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EXPERIMENTAL STUDY ON AXIAL COMPRESSION BEHAVIOR OF
CONFINED HIGH-STRENGTH LIGHTWEIGHT AGGREGATE
CONCRETE UNDER CONCENTRIC LOADING

WU Tao , WEI Hui , LIU Xi, LIU Quan-wei

(School of Civil Engineering, Chang’an University, Xi’an Shanxi 710061, China)

Abstract: In order to investigate the axial compression behavior of confined high-strength lightweight
aggregate concrete (HSLAC), an experimental study of twelve HSLAC columns confined by reinforcement under
concentric loading were carried out. The failure process, failure mode, stress-strain behavior and strain of lateral
ties were studied in the research program. Expected general improvements in strength and ductility of specimens
with respect to the effect of key variables such as the tie configuration and transverse reinforcement ratio were
reported. And a calculation model of peak stress () and the corresponding strain (e) suitable for confined
HSLAC columns were proposed and compared with Richart model, Mander model, Razvi and Saatcioglu model,
and Khaloo and EI-Dash model to evaluate the accuracy. It is shown that, after the peak load point, the concrete
cover were cut off and sudden spalling occurred as a whole, and a few cracks were found on the internal
aggregates as well as the interface between aggregate and mortar, which present significant differences from
normal concrete members. However, the development law of stress-strain curves is similar to the normal concrete.
The plane of failure presents “H” shape or a diagonal failure at an angle of 45° with the horizontal surface. The
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results further indicate that the lateral restraint force and confined area of core concrete can be significantly

increased by the reasonable selection of tie configuration and adding the amount of lateral ties. It is possible to

obtain sufficient strength and ductility behavior in HSLAC columns through proper overlapping hoops with cross
ties. The empirical model proposed by combining the stirrup characteristic values (4;) and coefficient (k), can

accurately and reasonably estimate the peak stress and corresponding strain of confined HSLAC columns.
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Table 1 Parameters of test specimens
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DU W R B RAVE MW RWE BUL
T h/mm

blmm e dimmsimm pd(%) BCH pul(%)  AglAc
AH-1.97-50 250 750 AH 8 50 1.97 12410 1.51 1.39
AH-2.81-35 250 750 AH 35 281 12¢10 151 1.39
AS-1.97-50 250 750 AS 50 1.97 12410 151 1.39
AS-2.82-35 250 750 AS 35 2.82 12410 151 1.39
BS-1.97-50 250 750 BS 50 1.97 12¢10 151 1.77
BS-2.82-35 250 750 BS 35 2.82 12410 151 1.77
CH-1.99-55 250 750 CH 6.5 55 1.99 8%#12 145 1.36
CH-2.80-39 250 750 CH 65 39 2.80 8%12 145 1.36
CS-1.99-55 250 750 CS 6.5 55 1.99 8#12 1.45 1.36
CS-2.81-39 250 750 CS 6.5 39 281 8#12 145 1.36
DH-1.97-76 250 750 DH 65 76 1.97 12#10 151 1.36
DH-2.82-53 250 750 DH 6.5 53 2.82 1210 151 1.36
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Table 2  Mix proportion of HSLAC
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Table 3 Material properties of concrete

G T fw/MPa  fiIMPa  EJ/(x10°MPa)  r/(kg/m®)
AH-1.97-50 51.1 3.34 1.93 1745
AH-2.81-35 58.2 3.62 2.05 1750
AS-1.97-50 50.9 3.51 2.00 1755
AS-2.82-35 52.7 3.46 1.98 1760
BS-1.97-50 53.9 3.34 1.93 1764
BS-2.82-35 55.2 3.62 2.05 1790
CH-1.99-55 51.2 3.58 2.03 1783
CH-2.80-39 58.1 3.64 2.05 1772
CS-1.99-55 58.5 3.33 1.92 1763
CS-2.81-39 57.0 3.41 1.96 1780
DH-1.97-76 57.3 3.60 2.04 1785
DH-2.82-53 57.5 3.59 2.03 1767

x4 WMEMRINFEMERE

Table 4 Material properties of reinforcement bars

B d/mm J/MPa filMPa E/(x10° MPa)
HRB400 12 424 507 2.06
HRB400 10 454 558 1.79
HPB300 8 507 647 2.25
HPB300 6.5 523 617 2.27
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Table 5 Test results of specimens

