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ANALYSIS ON FLEXURAL PERFORMANCE OF THE CONCRETE FILLED
SQUARE CFRP-STEEL TUBE (S-CFRP-CFST)

LI Jia, WANG Qing-li

(College of Civil Engineering, Shenyang Jianzhu University, Shenyang, Liaoning 110168, China)

Abstract: The FE model is established by using ABAQUS software and the deflection curve and steel tube
stress of concrete filled square CFRP-steel tubular (S-CFRP-CFST) beams are simulated, and it shows that this
model is effective. The whole loading process of these kinds of flexural specimens is analyzed, the development
of stress, strain and deformation of the materials are studied, and also, the interaction forces between the steel tube
and the concrete are discussed. Corresponding conclusions coincide with the test results very well. The index of
flexural strength and the equation for calculating the index of the composite members are proposed, which can
predict the strength reasonably.
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index of flexural strength

— ik Ay, CFRP-4445 i %t + (CFRP-CFST) &
PP S, — EAE T ) CFRP-A40 A A N He sl
BN, FRLET CFRP OMNFESZHI(KRK 5 ks
J B R A AN A e 12, A ST SN B T
HHi 9% T CFRP-CFST f{HF57 LA CFRP-AM4% 1k ik
-(C-CFRP-CEST) ¥ 5El ™ PIA1 ) CFRP-4%E R gt
-(S-CFRP-CEST) M c " ¥ . _Fikwsiee sz
Sy ey T AR R RE AN 2 S R O 32, BFOY TR
DRI 32, 1 QT 2k Re HR 18 20 A7 77 1l A

Wk Hi: 2012-04-29; BEHYI: 2013-03-05
FEIH: HEWH LT AA SCREHRITH (NCET-08-0865)

FEEAZ , 845, CFRP-CFST [ % J7 1) f i R 5
ARk

FETF I, ACLL S-CFRP-CEST 3225 #) ffiak
RS B, N ABAQUS #R At g s A A,
BLUL T BN A N AR R e i 28, B0 AF TR
AEEVE s ERE ISR PR AL R Y L AR R
BICHVRFERAEE, o T HZ i B T4
5 VR L R LA T e R A 0 i 1) R
s, MRZERS5SRBME I E . 4T

WIREH: EIRFI(1972—), W, @3N, #d%, Wt FEMNFL THETIIU(E-mail: ceqlwang@sjzu.edu.cn).
e & H:(1988—), Z, LN, AR, FEMNFLH TR ST(E-mail: haol 5841814299@126.com).



€T

S-CFRP-CFST (Mt A 3 145 b5 LR IA S,
I % R 5 4 T R 48 U O R

1 ARTER

1.1 PRI A-R TR FR

AR 7 - A K F K ABAQUS #4145
FRIAPEREAY, 52 Von Mises i IRVEN] . XF F-40 %
FAFBAEAE IV L oA N, FROSCIR[19] 40 21 . 52
F Y45 1 1R I - AR G 28K F SCIR[15]45 I
CFRP-44 45 £ IR Bt T R A B, R H e & v
DU b P57 iy Y+ o CFRP 75 W 2L T kg 22 ek (il
SRS ), IR SZ Y A4 5 W R Y. T
M) CFRP & B LM RN AR J5 2k KL HRAEH, 9hin)
CFRP 15 2| Wi AR 5 2K 2 9 9 AE o
1.2 BRTitEHEE

KH C3D8R R IGHIIUAN A VR & 15 K H
M3D4 I CFRP. K AL 7752047 I
REMCSIE 3, 2% RSBSOS AL
Wi AN SRR B S,
B 55 Tk TR CFRP 5 4W 4 2 ] (1) 1) S TABE B 4 3¢
BRI121A0BE o ARFEAL 2 JUART TEAR AL S 25 A TR R
Pk, Y5 2 — BRI AR A 1 s,
HAAL 7RI R 1) =23 s a7 X, e
TRURIRERR I F it I R LI A4 0 SRR B
W E T MRS, RN RSN .

