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Experimental research on limit value of axial compression ratio for

concrete frame columns with central reinforcement

GUO Jun-ging, WANG Xue-yun, LEI Zi-xue, ZHOU Tian-hua
(School of Architectural Engineering, Chang’an University, Xi’an 710061, China)

Abstract: In order to solve the problems frequently that the concrete frame columns are too fat
and too lightly reinforced in the design of high-rise structures because of the limit values of axial
compression ratio, through the test of six specimens of concrete frame column with central
reinforcement under cyclic lateral loading, authors investigated the properties and failure pattern
of specimens, analyzed the major factors affecting the ductility of concrete frame columns with
central reinforcement, and studied the test results of each specimen, including V and A hysteresis
curve, displacement ductility ratio, ultimate displacement rotation, etc. The test results show
that axial compression ratio, volumetric tie ratio and longitudinal reinforcement ratio of central
reinforcement are among the major factors affecting both the ductility and elastic-plastic behavior
of concrete frame columns and that at a high level of axial compression ratio, large volumetric tie
ratio and longitudinal reinforcement ratio are important measures to ensure good seismic ductility
of concrete frame columns with central reinforcement. Finally, new limit values of axial
compression ratio were recommended for concrete frame columns with central reinforcement.
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Tab.1 Specimen parameters

OE | ANE | AME | REE | R | KPR | AR LLAR B0 IR
WE || BE UM | B | Roe/ | WMk | HHE R
KZA45 @8-150 x 0.67 0.45 0.765
KZB50 @8-150 | 412 |P6.5-150| 0. 92 0. 50 0. 850
KZ(C55 * @8-75 6.5-75 | 1.85 0.55 0.935
1212
KZD55 * @8-150 & 0.67 0.55 0.935
KZE60 * @8-150 | 8d12 [@6.5-150| 0.92 0. 60 1.020
KZF65 * @8-75 6.5-75 | 1.85 0. 65 1.105
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Fig. 1 Reinforcement and dimension of specimen
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Tab.2 Properties of steel reinforcement material

AR/ mm | JEIREEE/MPa | R BRIRE/MPa | K/ %
12 412 612 24.8
o8 398 507 23.7
6.5 391 495 23.2
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Fig.2 Test equipment
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Fig.3 Loading system
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Fig. 4 Hysteresis loops curves of V and A
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Tab.3 Main test results
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TE « e KR 85 53 B KK P-4 07 5 40 Bz 45 62 % 7K - it 1 Z Hil

HIT M .

3.1.2 HhREiER
KZA45.KZB50 . KZC55 1 A F2 L 4 5% 43 51 h

0.67%.0.92% 1. 85 % » AR AT 4R AEAH 7] 5 24 %
AR T 43 R 0. 765.,0. 850.,0. 975 B, 4E 14 & %
G3h 301,30 2.3, 3, M BRAE RS &% £ 43 I R 1/35,
1/32.1/28 rad, UtHA Y%l He b AH XA /NB L 35 K i
FRURC 40 S5 A AN T 41631 Sl e EG 388 o 6) 8 1 ) R R s
) o 1715 L RE A8 3F — 25 w0 il i

M2 T, KZD55 . KZE60 . KZF65 (1) 4 £ fit 4
RIERESF IR 0.67% .0, 92% 1. 85 % » H: 4 A% T
FEAHTR] o ELCSAE G0 A3 T 377 238 2 0K 5 >4 b s LG BB
A3k 0,975, 1. 020, 1. 105 B, ZE 4 2 %04 51 K
3.2.3. 1.3, 2. M BR A B % #A 43 i o 1/35,1/39,
1/35 rad, 7] L5 %l LG AH XT38 KR 3 R R B
i AT T T Bl R B B84 fin X6 E P A R ) R i R
F 2 B T ] S e R A AN A L (B ME DLt — 2D s ik
{2 01 5 A P A T P i
3.1.3 AU F

K KZB50 Fl KZE60 F 65K 20 A e 471 2 43 1)
0. 72% 1. 440, Bl R H B T E 4> B R 0. 85,
1. 02, HoAax # R AIE 58 4 40 [ 5 X 56 JIr 49 228 14 3R 40040
S 302,30 1, i BR A A 5% f 43 il ok 1/32.1/39
rad , B R 09 P BB AR AL AN . 100 B 4 st A G0
5 TC A7 25 A A5 G714 b T L 89 K A R ) 5 i il
R 1 S 1
3.2 HHELERESTESEIL

25 L TR il B AT R 5 e 0k VR B 4 HE SR AR
T T E e 1) N R R 2 3 R R R 4 3 R A O\ A
e 377 23R W] A5 550 2% fife 5 il R Bl X 2 P ) S R B Al
HE B SRR AR T M BE A DA o . L1 KZF65
1, BRI H T HE 2 38 1. 105, {H 8 & ff /R FLAE
Fili A R0 A N BC A R o Al B OR &= 1L 8504,
1. 44%, nl i SE P R BGR F 3. 2, M BR A7 B % A ik 3
1/35 rad, REAE T JE R 3 X6 VR 956 1 HE 42 A4 i) o 0
ARTE IR . BRI, 2 s VR B T HE SR AR T OR
JFH A R ) A B T 0 5 00 A A A5 A5 SR B B R L
REL{EL A9 385 0 AT LI 2o B985 R 1Y 0. 05,

WK 4(d) ~ (D AT LLF H %) T4l e R i
A KZD55 . KZE60 , KZF65 , H i 1] iy 2k iy v [a] 2
FERTHE /s HB A 6 B B i R S —
E W PR RRAE . BRI O 2 Al L R TOIIE TR R
HEZEAEAE DU RR BT ISR FH 2R 4 I 9 i b 1 LU BRAA

4 4 i

(DA e IR Bk - HE 204 oA RAF SR PR BE .
Bl i . L 5 R PR AR 5 L SR I 4 45 e, HL S



% 4 IR R F R s AR B2 AR A R b RRAA X e AT A 49
P BT LA R AR UE B9, T BE 45 5 2 LTS rp i 48 v AR (4 S0 A 78 e T LRI 0 R A R I S 2R X6 AE 2R A
A= i ] S Y 52 R AT R E— A F T

F4 MERBETIERSEHELZWRE
Tab.4 Suggested limit values of axial compression ratio for
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concrete frame columns with central reinforcement
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