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Experimental study on the axial compression performance of split
wooden column reinforced with prestressed steel strips

YANG Yong, CHEN Zhan, WANG Xiangyun, XUE Jianyang
(School of Civil Engineering, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China)

Abstract: A new method of retrofitting the split wooden column with prestressed steel strips was proposed based on
the analysis and navigation of the existing retrofitting methods. Experimental study on 6 wooden column retrofitted
with prestressed steel strips and 1 wooden column without retrofit were performed. The influence of steel strips
space and layers on the mechanical performance of strengthened wooden column were studied by observing the final
failure mode of reinforced wooden column and analysing the change of the bearing capacity, ductility and stiffness.
Results indicate that the bearing capacity of strengthened wooden columns is higher than that of the unreinforced
columns with an amplitude of 10 % ~30 % ,and the ductility performance also has a betterment. The strengthen

effect of prestressed steel strips reinforced wooden columns was probed and compared with the conventional way by
FRP wrap.
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Tab.1 The number of specimens and reinforce method
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Fig. 1 The fabrication of specimens
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Tab. 2 Mechanical properties of steel strips
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Fig. 2 Test set-up
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Fig. 3 The failure pattern of unreinforced wooden B1
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Fig. 6 The failure pattern of reinforced wooden B4
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Fig. 7 The failure pattern of unreinforced wooden B5
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Fig. 8 The failure pattern of reinforced wooden B6
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Fig. 9 The failure pattern of reinforced wooden B7
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Fig. 10 Load-displacement curve of specimens
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Tab.3 Ultimate bearing capacity of reinforced columns
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Fig. 11 Ultimate capacity of specimens

3.3 WiIE

X 10 AT ox A al LUAR B, 0N g 8K i
A B2 —B7 B faf B —AhL % ih e pt 2 5 2R bl R A
Bl RPERE i, FBFE R & b TR IR AR A B
Bikei L, & E SNEMEZERR, WS
SCHN 8K B 3K A % W R i e R AR A E
WA IH AR .
3.4 EEHFMWEZE

HTARM B & MRE 2 58K, H &R r b
Pl AR R, BN h— et 0 ) 45 16

(1)gmpE

AR 31 A7 i B X o [ A A ) AR T s K
ARME ] A i R R, D R A R 2 4 e
N

(2) 345

xR A Bl — B7 893X 5% 45 SR 3E 47 o A ol
B, RAE B B 2R AR K B R R T 0 B RS AR A

B6 B7



188 WOk # 5B K

O HHRFEER) 5 50 %

MARE PRSI . B SR | BED, R
TS 5 AE B T B AL Sk AR YR, TS AR AT ) &4
WAE A REAS B 78 0 K3, 5 BOR A A& 2K
I

(3) T Bt 1) Ta) B 2 450

YA Rk == i O 1 < s T R
ARAEM AR ERE S B A 4w, HIRI 25 RO R
W, R TN R AE B SR
WAL AR R . BEE A ZH0% N, W
ML IR, ARAER R RE WA BE &
3.5 WM AWNEMEAKRES FRP j0E A4+ 3t bk

v

DLW oT 45 S R W, TR g B o 1 B 6 R
FEP= AR W, S g AR AEN 32 Tk RE . B
W THNE 3 8 A 0GR 5 B gT 4 AR 5 AR B h AR 2
HUR A FRP D A AT 1 R 56 25 R 31T R G
LA JUJ7 T8 K 082 7 85 B R A 55 FRP [
ARAEH) 32 3P RE R A5 X6 b 43 #7

(1) FBURE 74K il AR A% 5 FRP I A+ 7 —
SERRPE IR0 LUK A HE N 1 2 4% (1) & e 77 A PR .
FRP Jii [ A A5 ) 8 SR T2 XA Wb . — b AR 9 4k
BRI, KAEAN S, 5 UK F 4k i b & A
WEIR ;59— Pl A AH A1 W AR 4T A Y A 1) 2 4% B,
S BORFE = A R U R 1 & AR B L X PR IR
TR AR5 A I B B B A 0 W BER . TR T
T AHE ) B PR T2 XA 5 KR B B B 0 58 B Rk B
AR R, T A Ta) BE A2 506 H2 g/

(2)FRP Il AHE o] LL3 i 0 bl A AT (4 7K 21
71, JFHFE#E FRP 250 % 5 ia) #E 8 /N 3 w5 e
BEOK . TR 7 BT I A O B B A AR A 1
ARIEEST, PRERER 1026~30%.

