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Bending Tests Investigation on Composite
Timber Beam

XIONG Huibei, KANG Jighue, LU Xilin
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: 42 timber beams including 12 rectangular beams
(RB),24 composite T-beams(CTB), and 6 composite I-beams
(CIB) were tested to experimentally examine the bending
performance of the composite timber beam. Four failure
modes were identified, namely, a flexural failure of the web
in the pure bending region, a splitting failure along the wood
grain of the web, a shear failure of the web in bending shear
region, and a local rotation at the end of beam. The relative
slip between the web and the flange in the composite timber
beam was small enough to ensure the composite action and
load sharing between the flange and the web. The tests
demonstrated that, as expected, the bending stiffness and
capacity of the CIB was the largest, followed by the CTB, and
ending with the RB. The results of these tests clearly

demonstrate that composite action should be taken into
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account to economically design timber floors.

Key words: composite beam; composite interaction; failure

mode; timber floor
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1.1
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Tab.1 Test specimen information

BWPR RGHH £ITAIEE/mm e RES
il 1248 4-11%—4-31% ,6-11% —6-31% ,7-1¥ —7-6#
150 %4 1-4#,3-11#—3-13% /2-4¥% ,5-11% —5-13#
T # OSB/Plywood 100 %4 1-5% ,3-21% —3-23% /2-5% ,5-21% —5-23%
75 %4 1-6%,3-31%—3-33% /2-6% ,5-31% —5-33%
150 1R 1-1# /2-1%
T5H OSB/Plywood 100 # 1 1-2% /2-2%
75 H1H 1-3% /2-3%

£H%

LH%
i3l

CTB

B2 3#MERELETEE
Fig.2 Sketch of the three types of specimens
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Fig.3 Section of the three types of
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1.2

KL TS REAR B R 1 AR TE L TF —9% ST R B AR
DR R I (B RED. WY AR 7 B2 AR B R
FASRAC R AU IR ST 25 r M 7 780 T v 32 Y L 3¢
i rp b RG AL IR AR B AR A TE S B PR,
IEFABRTIEA T 5 R E BUMEL 4 7158 3 kN, 3
5, X REATELE N, I ERL N 1.5
kN « min~". & 5 i+ CTB.
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Fig.4 Test setup for CTB (unit; mm)
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RUR MR E AR IR Y (DG/TT 08-2059—2009) #E
TEMAREZHER IR E MR 5 kN « m i+ BB
F. F X CTBO/CIBO & CTBP/CIBP /R
HERHELZ R OSB/Plywood, S, F4T[EHE.
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Fig.5 CTB test

2.1 RBEIFELR

R AR BRI B5 h B — BRI 45 R &
HAAHGARIME A T EE ZFD W E 6 fim
(L4 S,=150 mm ) CTBO A4#D. B 7 F1 8 & CTB
MRBEHHESHELGHLILR UEGHEEN
RN E BB R AR BT RIEE, 4T 1R
>4 150,100,75 mm Bf,CTBO 5 RB A5 Lk 25 K1
BEHLES WG BE 4> B2k 13. 27%, 40. 31% 1 57. 73%;
CTBP 5 RB #H Lk, Hu 25 Wil BE 42 & W B 4 50 4
8.23%,27. 01%F0 34. 78%. MBS EIE B % Fe Al LA
FEF| CTB WP E NI E BRE KT RB, AT
/N, CTB HLa W AR, B W B S iR S 4T TR i 2
KRR (K 9. F 2—5 F T ARIKE K RB,
CTB 1 CIB £ 35 B FTE A 1/F 58 4 o T 7R A2 i 5 48
IR {E FOAE 55 5 FR A T T R B 0 25 B
BERIS{H. RB #1 CTB & LI HEIE A H TR
iR, T CIB AFEMERA T BEARD H 4T
BARXT LI, i H 4 ) AR I I X L. AR
2—4 AT LIES], CTB B R B AR H B E
i (L/250=11. 04 mm) irE&Z M EHE RB A H
IR, METEBE K 150, 100, 75mm B, CTBO 5
RB #H L, 32 %5 & BE 4 3 & 10, 35%, 37. 684
55.90%; CTBP 5 RB # [b, 42 & & & & 5 Hh
6.83%,20. 08 % F131. 88%. MEF i F B SR
BIET I BRI, CTB i35 AR E 1 A Wi iR w5 e e
54T 8 2 (B 10). Nk 5 W LLESR, 3
CTB MR FTHERATEEE B THESE, WEH
RISt — 5. 2S4TIE A 150,100, 75

