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Compressive Stress-Strain Model of Combined Strengthening

Rectangular Timber Columns

ZHOU Changdong, LIANG Lican, A Siha, ZHANG Yong, YANG Ligan

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

Abstract: In order to study the effect of the amount of steel bars and the wrapping method of carbon fiber
reinforced plastic (CFRP) sheets on compressive stress-strain relationship of rectangular timber col-
umns, based on the test results of 27 square and 9 rectangular timber columns under axial compression,
the strength calculation method of rectangular timber columns confined by CFRP sheets was proposed,
calculation formulas of the bearing capacity for combined strengthening rectangular timber columns were
obtaind. Then a trilinear compressive stress-strain model of rectangular timber columns strengthened
with combination of near surface mounted steel bars and lateral CFRP sheets was recommended. The
calculated stress-strain curves based on this recommended model are in good agreement with the test val-
ues of timber columns, which verifies the applicability of the trilinear compressive stress-strain model of
rectangular timber columns strengthened with combination of near surface mounted steel bars and lateral
CFRP sheets.

Key words: stress-strain model; rectangular timber column; combined strengthening; near surface mount-

ed steel bar; carbon fiber reinforced plastic(CFRP) sheet; axial compression test
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Table 1 Strengthening scheme of specimens

Speci
peemen Strengthening method
No.
STC1 No
STC2 Bonded one-layer CFRP strips with spacing
STC3 Bonded one-layer CFRP sheets

STC4  Two pairs of side centers embedded with 1416 steel bars
STC5 Four side centers embedded with 1416 steel bars
STC6 Bonded one-layer CFRP strips with spacing and two
pairs of side centers embedded with 1416 steel bars
s Bonded one-layer CFRP strips with spacing and four side
STC7 .
centers embedded with 1416 steel bars

Bonded one-layer CFRP sheets and two pairs of side

STC8
centers embedded with 1416 steel bars
STCY Bonded one-layer CFRP sheets and four side centers
embedded with 1416 steel bars
RTCI No
RTC2 Two pairs of leng side centers are embedded
with 1416 steel bars
RTC3 Bonded one-layer CFRP strips with spacing and two pairs

of long side centers are embedded with 1416 steel bars
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Fig.1 Schematic diagram of strengthening specimens(size: mm)
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Fig. 3 Axial load-displacement curves of specimens
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Fig. 4 Axial load-strain curves of specimens
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Fig. 5 Effective constraint area of rectangular column
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Table 2 Comparison table of bearing capacity

Specimen No. N../kN N/kN Error/ % Specimen No. N../kN N/kN Error/ %
STC1 981. 02 971.12 1.02 STC7 1338.43 1.340.13 0.13
STC2 1029.51 1039.91 1. 00 STCS8 1230. 31 1171.94 4.98
STC3 1 082.96 989. 60 9.43 STC9 1387.05 1 352. 66 2.54
STC4 1128.07 1153.58 2.21 RTC1 735.77 835. 02 11. 89
STCS 1275.11 1331. 36 4.22 RTC2 882. 81 919. 11 3.95
STC6 1186.10 1164. 84 1. 83 RTC3 929. 98 975. 07 4.62
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Fig.7 Stress-strain model of combined strengthening

rectangular timber column
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Table 3 Comparison between theoretical and test values of E,,

Test value Theoretical value

Specimen No. E._/MPa E./MPa Error/ %
STC1 10 789. 23 12 139. 80 12.52
STC2 12 745. 02 12 425. 60 2.51
STC3 12 588. 76 12 747. 36 1. 26
STC4 13 365. 18 13017. 86 2. 60
STC5 13 807. 96 13 840. 32 0.23
STC6 12 999. 79 13 334.93 2.58
STC7 14 284. 80 14 179. 60 0.74
STC8 12 316. 52 13 534.70 9.89
STC9 14 803. 25 14 382. 31 2. 84
RTC1 12 917. 28 12 139. 80 6.02
RTC2 14 149. 81 13 297. 67 6.02
RTC3 16 794. 85 13560. 03 19. 26
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Table 4 Comparison between theoretical and test values of g./g.,

Test value Theoretical value

Specimen No. e e e /en Error/ %
STCI 1. 00 1.01 1. 00
STC2 112 1.08 3.44
STC3 1.21 1.16 4.29
STC4 1. 45 1. 42 2.17
STC5 1. 86 1. 81 2.69
STC6 1. 45 1. 50 3.80
STCT? 1.92 1.94 0.98
STC8 1. 45 1. 58 9. 14
STCY 2.02 2.01 0.43
RTCI 1. 00 1.01 1. 00
RTC2 1. 54 1. 56 1.17
RTC3 1. 63 1. 65 111
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Table 5 Comparison between theoretical and test values of k,

