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ABSTRACT

Title of Thesis Behavior of L-shared Reinforced
Concrete Columns under Combined
Riaxial Rernding and Comepressians

Amar Shaty Master of Science
in Civil Endgineeringy 1984

Thesis directed bw ¥ Or. O, Te¢ Thomas Hsuy
Associate Professor of Cieil
Endineering.

Combined biaxial and axial comrression for L-shared
reinforced concrete short columnsg is 3 common desidgn
sroblem. Current code eyovisions and the aveilasble
desidn  aids do not offer arn  insight into the
determination of strength and ductilite of biaxiaslly
loaded reinforced concrete column. AN exrerimental and
analutical investigation of the moment-delormation
hehavior of biawislly loaded L-shared short columns
were undertaken. Four 172 scaled specimens were teslted
till failure. Moment-curvature and losd-deflection
curves were develored from the ewxrerimental and the
ansluytical results, The anslwbticsl results weare
obtained wsing a comsuter srodgram  develored ¥
Heu( 1 Y. From +the investigation it is deduced that
the comeuter srogram develored by Hsul 1) can be used

to Fing the ultimate strengthy the moment-deformation



characteristicssy the stress and the strain
distributions scross the section of L-sharedy bhiaxially

loaded column with lardge and small eccentricities.
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CHAFTER I

GENERAL INTRODUCTION AND SCOFE OF RESEARCH

A.  GENERAL INTROLUCTION

Structural members subdected to axial load and
biswial bending are encountered in desidgn gsractice from
time to timer & turical examrle is the corner column in
g framed structure. Iy recent wesrs the ides of using
irregulascly  shaved column  (ed, L-shared column) at
corner  of the framed structure snd st enclosure of
elevatowr shaft thiag drawn the attention of

investigators,

Unfortunstelwyy litltle dis known aboult the asnaletical
s exsrerimentsl behavior of irvregulavly shared columns
subdected Lo combined biaxial bending and  axial
comrressiony  furthery most dinveslidations into  the
nehavior of columns undeyr combined bisxial bending and
axial comrression sltates have bDeen erimarily concerned
Wwith the determination of the ultimate strength of
concrete and relstivelwy few studies have been made of

deformationsgl characteristics of concrete columns



subJdected to bhiawxial bhending agnd axial comgression.

It is felt that current code srovisions and avialable
methods do not offer an  imsight into the determinastion

of strength and cductility of biagmiallu loaded

reinforced concrete columns. This study lags a special

anrhasis on L-shared columnhsy as  the use of such

columns can be exrected Lo increase in Tuture, To

desigrn such structural members the Tollowing srovisions

are needed?d
1. Nesifgn aids  sucoh as  intersction disdgrams ov

modified losd comntour desisn ecuations for ocross

gection other than rectandulasr  ov civculary from which

comruter models can bhe develored.

2 Verification of mathematicsl modell ing
transcribed into comruter erograms by exrerimental
testing,

3. The stress strain relationshie of corncrete and
reinforcing steel must be reexamined in its sepelication
Lo columns obther than of standavd shares,
4. Load-deflection chavacteristics must be studied
and mathematical ecuastions should be srorosed,

5. I sdditiorn Lo theser the moment-curvature



characteristics a8t everwy stadge of loading would slso be

helrful to understand the comelete behavior of  the

structural memnber.,

B. RESEARCH ORJECTIVE

The investigation described here was carried out

to  Ffimd bthe rossible shswers of some of the above

Frobhlemns. The srimary obJective of this esroJdect is to

study  bthe strengtnh  and deformational bLehsavior of

L-shared column  under combined biaxial bending  and

gmial comeression exrarimentalluy and to assess  the

soecuracy of g comrubter srodgram develored by Hsul 1 )

on the basis of eaulibrium of fTorces bhased on ineutl
material stress-strain curves and strain compatibilityg.

A modified Newbton~Rarhson mnumerical method was used to

aoetiieve comrutation srocedure Tor Heuw’s  comeuter

FrOSTEme

Ttie exrerimental reasult will form 8 bhasis for &

recommnended anslysis and design  techniaue. For

surerimental sureose  four reinforeced concrete columns

Were Lested. Moment-curvature relationshigs are

derived from these exrerimental results and  comeaved

Wwilth  those obtained bw wsing a8 comedbter  srogram



develared bw Hsul( 1 Yo

C. DESIGN CRITERIA AND FPRACTICE

The aextensive research work done by manw

investigators has made it rossible to develos different

desidgrn criteria for eccentrically lozded columns such

as working stress desidrny uwltimate strength designs and

Limit desigmn. Eavrly recodnition thalt comeression limit

at the extreme Tibers of concrete eoross sections

srodueed unaccestably low estimstes of sllowasble load
rreceded the asdostion of 2 strength formulsation of an
sllowasble stress Ffor the design of non-slender columns,

The rresent ACT Building Code (ACTI 318-83>X(C ¢ )

and design zids Tollow the strenmdth coriteris as 2 hasis

Tor designing concrete columns Iin which failure is

defined in terms of & limiting strain or sbress in the

concrete  and  the reinforcing steel. in the ahbove

criteriady the stress distribution in the comsression
zone of a8 secltion ie defined in  terms of the stress
block sarameters Kq » Koy Kywhere these raramelers are

determined experimentally. Accovding to ACT KymO.BSp KQ

w0 Gy K3m0¢85 Tor cevtain values of 1Y & fy N



The methods available for the desidgn of biaxislle

loaded columns arel (1) Trial and evrror rrocedure and

QD] Determination of ultimate loads fTrom failure
surfaces in columrs. The fTormer method essentislly

involves a trigl and ervor erocedure for obtasining the

rosition of am inclined neutral asxisey hence bthis method

i  wuite comrlex so  that no formuls  can be easily

develored Tor rractical wuse. The concest of using

failure surfaces has heen rsresenterd by Breslerd 12 2

and Farmmel{ 13 3, FParmel( 13 2 has shown that

eauivalent uniaxisl moment Mux of the radisl moment

My corresronding  to  anw  ultimate load F o ocan be

determined with the aid of the ssrameter Ny the
deviastion Tactor and the ratio of Mux /Muy . The

caleulated uni-axial moment is then detevmined from the

maJdor axis inter action disgrams. This rrocedurey

nameluy determining  the load from the wmomentss is

likely to dgive rige Lo rossible ervors i the
estimation of the ullimate loady asracially  when

failure is controlled by Lternsion. Bresler rrorosed two

sarproaches.* OF  theses the Loasd-contour method dives

the demeral @mndimenﬁional ecuation at constant F as

followss

) o0,
M -
I R 1
IViOX’ I\/on_ | -c.uoo.c-( 1@1 )



Wherey Mpy :Pn ey§ Mny =% ey

Mox = M caracity  at axizl losd ﬁXWh@“ Mny ¢ ar

@y ) is Zero.
Moy = Mny carzcity st axisl load Enwhen an

18 Zero.

{ or ey)

Bresler( 12 ) suggested that it is accertable to take

e moym < g resorted the calceulated values of e to

vary from 115 ‘to 1.5, Byresler! 12 ) sudgdested
another simele eeuation using the reciervocal method

+

which isg @

Pi Pux Puy PO .ncon-oao( 1.2 )

This eauation gives surprisingly satisfasctore resulls.