- N fud S 'fc,f/ Eogs ﬁ%ﬂ“
MPa MPa MPa  Jo S M

AH-197-50 2266 51.1 343 4416 129 243 HiE
AH-281-35 3251 582 391 67.83 174 154 HifE
AS-1.97-50 2100 509 342 4017 117 >15 K
AS-2.82-35 2793 527 354 5682 161 108 ik
BS-1.97-50 2364 539 362 5923 164 183 Hik
BS-2.82-35 2650 552 37.1 6798 183 245 ik
CH-1.99-55 2215 512 344 4401 128 725 HiE
CH-2.80-39 3623 581 39.0 7784 189 127 Mk
CS-1.99-55 3307 585 393 7025 175 103 HhE
Cs-2.81-39 3081 570 383 6482 166 101 ik
DH-1.97-76 2968 57.3 385 6103 159 161 Hik
DH-2.82-53 3182 575 386 6617 171 151 HiE

BN 159 3.17

VE: BHAAPURRE £ =079 1, -



VAl & 207

2.2 MWK IR

B 6 MRS R, B e B
80%- 60%H iR {2244 1) K R I L S s X IR TEAS
T, Ak dR R A R, &kt
BT BT B, U B AR A A LA
AN, R B . SR, W E
TR PO JE £ 0 70 R T 8 ) 2R 5%, LG5S W S
MUK R, b5 RE LR Z I aERIVE, W a )
WRRRAS . DAL ALR A CH-1.99-55 A1 BS-1.97-50
A

Iz A 1300 KN 1 (29 W AE far 211 58%), kA4
CH-1.99-55 Ab-T- 314 N F B, R FE T B A
BEJG HIBL “IEHE” ROTREE TR, NP R
W K. ARG A 1600 KN A (2 06 A1 1 %% 1)
72%), W B AT C THAHAS AR A6 bty B By 2%
2%, TEZN 0.2mm, SKA Lom; fididks:
% 1850 KN Al 2100 KN i (2945 fif 251 83% A1
95%), W B AT A T4 7t BLHS M BN 7 A
[ a 2e5%, 28K 5em, BEERERIEM, AmHE
ez . NAEd, B mRAER R E, WS
BBWAK, FHERE NJOREE LA ILS . R

i #5,(2215 KN)iF, R4 C. D i I P HH I 3 4%,
T [ PN b7 & R B B R R EE, BN
BIRVE R 503 A B YR8k, 5 E TR
TR E R EE, W4 AL B TR
SRR RILR “X B H 7 Brmadss, Smpl
GEARAS TR M3 [FIR, VR ORI 2 R 2L
A& P B IR 7R s AT R R A 1772 KN(80%
WA AT R) S, TR R 2 KA “ Rl
NN Y e e NI =R e NI L =E ik
BIBE BT, G d 2 (5 B R B LR R . [H]
I, A% DX VR EE A AR TN, 4 B R A
FRATHE 5 < 1042 o DX VR T R RIAR o g AR A (R
B 2R U AT 2R 60% 2 J5), A IR IR, A
1 A A5 BT 3 AR o AH AR A TS R B SR A A
FAER, ot KRB R R T

XF il BS-1.97-50, SPERT B AR IS R S
A CH-1.99-55 248k, (HN#R 1, Rage bl
Tk BS-1.97-50 ¥y, Bl IR KR RHn) i
i1, TERR 5 /K TET & M1 45° 40 A (AR “ B D) T s
I fE L A P R e A A T, e R AR
BY S N 2R 27 N

DRSERS] [ry DRERO sl S (77 (O e f
ok | N L
‘.-w.'--‘ o J\'Lh' %
b 1 2 i T
- ‘:’_ 5 ‘ i II"- : 3 | A
LR e S8 RJ G NEE P |
T4 42 80% 1, T4 % % 60% £,

(a) 1 CH-1.99-55

(b) it f4 BS-1.97-50

K6 BoRES
Fig.6 Crack patterns at failure

23 ARSBRBERESITHEN - NI
K 7 45 Rk CH-1.99-55 Fl1 CH-2.80-39 [{])37

J1-RiAE 2k, BofiE R B &2 TR, AR
$i 3 18 1.99%F1 2.80%. & 7 1, B H o ##30(1)