Test value Theoretical value

Specimen No. L, L, Error/ %
STCI —1226.73 —1124.94 8. 30
STC2 —822.71 —923.02 12.19
STC3 —586. 46 —673. 46 14. 83
STC4 —1062.47 —985. 31 7.26
STC5 —967.97 —837. 15 13.51
STC6 —771.97 —728. 60 5.62
STC7 —514. 41 —550. 22 6.96
STC8 —508. 41 —508. 98 0.11
STC9 —344.92 —375.73 8.93
RTCI1 —1232. 44 —1124.94 8.72
RTC2 —858. 80 —936. 91 9.10
RTC3 —608. 76 —705. 31 15. 86
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Fig. 8 Comparison of test and theoretical stress-strain curves



510

JEAC AR A < 525 I T A TR AR K 32 N 7 A A Y 179

13 F it £ 48 5545 2 (9 17 g — R A2 il 2k K A B Y
G 32 T = I RN g - DA 4R P Y L-S LDy
Tri-line” 73 51 27 i a4 9 i 8- 107 722 il 2k A i 20—
13 F it £ 48 5545 2 i 17 g — 7 A% il 2 LA KT A 2
(R BRE 52 He = 3T 4R ) -1 AR i £

I 288 380 WA i T % AL A TE W R B &
AP R i 5 i A4 22 6 R 18 g W AR R T LA RCR: B
)25 AR A 04 55 1) A8 I 5 T el T A o 3 400 3K AL
F B0 5% T 4% B0 45 Sl AR o 08 o 00 B 3 152 X0 M
R DTG 5 0 A3 A 48 58 6 7 2 (K A L5
S e 2% 2H AT 18 58 1) A R 19 DL

PP 8 ] L« A5 3 A A 28 A 2 4 R A
FHY R F7- B AE 2k (L-S) b T B 5 32 TR =k
J1-1 78 W 2 (Tri-line) b JF Bt JEAR T 5 5 b 45 10 F
4 i 48— B8 fih £ 45 545 2 A 17 g -1 8 il 2k (1-D)
TR 2 R =T W -0 AR i £k (Tri-line)
T REBOR R A R A, B K B

25 B S I I AR 52 T = A 2RV -
N AR PR TR S IR Y & R4, RE S AL
b TN 5 T R A 1) Bl B2 T T 2R P RE

6 it

(DS % C A7 SCHR A 24 S0IR BE 4 FE i R
fe il T CERP A 29 90 B A AL 19 0 804t T8 58 2 3
RS

() F BARKEMIMTLL 32 e %2 CERP A3 505 A
HER AT IR TH AWl 1 32 T 7R 28 ) Tk DA B R &
JBEJ2 1 32 SR 7R 38 0 STk 2t T A I T R R
b0 52 R B TR A S

R AKE LN B A LA S S CERP A 1 —
ML RERE B2 T 55 AR 32 TR =4k
JO7 3= AR AR L P e T A (R A W A
SR T A SCHE Y 9 52 e = 4T 4 g — 7 A8 AR ) 15
HE.

S E k-

L1 JAB R, XA IR ke £ 4 A i 181 A A #6052 TR U3 A 5 [T

TREHURE 5 E B, 2006, 28(3) :44-48.
ZHOU Zhonghong, LIU Weiging. Experimental study on tim-
ber columns strengthened by CFRP subjected to axial com-
pression[J] . Earthquake Resistant Engineering and Retrofit-
ting, 2006, 28(3) :44-48. (in Chinese)

L2 Weymod, X5y, SR , 55 . 54 £ 4t X 8 AR B b 6 7R 3R
S0 B 8 A 2 (7] 95N B 2 B A R (TR AR D,
2006,19(4):1-4.

YAO Jiangfeng, ZHAO Baocheng, SHI Liyuan, et al. Experi-

[3]

L4]

[5]

21

L6]

L7]

[8]

L9]

[10]

[11]

(12]

mental research on compression behaviors for circular timber
column reinforced with advanced glass fiber composites[J].
Journal of University of Science and Technology of Suzhou
(Engineering and Technology) , 2006, 19(4) : 1-4. (in Chinesc)
B SR B A AR RO B R A R IR wE e )] 2
FEER,2009,39(11):104-106.

WEI Yang, ZHANG Min, JIANG Yumei, et al. Experimental
research on timber columns strengthened with FRP sheets
[J]. Building Structure,2009,39(11):104-106. (in Chinese)
DR W AT - TR A% £ 4R AT n B R B Al O B0 P RE L
BrgE L] bR 2R, 2011, 14(3) 1 427-431.