mm A}, CIBO 5 CTBO Ik, £ & 8 F 45 9 K
17%,22%%110% ; CIBP 5 CTBP A0 . $2 15 08 & 43
Hk 10%,10 %1 11%,.
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Fig.6 Deflection—moment relationship
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Fig.7 Deflection—moment behavior comparison

of RB and CTBO
100 —RB
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Fig.8 Deflection—moment behavior comparison
of RB and CTBP
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Fig.9 Stiffness increment—S,, relationship
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Fig.10 Bending resistance increment— S, relationship

#£2 CTBOHXTEREEREE
Tab.2 Bending capacity and deflection of CTBO

%5 CIBECIBEZEREEREHE
Tab.5 Bending capacity and deflection of CTB and CIB
y ThH/ g/ B/ Hil Sn/
é =,

R4S (kN *» m) % mm % mm
4
1—4 5.11 17 5.53 a1 150
1—1%#* 5. 99 3.28

¥
1—5 5. 95 29 4. 39 27 100
1—2#* 7.24 3.22

g x
1—6 7.68 14 3.03 11 75
1—3%#~ 8.73 2.71

4%
2—4 5.72 10 4.48 19 150
2—1# 6. 29 3. 65

5
2—5 6. 52 10 3. 87 23 100
2—2% 7.15 2. 97

—g#
2—6 6. 82 11 3. 84 23 75
2—3% 7. 60 2.95

B iTIRIBE/  BEE/ TAEWME/  BE/ BRENE/
& mm (kN+m) (kN-+m) mm mm
3-11# 4,45 5.94

_194#

3-12 150 5.76 5. 33 4,74 5,09
3-13% 6. 00 3. 87

1-4% 5.11 5.52

3-21% 6. 71 3.90

_00#

3-22 100 6. 97 6. 65 3.71 3.85
3-23# 6. 97 3.38

1-5#* 5.95 4, 39

3-31% 7.37 3.40

_30#

3-32 75 7.68 7.53 3.21 394
3-33# 7.40 3.31

1-6#* 7.68 3. 03

%*3 CTBPHXTERFENEE
Tab.3 Bending capacity and deflection of CTBP

T £TiE]BE/ ThH/ THEHME/ BE/ RESE/
- mm (kN+m) (kN-+m) mm mm
5-11# 4, 66 5. 70

124

512 150 5. 18 5.16 532 5
5-13% 5.08 4,52
2-4 % 5.72 4,48
5-21# 5.09 5. 03
oo #

5-22 100 5.96 5. 80 4, 00 439
5-23% 5.63 4,38

2-5% % 6.52 3. 87
5-31# 6. 47 3. 66
304
5-32 75 6. 17 6. 37 4,35 4,02
5-33% 6. 00 4,21

2-6#* 6. 82 3. 84

#4 RBHEXTERKEREE
Tab.4 Bending capacity and deflection of RB

Py A=) g%ﬁ/ g E =] %%E/

RS KN * m) B /mm | G455 KN * m) #EE/mm
7-1% 5.65 5. 70 4-21%* 6. 22 4.18
7-2# 4. 80 5. 03 4-31# % 5.52 4. 63
7-3# 4,42 3. 66 6-11# 3.93 6. 76
7-4% 4.26 6. 76 6-21% 4,35 6. 11
7-5% 5.18 6. 11 6-31% 5.22 4. 97
7-6# 4. 87 4, 67 H{E 4,83 5.52
4-11#% 3.50 7.66

B 2. 51 kN » m B (BB HEAT HL AR
(3 2—4),CTB B2 RB 7 B B 56, R 512
% P EGRA OSB HATHEEN 75 mm B , Bl 8018
KF 41, 3%. 5 RBAIH,CTB 7E 2505 h 24 T 42
BEMIEIRIEEE SETEE S 4R (F 1D).CIB 5
CTBAHEL (R 5, AEMEE LT . B I — 2
/N ANBRE R OSB HATRIEE R 75 mm B, Hi sk
TR 11 %.