(3)FRP I AHE BE % 5 25 AAE W W B, {H 2
A% FRP 1) J2 50 R 1) BE 65 3844 WY B2 O BH J 52 ). i
TR 3 BT 0T A A e A A (0 ) TG W . s

25 B, AT FRP BN AR, T8 7749
W TESE & A AT 32 T PR R8I [ B B ] DL 8 7 R R
G2 y) | ET O R S K AV =N T D
HEZ T, WRSKE R R MR ERE, & —
Tl A 280 1 AR o ] AR
4 INEME

FHTIRE 7 4K R AR AR AT 0 J5, e T 9
JIHVE P B 2 0 AR AR P= AR B4 0, il HAE R

Sz i) I AE B, B2 Bl R R GRS T . AR
)R = A W) i N i 4 2 S VA

ARZ, AHE BB 1 A8 T 32 B B9l B A LR, T
HWRA—ANRELXEZE2 0, BEART 88 5
Sy fEBLS, wl LU Bl B PR BE A5 B 5E 0 R I,
B A AT B 7K 3 RE T A AE 1 RE X A8 B AR
S

5 &

(L) FHURE 7 B i 0[] A B 0% 412 voi AR HE B0 7K 30
REJT, PRSI EEN 1090 ~3000, H b B9 b) BE X
HRIITHRW BE I R & A HE B0 S2E 1 I RE fE
AR E, (HNEARCA I .

(2) B2 7 Bt I AAE, X AF B R TR S
AR A A AR [, (H T 7 8 0 6 G T
XA R A SR B, B AR FE AR 2R
A B0 R 7 A B0 S e e, WO BLI R
S RE.

(3)ARFERY B B 51 B | ZA5URI AT 45 i %
W AL AR FROR B AR e, S BORBE(R
B A ) £ T A S 000 2 2R

S %3k References

(1] VENXL RS - FRP U AR MR E st (J]. Tl
#40,2007,37(9):104-107.

XU Qingfeng, ZHU Lei. State of the art of wood
structure strengthened with FRP[]J]. Industrial Con-
struction, 2007,37(9):104-107

(2] BB, 5k, BRI . kN CERP 75 Iin 6 5 A 44 il 0

POEMER K [J]. @ HA ¥ 5 TR, 2013, 30
(3):20-24.
CHUN Qing, ZHANG Yang, PAN Jianwu . Experi-
ment on axial compression properties of circular timber
columns strengthened with near-surface mounted
CFRP rods[J]. Journal of Architecture and Civil Engi-
neering, 2013, 30(3):20-24.

(3] BaJy . v ARG e U i) K 50 S B IE 45
Hi(D]. v%2 . L@ IR K, 2007,

XIE Qifang. Experimental study and theoretical anal-
ysis on strengthening for Chinese ancient timber build-
ing[D]. Xi'an; Xi’an Univ. of Arch. & Tech. ,2007.

[4] EMERSON R N. In situ repair technique for decayed
timber piles[]J]. Strutures Congress,2004 (1) :1-9.

[5] CHIDIAQ R. Axial compression of rounded wood
poles reinforced with carbon fiber [D]. Piscataway:
State University of New Jersey,2003.

[6] &, VFIE X . CERP S FF R8P BE i) 350 B 52
[J]. 3 454,2009,39(11):101-103.

