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Flexural behavior of fast-growing poplar glulam beams
reinforced by carbon fiber

WANG Yuzhuo, MA Yunpeng, WANG Lanqin, LI Fengting
(School of Civil Engineering, Shandong Jianzhu University, Jinan 250101, P. R. China)

Abstract: In order to study the flexural properties of the fast-growing poplar glued timber beams reinforced by
carbon fiber, the influence of factors was considered, such as different fiber distribution ratios and different fiber
distribution positions. A four-point bending static load test of the beam was carried out, and the theoretical
calculation formula of the ultimate bending moment of the beam was deduced. The results show that, compared
with the pure glulam beam, the number and width of cracks of reinforced specimens decrease, and the elastic
modulus, ultimate bearing capacity and initial bending stiffness increase significantly. The elastic modulus of the
beam reinforced by carbon fiber increased by 28.02%~57.93%; the ultimate load increased by 16.47 %~
50.72%; the initial bending stiffness of poplar beam increased by 11.58%~23.37%. The ultimate bearing
capacity and initial bending stiffness of beams with carbon fiber in tension zone can be effectively improved.

Compared with the specimen only with carbon fiber in the tensile zone, the load-bearing capacity of the
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specimen is reduced when the carbon fiber is added in the tensile zone and the compression zone, but the

deflection in failure is reduced. The fiber distribution rate in the tensile zone of the specimen should be between

0.060 6% and 1.031 1%, which can give full play to the plastic compressive properties of wood. The bending

calculation formula of the beam was obtained. The calculation results of the ultimate bending moment of the

specimen are consistent with the test results, and the calculation results can predict the ultimate bending

moment of this kind of specimen under bending.

Keywords: fast-growing poplar; carbon fiber reinforcement; flexural properties; experimental research;

theoretical analysis
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Fig. 1 Schematic diagram of specimen section
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Table 1 Specimen parameters

BLEFR/ %
o e 2T bX HXL //mm I/H

ZHi X ZJEX

w1 Jo 0 0 50 mm X120 mm X 2300 mm 2160 18
P1 T1)2 0.139 0 50 mm X 120 mm X 2300 mm 2160 18
P2 T2J)z 0.278 0 50 mm X 120 mm X 2300 mm 2160 18
P1-1 TLE+L12 0.139 0.139 50 mm X 120 mm X 2300 mm 2160 18
P2-1 T2Z+ 12 0.278 0.139 50 mm X 120 mm X 2300 mm 2160 18
P2-2 T2E+LE2)2 0.278 0.278 50 mm X 120 mm X 2300 mm 2160 18
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Fig.2 Schematic diagram of specimen
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Table 2 Main performance parameters of wood
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Table 3 Main performance parameters of reinforcement materials
B2 B BrHisR AL/ MPa YUH R /M Pa YU 5/ MPa E/MPa K2/ %
Tk 41 4 3471 231 000 1.62
LRl 37.9 87.6 80.2 3700 1.40
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Fig.3 Schematic diagram of the arrangement of

loading device and measuring point
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Fig.4 Schematic diagram of strain gauge layout
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Fig. 5 Loading curve
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Fig. 6 Destruction state of specimen
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Table 4 Flexural elastic modulus

A AF/kN Aw/mm E/MPa
Wl 2.00 4.44 11 201. 80
Pl 2.08 4.10 12 586. 81
P2 2.01 3.98 12 560. 60
P1-1 2.00 3.60 13819.19
pP2-1 2.00 3.98 12 495.79
pP2-2 1.98 3.69 13289.11
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Table 5 Test results
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Fig. 8 Load-deflection curve of mid-span
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Fig.9 Load-strain relationship curves

D)X b A2 P X BE £F 2R 09 52 ) o 3K 1 09 300 % W
B 7 725 I 4 52 L X C £ 3% 1 14 hi i 4 in A el A
W1, P1 A P2 i 30 W BRI A2 43 0 38 i 1
5.81% 1 12.56% , i1 Z i PR & B 72 43 51 386 i 1
13.10% F122.76% . KW HEAEM AR ZH X BLLF G
AR T r 5k B R R 8 A B 78 4 A

2)XF L EC AR B (B2 ) B sEm . th T2 R X
AHE R 1) 2448 1 K e s R IR L i P1-1 K
PN AR WA B R R, S PLAHEL T2
JE DX AR A} 1) R4 48 1) ke s PR R E PL-1
1 G W BR 7 AR FEAIR T 18. 58 %, 11 5 W BR TR Y A
FEAR T 20.71%

