M2 22 1AE 232 E J|189 2 ¥
SHY BA AYO| s A7

A Study on the Prediction of the Strength and Axial Strain of
High-Strength Concrete Columns Confined by Tie Reinforcement

gt Ay
Park Hoon-Gyu Jang I-Young

ABSTRACT

The use of high-strength concrete which permits smaller cross sections, reduced dead loads, and
longer spans has been getting more popular in tall buildings. However, there has been little research
on the behavior of high-strength concrete columns laterally reinforced with square ties and subjected to
compressive loading. With the addition of transverse reinforcement which lead to triaxial compressive
state, ductility behavior of high-strength column member shall be increased. In this study, rational
quality and quantity evaluations were made to investigate the ultimate strength and strain ductility by
confinement effect of tie reinforced high—strength concrete columns subject to uniaxial loads. Concrete
failure theory at the triaxial compressive state and statistical results based on conventional experimental
data were applied for this propose. Up to 185 columns, tested under monotonically increasing concentric
loading, were evaluated in terms of strength and strain ductility. Analytical results show that
confinement stress, maximum compressive strength, and increase of strain equations were developed
with the consideration of concrete strength, yield strength, spacing, volumetric ratio, and configurations
of tie reinforcement.

Keywords : high-strength concrete, column, transverse reinforcement, ultimate strength,

axial strain, tie reinforcement, triaxial compression, confinement effect
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Table 1 Summery of available triaxial compression tests

Lateral .
size fc foc £
References (cm) pressure —_— >
type (kg/crl) fe fe
7.6%15.
Gardner(2} . 3 296 [2.51~5.00/0.30~0.89
cylinder
Mills(3) |5.72cube 22T 1151~2,64/0.04-0.38
10x25 323,478,
Kotsovos(4) . 2.48~5.83{0.23~1.39
cylinder 634
10%20 614,941,
Xie(5) . Hydraulic 1.33~3.21{0.04~0.48
cylinder . 1214
10x20 | fluid
Autard(®) | o (active) |980~1350(1.08~2.450.01~0.25
10%20
Dahl(7) ; 731,1110 |1.90~4.7310.20~1.00
| cylinder |
10x20 470,796,
1.40~2.1610.07~0.
Lahlou(®) | ovjinger 1153 021
Palaniswamy | 7 gx 2 ]
76. 23 %311 2.41~5.78|0.26~1.25
(9) cylinder 552
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Table 2 Summery of available tied column tests

D, i’ f
Ref. ¢ fe fy,, o Numlfrer [ Type
(cm) (kgg/cm) (kg/cn) specimen
Shelkh(10) 26.7 320417 3790-4473 0.006-0.025 24 CDEF
Moehle(11) 26.7 345 4488 0.013-0.019 8 ABD
512 23 317-438 3740 0.019~0.037 6 E
Ti(12) 15 210 2560,4250 0.014~0.031 6 AE
FE(13) 14.7 445~892 13900 0.021, 0.043 12 A
Yong(14) 13.4 850~ 950 5065 0.003~-0.016 6 D
J(15) 13 438,742 5501 0.017~0.030 6 A.B.D
Nagashi
a’ﬁ;;m"“ 20.5 603~1180 822514142 0.016~0.026 2% C.D.E
T Takae(T 918 755 8047 0015 0.023 18 ABEDE
Nishiyama
&) 22 10871132 4712,8293 0.018~0.041 14 E
Cusson(19) 19.7 537~1160 4000~7854 0.014~0.049 27 AC.D.E
#(20) 285 317~1316 11300 0.014~0.044 18 E
#wH(2D 47 820 9187.9634 0.018~0.046 ! E
o}(22) 13 381 4820 0.014~0.027 10 ABD
Data x=22.1 x=704.5 x=1589.7 % =0.0247 15
) . =18
information 0,=6.1 0,=315.8 6, =3598.0 0,=0.0105
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Table 3 Summary of available equations for confinement effect of tied square column