208 T T’

)1

2
%

BEAT TSR, JH v A A R LA 2 R T A A ) 32 4
82 7N 2 AN T AR o N2 ¢ 383 1 DY T A
B AL RS A RS D A5 Al e A2 % 1 24 4B B DAAR BR

HIE] 7 RO, RPROT AT, 0 s A R
Wk N 3 - AR AR ARG AR, N Al
[ ARSI, 2R AR o (L L i 7 15 A2

1230, BN, LIRRACAE R o ARSI 80%IE{E ¥ T,
8 . AR BRI E TR, TR ) ) B
------ H-1.99-55 N . N . N
of 205 LR, AR, 20 R R
60 - — FIBIE AT B far BB W0, ik B AE B
g sof N F1o B EAR IR, BB SRR A
5 af) /| S (1) U (I 25 14 7 A6 R 05 3 1
B g0 : . e ' A
" VAN ) AR M T B, T IR
10 ORI E I TIRRITE 2 BOR A BT BRI 20
N . . , , RLJJH 10%~15%. [FIIS, i #E -+ 1 K AZ T In
0 5 mrgﬁ N PR, di A% D X TR B LIRS L RAE R, il
WAR e [(x10™ S N = YR/ IA
el R T BESRAY, - RAE HAh TP 8. B %
B 7 RAR R - A 2 i 3 B O 6.0 9% U8 B fir 3 B A 55 BT RN, 45 Ik
Fig.7 Stress-strain curve of specimens n#k.
750 750 750
—a— WRAE —A— W "YaN —A—Liiﬁ‘fh
sool Pt LT | € D" 85% W c --ae- 850 IR 14
A i o e il 1 m
" ) " || 4z Sl N ,
Al . 3 v lﬁ |
150F 150}
750 AH2.81-35 AS-1.90-50 AS-2.8-3 S-1.97-30BS-2.82-35DH-1.97-76 DH-2.80-33  (Jp1.1.99-§5CH-2.80}39CS-1.99-5
% 3(0) 3(0) 3(0) 3 Oo 3(0) 3(0) 3(0) 3 C0 3(0) 3(0) 3(0) 3
3993 NP AE/(x107) 4 1 AT /(< 107°) $ii AR /(<107
(@) (b) (©

K8 il i b AR
Fig.8 Strain in lateral steels

24 RIERINIE

B 8 i AR ik B AR N g SR B &
85901 {EL V. 7 I PR3 1 S AL A v FE 7 A I L el
BRI, RT3, TR i R A $H B 3K
REEE ORI R AT, HAZ L XIREE LKA
BN, L, Sl AN, RIE RS,
LRAE AL VAN 73 ) B Sher B
BUFREE L ORI R AR R BASITE i o7  AR HE
ok, RUIZOXREE L IZIKASTEIE K, il fi T 46
M LR . B2l &8 ) % 2 85%IE{H
A7) P (81 - St L e YW R S50
ok, o4 2R AN 2 S SR e Ll R R
PERBOR, o0 DXTREE LR R AR A TN, Fii i )
LRV RAT R B TE 7 A

25 EmMSESH
251 IRAREeHRFE

B9 XLk T DU ZHAS [RI G i AR 1R 82 A7 -
AR, S A R AR O 4 2 2 L 1.97% A1
2.82% AN KFo EH IR, Bl A R O 4 2R 3,
A. B. C 1 D ZH il UEAR 51 2 53 ) 2 =y 54%- 15%.
TT% 8%, 45 R HEINRE 4 A, T
P 1R AZ o X VR 5% ) 1) 249 B 7 R K 1 1) 4 R TG
B KM H a2 i) AR 3 77

e 41 71 QR (R B, AR AR P R XA 18 - AR
M2k b BOYmAN S . g, RREE IR
ERTFRL, 10 XRS5
IEASEARG A % v AR LR (1 20 SR
AN . W5 D AIRAE T, PRS0 B



T ®

VAl 2 209

77- 038 il 28 T B Bz e 2, B R O 4 R 4
K, M NEREBT P, Fik, fERfst
1 S G = LN ANV TR S S Y B G Ty o i oY
PR IR R A
25.2 BiEHX

B 10 AN [R]48K THT Fc 4 A 25020 3R T AR 2
FH I RT T, G BRIE AT A 2 5 0 4 5 1 AT DR =K
BEREIE IAZ O X TR EE A A R A B 11 Xfbb
TR R T, REERSHN AL B C
D N - AR i 2, Hor, AL BRI D 4L
B 12¢10, 1 C HilEHNA N 8412, L
7514 1.51%1 1.45%.

