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Experimental study on eccentric compression behavior of
hybrid strengthened square timber columns

HAN Xiaodong, ZHAO Yue, YANG Yanze, A Siha, ZHOU Changdong

(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To tackle the problems of strengthening and repairing ancient timber columns, this paper proposes an
economic and feasible method of strengthening. Seven square timber columns were strengthened with carbon fiber
reinforced polymer ( CFRP) strips and steel bars to investigate changes in bearing capacity and ductility under
eccentric compression, mainly considering the amount of embedded bars and the eccentricity of timber columns.
Test results show that the failure of the hybrid strengthened timber column which was wrapped with a layer of CFRP
strips at intervals and embedded with steel bars occurred mainly in the interval between the CFRP strips, indicating
a better integrity than the unstrengthened timber columns. When the eccentricity was 0, all four sides of the timber
column were destroyed ; with the eccentricity increased, the timber column was destroyed only on the pressure side.
Under the same eccentricity, the bearing capacity and ductility of the hybrid strengthened timber columns were
improved obviously, and the extent of improvement increased with the increase of the amount of steel bars. With the
same strengthening method, when the eccentricity increased from 0 to 50 mm, the bearing capacity of the timber
column decreased significantly, but the ductility coefficient was little affected.

Keywords: timber column; embedded steel bar; CFRP strip; hybrid strengthening; eccentric compression; load
bearing capacity; ductility

SRR REE LA S TIAOEHE L, AR
IS AU AT FE A PR, HAE T AU AR SR
TN 2 o T AR AS B BB fE AR ik 2
B s 1 IR S5 19 7R 28 7 R MR AR, 5 X R
SR HEATHRE N

FRP(fiber reinforced polymer) E. 45 /5 [t B Fl
BLUF TR EdE ) T AR S A K TR ARG 5 T
BRI FE ARE o [ P Ah2F 2 Taheri 25120

WS HH#A: 2020 -05 -20
E WA .. BEFEARREI4m IR H (51678039 ,51478033 ,51727813)
EZRB N : TR (1998—) , 55, BILiF 5 A
JARARO971—) , 5, B2 1A S
BEE1EE: KA, zhouchangdong@ 163. com

RTEAED) Fiorelli 25 B 25D Mgt R
HuMgaE B T 4 gEAT T FRP N
ARE5HE 191K 56 DT 5%, 45 5 W] CFRP ( carbon fiber
reinforced polymer ) §if I 1 & AAL: 7T fiff HR 4% 4115 %)
AR TR X HAE PR R IR m A — E E B,
NG AR RZ S PERE AR E R 15 CFRP A3 (ks
A B DL BRI 280 B OE & Bz [ =X
X AR R AR RE IR AR

AR GERG AT R 28 0K S B AR K AR B
177 % , eI R v RO bE ikt B R4 3 R RL,
17T 7V il | P N i R O TR
20 4F3f [ b 5 0 AR 5 R A HEAT T ORI B



- 196 - L S N D A N S ¢

%53 &

G2, 15+ JUAF SR [ 9 2 RS2 TP T R SEWToT , F
T B T2 A v A 57 P R T N 1511 37
TIPERE'T A B 45 K P RS 7 T B ST R
PEDRAEN T Kell ' X Y R A A BOAAE HEAT TR 56
WFE, 45 SR W], DR A T LGS A A Bl O T A
A R (R 5 , 7R 2807 I e A 00 £ 170 3 i 6
o R | BRSO () A8 Ak, fEL IR I 3% [y v
WAETE N R 32 TR 25 b R M . XA
FRy RS 70 78 T 240 RPN Bk

R 5 T 5 43 [0 0 S 22 A5 1y —
RN D7 3K, A T A f 32 £ 4 A 9 7 =B b
B 4 M 42 42 DAL A5 B 114 R g A P i T
5 AS PR AT A B 1867 2 ST ) P A 0 8 1) 24
SRUAE 7RI AT A R E P | LR R ) AT A

&P ARFESEAT T o0 32 IR IR A 5T, AFR 5% 1% 0 [
D7 naE v
IRt
1.1 X H4F1E

AR IR R~ R 200 mm x 200 mm X
600 mm, It 7 #1445 F TCL ~ TCT, 43 | 47
P32 G o B0 R DL 1 RRAE DL 1,

x1 RXEFFH
Tab.1 Details of specimens mm
A i O/
e it
445 mm
TC1 350 ASNIE
TC2 50 2 fUE O 116 F9A + KRR 1 )= CFRP A

HALF = 1] 37 FORZS AR A R 2R GE 7, R i% TC3 75 2 LA 116 HRA + K FRIFRI 1 2 CFRP i
A IE T B BRI M E R 5 TCA 50 4 MR 1D16 F1 + ACE I 1 J2 CFRP fi
A ] P X 507 5 AR A 45 ) 30 P e s A s o -
TR A 2g s 1L B
j].” E';F' E/J ?;Eszgfﬁ jfﬂ 'gg—g 4 ;;5‘ , 1 JFFP j].” 060 2 LA 116 FG + ARG 15 CFRP 45
0 B R 5% Gl a2 FE.
A Sl T N TC7 0 4L 116 F + KRR 1 )7 CFRP
I, A SO SR FH 2 T PN BN 7 L AL CFRP A1 &2 &
—J2/KF- 1] CFRP i — )2 /K11 CERP #i
. _ _ o
= fff H16 AT
3 -
S g & S gl g
200 z 200
! 5 |
200 200 200
(a) TC1.TC5 () TC2.TC3 .TC6 (¢) TC4.TC7

1 i 4F4E (mm)

Fig. 1 Characteristics of specimens ( mm)
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Fig.3 Eccentric loading test device
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Tab.2 Main experimental results
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