3)XF e Ae £F 7 B (WUZ) I sg . 5 P2 A L,
P2-2 130 G BR A0 AR £ 55 1 8. 66 %0, i Ltk B
RS T 3. 93% 5 P2-1 (i Z W BRPT R AR 42 T
1. 76 % , 1 Gt PR A 1 A8 0 A I B AR Ak

UL M, AR B g A ey AR T A7 3 A
2P A £F 4 A 2 B s ), L RE 5 R 2 X E
2T 28 1) 1Y I 3G 0 KA A2 R DT ke 2T 4E A R
A1) 300 % W R A 17 A% LR Ry AR S i /N o 5y Ak L HE
R AF A2 XA B A et g s R e 2 5
T £F 4 27 & e U B 24 4% 5 B0 1R B IR, A il
AR BV 52 VR RE A A B T4 R R
2.4.2 BEGHE-LEHE BN R S1~S6
149 548 A B A 7 & Gy 4T 1 v AR — T e
ML, & 10 R o il 2R AR SV o0 A, 3500
B T D S R o R 7 NI O B W S R VR =
OO 5, AEL X 4 B 3 A i 2 ek R O 2 i 7 AR
BeA 52 W, PR, 3 A o 2 v 1 07 28 3 A A T
T I E HRAE

3 iR

ke T 24 37 5 3 A A T R SR A IR I 52 7 IXOR
B ¥ e M i R IR D AR A9 T I AR A2 T X R A
B IRIR 25 70 O P b, BB 98 P o A i BIR T 2
T BEOIRASAS [R] 49 52, AR B e 2 4 i Rz g — iz
AR AT NI, 45 & 8w B # S
Foft AN ] e SR AR 2T 52 52 25 e DR o ) A R 25
THEABERL I3 AL A T 5 i
3.1 BEARRERE

LA BUE -

1) AP AT ) 15 A8 0 A1 A% 5~ 28T AE

2) B 4T 4 55 AR 2 ARG 25 ] 5

3) A2 B, Z R 2L 527 G



s s L 12 N BN 3 & s 2k
% 64 IR, F BRAERBRANKRERNEN T ER 131

——2.66kN —323kN ——4.05kN

——534kN 645 kN ——805kN

——798kN —— 971 kN ——1204kN
1065 kN ——1295kN 1206 kN
—1332kN —1613kN 20,06 kN
+ 1597kN + 1939kN < 2407kN
8-7-6-5-4-3-2-10 123 4567 8 876543210 12345678 76-5-43210 12345678

&/1073 &/1073 &/1073
(a) WAFW1 (b) WP1 () iAfP2

——311kN ——328kN e 382kN

—619kN —— 669N ——T66kN
931 kN ——1001 kN - 1150kN
——1239kN ——1338kN — 1534kN
——1551kN — 1648 kN . 1916kN
<1860 kN + 2005kN .« 2299kN

VVVVVVVV

0
-8-7-6-5-4-3-2-10 123456738

vvvvvvv

0
-8-7-6-5-4-3-2-10 12345678

0
-8-76-5-4-3-2-10 12345678

£/10° /10 £/10-3
(d) AFP1-1 (e) AMFP2-1 () ik fp2-2
E10 XEMBESE-EH %
Fig. 10 Section height-strain curves of specimen
GiERE 1 L 11 () 15 30 i £F 4 1y T3 —R A8 56 2R R
4) 728 W% e 2T A J5E S0 A2 A AR 1 E Y S e o,=E.e, (4)

5) KM 32 fi i ok 26 3Pk 5 52 R iR FH Bazan™™!
1 Buchanan™ i) AU P AR, WL 11(a) .

6) filk 2F 4t 52 I Sy 22 Sk Rk, T JRE B 5 1)
T8 Z RN 3o 0, WLE 11(b) .

¢ CFRP
(a) A#F (b)) BRET4E
B 11 MR S-R 3 X Rk

Fig. 11 Stress-strain relationship curves of materials

3.2 MHHREA-REXR
L 11 Ca) 15 2 AR B 1 1 )
o,— Ee¢,
o.=FEe,(e.<e,) (2)
o.=Fe, T E,(e.—ey), (en=¢€¢e,)

e Mo R AR A B BE R AR AL R T 5 e Ml o R R

B B N AS F L T 5 e S AR BE 1 58— 9 1 SR BR s

WL AR 5 e, i AR I B R e 0L A 5 E SR AR (1) 5L A5

i E AR I 2 R R B =N (3) s .