100 ———AF19750 -~ CH-1.0955
— AH-2.81-35 —— CH-2.80-39
& ---- BS-1.97-50 DH-1.97-76
s 80 — BS-2.82:35 DH-2.82-53
=
ﬁ 60
e —
= T S
T A0 R [ e
ET ; L) e
b ; o
® 20!
S
0

0 5101'52'02'53;03'540
Bl ) AR/ (x1073)
Bl O PRFBECAE 2T R - A% il 28 ) 5

Fig.9 Effect of volumetric ratio of reinforcement

K
EL
TR

(b) B #H

M
23 7
A

(c) C #if (d) D #iif
10 F#RIA AL R HURE
Fig.10 Effectively confined area of core concrete
s 11 RO 5 AL, A LR, PR AH A
AS I8 ] AR SEVE EY g0 gslece 773N 2.43 FH 15, 45
R FIRRC AL X VBRI AT, 41
Fi AR RIS, SR F R BRI v] A SR TR R e

ERA LRI, R0 X R LIRS
PR L0, M AEEH RS . B il
K FH T RO At A6 15 R RN D AT 3550, 24
FOSCR SRR B4 =, BN SRS H4E i o 0y, i
FhoRE TR m . X C 4Lk, CH A1 CS
gt [ AR ZEVE L & g5 [ £, 43 1M 7.25 A1 1.03. X
THEEVECHE, RABIEH, nTiemirtaE
71 60%, {HHT W SMEHesm AR AR, £
BB R R AR, RO X TR &M 4 RN 2, 1
B s e AR T R R R, PR AN .

ZEA ) He ARG A T 2, SR A BCHE T X D s
X A% DX e R AR A R ] 293, B LR UE kA
BA B R B e

80
BS-1.97-50
g AS-1.97-50 H ] Q
= CH-1.99-55 A B
S 60t DH-1.97-76 F
2 CS-1.99-55 "‘
e AH-1.97-50 [N ] c D
5 QNN
DJE 40
g
@20}
®
K
0 1 1 1 1 1
0 5 10 15 20 25 30
B A 2 AR/(x 107°)
(a) 4=1.97%
CH-2.80-39 VN
80 | BS-2.82-35 [f Q
DH-2.82-53 A B

[——sy]
CS-2.81-39
AS-2.82-35 [N
AH-28135 Nl ¢ D

60

40

20

L)z i RHREE N 7 /MPa

0 5 10 15 20 25
Bl 1 REAE/(x107)
(b) p,=2.81%
B 11 FCa R 2O B 7 - R A% il 26 ) B2
Fig.11 Effect of tie configuration

3 IE{ENAIFME(ENTE

3.1 1EAVEN

HAr, Sf R 7o B TR . il
B RS [A) AR A R O A2 R N - AR 4 4%
FAERE W BN A, RmilmimeE,
/I Fi V) PR 34 B 3 R 41 T 2 R A AR T A4 F



210 T T2

e 32 AR, BOERENE. FET I, ARSI AR
FRFEAE () TS5 b X2 B RHR R A 9
JEANSEPEREAT 2 BEPPAL o o, BCHERAEE (L) A0
T i BCR AN SR EE RIS TS E ko S i 5 )
P R P i 1 200 A o0 [X VR 5 = R0 R 1) B AR
bR: X FEBEMmACH, MR 2RI, k
O8N 1 Hopfcdi e, ka4 F A5
/\

Ao =Py f_):t @)
co

s D5V

e p ABEIA SR A O AR BC i, R B 44
RN 3 5 55 TR B IR AR EL 5 £ Do i 15 e R 0 5
be RS 17 3 5 TP Lo 2R B R PRES s s i Al B, s' 0N
NN s f D 0 e RS A0 DX VR 1 B K
LRI ). I 12 P st S N

nf,
fi= @)
sb,
A XF#EEFER AL By CHID, n 4 HIEUCA 2.
2. 3.41 %14,
1|, be 1L 1|, be 1L
\\\\mw;z
A = 4 =
ymmmﬁmmnmﬁ; L v ¢
Ash:2Ast AshZZAs,
(a) A BLf (b) B #i
1 1 1

|, bc ] L bc ]

