3edd Roneke (f9§8);‘ IDltlallY twlsted spec1mens were includ-
:edzin:test‘pfoqrdd;.f It was shown that the buckllnq behav—.

iour and . strength were _not affected 51qn1flcantly bY tne'

o

boundary COnditiod for tuiétinq. Consxderable tOtSlODal ae~f’

':ormatlon was observed for the anqles wlth eccentrlc loadlnq

in the mlnor pr1nc1pal ax1s or the cross—sectlon- Also, lnl‘k.
tlal twlstan dld not-&{fect the nuc&llnq nehav10u;-o:_an-~”

gles. For the’ load actlng ‘on the major pzlncipaldaxiS;_hendF:‘l

ing was predominant resulting in d-Smaller‘failure'load. On

the other hand, in case of load acting on the minor grinci-

. J ' .
pal axis, <failure of the short angles'was caused by local -

buckling or torsional deformation,' Long anqgles were, howev-_

er, concerned with beddinq about the major principal plane.

Ishidafijsbé)ﬂ_carried out tests on a total of 33 con—

centric apd 7 . eccentric srecimens of 75 X 75 X 6 mm and .

05 X 65 X 6 am semi-killed high streangth steel angles, hav-

daaljer, Carsxaddan and Gruhb [1981) studled the fea51—¢f



ing slenderness ratlos from 20 to 100. \ If‘ was found/’hat_;f

rhe- behavxour of rolled hlqh strenqth steel anqles vas '

dlrferent rrom that of rolled mlld steel anqles dueifofthef

1oad carrylnq capacrtles were. lower.¢‘ S S

presence of hlqher reszdual stresses.: Correspondlnqlv, ?iué‘

'Harsh -(1969),' after testlnq 25 'z 25 X 2. 5 hmf'and"‘

38 X 38.% 2.5 an alumlnlum anqles,' found tnat the " use of_

-

proper efrectlve lenqth factor provxded qood aqreement het- -

/
‘ween the theory he nad developed and the experlments carrled

m.out,“ 7 |
| Eccentrlcallv loaded 51nq1e anqle columns~were also in=-
'vesthated theoretlcally and experlmentallv by lrahalr, Usaf
mi and Galambos (1969 1970) and by Usaml 'and-'Galanbos

(1971)- The 51nqle anqle CONPEESSLOD members were treated as

nd—restralned columns Hlth blaxlallv eccentflc load and an

elastlc-plastlc behaviour was determlneJ/bv a-numerlcal ana-

K

— lYSlS wh;ch takes the effect__of resrdnal_stress and lnltldl

1mperrectlons ‘of the anqle-columns 1nto account. ﬂorty-flve

tests were also done on 51 Xs51«x 6.3 and 76 x 51‘x 6:3 nn

anqles to substantlate the proposed numerlcal procedure. It

_¥as observed that the tneoretlcal and experlmental results

were in. qood‘aqreement. Load~-deflection curves were‘also
presented. AISC Beam—column interaction equation was found
to be a good basis for design recommendatlons. This numeri-

cal procedure also aqreed quite well with the tests done on

100 ¥ 100 X 10 mm and 130 X 130 X 9 mn angles by Usami and-



f”Pukumot0“1T972),; lntended to study the behavxour or trac1n_

Cd

"memhers of stees brldqes. It uas also found that the effectff

of - reSLdual stresses was -not szgnlflcant.» . *qf: f} Ef;ff"”f'”"
Based on the tests of Sanle angle singlezﬁéltEﬁ-éen&f f7l.
nectlons, Kennedy and Slnclalr (19?2)~idevelOﬁe&'empirica;"'

.formulas Eor ultlmate load of holted connectlons,‘efot:both

end- and edqe; tvpe fallures.

c Kennedv and aurty (1972) - tested 72,anqleﬁstruts, with
sqsh hinqedgand f;xed end conditipns-and sgbjesﬁea.tq akial
cbmbressiee.slead. eAll ‘speEihees failedz‘in fhe.‘ineiastic
raege andue‘p:deedufe, to estxmate the reallstlc perm1551ble;
buckliﬁq s;ress for.-a given enqle, yas outlzned._
Si.tdtal' of 153 equal—leq ‘aed unequal—leq anqles‘were_
testea by the Horkan Group 08 of Study Commlttee no.e 22'of
the Internatlonal Conference on Larqe dlqn VYaltage. 1?}.ectx:.Lc:

Svstems(nood-197a) and it was shovn tnat the crltlcaf buck-f‘

llnq st:ess ror rslendernecs ratlos netween 120 and 250 for~

lcrossed dlaqonals was higher than the Euler cr1t1cal stress.:

'Howeveér, the ratio of the two-‘increased_with increasihq.

slenderness ratio.

"'2.5 DBESIGN SPECIPICATIONS

ASCE HManual ¥o. 52 entitled vGuide for the Design cf Steel
Pransnission Tower(1971)" is used extensively for thae design
of hot-rolled angle members in-latticed steel trenshission

towers. These recommendations, however, have certain limita-




-1ftlons.

',.on Euler\

‘ffect of torSLon caused by ‘the tu;st of the

Counc11's basxc strenqth curve in the ;nelastlc ranqe--f

'proxlmate procedure for the de51qn of

.ventlon

- rigidity

fThe1forﬁﬁ1a_ror ultlmate compreSSLVe ;tress 1s based ?;ﬂ'r

_rormula in- the elastlc range and Column Besearch .

T AISC Hanual of Steel Constructlon (1980) qlves an an— ;7f o

51nqle—anqle struts, '''' X  :”.9

connected oy one. leg. Houever, this does-not lnclude the ef-

sectlon and tne i

'nanual refers toe des1qner to— the approprlatéfgecgzzca% pu— )

nllcatlons, lf ltS efrect is to be consxdered.

The European practzce for the dESLQD or aogieimembersu

'-‘can he'foun& in'the Introductory Report oﬁ'the Euroréan Conv“

-for. Constructlonal Steeluork{sccs - 1976) - Desiqn

procedures were outhlned ror concentrlcallv and eccentrlcal-

~

1y loaded anqles used in transm1551on towers or’

structureé. It takes lBtO account the - efrect of the st rf*'
and‘iﬁctease'Jof_yield‘g'

cold-formed anglées.. -
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R " Chapter III
- THEORETICAL PORNULATION

'3.1 . GEBERAL THEORY OF I onsi.onu;%?izx‘ URAL .Bu‘_cg LING. -
:The‘bééic qiffgie;tigi_eqﬁétiqpsof'equil;brium of éAcoluﬁn;‘l
1qadéd-@ét§.axi£liéna 105Q§;and”bia§ial'ecééntricities,f‘aré
1; ;¢imq§he§£oi§nd.Gére,1§61;f$ _ |

iw 7-:7 " n '“u — - ' ’ . -z . . . : E
BT eI R eet =0 B

“i‘-’ ' “' X -l’t )
C e - d - .o -a =
"_YE:FXV + PV e P(xO' - x);‘b,

' ¥
v o

13.2]
R -«. R B . ‘_ I : ) . ‘V'- . “-‘
iv ' o :

) ) ' -' : —- N _" __o. "
et (@ - resy e, <P 0

: T - n o . _A [ [3.3] o

+ P(yo \ “ey)uf _ P(}_{o e‘x}v: _0 B

where;.
E . = modulus of élaéticity |

I.,1 = moments of inertia of - the cross-saction about the

X Y
’ maior and minor .centroidal principal axes (x-x
axis and y-y axis) respectively.
P = external applied load

x s Y. = Xx- and y- coordinates of the-shéar centre with ré-
ference to the centroidal principal axes.

7 @, = X aﬂd y—- coordipates of point of application of

eccentric thrust withqreference to the\centroidal

principal axes.



, . Th
S o
: formula
1.

2.

3.

:. = modulus of rigidity =

13

. -

' = varping constant of the cross-section

e

E . -
2(1"f AU

éﬂpolsson‘ ratio - I . '7 B

=ipolar moment ot 1nert1a of the cross—sectlon about

_'the shear.cent:e.' e

= area o: the CLOSS= sectlon.

-deflectlon of the shear centre (u and v) alonq ma-

'jor and mlnor centro;dal pr1nc1pal axes- tespec—

T tively and :otatlon of the shear centre (¢ 9 about_

the-;onqltudlnal axis (z-z axxal,
= torsional constant of the cross-section.
_ T
S P e -
= ([ Yan+ [ x"yan) -2y
ST A i :
= i_ [ -x3d1_x + [ xylan) - ax_
Y a - a S R

e above dlfferential equations of egquilibrium were

)

ted on the basis of the following assuaptions :
The column is initially straight.

Effects of the residual stresses are neqliqibleQ

_The geometry of the cross—section of the member does’

‘

not chanye during bucklinq. This basic assaumption ia-

-plles that the displaceaent of the each point in tae

cross—section can be spec1fled in teras oL the dis-

placement components, u, Vv and ¢ of the shear centre.



‘ Shear and ax1a1 deformatlons are. lnalqnzrlcant- s

-sonlv;thnjz)s

14

*Deflectlon components are small (u and-v -ln compar#_'

-1son with the lenqth o: the member and. ¢ in ccmparl-

The‘materiql‘ais linearly -elastic -and the stress—

strdin curve is elastic-perfectly plastic,  baving-a

'.'wellfdefined'yield-pdint.'-~ j' -

Exact’and approxiaate sclutions of these Equatioﬁs have

 been given by Vlasov (1961), Culver (1966), Dabrowski (1961},

Thurllmann(1953} and Praiel and Lee(196ﬂ). However, fhe'ex—

_act procedure (Culver 196&),ﬁ 1nvolv1nq twelve unknoan inte—

qrateon constants Ln tuelve 51multaneous equatlonb, are dl;

- ficult,-

lf not’ ;1mpossxbiek to use and therefore, an

_approximate solution has been reaorted t0.. The Galerkin

gdethod,

1974) ,

~which is sufficiently accurate anf simple {Chajes .

i3 used her® to obtain a solution of these equations.

The boundary conditions for pinmed-end coluans can_be

expressed as follows :

Staticz
Péx . ‘ . : .
" _= —— .
v z =0, £ .EI , : [3.4]
Pe
n = __..Y. .
v z =0, & EIx : [3.51

Geometric:

u=v=4¢g =¢'=o0 _at.z=o,2.. [3.6]



-
-'Siﬁde'the.pdint of load appllcatlon 15 not a point of zéro

lonq;tudlnal dlsplacement warplnq 15 cons;dered to be res—

L tralned dnd the cond1t10n¢"- 0 is uced (Culver 1966}.

3

Ahccordlnqu, the followlnq functlons far; u,v and ¢

[T

Have-been selected (Pekdz and‘Celeni 1369) :

Pe -

) . T Tx 2 _ ' .,- Tz Co- ' ) - . .
u = =T (z- - 2.z_) + u S:Lng’ . . o ‘ , ‘ [3.'{]-__,&_,_
'L, . 7 .
v g (2 omid ey sings -0 0 B
) ® N . . L : .
: R v N N R ¢ :
¢ - ¢0 [S;n .2' S;.nh.g -u (Cos 7 - Cosh 2..)] : ;[.3'-9]-.
uheré,‘
R ‘= lenqgth of the member. -ﬁ“ s .
. _ . b _ . '
z. = location  of the = cross-section -alonq the .
" length of the member, where the deilection is
being calculated.
u_. vo,¢o' = colefricients tc be determined by the appli-~
cation of the Galerkin method.
A = 4.73004, an eigenvalué€ satisfying the charac-
teristic equation Cosi Coshi .= 1.
- = Sinh A - Sin A _ 1.0178

Cosh A - Cos A
Using Egqe " [ 3.7 to [3.371 and applying Galerkin method

to the differential Eg. [3.1]1 to [3.31, tne following alqé-

praic equations are obtained @



— ”'T . .:.-__Ew | . L — - )
_ o ” 16
o g N L S
.uc’A_r(E:_[_yjﬂ'—4 .'£ Sin _-l—dz‘—_,P 22. £ S;Ln E_ dz)r o
o - 2 -8 o s S - -
'+P(Yﬂ-e)¢--l—- f[ Slnl—z-thJ—\——a’ (-COSE‘
= 7o vy o 2 L.

. L o :

- Lz in = §o = - -gin — - . [3.10°
Cosh o= )1 Sin dzI =T [-sin T4z _[ 1
S . v

17 T % Tz
v(EI-——J' dz - P &= | sin” 7= dz)
4 2 2
o o] . .8 o . .
2 8
-P(x_  —e))é .L f {--8in 22 _ sinn AZ o (- cos 22
o L L '3
L o
g mz Pze‘x" gz ‘ ) o T
- 2= jgy — = = - in —— oL T 3.11]
= Cosh =] Sin l,-,-dz e [ sin ) ?dz ' o o f ]’
'7\’4' * Az A » A Az 2
§ tec A [ sin'd% - ginn 2% - o'’ (Cos 3% - Cosh 7=)17 dz
% o . ‘ : :
L o ' Ic:t ) l Az ' lz :
+ (pe B, + Pe.B, + P o= GT) E[ S ks n 4= - sinh 3= .

: Co Az Az Az AZ . AZ Az, e

- ) - — - it 3 —_— > s - 1 o - e duadl
a' (- Cos.3 Cosh ¢=) 1([Sin ¢ sinh 7 a’ (Cos 7= - Cosh ¥ )l_]dz}.

' w2 2 AZ - AZ . Az Az Tz
-— - ' e ] — 1 T — - L] — — 1 —
P(y0 ey)ulo 22 c{ [sin 2 Sinh 2 o ‘(Cos 2 Cosh 7 ] Sin 7 dz
2 L .
. - T in A2 ginh A2 4t Az _ Az
-+ P(xo ex)vo 5 f {$in . Sinh z a' (Cos T Cosh 2 ) 1 ¢
L e} . . .
: e (y -e) "e(x —-e) ‘
T2 g, o .pd [ X©O ¥ _ ¥ O x in M2 _ B:a
Sin 7 dz =~ P [ ET : =T ] f [Sin 7 Sinh |
‘ Y b3 o

' : . 1

- a' {Cos ;\'_z-_ Cosh ;\'—z)]dz . [3.12]
‘ . :



Carrying out .the necessary integrations ( as shovwn im

“Appendix 4% ) and simplifying, we get . .7 S
- p -p .0 D -P(y - e )1.4196 -]
Sy SER B , - Yo Ty
o . p -® - - . .P(x_ -e)l.4196
| -p(y -e )0.5507  P(x -e )0.5507 '4.1302EC_ —5 + (GJ-Pr_~)1.0019
o v , . o X ) wl£2 o
——%1.2732 . -
. P ‘ ,
2
- T = 'Ti 1.2732

Substituéion or tné ‘values of ﬁo, vo‘énd ¢0 in Eg.
[3.7) to [3.9] will give the desired deflection components
of -the sheaf'gentre,.viz.,_u, v and ¢ at any particular‘lo—
cétion';naloné the longitudinal axis of the column, corres-—
ponding to a given applied load P .

ﬁsinq these defleéticn components, ,streés at any point

on the cross-section can be coamputed from {Culver 1366)



) Q- LR - - S
' . : . : ] B e 1 SO
- =6 +0.+6.+0 [3.131
o It D Sl S T e L
~where, ~
6, = uniform axial compressive stress. . ‘

/3 "

linearly fafyihq -Sttessfduefto:péndiﬁqr:about:thé

major cemtroidal principal axis ' (x-x axis)

T _ ' o e _i“ -

(e - x 6] _
X (e} - . S T ® . .
. Yy o L ‘ 4

-

Pler < v~
Y. .

X

linearly varying stress due toabenginq‘.aﬁout-thé R

minor centroidal p:ihcipal éxis:(yéy axis) - I

0

warping normal- stressS due. to non-uniform tersion ' .

E_(Es - 'ms)?j. .

warping function according to Timoshenko and.

. .

Gerq k1961} . : .

average value of we ) .




L 3.2;- ASCE AANUAL xo.)__z e R

.- - ’
-

;li'e *. _ Ihe Amerlcan Soczety ot ClVll nnqlneera uannal ‘No. 521 eﬁti;

tled "Gul@e for DeSan of Steel TranSmleLOn Towers" (ASCE:,

1971), has been. the, basxs for the EeSan of hot—rolled anqle

-

_?) s

‘ - rshapes used in lattlced steel transmLSSLOn towers.*_The Le-

'commendatlons are not to be ubed ihen the Hldph—to-thlckness L

_,‘ratlo, b/t exceeda 203 :the wldth fb? is the uldth measured

from tne toe- or the anqle t0‘ the root of the Illlet- Slnce

‘ there are'no :1llets in ccld-zcrmed auqles, the b/t ratlo 1s

* 1 v

£y B taxen as tne ﬁlat~w1dth—to—th1ckness ratlo :or-'the-purpose

" of calculatlnq tne crltlcal stzesses of test spec1mens.  The; ‘?

. -

equatlons qlven in ASCE ﬂanual Vo..b2 are ‘in Imperlal System \'

-
L

of unlts- ln ‘the rolloulnq, the equatlons nave’ neen convert—',

- r

ed to S1 svstem... N ‘ : ) . j ' . : 1‘3 !

S if‘ the detnFtpfthickhesS_ ratio does ' not ‘éxceed _the

.. limitihg b/t ratio givem BY = -~ .- -

E ' | . ‘ f ) [ e ‘ o
-: : L ‘(bzt)limit'= 208/i§; o C3.14)
- e '.,/ . { S .

‘ﬁhere.-cﬁ is theuyiéld Stress of the material in ¥Pa,
LY ' ., N ) Fi - ’

. then the member is sufficiently compact, to develop its ma- .

terial yield stress and the ultimaté maxXximum stress, S -
» <

- -

is optaiped from . : - ‘ : .

2
(Ke/x ) ) %y .
o = -—=Y—15 - if =sgcC - [3.15]
cr . . 2, Yy o
‘ 2C c v



If the w1dth to-thlckness ratlo exceeds-llmitinq b/t

ratio, thenm Eq. [ 3. 15] and [3-171 shall he modlfled by sub-

Tstltutlnq Uyﬁﬁf',ror UY Hhe;g
Cg, = [1.8 -—=—""=_ 10 . : . - [3.18]
- y,eff o (b/t)limit‘ .y' S - ) e
: | 3
:Lf (b/t‘) (,b/t>) < l S(b/t) imit L
and .

57900 '
= —r—— i : :
€y, efs 2 B/ >LS5M/) s, - [3.19]
2SN . .

For mehberspwithfno:ual framing eccentricities at both
ends and &/r < 120,

Kz/ry = 6040f50 2/:Y [3.20]

-

For members uqrestcdined aqainst rotation at both ends

and 120 < z/ry'<2oo,

g2 =g
/Ty _ /?y [3.21]

) : SN ; 20 g

s ~ o
[ PYE R S T 3

o ==TE - ¢ %&—'>cc T sael :

TR . (RL/T_) ) 0 e ' :

in which = Y :

. . . | ;

T Lo e 4 - ; ~ S : . ;

Y ' ' E

where, S - g
B ='modulus_6f eIASticity‘of the ma%erial '

= 205 GPa {assumed ln the computatlon) é

) fandrkg/§y = larqest effectlve slendezness ratio. . ]




| 21
"P§£ membér;. paftlallflrestralned agalnst rotatlon- ;in
both ends and 120 < 2/: < 250, | ' _
Kl/r # us 2+O.615 n/r : ‘:_ - -  _ :;;:': 3. 22]”;
Furthermore, Sanle—holﬁed connect;on shall not be con—

_sidered as orfer;nq restralnt qalnst rotatlon, Hhereas a -

_ multihlé-bolféd coﬁnédfion'pro rly detalled to minimise ec—

centrlc1t1es shall be consxder d to offer partxal restralnt
if the connectlon lS made to a suff;czently stronq member.
Fallure loads computed accordlng to "‘ASCE Hanual Yo- 52
0

for the spec;mens lncluded in the experlmental lnvesthatlon

arg shoan in Table 6 Ja.

- 3.3 ECCS Ecosnnnngrxou

—_—

.Thé loads' “in eccentr;cally loaded cold-formed anqle strﬁts
'arg f;aﬁsmlttea by bolxs jor:ctner- connecto:s.on 'oan onel
'leé;‘iihen these membera afe'ﬁhe web memners bf lafﬁiCeﬁ
t;uséeé .and . are relatlvelv Ilex1ble, . thelr cdmpréséivé'

-strenqth.is %nfluenced' by the stiffneSs of thé_doﬁhections‘
L : i . e

to the main members. ' K

~ For tﬁese mempers, the critical Stresses are calculaﬁéd
-by enterind ghe curve BB.(for thickness < 20 ma) (Annexurela
of Buropean Recommendations for usfeel Constructidn. ECCS

1978) shown in Table 6.4, with :

4 %—— ) = 0.60 + 0.57 7;— if ;—.s 1.41 [3.23]
y eff Vi Y .
A A A
2 = 2 e .24
( X ) X if 3 >1.41 . [3.24]



wﬁefe S e e B .

- S ke T
i A (3.25]
‘A.y //_cr 8 -

ihefe E = 210 GPa for cold fcrmed anqles.
Hhen the chords andrthe web members do not attaln thelrii

'maxlmum stress level for the same load cond;tlons

- f . . ) . g=-0_.35‘-i7- 0.75 L i 1f 1 41 A < 3.5 ° oo ‘.[3.2-6]
A S A by . : : o
y eff SO Ty : - Ty : S _
M- . . - - e . W R - . -

may be used lf the chcrds qlve good end—restralnts to

-

the ieb memhers and at least two bclts o: rlvets Ln llne are-"

present at the end connectlons of the web memhers.___;
Fallure loads computed accordlng to ECCS Recommenda—_
t10ns for the specxmens lncluded in: the experlmental lnves-

thatlon are snown in. Table 6.73.