A modifTication of extended Newbtorn-Rarhson method or
method of successive arpprodimstion has  been used bu
investidgators Tor determination of strain and curvalure
distributions at reinforced concrete section of column
under  biaswial vending  snd agxial  load. Under this
method the turical definition of Tailure was suddested
by Cranstond 19 ) who consideved that it the maximum

strainsg in  the concrelte or gsteel reinforcement exceed

certain rredefined maximdm valuess the section is

o~



considered to have fTailed. Hsu and Mirza( 21 )
modified and  extended Cramston’s{ 19 ) mamericasl
aprroach and  the stress—-strain curves to  include the
descending branch  of the concrete stress-strain curve
and develored & comeuter srodgram  which is used in this
study.  This program uses the materisl erorerte of the
cancrete and reinforcing steel and the section deomeltry
8% an imeut  Teastures. The idealization of the

stress-strain curve of the steel was done by slece-wise

Linsgar arproximation. The out-rut festures of the
o ram include moment-curvature hehavior of &
structural memiie undear biaxisl bherding ardd
COMPTression. This Frogram Was comrared with

rectarngular column tests by Anderson and Lee( 23 )y
Bresler{ 12 )y Ramamurthae( 14 ) ard Hsu( 1 ¥
Excellent asreemernt wss obtained between exrerimentasl

agrd analubtical results according to Hsul( 1 Y

lNesidgn aids for L-shawred columns have heen
develored by Marin( 2 ), Marin( 2 ) sresented Lhree

samle design charts from grour of 50 to be rublished.

Recerntly Ramamurthy and Khan( 22 ) sresented  two
methods Lo rerresent the load-contours in L-shared

columns arnd to use tLhem Lo determine the ultimate load.



Method (I) is bassed on the failure surfaces in 3 column
and the actusl shares of losd-contours are develored
using an  lnverse method of anaslusis. Method (II)
Froroses o be rerlaced by the simele anslusis of an

epuivalent sauare or rectangular columr.

There are very few test results of L-shared column
to study ilts behavior since most exererimental work in
column resesven Tor biexial bendinmg and comeression Was
limited Erimarily ta  rectangulare circular aricd
octadgonal cross seclions.

A state of the art in the imelsstic behavior of
irregularly shared columns is dgaining momentumy as 1t
is foreseable that in future fthere will bhe an increased
use of  drregulzrle shered colunns. There 1s dreater
need of  desisn aids and computer erograms Tor column

under biaxial bending and Ccomprression.



plastice

centroid F-~

Fig. - 1.1 COLUMN SECTION WITH BIAXTAL BENDING AT

THE ULTIMATE LOAD



CHAFTER II

TEST FROGRAM

A. DESCRIFTION OF TEST SPECIMENS

All todelther fTour srecimens were tested. All

columns were designed as short columns and  were each

six  Teselt londg. Frhiwsical chiaracteristics of  columns

tested are shown in Table 5.1 and Fig. 2el-242
The brackets were heavily reinforced Lo srevent

Tocal failure. Three columns werea reinforced

longitudinally by 14 Grade do & 3 bhars and one by Grade
40 ¥ 3 bars as seen in Fig.2.1 These longitudinal bars

were held todgelher by 178 in. ties at sracing  of 3

irmches center to center. The stirrurs and longitudinasl
nars were  tied together usinmg 16 dauge bDinding wire.

The reinforcement was asssembled into 8 unit before it

wWwas mlaced in the mold.

E. MATERIALS AND FABRICATION?

1. Cement. High early strength ture III Fortland
Cemant was used for a8ll cormcrete mives.

2 Sands Crustied aquarts: sand was used as

10



addredates.

Z. Concrete Min. The concrete mix was of
following srorortionsy srecified by weisght !
The water-cement ratio varied Trom 0.465 to 0.7,
The cement-sand ratio varied from 3 to 3.2,
Sand was used gs asddredgstes. Coarse addredates were
mot used.

4, Steel Reinmforcement. Grade 40 and Grade 60 #3
bargs ( Dismeter= 0.379 in.y Ares=0.1l1l in . ) Wwere used
imn a8ll columns Tor main reinforcing steel. Orade 40 #1

{ Diagmeter=0,.125 in.s Area=0.1226 in.) were used Tor

shirrumrs. The main reinfovcement and stirrues were
carefully bernt +to the reauired shares. Gauge 16

Dinding wirve was wsed bto hold the main reinforcement

and stirvvrurs btogether.

C. FORMWORK: CASTING AND CURING

L Formuwork. The form was built using 378 in.
thick slwwood. The fTormwork was built in sections
which were connected together by scorews Lo ensure ease
of removal of the cast srecimens and to allow rerested
wse of the form. The rluwood was braced horizosntally
and verticslly wusing 2 9« 4  in. wWwooden rieces Lo

Frevent bulddging of  the side walls, The fTorm was

11



clesned and oiled with & thin laver of motor o0il to

facilitalte the sazsy removal of srecimenss
2 Casting and curing. The test srecimens were
cast in horizontsl eosition. This kind of casting is

gractical as comeared to the vertical castins.

fliove
While & fiorizontal casting causes a strength
differential scoross the column sectiony vertical

casting will cause s diffeventisl in concrete cualitw
glong the column  length After the concrete was slaced
i the Tormy it was compscted bw means of & hidgdh
Freguancy  vibrator. Standsrd  3xd ard  Sxl2 ife

culinders were cast.

The test srecimens snd the coulinders were cured in
the molds two dads before removing the molds. The test
srecimens and culinders were then cured for gsix dags.
. INSTRUMENTATION

1. Strain and Curvature Measurements
The messuremnents of strainm  and curveture were done
tw Lhe Demec Gaudge Melhod. Six inches—-randge dial dgaude
with & least count of 0.0001 in. was uﬁéd to meassure
the strain between & rairv of demec dHsaudes.