50
o CTBO

o 40f 5 CTBP & y=-0429 273431

@ 30}

Lz

% 201

E ok y=-0.240 4x+45.49

100 150 200

Sp/ mm
11 HEHIE—S. X%&
Fig.11 Deflection reduction— S, relationship
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Fig.12 Linear and nonlinear defection—moment

behavior

B 14 IS RWF
Fig.14 Split failure

EH13 T MagiR
Fig.13 Flexural failure

16 BEAE
Fig.16 Local rotation

15 BEHES BT
Fig.15 Shear failure
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3.1 BZ-EHRENBRELS T

L S,=150 mm (¥ CTBO M4, & 17 f1 18 4>
SRR 1.2 m A 0. 6 m AbE L% AR AR
BB CUFBIERESE 17M9m8g 27 53R
P R WAL K AU AE. A S, B CTBO
CTBP BZ-MEHAHX R SR PR E LR IUAHE
Eha WL 19—22. N 19—22 B LIE 3], B EH %
B LEZSEARGET RN, B @RS
R (H AR N BT Fo iy B rh e B X By A5 AR

PR R G EARAEXT BRI R O MR
6 F1 7. \NFR 6 1 7 rh A LIE B, FE R IR B T
B E R T, B RS S EAR Z B AR R KT L
K. FE %R A OSB, BHATEME # 150 mm i, ¥
#1EM0.76 mm,IGH 2 4 0. 29 mm; FEZF
F Plywood B}, ## 1 fHN 1 mm, 5% 2 {HH
0.4 mm. B H7EIR BB 05 885 P8 Z 0, S8
FEZEERMTEE T SIEEAR BALiEHE
SGHBERZMAEERN AR B 23 B AT
FREGEE AN A S B P B R (UL S, =150
mm [ CTBO R4, B 24 F1 25 A [R 4T ] BE
CTBO #1 CTBP |3 G 7E 55 v b 1y 1 A2 55 85 b i
PIE AR i, FTLUE ), A0 R i P He BT LB G0
7R IR 7B T 3% 42 18] SR/ T 2 i HE K. BB A T ) B 0
M EE S SR E SR B HE T AXT
W/, 405 VE G, Rt AE [R5 e i 38
Skl ARG K.

1.001

17 B 1 5EhEEXER
Fig.17 Slip 1—deflection
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Fig.18 Slip 2—deflection

1.00
— 5,=150 mm

g 0.751 - - 5,7100 mm /-

= | - S,=75 mm g

% 0.50

Z sl 50,0321 30

z 02 e y=0.015x"58
T o

0 3 6 9 12

4 / mm

19 CTBOB# 15EHhHEEXR
Fig.19 Slip 1—deflection of CTBO



Eal

BEHE DL, %8 R B R R R T

527

057 §,=150 mm
g 0.4 - - 5,=100 mm
E oak §,=75 mm
3& ) }54l012x129 g
% 0.2[ =0.002x-% el
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Fig.20 Slip 2—deflection of CTBO

1.00

[ — §.=150 mm 7
(4
g 075k - - 5,=100 mm ////
L B S$,=75 mm AP
% 0.50f o
= 7% y=0.043x2
o= 025 7 3=0.024x147
d 131
& 3=0.032x"
0 3 6 9 12
BE /mm

