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ABSTRACT

Results [“I'quil sclect group of column specim :
Pm;mm in the arca pl L-mwrcm confinement, are prcﬂtmcznis lehlch arc part of an extensive research
305 mm squarc and 2.44 m or 2.74 m long. The non-L‘Jrislnagcl 'S Paper. The prismatic specimens were
o long with 2 Sl()ﬁ ::700 X 310 mm stub. The target values fOSrD::?Clmer were 305 mm square and 1.45
MPa. A total ot.;-_.4 specimens were tested under monotonit? s st_rengm e
Simull:.mCUUSI)’_SUbJCHde to large constant axial load. The obje Clivcor ?yg}lc flexurc and shear while
ergnn;mce of conlined concrete members as influenced by concri:zz [[ I-S et sk
~f loading, amount of lateral steel and distribution of steel. Conﬁnerrfe;ingll_g;g{l’ziﬁémfzfoif Lshu.lb(i type

c dcsign

codes arc also critically evaluated 1n the light of the test results
INTRODUCTION

_In a framed structure during a severe earthquake, it is preferable to restrict the inelastic
deformations to the beams In general to ensure structural stability and to maintain its vertical load

g capacity. Accordingly, the concept of "strong column - weak beam" is suggested in most
ic hinges in beams rather than in columns. However, with uncertain

qf plastic hinges in columns cannot be avoided completely (Paulay
ic hinge regions of columns must be detailed for ductile behavior

hich can be achieved by confining the concrete effectively. Although the primary purpose of confining

concrete is the improvement in ductility, confinement also enhances concrete strength significantly. The
ent if the length of the plastic hinge iS

sverall behavior of a member may not improve due to confinem
underestimated flexural capacity. AD

underestimated or shear reinforcement is designed based on an
sccurate evaluation of the section behavior is therefore necessary for safe design.

CURRENT RESEARCH

carryin
design codes to force the plast
carthquake demands, the occurrence

1986). Therefore, the potential plast

search that started with 2 study of confinement

The work reported here 1s part of an extensive re ' 1 ———
mechanism under concentric compression (Sheikh and Uzumer 1980).. In the current pAase he first
imens, the details of which are listed in Table 1. The firs
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44 m. The prismatic specimens were
1). Th?mri[{w'”}i‘ddlc 0.91 m length of the
ikt dc[l)‘o;m;u:m normal strength concret
Cre subjectec n"""OﬁS‘ until the lateral ?oads

jected to cyclic lateral loads until I




The non-pnsmatic specimens were 03 % 308 « 12

530 n : WA, o T i
vad and \m columns with 510 x /60 x 810 mm

tubs and were tested under constant axial 1 Cycli

SLULY Eonk i , YCIC poInt later: O R

Nmnm_.:.;ml*s junction. IThe critical section adjacent to lluj 1 lt lateral load applied on the stub near the
1pad and cyclic shear and flexure. Standard Cyclic loading cons; ‘w..m ‘F"‘“‘ subjected to a constant axial
rollowed by two cycles cach to a displacement of A i = | 1.\1u|_(1.l one cycle of deflection to 0.75A,
he axial load. The A, 1s the estimated deflection '11“} [iﬁ:” 28, === until the specimen could not maintain
C dAls : ot da. . C al sect Ty R

l tion The ¢ 1S the curvature {"{}I"[‘Lf:\;[')('}lltliIlg‘ (O the m ax1 :“-IL \l section that causes curvature q)” at that

SECLILIEE: e f > laximum unconfined secti ' - |

» Or * , O Te s - ON moment on a str:

ine ]mlﬂ”-’; the onigin and a point L-mll--h[mmhng o about 65% of et oment on a straight
. enecimens E-13H and F-9H, the upward dicnlac ~ 7 BE HiE maximum moment. In the casc
pf SPECIIAE S ta Son i & : I\ ard displacement could not be clfectively controlied due to
S functioning o 1IC 104UlNE Sysicm, /4 symmetrical cvelic laad; 1 |
malfunc al cyclic loading was therefore not achieved. It is
or believed that the envelope curves : o * . achieved. 1is,
howeVver, hL.llu}L g pPC curves t"jc relatively Independent of the load ¢xcursions, and can
bhe compared with the resulls from other specimens to study different variables ‘