_ Chapter IY

COHPUTER PROGRAH

4.1 GENERAL

Calculatlon of the deflectlon components (l-E., u, é and;¢'}"w‘

from the qeneral tneory of torsxonal-tlexural bucnllnq u51nq]
'the Galerkln metnod lS a compllcated procedure. ' 1hlS lS
rurther aqqravated by the need of the actual cross-sectlonalj

t propertles of the spec;men. f_K computer proqram Has devel—

r

"oped - not only to calculate the actudl cross-sectlonal prop; -
ertleb lncludlnq area, moménts of'lnertla, ‘locatlon,of~tae:'
centrOLd ,warp;nq and’ torSLOnal cdnstaﬁts, miniqum‘rad;@s of“
qyratlon locat;on of the shear'cehtre;.si and th,7pﬁt §i$o¥ 

 At estlmate the 'deflectlon- comhonents énd'Calculateffthé

\

st:esses at an? point oz the cro;s—section; It ghep'hrgdicts‘

-

the ultimate-cdhpreSsive strenqths based ..on the. failure

-

criteria.

4,2 DESCRIPTION OF THE COMPUTER PROGRAM

The computer program was written in FORTRAN IV lanquaqe'and

run on IBM/3031 system. The program can pe broadly divided
: , oy .

intq three parts:

1. Calculation of the actual cross—-sectional properties.

"



7'52;f“Estimatidﬁ of the déflég_'qnV:c&mﬁ§ﬁeéfsﬁqéinq;ﬁtheJLAJ,f:f

Galerkin metho&-qi--‘j}' f.'.u'f*ﬁf}[?“}
3.‘;Calculat10n_oz tne totai s :ess, ;jai'éhy"péipifat.'

any cross-sectlon._

The flow chart of the proqram‘Jis=diféﬁ'in agpendlx 2:-

-

"and_a complete' llbtlnq of it is q;ven in’ Appenalx 3. . The

details of the proqram are dlscussed 1n=:£he 'olloulnq_seéQ

4.2.1  Hain Program . __-f'.“:

The maln proqram can’ be broadlv d1v1ded 1nto tne folloulnq-
'gi."Input the data

a) ildth of the lonq leq B e

b) Eldtn'of the short leq. ~.
SRS Thlckneﬁs - :,ﬁ-
.dj-InSLde bend radlus ..,‘-.1 {;A,.‘ {

'e)‘Thlckness of the connectlnq gusset plate

£) Connected leq : -
q) Gauge letance- - o . "

h) Assumed yield stress o
2. Calculate the cross-sectiomal properties T (ie.ee,A,

lel Iy-r I, « IY . leryll' I, . x', ‘Yhtr s I ry '.r‘, dy
C,r X_ o YS , sl g Bz’u{': forAuhich-tgg tﬁeore?ic%}

formunlation is shown in Apped??; 1.
3. Compute PX,PY andAP¢ -

)



] i ’-.-‘ r -. [
" S ' 25 7

e ?*f%¢h;;;ﬂ_ .Start the lteratlons at O 1% of mlnlmum of P v and _

AR - P Fmd the deflectlon components v and E S Jeorresti .

'j‘pondlnq to thlS lcad. _ :
 6- 'Calculate the total stregé éf'eaéhio  thg 16'£o;nt$ E
{as shown. in. qu. ,u.1) for each of fhe‘%ilifggsgsec-i
"f'j.tlons (the whole column lenqtn_ pelnq di#idéd-iﬁt6;10_
".'7‘. e hecx the. J:allure crltera.a.
o a) Ii :atlszled, o wtlte the lnput data, ;ééi;ﬁiaﬁéd ‘
- Ebogé;Seéiionél propert;gs gnd estlmatéﬁ‘u;fimafé"
:;compresglve strenqth-l 1f o n-."  o D
 ;;py:If.not. ) modlréxthe fallure. iogd;aﬁd_i}ébeat the
.‘calculatlons.' - U | A -
fﬁ..ulet Hnen all the requlred xihfofmatioa:have-ﬁegﬁldb?_'
: ta1ned, | |

”Outputf bf- this-prbqram consiStsf of cro%é-sectional i

'properties and the ultinate COmpressiéé strengths for ery

ratios ranqging - from 20 to 240. .Ultimate .compnegsiyenﬂ
strengths can hléo be obtained for Cw = and two approxi-

mate locations of the -shear centre, Scl‘and SC2 {Fiq. U-BJ.'
4;2.2‘ Subroutines
1. HXCP12,¥XCP34,MXCP78: Compute the moment of the shear

flow. in the cirved perticn- for different conditions,

e



_-_-.‘_.2.: 'CHACTI.' Calculates the magnltude OI tne actu,al warp-

lnq constant..--llf ,_~ 7‘irv¢1' _
3L IHTGRL. Estlmates the value of én-iﬁteqral by adap

tlve quadrature tecanlqne u51nq Slmpson's rule [

" son and “Rigss+ 1982;..hf;¢;]‘“

4. ADSIHP { Estlmates the value of an iﬁ%&&iél?in?thew_

sub-rntérval;

53 DEFBOT ) Calculates the deflectlon components at an?‘

cross—sectlon usrnq the Galerxln method.;
64 -SIGHA _“*-Computes the stresses at each ofltﬁe"16

dlfrerent pOlntS of each of the 11 cross—sectlons and

" returas the maxiounm anﬁ'mlnlmum,-stres=es at any of'

‘thoSe 1d-x;i5.poin£s.

S SOLVE° Solves . the . ';inear‘ : ‘equation’

A Sing + B Cose fCc = 0 in order‘-tb_derérmine the

-point‘of.maximum or minimum stress, if any, in the

curved portion'of”*he'anqle.

4.3  ADVANTAGES OF THE PRGGRAM
Thls proqram needs very few input data. For each specinen,
only one card is required to feed the program. It qeneratés

all the cross-sectional properties and other information re-

quired in order to estimate the ultimate compressive
s$renqth. It has several built-in error messages sSo that the
user can be warned against some unusual ‘occurrences. This

program can be run for any leg size, thickness, inside bemnd

.,;rfgg_

R
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e

4.5  FAILURE CRITERIA

s \71_:;3?'_2 s\,jf B P I SRR ¥

_kadiﬁs, thlckness of qusset pldte, -§auqésdistaﬁce and:fisidi
_sttess- An- lteratlve approach is: used for the calculatlon_
i:of ultlmate strenqth and the smallest ‘load lncrément in the
".flnal steps or lteratlon ‘is taxen as 0. 001%  of the mlnlmumf_

of Px . P*-~and P, e HOHgVer,- the accuracy of the fa11ure.\=

YT e

lbad-depénds alSO““on:tﬁe fuﬁctlons used. for ‘the deflectloni

coﬁﬁdﬁents;—~:,~ﬁu;_a‘

ﬁlth mlnor mbdificatibns;:Mtﬁis‘broqram is‘fcapable of

-+ ——t

'p:071d1nq load~deflect10n relatlonSnlps for cold—formed an—'

' qles under Dlax1al—bendlnq. A

4.4  LIAITATIONS OF gz PROGRAN

.\ .

‘This proqram does not take the effect ox' material'non—ri—g

‘nearltv and lnltldl out—or stralqhtness o: the coiumns 1nto

account; ' Alsq, it. is mnct p0551ble to trace ‘the unloadlnq.u
partfofithe_load—deflectlont;urves.

4
L

It has been asSumed that the «column has failed if the'maxi—

mum total stress (tensile or comptessive) at aay gcint ‘in

F
the column reaches the yield sftess level or at least one of

-

the deflection components changes its.sign.
——



-

4a6 ;Rgsnmis

ST .y

All the cross—séctlonal proéertles are presented :1n Iables: S
. 6.1 and 6e 2. Ultlmate compre551ve strenqths for two commonly
.used col&-formed anqle sectxons for l/ry ratlos varylnq rrom;'
;_20 to 2#0 for dlfferent qauqe dlstances are. presented in Ta-

hle 6;3T Theoretzcal load—deflectlon relatlonshlps for pln-“"'

" résults and are shown in Fig. 6.1 through 6.7.

- P . - . .

28

_néd—éﬁd bqundary- condltlons are.compared -with experlmental )



"Chapter-?,f’f-. _
. "EXPERIMENTAL IBVESTIGATION | _
PR e . ‘ - ¥ B
5.1 GENERAL . - - S

' Tests were carried out on fifteen 65 Xi50°X 4 mm and pine
55 X 55 X 4 mi cold-formed angles. Since these thin baT size

angle members are priﬁéipal}vfused_ as web members  in lat-

‘ticed towers, the lower limit ' of slenderness ratio was set

T B0L T e

. Table 6.5 gives the c:oés—seétionél'proéé&éiééf.ﬁﬂilé:.
'lTaslé 6.6 shows the lengths and slenderness tafibé of the’
bold—forﬁed'andlgs'used in this ptéqraﬁ; 7These iﬁgles ;ere
roll-formed from CSA G40.21d BOOﬁ‘.draae sheet. ~ The éést
specizens are cut ﬁrpm.fairivlétraith portion of thé.faétg—
ry supplies. _However,lspécific data regariing the magnitude
of initial imperfectlﬁné and residual stress are not;availa—

ble.

9.2 TEST SET-0UP
2832

The test set-up“~shown- in Pig. 5.1 consists of four angle
members (includin§ the “test specimen) connected to the wide
flange column of the main test facility. The arrangement TCe-

seables one panel of one face of a latticed tower. Load was

applied through a ball tearing at joimt B (Pig. 5.1). To



) pre#eﬁt'ﬁﬁe transﬁissibn_-of load to mémber.'aa ‘-the‘quséet

plate at joiht‘a was loosely connected to tne 'ateel wlde

rlanqe'bolumn of’ the maln test fac1llty s tnat memher AB. 1s.'

_ e
free ta rotate about ]o;nt Ao ey

-

5.2 1 aterg; Sugg

- Ihe.test set—up was laterally supported at 30lnts 3 and c as_ "

shoan lDrqu. 5 3 and S.4. Rollers were used xn ‘the lateral

- .

'supportswtd allow vertlcal but not the lateral- movement-';:

R

test spec;mens. ' E ';

L)

5;2-2_ Deflectlon Dlg; Gguges

B ! v

Four deflectlon ;dlal qanqu‘thh‘Zsu&mm‘trave;:ende'é ieast

_;eqdlnq of-0;01“mﬁ were used at midspan of ‘the test speci=

“mens. Tnelr arranqement lS shoun ln Fige. 5.5. Ivo of the

dlal gauqeb were used tg- measure horlzontal deflectlon and

‘tuist of the vertlcal leq, whlle the other_two-were used to

- neasure vertlcal deflecticn and twist of ﬁhe horizontal ieq.‘

5«23 Supports for Dial Gauges

A specially designed L-shaped extension plece was construct-

ed from metal - strips, allowing easy'fasteninq and removal
. ¢ *
from the speciaen by neans of a long bolt as shown in Fig.

L.

5.6 This extension piece enabled the measurement of de-

flection and rotation at zidspan. The gauge support Lkracket,

However,@ there could he ‘some out—of plane’ rotatlon of‘the_

. - .-l" . . . B ‘. . - ‘lr. . . E ‘ | . ' :-' _. w.-. . . 77-.. ) 30 .. ;: 3




31 .
- as shown in qu.-'5.7 was made from angle sectlon.i Thls
bracket allowed fast and 51mple attachment of the dlal qauq—';'

es as _well.as :the;r adjustzent’ on the_ L—shaped extensxon
R . - _ : ) -' - o g i
- piece- ) k.' ‘ . - . - Co

: - .

.5.3 TESTIHG PROCEDUBE

-Test spec1mens were connected either: wlth one, tuo or three
. ]

"16mm dlameter ASTH ABZSH high strenqth bolts at both ends at -

a gauge dlstence of one*half the nomlnal ildtn‘ of the con—
‘nected leg. Fig. 5.2 shows the arranqement for load appllca—
- tion. | :. s T Dt

The compress;ve load zwes'apblied by- means of a 445 kN~
mechanlcal 1acn.' The.load bas applied'in increments‘of‘ap-

prox;mately one-tweotieth of'the prédicted‘ultimate?load un- . -

”tll fallure of tne test spec1men occﬁrfed“ 'xhe‘Load'on~the~o.;nn;

'spec1men‘uas measured ylth'the help of "a }previously cali-
hrated load cell. Deflectronc at each loed - increment were
recorded. |

| The experimeantal failure loads are listed in Tatle 6.7a
while the typical_‘loed—deflectioh curves at mid*epan for
some of the test specimens are presented in Fiqg. 6-1 through
6.7 and compared with the .theoretical results obtaiped'ear—

lier.
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. - j._ '.-" Chapter YI.

| " DISCUSSIQH OE RESULTS
5‘.\{. caoss—-szggxonu. pnopznnzs o | |
The anqles anluded in the theoretlcal lnvesflqatlon have a.
Hggélmum leg_tidth of 200 mm and correspond to the-51zes oﬁ
.hbt;rqiiedLadees- {CISC 1980)- - The maxxmum thlckness is
limited tb“25‘ﬁm, -lt béing the upper IInLt for tne appllca-
bility of ;old-ﬁormed stee; de51qn spec;flcatloBS' (AISI
. 1980} . | |
f Thefins;de-bend'ra&ihs. is'takén-as.thf-for t L€ ;:mm,'.

' ahd"ai' for t > 4 nm, whe:e t isAthe thicknéss of‘the leq'

MOf“thé énqle._; These hend radll are satlsfactory tor steels_ﬁu_r,””fi

hav1nq guarmhteed mlnlmum Yield stress of 300 4Pa {Algoma
. .

Steel 1978)-' For hlqhe: strenqth steels, darger bénd,radii,

are reguired.

-

6.2 OLTIMATE COMPRESSIVE STRENGTHS

Table 6.3, thcn shows the ultimate compre551ve strenqths of

cold-formed angle sectlons for.!:/ry ratios ranqlpq -from 20

to 240 undgf'pihned-end boundary conditions - for different

gauge distances, is based on an assumed yield stress level
. ‘f ) .

or 300 MPa, nmodulus of elasticity of cold-rformed steels of

205 GPa and modulus of riqidity of 77 GPa. 1In addition, the

oL

.t
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load is ~assumed to be acting Eaidnq7£he_centré%liﬁg-féfffﬁe N
bolt (définédyby ;thefqdﬁqe'distahce)‘ on the ;outéf‘faCe-of'

R | ~ the connected leq-.-

. As expectea, 1t can be seen rzom»Tahle 6-3 that ulti—

J‘mate compressmve strenqtn reduces qradually and contlnuously

- -

for lncreaSLQq z/r ratlo for a majorltv of. the cases- Hou«

ce 3ever,1fdr;cértain'qauge dlstanceb, the compressxve strenqth

.1remq1ns more or - less: constant over a certaln- ranqe of 2/:?

ratlo-f ThlS can be underffood if one>bears in mlnd the cou—‘

_pl;nq of Jthe,bendqu apout the x-=x ax;é aad y-y aXLs and j 

tiisfinq abdut lonqitudin&l"z—z'axié-:-This can furfhéz be

étﬁfibuted ﬁo"ihé‘nature of the assumed defiécfion func-
tions. - - | |

The etfectlve eccentrlc1t1es, el and e

2 r
variables u, v and ¢ in addltlon to ‘the constants e, K eyr

) it e e e . - - » [

X and ?o" * For certain comﬁlnatlous of ex} e u and v,

depend on the

y’
e, bLecomes negative in sign,  while e, remains positive..
. LY ' - ’ ’ . o .

Sometimes,’ the increase of éé.is much more than that of el

{(because of the larger iancrease in the u-component of the.

deflection) and therefore, tne total compressive stress,

) , tends £o remain the same. ThiS'leads to the almost constant

0N

ultimate compressive streagth over a certain range -of 2/x

. . O
- ratios for certain gauge distances.
- - '

The same trend (i.e., greater increase in e, oOvVer el)

is also confirmed by the numerical results presented Ly ¢ul-‘

ver (1966). ~For identical Fboundary cbnditionsoin his inves-

-



RSN ,:el. o 7‘i-'__.f'3gk"

-3

ftiqatidn,°oit vas tfoﬁn& that the rate of_increese of o, is;e3

e - -

- much more than tnat of . ¢ '"iheoil/ry‘fetio‘ vas incréased .

'.2

froo_ﬁo to 140 due to the1:apid.increase in the ufcomponeot-_”

L

-of the deflection together ‘with the totation;¢ -

ThlS behav;our occutsi only-vhen‘the_pointv‘oﬁ load epﬁ"
pllcatlon is close ‘ta the poiht‘of intersection,qof the y-y
axis and the centre—llne of the connected leg. L

‘\~It is to be noted that the fallure"crlterion'a&opted

‘here, viz. failnre_at first yield, . leads to a lower bound

' solution. However, if the residual stresses are considered,

the critical poiat, i.e., ‘the point at which the resultant

'total Stress reaches the Yield stress, may be different from

_the one determlned from theoretlcal formulatxon-_;'“Iﬁvsoﬁe""

~ )
cases, thls - may. lead to actual fallure loads belnq less than-

those predlcted by the present theory- ; o
7 Angles with large wldth-to-thlckness ratlo tend to fail
"—"“———_-—-=_

by locaL huckllnq‘of the leqs, 'much before thelr overall S

'-rallure. Such local lnStabllltY can be taken lnto account by

is done in ASCE Manual No. 52.

appropriately modlfylﬁq the Yleld stress of the materlal, as

6.3 LOAD-DEFLECTION RELATIONSHIPS

6.3.1 .Eigerimegtg; Results . -
The experirental results, consisting of horizontal and ver-
tical deflections and twists of the legs, are resolved into

three deflection components, u, v and ¢ with respect to-
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T shear centre and are shoun 1n Flg- 6 1. through 6.7- Results-fi'

shown here are those at mld-span only.,

' 6.3-2 - Exact Solutlon of leferentlal Eguatxons
'Culver's exact solutlon af dszerentlal equatlons, involvindr

-'_—-——u——.
twelve unknown constants of 1nteqrat10n 1n tuelve 51mu1£3333“

N

. ous equatlons,, 1ncludes trlqonometrlc and hyperbollc func-.
. o s .

”tions; Thé hvperbollc functlons are dlfflcult to- evalnate"

'for‘lacqe values of arquments maklng ‘the ﬁsércf"the§exacy

solutlon computatlonally 1mposs;ble. Y¥hen théféutho; tried'.

to use tglb' cetho& forlthe.gest.,specimens undér-;nvestiqa-

- e o . _ . N

:ctioﬁ, fdf s9mé fcomb;patioﬁs-gf'load, 'leanh and:fiexﬁrél

-riqidities, ‘alqorithm;c.cipqularitf uaé encoﬁntéred in_tﬁe_V

sqlutioﬁfof thosg:twélve'eqhations;

'6;3;5- Solution of Dxfferentxal Eguatlons gplxlng
T Galerkin method

A close .obssfbation of Pig. 6.1"thﬁpugh 6.7 will tc{eal
that, for a given load tuo'cf three experimental dgf%eccion
components {usually the u-c ompcnent and rotation, ¢ ) are
less than the theoretxcally computed values whlch establish-
 es the fact that the raxperimental set-up orfers a ﬁoundarv
'condltlon whxch is &Lfferent from plnned ends, prokakly dué.
to the r1q1&1ty of-the.ccnnectlon and the influence of the
other aembers of tﬁe»tecf frame. In general, the experimen:

tal v-components of deflection are more than those of the’

\/ . _ . + . .,
theoretical defle®tions. Besides the usual assumptichns ino-—



te:skass;bly 1nf1uenc1ng the 'experlmental :esults are d15-7”

B .

-Cﬁssed'belov.

‘.E?cent;iclty: - Depending qqithe ?éauge distance, . tﬁe_

" S . r--

- -

T . "

fvdlved'in'the theoretlcal formulatlon, - some of the parame-.&

Lo - "'. - el
4 - > -

_shape of the load-deflectionﬁcdrfe:éhahges;‘ It can:be shonﬁ'f

;theoretlcally that the,laad-deflectlon curve 15 qulte sensz—_

‘L
o

..tlve to the qauge alstance-_

-

Effect of ‘the test setup- In all these comparlsons, the

-length of the member is assumed to be the dlstance- from

l

‘qauqe to qauqe of the connectznq members. Howeve:, the test

' spec;men actually lncludes ;a gusset plate "et.ﬂoth' ends-.

~

slnce the propertles og;the qusset plate are gulte dlfferent

from those of the test speclmen, 1qnor1ng the p:esence off

the qusset plate and assumznq the test spec1men to be a mem—‘_-'

ber hav1nq un;torm cross—sectlonal propertles from gauqe to

gauqe of the connectlng members,_ results 1n &1screpanc1es

‘between theoretlcal and exgerlmental load—deflectlon curvesa

LR

. The-mosth 1mportant ieatu:e af thls comparlson lS the

" confirmation of the thecretzcal load—deflectlon curves by
‘experimental'results. So farg to the best of author's Knou—

ledqe, no -such 1n£ormatlon exists for cold~formed anqles. In

splte of sonme dlscrepanCLes, the trends of the respectlve

curves are all allke- The shapes of all these load—deflec-_

tion curves are very, much similar to the corresponding

curves oiﬁhdt*rolled angle sections repqrted by Usami (1970}

.~f';_‘.3615
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6.3. Q_zzazaaeg _icz_ass-a_ﬂ Egle;kxa.églgseene

Table 6-9 shows a. comparlson of results obtalned from exact

i and Galerkln solutzons for 65 X 50 X4 am '1onq leq out) an—:"

gle Hlth a qauqe dlstance of 25 Do and slenderness ratlo of"f

20;’ Thls .15 one - of the fev cases for: uhlch the mexact®”

- method iorked except for- the smallest load._Loads shoun 0 R A

tye table‘-are_those vhlch the -proqram calculate at each;'f-'"

step'of iteratrﬁn}' hence the dec1nal fractlons- i for the -

range of loadlng Shovn} peE?Cent error varles fremcoéo_tc

©

-2.0 for u- and v—' components showlnq that the :Galerkiﬁ "

'_»method 1s suff;czently accurate-- Houever, the error in the

w J.

evaluatlon of ¢ is SutptlSIHQIY hlgh. But, the values of ¢

belnq verv small : lt 1s qulte unllkelv that such an error' 

3111 have- any sanlflcant eifect on the eccentnlcztles, a

-1
and e- - Iherefore, L1t can he.assumed that the: calculated_

2

stresses would hardly dlffEI from the exact atresses-' le—:
ferences, AAf - any, would te acceptable for all practlcal pur-'.