o & X V4
li Iy =y

| I

5 ; 6 e T
| | e ey R
| |

AT

LET
(SRR SOE
Fig.1 Boundary conditions

13 iHEER
1.3.1 R &LRK

B2 4 A-2 RIS WSTR[ 16]) IR
FEu) Mk, Az Aikm gt R, HZ ARig R,

0
12
£
=
e
Y
241
F—020M_ — = 0.57M - - - 0.85M_ —-—1.00M,
I 0.57M, = 0.85M, ~——1.00M_
0 400 800 1200
AL / mm

() RS My ZHT

Vi) 2 143
0 N
~N s
. DN (O
. N, z g
g 2 R
g .
B
ES .
nys .-
—L00M,, — — 0.88M 0.81M,,,
——1.00M,_----0.88M__ -+ 08IM,
60 L L
0 400 800 1200
T K’E‘flo / mm

(b) IR Miney Z I
B2 A2 Wlfhpe sk
Fig.2 Deflection curves of specimen A-2
Lo MR EAKCEE, ASCH 1200mm.
MIEL 2 AL, AR RE it 2 AR 4 2R 5 i
iR R
132 #MERE
Bl 3 2 C-3 AN AT LU, 40 2k il 45
R MEBIGIR . 72K 3, o WANE R IR Y
A, e NAE NI NAZ, M OSSR

2 |-
— 40 5
6 1
s )
& [
i ‘
I 20 {
£ } — BIERKIRANT
- BRI AT Y
— TR AT
. ‘ - = TR
—12000 -6000 0 6000 12000
IR A / e
(a) M- lth £
60
& e
-25 40 /,
S ]
2 ]
o i
£ 20f /
£ | — mmRis e
| - - - R T
— BIERX AT
. ‘ - = BHRIIMTE
-24000 —12000 0 12000 24000
WA ETEC;I /e
(b) M-gg %k

K3 C-2 WAHME AR

Fig.3 Steel strains of specimen C-2
MEE 3l L, R I AR AR DL 25 R Bl e A 2R
W) & R Af .
2 ZhEIESH
St IO SRR = &) S Ul S vAT k= peN:tll=a 1]
PBRIBCA 1 g5 WA B KA CREA S T



144 T T

o F

0] 52 Hr X [0 ) CFRP BRI HCR 2 5 il
FRIZ L B Lo/SOCK B 1 T 9\ 1) 52 s X 1) 165 o)
CFRP #HWnICh 3 s ks Bk 8 Ly/25
WOk 4 5, AT R R 52 D73 R v 1) AR AL
LI N A 1 e A S D I L =P B TR IS
B=140mm, HEFREEJE 1=3.5mm, L¢=1200mm, %
B IRGRSE £=300MPa, V&t 7 AR 5
fou=dOMPa, B 20 AN R B E=1.23, B
CFRP 25 40N 2506 0=0.18, YL CFRP 15k &
#1917 =0.985.

2.1 AR

2.1.1 AMEIE R

B 4 AR RGN B A A B 1) A

S,S33
(Avg:75%)

+3.347x107
+2.808x10%
+2.268x10%
+1.729x10%
+1.189x10%
+6.499x10'
+1.104x10"
-4.291x10"
~9.686x10"
~1.508x10?
~2.048x10°
-2.587x10°

=3.127x10

S, S33
(Avg: 75%)

+3.695x10%
+3.056%107
+2.418x107
+1.779x10%
+1.141x10%
+5.022x10'
-1.363x10"
~7.749%10"
~1.413x10?
~2.052x10°
~2.690x10°
~3.329x10?
~3.967x10°

S, 833
(Avg: 75%)

+3.778x107
+3.140x10%
+2.502x107
+1.864x107
+1.226x10%
+5.876x10'
~5.061x10°
-6.888x10"
~1.327x10°
-1.965x10
-2.603x10?