. . Applicable compressive
The maximum compressive strength and
References . . strength of concrete and
the corresponding strain of confined concrete or .
oss section tvpe
Soc 0.245s dy, S
2% =1+0.03431 - Xe +——-p) -
Vallenas | fe D, " V. 300~ 338ke/crf
(25) A-type squ
— 0.0024+0.0189(1 —0.734 -~ )7‘”’—’1’1 ype sauare
’;"f =z.254J1+7.9 L 1osi-2Ls o S= — 1452
. o - €y 3 220~420ke/ et
Mander N
(26) D2 ¢ s ye C.D-type square
) S (11— 6D.2 1-— 2D, ) Wall-type
r = fphfyh DZ_Ast
, kif, _
, o= f H kit 77 k=994 f= k) 257 ~440kg/cat
Saatcioglu
. A.B,C,D,E,F-type square
L M =083 (BZexd) <10 Wall-type
! SDC ’ 2 - S C f[ :
. ‘106 - 7.76 s 2y Culm
Soo= ol €oa = T8RS, x1070 0 S22 =14 LB —5(5-) veaa
Sheikh ' € ¢ D"V fe 319~417ke/a
(28) 0.0229 D, >t S 2 B.C,D,E-type square
k=14 sy A5 55200-357) WV oufu
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Table 3 Continued

. . Applicable compressive
The maximum compressive strength and
Ref. . . . strength of concrete and
the corresponding strain of confined concrete X
cross gection tvpe
. : e Aonfu
Fo= 0857 4314V 2 p,f,: S5 = 138(- o222 )7 4+
Nagashima Onlsh €5 0.857. 615~ 1204kg/ o
(16} . C.D.E-type square
A=~ Z €155
Le 1+0.o343(1—%2)45i)(ph e e
‘ ¢ S 902~ 953ke/cnt
Yong(14) 3
sy Lonfw) D-type square
&, = 0.00265+0.005448(1 — 0.734 - )W—L—
’;3‘ =1+2. 1( )‘” = €,10. 21( )”
Cusson 537~1182kg/crt
(29) . o . A.C.D.E-type square
fo= ——'{'L-(l— ZC sy
sD.(1—p, ) 6 D, c
foo = f+11. 5( )(1— D Yorfom
*,RE foe Foe 323~1343kg/cr
(20 €0 = &1 +4'7(_fj_ Dl for 7 <L5 A.B.D.E-type square
= Jo Joe.
= ¢,[3.35+20( 7 7 >1.5
’ fr K shfh
fom A (L1 + 24301 = 115y g, = 2Aaw
Fafitis Al fe sD, 615~1204kg/cr
(30) ) C.D,E-t;
€= 1.461x107%F, ; ype mauare
V 349~ 1154kg/cnt
A = g = e, = —2'— -0.5-3
B | fro= L+ CIL e= L+ Ce,: Co= o, (FE)1-0.530) D E-type seare
Soo = f +4kyf, for 460< f.’ <616kg/cm?
= f(’+3k,gf?’ for 616(f4~'3918kg/cm2 <« 460~918kg/crt
Bjerkeli A-type square
(30 fr= —sl;h—f‘x"* ke 1__ the larger value = k&, Wall-type
kp=1— Z ¢’
4 55D

Ag= EA w=total cross section area of transverse reinforcement perpendicular to one direction(cm?);

Ag=total cross section area of longitudinal reinforcement(cm®):

C=transverse spacing between adjacent longitudinal steel bars(cm): EC,v:total number of C in rectangular section;
D =side dimension of concrete core parallel to perpendicular to one direction{cm);

dy=nominal diameter of longitudinal reinforcement(cm); d,=nominal diameter of lateral ties(cm);

foc=maximum compressive strength of confined concrete in member(kg/cm’);

F.=maximum compressive strength of unconfined concrete in member(= 0.857,", kg/cm’);

Notations |f£," =maximum compressive strength of 150%300mm concrete cylinders(kg/cm’);

#,=confinement pressure applied on concrete core(kg/cm’); fn=yield strength of transverse reinforcement steel(kg/cm®);
m-=total number of C in rectangular section; #z=total number of longitudinal steel rebars;

s=center-to—center spacing between sets of ties(cm); s =interior spacing between sets of ties(cm);

a=the angle between transverse reinforcement and D,.(degree);

& ,=axial strain in confined concrete corresponding to f,.; &, =minimum strain corresponding to the f,.
&,=axial strain in unconfined concrete corresponding 0 f.'. &,g=maximum strain corresponding to the f,.

pp=volumetric ratio of transeverse reinforcement in concrete core; p,=volumetric ratio of longitudinal reinforcement
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