LT

A,
% T T N A AL

Ag=3.144 Ag=4Ay
(c) C #H (d) D #
12 AN[RIBC I A 1 29 3R
Fig.12 Confining stresses of various tie configuration

g4 Martinez 1 Khaloo ZEM VR ST 7t B SR
I 73BT B L W AR N ) S AR EE( S, | S )RR Y
AR (&g [ 800 )5 EEMMSEL ki IR R (A1
13 f114). HIEwI A, B RS E kg, g
16 Ry 18 o He (oo ] S ) R0V A IS AR R R BE
(6 | € ) IR REEW I 8L AT,
15 31 29 AR B R Ut o i WA 82 g R0 A 1 A8 T
HAK:

5 ¥
f/
Jee 143012k, )
co
£
—£ =1+7.23k A, (6)
gCO
2.0
® KhalooZ"
¢ 1sl A MartinezZ"!
{’\U .
S oie) FL1 £ =1+3.012k4,
g
R Y A A A
= o
R |
L 127 A Ja A
4 N
1.0 L L 1 1 1 1

00 01 02 03 04 05 06 07
FHkA,

13 15 RIS AR
Fig. 13 Relationship between 7./ f. and k7,

8
@ KhalooZ!'

A MartinezZ'?

N

Bk e/ 800

1=
> >

& | 6o =1+ 7.23k 4
AA A

W A

0.0 0.2 0.4 0.6 0.8
E

B 14 eqdecy 5 kA IR R
Fig. 14 Relationship of ¢y/eq and iy

32 HIMLERIIE

W VL TR i o AR R TR T s U R Y g A
fE R AR T AR IR 245 R, JF5 Richart
26081 Mander 2£1*%, Razvi #1 Saatcioglu™®!. Khaloo
1 El-Dash 25212 s R HEAT 0 U AT, BT
WEEAE I g RN AE T B A LK 66

7 MK 15 735 8 S B T RAE 55 A
XEAE DL . ZEXFEEAI A 1) Richart #2754, Mander
i, Razvi #7. Khaloo #578 FTAS S (U 1)
UEEAEL B2 PN 5 R B8 A LU AR 3B 73 0l 8 1.01
1.00. 1.12. 1.24 #11.02, J5 %43 7124 0.020, 0.022,
0.032, 0.029 1 0.015, >R A SC 8 BB B TR (1) 24
R R AR RHR g IsE N ) 5B & R I4F,
HrZB /N 2) HE 15(b)n] WL, SBIAXF 405
SR A B} VIR g U V7 AR PR TN 5 SR S EOPEOR,