-3.241x10?

~3.880x107

(c)3 A

S, 833
(Avg: 75%) % EP

+4.111x10° prr oy
+3.428%10° B2 D4R
+2.745x107
+2.061x10%
+1.378x107
+6.946x10'
+1.125%10"
-6.721x10"
~1.355x10°
~2.039x10?
-2.722x10°
-3.406x10> i
? T L T

—4.089x10

(d)4
K4 BV IR Y AR A EE (K AT
Fig.4 Longitudinal stress distribution of the steel tube along
axial direction

ML 4 0] DL, ARG ) N A T s e R Y.
FIDB LI BRI S X, RIS HAE b 57 2 1
AL SN IV IRSE S SN AN R | E (il . S ]
SR FAMAS:, BUEE BRI B i gy s Al
BN N ) o3 A S 355) o DA B b S RS IR I
% —3¢l% C.CFRP-CFST 2745\ (i 1k i
A AL R,

212 REEHNGE D
B 5 g TR AN 1 N T R K B AR 3 A

S, 833

(Avg: 75%)
+3.159x10°
~7.828x10?
~3.315x10°
~6.552x10°
-9.789x10°
~1.303x10"
~1.626x10"
~1.950x10"
T -2.274x10'

S, 833

(Avg: 75%)
+3.034x10°
~2.052x10°
~7.139x10°
-1.223x10"
~1.731x10"
~2.240x10"
~2.749x10"
-3.257x10"
-3.766x10"
~4.275%10"
~4.783x10"
-5.292x10"
-5.801x10"

S, 833
(Avg: 75%)

+3.010x10°
~8.289x10"

~4.668x10°
-8.507x10°
~1.235x10"
~1.619%

S, $33
(Avg: 75%)

+2.970x10°
-8.992x10°"
~4.768x10°
~8.637x10°
~1.251x10"
~1.638x10"
*2.024><]0‘
T -2.411x10'
T -2.798x 10‘
-3.185x1

~3.572x 10'
~3.959x 10‘
-4.346x10'

(d) 4 £
K5 JRBRE (K1) N IR B (R 50 A1

Fig.5 Longitudinal stress distribution of the concrete along

axial direction

MIELS AP, SEALTANAE, A AE AT A e S5
i s I 7 X i 7 DX k2 35 e Ky
SRORHLIN A AT o A AE AR ) B B ANy R ANL SR, 5
PVE AR R, 2025 B IR BE L s N ) 73 A AN 1)



€T

i 2 145

A, HEAM AR ABEAN B2 ), BN )70 Ai 5
OIS, RN A 5 v 52 e X YR 4 s 0 i T2 Ah
AL, X ARI IR IR e W5 AR T A
B RIS T 52 R DX TR R L 5
2.1.3 CFRP # #

Kl 6 Ak A CFRP N )40 Aii
S, S11
(Avg: 75%)

+6.256x10%
+5.598x10’

s

1 +2.963x10°
T +2.304x107
+1.645x10%
+9.866x10'
+3.279x10'
~3.308x10" .

P S 12 TN 08 180

S, S11

(Avg: 75%)
+8.051x107
+7.208x10°
+6.365x107
+5.522x10°
+4.679%10%
=T +3.836x10

+4.646x10'
-3.783x10"
-1.221x10°
~2.064x10°

S, S11

(Avg: 75%)
+7.866x10%
+7.031x10%
+6.196x107
+4.360x10%
+4.525x107
+3.690x10%
+2.855x107
+2.019x10%
+1.184x10%
+3.489x10'
-4.863x10"
-1.322x10°
~2.157x10°