Oy
Em_

scy €cu

—NLAE KRN

7 o-(‘\J

(3)

s e, Bl o, Ry B 2T 4 1) F7 0 AR FTRLR F1 5 E, R Bk £F
1 SRR
3.3 AEBFERETIRERNRREL S

Pl 12 2 3K 14 125 b 8 T 02 A8 3 A RN 7 43 AT A
Bl b H Rl 8 = B s nh R EF 2T 0 A
AR JEE B 5 XA R 1T A7 R X B o N S A7 X
ERB(BEEZEXEES BZEXEEZLL)F,
KRR 3G T1 5 F O AR M AR A S8 M0 R R )
BB T 5 Fo R AT i A9 P i g 9 BE S B 0 9 &
F1 5 F o AR B E A S8 1 15 98 08 B B 1 3 10 5 75
F, ot e i i 11094 1, in=(5) B .

E,=E,,A=0A, (5)

Frp s Ay B2 Rl 2T 2 1 R AR e v

2, i T A e 13 B H X ok L a 1Y HE )

KA WA6) .
X_(U-a)X H-X H-X—wh o
E(‘i é:(‘y B e\ B é:p

HE— 25 AR A B IR I 32 R XK B Y N ) —
JO7 AR AE Bl FF AR B IR AR S 20 P A 2 2 eo<e, I
e =e>e, o K 12(b) . (c) . (d) BRI FF 85 A
JO7AE 53 AT 7 T VL B R A AR 2SR B AT A
AR R
M oe<e, I MR 12(c) A (2) n] 45 2] gtk
AT ARMBLI A T3, M (D PR .



132

KR53 1

2 IR(P & L) % 44 %

¥ 5 A - -
4 F

) ) P P % Fy
e | I . — b L P
< —F
P L. t B -— t

= F, E

0,

(a) BT (b) RASSM

(c)Me,<g,, (d)Hg, =gz,

H
X
| nmm
LN
b
| |
R\i
SN

=TT
! |
K$ﬂﬁ
|

E
3
o3

)

H-X
)
Q
\
!
o "
~
Q

12 REYEBHEHEEENMEES
Fig. 12 Stress and strain distribution of the cross section

of specimen

1 1
F=—(H—X)bEe, =

— (H— X )bo,
2 2

. ) (7)
FC:EXbE&:EX/)U\
H1 7K P D 1w i 20 P 2R A S F=015 215 )
A R LE(8) .
F.+nF,=F, (8)
PR (DORAKR), AT (9) .

1 1
E(H—X)bar+napA1=EXbar (9)

I 2 e 15 100 A 3R A2 i IXE 21 Rk /NI R
A BRI KR B R, Bk £ 4 57 B & A B IR
1532 FE XA B AT Ak 551 B B, 3 19 A R 7 2
FE G ARM B PUHL R A .

HE— 25 o FE A7 3 AS ) IR IR 2 Y A BR Rl
g3 A Y 32 B IX L 2F 3 o=nA/0H K X (6) 48
AZ(9) Hr, Al A5 31 0 28 i 0 & A= B A2 i X 4F
Fik, W (10),

nA, (e.o.—eo0,)A,
O bH 20p(e. 1 €) (10

Mo =e>e, M MR E 12(d) FIL(2) , o] 15 5|

RSN ARM R 106 1Rk, (1),

1
F.= (H*X)bEEIZE(H*X)bUl

F(-1: aXl:Eecy+Em(€ciec)’)]b:
(11)

aXb(o., + o.)

e N S NCN S O [y

1
FCZ:E (1— a)XbEsCy:E (1—a)Xbo,,
7K 5 [l fif #0475 A S F=043 34 )
PR A, WA(12),

F+nF,=F,+F,
BRADRAK12), 7T EIK(13),

1
E(H*X)baﬂrnapA,:

(12)

(13)

KT R A8 0L P 2 LI 7 S o o
BRI A BE T B T 4 % SR IR TR
<A 21 A BB PE P F B B R 2) E 5
HL DK B £F 4 L 2F 547 5. 30 (6) 1R AR (13) T
S IR 2 28 I 0 I 2P %

1 1
EaXb(arer ac)JrE (1—a)Xbo,,

nA,
O
wX[(ec—ecy) (o4t 0. )—Fecyacﬁ—a‘e‘}
2ope;
(14)
R 32 09 AN R B IR R AE , B e =e,, e =¢,,,
0=0, 0. =fu, 0,=fou, LA (10) 7] 1§ “e.<<e,” Al