r ® Jh % 211
#6 ATRIARERLTIEERN HFNTITERE
Table 6 Different peak stress and corresponding strain model for confined concrete
SCik AR N /g W AR Sigas
7
P Z’l = pri.y,‘
ST A TR S = fo +3.012k A, f, —£ =1+7.23k 4, ©
& (bc j(b j[ 1 ]
k=026 = | = | =
s \s" )\,
. _ S k=41
Richart 218! Joo = Jothf, fa b [Hs[f' 71]} l
co k2:5kl
Mander 2119 S = f1| -1.254+2.254 /1+L‘}f"—2 f’ £.76, [1+5[f°} —1H _
’ feo Jeo Jeo
_ ke =67(f)°"
Razvi fil Saatcioglu®! Jo=Jo kS E0. =€, (1+5k,K) ,
k=401 7,
spel21] ro_ ! k ! - +0 22k !/ 1 \2 k1=3.1k1
Khaloo F El-Dash & f;:c - fco + lﬁ Eoe=Ego Y- l(fl fco) v 1 006
k=2=(fu ! )
xR7 BEEBYRITELSER
Table 7 Parameters and calculated results of specimens
Richart 17 Mander 57 Razvi 57! Khaloo %74 e il
SCHiR Repgis  fo/MPa g At L2 T B o N N € A N N N A € £ A o N N € N N ) N VA I A O
(fe)e  (eacde (fee)e (e (fede (e (fade (e (fee)e (8cc)e
AH-1.97-50 343 0481 0291 082 0.54 0.82 0.55 0.93 0.71 1.02 1.55 0.91 1.24
AH-281-35 391 0481 0365 101 0.48 1.00 0.48 1.19 0.67 1.27 1.45 1.14 0.98
AS-197-50 342 0481 0294 075 0.52 0.75 0.52 0.84 0.68 0.93 1.48 0.85 1.19
AS-2.82-35 354 0481 0403 0.89 0.50 0.90 0.50 1.06 0.70 1.14 1.47 1.01 1.28
BS-197-50 362  1.000 0276  1.06 0.78 0.98 0.67 0.97 0.66 1.23 1.24 0.89 1.09
ASr  BS-2.82-35 371 1000 0.385  1.04 0.72 0.97 0.63 0.97 0.63 1.23 0.94 0.85 0.97
k% CH-199-55 344 0391 0303 084 0.55 0.87 0.59 0.98 0.78 1.06 1.64 0.94 1.04
CH-2.80-39 390 0391 0375 115 0.49 1.18 0.52 1.39 0.74 1.47 1.62 1.11 0.95
CS-1.99-55 393 0391 0265 121 0.54 1.24 0.58 1.39 0.75 1.49 1.56 1.14 1.12
CS-281-39 383 0391 038 101 0.49 1.04 0.52 1.22 0.72 1.29 1.62 1.14 0.95
DH-1.97-76 385 0447 0260 1.14 0.58 1.17 0.61 1.26 0.73 1.38 1.53 1.15 0.93
DH-2.82-53 386 0447 0370 1.10 0.61 1.11 0.62 1.27 0.82 1.37 1.82 1.14 1.05
Sl 1.01 0.57 1.00 0.57 1.12 0.72 1.24 1.49 1.02 1.07
J7 % 0.020 0009 0022 0003 0.032 0003 0029 0045 0015 0014
5 IeE LA 3B 5378 0.57, 0.57. 0.72, 1.49 25 ~
' 1.07, J7ZE5 %4 0.009. 0.003. 0.003. 0.045 5 a
#10.014. T Richart #%. Mander #%A1 Razvi =20r
TSN TS, 8 e Lo
R T2 0 IR T PR, SR T S Y LA
-5 NIN=D < — = 2 o e
2 O ok o RL R E W B . R EREL v "%/
= NN = » ﬁ . _"W v
Khaloo #5075 [ % .24 5K R 2 g Sl L 2
N _ . L Z » R
3L, ARFEBANFEC AR BETE R, 0 AR a0 S - omm@@
i . poi e Lt Mander#i 74
rh A R UG A AR T 45 SR A DR ST o« 2R S TR b R v Razviliit
. vop 1o N o \ v Khaloof %!
0.5 1.0 1.5 2.0 2.5

EWIG R, HI7ZRoh, RENSHER T2 4 s o
BERHREE T 1% MR

IRV TR (/5 [ S5 )enp
(a) VE{ENLT)



212 T B
6 Z strength  lightweight reinforced concrete structure-

5 ¥ ) performance . analysis and calculation [M]. Beijing:

58 5t e ° - - Science Press, 2009: 1—4. (in Chinese)

& ® x P o [21 AR, TYENAR BRI EE L B0 ) v e R vt D

e &, (R IICID]. BEVG: 765G SR K2, 2007.

o e v - Shao Yongjian. Experimental study on mechanical

A 3} : Y l performance and design method of reinforced

2 A n g ohwei Ny

g wo um o Richarthis ightweight aggregate concrete beams [D]. Shaanxi:

@ 2} iy & Mander#§ 4! Xi’an University of Architecture & Technology, 2007. (in

R o4 X v Razviti %! .

B e Khaloo 7! Chinese) N ‘

= ‘ : . - . p [8] #MEA, Tﬁ—tﬂé,\Hﬁd%kk’%9%%%*4‘2%@#@%%
RIS (o /o) TN RRRIC]. HT IR A EFR YA £

WICEE Lt [RIVE RS A, 2002: 787—793.
(b) VAEAR AR Sun Hailin, Ding Jiantong, Ye Lieping. The development
K15 g d £ A ecoleco AR IR RS O ELXT EE and application of high-strength lightweight aggregate
Fig. 15 Test versus calculated values of 7./ /2 and egleco concrete in bridge engineering [C]. The fifteenth national
conference on bridge, Shanghai: Tongji University Press,

4 2518 2002: 787—793. (in Chinese)

— s e pore L . [4] Richart F E, Brandtzaeg A, Brown R L. The failure of

SBILRBRTIT 1 12 ARF 20 A s A R plain and spirally reinforced concrete in compression
AR O R YERE, R T E M OS2 R A R R [R]. Bulletin No. 190, Engineering Experiment Station,
RHRIEE L RETF AR, 4 e A (8 () PO 6T University of Illinois, Urbana, 1029.