S, S11

(Avg: 75%)
+7.150x107
+6.375x107
+5.599x107
+4.823x10%

T +1.721x107
T +9.453x10'
+1.697x10"
~6.059x10"
~1.381x10?
-2.157x10°

(d) 4 55
6 1 CERP [N 153 A1

Fig.6  Stress distribution of the transverse CFRP

M 6 T, A [r] CFRP 7EA ) 4y R e - 42 41t
LRy, HAEAUES Bilso K BN B AE 2 5 IR
B, RJRBWEDN, RENMEIT IR, XS
SR IS

IR, A1 CFRP ZERPF KR 7 1) PR
FHRPFIARTE,  HAELESS BURHRE B K INALRE s £
AR B B KRB, B CFRP YhIa) [y i85
RN, BEFEARIERIGREERE TN, #5+ CFRP &8

R, FEIM S e, X RS RG I
gﬁzo
22 BHEHEMNTS5TR
221 RN A
V] 7 kg 5 v T TR 4 1 PRI ) IS g 43 A

s.533 ' = S.533

(Avg: 75%) g (Avg: 75%) -
+2.951x10" - +2.495%10°
~6.282x10"" 6.545x10
~4.207x10" ~1.558x10'
~7.786x10" ~2.462x10"
~1.136x10' ~3.366%10'
~1.494x10" =t -4.270x10'
~1.852x10" =t -5.174x10'
~2.210x10" T -6.078x10'
~2.568x10' ~6.982x10'
-2.926x10" ~7.886x10'
~3.284x10' ~8.790x10'
-3.642x10" -9.694x10"
-3.999x10' ~1.060%10°

(a) 1 11 (b) 2 &

S, 833 [ S, 833 &

(Avg: 75%) | (Avg: 75%)
+2.418x10" +2.299x10°
~6.679x10" -3.259x10°
~1.578x10' -8.817x10"
~2.487x10" ~1.438x10'
~3.397x10' ~1.993x10'

=T -4.306x10 ~2.549x10"

=T -5.216x10" ~3.105%10"

== -6.126x10" - -3.661x10'
~7.035x10' ~4.217x10'
~7.945x10" -4.773x10'
-8.855x10' -5.328x10"
-9.764x10' -5.884x10'
~1.067x10* ~6.440%10'
(¢)3 m (d) 4 53

Pl 7 i VR e L IR 1) B g 43 AT
Fig.7 Longitudinal stress distribution of the concrete at
mid-span cross-section

LT BT W, AT ) AR A (2.1 /~5. 1 e
So PR YU RV HE), BN AR IR
F(1.34f~1.73f, fi JIREE - Prh om B W) o
222 HEEF

Bl 8 b rh ki ) AR T (A) B, SUEARR M,
IFAEARER N .

140 7 - —=
’ - e
A -
4 - ,/'/
;. e
£ 105 - ' _:,'/

g \
= \
Q A
K o
é 70 S )
Hm oA
= P K

- - ! — 1

3s5¢ L ! J—

7 Sl e 351

/ J
/ S == dgl
0 i L I vl L L
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
A A/ mm

B8 BRI B AT

Fig.8 Transverse deformation at mid-span cross-section

MIEL 8 I UL, i far BT AN TG I, 210 32 s
D PR R ] SZ R DX MRS K. N2 A4
A% 3 A, BRARIEIEA KR, 4 RUGKER 2 IE B
Rk
23 MEMRRLHBEMERS

B9 Shy2lias ith B e AR Bt 0 4E ] ) (p)
VAR BRT 5 B2 1R 20 A1, Omm A 2k 52 47 XN A i



B

%, 140mm &b K32 X _EAmIh 2.