“e.=e>g " IR AR SZ P IX FLEF 5 0,,=0. 060 6 % o
B e=ce,, e =¢u,0.=0,— (e &), =0, 0,=f,,, 1
AR (14) ] 13 e =e.>e,” , IR0 32 $i7 X f K BC&F
R On=1.031 1%

P, 24 0.060 6% <p<1.031 1% B}, 3 14 %
I I Bk 2F 4 #0152 R XK B 0 M BE T LA B 5 4
FIH
3.4 AEBTERETRENRREETE

R A A ] e DA A = 3 ok P 8 T {1 e 0 A T P
s PHIE , b A AR S M =0 AT LAAS R A A PR
B M, o Hr, T AR A B AN AT 5 A7 TR A )
JoT A R S B, 28 0k 48 T A ) B 5 A RN R 6L
BB M—DAE BB y=0.9", % JE & F AT
S PR3 6 AR R 7 287 10 52 i 5 X0 ML R A T AT 0

e <<e, BT K (D RA S M=07] 15 24} FR 25
A A(5).

Mu:% (H*X)Zbaﬁr%Xzbach
0,A1(H—X—h)+0,A\(H—X— 2h)
(15)
Mo =e>e, M, KR (1D ICA S M=0 A 15 2|

MR 2 R (16) .

1 1
M‘IZE(H*X)Z/JJHrg [(1—a)X Fbo, +

1 1 .
EbaXz(acy—O—GC)—EbaZXz(ZU(.y—O—aL.)—O—

o, A\(H—X—h)+o0,A\(H—X—2h)
(16)
3.5 HEHERMXTLE

W M A2 Fr K BL£F % 0. 139% F10. 278 %



% 6

IEE,F R RHBRAENIKS

AR T T R 133

I MR 3l e A B R A 43 A, 8 IR 0 A2 T X
AAF R T AR B, w] DL 5 3 (16) HE A7 A BR
TR T R B R 1 IR IR A2 T DR A T R
HEAIBAE AT LAGE 3 5K (15) BEAT A PR 5 AR 35 . 3t
AR mE6 IR, i, X il X (6) /. K
P B BR 25 R B A M, e W13 7 BT I -5 105

M, e BEAT T XL o SR AE AR L, i A PR 25 1)
PR T 5 (R0 3 i, B AR W) S B TR SRR
YET PN P B R A . R e ERE MR
A VAP Y A R P R T Y R I A DTN BORY L T
PEAT TR, 92 38 70 7% A A B R B

R6 M, citE
Table 6 Calculation of M,

1 2
E/WX“(UWJV 0. )—

1 Lo, A\ (H—X—h)+
X. ./  E/ e/ & S (H—XDVbo/ — [(1—a>XJ b0/ M, o/
i p Y, Y, ’ —ba"X* (26 +o>/6”A1(H7X72h”/(k )
mm MPa fo fo (KNem) (KNem) 6 ¢y ¢ (kNem) Nem
(kNem)
W1 50.71 11201.80 4.315 4.007 3.5179 2.526 3 5.45
Pl 57.69 12586.81 4.555 4.919 3.408 8 1.6970 1.1250 1.4581 6.92
P2 53.19 12560.60 4.828 5.495 3.4416 1.3580 2.1665 1.7562 7.85
P1-1 56.49 13819.19 3.668 3.798 2.8517 2.460 8 0 1.6528 6.27
P2-1 59.43 12495.79 4.705 5.401 3.3271 1.4939 1.4433 1.7468 7.21
P2-2 57.58 13289.11 5.161 5.551 3.8752 1.3276 1.8352 1.8176 7.97
FE A 6=50 mm, H=120 mm,h=12 mm,e,=0.004 09, BRLF 4T FUA 8.35 mm®,y=0.9; 1M W 3G HZ (15) , HAX S H2(16)
x71 HEER
Table 7 Calculation results
X ca— X g M, ca— MuEsp
v X. ../ mm X. ¢/ mm = Ll M, oo /(kNem) M, o,/ (kNm) = = /%
! X g F M. Exp
\al 46.75 50. 71 8.47 5.75 5.45 —5.1
Pl 57.98 57.69 —0.50 6.98 6.92 —0.8
P2 46.67 53.19 13.97 8.67 7.85 —9.5
P1-1 62.70 56. 49 —9.90 6.70 6.27 —6.4
P2-1 58. 22 59.43 2.08 7.22 7.21 —0.2
P2-2 63. 28 57.58 —9.00 8.28 7.97 —3.8
4 B PR 4R 3 0 T 16. 47 % ~50. 72 % , W) WA H0 75 W E 4%