~poses. - - e

L

6.4 . QAEM&.Q! OF: BXPERINENTAL FAII.UBE LOADS RITH TEE
PREDICTED LOADS ‘ - . . —

6.4.1 General

Prom a study of Table 6.5, it can be seen that the actudl

cross-sectional areas were 3—4% less than the nomimal areas

. while the actual moments of inertia were about 9-10% less

. )
than those specified. . : v
I



6alta2.1 u'Slendernees*:atios less than 120 |

: Ihé7etberimentel 3£ndfthedretical‘loaaee'afe sunﬁ5£izedffu

-

';{ih.mabie:6375;_ The computed fallnre loads hase&‘on actua17 ' 
';dlmeDSLOnS are 5-5% iess than those based cn nomlnal dlmen-f;mifﬂw*jﬁﬂ
fis;ons. In the follOULng sectlons, the; predlcted fallRKE} L.
';'loads accordlng £0¥ ASCE uanual Ho. 52, ECCS Recommendatlons.;

“and the . general_theory of torsxcnal-flexural buckllnq are-

'ecompered_uith the eiper1:eptal~fallure loads. N
6-%.2 - ASCE Mammal Ho. 52 S g

_The calculated failure locad is hased only ‘on eccentricity

’”of-ieads: the ﬁumbe;'of-bclts dces-not enter the computa—'

tions. Hogever;. ‘experimental failuteF 1oads.fo: tso—.and'

.three—'bolted eﬁd'connections are 51gn1f1cantly hlgher than,
ethose for sanle-bolted end - connectlons_. An examlnat;on Qf“
‘Table 6-7e‘;eveals‘that)fc; two- and three- holted end con- .

-nections, the computed loads are in reasonable agreement |

with the 'experimental failure loads.

For single-bolted connections, the computed loads are

-uptol305‘ higher than the .experimental-fallure loads. The:

discrepancy between the conputed and experimental fallure

' loads 1is higher - for specimens Having smaller. slenderness

ratios. This point should be kept in mind if §§C8:ﬂanual is
) : 7 2 . . n .

applied for the design of cold~-formed angles-




- Ihey are more conservat;ve than ASCE Hanual NO. 52 and

fo elther less o: very close to the experlmental fallure load j

- sionai—fiéxuralAbucklipg‘Aare given in Table

“6.@ 3 ECCS Recommendatlons

i qles connected by one leq-

Halball Genéfal'rheory‘gg Totsionalfgle¥ural Bucklin

e39

6.4-2.2 l enﬁerness ratlos exceedlng 120

- t . :
[ -

?or all the nlne specxmens tested,- the experlmental falluref”-f

loads are 10 50% higher than the ccmputed loads-“ therefore,'

the ASCE Ehnual can be safel? used 1n the de51qn of sleﬁder?.f~f'

menbers. Eor such memhers, the.uanual dlstlngulshes between

o

szngle~ and mult1p1e~ holted connectlons,' hlgher values be-“'f o ]oi_zf

_ ’1ng alloved for multlple-holted -ccnnectlons;_ Houever, tne

Banual does not maxe any dxst;nctlon betneen tuo—bolted and,--

three-bolted connectlons, uhereas_'the experlmental fallure

loads of spec1mens Hlth three bolts aze 1n all cases hzqherﬂ

than the fallure loads of spec1mens Hlth tvo bolts- -:-‘ . ‘_'.

\

For all slenderness ratlos,‘ the computed fallure loads aie’

be applxed uxth confldence to' the de51qn of cold—formed an—th

Lo x._ﬂ:

e

Qhé-fai;ufeﬁ,loads'ééco:aihg to+ the general theokt of tor-

/7b for all

single-bolted colamns :included in the test progran. Singqle-

‘bolted connections .are assumed to provide insignificant

restraint to bending and theﬁéfore, pinned-end connections .
are assumed‘ in the apnalysis. This is also in ccnformity

a



B T . A : L,
: .if'ith" ASCE .Hanizal..Ho..'SZ ’1971) .' S:Lm:e the ]]ne of act:.on of

"f_'the eccentrxc thrust does not pass through the po;nt of zero

longltudlnal dlsplacement (def;ned hy the warplnq functlon),.\-;

'varplnq lS restralned 'Culver 1966}. ’ {3;;(_;'

T

—_—

A study of Tables 6 7a and 6. 7b shous tnat the theoret—*'

i LT
'1cal fallure loads vary from 55—902 of the experlmental fal-'_

-

pared to others. One 90551b1e reason for th;s dlscrepancy lSA%

_the fact that slender columns are more sensztlve to the end

- connectlons than stocky ox . 1ntermed1ate columns- - In the_

'theoretlcal compntatlons, ' the ends are conservatlvely as— :

nsumed as plnned uhlle for ‘the test columns, the rlq1d1t? of

the steel frame may have provxded partlal rEstralnt

." Also, one. end of the test specimens . was allowed tc movel--
ln the vertlcal plane thle the other end, belnq ccnnected'

. to-a r;q;drvlde flanqe column, could be conszdered as par-;

-2t1ally flxed ThlS dlfferentlal movement of the ]Olnts pro— ; Lo

'r‘bablv has produced addztlonal curvature,'and therefore bend- B

iﬁq moments, in the test spec1men§_\yh1ch- has ‘not heen‘

considered in the theoretical formulation.

1

6.5 ; LOHG LBG COHHECTED VERSOS LOEG LEG OUT

Neither the ASCE Hanual ¥6.. 52 nor ECCS;‘ReéomﬁenaationS'

‘makes any _distinction in the failute loads of  the angles

‘with long leq connected or long leg 0Ut._Hbsever, tests cac- .

ried on 65 X 50 X 4 mam cold-formed angles show that the fai-




loads hased on

6-6

the general
huckllng also lead.to tne same conclu31on-

5

theory of

- 1ure loads are 8—30% hlgner 1: the lonq leq is out.

40a
BI"FECI or IHE ora

‘ed-

alg‘f s

’torszonal-flexural

To study the effect of the 1ocatlon of the snear cent:e and

the magnltude of varpan constant, fallure loads aze comput—
accordlnq-to

A

buckllnq for the followlnq cases

the general theory of

Exact locatlon ot the shear centre
a) warplnq constant

{Figa

—
to:SLDnal-flexural
- Q-- oL ' .
b) Harplnq constant calculated accordlnq to Tlmcsnen* )
ko and Gere (1961) T ‘_ . o )
2. Sbear-centre assumed at point 1SC (qu-;u;B).
. | a) Harplnq constant =¢0i S .
kA .p) uarplnq constant calculated accordan to Tlmoshen*
- - ko and Gere 1961) 7f'
3.. shedr centre assuned at poznt 1SC
,a) uarplnq constant = 0-
by W
ko apnd Gere {1961)
The results for

4.3)

65 X S0 X 4 om

wvarping constant calculated according to Timoshen-—
long 1eq connected are summarlzed in Table 6.8.

cold forned angle with
A study of Table 6.8 shows that the effect of all these

Bailure'
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- COHCLUSIOHS "AND BECOEHEHDAIIOIS o ;\*

7

-'Ihouqh1qold—forﬁed angles are currently avallable enlv in"l

. thin har—Size_sectlons,, the properﬁles of heavxer sectlonS‘

- . . ta -

are'also included here-for use in future, whenﬁcold—formed,

. anqles mlqnt become competltlve Hlth hot—rolled anqles.

‘ Cold-fq:med;anqles ccnnectea by ‘one leq generally have-

decredsing streﬁqths' uith'increasinq Z/ry ratxos, ' except:-

when the poxnt of load appllcatlon‘ is close to-the poini of ‘L

-

j‘lntersectlon .of tne mlno: pr1nc1pal axis (v-y Xmb) uith‘the:

'jcentre~llne of the connected leq. ‘In such cases, . ultinate

.compre551ve strength may remaln.more or. less.constant over a.

certain range ofelkry ratios. - - This behaviour could ke at-
tributed to the nature of assuaed deflection functions.

>

7.2  CONCLUSIONS

From the theoretical and limited experimental study and for
the test.eondition spec;fied' herein, the following conclu-
sions can\be ‘drawn about the bebhaviour of thia ‘bar—size
cold-ﬁeemed aeqles :

1. Fof certain.comhinations of load, lenqth'and tending

rigidities of the nmember, computational problems will



P

34"

RN

arlse in the- determlnatlan of the constants of 1nte~f

-‘gratlon lf Culve:'s "exact“ procedure 1s fcllowed

-

' for the solutlon cI dlxrerentlal equatlons of equlll—i
"brlum for columns under blax1al bendlnq. o

_Thé -appllcatlon of the Galerkin 'metnod to predict

_théoreticallead-ﬂeflectlon. relatxonshlps lS ‘a sio-

ple, fast and safficiently accurate_,alternative to

the exact solutlon. N . N,

Fallnre loada computed accoralnq to ECCS Reconmmenda-—

.

'tlons are, in qeneral, conservat;ve.
‘For stocky dnd lntermedlate specxmens thh 'sinqle—
-bolted end’ conqectlon, ASCE ﬂanual No. 52 predlcts”

- failure loads Hhich_are. nlgher than theﬂexpgrlmental_

faiiure'ioads- POL ~multiple—bolted'cqngecﬁion, the

- predicted failuzefloads'a:é either less than or very

close to £he;experimentél failure loads.

Lo@dsTcomputed according to qenenal-theofv of .tor-

sionél—flexurgl buckling (assumiﬁq pinnéd—end connec—
ﬁibn and}uarpinq restrained) are approxicately 55-90%
og.experimental failure loéds:" the discrépancv is
more for slender columans.

For all clende:ncss ratios, the strenqgth of membér
increases when the number of bolts iﬁ the end connec-
tion is increased from cne to three.

Unequal leq cold-formed angles are capable tc carrcy

higher loads when the long leg 1s out.
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8;—:$he'q3qé; assunptions ;eddrdinq £heriocatidn- df_theif‘
shear ‘centre (sC, and SC, , as shown in Pig. 4.3).and

"‘the‘maqnitudejofuyarping'coﬁStént,(Cw.;fO) are suffi;  '

. ciently accurate to predict failure 1loads according

- to the'geﬁeral'théory of torsional-flexural buckling.

- R : -
- ]

-

" 7.3 ‘choquNngTIoss Pos‘rnruaEVREsthRCH.

: Based on the experlence qalned durlnq the lnvesthatlon, the
follovlnq :ecommendatlons are helnq made :

1. Further research maY be dlrected to lnclude the ef-

-

fect of res;dual stresses in the calculation of ultl-
X ‘_f mate strenqths-

2. 7In1t1al out—of—stralqhtness could also he lnvesthat—

N

, eq‘ln erde: to ebtlmate ltS effect on the ultlmate
cbmp;esslve strenqth; ;
- 3. Fingilf} .a simple and userul lnteractlon tvpe formula
| nay Hé obtained for cold—formed anqle sectlons under:

biaxial bending.
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" Table. 6.7b Predicted Fa’iiueﬁ,'légds for Test SQeQMeﬁs .
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- Specimen Number - -
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Figure 4.1 Locatlon of crﬁtlcal'points and the

load on the cross-section.
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Figure 4.3 Assumed-locations of shear centre.
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APPENDIX 1

THEORBTICAL FORMULATION FOR THE CROSS~SECTIONAL

[ . PROPERTIES OF COLD-FORMED ANGLES

~ 1
-

¥ - The formulas for the calculation of the cross-sectiohal\sszerties

are as given below: J

i

1. Area {(Ref. Fig. 1)

: T T2 2
1] a=(c, +ve)t+rlr+t) -1

. -

2. Location of Centroid (Ref. Fig. 1}

A x, + + -
( 2] R e Wi S e S |
£l L+ + - A - . -
By PR TR TR

+ + -
RBiYy + Ay, + Ay, - Ay,

+ A_ + - A
B TRy TAI TR

A . {3) and y =.

r A
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' S ' ) : L c4{xee)
where Al = clt. . x, = {r+t) - 3
. - 4r
A2 =c,t X, = (z+t) = I
- ) - o
A3 =2 .(r-l-t) Yl_ = /2
T 2 -
A= TE . ¥, = X - 82
Q : )
- = _ 4(x+t)
Sk ¢ /2 Y3 = (rf.t) 5
> o = - 4r
x, = t/2 | | Y, (z+t)} 3
3. Moments of inertia. (Ref. Fig. 1) _ . ’ . !

-

emressions for I_ , I " and P__ are as follows:

: 3
2 2 - 2
xx ‘,ﬁ + c t(y t/2} <2 + czt(x—y-c2/2)
+ 1 _lw(r+t) Tr(r+t)2 ( 4 (x+t) ]2 ﬁ'n(nt)?‘ [-_Er+t)+ 4({r+t) '12}
16 3 3w 2 yo U 3w
. 2 2
1 _ 4 _Tr 4r .2 _ 4r 2 .
- { Te "% i (37 -e-—4 [y - (z+t) + = I 17}
cit o " 2‘ t:zt:3 - 2 -
5] Iyy = ‘E + clt(y --X - cl/2) 1z + czt(x .- t/@_).___,
1 'n'(r+t}2 4(r+t) .2 ﬂ(r+t)2 - -4(:.;+t) 2,
+ { E 'n‘(r+t) 3 (=5 17— [x-(ret)+ —S— 1°}
1 4 Tr 4r 2 1rr2 2
-{l—s-ﬂr -—4—(3—,") +T[x-(r+t)+—'"]}
) Il
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[6] and ny = clt[-(y f;t/Z)]Ey -X'= c1/2) + Czt[-(¥1- t/2)]($.- Yy - c2/2) .

‘ 2 ey
x(xet) < 4{r+t) L Alze)
e {[d2_+'_-'31r iy + —5— 1} )
2 - - 4 4 2 '
T Ar 4r {z+t) _r  _ mixet). 4{r+t) .2
i a PR R AL Tl ~R e a LTw
2 ' S |
T 4r .2 o ) ;
T ¢ In ) ' . :

Minimm and maximum moments of inertia are computed by using the following

expressions: :

- I+ I -1 2.
. : xx~ VY XX vy 2
I7y I, _'= -/ ( ), +P -
min 2 2 Xy _
(8] and I =3I +TI  -TI . | S
max xx Yy min .
!
4. Inclination of major orincipal axis to horizontal g

The angle o betweeh the major principal axis (u-u axis)and the horizontal .

(x-x axis) is célculated_asifollows: - T . '.. __5\5\\ h
{9] tan2u=r§IL . - . . )
XX YY ) .
5. Minimum radius of gyration.
. - “min . v - ’ o
(10 “min Area o
6. Torsional constant (Ref. Fig. 1) ' -

St. Venant's torsional constant has been computed by using the following

expression:

1 .
[1x] 4 =3 bt where b = centre-line length of the cross-section

=c, tc,t T(r+t/2)/2

&
[oH
(1)
1}

thickness of the section.
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7. Iacation of shear centre (Ref Fig. 2 to 13)

(a) v-coordinate (Bending about v-v. axis) (Ref. Fzgs. 2 to 10)

' Depending on the size of the anqle, th;ckness and inside hend rad;us,

'there are several possible cases as shown in Table oo

Case I - Figure 2 -

[

Kl N

o : - L T .
. _-n21 o = {y i/t(Z)t cos @ zl/(3IﬁinL 7 R
‘ {13] m ﬁV{; - t/é)t cos ;'2 (12 - ﬁz 3))(21 ) -
, 2 2% - min :
Lo T . " ‘
[14] o, = {x - £/2)t sin a 23/(31min) - _ .
~ -

—

o bt g 2 42 -
[lSﬂl m, .(x‘- t(g{t Slg a 2;(&3 --24/3)/(2Imin)

. : ' . L

~ /4
_ 2 ey _ .3 -
[16] m, 'of“ {rlagy + rda, sin(/2=24+ 9 r_td cos(a + $'- 1/2)8/

g
1

2r4t

—2— sin 8/2 sin(a-+ 8/2)
min

rzdzt sin(n/2 - $ + 8) .
- . I cos(a + ¢ - n/2)8
. ' mi n . : v

2r3td

[é;n 9/2 sinf{o + 8/2)51n(ﬂ/2 - ¢ + 8)1}a8
min .



—— b

e

. : ' . - BB
/4 -

J ‘
. '5 ¢ 2 o . - rzdt cos(v/2 - a = ¢)
(17} and m_ = r'q . +xrdg _ cos(T/2 -¢ =-8) - 8
. 6 0o . o*c2 o “e2 ] ‘ Imin : |
2ede . rla’e f o
- sin 8/2 sin(s/2 - a + 8/2) - T . cog (T/2 - & = $)Bcos (7/2=¢-3)
X min - . min -
2r3dt - '
<o
- <

[cos (/2 - - 8)sin 8/2 sin(7/2 = @ + 8/2)]}d8
min .
1 . )
51 L = - - - ) & N
(18] . . Ve ?1 + m, +7g5 m, m4;..m6 X
Case II - Pigure '3 .

4

By, Myr Bar m, = same as eqn. nos. [12], [13], ([14] and [15], respectively.

N . 7/4 2 _ - rgtd cos{a + & - 7/2)
f19] m5.= f {roqcl - rodqcl sin(n/2 - ¢ + 8) + T 9

o _ min :
e ' X 282, sin(n/2 - & +.8)

- — sin 8/2 sin(s + 8/2) - I - cos(a + ¢ - T/2)6
min : . . ' min ‘ .

. 2r3td
+

(sin 8/2 sin(a + 8/2)sin(n/2 - ¢ + 8)1}a8
min ) .

A ' LU PN . - rgdt cos(w/2 - @ - 9}
[(20] and m, =.-I {roqc2 - rdq_, cos{m/2 -~ ¢ - 8) + s C)
o 0 . min
2r4t ] rzdzt v
- —2— sin 6/2 sin(n/2 - o + 8/2) - cos (/2 --a = 9)8 cos(7/2-9-8
min min
2r3dt'
-+
I

{cos{®/2 - & - 9)sin 6/2 sin(7"/2 - a + 8/2)]1}ae
min . -
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- * - - .- ' - - -
[21) .._vs-ml+m2+m5 m3-sm4.m6_. o ‘ . | : o A

Case III - Figure 4 : . - ‘  -
- . _ p) Yy
(22) m = (y - t/2)t cos a 21(£i/2 21/6)/Im4n -

- 2.0, o
[23] m, = (x - t/2)t sin G %3(13/2 1.££y§)/1min_

3 -~
‘B o _ ; ) .
[24] m = f (Integrand same as egn. no. [19]) . ' -
’ . 8] : .
7 /4-8 , . rztd cos(@ + ¢ - W/2)
;25] B = I {roqc3 - rodqc3 sin{(m/2 -6 + 8 + B) + —
0 o - - min
2r4t R rzdzt sin(w/2 -« ¢ + 8 + B)
- sin 8/2 sin(@ + B + 872) - = - 8 cos{a+$p=1/2)
min - L - - - - min — ——— . —
. .
2r3td :
+ 7 [sin 8/2 sin{a + B + 8/2)sin{r/2 - ¢ + 8 + R)1}a8
min .
B8 ' ,
[26] m, = J (Integrand same as eqn. no. [20]) LW
5 .
n/4-8 . . rgtd cos(n/2 - a - )
{277 and mg = f . {roq64 - rodqc4 cos{n/2 - ¢ -8 - B) + T 8 .
0 . min
2I:t : ridzt i .
- »sin 8/2 sin(rn/2 - a + 8 + 8/2) - 3 cos (/2 - a ~ ¢) Bcos(n/!
min _ : . min
- ¢ -8 - B)
2r3td ] -
+ I [sin 8/2 sin(nr/2 - a + B8 + 8/2)cos(n/2 - & - 8 ~ g)]1}d8
min ' .
)
(28 .. v_=m, +m_ +m_-m, —m, - M



[29]

[30]

311

T 321

{331

. . Case‘iv = Figure 5 -

-

5 'f (Integragd same as egn. no. [19])
0 : : o

H
]

‘B
N

& _ : .
[* (Integrand same as eqn. no. [25]1)
0 i ‘ .

v . - .
[ (Integrand same as eqn. no. {201)

N

0]

n/2-8~v-§ o
n, =
.y

- .

s "M YU TR T3 T My S 0g

- e 'V

) Case Va. - Figure 6

(34]

[35]

{36}

(371

F38]

m,, m., m., m

17 P20 T3 Ty

8

m. = . (Integrand same as eqn. no. [19])
0 B . y
nl'.*/z_a‘l L .
and’m6 = {Integrand same as egn. no. [20])
, 0 1)

Case Vb.- Figure 6

-

(Integrand same as-eqn. no. [27])

m, . ma{:;ffha as eqn. nqs. [22] and;[23l, respectively. .

Fs

;_same as eqn. nos; (123, t131, (141, apdi[lSI, respéctively.