2 Heflection Messurements 1

12



Ames dial  dauges {(range=2 din.r least count=0.001

in.) were used Lo measure bthe mid-sran deflections.
3. Loading Method

The columns wWwere tested in the horizontal sosition.
The coloumns were loaded using  the Enerrac 100 ton
caracity hudraulic culinder ram (effective ares = 20.63
in e Manuasl Enerrac  eume model FPEM O 2042 with 3
maximum sressure  of 10000 esi was wused to drive the

|52 110

13
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CHAFTER III

TEST FROCEDURE

A, COLUMN TESTS

The roints of aeslicastion af losd were marked on
the fasees of brachkets,. The specimens were relaced in
the area of the loading frame using 3 1 ton crane and
were surrorted on roller susrovts budlt ur Lo the
reauired height by the use of rieces of sturofoasm and

wooden blocks.

ALL  the columns  were caretully centered in  the
testing machine and steel rlales were rul  adgainst the
faces of ezcen bDracket to transfer the load to the
columr. AL the columns  were wsin ended. A small

1

)

initial loasd was arelied to hold the column and ste

“lates in rlace.

The . Ames diasl dgeaudges were then rlaced. The demec
gaudges were glued to the specimen sarlier, The initisl
vreardings  were taken Tor all  the dinstruments. The
miceirodm aod maximam incerements in load were 100 epsi and
F00 psi  resrecltivelsw. The roller supprports were taken

gut when the aserlied losd reached 8 value of 1000 rsi.

16



After esch increment of losdy the wmachine wWas
orerated so  as to hold the losd constanty until the
deflections come to rest at a resding. Then all daudes
were read. This continued wntil the failure of the
GEECLMEN . The comslete test durstion exoluding  the

time reaudired Tor the exrerimental

PO S .

Im general 8ll srecimens were tested wusing “controlled
load rather than "controlled deformation " Stress
sridd sbrain values for column %4 st esch stage of

loading are diven in Table 5.3 .

Standard 3 » &6 and 6 » 12 din. culinders were cast
for esch bateh of concrete. The culinders were capred
wsing 2 sulrher comround bthe dew before the test. Then
following the test the culinders were tested. A osoil
Test 4002000 round carscity hudraulic tLtesting machine
was used. Standard coxlinder strengtns randed from 3900

to 4200 eadl. The wvalues of ﬁ: for eaeh column  are

given in Table S.1 .

E. REINFORCEMENT TESTES f

Rarndom sameles of  the bars were taken from sll

tpatohes and tested i & Undversal Testing mscohine.

17



Twenty three in. test srpecimens were cut  from the #£3

bars  and marked a2t two roints ercuidistant from  the

center and & in. arart. Strain measurements were
taken by using demeco dauge with a8 least count of 0.0001
ire The tests were "losd-controlled*. The resulting

stress~-gtrain curves for the main steel are  shown in

Fifjé 301""3020

18
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CHAFTER IV

THEORETICAL ANALYSIS AND COMFUTER FROGRAM

e INTRODUCTION AND ASSUMFTIONS

Theoretical analysis of  the moment-curvature and
losd-deformation characteristics was carried out using
the comruter srogram  develored by Hsul 1 ). This
comrutber srogrem gives the information for the stress
and  strain distribution ascross  the sectiony the
ultimate load and interaction surfasce of bDiswially
losded shorlt columns. It can also csloulste Lhe
load-deformation surves From zero  bo marximuam momend
cargcity wusing & "load control" srocess in the case of

Diaxial berwling and axisl CcomPFression.

The Tollowing asssumertions have been made i this
theoretical asnalusis.
1 The bending moments are arrlied sboult the
Frinciral axes of the sectiorn.
2 Flane secltions yvemain slane before and aflter
bending,
Je  The longitudirnsl stress at & soint is a function

of the longitudinasl strain st thet woint. The effect



of creer and shivinkade are idgnored.

4, The stress-strain curves Tor the materials used

are knouwun

"

e  HBiress reversal does not ocour.

& The effect of deformation due tbto shesr and
torsion and iwmract effects are negligible.

7. The section does not buckle before the ultimate
load is stlained,.

8. Farfect bond exislts between the concrete  and
reinfocing steal.

B. THEORETICAL

NEVELOFMENT

The oross  section of the structural menber 1s
divided  dinto  seversl swsll elements. Consider an
alement bk with ils cerntroid at  soind X Y ) referved
Lo bhe  awxes of bthe swmmeblry (Fig. 4.2 ). The strain

aeross  Whe element b cagn bhe aassumed to e uniforme

since slane ssctions vremain slane during bendingy

Ek == ep k3 ngk"' (zka e..co.v-aottnt( )-ln‘} )
Where v

2 = Undform divect strain due to  sn osxial  loasd F
1] = The  curvalture srodoacecd  Dw Lhe Dending wmoment

-~y e
«'.): o]



comeonent M @i is considered sositive when i1t
X

causes comeressive sbtrain in the wosibtive Y-dirvection.

Qy =The curvature eroduced by the bending moment

comronent My sl is consideved wsositive when it

CHUSES COmMPPession in the rositive X-direction.

HawuC L ) has modified Cranstondl®) snd Chatterdi‘s

stress-shrain curves Tor  the comeretse a8  shown in

Figte 4.3 Thesa curves account far the stbrain

softemning  of concrete  and  the confined concrete

The exrerimental stress-strain

wlemaerts mairrbainead.

CLITVE for steel PrEas Deen idealized using wiliece-wise

linear areroximnation o tLhe CLivve L e

glrain-nardening resion as shown in Fig, 4.30 .

ODrnce the strain distribution  ascoross bthe section is

fecy bhs sxiael Torece P and moment comronents

eatabli
M x and My» can  he calodlsted using  the Tollowins

paustions 3

P(C) = Z;f:_‘k ak ...no....-..-..-o( J.l-2 )

Me(c) = KZ"fk ay Yy ceevervencasssesse( L3 )
My(c) = ank ak Xk .-.-.-........-..-( ).1-)-1 )
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Subscrist (o)  indicates values of Fe My and My
caleulated in sn iterstion cucle and 8, 1s the ares of
alement K. For & diven section (known geometrs  and
material rrosevties) the stress resultants Fe My and My

can bhe expressed as  Tuncltions aof gx ¥ Qy arid Ep and

givern bw the Tollowing eaustions 3

s}
f

P (@, dy,€Ep) R G T

i

MX Mx(gxy gy,ep) ......o-.--...o( u.é)

My = M (B, By ey SN (T

Me(s) = P(s) ey ceenacscsseccas{ U.8 )

My(s) = P(s) ex csossesscssscssl L.G )

Flady My (s) and Myls) can be expressed  in tevms  of
Fooyy  Mylod)  and Mylod. Using Taglor’'s  exeransilon

retaining lineay terms as Follows:

B,y - . 4 oP
(s) = B(c) .a.a;..- By - momasl éﬂy P e S€p  «eee( L.10)



Me(s)™ Mx(c)* ST "a"é;’" v SeT Ep (L.17)
x Zp
My(e) - My(c) oMy (o) |
My(s) = ;gy(c) L --é:é-(i— 5@5& mmaué—f— 8 y + —-?ég')’ ggp ao(h-“?
X J P
Let
u"—“- P(G) - P(S) coceeBcee o6 T ( h.13
VE M) = Me(g)  eesesssseenenes ( L.l
w'= Mp(o) - My(g)  eesecsscecsecens ( L.15

30{a)



Then eauations ( 4.10-4.12 ) can be written asi

e 228 s+ S8 68, + S-_8¢) BBy  eevereenen( ha16)

- V = cmcca—— 6£p+ ....... 6(3}{4- ------- Sgy .....-.(u.17)

P
- W T e 66 L i, SQK F eommowa 8 ny c-oolto( )4018 )

At increment L aviasl fores SF(o) EYQOLICes a8n

incremant off  sbrainy Y- at escn  elemant e bhe
b
sactior. The corresronding stress ohandge at element k

is therefore SEp(&;k - The resulbting chanse SE ey in

*

Fley ds giliven by o

Il
6P(¢) - Z (B N B SE, ceererneaa( La19)
k=1

ThereTorey
-------- = Z ( Et )k ak -oa-oc.aloo( hvzo )

Similarliwy the chandges Mo o) and Myley can  be

i



everasgsed in terms of 58 and lead to the seuationsd
b

o Mx(c) 2
....... = Z (Et )k akEk cecavessosseal 421 )

k=1

------- = Z ( Bt )k ay Xk .............( L.22 )
a'E"p k=1

similar exsressions can  be derived Tor SFlo)y

SMx(e) and SMy{w) in terms of changes S@x  and 6¢y5wm

&

wield the following resultse:

2fe) L 5

agx k=1

aMk&ﬂ n 2
-.5-&;—- = %1 ( Et )k ak Yk .....o-o-o..e( }-hzh )

(Et )l{ ak Yk .u.o.«-.o--..( ll.23 )

oMy(c) ¢
mmemaZl= 3 ;
d By k=1 AR S cevenenaneees( 425 )

n

[T Jua A %—:1 (Et )k ak Kk coo.oooooo.ao(bozé )

o My(c) n ,
-5--&;—- = %::_1 ( Et )k ak Xk Yk o..oooo.o-c-o( h027 )

d M L
S LS (m e X veeverenennnn( 4a28)



Eauastions { 4,19-4.29) arnag ( 4,.146-4.18 )  ¢can he
arrvansged im & mabrix  Torm a8 shown I ecuations
( 4.29-4.31 ) to dive the rates of change of Py Myy and

—

Mi due to chandges in ¥ ﬁx ardd gy #
¥ € Y

5 n n - r
= r ]
%:1 (By )xay %Z] (By )itk }2{.;1 (B )y Xy $€p u’

B

n
Ea 521 (B aidids | | 69, v

Symmetric

(Bg )y oy W’

1 LT L

s

coveee( Ue29 )

or

r5€p T ruli |

vesossss( 430 )

SﬁyJ w'

or

5Ep u

54, = - [x] v’ cereeeeen( 431

&%y ] ]




. ¢ ¢ l N N s s sas —_— o JE A, .
The values af wur vy W can be selected +to sult the

scouracy required  and their substitution in ecuation

th

¢ 4.314 ) at the end of m itevation owele wvields the

arid which lead to values of ¢ v
O 80 gy ¥ P

valueg of v
6 E,p

ﬁxsﬁmﬁﬁy For the (m+l1Ph  iteration cucle as Tollows:

€.p(m+1) = Ep(m) * SE}) cosssssreaes( 432 )
Ce(mer) = Px(m) * 8% oessrsscsssss( 433 )

¢Y(m+1) Qy(m) * ¢5¢& ceoscecssassel Lol )

Once  conversenoa 1 oblbained witnin seecified

e bhe next load

tolerances the comrabter srogyvam baloe
level asnd rereals the entire srocedure.

For furbhey detesiled iofaormstion aboul theorwy refer
ol 1 7.
. THE COMPUTER PROGRAM

The comsuter srrodraem has Lo have the initial loasds
ared curvature Lo steavt 1t This ds withvin  the main
Sy OF T I o by ey e g by Tevaoeet o y . sy £ oy oy
FT Oy E TN . THher L Loady My v My? and @y s ﬁy are
calowlated. Thern thne loasd is dncvemented by an amount

that can bhe addusted witnin  the mailn  srogdrsm. Agali



the Mxe QK ¥ My ard gy are caloulated. This ooours
until either subroutine which caloulates inverses fails
ar dilverdgence Qoours. In this Teashion the comrlete

pehsvior of the column can he obtained.

2 Arslutical Investigations. Heuw  arcd Mivsa(2l)
srorosed bthe areroximate ssuations dsing the well-known
modiftied moment-ares  theorem Lo evaluate the central

83

deflection Gt rotations. The soaustions Sve a84s

follows 3 2
o, = &1
X -"'"‘é"" 000.0'00'0( bojs)

g, 1°
62y = -_""8""""' lo.'l.....( b.Bé )

The sxial load € inerenanted by F with  the
factors whioh related Lo the effect of the wid-sean
daefleoction. The eeustions are as follows I

(&) i rase  of losding  comcdition  #s shown Ln

2 2

P = o o o v o e . B e e S s s S m

(e v 85,02+ (op# Upy )°)
ceseses(le37)



(3) f\ 1“%1 Mm
M
M Concrete starts
»
to crush /
Compression steel
M- Curve start to buckle
< Mer
¢
(b)
P r‘ P3
Py
.
PZY
P- 5 Curve
$\
Per

Fig. - L.1 TYPICAL RELATIONSHIP BETWEEN M- AND P-§

CURVES FOR SHORT COLUMN
36



(a)

Fig. - L.2 TIDEALIZATION OF A CROSS-SECTION SUBJECTED
TO BIAXTAL BENDING AND AXTAL LOAD

37



A

1 = UNCONFINED CCONCRETE
2 - CONFINED CONCRETE

e

COMP., STRESS

1 2
Coup
28,6 Ect .
£ 3' f I3 a 1 STR_&_IN
N 1] [2]]
0.25 £, E. o €., Eu €7y
T
f’t'

4

Fig. - 4.3a IDEALIZED STRESS-STRAIN CURVES FOR CONCRETE

COMP. STRESS

A
v

~

=

Fig. - L.3b IDEALIZED STRESS=STRAIN CURVE FOR STEEL
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4
(a) <— e, ~— applied load
gy
N\ - X
(b) 0 rigid applied load at
xR beanm the mid-span of
\&\ rigid beam

Fig. - L.4 IOADING CONDITIONS FOR BIAXIALIY LOADED
SHORT COLUMN
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CHAFTER V

COMFUTER AND TEST RESULTS

A,  COMFUTER

RESULTS

1. Comrulter  srodram develored by Hsul 1) was used

to Pind bthe stressy styrain  distripution across  bthe

geotiony the ultimaste strenstihy moments abowult the

""" aHes ardd crrvature in bhe srincival AWEE .