140 [ =

1=
[y
DY
I
I
IS

& 1LKB / mm

YEH J1p / MPa
9l il BN A AR R - 2 TRV g v 4B v B2 23 A
Fig.9 Interaction force between the steel tube and the
concrete along depth of cross-section at pure bending region

MEL9 T, FERHFAL AL, 3 X2 fir X
(AEH S rh AT IR B A NA 2k, HLA b ikl
VTR e JEE TR DRl AR B 17 P B/4 1R
FINFEABA M 7. WFFCE R, S22 i B
bt 75 -BY B2 M DA Y0 A3 B B K i e 4 PR 4
TR

Kl 10 Sk 2li2s Buin Al S s Rk e L 2 a)E
13 p w1 23

B AN
l/?' \\
1ok '// \‘\
2 # i
Y P W
S A
oy -'/' W
20 r' 1 '..-
N ——2
351
—— 415
30 . . .
0 35 70 105 140
KB/ mm
(a) ZHEX
* — 1
---28
PRERRERS V=t
5] T =} :
Sl H :
x| !
A Ny
=z [\ i/
S S
16\ St
W )
v\ 7
VR 7
\\\ Nl /,‘(//
0 R L Tt
0 35 70 105 140
KB/ mm
(b) ZHrIX
10 2 Bran AN M FRIE 1 2 TR Ve 1 )
WK A

Fig.10 Interaction force between the steel tube and the
concrete of the extreme fiber along side width
at pure bending region

M 10 "L, 32 I EBOR, [T
B IEHOR D, AR T SR — Bk

CFRP & 7EF B BT 3 AUAER 1K, 4 5
WAFIA AR, AE R TR, S X1 A
RTRZIE, A A 34 5 52 I IR 2
AAHE, AR AAE TR AR ).

3 MEREA

3.1 MEERFNER

Wi KEM RO 2% B=120mm~
400mm, f;=200MPa~400MPa. f.,,=30MPa~120MPa.
£=0.5~4. £4=0~0.6 Flp=0~1), ffix€¢ S-CFRP-CFST
2 K2 s Fe AT U N AR TE B e BT BV )25 4
NP AR FR R

Emax=2180+224000/B (1)

527 I AT YE N AR TR B b IS I PR 25 4 - ot
R (M-g) It B Kb T3 1 B B i K25 2 T ) R A
B, I HARE LB IR R EE, gk n) CFRP oA W
2, TRIELIH Lo/100,

R E AT B CERP R I s A48
Moo TEIEMHTRIHT, Mo =R A 02 B i
Weem(=B/6) o 21 AL R £ =E+E) FT 8-
CFRP-CFST il KA IR fopey! I LK
T 5 =My (Wegenfosey) 5 EZ TR 6 R W0
11 PR

FIEAN:
7=1.05+0.524In(£+0.32) 2)
IXEE, WA 1 ) CFRP AR 19125 Ak )
My= ¥4 chscmﬂ:fscy (3 )
fcfscy= (1.184+0.859) fox 4)
! 7=1.05+0.524In(&+0.32) \ g
A v
o 14f
5
\&f
%‘ ol O /=200MPa
~ o f=235MPa
A f=345MPa
v /=400MPa
00 L !
0.0 1.7 34 5.1
AP INEY
Fig.1l ;&R
Fig.11 ¢ relationship

SR CERP B, R V5T 8 ey
(chscm fcfscy)% 7]2 IETJ El"J 9‘%?\ :

Hn=y+(0.140.25)n (5)
Wl S-CFRP-CFST $i1%5 k& J) M, v+ 5 -
M= Jm Wetsem fcfscy (6)



i 2 147

32 FIEXIIE
12 AR T AR A M
LIREME M LR, 5 A5 DU SCRR[16] -

72

A4
B4l
il
DH

IS
£
T
d4pono
4

VLM S/ (KN * m)
N

24 48 72
WRILAEM '/ (KN + m)

K12 M5 M g
Fig.12 Comparisons between M; and M,

W 12 AT, ME 5 M ARG R T,
ME M PN 0.974, 975204 0.064, ik
O 1442
33 THRESE

X r RIS AR AR, B 13 N
r-m'WE. WL, BERE mUEIHECTIRER,  dHY
M%ﬁC?Pﬂuﬁﬁ%%ﬁ#%ﬁ%%ﬁﬁo

—o— A4 AN
--0--B4l -
S Yo il
< a0}-v- DA
i
=
R
oot
%
o
0 1 2 3
Y\ 17 CFRPJZ Hm Y J2
K13 rmihsk
Fig.13  r-m'curves
3.4 RIE