-

:[13], and [14], respectively.

mlf My, @y = same as.eqn. ??s. 121,
Bt = (% - £/2)t sin af, - x 22 - (5, - x03/31/(20 . )
4 = ®iry 3 4 min
’ - . .xrz %x'b'
. = - ] o= ——
L A% t/2)qc5x (1 + 3o 2t )
LI —
where b = 214
and c! =

= zchImin/(t sin a;



, "‘ . ‘..
. ' - -
v ' /2 . ;o J . : :

- {39] m, = f (Integrand same as egn. no.- [19]) T .

7 ' o . C e ‘ ’ .. ST . . . o .
' . . ) ., - ] ’ o N
[40] . . vé = m1_+ m2_+ m4a + m.5 - ?3 - m4 _R | .

-Case VIa - Fiqure 7 . . W .
Myr Byy Doy By = game as eqn.-nos. (r21, (3], [14] and [15], respectivély;.' '
5 , . | S
[ 5 rotd cos(n/2 +.a + $) ZrOQ‘ ‘
411 o, = [ {ra, + N ¢ - 7—— sin 8/2 sinla + 8/2)
: ) min min _ o .
' ‘-; . .'. . - \ ) b . ) '
\/\j ) .r:dzt oy - - -
/ oJr dq_, cosim + ¢ - 8) - 3 cos(n/2 + o + $)8 cos(m + ¢ -~ 8)
. A o C . . . min - ' B .

* .
. . - R

2r3td .
o [sin 8/2 sin(a + 8/2)cos(x + ¢ - H}]}ae

[42]. and m_ = of

.

v

-

rjdzt cos(n/2 + a + ¢)

3

- r_dq_, sin(-8-3) - _\Im.x . 8 sin(-8-¢) .~
. C . in . L L 7\\\\\\\

. A . 3
2r td
' + I - [sin 6/2 szn(w/z -a + 8/2)51n(-e-¢)]}de
8 _
431 .°. vs = my + m + mo Wy m -

Case VIb - Figure 7
, M,, = Same as eqn; nos. 112], (131, [14], [37] and [38],
e

@y, Wy, Wy, Wy

respectively.

H

w/2 . . .

(44] m; = [ (Integrand same as egn. no. [41])

[45] .. v_=m + @2 + m a + ms - m3 - m4
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T

Case VIla - Figure 8 °

ml, m,, W, * same as eqn. nos. [221, [141 and [15}, respect;ve

aur -

-1
Iz

-3 ] ' ‘
r_td sxp(u‘+ $) /,/

. . ' _8 2 S . . s
E46] &g = 04' {quCl ® .roquJ- Sm(“/z * ¢ -8 -

5 I . 8
) ‘ min
Zr:t . o r2a’t 'sin(a + ¢) )
- sin 8/2 sin{a + 8/2) - 8 sin(m/2 + ¢ - &)
I.
min | min -
2r3td .
- [sm 8/2 s:.n(ﬂ + e/2)sm(w/z + ¢ - e)]}ae
min
_ 3 ‘ ~ 4 _ '
_ P rodt cos(T/2 + @ + $) 2rot
47 =, = ! {rlq ; + — —— 8 - —— sin 8/2 sin(@ + B +8/2) .
0 b . - min min
2.2 : '
_ rod t cos(n/2 + a + d)cos(m + ¢ - B -8)
- rdq_y cos(m + ¢ - 8 -9 - _ T, = o
min
i
~2r3td : ‘
t 3 fsin 8/2 sin(a + 8/2 + B)cos(T + ¢ ~ B - 8)]}as8
min : _ ‘ : -
w/2-8-6
(48] - and m, = f (Integrand same as eqn. no. [42]).
5 . i |
(491 .. v, = m; + ps + m = m, = m, - m,

b

" case VIIb - Figure 8

By Bg, By, m4é;; same as eqn. nos. [22], [14], [37] and [38], ragpectively.
{501 ms-s f (Integrand same as eqn. no. [46])
0 "
<

w/2-8 .

(51] anc'i'l_n6 = f . {Integrand same as egn. no. [47])
: 0

{(s2] .°. v_=m, +m,_ +m +m - Do, =10

5 1 4a 5 6 3 4




(53]

{54]

(551 -

[56]

{571

. [581"

[591]

[60]

[611]

[62]

93

Case VIITa - Figure 9

m,, My, m, = séﬁe as eqn., hos.-[ZZ], [141 and [}SI, respectively.

e S . B o . .
me = f {Integrand same as egqn. no. [13]) o

0 ‘ ' .

) ) . s )

R = f . (Integrand same as egn. no. [25]) -

0 ] '

T/2=8=5 :
and m7‘= f _(Integrand same as eqn. no. [20]) .
0 :

. v = +m_ +m -m, -m ~m
s ml . 5 .

=] 3 4 7

Case VIIIb - Fiqure 9

m, . mn, m4é = same as egn. nos. [22], [14], {37] and f38], éespectively.

8" X {/~
m = f (Integrand same as egn. no. [19])

0 A Y
w/zég . .
and mé = f . (Integrand same as egn. no. [25])
- 0 + . . H . i j
<. v, = m +m, +m +m - =-m

1 P4a T s 6 3° 74

. "

‘Case IXa - Figure 10

m,, M,y Mgy @

3 = same as eqn. nos. [12], [13], (14] and [15], respectively.

4

§
5 /. (Integrand same as eqn. no. [l6])

H
]

" n/2-8 :
and m_ = f {Integrand same as eqn. no. [17])

£~
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- -Case I¥Xb - FPigure 10

m . My, may My, W = same as egn. nos. [121, [13], [14], [37] and [38],

respectively. . -

[63] and mg = f {Integrand samea as eqn. no. [16])

. . 0 . -

(641 . . Vo mEm My TR TRy T T3 Ty : ' %
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(b) u-coordinate (Bending about u-u axis) (Ref. Fig. 1l to 13)

»

Depending on the location where the u-u-axis intersects the centre-line .

of the cross-section, one of;the following cases will be applicable. N
Case I - Figure 11 [u-u axis intersects the centre-line of the cross-
section just at the beginnlng of curve]

- . 2 '
: (y - t/2)t c - e -
a - 1 p ki t/2 - _l. : A
{651 ™ 2I ( cos g ¥ (21 3 Ysin al
max _
. ’ - . : 3 -
(66] m, = (x t/2)t.cos a cz/(3; )
, ‘ e T/2 5 rztd cos(a + ¢) _
[67] andmy = [ {rlg g+ rda sin(® +¢) + — 8 .
. 0 .- s : max - : .
ridzb sim8 + $)8 cos(a + ¢} 2r:t R
+ T - + T sin 8/2 sin(n/2 - a - 8/2)
o max : max N
2r3td B . .
*+ 3 {sin 6/2 sin(8 + $)sin(n/2 - a - 8/2)]}}ad8

max .

. - - +
[eg] . . us ml m2 + m3

Case IT - Figqure 12 [u-u axis intersects-the centre-line of the cross-
section in the curved portion)

m = same as eqn.'no. [65].
- z2! -
[69] m2 = (x - £/2)t cos o cz(f.5 - c2/3)/(2Imax)
(701 m, = f (Integrand same as eqn. no. [(67])
o .
3 4
m/2-8 s rotd'cos(a + §) 2r°t
(71 and m, = f {r’q ., - 8 + sin 8/2 sin{e - §/2)
4 o c7? I I
0 . max max

ridzt cos{a + &)

+ roqc7d sin{(g + 4) - T

8 sin(g + 3}
max .

2r td
+

fsin(9 + #)sin 3/2 s:l.n(cr. - 8/2))1a8
max
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[72] - = usxml+m2+m3 -+ m4' . . '
:Béwgver} if di < 0, the,éqn. nos. [70] and {7;1 shall be replaced by egn.

nos. £73] and (74], respectively.

r3td cos{a + §)

8 ' .
: 2 . g o
1731 m, = f (roqcs - rodqc6 sin(® + ¢) - : T 8
0 . . : - max
r:dzt sin(@ + $)0 cos{a + ¢) 2r2t ' .
+, - I : + T (sin- 8/2 sin(%/2 - & - 68/2)]
) max - “max '
ﬁrztd . .
- lIsin 8/2 sin(6 + ¢}sin(n/2 - a - 8/2)]}d4b
mAX )
., 3 .
n/2-8 5 rotd cos{a + &) _
{74] and m, = f {r, Iy T 8- r 4,3 sinfe +4) . .
0 max
rzézt cos{a + ¢) 2r4t '
- I 8 sin(g + ¢) + 7 {sin 8/2 sinla - 8/2}]
max : max. '

“arta

[sin (8§ + ¢)sin 8/2 sinla — 8/2)]}d8
max : '

Case III - ?1gure 13 [u-u axis intersects the centre-line of the cross-
section ln the straight portiom of the long legl]

m = same as eqn. no. (65]
e 3
[75] m, =fx - t/2)t cos5 a gs/(BImax}

- . 2
(76] m_ = (x - t/2)15[t cos g QS/CBImax) + qcal

/2
(77] and m, = f (Integrand same as egn. no. [67])

(78] .'. u_ . =m, +m +m, +m
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3. Poiar moment of iﬁertia about the shear centre’

{79) I__ =TI

+* .
s + I ; Area(us + vs)‘ .

where u_ and v_ are the computed u- and v-coordinates of the- shear

_centre;'

9. Warping constant (Ref. Pig. 14)
The following are the basic expressions used in the calculation of the

magnitude of warping constant:

) s | .
[80]_ w, = - f rlds _ , . 0_5 s < <
1 o - .
. . e . - ‘ N
[81] ¥, T TR " 0[ x,(x + t/2)d8 0¢#6 g1/

-,

: . s
{82] w_ = -r.e, - (r+ g/2)2w/2 - r*(r + t/2) [cos(v + 7/2) - cosv] - § r,ds

Sq 171 ; . o
0 ¢£s g c2
: c w/2 e .
[831 w= = e 1f L ds s [ w, (r+t/2)d8 + | ? v as)
s [cl+c2+v(r+t/2)(2] 0 Sl a S, o Sq-

1
fe te trlr+t/2) /2]

{-rlcl[cl + il + £/2)1/2 + c2(c3 - r3c2/2)\

_rieees)?

5 - r'(r+t/2)2[sin(v + n/2) - s8in v - w/i cos vl}

where c, = —rlcl - tr + t/2)2n/2 -r'{r + t/fi[cos(u + w/2) = cos v}

{84] and finally warping constant,

0O
I

2
f (wg - ws) tds

<y c, n/2
/ (W = w y2eas + (wg = w_ 1 2eds + [ (W = w_ )2t (zr+rt/2)d8
0 1 0 3 o - 2

-



10.
{a}
1851
86}

(871

(b)

[88]
[89]

{s0]

) o8
which becomes . ' «
2 2 2 2. 22
t[w— + x; ci/3 + w; r c ]c + t[w- + ¢y + r3c2/3
- : 2. 22 2 2
- c r.c, = 2w- ey + ws r3 c ]c + {[wf + rjcy + ' (e + t/2)

2 . [ b - ] ’
cos v . Zrlclr-(r + t/2)cos Vv + 2w; rl?l 2w§ r'{r + t/2)cos V]

+ri(r+t/2)° cos v - welr + t/2)21%%/4 - (~2r ¢ 7t (x4 £/2) +

2tz + t/2)% cos v - 2wz £'(x + /2] [sin(v + 7/2) - sin V] +

2{r + t/2)3r'[.5 T sin(v + w/2) + cos(y + m/2) - cos V]lt(r + £/2)

Bl and 82 (Ref. Fig. 15 and 16)

For long leg only {(Ref, Fig. 15)

TXgg= [xé - Pyleos(n/2 - a) - q, - ¥, cos(w/2 - G?
Yoo - Ex; - pylsin(n/2 - @) -y, sin("/2 - a)
aﬁd ‘dA = édpl.

where Py varies from 0 to (xé - ro)

For short leg only (Ref. Fig. 15)

Xy = [yB - pS]cos a -y, cos{m/2 - a) - qy

™~ '
Yo = -{(YB - ps)sin a + ¥, sin{w/2 - )} r

and dA = tdp5

where P, varies from 0 to (yé - ro)

+ (r + t/2)433/24?+ r‘ztr + t/2)2(w/4 - .5 sin 2v) - [-riqi(r + E/z)?



{e)” For curved portion only (Ref. Fig. 16)

[91] xcp = ~{x' - r°f+ L sin 9] -

[7921_' Yop 7 -y - r, + T "cos 8] _ E : .

i
[93? kc = ¥, 08 a + xcp_sin a R . T h
[9‘4]' ¥ =% cosa -y gina -
[95] and 4a ='r° t de
where 8 varies from 0 to /2 - -‘ 7 .\*

Finally, Bl and 82 are given by the follcwing_expressions:.

o

B |
Coas o BT ' Ys‘ro 3, .2
961 By = (of (Yu. + %y, Yu’ thz + f (yog * Xgp ¥goltoPg
' : /2 . s
‘ P 2 -
+ 0[ e ly_ +x_y )z, £d8)/I - 2v,
| Xo-r ' Y o=
N B""o, 3 2 B' 2 L

1971‘ and 8, = (of (X + Y5, j,_;,'n;ap,2 + 01’ xsl +yoy Xog)tdB,
' T/2, 3 5 ) _
* I . (*c T Y. xc)ro t-de?/lmin - 2us

o
The‘inkegrals are evaluated by aﬂaptive quadrature technique using Simpson's
rule [Ref.: Johnson, L.W. and Riess, R.D. 1982. Numerical Adalysis.

Addison-Wesley Publishing Company, Don Mills, Ontario. pp. 313-317].

List of Svmbols

d = . distance between the centre of cuzvature and the centroid -
4, = y - (r + t). :
' d2 = X - (r+t)

= shear flow at the beginning of the curve from the short leg {bending

about v-v axis)



9z

qc3

qc4

s
‘qcﬁ

qc?

‘about v-v axis)

<

100

shear ﬁlcw at the beginning of the cuxve from the long leg (bqhding-'

. about v-v axis)

shear flcw at the point where the v-v axis zntersects the short leg,
if it is ;n the curved portion, i.e. at the end of angle 8 [Ref Figh
5] {bending aﬁout v-v axis).

' shear flow at the point where the v-v axis intersects the long leq,

if it 15 in the curved portlon, i.e., at the end of angle Y [Ref.

Fig. 5] (bending about v-v axis)

b

.shear flow at tﬁe end of the curve from the short leg. (hending about

v=v axis)

. : _ _ E .
shear flow at the beginning of the curve from the short leg (bending
about u-u axis) '

shear flow at the beginning of thé curve from the-loné leg (bending

shear flow at the end of the curve from the short leg (bending about

o

u-u axis) .

r+ /2

dlstance of the pclnt of zero shear flow from the end of the curve,

Jif it lles in the straight portion of thiflong leg
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Figure 1
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Figure: 2
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Figure 3
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Figure 4
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Figure 6
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Figure 7



Figure 8

109



110

Figure ¢
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Figure 11
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Figure 1:
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Figure 13
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APPENDIX 2

FLOW CHART OF COMPUTER PROGRAM
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APPENDIX 2

.~

[

Read Input Data: Geometrical
dimensions and material progsgyiesma

r

Calculate cross—sectional
properties . .

y

Assume failure load

FLO4 CHART OF COMPUTER PROGRAM

o

s

h A

Calculate the deflection components
and total stress at all points
and at all sections .

[ A

Pick the maximum and minimum
stresses .

Y

Modify the failure,:
lcad

-

Check the failufe criteria

h 4

Print input and output

by
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.

'BAY, SUJIT KUXAR - /,/{
h ¥

- . SENSITIVITY LHLL!S&(

brd

=n

L 1

L2 T ]

.

[EAEEREE RSN EENERNERENEEENE N A NNERSEN]

“If"‘i‘t.t‘-3'1‘...".‘.*"‘.t‘t‘..“"““.‘*‘.1‘.“*.“"'

THIS 'BROGEAM CALCTLATES THE THEORETICAL CRITICAL LCAD

=

® -
OF A COLD=-PORMED ANGLE COLUHH, JyDZR TORSICNAL- ,:

=

PLEIURAL BUCKLING, FOR ©DIFFEIRENT VALDES 0% _4ABPIEG
CO¥STANT ,SHEaR CEXTER LOCATION & SLEJDERHESS RATIO. TSE:

L3

ASSUNPTIONS HADBE ABE AENTIONBD IN THZ 3ESPECTIVE PARTS‘

oP -THE. PROGZAN. HOHEVEE,. THE BASIC A5508PTION oOF HIS'
ANALYSIS IS THE COYSIDBRATICH OP THEZ CJBYED EQETIOH
OF THZ2 'ANGLZ SECTION AS _LINE ELENZENT.

SEFEEEEINWEAREXSEE AT AT R S LRSS X LA S AC AN ECH LS ARNMAS XS SR L RS

13pUT DaTa

A —— e

L=LONG. LEG OP THE ANGLE SBCTION
Y=SHOBT L2G OF THE ANGLEZ SECTION
T=TEICKNESS, ASSURED CONSTANT  THROUGHOUT
R=INTERNAL BADIJS OF CORVED PORTION
' GPLATB=THICKNESS CF THE CONNECTED GUSSET PLATE
CONLEG=SIZE® OF THE CONNECTED LES, £ OR ¢
GAGUIS2LOCATION OF THE EOLT . HOLZ :
SIGNAY=YIRLD "STESSS OF THE NATEZRIAL

( ¥OTE } ALL INP0TS SRALL 82 IN § AND 28 ONLT)

L B P U
VAHSIABLEZ ICEZNTIPICATION

L. E R RN

C=SECTIONAL AREaA, Musw2
¥11=DISTANCE CF CEBNTSOID ALONG X-X . AXIS, MM
Z112DISTANCE  CP? ' CENTEOID ALONG Y- AXIS, =a
IXT=¥ONENT 0P _INEZTIA ABOOT X~X aAXIS, AN#*u
{£=X "AXIS_ BZING THEZ AXIS pPARAfLEL T

- "3d0ar” LZG)
IYY=40AENT OF - INERTIA ABOUT Y¥-Y aXI5, Nas=y
(Y-t “AxIS BEING TBZ AXI5 23EAfLZL 7o

Lone LEG)

PX{=P40DUCT OF IHERTIA, amw=4

‘IMIS=HOMEST OP_ INERTIA A300T ¥=¥ aXIS, Myssy
(V-7 AXIs -SEING T3E AXIS SAKXING AN ANGLE
ALFAA WIT3@ T-Y ALIS)
ISAX=4OMENT OF__INEATIA AEOUT J-J AXIS, Naw=g
(U=t AXIs dEBING THE aX MAXING TaM  aNGLE
: ALEHA 4ITH X-% AXIS)

APHD=THE ANGLZ -;LEHA BETWEEN 'THZ I-1 AXIS & U-U

liiﬁ!.tillﬁi‘l.lllllIl“ﬂ.llllll.'ll'llﬂllﬂ!li‘lll"'*

- e A



nnnnnnnrnuﬁnnnnnruuﬁnnnnnnnnrwnu1nnnnn

LiLn
Lawn
Lailn
L
n

ann onn

ann

Y T LA I SRR R XN R Y

e s m122
AXIS, WEBASUIED COUNTER-CLOCKZISE FROA XI-X AXIS ¢
UZAACT,VZEACT=U- & Y- CCORDINATZS QF THE ACTUAL . =
LCCATIGY OF THE S&Zid CENTER, 2a ¢
UZ2aAS1,VZRAS1,JZ3AS2,VZRAS2=0- & V= COORDINATES OF THES
- : . ASSUNED LOCATICH 0P THE *
SH2AR CENTER, ax *:
RNIN=MININON RADIDS OF STRATION, A ' .
JsirOESIOHAL CONSTANT , Emses .
BU, 27=U- & V- ECEEATRICITES O THE POINT OF THZ =
, LOAD ~AFeLIcaTION, XM by
BETA1,32TA2= axaaazrvas REyD. POR THE CALCOULATION -
‘ THE Ca2ITICAL L0ad, 83 v s
CZACT=ACTOAL SAGNITUDEZ ©OF THZ WaBPING CCYSTANT, *
. . AEEwp. =
- * x
PAZSEUL2a LOAD ©OP THE MEMBER ( BEYDING_ ABOOT U-0 *
’ axIs ), § .
2Yz=EULZA LOAD. OF THE JEIBER { B2YDING_ ABGUT V=¥ .
. AXIs ), :
POZ=CRITICAL LOAD OF THE MNEMBEA { UNDER PUBE =
TOBSIGN ), N .
C4ILOD=CEITICAL LGAD UNDES TOSIONAL-PLEXUEAL .
. BUCKLING, ¥ . :
EEEEAARRE RS ERFASELE R LIS LE R ANIER AR TR RN BAREII AL IR ERARER B N ERER K

IH?LICIT aEAL'd{A*a)
INTZ .a,s.nn,zs.ra IL,3L4, 3

Braausxov uééia LBU18), 11; cé 1y a-rag11}, 51323111),
* {1 1:. u(11 BETA
azanés %ssss;.