These values of  moments and  curvatures  aboul the

""" 5 are bransfered to  bhe centroddal axes X

srinciral e

amnit Y. The transfeved values of comentey resylbts ave

SR

given in Table H5.868-9.8.

2 Transformation Matrix §

Simce the erinciersl ades are btaken Tor snaluticsl

ransformation 1  an imeavtant

srUTEROse Cco-ordinates L

procedura. From the  shrengtn of materialsgy e

following shtees o arn e oused  For transTormabtion of

co-ordinatesy momentse and curveltures §

1. Find moment of inervbis pr Iy ardg rreocduelt wmomnent
of inertia Ixy .
2 Use eseguation tanld = &Ixy / { Iygm Ix ) o

determine Lthe angdlea hetween the centroidal  and the

41



srinciral axes.

3. Use ecuation

= [Rl cevsneneaes( 5,1 )
y

¥Where,

Cos@ SinB

R = f
(2] 6 oo ceeveeenena( 5.2 )

Following these sters the data fTor Lhe specimens

used in this studs can be determined as Tollows @
IX 144.8 irm

Io = 81L.5% im%

¥
& = 27°

=43 4 drte

From the shove investigationy tLhe loasdy moment and
curvature with regserect Lo bthe erincisal axes U amel V

can e Tournd  easilys Foy sractical FLrEOse Lhese

results should e transfered Lo the centroidsl  axes X

arnd Y.

Now consider the centroidsal aswes X and Y as global

co-ordinste  axes and bthe erinciral axes U and Vo oas

42



structural co-ordinate axes as

The arngle of rotation

direction. The transformation

obtainad as follows {(see Ref. 13 ) 3

1. For the (&) showrn  in

case

transTormation is givern bw i

Cos® Sine

i
=] -
- Sin® Cosb

Moments arnd curvatures about the

terms  of  bthe wmoment and the

srinciral sxes can be given as
M .

- M
My

M, = M, Cos® + M, Sin®

By = My Cos® - M, ging

and

SO

is considered

curvature

i Fis, o1 e

in anticlockwise

matrix R care he

Helas Lhe

Figs

seeeess( 5.3 )

centroldal ares in

ataut Lhe

follows @

cesessaal 5.1 )

cosseeass( 5.5 )

cervecens( 5.6)

¢U’V

. [F] ceen(5.7)



since U and V are the erincieral axasy ire hoth the

cases () and () g, = 0 thers

g, ﬁxi— Cos® -Sind| | @, O Cos® Cos6
. . nc(ScB )
ﬁxy ﬁy LSln@ CosB 0 @y -5in® Cos®
Cos®  -S5ind @, Cos6 @, Sind
- | < (5.9)
5iné CosG -$, Sind® @, Cos®
r(g 2 .2 B
u Cos 6+, 5in“e)  (#,-fy) Sin Coso
eass(5.10)
(Gu~g,) Sind Cose ({ZuSin‘?@*ﬁvCosEQ)
i A
Therefore,
@x = By Cos’® + @ sine creeeeeaa(5.11)
- 25 SRR
gy @y Sin“e + ¢, Gos“e terrenneees(5.12)
2. For the case (b)) shown i Fis, Gelbe the

Lransformation matrix 1is as Tollows 3
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Moments and curvatures about the centroidal axes

can he expressed as follows 3

Cos@ - Sin®
H = vco.eoocuoo( 5013 )

Sin6 Cosd

My Cos® ~ S5in® Mu
| eesocssssal 51l )

My, Sing Cos@ My

M = M:U. GOSé_: - MV Sing o.u.o-usas( 5«15‘ )

M = MuSine + "M'V COS@ ou'ooocoouo( 5-16 )

secssscesal 517 )

ml

= 2 Y~
g'u COS@ + ¢v Slne ‘O.Q.CICUOI( 5018 )

g, = g sin%e + g, Cos?6 cereneresees( 5.19)

Im  this studwe the eauations Tor momercts  arndd

curvatures those in case (a8) are used.
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Sinces g = 2/

M

"

0.891 ¥ + 0.L5L M, ceecerasacsss{ 5.20 )

0.891 M, - 0.L5kL M, ceerernannead( 5221 )

o

=
]
]

0.79L @, + 0.2061 @ ceressecaeesa( 5.22 )

=
[i§

0.794 av + 0.2061 gﬁ cesvssessscnsa{ 5.23 )

B, TEST BEHAVIOR

The tests rroceeded  smoothlu followinsg the
uncontrolled deformation losding erocedure  with  the
arxial load maintsined cormstant st each loasding slage.
The develosment of coracks inereassed slowlw  as the

load was increased. No signs of orushing  or sealling

of comcrete were seen until wltimste load was reached.
When the oltimste lozd was resched concrete spalling
gooured at the critical seclion. Twuedicael fallure Tone
of section is shown in Fig. I 8-3.7, In most cases
172 to 1 irts thick concrete sorvtion seralled of T near

the critical sections. Conevrelte sralling was Tollowed

by the saost buckling of  the comsression  steel. Wihen

A6



the ugltimste load was yreschedy lardge rotations and

strains took slsce before +the total collaese of the

collarse could

o

columns. Strains and rotstions at the

not be measured.

The averadge value of concorete strain over 8 & in.

gauge length wWwas 0.003934 in. o at the loading

staege before the collasrse. The maximum strain messured

i the & ine gaude lernsth was 0.0047466 in /oA

Ce ANALYSIS OF TES

T RESULTS

1.  MOMENT CURVATURE RELATIONSHIP

The writersy in the rresent exrarimental

investidation uses an arerosch in which the momants and

curvatures are established slormg X ard Y axes X andd Y

gxes eass Lhroudgh  bthe centroid of the secbtion Y. Thie

monent-curvaeture relationshirs  slonsg X anad ¥ sxes are

then comeared with  the resullts obltained wusing  the

comsuter Hrodram.