FRFE SCHR[16]11) M- 2 52 SCRAF IR LG W
KRS B BERIE K ) Koo 5 m 5 R
Kl 14 PR, K5 mMIRERWE 15 Fios. i,
Kie F1 K IBEAT foo FI m (P3G INTRTIE K, DEHAA 9]
CFRP (1340 m] LA b il A I W

2100
AN B4
R cll=—=p4l

1400

VHERIFEK, /(RN + m®)

N0 CFRP)Z $im /)2
K14 Ki-m'lhzk

Fig.14 K.-m' curves

1800

72 4 B4
R A== pl

1200 -

A3 B BRI FEK (KN * m®)
2

it

Y\ In] CFRP)Z Him' / 12+
15 K-m'HhZk

Fig.15 K-m'curves

4 it

p 6} 7 CFRP-AM 45 TR vk 32 58 R4 A B8 43 Bt
MU AR T, ARSI S EGE R A,
AP AR B LA T 4518

(1) R4 A | TR HE 1T CFRP f 3 7 AR AR 25 )
YT EE IR AR S IS

(2) B0 5 TR e T AR ELAVE R i B b oy A 4 £
0, PR I BB AR R AR A o

(3) 5 X T S-CFRP-CFST 32 %5 M4 128 7k 2%
JifekR, A TIFERE, ATCLA AT
YU &I

S

(1] PR, B, . IR CFRP-8 4 & 8 R ke 1

SRR FULT]. PR ST CRE22 e 244, 2003, 19 (4):
272—274.
Wang Qingli, Zhao Yinghua, Gu Wei. A presumption on
the concrete filled circular CFRP-steel composite tube
structures [J]. Journal of Shenyang Architecture and Civil
Engineering Institute, 2003, 19 (4): 272 — 274. (in
Chinese)

[2] Tao Zhong, Han Linhai, Zhuang Jinping. Axial loading
behavior of CFRP strengthened concrete-filled steel
tubular stub columns [J]. Advances in Structural
Engineering, 2007, 10 (1): 37—46.

[3] Xiao Y, He W H, Choi K K. Confined concrete-filled
tubular columns [J]. Journal of Structural Engineering,
ASCE, 2005, 131 (3): 488—497.

[4] EPAI, Edfn, k&P CERP-HIE R M%)
PEREHTII]. TRE 1%, 2006, 23 (8): 102—105
Wang Qingli, Wang Jinyu, Zhang Yongdan. Mechanical
property analysis on the concentrically compressed
concrete filled circular CFRP-steel tubular stub columns
[J]. Engineering Mechanics, 2006, 23 (8): 102—105. (in
Chinese)

[51 AL, mo%, JABk [ CFRP-ANEREE -2 4t



148

€T

)

»2,
=B

[10]

[11]

[12]

RERFAL[T]. TR LFE24R, 2008, 41 (10): 30—38.

Wang Qingli, Ye Mao, Zhou Lin. Study on flexural
behaviour of the concrete filled circular CFRP-steel
tubular members [J]. China Civil Engineering Journal,
2008, 41 (10): 30—38. (in Chinese)

N, TERA, AR, 5. B CFRP-4NE RS 1524
PEREWTIT[T]. BREIULEHI2EHE. 2009, 30 (B 2): 255—260.
Sun Tao, Wang Qingli, Shao Yongbo, et al. Study on
flexural performances of the concrete filled circular
CFRP-steel tubes [J]. Journal of Building Structures.
2009, 30 (suppl. 2): 255—260. (in Chinese)

FIRA, Aeg, ST, HEKP. CFRP-HAE R BE 145
FIREIC I E B 5 T, TREH2%, 2010, 27 (B4 2):
48—60.