i 2 43T AS [ L £F 256 e 21 07 45 DR 38 06 446 o
A A A A RIS R 3 AE 1 FAR T fE T Y
S A5 LR R84S
1) B 47 2k 336 i S G2 110 28 8 5 i /b S 4
AN E R A P TV N T O o R W L S VRl
/N
2) B 4T HE 36 3 5 B2 10 52 ST v Re A K, 41 A R0
ZE A L R A A AR 1 S 1 0 b A R
i 1 Ry 28. 02 % ~57. 93 % 5 AH L 4l i A Ak 1, B

\\\ )ﬂ

1 11.58%~23.37% . o Bl 5 3 A2 XL £F
ROLZ 22 W3, a0 0 # BR far 2% 43 0 $2 &5 7
21.42% F150. 72 % A4 B0 46 40 A W EE 43 5 44
T12.37% M12.17%

3) AN 7 32 47 X L Bk 27 4 7E 22 P IX 7
JE DX 34 T B e 2 4 A7 B 3 PR 9 R 2R ) BT ek )s
FURE SR ) 1 5 B8 AR AT, 0 s e 25 D B A S v (R A8 2
iR

4) 5 2l s A AR A F 38 53R 1 T 2R A Y
e BR RN AR T 15, 11%~51. 97 % , B 5k 5 9843



134

AR B xE A F RO E L

% 44 %

AT AR BB s i B2, ELsC A 78 B IR i 3% B i 30
IrIBPETERE

5) 432 hr X AL R 40 F0. 0606 % ~1. 0311 %

Z TEV i a0 A O IR RE 78 23 1 AR B 28 A T A
AE 1Bk 27 24 (9 5T B0 R BE o AR 8 35X AR A () A 1l IR A6
2, M A BIR 2550 g A T 5 1) 45 2R 5 L 4
W) 5 B, TH A R RE B b U 1t 28 3 A2 2
B RS

S % 3k
(1] XK, #ox g . AR SS M OF FE ot e [T, i a5+

12, 2019, 40(2): 16-43.
LIU W Q, YANG H F. Research progress on modern
timber structures [J]. Journal of Building Structures,

2019, 40(2): 16-43. (in Chinese)

(2] WRo, fedm . o A i R ot W 8 2 [T, AR Ak T2

[

[

[

[

2014, 30(5): 27-29.

CHEN C, CHENG R X. Research progress in modified
fast growing poplar wood [J]. Forest Engineering, 2014,
30(5): 27-29. (in Chinese)

B, B AR FRE ARG L R R ALIE 58k
LI M7= Tk, 2016, 43(7): 6-10.

GONG Y C, CAI Y, REN H Q. Opportunity and
challenge of wood structure development in China [J].
China Forest Products Industry, 2016, 43(7): 6-10. (in
Chinese)

AL, AT, XK . AR AR PF IR 1 o L3 &%
T35 PERE T AR 0 T [T ] g st MOl R 2 2 4R (B 4R B
fi2), 2010, 34(4): 49-51.

YUE K, LU X N, LIU W Q. Reliability of mechanical
performance of untreated and treated fast-growing poplar
wood with PF [J].
University (Natural Sciences Edition), 2010, 34(4): 49—
51. (in Chinese)

AL, XUAR PR, IR T . A2 RO X 3 A A AR R # ) 2
PEBE AR AR T KPR 0 52 [T, 42 WOl K R
2011, 38(3): 453-457.

YUE K, LIU W Q, LU X N. Mechanical behavior and

Journal of Nanjing Forestry

natural durability of fast-growing poplar wood modified
by chemical treatment [J]. Journal of Anhui Agricultural
University, 2011, 38(3): 453-457. (in Chinese)

T, ERIE . BRI S0 5L R et 91 4k
AERYSEMALT]. AL K 24274l 2019, 47(6): 53-56.
WANG Y, WANG T L. Effect of vacuum impregnation
on mechanical properties of fast-growing poplar [J].

Journal of Northeast Forestry University, 2019, 47(6):

[7

[

—
o]
-

[13]

[15]

53-56. (in Chinese)

XUPCUR, ERM, moe, 55 loh: A o AR Pr R v g ik
R AR S IREE TR M (330, 2019, 41(5):
99-108.