To obtain the strain distributions  along X amd Y

e The tusrical

arxes demec gaydge melthod was  used,

demec-gauge arvandgement  for the messurement of strain

values along X and ¥ axes  are shown i Filg. 33 The



demec dgause method is uwsed a3s Tollows. The strain

distribution across the XZ2 and YZ elanes is  Tound at

gach loading stadge and is slotted adainst the distance

petween correseonding rair of demes dauges as shown in

Fisie F.2-T.7, Whern the strain distribution is

rnonlinesr the curvature a3t rarticulse leoasding staste is

H1Lvern by thie  followins eauatian sygdested iy

Mattock (253 .

¢
g = Le) cevreenneeaa( 520 )

g = curvature

€ o ® Maximum compressive concrete strain and

@ﬂ = Distance from this masimum  compressive

concrete strain  to the soint of zeve strain { or
neutral axis )

Nd is obltained by drawing lines Lthrough bthe marinum

concrete straein and the other strains until the neutral

axis ls bisected,
£

Momerntsy Mx aid My-are calculated ss Tollows

M = P(eyd-6y) o.a.--coa.l‘-( 5'25)

P

Mo = Pley+6,) ceeresecisosa( 5.26 )
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Neflection

i

6Y
coluamn

£y =

deflection

column

The

demes daudges for all

Fig, 5.2-%5.3 -

Fis.

Fig.

Tables listed

?“b{ Y%C ¥ Ny

M g
g an (ny

sl ¢y N

Table §.6
Tabrle 5.7

Table .8

The curves of Mx

columnms are listed

Fig, e

Fig,. 5.9

Fisg, .10

.11

curves of g,

G4 5 -

] 4 (5""5+ ; -

pelow show experimental

in Y direction at wmid-helght of

in X direction at mid-neight of

hetween rairs

Aoy

v/s  distance

columns are listed helow.

column F 2

coluwn $ 03

column £ 4

results for

Here comeuter resudlts  for Mxy g. *

X

are aglso included.

- eolumn # 2

column £ 3

column # 4

- g, end My - gy #lotted for all

helow,

column $2 M}{v/s gx

columwn & 2 - My Vg gy
- colgmn #F - Mx v/ gx

column & 3 - My v/s qy
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Fig,
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Fig,

G.18
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X
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column #4 F-§6y
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3.1

Table ¢

SFECIMEN DETAILS

/
A S Te
in¥ irmme  PFsi.

FY

Kai.

Col.

i

Bars

&7 .0 0.01227 3

14 %3

0.01227 3

14 #3 47,0

G4

0.01227 3

4 14 43 58.0

| Feolag
02

4200

1.33

72

(<
a0

72

o ue
Wk d

72

({)05



Table 3+ 9.2
MEASURED VALUES 0OF CHANGES IN LENGTH RETWEEN FAIRS

OF DEMEC GAUGES FOR COLUMN #4

tJ
Lo
ey
]
o

Load 1

-6
Fail. All Readings X 10 (ime)

1350 24084 2400 0011 2248 2467 0023

334 2474 2415 0036 2297 2481 0037

4600 Q007 2433 0048 2329 24935 0049

800 Q026 2459 0083 2373 0022 008Y

1000 0044 2493 0134 2428 0062 0091

1250 0120 0108 0273 0034 01467 0160

1300 FATLURE

g o
[ s



Table ¥ 5.3
STRAINS OF CONCRETE SURFACE BETWEEN PAIRS

OF DEMEC GAUGES FOR COLUMN #4

lLoad 1 2 3 4 3 &
-&
Fal. ALl Readindgs X 10 (ime)

150 0.0 0.0 Q.0 0.0 0.0 0.0

Blé. b 233.3 233.3

334 Lébd. 6 250.0 41646

433.3

13%0.0

4600 383.3 350.0 N

2083.3 Pléed 1033.3

800 700.0 833 1233.3

1000 1000.0 1550.0 20500 JG00.0 1583.3 1133.3

3333%.3 2283.3

344646 434646 . 6 476646

1250 2266.0

1300 FATLURE
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Table ¢ 5.4
LOAD V/5 HORIZONTAL DEFLECTION CALCULATION FOR

COLUMN #4

Load Load Horizontsl Horvizontal
Gaudge Deflection

(Fgi.) (Kigs) Cire ) (irme?

150 3.09 013 0.0

994 0.01%

334 &89

P32 0,081

600 12.37

0.094

800 1630 857

Reset Q05

1000 20.62 793 0.140

1250 23.78 940

1300 FATLURE
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LOAT

Load Loard

PBi« (KD

150 3.0%

334 0989

46Q0 12,

800 L6000

Regel

1000 20 é“

iESG Mq«/ﬁ

1300 FAILURE

+
<+

|~

[
et

Table
V/8 VERTICAL DEFLECTION CALCULATION

FOR COLUMN #4

Var. V.
let. Def.
Ua vV
Cire) (Lho)

0.0 Q0

0 03? 0.03%

0.103

Ver.
llef ¢

Ve,
Gaule

Var.
Gau.
1 2 Wy

(e (e Cirre ?

677 0.0

8 Jf_) & 78 0.02

Lo 2}

8460

0.103

Q.06

0.137

—
\J/

800

723

0.182

0.182

495

480

u88

655

0¢2/4

O+x.'}

0 1_57(.)

0.274

B9 4

350

0. 447

143

EO

pu



Tabhle § 5.6
CALCULATIONS OF EXPERIMENTAL AND COMPUTER

fo Ox v Myr qy FOR COLUMN #2

Exsarimant Comeutarn

oad  Mx O My by Load M g, My g,
Kig K-=im 174m. K-irm. 17in. K K=1fe 17in. K-ine. 1/in
X104 >\LO‘4' X107 4 ><10‘4*

46.%21 34;/ 9u 10.83 1.5 0 O lOO O 1.98 30 b 55/4

10,31 31, 1.07 16.27 1.9 30.0 50.0 3.40 45.9 §6.40

14, 44 7 / M.OO ”3 Ow 3.0 30:6 1ao,o 353 40+8 b

19460 .1.120“'5 E{‘;’f\ JA..{-\S(? ‘ﬁro: Ql 0 Joo Jﬁ({)'q 4/@4 ({) E—J

P~ i
POt

».3*4:

24,75 126.3 3.80 42.14 T.0 Kl.q 186.5 3.71 47,

S P7

§
28.90 148.5 uolo 49«£l 6«2 51 6 1q8 O u.& 48.4 7.11

33,00 171.1 6,986 57.78 9 1

38.16(K1rs) FAILURE 37.85(Kirs) FATLURE

183 in.