Wang Qingli, Che Yuan, Tan Pengyu, Shao Yongbo.
Progress and prospect in rearch on concrete filled
CFRP-steel tubular structures [J]. Engineering Mechanics,
2010, 27 (Suppl. 2): 48—60. (in Chinese)

Hu Y M, Yu T, Teng J G FRP-confined circular
concrete-filled thin steel tubes under axial compression
[J]. Journal of Composites for Construction, 2011, 15 (5):
850—2860.

Park J W, Hong Y K, Hong G, et al. Design formulas of
concrete filled circular steel tubes reinforced by carbon
fiber reinforced plastic sheets [J]. Procedia Engineering,
2011, 14:2916—2922.

FPH, A, MG, AR 1H CFRP-EMEFRAE L
AR D VERERTTT[T]. LRE )%, 2012, 29 (34 2):
154—158.

Wang Qingli, Zhou Bo, Tan Pengyu, Shao Yongbo. Static
performance of the concrete filled circular CFRP-steel
tubular (C-CFRP-CFST) beam-column [J]. Engineering
Mechanics, 2012, 29 (Suppl 2): 154—158. (in Chinese)
Li S Q, Chen J F, Bisby L A, Hu Y M, Teng J G. Strain
efficiency of FRP jackets in FRP-confined concrete-filled
circular steel tubes [J]. International Journal of Structural
Stability and Dynamics, 2012, 12 (1): 75—94.

Che Y, Wang Q L, Shao Y B. Compressive performances
of the filled CFRP-steel tube
(C-CFRP-CFST) [J]. International Journal of Advanced

concrete circular

[13]

(14]

[15]

[16]

[17]

(18]

[19]

Steel Construction, 2012, 8 (4), 311—338.

Teng J G, Hu Y M, Yu T. Stress-strain model for concrete
in FRP-confined steel tubular columns [J]. Engineering
Structures, 2013, 49: 156—167.

Park J W, Hong Y K, Choi S M. Behaviors of concrete
filled square steel tubes confined by carbon fiber sheets
(CFS) under compression and cyclic loads [J]. Steel and
Composite Structures. 2010, 10 (2), 187—205.

FPR, HERH, ARk, 4% CFRP 2y d0 i R BE L
PR R PERERT T[], B REZAAR, 2011, 44
(3):24—31.

Wang Qingli, Xue Yang, Shao Yongbo, et al. Study on
stetic performances of concentrically compressed
concrete filled square steel tubular stub columns confined
by CFRP [J]. China Civil Engineering Journal, 2011, 44
(3): 24—31. (in Chinese)

TERH, 4%, k. CFRP M6y A 4K & v it L a2
IIEREIITEN]. LA TREAAR, 2011, 44 () 17—23.
Wang Qingli, Che Yuan, Ye Mao. Research on flexural
performances on the CFRP confined concrete filled steel
tube with square cross-section [J]. China Civil
Engineering Journal, 2011, 44 (Suppl): 17 —23. (in
Chinese)

FRA, ZE4%, %, CFRP 2o 54N A TRk L i s 1k
B M. e /R D K 22254, 2012, 44 (3 1): 43—
50.

Wang Qingli, Che Yuan, Ye Mao. Analysis on axial
compressive performance of the concrete filled square
CFRP-steel tubes (S-CFRP-CFST) [J]. Journal of Harbin
institute of Technology, 2012, 44 (Suppl 1): 43—50. (in
Chinese)

Sundarraja M C, Ganesh Prabhu G. Experimental study
on CFST members strengthened by CFRP composite
under compression [J]. Journal of Constructional Steel
Research, 2012, 72: 75—83.

TR, AN TRBE L A5 -BS S M. B R b
A BRI RRAL, 2007: 70, 28, 180.

Han Linhai. Concrete filled steel tubular structures-theory
and practice [M]. 2nd ed. Beijing: Science Press, 2007:
70, 28, 180. (in Chinese)