E21 CIBP#E#1EBEHREEXR
Fig.21 Slip 1—deflection of CTBP

% 6 CTBO BEZ—MEHMAEXER

Tab.6 Relative slip between flange and web of CTBO

mm

RHie HHEE W BEIME BE2 BB2HE
511 0.91 0.37

_12#%

312 150 0.76 g 0.30 0,20
5134 0.53 0. 23

1-4# 0.83 0.24

521 0.52 0.14

90 #

s 100 0.5 g 038 0.22
5234 0. 84 0.21

154 0,74 0.13

331 0.53 0.20

_32#

5-32 75 0.57 e 011 013
5-33% 0.57 0.08

16+ 0.72 0.13

&7 CTBP EZ—EHMEXNER

Tab.7 Relative slip between flange and web of CTBP

mm

BHS AWK O WH1 BBIMME BB BB2HE
5-11# 1.14 0. 49

_19#

5-12 150 1.01 100 0. 44 0. 40
5-13% 0. 98 0. 27

2-4# 0. 87 0. 40

5-21# 0.73 0.16

_00 #

5-22 100 0.93 0.79 0. 34 0. 33
5-23% 0. 68 0.29

2-5#* 0. 86 0.53

5-31# 0. 88 0.25

_29#

5-32 . 0.75 077 0.28 0.27
5-33#% 0.63 0.27

2-6#* 0. 82 0. 26

e
W

AT / mm
=SS

<

—_
T

[ — $,=150 mm
F == 5,=100 mm

22 CTBPE®25BEHHEEXR

Fig.22 Slip 2—deflection of CTBP
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o =300
=
~ =600
K&(
= -900
~1200 3 6 9 12
B / mm
23 BEZNT—EHRREXR
Fig.23 Flange strain—deflection
0 y=-67.077x
y=-73.483x
© -300 y=-84.378x
= RN
by —600
g — §,=150 mm REN
~900F - - S,=100 mm RN
----- S$,=75 mm ’

-1200 : S !

24 CTROEBZNE—BHEEXR
Fig.24 Flange strain—deflection of CTBO

WA /1070
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-200

-400

0
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25 CTBPBGNT—EBHhHEEXR
Fig.25 Flange strain—deflection of CTBP

3.2 BEHRIGEESERESH
CTBO 5 CTBP #1 RB ZE#H [H] 86 HH & 45 /E T
T AR R i 7 B 1 R A 4 A T 26 A 27,
M LR B, MBS S EAER T RB
JE AR 5 BE AR CTB oK, B4R ILAT RB 4 CTB
PRI R 7R A2 B B AR B R, R L ZECTBH R 5
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Fig.26 Web strain of CTBO along the section height
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B
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=200
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Fig.27 Web strain of CTBP along the section height

SR T HUE 68 J7 , 3T A H R B AR e
BUNNE LT B35 RBOE R B AR RO HH 45 B BT
BRE . IWETR el A, 3R 25 5 M AR = 18] F 4T
BEEA BRGNS ERZ A A fE R &4F, B
TG A B 32 B A il 18 AR & A il F CTB AN
CIB L RGHH, HILBEAR S ST REN LT
ARG, PR Al AHE IS5 2, AR S HEE T
CTB 1 CIB PRI 125 T RHLE TIF.
MRE G b ol LUR 3, % 5 E Rz 18]
M A I EH B BB T AR BRRM ST TR RE.

4 ZEig

(1) ARJRBHINRTRE = £ BRI (A BH
B IBIR R A R A 4 B, i S B AR
5 IR I ARUSOT 17 B 24 L 725 BT K I I AR
AT =5 2 BY AN v 0 SR R

(2) CTB B & 5B MR Z M A BB/ (<1
mm) , H B & 1 W] B 0380/ 8 B B AN B 22 /DN, B I
CTB Z 50} 414 M REA UL B E L 5 ER
Z IR AVER.

(3) CTB 5 RB $4 H, Wl Fn &2 1A H 5
A, EL W #RRE B 5T TR /N 2R R, 24 4T )
2 75 mm, CTBO % RB W\ B Fn A& 28 ) 34 1R 43 51
3k 57. 73% 1 55. 90%, CTBP %% RB HINI & F1 &2
JIIEIEAY B K 34. 78 % FN 31. 88 %.

(4 CIBHIZZhfes CTB A —H 4R .
[T IR R4 T, WL BE R 3 7 S a0 7 1026 L) b

(5) 3 b % 3o B 04 43 B BT 20, AR S b 2
o, BRI S A 1) B 4T 2 B A Bt i A7 7R
EHGIEA. BT H G RIS R HIT AR Y
W BOFE AT DAAE 3 ROR M 5 I T 85 B sl fr 2K
BRI EZTA T B M.
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