CHUN Qing, PAN Jianwu. Experimental study on mechanical
properties of timber columns strengthened with CFRP/AFRP
hybrid FRP sheets under axial compression [ J]. Journal of
Building Materials, 2011,14(3) :427-431. (in Chinese)

KK 5. CFRP A3 62 22 i [ 1H A 4l H 4 i X 3 6 5 [0 ] 48
FHEHST, 2005,92(2) :49-51.

ZHANG Tianyu. Experimental research about old timber col-
umn wrapped by CFRP sheets [J]. Fujian Architecture and
Construction, 2005,92(2) :49-51. (in Chinese)

R, R, FIEIE, S B 1) NS X A A b R A A FR
ARSI ST [T S5+, 2013, 43 (3% 1) 1) : 806-810.
YUAN Shucheng, LIANG Wei, WANG Qingyuan, et al. An
analytical approach on the load carrying capacities of FRP-
strengthened timber columns using the lateral strains [J].
Building Structure, 2013, 43(Suppl 1):806-810. (in Chinese)
BEEhAN, XA DG, AR L 45 FRP R G0 32 6 AR R B 7 -1 28
FEAI[T]. TR J1%,2008,25(2):183-187.

SHAO Jinsong, LIU Weiging, JIANG Tong, et al. Stress-strain
model for FRP-strengthened wood column under axial compres-
sion[J] . Engineering Mechanics, 2008, 25(2) :183-187. (in Chinese)
AR, XUAE P, B R, 25 FRP BR8] A oo 32 1 1k
RE IR 0ot L] . BEIE A9/ S A5 B KL, 2012(2) :52-55.

SHAO Jinsong, LIU Weiqing, WANG Guomin, et al. Experi-
mental study on axial compressive behavior of timber column
laterality strengthened with FRP[J]. Fiber Reinforced Plas-
tics/Composites, 2012(2) :52-55. (in Chinese)

R VR . CERP i B AR K B il 30 0 52 (7] Tk 2
%,2008,38(12):113-116.

ZHU Lei, XU Qingfeng. Experimental research on behavior of
CFRP-reinforced timber columns[J] . Industrial Construction,
2008,38(12):113-116. (in Chinese)

LAM L, TENG ] G. Compressive strength of FRP-confined
concrete in rectangular columns[C]//International Conference
on FRP Composites in Civil Engincering. Hong Kong: [s.1. ],
2001:335-343.

RICHART F E, BRANDTZAEG A, BROWN R L. A study of
the failure of concrete under combined compression stresses
[R]. Bulletin No. 185. Urbana: Engineering Experimental
Station, University of Illinois at Urbana-Champaign, 1928.
TENG J G, LAM L. Strength models for fiber-reinforced
plastic-confined concrete [J]. Journal of Structural Engineer-

ing, ASCE, 2002,128(5) :612-623.



180 FE: SR B < T S 14 024 4
(131 6 R . TS g Ml 27 4 A 249 SR RO~ 409 91 41 66 B8 RE: Alho0s 52 [14] MANDER J B, PRIESTLEY M J N, PARK R. Theoretical
JEPERE IR I W 5T (D] . db 5t - db 5 38 K2, 2015. stress-strain model for confined concrete[J] . Journal of Struc-
PAN Qinglong. Experimental study on axial compressive be- tural Engineering, ASCE, 1988,114(8):1804-1826.
havior of large scale circular concrete columns confined by [15] YOUSSEF M N, FENG Q, MOSALLAM A S. Stress-strain

pre-stressed CFRP sheets [D]. Beijing: Beijing Jiaotong Uni-

versity, 2015. (in Chinese)

model for concrete confined by FRP composites[]J]. Compos-

ites Part B:Engineering, 2007, 38(5-6) :614-628.

AN SR e N e e U i L S U S U R U R U D U R U i M e L e U U U U SR SR U R S U R R R U R e U R i i U e U S U

(E#EE 170 W)

[16]

L1 Ziguang, REN Wu, HUANG Ying, et al. ANSYS-based
temperature control and simulation and experiment on micro-
wave-heating recycling asphalt pavement[]J].Chinese Journal
of Construction Machinery, 2010, 8 (2): 204-207, 218. (in
Chinese)

SRR . 3 T RO R BRSO 1Y Tl S B UK B T AR BF 5
[D]. 7% : K& 2 K4, 2011,

GUO Dedong. Research on techniques of snow-melting and

[17]

deicing pavement basing on microwave and magent coupling
effect[D] . Xi’an:Chang’an University, 2011. (in Chinese)
VAR A, ST TR L U T B T (R 0 R T A A B Y 5 i
LI Al iz i TR A4, 2008(5) :49-53, 60.

SUN Tongsheng, SHI Jinfei, ZHANG Zhisheng. Heat transfer
model and solution of microwave hot recycling for asphalt
pavement[J] . Journal of Traffic and Transportation Engineer-

ing, 2008(5):49-53,60. (in Chinese)