ZHU Lei, XU Qingfeng. Experimental research on



52 B B, A TSI AR A I BB RE Rl 0 32 T RE R B BF 5T 189
short cracked timber columns strengthened with CFRP (3):108-112.

[J]. Building Structure,2009,39(11):101-103. SAIERJIANG Halike, LIU Qing. Experimental study

[7] g . FRP B AR ZEEGE R[] ]. 5555 of compression reinforcement Xinjiang Yang poplar
ME IR K548 ,2013,29(4) : 74-76. columns of BFRP[]J]. Earthquake Resistant Engineer-
CAO Hai. Experimental study on axial compressive ing and Retrofitting, 2015,37(3):108-112.
behaviors for timber column strengthened with FRP [11] a5, X P&k, Bk 2 46 A i B AR A 4l & 1 8 R 26 F
[J]. Journal of Qiqihar University,2013,23(4);74-76. 7071, BH L5 ,2007,37(10) :96-99.

(8] FBFIA ,BEAR R, XUAE K, &5 . FRP 4% 1) 1 [ A KE &l 0> XIE Qifang, ZHAO Hongtie. Experimental study on
ZEMREITE ] EAR TSR ,2012,45(8) :48-54. axial compressive behaviors for timber column
SHAO Jingsong, XUE Weichen, LIU Weiqing, et al. strengthened with CFRP sheets [ J]. Building Struc-
Calculation of axial compressive behavior of timber col- ture, 2007,37(10): 96-99.
umn laterally strengthened with FRP[J]. China Civil  [12] 4eHuMt, £ it 8706 . FRP [ [ A K5 P fE (9
Engineering Journal,2012,45(8) :48-54. WIEMEIT[T]. WK% (TRERER) , 2012, 44

(9] BBEhA%, XIMHE P, B A . FRP M G0 32 FE AR A B2 H7- (S2):52-56.
BEASALAI ). TAR 1% ,2008(2):183-187. ZHU Yanmei, WANG Qingyuan, DONG Jiangfeng.
SHAO Jingsong, LIU Weiqing,JIANG Tong. Stress- Experimental study on axial compression performance
Strain model for FRP strengthened wood column under of FRP reinforcement round poles. [J]. Journal of Si-
axial comperssion [ J ] . Engineering Mechanics, 2008 chuan University ( Engineering Science dition), 2012,
(2):183-187. 44(S2) . 52-56.

[10] ZE/RIL - My 158, X3, 45 . BERP )i #5845 ARk 1)

PUERSWE 7 [J]. TR BUE 5 i Sk, 2015, 37

(R#E L PO

(E#% 168 )

[15]

[16]

[17]

(18]

FESRIE . B o B S e A e B0 0 0 R )
L] TREJI%, 1996, 13(1): 1-7.

YAN Zongda. Solution of the axisymmetrical punching
problem of concrete slab by the twin shear strength the-
ory [J]. Engineering Mechanics , 1996, 13(1): 1-7.
WMEA, BB, T, 5. WS 50 R BIE oR A Gl R
TREE AR R bl [J]. TREJI%, 2002, 15(9): 92-
96.

WEI Xueying, YAN Zheng, YU Shu. With the unified
strength theory to solve the axisymmetric punching
strength of the concrete slab [J]. Engineering Mechan-
ics, 2002,19( 05): 92-96.

Bk RSy kA (M. dbnt BB Tolk A,
2007 163-167.

LLAO Dazhong. The basis of the variational method
[M]. Beijing:Defense Industry Press,2007; 163-167.
Sy, X . IR R ARAE T s P VIR 7 i AR B 43 T
[J]. TAEH2£,2017,34(8):125-132,143.

Y1 Weijian , LIU Biao. Ultimate strength analysis of

[19]

[20]

punching shear capacity of concrete slab -column con-
nectionS. [J]. Engineering Mechanics, 2017, 34 (8):
125-132,143.

FPIRK . AR S 4G 04 kR R A% i BT ) RS S i S
YR E S [J]. MR (8RB,
2003, 30(5): 55-60.

SHU Zhaofa. Punching shear capacity of mid column
joints of plate column structure under transfer shear and
unbalanced bending moments[]J]. Journal of Hunan U-
niversity ( Natural Science Edition), 2003, 30 (5):
55-60.

FRPERE . WET BRAESE A AR H 2 MR IR R T
[D]. KV WIBRY, 2015 56-68.

ZHU Zehua Experimental investigations on eccentrically
Chan-

loaded RC interior slab-column connections [D].

gsha: Hunan University, 2015:56-68.

(HE L PO