2 .
3210(2.3333311 1,T,8,GELATE, CONL2G,GAGDIS, SIGHAY
?oanaf& Fu.2)
Li=R+T
Ci=x-x1
-
e3a%eid
CuzC1eC3eT .
C5=C2eC3n{Lexl). - s
CoaCTeCIn(TeXT) -
‘C7=C2*Ci* .
E8={2+C3) £1.570730327 :
ERRPESERRARE R AR AR ER IR ORI EED "‘--‘-‘- ..‘.t““.- LESEEEREEREY AT Em
* CALCULATION P THE SECTIONAL AZEZA ~ =
ERASEREEEE L REKTESR “-"I*.‘-““--‘.“-----'-'.*.‘.‘."“"--- ENERE
C= (C1+C2+C8] =T
t.".“‘..‘.'."'“’."-‘.--"--."‘t-‘-.‘-“-‘.‘““--'--.- t: 3 % 13
« CALCULATIGN OF THE 23M2 & TBAZ .
SEREEE AN AEEN A SN SN A P AE R R AR E R E R RS A E SR A AN NN AT RN N AR A NG Wk
CXT= (X1-Cd». 4052847 34) 387
SY=Ce*CT+CY
Cicascd et
Y11=CI/C.
T11=Cir ¢
ERkERSRN “‘.."‘.‘“"----‘.-..-'*““.‘-.“"--.lI--‘--‘-."t- SEEEN
» CALCULATION 0P IXK, ITY & 2XI .
EESEREEUE L AR EREARE R LSRN §E I Y3 IS PRI SRS NS NETRIERRSERRR SRR RS RS2 2 10
CYZ=CI®I® ({I+X1) % 53-711)*%2+T*C2e (¥11-C3)sn2
Cax=CoeTx (oK) o2 5= L1 saZe7eC1s (X11-CI) =x2
2af11=-X1eld*_40 2 'y g
Lx1= CisCle. 405234733
9=_ iuA77d39% (irC3) £a3eT
C10aT/12.
C11aTeT*C10-
IS*=C1‘-3‘L10+C2*C1iﬁCQ»gS'”'P"Z
IY¥=ISI+C
£§2=c2--3s510+c1-c11*c9¢gat"‘q-t2
¢

1

I=I32+CLL
2=32+C3
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nno

Nnnannn

nnoAn

"N

AnNnon

nan
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Biziiz}

J2XY=-CIETe (X1 1-C) = ( (L4X] *.5+311) ~C24T%(711=C3)

P 13 S RSY. 5-X11) +T*C12%(D1%D2% 1. 57o7so327+c12-D1rc12-02+
“8"‘.“““‘..“"-It.-t““t‘tt“"'t‘...‘il‘-‘-‘.‘--l‘ttlttt.
* ° CALCULATION OF LI, IKAX B ALPHA .

. 'tl‘-“*ll“l"tt.t"'."‘.'.I"‘l.lt*t'ﬂ‘llt‘tﬁ‘l.'..lt".“"ll

IHIH' IXL+IY¥Y) *.5-DSQRT IXT-ITT) *. S} **2+PXY*P

iuuu_x_ QBT ({ (IXZ-TIT) *. 5) **2+ X1)
sz.v ¥Y) 60 10 191

ANG;%‘gﬁfﬁéID‘-S 3

| I EEITE

gFEh s
0
31 aean-ug.oo
1 APHR=APHD=.0174532%93 -
APH1=DSIN (APHR) ° -~
ApH 'DCDS!APH&
APESaDT AN APHRL
U‘.“‘l‘-“‘lt.‘- "‘--t."..’I‘I:“S“‘l'l‘l“"“‘tt‘*“‘!.IS.*
* CALCOLATION ‘0P ACTUAL SHEAE CEKTER -
‘I.’l“.“.-l““l..-‘."“‘l"-.i‘-l-t‘-"““"ll‘t‘ll'lit“'C‘
: E%%EEEATIOH GF V¥~ COCRDIRATE OF THE ACTOAL SEBAR :

. ‘I.'I"ll.‘t‘t‘l‘I.It.lt#1“““.““““'#“!“Ut‘ttl‘.‘l‘l-‘l.t

L1=X=711= (X11-C3) *ARH3

Di=DSQRT (D1=D1+D2%D2)

2HX=DATAN (D2/D1)

SPHI=DSIN (PHI) .

CPHI=DCOS (PHI)

P (D2 LT o 0-AdD.L1.6T.C1)GY TO S10
RREEALE ARERETENESYEDIEREER '-""t‘.‘-t;*“'.“.It.‘t’.l'l"*ﬂ""l
= CALCULATIOS OF THZ J404ENT oF TBE STRAIGHT @20BTIGH 02 3
« THE -SHORT LZIG . R .
» ALS0, 1I30.D AND 110=0.0 »
.-“‘-III‘“‘!‘-“‘-tt‘l"!-lI""“I-.“‘l“‘l"‘t“--‘ll.tt‘-l.

L2=Y=L1=X1

8xc=m-a942£{2 L =IMTH)

L1L1=QXC"

CaI=(X 1-C3)‘T' S#APH2/I4IN

X1=2.scuxaL1s=3sa.

QX2L220XC% (L1 +L2 ‘(LI—LZ

EI2=835‘L2'(L 18L1-L2%L2/3.)

TT 9.0

o511
Q LCH INUE
u:-ttttmais-gt-ttatx--ttt:.--s--ataac-n:-ttttxt-t-:-t---aga-----‘
* CALCOLATION wf THE 204BNT OF THE TAAIGHT POETION CF ‘
= THg SHORI LZiIG
= ALSO, L2=0.3 '
-sttttnnc---;‘t-acu‘-t---:.----:z-zttsuaat:-:-s---.a-'-;:a-:.s-:-

LIO-L1

L1

gxc;rtapdzxzaxETG_ Gal

i %x? i-n932/151§

dx1=CnX‘L1'u1'(L10‘.S-L1/ -}

1¥2=20.0

L2320,

212QX%2L2
II"““I‘l‘!llt.‘.‘llt"tlll--"tll!tl“‘ll‘l!"tti“‘.l‘t.tt‘tl
e CALCULATION o©F THE ANGLE "TI® .

--sa-:t-a-tt-tt-:c-t-:a-:--sa-cc--t::sa--t.-tt-:t:aunn--ttt----t-
CCl=1./3243
cc2=x1-111

AX=1.+oC12CC
BX=2.*% CCZ'CCi‘CC1‘Dl‘CC15
BX e dGCa5ecCTacc scCi-2. sD 1sCC 1xCC2-C125C 12
LS B s aaBrst) s 12.max)

2 (oBX+D5.2T (0I5 .
£3121-3% LT N I RPAF It
TY¥=2I
TT3DARSIY (DABS (X111 /S12)
£132QA22-TRC125CT 2% EH2/ LAIN
C1a=-T#C12%D3=DSIN (4PHA+2HI) /TATN
IF(D1;LT.5.Q1cldacciy
C15=T*C12%C 12/ 1AL
IX3L32C 13 +C 1427 T€C 154DCIS (ARPHRTT)
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511 323X2L2-T9C12%C12=DCOS (APGR+ T} /T AIN
S]u=%*é%3'n3‘DSIX(AEEE*?AI)/I&IH)
- Irgpl LT 0.05c1u=-c14
CIS=TeCI12=C12/I4IN
TuT=1.573796327
IP(D2-LT.0ed- AND.L10.GT-C1) THT=1. 570796327-TT
C SERBEASEA RS EXEEEEREXERNIIBUES .-‘I‘““.‘l‘-‘l--lttt-.‘...t‘l"l.‘ttt
C & PINDING THE POINT OPF 2250 - SHEAR PLOZ
c SREEBE XN “-ll‘-ll‘I‘t.‘.‘l’t‘itll-"lt“.‘ ‘8“...'.‘!‘.1‘88&‘ t‘.l-’
AA=c13—c14-rﬂr-c1s-n 20S (TATFARPHR*TT)
IP{AA.3E-0-0) GG TO 51
THT1=0.0 . ’
0TH=. 1
THT2=THTI1+DTH

15 A=C13-C14®THT1+C15%DCOS (APHR+THT :Tl
3=C13-C1u®THT2+C15+DCO5 {APHR+THI2+TT
IE({A.GT-0-0. ASD.B.LI.J. ) SC TO 20

?I=THTZ
ru:;=rn:2+nr5
2075

20 rar1=:n:1«.o1
DTH=DTH=*, 1
THT2=THT1+0TH

25 a=c137c1u-11r1+c15~nuoszapdnvrqrtvt“)
3=C13-C1u'TdI2+C15'DCCS&AEEB+;ET2*TI)
IF(Aoli.U.0-A8D.3.LT-0-0150 TO 38
I?{3-51.0.3.auD.3.17.0.0) GO0 030 -

TurIaTHE2
TET2=T{32+DTH
- GG _T0 2
38 THFI1=TiTI1~.1 -
30 FHTI=THT1e.301
. . DTH=JTHa.1 _
THT2ITATI+DTH .

15 1=C13-C1“'T3T1*C1S‘DCOS{A?H&*IET1*TT; .
3=C13-C14*THT2+C15mDCCS (AFDE+THT2+1T .
TF{A2LT.0e0aAldD.32LT-0.0}50 TO 42 °
IP(A-GT-0-0-a¥d.3.LT-0.0) 30 TO 40
THYI=THT2
T3T2=T4T2+DTH
Gd To 15

40 CONTINUE )

C ..-.‘---lu-‘-t“t“‘l.’lI'l“-‘tt"““‘-l-l-llltltlt..tt.l EXESEN
& = TH® POLLU&ING THY, &HICH I3 THEZ ANGLE HEZSURED =
¢ = CLOCE4ISE F20M 5HGRT L2G., GIYES rav P0INT OF SERO .
¢ = SHZAR FLOW. o
C l"tltt.'lll.l.l‘-ﬂll-‘l.I‘.“‘ll-‘l‘lll‘-‘l'-*“"‘"-.“..“....‘
;h*=.:téru;1+rarz)
JLYT=TH
LLAT=D.9 < -
S0 10
42 THT =rar1-.oo1
gLAT=THT
LI3T=0.0 |
G0 10 45
S1 17 (D31.37.0.0.a8D-D2.L7.0.0)G0 TO 402
IP(TTo82.00 J.ANDoDT-LT.0-0.A8D0.32.L07.9.9) 30 TO 559
c t'._‘.l“l.l.!l...lll...‘!.‘l'll..lt““.-.l‘l‘--‘-l'll'.l.'l‘-.l.
€ « CALCJLATION OF THYZ 4Q4ENT OF THE CUEVED PpCETION .
€ s XBOUT C28Ta0ID .
C ""-...-‘t‘ttitll"l-l"l‘-.'.’..‘-..--.-‘l“-' IYYYFIEITFEFER IR R ]
JLYT=1.370736327
LLET=0.2
Si5=T/INTY
INT1=CT2¥C1249(2L2°UYLYT - :
INT2=C12%51ZL2%D3* (~CPHI-S2HI)
Iura=c12--3-c1s-.5-33-ns:w(Aeaa+9a:%-azaz-u;am
INTB=C 12« asC 15« (JLAT®APH2-05L4 (ApHA +TLET) rA2H )
INTS=C12=012%C 10®dS 1N (APHR+PEL}*D3I®D3 0 (3211
. -3?0796327=CPiIA
151o=c12--3-g15-aa-£ 2H2% (SPHI+CPHI) —JCOS{APHR+PHUI)
sgLaT=, 3¢, 39DSIN (APHR=PHIY)
‘CS"“-’-CIIIIIIIUII“.‘.‘Il.ll.l‘ll‘...'ll AAERERBRARARNA AR ANERE
THE CU3VED PCRTICS ADJOUT .

o
€ * AXCPp 3iVvES DHE ACHENT OF
E. & CENTROID .

S B RS AR NN E S AN RS S PN NN R AR RS EA S EAAN SR AN SSENE R RA AR
IP({D1-LT.Jd.0)30 70 _ 528
MACPSINT1~[NI2-T4T3-LNTI-INTS—INTE
30 TO 112
524 AXCP=INTIeInll+INTI~INTU-INTS~INTS
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125
559" 93r$3§33%5999) ‘ .
13349, PORMT{/, HON-SQTANLAEL ANGLE'/),
112 L3=L-X171= (¥11-CI) /AP :
Léat~L3=X1 :
IF(AA.5T.0.0) GO TQ &2

ESENEEIEXTEATEETIRENRA SRS ERE LR ST XD ERBEE SRR ERERR A SR XD EREBEEEER SR ENE

* THE LONG L3G
‘.““."‘.‘.‘ltl“ttt“t...Ottt‘llt‘t!““lt!i““‘-“'-‘t""ll

QI=T‘an1/12.'IAIH)

3CI= II C3)'T‘APHI§(2.‘IHIY)
BX3= 1»3*-3
LuLu=hQ 1L3r 15 £L3—Lu
XQSHCI-LQ 4sL4s3.)
IP Al.E )uO ID 33
Dl.G 0 0.A¥D. DZ.LT.D.O)GD TO 9408
I?JD1.«I 0.0.4¥0.L3.567.C2)G0 TO 555

c
c : CALCULATION o? THE 3Q32Y¥T OF THE STRAIGET PORTION OF ¥
¢

LI4T=0.0 ' .
gryz=1. 5708247
IF(02.17.0.0.3¥0.L10.5T. €1) ULNT=ULAT-TT

=Q.
IP(Lﬂ.uT 0-0)uo TO .6 56

Lol T T g - T L L T T T U T P T e PP g R g
C * CALCULATICE OF THE MQIENT COF  THE CJ4VED" POETION *
E ® ABOUT CEXTR0ID be

“ttttt-ttttstx:lttlntttl.ttttt‘ttltt‘-tttl!t‘!‘l‘l!‘ltltl-‘tl!lt
352 IH;1=C12'C12‘QIHL¢'ULHI - -
INT2=C12=*3sTxD3xn51Y APHE*PHI /IHIW‘ULHT‘ULEI‘ 5

IHTS=C11‘D3‘J£HL4‘{DS q{l. 6-ULuT=-PHI)-C2HI)
IHT3=C12‘C 2%D3%D3=TeD Y(APHE*?HI)/I!Ii'(-ULzT‘DSIH(] 570736-ULANT
* HI) + SIW&UL&I#PHI =-SPH b
IHTS=C12"U'"/I IN® (=DSIN(1.57J796=-APH3+JLNT *APBI'ULET*APHZ)
xN;b=2.'CTZ"J'T'DS/IHI&‘ =S5 DH1 (DSIN(1.570796-0LXT=PHI) =CPHI)
b I.ﬁ%‘gggS(AEuﬂbPﬁl)‘ LAT=-.325= (DSIN 2. %ILAT+DHI- APdd) ~C5IN
C “t‘tlt.!‘..‘tttiLLLt-tt-‘tl!ittttttl-‘l‘tl.‘l'l-ll"l-‘li‘t’l"l
c ‘ 2ICBRY GIVES TH2 ~MCNEBNT OF TIBE CUEVED POBTIOY ABQOT .
C " CENTROID -
c ““‘8‘.#8““.'.‘.""lt'ittl"ll‘t'!ttlttl..'l‘l.-lt-lllllﬂ‘.l‘ '
EPID1.LT.0-0) 50 TO 334
éé %g=§551+11T’-IV£3+IhT3+IhTS+IHT6
33y HXCR?ﬂINII*IYT2+IHT3—INT“ INTS+INTS
340 micP=M{CP- !LC L.
IF (ULAZ.2Q. I’)GQ TO 650 ’
c l"“‘l‘lIIllIB“..!."!:O““‘.ﬂ.!“lt‘--‘ttltt-tt‘t.ttlttt‘tttt
C ® VIRACT" GIVES THEZ V- CGORDINATE OF THE ACTUAL SH2A5 %
C * C(CENTZR L]
C C‘l’l-““.l‘.lttlt.tll'tll-‘t-tt'lltttttt-l-tl-‘l.ll!l!lllllll‘l

495 VZB%gT?-(311*HIZ*&ICP‘EIJ 3X4)
655 CONTINOE

l‘ll“lﬂ‘t.‘l‘."!“-‘ttl.l‘-‘“‘l“‘ttttl.t.tl"t“l.“l'ltt‘t‘l

c
C += CALCULATION OF THE ¥QMENT OF THZ STEAIGHT - PCRTION CFP +
C * TEE LONG L23u . *
c L ER R LA R ERIES SRS FREEEERSLEETSEZERLEES ESASS ESERSTEREE SRR R 22T R

L11=L3 -

%=Eu C 1

4L4= L

13=5c192.-L30 i( -J—Lsfb-

X420,
c tl"::S;‘-ll‘tlttl‘ttt.‘l“l'ﬂ.‘---I“..‘.itttl.tt‘tt-tﬁ‘tlt;‘-tl
C = CaLCJYLATION Qf TUZ2 ANWSLZ nIT2® *
c -lﬂ!lll-llll.‘i‘l#ll"‘".“'ll‘tllll‘!‘I‘!.“‘t!t“.‘i‘tttt‘tttt

It2= DA&CQS(DAﬁS(iI;)/CTZ:

ULAT=T22

LLYT=3.

.. &80 TD 15
6586 CONTINUZ

C --lllilllttll!Ilil..!l“lll‘l-l‘l‘l‘lt‘ﬂ“.‘!‘-‘l‘.t.l‘t*ttt.#III
C = CALCULATIUN QP THE I10MENT OF THE <CUR72D PROTION 1A13Q07+
€ = CEdTBOID IF THE CENTRQID LIES _IN_ THZ SECOND UADRANT «
C *= «4ITH d=Z8¢ECT IO CSNTER OF CURVATUAZE AND IP 4z PUINT=
C = O0OF JAES80 sSd4ZA@ FLOW IS Ly THo CUBVZD PCETICY:
C Ct“"‘It.llllﬂ.-‘ll--l".!l “l“l“‘l"--_-llllllllll‘ll‘l‘l .lll‘

JLUT=1.57J3-THT~TI-TT2
LLAT=V.
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q=giann-c12-c12-r Inlnté .

3sT=nSIN {ATBHE+PH )/IHIH

caoz-r-c12t 12/1MIN

93=6300+L40ittrz-CuoztnsIH(IIZ-A?HH)

ﬂII=C12‘C12‘g3'0LHI

INT2=C12%%3%D ‘I-asxn{aguaoeaz JIMIYw, SeLATe(ULNT
Israsg%§-03-03t(oszu( S5 0796-70I-ULNT-TT2) =DSI¥ (1. 570796-9&1—
-

INTa=C12eC °n3-33-I/I:13-DSIH APHR* AI1* (-3 LAT*=DSIN " ea
- .1.% 07%'??HI*ULET—TIZ) : ? 5%6(PHI-UL51- 52)
- 0S5 1.57079u—?&1—112b

urs=c12--u rzzn:su§n5154apu -112)-0131-9513(-aaa&+undr¢rrz
* 57079ql+asr {1.5 0796=APER+TT2))

13;582 sC12se 3uTan3 /1ML (— 125- 9SIN{( 'ULHIOPRI—APHE*Z.‘TTZ]

DSIE EHI-APB +2.*TT ¥b+ 25* CDS;APHE*PHI *0LNT- 3 %g :
(AP -TIZ)'{D;IS(I 796=-ULAT~PII-TT2) ~DSIN (1. E70735-241~

-'ttﬂil‘EEgLLL.‘-'It-‘t‘-“-‘.‘-"‘.t““'.“.t."‘.“"-‘.t-.ttl -
« AXCEVY GIVES THE 4CNENF- OF ,THE CURVED 2CRTIICY aBQUT ¢
& CEYTROID .-
t..“ll."l"‘.tt“““.‘.““it."tt".“"..“"C"-"‘.“‘-l'-
éDT-uT-J 0. 1¥0.D2.57.0-0)GO_TO 638
V=IHT1+I¥t2fIHTJ—;HTﬂ~IHTStIWT6
uxcpzaxce—axc;v

TO 95
858 dICBVzIYI1—IN;2-IY“3 IHIJ—INTS-IWTG
2LCP=NICP-AACAV
GO 20 93
52 CGNTINUE

t"‘ltll.-.‘Ilttlﬂﬂtitt.‘l“lC“.l“-“.‘i‘l.l".“.l‘lt‘.‘t‘lltl

s CALCULATION OF THE .EGINT OF GZ30 $HZAR FLOW _IF IT =

e LIBS ~ASYOND THE <uEv2D_ PORTION, THAT IS, IN THE * -
* STHi1Gus _poaTION uf THE Lo¥G L=g »
.“'-‘.-I‘l‘.t't“‘l."""l.'t.“l..“.“‘-t.““-'--‘$‘-.-l‘t‘-
AQ=1.
 Bg==2.%L4 .
c =z.caa‘:11~/(rtaaun
5C :B —4.