11]
»”
t

S irs

a7



Table t 5.7
CALCULATIONS OF EXPERIMENTAL AND COMFUTER

My @x » My» @y FOR COLUMN #3

Exrariment Comrutﬁv
L.oad Mx Px My ﬁv Load MK ﬁx My By
Kig K=irm 1/7irme K-in. 1/1im. K K—-irte 1/7ime Keim. 1/4in.
X105 X10-% X1074 X104

6.89 38.1 0.65 11.68 1.0 10.0 T4.9 0.98 16.8 1.88
v P
14.43 80.4 1.84 25,35 2.0 20,0 109.8 2,19 33.6 4.15
e o L L
24,23 138.2 4.86 47.05 4.4 30.0 164.7 4,07 50.4 7.5
28,67 167.3 5,50 58.58 7.0 35.0 192.2 9.31 56.8 17.2
e

35062 (Ries) FATLURE 5,02 (Kivs)y FALLURE

C».‘X = 1,468 dn.

(’:?y = B.5 dr.

98



Table (5.8

CALCULATIONS 0OF EXFPERIMENTAL AND COMPUTER

Mxr @x » My» By FOR COLUMN #4

Fomwubex

Mx
Keirte

Exrerimaent
Mx QX
K—~irm  L/7inm.

ﬁx My
L/dme K1,

ﬂy
174,

¢y Load
1/74m. K

My
K-dle

Load
Kig

XLO"‘\’

689 44.9  1.40

12.37 81.2

239

16,50 110.9

4.0

20,62 8 l 7 80

25,78 178.9 11.25

26 .81 (Kirs) FAILUR

E-.‘X = 168 dr.

C.‘y =oh .S Al

X104

15,0

‘O 0
5/+9r G4 25§O

"4 00 11.7

’3¢3

<
28, 4

65.0 1

X10-4

LC)@&.) :%@03

89

/ 01{:}

X10'4

-
oé_

25.3

975 264

91 33§2

lﬁ,4 0 3
7,08 4

Jéfeﬁ

164 4 704
42,7 1

165«3 70??

£ 26,50 (Kirs) FATLURE
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Fig. - 5.1 TRANSFORMATION OF AXES
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STRAIN IN, 7/ IN, ( X 1o“b )

35 |- .

T
i

Lo

Fig. 5.2 STRAIN DISTRIBUTION LEADING TO #,
COLUMN #2
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STRAIN IN. / IN. ( X T )

Lo | 4

Fig. 5.3 STRAIN DISTRIBUTION LEADING TO gy
COLUMN #2
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STRAIN 1IN, / IN. ( X 1o"h )

30 N

35 .

3

LO & -

Fig. 5.L STRATN DISTRIBUTION LEADING TO 4,
COLUMN #3
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( X 10"[‘)
NI -5 —
< ASa} =

STRAIN IN, / IN..
N
"

30

35

Lo

Fig. 5.5 STRAIN DISTRIBUTION LEADING TO ¢y
COLUMN #3
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STRAIN IN, 7 IN. ( X 107k )

L
i

35

¥
1

Lo

Fig. 5.6 STRAIN DISTRIBUTION LEADING TO ¢
COLUMN #L
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STRAIN IN../ IN. ( X 1o'h )

Fig. 5.7 STRAIN DISTRIBUTION LEADING TO qy
COLUMN #1 ‘
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MY K-IN.

60

55

Ultimate Load -38.16 K

ey = 1.53 in.

ey = 5.0 in.

Experiment -
Computer -
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i

i i 1 i

L

5 6 7 8
Py 1/ . (X 107k )

Fig. 5.9 My - ¢y CURVE FOR COLUMN #2
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K-TN.
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Experiment -
Computer -
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Fig. - 5.10 M, -
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Py CURVE FOR COLUMN #3
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M}T K-—IN.

65

55

50

L5

Lo
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Ultimate Load - 35.06 K
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4
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i}

l 6 8 10 12 1
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Fig. - 5.11 M, - #, CURVE FOR COLUMN #3

70

16

18




4 ¥ 0 ] 1 ¥ ¥ ¥

Ultimate Load - 26.81 X

one-" By = 1.68 in.
£ ey = 6.5 in.
500 F Experiment - ww--
Computer -
180
160
110
2120
= 2
M

ER 100
510}
60
10

20

1 i 1 1 i Y 1 k]

1 2 3 L 5 6 7 8
g 1/ IN. (X 107 )
Fig. - 5.12 M, - ¢, CURVE FOR COLUMN #l
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M, X-IN,
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20
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P Kips

U i I T T T T
LO |-
35 |-
b
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e. = 1,53 in,.
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20 |- ey = 5.0 in.
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15 + [ Computer -
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{ ! 1 ] i | }
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65 TN,

Fig. - 5.1L P - 6y COLUMN #2
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P Kips

1,0

35
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25
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ey = 5.0 1in.
Bxperiment -
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LOp
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30
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Koy Ultimate Load -35.06 K
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10
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Fig. - 5.16 P - 5, CURVE FOR COLUMN #3
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1 U I 1 I 1 |

Ultimate Load - 26.81 X
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CHAFPTER VI

COMFARATIVE STUDY AND LISCUSSION

Simce the ultimate losds My~ @y ﬁ};@ﬁﬁd P-Scurves
are of srimare  inbtresty in this  chaster the writer
concentrates on  the discussion and  the comearastive
stude of the exrerimental and the comsuter results for

the same.

e fAs  seen in the exrerimental M-g curvesy Tinal
rurture of the srecimens were preceded by veridy larde
curvature increase.

pEg After the maximum moment was asttainedy  the
messured F-M-@ relstionshirs differed significentlw
from those caleulsted using commonly sccested conorete
stress—strain curves wilth strein Limits of 0.003
irne /7 i

3. In  comsaring  Mx- O curves there was & good
ggreemnent excert the theoretical curves show more
ductilite of the srecimens than indicsaled by the lLest
results. This bDehavior mignt be attributed to the load
controlled lLest erocedure.

4, In comparing My-@y curves there was extremelw

79



good  adgreement. Experimental Mywﬁycuvveg are  well
above the ‘theoretical My“‘¢y curves  and  show  more
ductility of  the specimens than  that of rredicted bu
the comruter results. Therefore it can  be concluded
that the comeruter srodgram 1s  on the conservative sides

S For both the curvessy My Pxr Myw¢y a dgood
agreemaenlt was  fourd beltween Lhe exrerimentasl  and
theoretical results for the first 70%o0f the load
increments,. As the losd increased towsrd the Tallures
differaence was larder.

e The computer srogram socuratelw sredicts  the
ltimate strensth.