For nm?ml s:rr_ nf_;lh Ll(m-%.mlc (l[._l =~ 30 MPa) specimens, the lateral reinforcement ratio (p,)
~d agccording 0 e dcésign codes’ scismic  eiAmE T Tl e " " QA
unuul R .;*;;1) . ,-1, C x SLIMT!IL pProvisions ("Building" 1983; "Code" 1984;
”RCU“””“CHGCd 1980) 18 d["ll‘lrl‘)f\ll]hllk]y 1.4% and tor l]lgh_};“-unglh concrecte (1 i SR MPa) SIYCL'-iIIIL"Tl]S

iy is approximately 2.6%. Nominal vield strer " 5o s
his ratio 1S approx 1 Y I : s inal yicld strength of 400 MPa for steel was used 1o calculate o
i . ardi 5 Sltreng [ Stee . . . ' e il , :
with the actual yield strength of steel, the corresponding p, values arc approximatcly 1.2% and 2.1%,

rcqpscli*-’t‘l‘v’- for normal and high strength concrete Specimens.

RESULTS

The section moment capacitics, non dimensionalized with respect to M, are listed in Table 1 for
111 the specimens. The M. 1s the theoretical moment capacity of a section based on the concrete stress
hlock suggested in the ACI and CSA dcsign codes. Secveral points should be considered when the
noment capacitics of dilferent scctions are compared. The moment capacitics 'r{:p()rlcd‘ arc thc oncs
experienced DY the critical sections in the specimens. In the case of prisma-lic specimens failure occurrcq
2t the critical sections. In the casc of non-prismatic spccim(‘:ns,, the f:ulurc'm the column occurrcd
approximately 150 mm to 300 mm away ['rtm the cn%ncnl section th:al was a‘d:]accm to the Sl?b}% SIECC
he critical sections in the non-prismatic specimens did not fail, th}r capacities would be hig cr than
he moment values shown in Table 1. In several specimens, Lhc-: entire cover concrete wa[._s Cl:faé;;}cc;r:
compression when the scction carried the m aximum moment. This was _espccm}ly _lhc E&%C cl)r :;): N
which were not well-confined. The three high-strength concrete specimens fall in this catcgory.

e specimens, the moment capacily‘was lcss ,l.h:m.u-m
approximately 0.8% lateral rcmforcc!mm muio
th of concrete in these SpeCimens that
less than the concrelc strength

In several prismatic, normal-strength concret
theoretical capacity, M;. All thesc specimens contained !
and were subjected to large axial loads. It appears that the streng 3
can be used to calculate scction strength ander axial load and flexure, 1S

in a standard cylinder.

i in the form of lateral load

Results from a select group of specimens arc i Flgur;?iszorlloblll:fctgn specimens made of

vs. deflection and moment vs. curvature Curves. For ease ((i)f L?]r;f.dimensionalizcd with respect to P,
Sosmal sength and high-strength CONGTE o 13@1'31 lf)l? lf considering P-A effect and the moment
e load required to produce M, al T S e 11011 arison of specimens in Figu"fl's ?' l_O.S Il
BN S mensionalized with FESp” lorri;hi[?;?lgz:hfglﬁmt;z specimens is more effective initially
appears that the cover concrete in the case Of BB

J shing strain in S
.oncrete specimens. Cru ‘ S
and spalls off more rapidly than in normal-strength cr(():rl]:r;i:j ;ﬁclhal i confinement of core becom
. . . r - T Tlll C()[]C v
concrete is larger than that in normal Sreng
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For Specimens FS-9 and F-9, the moment-curvature relationships of the sect;
occurred, are provided in Figure 7. The failure section was a
criical section in Specimen FS-9. Moment
0% larger th; - Nt ¢ ai

b hrg,t:,r than the moment at the failed
0 the adjacent critical section.
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Figure 1 - Test Setup
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