P5P= =30+ DIS . ) .
X25a ~38 I5s nI!DIbC;l 303y S
“‘Eg-zga...‘-"-‘.‘..-...'..‘-"-.‘-“-"“-‘.‘-‘..““.-.."lﬁ-

: CALCUEATIOHL OF THE NONENT OF THE STIAISHT PORTION GF :

.‘---t“"“‘tl‘.‘.‘-'“‘.‘--.‘.“---“.*.CI-.“"“-“"-.-8'*'._
3CX=¥11-C3 :
MXSNCLSAAS XP* (1. + (XPRIE/{3. %CT)) +(X2*3Q/{2.%CQ}))
cuL= :-APH1/;2f-La{sl } an ! a

QX3L3=CQY*LJ‘L
1I3=2.‘1C1'£ yeCsX,3.
JIQL4=CQX‘ 3‘»3-(L4—I?)‘ LH—I

Il4=acreCole(Lu=-L2) *(LI*LI~ (L4 -k%}‘(h% ~XP)/3.)
-‘.-“"-I.l't‘IIIII."'--‘l.“ll"“.“-“.‘ "‘..t.".l.."“‘
- gzgégg SIV2S THE V- CLORDINATE OF THE ACTUAL SH2AB e
- E -

‘Iltt.“‘ll&'.“““-"‘-‘II“.i!"lt.-“‘-“‘lll"“l-t“l'll.--

EZRACT=‘(HI1*!12+HICE+EI-HIJ-EIQ)
45 CONTINUE

R - e P e L L L LT Y R Ry b b fdaaidmebeiiuhh s
e TeALCULATION OF THE 4CYENT OF THE CU@VED PORTION .
« AEOUT GCZ5T20ID .
..ltltt—.-c---t.a..t-tt.“‘lSI..ttlll!ltt‘al!llttt..‘.-l‘tttll'tt

I? {D1. UT.U J- A¥0.D2.LT.J.0} 50 TO 405

Clp=T/I31

IHT1=C12‘C12'&!212'(U1'T LLET B

IHT2=LTZ‘QXZL4‘DJ‘(DCO:[‘ STV IY6+TT+ULIT-PHI) -DCOS{ 1. S7NT796+TT

H1)),
- IHT3=C1£;;3‘L1b‘ S=01*CCOS{APHR+PHI~1.5707%06) * {OLUT=U ULAT-LLAT
IWTB-CTA"L‘C16'((UL'T LLﬂT)'DCOS(APHB+T;)-DSIE(ULHT*'T*APHRI

Y{APHB+LLNT T TL}
«53%D3«DC 0S5 (A2H2+PHI-1.5T70730) * (- =-JL4T*DCO5 {

. +DSI {
INTS=C12%C12%Clo

- 1. 570795

- —?3IvULtrvt¢gfLLuT'DCOSéT.:70796-?HI*LL:T*T!]+DSIH(1.57079=

. BRT+TTrULAT) SOSTN (1370730 RHITEau L TL),
JL¥Tsaci2esdicioradn (=0eds (A 43 +1T) = (DCCS (1 796-PHI+GLIT+IT) -

. (1.570793~9HI*LLHIPTT))-.25'£DC05( .370796+2.%ULAT#2. *TT¢ ApYE

. i 20205 55707902 s LLNT» 2 ST T ARAR-2HI) ) =, 5=DS TN 1+ 870748
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ttt-tttttigaa‘lgELa E:EEQEEE£LLt:c-zac-u;zttaaat-ttata-s--tt¢tttt

: Jécga g%vzs THE JAQAENT OF THE “CURVED PORTICN ABOUT :
!‘.ElECCEIl!!ttlatt“tt‘ltll‘lttt'.“tttttltttlttti.-ttttttt'-t-t

IP{DI.LT.0.J) 503 TO 525
HIC;‘—%%TS-IHTS-IH;#01321—IHIZ-INTJ

_525 3XCP=ILST1+INT2+IKTI-INT4—INTS+INTGE vl
326 ég(g%-%?io.ﬁ.AHD.LIO-GI-C1)GO I0 555

nnnn

555 LLMT=(0.0 . . C -
ULAT=TT
c ‘-‘."-I‘l‘-".‘tt'-"““"".“““".‘.“‘.“‘..“‘t““l.'.“
E ‘: C%&gggiglﬂu OF THEZ MOMERT . OF THE CUBYVZD PORTION ABOUT=
c I‘.E."."li“‘.t‘..."-t"‘-"-“..t‘-"“‘l‘l“‘.‘*..‘tt.‘.t.--
INT 1= C12‘C12‘Q1*50Ld1~
IHT§=C12’ IsDje (25T —ULﬂTvPHI =JSIN {~LLAT +PHI))
INT3aC12%%23%C154. 35 DI*DSIH(APHR+PHI) {ULS tu.a =-LLnaT
IHTQ=C12“L‘C16‘({UI!;-LLJT}-A?HZ-DSIH(JLET*!PHE)
- { PHRCLLYT 55 :
IHTS=C12‘C ‘C1D‘Dh‘ *DSIN (APHE+PHI '(—ULﬁT‘DSIH
: {E TfT*eHI)*DCDS(-ULﬂTfPHI)*LLH 'DSIJ(?dI—LL&T) DCOS (PHI~-.
IHT6=C12“5‘C16-D3‘ DSIN ﬂL!T#PBI)*DbIh -LLAT
})- %'DbIﬁ 1. 5 07 n-AP R-PdIl JLAT~LLUT) +. ZS‘éDQOS(Z.‘
. . ' ULAT* .57079 65+ PHE-PHT) -0COS5 (2. SLL. TfAPdR-EH;+1-:7 7356}7)
C -‘.“"*‘--“$-tl‘-l.-“-D-Cllll."‘“."‘Il."“’ﬂ“‘*l‘t‘**i‘ x
g : !Xﬁg EEVES THE -40MBNMT QF THE CORVED PSORFICH ABQUT :
c I-..;iqggltlitiliﬂt’t“.‘.“‘.t.*t“'t-.‘..t‘..“‘*"-‘-.,’.“-‘.

!!CP;:%?‘*IVTJ+INTJ‘I‘T“‘INTS*IN$6*HXC?
902 COHNTINUZ

c -*“-‘I-.--‘l‘-."..““““"’3“-‘*.““-““.'tt‘t--t‘-"tt-‘-
C * CALCULATION OPF THE2 MC3IENT OF <THEE® CUJAVED PORTION ABZQOT+
C = CEIYTROID IF THE CENTRBOID LIBS IN THZ2 SECOND OQUADEANT =*=
C = WHITH R2ES5PECT TO CENTER dF CUEV!TUEE AdND IF_POLAXT CF ‘
C .& JZIBO SHEAR FLOW IS NOT 1IN THE CURYED PORTION :
C "t'..‘t‘..‘-."‘.-“"..‘-...-“t.".‘-”““--".‘."*“"“"*.
c ﬂ."‘ -:;: .2;2 :2‘32-222.‘-“".““.“‘-““‘*.‘*“.‘.'-““t“
E :.‘eE%E:&z&l;gg;!tt!!lt'lt!tttlll“t!!t-t‘llt!lltl!tt*tttttttt'tt
JLMT=TT -
LL¥T=0. .
: C%ég 3KCE78(C12 21,03,2,1PHR,PHI, ISI ¢ JLAT,LLNT 2XX) "~
Iyl
. EEJ%=6 570796—TT : .
CALL HXCE12£C12 .2X2L2,03, T,APHR PHI, IAIN,JLST,LLNT NIX, IT]
51C9=1XC5

904 CCHTINUZ

tttl“t.l-lU.l‘lllll““lll-l‘l“--".“"“‘ltt“‘t.titttltttl!.

€ iEme. LiiLg.od »
c .‘l'.tt.‘ll'lllll"..“.“‘llllll-“‘-"."“.-t““t‘*t“.tt"*#
UL3T=1 570796
LL3T=0.,
gié% §X€212(C12,31212,03,7, ARHR, PHI, I3IN, ILAT, LLNT,NXX,7T)
GO TO
905 CONTINOE
C -‘t‘t““.litttttll.‘t.lt".t‘.tt‘*t.“l!.l*---l“l’.‘ttti‘.-*-.‘
€ * CALCULATION 0P THE JCMNEZNT OP THE CUBVED PORTION A30UTS
€ ¢ CZNTROID If THE GCZNTROID LI3S IN THZ SECOND _QUADEANT +
C e« <ITH Q2ESPECT TO_ CZINTER OF CURVATURZ al0 IF THE POINT®
¢ * OF zB30 SHZAR PLON IS 1IN THAE COBV2D PORTIGN - *
C TERSASE AT ER SER LA NS S ES U SRS R EENENERENENASIERNENE A S S I RER R R K R RKER
IP(TT.2Q.J.0)G0 TO %06
.C ll'l---tlllllltu---;tlttttt"tt'ti‘*‘##I‘t““‘.‘lt...tll‘--‘-Il‘
¢ « HERE, L1.GT.C1 =
C I“II““‘*I'..I-"l-l.l.lll."-““‘.“.""‘."4’“ttt“‘.‘t"‘
OLATSTT :
LL3T=0.
CALL_ n§c978(c12 ,31,03,T,A2HE, 2B, IMIV, ULAT, LLIT, 1XX)

ULAZ=THT ”
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=0, -
&REI ﬂigg12£h12 QIZLZ 23,T,APHE,PHI, I NI, JLAT,LLNT,MXX,TT)
+A

HICE=3
&9 1o 112
906 CONTIUDE
c ....I."‘.t-.-.‘I-.“-"."'t.“t““““"‘.“‘t.‘.."t“...“t-
«C = HPRE, L1.LE.C1’ o
c “‘--‘t“‘.“..'““‘."C.'.“..-"“‘ﬂ.-.‘t-t‘."..".3“--‘-'-'
JLMT=THT - -
LL#T=0.
CALL ¥ MICc212(C12, szLz L3, T, APHA,PHT, ININ,ULNT,LLAT,AIX, IT)
TR N .
508 CONTINOE -
E -.‘..-'--‘.‘li‘ll‘-‘ll‘-..t“.."‘-“.‘"-.“t-.tl.‘.‘t-‘t“.“.‘
.* CALCJLATION P T4E MJOMENT OF THE CIRY¥YEZD PCRTION ABOGT®
C '+ CESTROLS t2. THEZ CENTZ0ID LI2S IN THZ SECOND QUADAANT
€ s dITH BESPECT TG CESTER OF CURVATOEE AKQ IZ POINT .
€ « ZERO SHZAR PLOW I5 14 1THEZ CULBVED POETION -
C "'-‘.“‘.--tll""..l..!t‘.‘t‘-‘-‘-“‘llllllttl..II‘.‘C'..‘*"“
gLaT=1. 570796-THI-1T )
§éévnxc234(c1z L 244 La, DJ,¢.APHR PHI,ININ, ULaz LLAT, ¥XX)
= ——————
NICPmAXCR-uXCaT
Go TO 95
14, CONTINUE
c "“.'-I.‘-‘ll‘.t't.t.‘.’-‘-...l‘"l"l"‘..‘l".‘t-tt.“"t-.
g : -Eéﬁgnk;*xoa 07 U-CCORDINATE 0P TEZ ACTUAL SHAZAR .
c “‘t“-‘-‘i‘-‘i“l..‘llll.I.‘I‘““.“-““-“‘l-‘"'ll‘l'tlt“'t
€ = CALCULATION OF _THE J4CMENT OF THZ2 STRALGET PORTION .
¢ = QF THEZ 5HOBT LEG .
C '.‘.“-"‘-l'll'll-'I‘.U"-t‘-““.‘-"l-“t‘.'t.'...‘-tt-.t“.I‘
Y1SCTFC12 ((X117C3) ZARH2¢ {L1-C1¥, 5) #4PH]) /1UAX
Jvi=(m- CI)=TeCI*C1%o547 (] 11-c3;/a B2+ (L1-CT/3-) »
B1) /Idax
C1B=T(1831
CO1=(2731=C3) sapd : \
ip .23.1¥¢) 60 TO 31
C BRERE EEESENAEEEEN A SN R INEIVE RN S AR ORS R R AN ANERAZTERE R RS RN AR ER R xRN
€ = EINDING T2 2OINT AT ¥HICE U-U aIIS INTERSECTS T4Z 2
€ s CENTZB-LINE uP <ITHE CROSS-33ZC2I0 =
c SASEPEERER SEE SR K I..'..“..B‘-‘I‘.-l-l'-‘la"‘.‘.“‘.-‘.‘.“.,-..-
IP(COl Lz 0)) 22
. “IP(D‘IS? ’isnanos%-;gga . L .
E2191297434 309007 380 .
3B=DARSIN( (D3=0SIH (CCY) /7 {2+C3)) ‘ !
AB1=iB-33 v
THTA=1.570730327-A31-PHI :
‘30 TO 132
330 83= DAaSIi(!DB‘DSIq(AB]]/{SOCl)}
CC=23. 14159465u—-
S532Ta 903} SDATN(CC) /DSIN (AS)
c "‘..‘I..-"--.I-“-!-l‘l.'.‘I.‘--““‘-"'.‘-‘l--"-ﬁttlttt.“.-
C ¢ THE_ POLLOUNING THTA, «dICH IS THE ANGLZ _32ASURED -
¢ s COUTZR-CLOCK<LS2 ~23¢3_ THE ~_LONG LG, JIVES THZI 20INT  *
€ o A7 CGHICE Do CAxI5  INTEASZCIS THE CINTZR-LINE OF THE
¢ = C30S5-5ECTION
c t‘...“--‘--‘-‘.“i‘llﬂ..Il‘"I“t-.‘*'“‘..“ll.l.‘.'.‘...."“‘
132 LHIA—gAnLOS((CD2'A?12 22)/(a+C3))
ULNT=115 573790327-THTA
31 LLaT=0
D bt 395358103
THTA=ULAT .
CONTINUE
C "'l‘t‘.'l..."-"‘.-‘.‘..ﬂl-.ll"‘l'l‘“,“ﬂl“.““-“llll!‘Il-
C ¢ CALCILATION 07 T4Z 404387 OF THE CUAVED PCRTION ABOUT =
-
g ---E-EEEEE.-.I',I-“".‘.‘.I.""’I-"-“I“‘..I““‘.“--.'--.l-

63 IET1=C12‘C12‘Q(1SC‘(UL!I-LhJT)

I!T3= %"3‘ 3'L18‘03‘EC03 A?HB+PPI * (JLATns= -LLHT“2)
C1 “sieC g (=0COS (UL PdR) - Oa(LLST A2 HA)
LLAT-ULAT) =aPH1)
IVT“=C Z'DJ‘Jtle' =CCLCS (UL AT +2HI) +DCOS (LLIT+PHI) )
TUTS=S122C12%C1awd 'DJ'DLOSAEHI*A?hﬁ)‘6-TL:T'DCDS(
GLiTs PHAI) »+LLAT*CCOS (LLdT#PHI) »OSIN(ILNT»PHI) =051 (LLAT+PHI))
. Q

FEETRY MY




o
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JINT6=C128x332_ 21880 S (=D .SOLNT#APHE+PHT -
3:5(2. LLET#A £+9§1&f+ f8T-Lid ]-DCOS(leaa-saI)
. " 3% 421 (5COS (ULAT+2H 3535 tLLAT+BHT) ) )
'c “““-"'t“-‘.‘- -‘- BAPIT VLR VS ERBEKE SEERRERERNSXEFBERERNEREE LE SRR
€ '+ Al GIVES THE 10MBAT OF TdZ CORVED PORTICH ADOOT
c .‘-':;""“,“-‘.‘-“-“‘““"“.“"-‘."“"-""“““"-‘-'
IF(D1.LT.0.0)30 TO 530 -
1 1sxu§1+xurz+xs:3+1xru+xu:5rxsrs .
~ 5 . '
YCT=IRT1s INT3LINTS=TAT6-THT2-INTO
338 HGITEAT I IyTsdN 3o g 4T

.. GO TO 60;
62 UL1T=1 5708

63
602 II(CO1.HB-D1)¢O TO 495

c ttttt“‘-l!lltlasittttt‘tl;‘li.lt‘ltt-t*tl‘l"ll"t‘l‘!‘ttlllttlt
C * CALCOLATION P THE 3IOMBNT OF <THE_STHAIGHT 20BTION OF *
C = THE _LONG _L2G _IP__U-U0 AIJS IHTERSECIS ;HE CENTER-LINZ =
E : OF THE CROSS-S2ZCTION JUSTI AT TH42 END OF THE CUBVED :
¢ ttgsgzgﬁtttlttlill:-at-ttttttttttltl.-l'l‘::tttttttzattttust!al
HMY2= (¥11-C3) *T*=APH2/INAX*C2*%3 /3.
C SRS ESZUNRARINAEEN ARSI AN ENASETANSSIZIRSRRLRAIE SIS IRRASIX SREFX
c : UZRACT GIVES THE U- COOBDINATE OF THZ ACTUAL SHEAR :
E. titslztagtttt-t‘t‘lttﬂ“!‘IIa‘att‘tltiltl!!‘t‘-ttattat-;tltt#t!tt.
UZR%CT=—J§Y1*1IZ+H?C1) .
605 COHTX
c uttsta--:-c-a-c:----t-aat:t-a‘nt--:s--t-atttst::stsn-anu-s::ttt--
C = CALCSLATIOH Qr TB“ HOHER” QP THE STAAIGET BCRTION_ GF ="~
C = THZ LEG 1IF ALIS INTERSECTS T4E _CENTEZ—-LINE *
E : E?NGrHB CBQSS-SECIICH I¥ THE ST3AIGHT PORTICN QF THE :
SC :--:eta--s-:--ttas‘-a-uattttat::ta:-t::--:-:tt:-ttat-t:-tt:a::nt:

L5=D1-CQ
C20= 755398164—&?3
C21=D3'DCOS(A£HR+PH*I* 90031631Q'C12‘DSIH[

QAT9S qy1SC+C13'C21'u14‘1 570796327
Eg3;(i 1-;3)'LS‘[T'A?EZ'LS‘L:/(B-‘I&AI)*QA”QO)
AY2= £!11—L3)'T'APHZ‘L&"i/lJ.*IﬂAI)

PP TRl R P SRS R E R R A R R L 2

b UZQAC" GIVES THZ U= COORDINATE OF TIBEE ACTUAL SHEAR *
=, CENTER -

nnon

ZACT=-63£JONYZ+323*!!C1)

GQ
03 CONTINUE - T
g e T R s R L T L Y L bt it

c
C * CALCULATION oF THE 40MENT OP THE STRAIGHT BOERTION_ OF =
-© .® T92 LONG LEG IP (-0 _AXIS INTERSECIS raa CENTEE-LINE *
C * 0F THE CROSS—SECTICH 1IN THE CUBVED POR .
‘C ‘i.‘lll"‘tltllllltlt-t“.-llll-‘ttﬂlilﬂttﬂﬂilil!--llt‘tt*'t.‘t-l
LS=C2+CO1-D1 .
L=T*C2%=APH2/IMAKS L=—c2t 5)
Y2=({Y¥11-C3y*«T*a2H .S/Iaaxtcztcz-(Ls-CZ/J )
LLIT=0.9
GLYT=TaTA
C tltl‘!ti‘tttttt“ll‘l!“!..‘ltl‘.“‘tlll‘.t"l“ll!llt!lt!ttltltt
c = CA%%ULAT;DN 97 THE 404EST OF THE CORVED PORIION ABCUTY
g I'-E'-IEE“E‘I.-"t*‘tillll“l‘.‘l‘#“l.‘.l't"“"‘.“."#"-‘l t*ltl
INT1=QL*C12=C 12*UL
INT2a&12%%3nC1 ana- S'DCOS{?HI+APHB)'U':I'ULHT
INTB=C12"Q‘L1S'(DbIH(dLﬂT AEHB)-ULJT‘APHZ*&PHH
LNTL=C] n =L -DCJajJLdT+?dI +C L
IN¥TS5=C1 2-c1 *03*Di= (- uhﬂr-ucosiu {T+PHI) *DSIH (ULMT+PRI)-5PHI)
= -ncosinpdarparb
INT6aC]2%s Jx 2. $CIa*D 3 (. 125% (=DCOS (2. = QLAT- A?HE*rHIL
. +DCOS (A2HE- QHI; ) +.25¢DSIN (\PHE+PHI) *ULYT+. S=APH2=
. DCOS (ULAT +PEI} =C2HI))
c EEREN N ERSE AR AEER R RS KRR A WS SAZSAEEEREEEENA VISR XERAEREBREREERAER SR XN
C « sYCZ SIVES THE JO4ENT OF THE CURVED PGCRTICY AZ00T =
C « C2NTA0ID .
C l.l‘ll".-l‘.ltlSt-t‘-'lllltilt.‘l‘-.-‘-II.“‘.‘3..’".“‘."8‘.'!.

IP(D1.LT.J.0}30 IO 340

EXEERAN AL AT SR T RAEC RSP U RA R NS RE R RN .

ttl!ﬂl..ttl‘.Iit-‘-l‘-lit“ttt.“‘.“‘,‘.‘I---ttti.“.t“l‘lt“t--'.

vk B MW i B R

EINT SR AR ¥Y ¥ LY

P
ST PP TESR PN
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) s&ci=xgri~1vri+13r3¢rstu-xur5+xxfs

S40 AYC2=INTI+INT3-INTS—-INT6+INT2-INTG
!‘tttltltt-tlll.!‘ltl.I.tl..ltt.tttlt.“tttl“‘lttitiitt‘.tli‘.-‘

: UZRACT GLVES' THE U- CCOBDIYATE QP THZ ACTUAL SHEAR -

"sﬁgzgeti-lltt-‘tt‘t“‘.l‘.-“‘-"I‘ltltl-‘-‘l““lii..lt.“tt‘

542 UZHACT’-(JY1+ETZ+5¥C1+!!C2)

annonn

a0n

annn nan

nron

nanan

100 COXTING

t“‘.“‘.'l.‘."“*‘-"l'!----.“"-“lﬂitti.tﬂt-l,“‘-‘.-““.--‘
* CALCULATION QP THE EETA1 & BETA2 (IEPZRENCE: PAGE 245 .
= 0P "THEORY UP ELASTIC- STABILITY" 3Y IINOSHENKC) .
""“..‘...t-.t-‘l‘.".l’*‘.'..“‘Itl“l“.‘-l.-‘-.’tttilttt.-l‘
* CALCOLATIGN FOR LJONG LEG s .
.ttt't""-‘-‘ttt"ltt."""--'-C-.l“‘.3‘*‘3-3.“3.‘..““!t‘t‘

Cu00= (Y11-C3) 7APH2. .

C431=X11-C61-C3 : “

C402=X-C3

guo%az-‘u . .

CiLL INTGRL(Q: - £1,50811,8%,C300,C5301,C802, cuoa'apa1 i1PH2,T,

an 5 1{.r11,8, 1420

=

CALL INTGRL(0.111§},20212ﬁ55 ,C400,C401,C302,C403,APHT, APH2,T,
‘.t"“tttll‘ll“"l‘l..‘;'lﬂil.t'-ll"-“ﬂtﬂtt..‘I't---lll“‘-“
= CALCOLATION PUR SHGAT LZG .
‘-.-““..t‘ttl--l."’“‘.‘..tl‘tlt‘l.“‘-‘-.‘.‘.‘3““‘!.t"l-‘.

yu=3

- JCALL INTGRL(Q. T-£1,5U821 24,Cu00,C401,C502,C403, a;a1 APHZ T,
* hes 11,2198, 191h
=

JELL rursaL(dl T-11,50422, 44,8400 C401.g402 C303,APE1, APH2,T,
19,271, R, INTH

‘.-..“.‘-‘l‘--l“‘.."lﬂstl"‘C“l'--‘l““ttt“-"!‘...“‘O‘t.‘

* CALCILATION- FOR CUBVED DPOQRTION -

"‘lllttt.t.‘lt-l‘l.“.ll*‘tt."“‘ﬂ"l.“'l.‘.l.t"“l‘...‘.l’.'