E -2 ”@?iﬁ((@@ﬁ? YA T R A R T I A [5] Sheikh S A; Uzumeri S M. Sltrefngrt‘h &;ﬂd dUCti:ity.O:f .tiEd
i WSO, L. ASCE, 900, 1060 09—t1cz,

1) VAR i 48T » i A9 20 TR v 5 e R ok AT [6] Mander J B, Priestley M J N, Park R. Theoretical
V087 U S = N 8 e we A 7 S AL ==t W 2 3 (R i AN stress-strain model for confined concrete [J]. Journal of
JG, AR B A S TR, e R Structural Engineering, ASCE, 1988, 114(8): 1804 —

. e v b 1826.
ARSI MDA, 5 TR [71 Cusson D, Paultre P. Stress-strain model for confined
PR & 225, BABIAAER “HY Bk 45° high-strength  concrete [J]. Journal of Structural
RHEIBEIR I o (ELSE )-S5 1 28 % FRe Ak 15 Y Engineering, ASCE, 1995, 121(3): 468—477.
+354h. [8]  SLPRHF, b, U4ETE, S5 R AL R
N 2L ok A Z3 (=] e,

2) BEHETSAR A HOBRE B IR EOR, 40 s o, ORI, LR, 2ot
TEAR e FCHE (A) P A R TH AR, (H 0 X TR Shi Qingxuan, Yang Kun, Liu Weiya, et al. Experimental
A MAREE AN, A IR EAHE; KA study on mechanical behavior of high-strength concrete
& UIAE (C) e 3R mi k7K 3 1 2 60%, fH P9 confined by high-strength stirrups under concentric
SME VST AN, SR G 3, HIUT loading [J]. Engineering Mechanics, 2012, 29(1): 141—

e re by T s 149. (in Chinese)
FPRBEAREN o SREXTTORI: “IE” SR (o) wperr, T, mi, %5 PR SRR A
8 05 A% 0 X VR e SR A R g 295, ORAUE R VTR 7 SJ- A8 A 2 BT TR [D]. A M2 4R, 2013,
AT S v il 1) 7R 2B RS PR S 1 34(4) 144—151.

3) WFSE 32 I . i F UG A S g AT {7 A A 700 Shi Qingxuan, Wang Nan, Tian Yuan, et al. Study on
Ny R TIA . . stress-strain  relationship of high-strength concrete
ﬁ‘ﬁéui%'itf@uﬁ@‘ﬁ SRR e R R confined with high-strength stirrups under axial
FE R R R ER T compression [J]. Journal of Building Structures, 2013,
BE 34(4): 144—151. (in Chinese) B B

[10] RXAEFE, dkAaen, BU/ANK, S fiE B 20 OR m s st 1 52

[11  ™HF, PhEERK, BEHTAE, 55, oAt E oRHE ke 4
H—ERg. A SiHE ML dbst RBlaE i, 2009:
1—A4.

Ye Lieping, Sun Hailin, Lu Xinzheng, et al. High-

JERE S-SR AR R R[] EEHUAEH 24k, 2014, 35(5):
96—103.

Zhao Zuozhou, Zhang Shiang, He Xiaogang, et al.
Stress-strain  relationship of stirrup-confined high-



T ®

2 213

[11]

strength concrete [J]. Journal of Building Structures,
2014, 35(5): 96—103. (in Chinese)

KAk, FIRE, Fouid, & BRS04
LRk 1 B 77 - R AR A O RALTY[D]. R A

WRIGJTIR[S]. Abatrp E AR AE B AL, 2011,

GB/T 228.1-2010, Metallic materials-Tensile testing-
method of test at ambient temperature [S]. Beijing: China
Standard Press, 2011.