LIU QJ, WANG Y Z, GAO Y, et al. Experimental
study on mechanical behavior of modified fast-growing
poplar  [J]. Civil
Engineering, 2019, 41(5): 99-108. (in Chinese)

VR, R, PR, A5 ORI A9 A A 2 56 F
FE[T). PR A (A R BEA AR, 2012, 43(3): 1153~
1159.

XU Q F, ZHU L, CHEN J F, et al. Experimental

Journal of and Environmental

study of timber beams strengthened with steel plates [J].

Journal of Central (Science and
Technology), 2012, 43(3): 1153-1159. (in Chinese)
WR, A I%, kAW, 45 BERP A In [ B # A 22
5275k RE K 90 T 7 [T]. 2 A5 M 2 4, 2019, 40(10):
197-206.

PAN Y, AN R B, ZHANG C T, et al. Experimental

South University

study on flexural behavior of BFRP reinforced circular
timber beams [J]. Journal of Building Structures, 2019,
40(10): 197-206. (in Chinese)

GLISOVIC I, STEVANOVIC B, PETROVIC M.
Bending behaviour of glulam beams reinforced with
carbon FRP plates [J]. Journal of Civil Engineering and
Management, 2015, 21(7): 923-932.
THORHALLSSON E R, HINRIKSSON G 1,
SNAEBJORNSSON J T. Strength and stiffness of
glulam beams reinforced with glass and basalt fibres [J].
Composites Part B: Engineering, 2017, 115: 300-307.
VAHEDIAN A, SHRESTHA R, CREWS K.
Experimental and analytical investigation on CFRP
strengthened glulam laminated timber beams: Full-scale
experiments [J]. Composites Part B: Engineering, 2019,
164: 377-389.

YANG H F, LIU W Q, LU W D, et al. Flexural
behavior of FRP and steel reinforced glulam beams:
Experimental and theoretical evaluation [J]. Construction
and Building Materials, 2016, 106: 550-563.

VR R, R . N CFRP A 4e 45 i 1 2 Ak 452403 1H AR 32
B AT 7 [T]. A TR AR, 2009, 42(3): 23-28.

XU Q F, ZHU L. Experimental study on aging and
damaged old timber beams repaired and strengthened
with NSM CFRP rods [J].
Journal, 2009, 42(3): 23-28. (in Chinese)

VB, R, BREER, 45 . I CERP i/ 7 im [8 oK 2
52 75 P R AR B BF T (U], R S AE M S i, 2012, 33(8):

China Civil Engineering



£ EER,F R ERBRRERERNENY T A

135

[16]

149-156.

XU Q F, ZHU L, CHEN J F, et al. Experimental
study on flexural behavior of strengthening timber beams
with near surface mounted CFRP bars and strips [J].
Journal of Building Structures, 2012, 33(8): 149-156.
(in Chinese)

K, ETE, LSRR, 5 RN )G AR R
Z AR B U] LR TR M, 2019, 5205):
23-34.
ZHANG J, WANG W C, QIU R G, et al
Experimental study on short-term flexural behavior of
internal prestressed glulam beams [J]. China Civil
Engineering Journal, 2019, 52(5): 23-34. (in Chinese)
Timber structures-Glued laminated timber-Test methods
for determination of physical and mechanical properties:
ISO 8375-2017 [S]. Switzerland: ISO, 2017.
ARG 7 AR - GB/T 50329—2012 [S]. db 5t
el 8 50 Tl H R, 2012,

Standard for test method of timber structures: GB/T
50329-2012 [S]. Beijing: China Architecture &. Building

[19]

[20]

Press, 2012. (in Chinese)

ARG 0 401 58 B 9 D5 ¥ - GB/T 1935—2009 [S].
et A E bR A, 2009.

Method of testing in compressive strength parallel to
grain of wood: GB/T 1935-2009 [S]. Beijing: China
Standards Press, 2009.

AR LA Hir 50 B B3 )y ¥ - GB/T 1938—2009 [S].
Jent: o EARE AL 2009.

Method of testing in tensile strength parallel to grain of
wood: GB/T 1938-2009 [S]. Beijing: China Standards
Press, 2009.

BAZAN I M M. Ultimate bending strength of timber
beams [D]. Halifax, Nova Scotia: Canada Technical
University of Nova Scotia, 1980.

BUCHANAN A H. Bending strength of lumber [J].
Journal of Structural Engineering, 1990, 116(5): 1213~
1229.

(i EH%)