=5
UL1I=1 57075903

CALL INIGRL(J.,UL3T,SUA31,4Y,C800,C831,C302,C003,aPH1
* et (Apﬁz.r,i1r,r1i,a. 2 Iuf ‘ ’
x
CALL INTGRL(0Q.,ULNT,SUN32 48,Cs00,C001,C402,C403,ARA1,
. Apfi2, 7 811, Y18, R INIY)
26 SOM1=SUM11+5US2T1+3U%31
27 SON2=50212+50%22+33332
GalMA1=1.570756327-34I-A2aR
GANMA2=, 7853931630 : :
"..--..tl-‘.-‘-.tt-l.‘-“‘.llIl‘ll“"‘....ll---l‘.“.lt..t‘l..l
= J23AS1,VIBAS1,928A52 & VZRASZ GIVE THE U- & V- .
* COOEDISATZS JSP THE ASSUMBD - SHEAR  C2NTERS =
"...---‘--‘II’-.‘.".".l"ﬁ“‘.l.“'.“"“l""----.“‘t.““t
IP(D1.51.0.0) 30 T9 370"
VZRAST=-(CI12%JISIN (GANMA2) -DI*DSIN (GAHNAT) )
JZRAS 1= (C129DCTS (GAREAZ) -DI*DCDS (GARXA1))
370 VZRAS1=-(C12+=DSI3 {GANMAZ) +D3I=DSIN({GANNA }
UZEAS 1=~ (C12%0COS (GANNAZ) +D3*DTOS c;n:a11
374 H1=X11-c3=Ca1
d2=(Y11-C3)/APH2
YZRAS23-31=}

ULRA52=-[h2¢H1'LPH1)

L R Rt R T R L e R L Y R Y Y NN R T R L LT R RN T LY oy

*  IC1 YC1 ICZ E TC2_ GIVE THE X- & Y~ COQRDINATES OF THE =

» assfus HZAR C2NTERS .
.-“““.'Il’l...‘.“‘.."..l.‘l“.‘t-t‘—'tﬂ--l“.‘.‘*.".‘..‘l‘

ICI=UZRAS 1= A2H2-; 123A512A24]

YC1=(LRAS 1asu eV a5 1*02H2

XC2-02345 ¢ 4pH2-v52432 )24

YC2ayZRAS2e AP T+VZRASI®APH2 )
.--.-‘.".I.I“l“.““"‘-lll-.“-Itt‘.“.-“‘ﬂ‘.l‘.‘ttt“"--l-
®* CALCULATION oF THZ CO-OBDINATES OF THE CRITICAL .
* POINTS, QN THE C3CSS-SECTION, FOR THZ :USECSE OF *
s  CH2CXISG STR3552s , =
“‘...-‘*‘.--“’.C"I*‘.--I’l‘.““‘*l‘II‘---I-.".t'..‘I.IIII-CI

R (1)=(I-X11) *A2TI~(Y11-T) #2242

Rt = (k1T -ap52+!z11 *APH1

!—Ill sAPHT-111%APH2
P 2; —£11}'\Pd20511‘A9 1
7B 13 Z11=7) W42H 1+ (I-F 11} sapa2
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P ' 'YRITE(6,73781 . -
78781 SBEIE48,73731) pogur sazxeD 12 iND 13 . ARE SCT COREECTLI',
% e IDENTIFIZD',/) .

*

© 60 T0
7025° 09‘12 =

nnannaonnno

i} -
D11=x-D¥}
D10=1-0%2 . ,
DIG=£-D714
D15=X-D¥Y3
D12=Y-DX2 -
513=¥-3X1
VZBEQ=VZiRA
3ZZE0=02HACT -
AREBSER INEEEEERNER t'!“.l.‘.l'.“t“lll‘.tt.#lttttl SRRV AEEERT IS LR
* CALCILATIOY OP THE TCSSIONMAL CONSTANT, 2ININD3 RADITS =
-* OP GIRATION & PULAR MONENT OF .INZ3TIA. . :
s . ASSUNPTION JADE:z. . : -
L . "1y TCISIONAL _COHSTANT,J3=38T**3/] =
. - : T YHBRE,2=THICXNESS 5 «
. . BaCENT22-LINZ L2XGTH OF -
- - . THZ CR055-52CTION -
EEEEPRERENSEN N XK “l‘it!.l’.‘llt#ﬁ‘--lllttti iIlll-..‘ISIllt‘l [ 2 F £
_ J3=CeT*T/3.
* B¥IN=DSQRT [T4IN/C) .
IF(Ixx. EQ.1¥Y) G0 20 28 -
éé %8359 YrINAT+C® (JZZRO*JZERC+TZERO®VZEROQ)
23 éa&§c=5sxﬂrraazoccuzsso-uzsao T
c l‘l.e.l.:zlitElltlt.t-!‘lO'..ll.lt’tl.‘ll‘.t-‘I‘t?t-‘.l"t-t!ll.ttt
€ * CALCULATION QP _TH2 CCORDINATES OF THE GEZNTER OF -
¢ = THZ CJ&aV2D PCRTICH ‘ ' -
c _ll't.l‘It‘t!t‘."llltt.ll!.t.-‘-Il-t.“lltIt‘.‘."..‘ti‘!-_t-t‘.‘

IP(IX1, 23, IY11GO 20 310
1B37.570796327-pHI-AFHR
rg(n1-§r.a.a)so 73 360

G¢ To_lel
360 UCREa-DI*DCOS (AB)
. JCPE=-D3®DSI (AB)

GG 1o 303 . .

361 UCP=D31*DCOS (ad
YCbR=03eDSIN (A5
30 To 303 L

310 .IF(D1.1T-d.V.A¥D.02.1T-2.0) GO I0 320
iCPz=~03 .
YCPR=0.0 .
GO TO [ k] . -

320-. YCPE=D
¥yC2E=0.0

303 CONTINOE

C ‘.l-t."‘-I-".‘l‘-"“’-'.I.t‘ T IYITSIETIRE R R L L ) A AR RARSEEAB RN
€ o CALCOLATION oOF THZ® CISTANCE 3ETWESN THE SHEAR CENTESY
¢ ® AND THE CE¥TZ2a OF <HE CUBVED 20dTION - C .
C .-‘.I."-.I‘..Il'.ll'.-“ ‘Illl“‘.‘-"““'l‘.-..“‘--l..‘--I‘t

RPE=DSQRT ((VZIRO-TCP3) *#2+ (UZESO-UCRR) **2)

IF (IXXo Ede27E)50 20 315 .

. IpPRaUCPA-C12»ARH2 .

TPPR=CI12® APHT+VCER

aaa=asgar§iupea-u:3301-‘2~£v993—vzsaoy--2)

LaT=DARCOS | (ZPR*HPE+C1Z*C1.-EER*RAR) /(2.%C1220P8))
C AREREE B RS IIIII-‘.IIIII"“III..““--“".-..lﬂl.t..l-lt-“--'
C e XC & YC GIVEZ THEZ X- & (> CCORDINATES OF THE ACTUAL 72
¢ = SHEZAR CEZETER ° \ -
C “-‘-‘.“-“-t‘-l“liﬁ.‘..I- l‘t“'l.l..'t‘-...‘.""-.--‘.--...l

YCa— (D1 +APE®ISIN (LAT})

iCa- (D2 +RPESDCOS (LAT))

30 10 1233 ,

115 CONTINUE

C ..'.‘-"“.'...'l'.‘.’.l.-'.-"-. I--..l‘.‘l“‘l“.I"“‘.‘-'.‘
C = XC & IC_ 5IVZ IHE f- & Y- CCORDINATEZS OF THE ACTOAL ¢
& + SAzAd clitad .
C l.l".“."ll.‘l‘l--"“..‘---“‘.--l---“'...' RES PSRN ANAEERUER

XC=- (32 +3PR*. 72710674

1C=—(D]+apR*,7071d073

L4T=.785133163
333 WAIZE(H,200) :

RiTZ(s dud) L, ,7.3.C, 711,111, CONLEG,GAGDLS, 32LATS, SISMAY, IXX, X117,

. VTA3Xo Tty sty aazy, feu0. ), IA35C
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“
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200 _rommAT 10 19 (s 2 TONAL EOPER 19 yree 101, 12
308 “ronsar (o) i"‘?“;*’o gEEIEES. e;.éfﬂﬁm%f-? TN
X,'siz . AN 2 ’
T Wit ﬁl ‘ >V 2622 // %, *INTERHAL 'aanias‘ iax

® .'=' r?°' s 5% [ana OF THE CHOS5-SECTION =

.. F12l 2, Vo7, is . TOIST. OF CEYTHOID ALONG Z-axifs',
. B12-2.1 na-,//,1:x,'czsz- OF CENTROLD ALONG Y-aAXIS=1,

- LA

. //e15%, -cosuacrzn EG',16X,'=1,P12.2," aNt, /7,15

* © “GLuG2’ DISTANCE',15X,°'=1,2f2.2/% ud-'// 15%, ’

. 'THICKNESS OF GUSSET pLATE -'.?12.2.- au- /70152,

» $ASSUNED AATERIAL YIELD STAESS =¢,21Z2.25v N/afssst)

* /74158, "3. I, 1300T X=X  AXIS!(6X -=-‘21a 0,.3%, ‘unesys
» 127:13%, 78, 1. “isoor “rer adasf ek, s rm.b1 £,

» ey /7,150, '4AT. M. I. ABOUT .O-d AXts =%.7%0.0

» 3X,vuueditl s, 158, VHIN.T A I. ABQUT v-¥ AXIS ‘=9, Fi18.0
x ¢' Hassailyg 12X, 1BRODUCT 0P  INBATIA! 10T Psr ?iu.

* axseys, 7, 10X, TyININIS aADIOS 0P Gi Tfon 2
e B12.2,) A8i./7 15%, 701288  WEASURED 28 3Ti%1s ‘

. Pie.2, DEGAEZE . 77 13%,VTOESIONAL cnssr;ur',11x,'=

. £12.2.7 na;;g;&{/}1§x,'?0Laa d.I. 330UT SHEAZ CENTR =¢

=My
‘aaxrz(s,aoaa)qggnggﬁvzgéc%égznas1 ¥ZEAS1,J2RAS2,VZRAS2,4C,¥C,
Aw iy [
3088 PORMAT(/,15X,*IN (-6 7=.SYSTBX OF AX2S :!,

- //,:gx,-noc QP ACTUAL SHZAR CE¥TER = *,F7.2,',',P7.2,
- /213X, 110C OF ASU420 SHEAR CENTI 1= 1[F7020101027.2]
* //¢15%,'LCC QP ASUSED SHEAE C2NTZ 2= ' ,Fl.2,'2'.8722°
- /AL R el SYSTEA 0P -AXZS :',,/075X

* "LOc™0F iCIUAL S3EAR CENTR = 1,87.5047%% E?.2,/4

= »15X,7LOC OF ASUNED SHBAR CENTR 1= V,E7.%.339.%%.2,//
: ,}8},'LOC 02 ASUAED SHZAR CEBNTH 2= ' ,F7.2,',',.F1.2,77

& L
JCALL caacrx(aaé c1z 11, o fc,xc,¥11,L4T,C1,C2,C8,T,C7ACT,
A asc1 5827

v
rr(cosn=s.nq.x)co 314

c ttt.tltltt!tllltttt‘tttt.ttt.tttltc.t“‘t.tttt‘-‘ttl‘ll!!ttl.‘ttt

c * 20 & 27 GIVE THE CO-ORDINATES OF. THZ 20INT OF THE =

€ = LOAD APPLICATION b

c --c-t-tttnccnssat:ntasatttt--c-:--az--att-ttatn---t--:;acacstat:-
2U=(GAGDI;-£111‘RPHZ 5I11* S‘GPLATLH'S?HT
Ggﬂééigaz.s*GELATV)'i BZ-{GAuDIh ¥11) =xPH1

70 E0=2=({T11+.5¢GPLAT (GAGDIS-X11) *apd1

3L‘APB2+
EV=(GAGOIS=T11) *42H2+ (¥11+. 5'GPLATE)‘APH1‘
sxBIRIEIMESE

C AR EAEFX A VNAEEETRET RN .‘ltl‘t.l‘ll"l“.‘."1‘."‘.“"“
C *= ASSUNPTIONS JAJE -
c = ; . 1) ECDOLOS OF SHE2A2 RIGIDITY=77000 N/yywe2s
< : 2) BODULUS OF ZLASTICITY=205000 M/nixs2 ‘s
c = MEMSER IS ASSUMEBD TO BE INITIALLY STRAIGHT A3D =
C.® STRESS' FRZE. . . -
C = « THE M4EXBEX IS ssuxzo TO PAIL.  0R BEACH CRITICAL =
C *. LOAD I7 'T42 M¥AZIioM asss AT AHY 20I4T CF Tib =
€. % GEOSS-SECTION EACHES i Y1210 STEESS OF -TEEZ "NATZRIALY
* QOB Td2 DEPLSCTION COYBOHENTS CHANGE SHZIZ. SICH
c RERREREPRER ‘-I‘llltl.t-'l!‘IIIII-I-.‘tltt-"Iltllll!““i"‘.“t‘ltttt
702  G=.77D 05 ' &
2LA$=.2050 05
790 az A1=sua1/I:ax—z.ivzand '
BETA2=3U42/1318-2. «03E30 -
WBITE(6,300)UZZRT, VZEE0, 22TAT, BETAZ -
400 FoEHA (//é,TOX,uO('*'&,//,1OI.l?}'*'&,'?AﬂLE OF GBITICAL 50
. UG PVZRY: Qirer] ¢/ (213 1SR CENT23  CONSIDER
. = 26,8, 0 FEL2, s, 205, 15ETS12Y B9 2,9, VBaTia=",
= e .
IABSCaINTILTaAX C C* (JZEEQ®*UZEI0+VZERO*VIERO)
CCC={T111-£3)y-DAES IC]
cca=~§{ 11-C3)~Da35 HE o
77 PORMA //,25;.13,22 13} ,
;?=v§§ao _&
C727I&55C/C*d STa1*2¥+BETA2%EU
Ca=CdACT .
736  SE=29.
7979 FORRAT /), 30k s CHS", D150, 1 AAS=E, £/ 10X, 50 18%¢
= - b n -3
. S T L F oS LR PR T S 2 St o An',}fﬁiz. ‘
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Co vy T v 7
779 cnzura-sﬁ§§a14 ox,€0(*-"1) %
€7323. 853604404 (CLINTASCLZNTH) g
SyBezilcerainm .
BYE=BLAS*TNAL®C

€73
PDE=(Q.13022179“'2L&5'C--C73+1 001870309*5%J3Y/C72

[ od ntnsuttsctnt-:----ta-t-t-‘--as-t-tttttt-tatntt---ttnttast:t-saaa-
C- &« -FOB_~PIBST IT2RATION, CIRITICAL LDiD IS -ASSUsED TO0 32 =
C * 0.i% OF THZ AININUY OGF PIE, PYZ -
C :-cst-a-as-t-s-sttttttas-s-:-t---tt-sa-a-n-s-.:zt-:s-:st:--ttts-t
n{PYZ.Ga-?OE)co T0 705 .

CHEILOD ‘O

705 I? OB.LI.J 150 TO 7439 . N
0D=5 - -

GO TO 7006 -
7893 CzILOD=2YE :
706 INCE=CRILOD/ 1)

gBILODt -9 1*C3ILOD o
,C72,80,EV,CLENTE, 141N,

762 CALL D2P0T (PYZ,PXE,20E,CAILED,C70,C1
* Txis.zris, 007, 85Ta, 81bEy) *
CALL SIGMA{CEILOD,EU,EV,U2,V2,C,ININ, I3AL SXSTR SISHAY
* N SNST R, 5, Vs EshA,J0ERG, V2220, 2LAS, BPHIDER, av0ySs,
= ? 3sci,esc20i%r, 12,388,871, X1 ,A24), P82, 51,92, .ccc,c2,
- 2,516, D71°T12.513, 014,015, ctD)
! ¥p.20. 60 TS 758577 .
c "‘l‘ l"‘. 33“.‘--‘l‘.‘ll-.-‘“lll‘l---It.-ttl."‘l.-tlltl-t..-
c s CHZEKTNG -THe SIGNS OF - THE DBSPLICTION COMPQNEBYTS =

4:‘:-:--tta.-:---sn----sot:taa::n:nsa--ta--na-:-s-:-:--st--sasa--
30 9398 KLi=2, : *
LE"DABS 1] ﬁLJ))-DAES{UCq(KLHI) - -

ZEE.,
é 335 ¥ KLJ Dl S{vCH (KLY
I’(P??.L J ’) ?6 »
‘GGG~D!BS£3’TR KLE))‘DRES[BB"&CH(‘LS])
IF{GGG.L2.J.) GO TO 7¢
898 CONTINUE
tt-scnnac--t-a--ttaucaa-‘-a----aaa-.-a---anncns-tta-t--n----s--t-
.= {CHPCKING THE MAXINON STIRESS b
.C'!‘tllttt“!-ll‘.!cl-ttltt.Snlltl--lllttttttiiint'!tlllttt‘tlt‘
585 IF DABS(SISTH).LE.DAES(HHSTB))&IS~E-DRBS(!HSIB)
: (IP (MLSTd.GT.315Ma1)GC IQ 76
CEILOD=CRILOD®INCR

~NNNY

c 'l"‘-l#.t.‘3--.-.Il‘l‘t.‘.i.ﬂll‘lt.‘.“t"8.‘!‘.“.“l-t“t-lllat
€% STORING THE COZ3Z¥T DEPLECTION COAPONENTS FPCE JSE IN =
c NEZIT .STEP OF ITERATION *
c ‘3..'.".tﬂtillltt.‘llll-“l‘l""l-t..B“l-llllt..‘t‘.“‘lll"'t
0 7789 KL¥=1,11
JCH tKid) =U Khﬂ) .
vCR(KLA) =Y KL4)
BETACH (RL3)=3ETa (KLY)
7789 CONTINOE
' HSP§SH$"
.5 5
761 CEILOD=C31LOD-IHC3
§§gaa13ca/1o. -
764  CALL DEPROT(2¥®,PiEt,?0E,CRILOD,C7Q,S77,C72,E0, EV,CLENTH,ININ,
* 18325 3Ls, UV, 0ETALOHIDER)
CALL SIGYA(CIILOD EO, Ve, V2, C, LAIN IMAY HLSTR, SIGHAT,
. ANSTA. 9, v 2201, 52250, VRO, ELAS, PHIDER, AYO .
» W3C1 ISC%,LST,C12.RE3,C1.IT apﬁi,;ps:,bt,nz cs,ccc,cz,
« 2,010,0712312.013,018,315,ctd)
Ir Jqu.uQ 17530 10 7588 . .
c BELBNEE RS ER SLER --ltl‘.“l.‘----'I"‘t“".“l---I‘.‘..‘t..‘.‘ll...
C ® CHMECRING TdE SIGNS OF THE DEPLECTION COAPGNBNTS =
c I“.I--..-tl“l".“‘lllll'l‘.-'l."“.‘ll.‘*"tt"..."‘Il"l‘l“
DO 9837 RLd=2 N
E=E=DABS(U3{'3))-JAES ocy (XL ) ) .
TZ (EELaLTs da]l
EF naasi 5<.a))-aa=s;vc5(azayl ;
IF (FF2.L e

GGu’DiSbJBET%j&L‘B)-ERES( ETACH(KLA))
I ({GGG.L1.04.)30

9897 CONTINUZ
“-‘-"'l-““‘..“.‘.--t‘.‘-“‘.-‘--.-"-.'.-."“‘.-.‘-.-“*‘-.
* CHECXING THE MAXINOM STIZESS =

EERABERECEEN T T TTIIIFY SRR E R E R AP 2 1 8 £ 1 ) [(FI ST SRR R S N ERE RS L L]

836 IF (DABS (4X5Ta)-L2.0435 {M4STH))HISTRE=0435 (HYSTA)

an

WA TR N

TRy

ek
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Ip 1!5!3.6;.51G!l?)g0 I0 763 o ) ..
. CEILOD=CRILOD+IN
ce :t.tsn:t::a:-sats:‘a---ttoa;-sa‘t--t--at-a:-t:.antsattt:::s-ttc-s
. ¢ = - STORING THE CUB2ENT DEFLECIION COMPONENTS PCE USE . IN *
¢ = YEXT STE2 OQF ITEZRIATION =
c ‘tt:t-as:-tz-:;-stnc---tta‘sstt-ta:-b!-a‘-:tttgs:.tat.--t-tt-st--

3 Ka

po 778
UCH {KLS KL& -
YCH (K1X) = : . )
BET La)-aa aqxLay : N
7788 CORTINGE S
- JUP=HMP +1 o -
0 TO 764 : .
783 CEILOD=CRILOD-INCI
::gn=1uca/ - .
765  CALL DEPROT (212, Exfi &,gEILOD c706c71 c72,3n.=v.cnza:x ININ,
r
CALL SIGYA (CEILOD Eu.‘v gE, V2 é IKIN B uax agsTa L SIGHAT .
s dusTR 5, v.BEfA d.zﬁo Rb,2Li8,? vosds
. B3] ﬁsc%.Lxs,c1 § 2382 aesi aeaz 61 D3 c.,ccc c2,
- i,010,011:012734 nau 315, cé
.29:1160,19, 1537
c '--It -‘ll BEEEBREEER t‘.'l't‘tl‘.‘.l‘*."‘-"““‘.."’l“litt".