%, 2015, 36(8): 99—107. [17] Basset R, Uzumeri S M. Effect of confinement on the
Song Jia, Li Zhenbao, Wang Yuanging, et al. Stress-strain behavior of high-strength lightweight concrete columns
constitutive model of concrete confined by hoops with [J]. Canadian Journal of Civil Engineering, 1986, 13(6):
considering size effect [J]. Journal of Building 741—751.

Structures, 2015, 36(8): 99—107. (in Chinese) [18] Richart F E, Brandtzaeg A, Brown R L. A study of the

[12] Martinez S, Nilson A H, Slate F O. Spirally reinforced failure of concrete under combined compressive stresses
high-strength  concrete columns [C]// ACI Journal [M]. University of Illinois Bulletin, 1928: 24 —36.
Proceedings, 1984, 81(5): 431—442. [19] Mander J B, Priestley M J N, Park R. Theoretical

[13] Hlaing M M, Huan W T, Thangayah T. Response of stress-strain model for confined concrete [J]. Journal of
spiral-reinforced lightweight concrete to short-term Structural Engineering, ASCE, 1988, 114(8): 1804 —
compression [J]. Journal of Materials in Civil 1826.

Engineering, 2010, 22(12): 1295—1303. [20] Razvi S, Saatcioglu M. Confinement model for

[14] Khaloo A R, Bozorgzadeh A. Influence of confining hoop high-strength  concrete [J]. Journal of Structural
flexural stiffness on behavior of high-strength Engineering, ASCE, 1999, 125(3): 281—289.
lightweight concrete columns [J]. ACI Structural Journal, [21] Khaloo A R, El-Dash K M, Ahmad S H. Model for
2001, 98(5): 657 —664. lightweight concrete columns confined by either single

[15] Bijerkeli L, Tomaszewicz A, Jensen J J. Deformation hoops or interlocking double spirals [J]. ACI Structural
properties and ductility of high-strength concrete [J]. ACI Journal, 1999, 96(6): 883—890.

Materials Journal, 1990, 121(1): 215—238.

[16] GB/T 228.1-2010, & @A EHIALE 2 10 =ik

(4238 168 1)

[14] ZHE5, FEH, BREIC, 70K S S et 5T Fan Jiansheng, Zhou Hui, Nie Jianguo, Liang Xu. Test
PR Ko FLAE P I XN I R [I). 40 45 0 22 3R, method of beam-column joints under bi-directional load
2013, 34(1): 1—13. [J]. Structural Engineers, 2010, 27(Suppl): 288—293. (in
Li Guogiang, Wang Yanbo, Chen Suwen, Sun Feifei. Chinese)

State-of-the-art on Research of high strength structural [18] EAf, ZJi#t, FRbA—. 25 [AAESL SR A1 AP i e
steels and key issues of using high strength steels in WHARISEIRI]. EPIAE 4224, 2011, 32(10): 107 —112.
seismic structures [J]. Journal of Building Structures, Wang Wei, Li Wanqi, Chen Yiyi. Realization of pseudo-
2013, 34(1): 1—13. (in Chinese) static experimental study of beam-to-column joints in

[15] JEWl, PEEE, AR, EIGIE. H5nE AN L M AT three dimensional frames [J]. Journal of Building

FFRLER[I]. L%, 2013, 30(1): 1—13. Structures, 2011, 32(10): 107—112. (in Chinese)
Shi Gang, Ban Huiyong, Shi Yongjiu, Wang Yuanging. [19] Beedle L S, Topractsologlou A A, Johnston B G.
Overview of research progress for high strength steel Connection for welded continuous portal frames (part 111
structures [J]. Engineering Mechanics, 2013, 30(1): 1— Discussion of test results and conclusions), Progress
13. (in Chinese) report NO.4 [J]. The Welding Journal, 1952, 11: 543—

[16] H A3 2. 8 & 5 & 3 it 45 £+ [S]. 2006. 560.

Architectural Institute of Japan. Recommendation for [20] Bhifvg. AR TRELHWAIGIM]. Jba: HEES Tk

[17]

design of connections in steel structures [S]. 2006. (in
Japanese)

gy, FE g, B BRAST RPUR G
JriE I FE[I). S5 LRRIF, 2010, 27 (3% F1)): 288—293.

A, 2008: 261—262.

Yao Xianfeng. Civil engineering structural experiment
[M]. Beijing: China Architecture & Building Press, 2008:
261—262. (in Chinese)