7+  The theovelical and exrervimental curves do not
coincide., This benasvior might be attributed Lo the
gqdrarimental ervors and the facolt thalt the measuremsnts
of the strain ditribubtion were done over & 3 in. range
ag  shown in Fige 3.3, I the rsreviows study (see
Ref. 16 Yy the measurements of the strains  were taken
over 8 & and 7.9 i ranges  Tor X asng Y divections
resractively. Even thern bthe difference belween the
edrerimentsl and  the theoretical results is  not muach.

8. A few edrerimental logd-deflection curves do not

asree Wit the amalutical curves. This might again bhe

atbtributed to wnavoidable exrevimentasl errors  and bthe

80



fact that the deflections in bhoth the directions could

ot be measured exactlu at mid-height of the columns.

81



Table ¢ 6.1
COMPARATIVE STUDY OF EXFERIMENTAL AND COMFUTER

RESULTS

. 1 ) '
Col T, By By F* f My @x My My
o s Exet. Come . Fapt e Comr . Exet. Coms
Fai Lrte e Kimpsg Kirsg Keirte Keirs K-in. K-in
X X

£,

2 4200 1.53 5,0 34.0 3L.60  183.8 138.0 65.7 48.3

3 4200 1.468 5.5 35.06 35,02 210.8 1%92.3 78,3 G8.0

4 4000 1.68 6.5 26.81 25,44 188.2  16%.3  Sé6.1 0 42.7

% ~For csleulation of the ultimate momentsy My and My
deflection at the loading stadge before the collarae
wias considered,



CHAFTER  VII
CONCLUSIONS

From the srerimental and analwtical results the
following conclusions can be deduced.

1 Theoretical asrhalusis (the comrgter srogram)
aecurately eredicts the ultimate strength.

2. I denaeral a8 dood adgreeement petween  the
edFarimentsl Pwﬁm¢ and F-& relations  and those of
analuticsl was Tound. Consecuently it can be concluded
that the comeuter srodgyvam develored bw Hesu( 1 ) can he
sed to il the ltimate strengthy the
moment-deformational characlteristicsy the stress-—-strain
distribution across the section ard the interaction
surface of L-sharedys short column losded biaxislle with
larde and small eccentricities.

3. The results of this investigstion could be used
to develor the stremgbh  dintevasction disgrams  and the
failure surfaces that sre needed in determining  the
value of arn  exronent o< that aEFesrs LN the
non~dimensional eauationd 1.1 9 giggested Ly
Bresler( 12 ).

4. Further resesrch maw be conducted to consider the



effects of lendgth of the wmembers share of bthe sectione
and the torsiorm Tor the analytical srocedure of the

comruter Frodgram.



AFFENDIX -1

Xy Y-COORDINATES ANDr AREA OF ELEMENTS OF
THE CROSS SECTION

Element X Y Ares

No . Coordinate Coordinate
Lrre Lie iﬁ3

1é.

2.189
1.5048

0. 171

~1e165
-2, 502
-1.821
~1.140
~0.459

0. 222

1559
0.876
0,197
~0. 484
0. 852
2,189

2.602

~2.077

~3:414

-2.733

o
~2, 052

~1.371

-3, 003

1.302

2863

8%

Q.110

0.110

0.110

0110

0.110

0110

0.11¢

0110

0.110

0.110

0.110

0.110

0,110

0,110

0.316

0.211



17

18.

19.

28,

29

"'"Oe

-0

""O 3

046

04é

G&HQ

-1 .378

-1 .

e |
&

-
-t

X,

794

e 297

715G

133

8é

-3, 209
~3.626
~4,044
-3, 831
-3, 616

~3.363

~1.788
~1.57%9
~1.156
=740
~( 239
0.179
0597

1.096

0,314
0.316
0.211
0.316
0211
0.314
0.316
0211
0.316
0.316
~Q.211
0.316
0.316
Q. 211
0,316
0.211
0.316
0.316
0.211
0.316
0.316
0.211
0.316

0.316



40y

&1

62

63,

&4,

-0, 664
~0.409

~0.196

O.146
0647
1.065
1.483
1.984

2,402

g7

2.852
3270
3:771
4,188
4,606
4.393
4,180
3,920
3.712
3.499
3.082
2.664
2:163
1.740
1.327
0.826
0407
=0 009
~,310
~0.7465
~0.978
-1.,1%91
~1.446

“1 4659

0.211

0.316

0.3164

0.211

0.314

0.211

0.316

03168

0.211

0.314

Q.211

0.31L4

63148

0.211

0.316

0.316

0.211

0.316

0.316

0.316

0.211

0.316

0.316

0,211



b

67 4

&8 .

467 .

70.

71

86 .

87.

88.

-, 247
0.748
-1.583
~-2.084
~2. 289
-2.034
~1.608
-1.353
-0 927
~0. 672
w3, R4b
~0.00%
04640
1.141
1.346
1.091
0.663
0.410
~Q.0Lé

Q271

88

0.885

1.720

w0, 297

G.211
O.211
Q.211
0.211
0.211
0.211
0211
0.211
0.211

e21d
0.211
0.211
0.211
0.211
0211
0211
0.211
0.211
0.211
0.211
0.211

0.211



89 . ~0.0867 -G . P28 0.211
0. 0.434 ~1.183 211
21. 1.270 ~1.609 211
22 1.771 -1.864 0.211
3. 1.5956 -2, 282 0.316

?44 ieSOfﬁ “"2&?83 G§31({)

@5, 0.802 -2, 526 0.316
c?é@ 05384 "‘2&315 Oéﬂlj

D7, 0.034 -2.102 0.31é
28, =0 535 -1 897 0.316
9. -0.9G2 —-1.634 0.211
10G. ~1.370 =1 421 0.211
101. -1.871 ~1.166 0.316
102. ~1l.616 ~0:H65 0316
103. ~1.403 =0 247 0211
104. ~1,190 0.171 0316
103, «0. 730 0672 0316
106. -0 722 L.0%90 0.211
107. -0, 509 1.507 0.3L6
108. -0 254 2.008 0.316
109. ~G.041 2426 0.211
110. 0.172 2,844 0.316
111 0427 X345 0.314

112¢ 06928 340(?’0 04316&

89



113.

114.

118.
119,
120,

12L.

0,673
0,440
0,247
~0.,006
~0.,221
~0 4433
~0. 689
~0.902
SRS
~0. 697
~0 279
0,221
0,639

1.0G7

20

0.834

G417

~0.084
~0,502
=920
I e
~1+344
-1.4601
~1.814

~2,027

0.314

0.211

0.316

0.316

0.211

0.316

0316

0,211

0.314

0. 211

0.316

0.316

0,211

0.316
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