€ = CHBCKING THE SIGHS QP THE .DEFLBCTION COHPONEBNTS -

C ““C'lltt"l..‘.l"“l“"“Il."‘l"'l"“".‘*".“‘ll.l"tll‘
DO 9836 KL¥=2,
’-DABS(U(KL!))-DA=S(GCJ(KLHJ) i S
-préiﬁiaéf' L3 ) 9176 JCH (ELY))
- =3
ngag séra éL! ) B:ES(BZTACE KLY}
- - -
% bGu-Lé.O 53 ( }
89¢ TINOE :
t-‘t"-'-‘Il‘.lI“,ll‘i‘-S‘IIIII‘.“-‘I.“il--t‘.“"."““ltt.‘
n

« CUBECKISG THE 4aXIyus STE2SS

lalelel:)

IP(HXSTH.5T.SIGMAT) GO 10 V6o

CRILOD=CRILOD+INCE
-ttc-:a-a-as:--:-t:t;-t::a---‘-t-t-tasn-ta‘:aau-t-::s-x--sst::--:
C = STDRING THL CURR’NI DEPLECTION COMPONMZNTS FPCRA USE I3 *
C. = NEXI ST2 0?7 ITZRATIO *
' -t-tsnn-:-tctza:--.--t-ntn-s:vs-s-t------t::tt-:-tt:ss-tast:‘s--:

Do 7787 'KLiy=1,11

587 IYEDABS ﬂLSIS).L’ Jaids 1N5¢B))HISIE=D&BS(JHSTB)

(o]

DCE (KLY =U &La X .
ECHﬁxéa a: LA(KL&] !
7787 CENLTHOE" ) ' ' .

. GO _TO 765
766 CEILOD'CRILUD INCE
INCE=INCR/10.

qNp=1
768  CaLlL azsaor[e:z.exz.ecz.caltcn,c7o ©71,C72, 20, EV;CLENTH, I 1IN,
141, ELAS,.O,V azrageuxﬁsai
canL SIGHA(LRILUﬁ,EU,LV,Sﬁ,VP &oTdIN, TuaX,2XSTR,SIGHAY,
Hscgz;gév,Ezraégz£§g§v§$ug{.&éii*gpggaﬁﬁ Dgcs, cee, <2
- - cad o
M 3.316,n1%'a?§1n13:n1u:n15, &b} o rhLe
(38P.22. 1) 50 1O 1588 ‘
c "U.“‘lt“‘ll"‘l“.-t..“‘It..“lt“l.‘.t't‘i"--.“‘-“II.‘QIH
C e CHEZCKING THZ SIGAS OF THE DEFLECIION COHPGSENTS -

c :t‘----t--t---na-;a;---s‘a-------t--ttas--a-tts--st-:a--:ttt-t---
DO 9895 KLu=2,
EEE=DRBS{U {L!))-DABSéJCH(KLH})

?P§=DA354V6K£!))-DABS vCU (K1d))

éﬂDABS BETA&&LH)}-DAES(BBI&CH{KL!)]
? GGG.LL. -} 0ud 69

9 CONTINUE .

c tt---'t-;t:a--ta-t-:--stqtn:--ttt-a-::a-t-st:-t‘cnttt#:‘---t-s-s-

€ + CHECKING THS MAXI3ON STHESS *

? .:-tt-ttcs--s:--aasn-;a‘-s--sa--at-tas---ttc.---atao:---txss“--u
IF(DASb(IIS“R].L..DABS(:NSTB)IHISTR =DA3S (HUSTR)

IF (NXSTH-GT.3IGMAY)SC TC 763
CRILOD=CRILOD+INCA

C .llll‘t‘t#I'Ittlll‘t.l‘l"tt‘l“‘l‘lltl‘.“l."l.t“l.t‘t!lt’-ltl

€ = STORING THE CUARLHT DEFLECTION COMPON2YTS FCH USE IN ¢

l'.ttt‘.‘l-“3“l“““l,‘t"l’l‘tt“--.ll.llll.t“"l‘ttt.‘i'-il

FRPAFR ST SR PUTE PPt

S
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c = NEXT STE2 OF _ITZZATION =
c -‘3"‘1“‘!3‘-‘-l--tt'.Ol.'l""..“l".'."-".t‘..‘-"--..‘t‘."
. DO 7735 xnx=1,11
acy {KLH .
v%%aéﬁstu) 32 A[ELH)
=
7736 - CGELLULE *
1xp=xsao1
GO TO 768
769 caILonzcacha-zvcs
Iggs?ruca/ _ .
7707 _Call.D2P30T (P¥Z,PXZ,20E,C3ILOL,C70,CT1,CT2, £0, 27 ,CL.2NTH, 141N,
. INi%.iAS.0.7,BETA,PALDER) "
CALL SIGHA(C3ILoB,20,Ev,ub,78,&, LXIN 3% 31572, SISHAT
- SNSTR hovoBERA,522R0LvaERd, ZLAS, PHIDEE, AVOY
- WSC1 ascz.;ar,c1g,5pg.c1.u1 APHT, 1932 b1, nz ci,ccc,c2,
- R,510,D114012,013:5747515,CEd)
IP (4¥P.2Q.1) 50 TG 7575
c --‘--t“‘lI!‘I-‘-“.l"‘-."."--t..“-‘-..."“-lti.3.‘.*‘--"‘.-‘
€ ® CHECKING THZ SIGSSN\OP THE DEPLECTIQN COSPCNENTS *
C tt*‘-.‘.t".t-“‘-ll-‘-t.n"’.ltt""l.'t’l."‘.I'.‘.Cl.‘t.tt‘..'
.D0 9801 4,3=2,10 .
asz=9455éu&xna T-DASSéUCH((uH))
E%%ﬁs v ')? =2 ag YCH (KLH) )
=DA A
PPr- LL- 5 ‘j -
63 SDLBSiaﬁxigﬂlﬁsj*ERE:(EET&C“(KL!))
17 (GGG e Uu) a0
9801 CONTINUE
G l.l"'l‘..".‘l“‘:‘".““..-‘.-I'.".-"-“It".‘-‘«‘-“‘.“-'ll
¢ = CHECXING THZ MAXINUM STRESS =
9 ..‘-Ilitt‘t'-“‘l-ll'll"."‘.l.ltl.“l‘-‘““l'l“ IVAERERENEE IERRE’
575 I?[DABS[SISTB).L..DABS(HH:TE&)EIS‘E =DABS (ANS5TA)
;.? ISTHE.GT.3IGMAY) GO TO 7o3
B88acaionrivca
c ‘3-“-"-- ‘l‘.‘-l‘ll‘t.“‘l‘II.‘...'I‘.l‘.“l‘.‘t‘t...ll.‘.'ll“l
€ = STORING. THE CUBRENT nernzc-zos CON20UENTS POR US2 IN *
¢ = Y¥EIT STIP OF aaTIO .
C ‘-'.‘..‘IIII“..-‘I‘I--II“-B‘-.-t.-“--“-.t“-.“'."‘*"IIIIII
- Do 7701 KL=
UCH (Kaed §| .
vCE ian &L 1) -
. BET Cd(ﬁ.:) SEDA (KLY }
7701 CUNTINOZ
1HP=NNP+] : .
3882079307 .
SESEpERR kK --'-II'.CUC‘..-‘-t‘-l-l'.ﬂ""C"‘-!.-‘.“-“I‘“‘_ill"l.
« ©3IL0D 3SIVES THE CEITICAL LOAD POR THE SECIION AND *
s« SLENDERNESS RATIO *
‘ll.‘l‘l‘-I'--.“"‘"‘l--“‘“ll‘.!.‘t“.‘ll‘-‘..-lll-l“--.II‘-‘-
698
ua:rz(s 77) IX,CRILOD
IP(SE.58.2u0.1 50 10 782
C ‘.---I““‘-I-.-IIII“‘I!l.‘.'.“I-‘II"Sﬁﬂll-liilﬁﬂl'-lﬂsﬂtﬂ‘-‘-I
C e CHANGE TC MEXT AIGHER SLENDERNESS RATIO .
C ',‘..'---I“"t“’.‘.‘lI'.“‘l-‘..‘..t‘l-.l.-“.’.l‘-.’It-l-Il-.l
sa=53+1o-
770
732 IF(IJ._Q-Z)GD 70 7852
C ‘-.‘---".“.‘.l.‘l“.‘.."..“‘.II--UBI‘-‘.‘-‘.‘..'..l--"“.l--
€ s OSING THE MAGKITUDE OF WAERPING CONSTANT = Ju3 .
c .".‘.‘.ll..l.l‘t““.'.l.‘l.ll"..‘lt“.l'll.““‘l.‘.."‘*“l--l
Ca=0 ag
=2 .
WRITE(6,3882)
882  EQENA 55/ 192,60('="),/,10X,60('*")) .
852 IP(IL-2)787,7583,1010 -
‘t"l--‘-‘l"‘tlt-’---"“..l-".“-ll«l“'-'t".-l....I‘I"l"".
s CHANGE TO ANUTHZR LOCATION  OF THE SHZAR-CENTER =
.'.‘-“-‘.t.‘..‘l“.---“‘.‘-‘-."“-".-..‘..I‘.8‘.I--'I““--l-
737 OZEEO=UZRAS]
72330’Va3A51 . S ;
ILa2
- .WBITE(6, -
384 FOEHAL{/S 4,00 (1=11,,.102,00 ("), /,10X,50 (**))
C .--.""-“-.I-‘-l"-‘l*‘l."-‘-.--.I..“‘..‘II-‘..."I'.‘I""."‘
C « CHANGEZ 10 ANOTHER LGCATICH 0P THE SHEAR-CENTER .

R TP T I PRI L NV L ]
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.t‘*..‘I“tltt‘."‘.t‘.‘.l-“'.t‘.l""t.'!.tlt'l“‘-*lt".‘t“tt

< 788 JZ280=UZBAS2

0
8820 36EEL (//,%x soc'-')./.wx,so (--\) /. 10Z, 20(-531:'))

annnnnnn

onnnnonn

'e1slslnlzlninislnl

YZERO=VZRAS2 : !
IL= . .- ;
EEiIgtﬁ 884) N : ’ , - P

10 COHTINU
sToP

ZND
t“"‘l*‘ttt‘-‘..-tt.‘.#‘t.'.3."‘.‘3“8..“"“""!‘3".l*“t
TETS SUBROUTINZ COMPUTES THE MOMENT OF THE CURVED

BORTION isznan PGR  TH3 CALCOLATION OF V=COCEDINATE
EAR L. if_ THE CENTROID IS IN. THE
A olEaR CER “3bspECcT TG0 CENTSR_ OF  CIHVATURZ
A§5 IS ¥ an BETEEN THE LISITS O AND THT FROM THZ

ss:--stts---t-:tc-aatatta‘:‘-at-ttta-:at-t:st:uttt-t:t:::tttns
SUBRCOUTINE 4XC212(R,Q%,D3,I,APHR,PEI,I4IN,ULAT, LL!T,!II 7)

A-2
IHT%IR‘R‘QI'ldLaé
IH¢238‘D3'Q£*(DSIH{3 1“1592-II+PBI-UL5T)—DSIH(3 141592-IT+BPHI~

LLAT)
INTJ=E;;%'LJ'T/IAIH' S#pCOS (1. S70796+APHR+PHI) * (ULAT=ULAT- LLXT®
I¥I¢=g;‘Q‘T§ISIS‘(DCDS(RPdR+TT}‘(ULﬁT LLAT} ~ DSIH{LPHA*TT+UL5T)+

X EZREER]
o
Bm
[~}
]
o
n
[ YERRE KN

2+TT+LL

I!TS=B‘B'DJ-03tT11115- cns 1 570196¢APHR+2&I)'(—UL:T*DSIW(J 161592
~TT+PHI-TLAT) +LLAT*0S1N 131592+ HI-TT-LLAT) +DCOS (3. 141592+
HI-T“—HLHT& DC05(3.1UI 92*EBI—TT-LLH L)

IHT&:Z.‘B-'JtDJ* /L3IN®[{-DCCS (aPHE+TT) *.5* (D3IN (3.] 181592=-TT+PHI~

. ULHI}*D:I# 3. 14 1592+ PHI-1T-LLAT) 5— 25%0C05(3. 141592 +pdI+APHR)
' ULMT=LLJ E .IZS‘ DSI¥ (2.«0LMT+2,=TT-Pdl-3.141592+APHR)~DSId
Ld { PHE=3. 141592 +2.%1T~2PH *2.'LLHT}))

HI%’I%T1*IHT2’IHT3—I“TQ-IV;S#IH T6 )

END 8
t-tnaustttt--c:s-t-at-aa-:-st:tstn-ttataas:---x:t--s--t-t:a-----

*« .THIS SU3400TINE COMPOTES TH2 HOMENT OP THE CURVED *
= POBTION [WLBDED p0a THE CALCOLATION_ OF V—~CCCEDINATE *
s OF ACTUAL -SH2AE _CENIZER) IP TH2 CEWTBOID IS5 - IN THE =
= SECOHD QJADRAHI “ITH 8cSP2CT TO CENTER 0P CU3VATORZ *
= AHD IS VALID 3ETWEEN THE LIMITS W AHD 90—IHI*TT [IF *
: LEHgEiOGJ) Q2 0 AND 90-THT {I: TT.2Q.0« PECH® TiH& :
ttl!tltl-tll“‘lItttt-tl‘ltl-#-.l!ttttt'#“ltl#ttO'llttl‘ttl‘lt‘
SOBROUTINE MICP3u(R,QZ,D3, T,APHR,PHI, IHIY ULST,LLJAT,NIX) -

IMPLICIT 22AL*3 JL-Z
INT13d*8%QL* (ULYT=LLAT)
Inrzsa--a-r-osxxazw- 5%DCQS (1.570796+APHR+PRL) * (JLAT*ULAT-LLAT

. sLL
INT3=B‘DJ* X* (DCOS (—0L¥I- PHI)—DCOSJ LLHT-?HI)L
IHT4=E"“‘ /1 IY' CGS apaa «5737496 '!Jng-u AT)-DSIN{1.570796 '

~APHR +ULJT s3Iy 570796-APHE % -

IHT5=R‘B‘DJ‘DJ' /IHIY‘DCOS(1-57079b*A953+ HIL fﬂLHT‘DCOS =-JLAT-PHI
E— LLAT*DCOS (=L LAT-PHI) »0SIN (~OLAT-PIL S é—LLu"‘P I))

INTb= s JeN3IsT/ININ® (. D‘DCOS(APHE-1-5 Bol'é COS (—ULYT-28L)

» -DCOS(-LgﬂT 2HL)) .25‘DbI?&1.57079b APHR=-P LUT-LLAT) -

* - 125%{ 2 *ULAT+2dI-3pPHB*1.570790) - DCCS( 'LLHT*PHI-

. APHB+1. 07 a EL

4XY=INT 1+I8T2~ IHI3 TU4=INTS5+LNT6

gsguas

AR A AN NEER A ASASE NS AT EFFAAAENNRSERESRESERAREARDLLERARRARD S
= THIS SUBROUTINE COMBUTES THZ MOMENT OF THZ CURVED *
s« PORTION (NEEDED fuR_ TH2 CALCULAT*OV OF ¥- COCBDIHKT“ -
= 0OF ACTUAL SHEAR CZH;EEL THE CENT20ID IS I8 THE =
= SECOND QUADRANT &ITH SPBCT TO0 CENTER OF CUnVlTUEE =
: AdD 55 Y%éID BETEzEN THL LIMITS Q AHD TT FECY THE :
cuha§9E=-a==--sa-u;s--taattna--ntt:aat-tt-stttnnutta-an:--tctttc
SUBRCUTINE 11CP73(H;uI,DJ T,APHR,PHT,IMNIN,ULXT,LLST,NXX) N
ISPLICIT 2EAL+8 lA— )
% T1i= R‘R‘ A IULHT- H -
HT2=3'93 (DCA3 (1.3 0796*FEI-UL1T)-UCOS( «3
IVT3IE“3‘DJ‘ SIMLN*. 5‘DSIH(APHB*PH£L ULMAT=OL

Z +PHI-LLXT)) )
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IF( (XaGTo0noANDa Yo LTo0e) e OB (XoLT< 0a-ANDTe
TATASTHTA+INC .

Go T0 5 -
THTA=THTA+. S*INCR
.60_TO 107 -

E .o .

t..-ggll“t“t“"l"lt't'."“-“Il!‘.ttlllil't‘
=
.

’}

I?{THTl.uT.I.%703]GC TQ 100
GO TO 5__ .

GO TO (15,253,35,30},1I
INEB’ CE/10.

i= .

GO _TO 5" .
INCR=IKCR/10.
=3
Go TO S
INCR=INCR/10.
I=y

THTA%0a

RETURS
END
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DEFINITE INTEGRALS
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APPENDIX 4 - -

2 2

) DEFINITE INTEGRALS - = -
L .
| sing—dz = 0.6366 4 -
. . .
o 2 Tz |
. | sin® $=dz = 0.5000 2
o ,
z AZ Az | AZ . Az <
[ sin 2% - sinh 3= - &' (Cos §= - Cosh 7= )]dz = 0.8457 2
- L oL o g 1"
2 Az Az Az Az .2 -
[ sin 2% - sinh == - a' (Cos 5= - Cosh 7~ )1 dz = 1.0359
4 L 2 , L % . T
— [ sin T2 fsin A2 _ ginn A2 g0 Az e
£ Sin ¢ [sln 2 Sinh < :u {Cos 2 Cosh T yldz —.0.
in ®Z - sin 22 _ ginh 22 ¥ o Az Az =
£ Sin T [- Sin T Sinh g ta (Co; i Cogy 7 )ldz =
. S Az Az ) Az AZ Az
. » il B, > e - 1] N - e — 3 ——— - L)
i {Sin 2 Sinh 7 a' (Cos .Cosh 7 )1i=sin g Si
-
AZ + cosh 2% )}az = -0.5696 2

+ a' (Cos
: \
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: APPENDIX .5 -
SAMPLE CALCULATION FOR COMPUTATION OF ACTUAL' O e
. DIMENSIONS OF TEST SPECIMENS
" Nominal dimensions of. the specimen: 55 x 55 x 4 m
N j
Mass. = 3.713 kg . ) ) 1.
Length = 1.208 m - _ : L 2
Mass density = 7850 kg/m3 _ :
C 03,713 _ ool L =4 3. . . '
volume = Zgso - 4-73x 10 ' m < .
e ' Volume _ 4.73 x 1073 T -4 2
_ - Cross-sectional area = Ten = 17508 = 3:9155 x1l0 m, -
D - .
’ e ' ' .=_3L.__9_15_5'x102m2
. . AN
B 1 T2 3 "4 5 6 .
Thickness (t) L : _ :
(in.) 0.156 0.160 . - 0.158 -0.155 °  0.155  0.155 C-

Average thickness = 0.156 in = 3.96 mm

Centre‘line'length of the cross—-section of angle

- o 2 .
. : =‘3'91§?g’g 10 =98.13 mm b
‘ | . —
Ffom the figqure, o - .
b1 | . | —3
L+L+3x2.5t=09813m

or L = 41.23 mm




... Actual dimensions are
= B . . - ‘

| (21.23 + 12). x (41.23 + 12) x 3.96

. i.e., 53.2 % 53.2 x 3.96 mm.
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APPENDIX 6 - .
TYPICAL CALCULATIONS FOR THE DETERMINATION OF FAILURE LOADS
A6.1 According to ASCE Manual No. 52 (based on nominal dimensions)
(a) Single—boited specimen
Consider ES65-3-1 )
65 ' k
b _ 65-12 _ L . _
(‘t )actual = — 2 _ 13.25; _E _205 GPa; GY 300 MPa
{ %’nmit = _2—05= 12.01 = 12 < 13.25 )
: e ) _ .
Y | S
. b . b ’ ' : ' ' L
vt (_‘E )limit < 0% )actual . - . :
= 0.8/ x13.25 . - . A ‘
cy,eff = [;.B 12 1 % 300 275‘7MPa . ] - __
c =1 /-U—%E—-=121.3 | _
- “y,eff - | - -
g; =171
r* .
y* '
K .c
r =]
Y
72 % 205 000 ' A\
S 3 = 69.19 MPa
c 171
Failure Ioad = 69.19 x 426.83 = 29530 N = 29.5 kN




. ) N
: T T
) }
(b}  Multiple-bolted specimen -
Consider ES65-3-3 - = . . ; I -
CKY ) . ' ’ i | .- . 3
- = 46.2 + 0.615 x 171 = 151.37 . : . . : ,
¥ E
. —I(.-L;. > |c i - %
r e :
Y S i j
- 72 x 205 000 ' - o
g . = L.X = 88.30 MPa ‘ ]
cr 2 ’ " - - * N ‘. o .

151.37

Failure Load = 88.30 x 426.83 = 37690 N = 37.7 kn

AG.2 Accoréing to ECCS Recommendations (based on nominal dimensions)

"E

{a}). Single-Eolted specimen - i
‘Consider ES65-3-1 - _ S §
= 210 GPa;. o = 300 MPa ;
y =2 oin
r R .
Y C . |
o, mm B g (RO000 g5 -
y o 300 :
Yy :
A 171 |
T B3re - 20057 >1l.41 |
v .
A A
(&) =3
Ay eff Ay




S Ageg S A =27

v

v} = 58.0 MPa
cr : )

Failure Load = 58.0 x 426.83 =

(b) ~Multiple-bolted ébecimen

Consider ES65-3-3

( %—-) = 0.35 + 0.75 x 2.057

Y eff

. ) .' L - ow
= . . = 7.
leff 1 393 x B83.12 157.35

Failure Load = 67.2 x 426.83

=1.893

28683 N

]

24756 N = 24.8 kN

L

28.7 kN

.
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