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Experiment on Effect of Humidity on Dowel Bearing Strength of
Glued Laminated Timber

MA Gui-jin, XU De-liang, LU Wei-dong, LIU Wei-qing, SONG Jia-cheng
(College of Civil Engineering, Nanjing Tech University, Nanjing 211816, Jiangsu, China)

Abstract: In order to study the effect of humidity on dowel bearing strength of glued laminated
timber, 45 specimens of glued laminated timber including three kinds of humidity (50%, 70%
and 90%) and three kinds of grain direction (longitudinal grain, diagonals grain, horizontal
grain) were chosen in dowel bearing strength test, and the comparison between experimental
results and the calculated results according to international standard formula was given. The
results show that failure mode is related to the grain direction of glued laminated timber. With
the linear growth of relative humidity, the dowel bearing strength and initial stiffness exhibit the
trend of nonlinear decline. The calculated values of dowel bearing strength according to the
existing standard formula are in poor agreement with the test values, so the existing standard
formula needs to be optimized furtherly.
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Tab. 2 Calculation Results of Dowel Bearing Strength
R 5 BT 3{E / MPa TR HE 58 B U8 (6 / MPa xR/ %
W/ % HafE ke IR - - -
I 5 e i JITES e B I & wH [ £
k[ 23] 38.5 31.7 27.4 34.0 89.9 88.7
k[ 21] 38.6 32.1 27.4 34.5 92.3 88.7
50 ik[20] 34.1 27.6 23.2 28.73 16. 69 14. 54 18.8 65. 6 59.6
k4] 23.0 14.1 10.1 51.1 15.8 30. 4
SCik[18] 38.4 33.6
k[ 23] 38.5 31.7 27.4 19.4 151.1 133.8
SCkL21] 38.6 32.1 27.4 19. 8 161.7 133.8
70 Hik[20] 34.1 27.6 23.2 32.24 12.62 11.73 6.0 118.9 97.9
Seiki4] 23.0 14.1 10.1 28.7 11.4 13.7
SCik(18] 35.5 9.7
k[ 23] 38.5 31.7 27.4 46. 4 100. 6 123.9
SCEkL21] 38.6 32.1 27.4 46.9 103.0 123.9
90 SCwik[20] 34.1 27.6 23.2 26. 30 15. 80 12. 25 29.8 74.9 89.5
ScHk[4] 23.0 14.1 10.1 12.5 11.0 17. 4
SCHRI18] 30.3 15.3
AR L, AN R S 5 A A R RS B AR Y B China Architecture & Building Press,2005.
TR SR A Rl — g, A S S — et L2 MIEUR.LAMF.b % % KRS Bt LML J6s.
ik, o [ 3 Tl e R AL . 2008 :66-94.
HE Min-juan, LAM F, YANG Jun,et al. Timber En-
4 _Q_E iﬁ gineering[ M. Beijing: China Architecture &. Building
COMWEBEAE 5096 .70 %% .90 Y4 e 1 4 B 7 s
et o SO \ (37 W J BB I A R R OM O, L o 2
IR A 5 AR S PR T 1] A7 5% BRI B A A G 1R A STl A 2009,
o MSCE R R B SRR o A B ST S PAN Jing-long, ZHU En-chun. Principle of Timber
J7 0] FF 2 5 B SUES R R R, R i B R, Y R Engineering[ M. Beijing: China Architecture &. Build-
IR T B R L B AR T 5 8 S0 R R TR N IR A ik ing Press.2009.
A LA IR SR B IEIERIL, [ 4] CSA 086-09-2009,Engineering Design in Wood[ S].
(2) TEAH [FINE BE R o 7K [R) 20 BR O 1] 1 3 12 Al e 7 (5] ZEBLE AR BURASEF Rk % 42 1k e
R 381 500 R L AR T o 3 0 S 1 1) 4 BERA B ST A BEE BARLY L AL B, 2012, 25
A M R PR 3 EAE D E 5 9K SRR O A T (82T
I}QTK%;S %ﬁlﬁé}‘[fijﬂfﬂﬂﬁﬂﬁﬁﬁﬁﬁﬂ 90%54’,?; LI Xia-zhen, ZHONG Yong, REN Hai-qing. Review
Y o . . on Performance and Impact Factors of Bolted Connec-
idhc WUF{_FF%WW%E v_FF%mEHEJi@J 30%. tion in Modern Wood Structure[ J]. World Forestry
(3) AT LFE B AH 5 SCHR 25 Hh A4 B R 7K s ot B2 Research., 2012.25(4) :52-57.
R AR RS MR AR EZBR G R — (67 prmat, ot kb b I8 i b FF i B b Bl 0 BF 5
A8 2 TN A () 2 B T [ AN [ 9 B2 B9 9 1 R TR BURLT]. A Tl 2008,22(3) ;9-12.
?1%&{‘ o CHEN En-ling, FEI Ben-hua. Review on Performance
. of Metal Connectors in Wood Frame Structures[]].
SEXR: China Wood Industry,2008,22(3) :9-12.
References: L
L7] SRRE B0 K. BRZE, S5 RS IR R % H2 i 1 %

C1] AREWEITHT g% R 2. REH BT LML
3 R AL AT ST M R A, 2005,
Editorial Committee of Timber Engineering Manual.

Timber Engineering Manual [ M ]. 3rd ed. Beijing:

PEREWF It L) ], A Tl ,2012,26(4) :39-52.
ZHANG Jun-zhen, ZHONG Yong,ZHAO Rong-jun,
et al. Reviews of Mechanical Properties for Timber

Bolted Joints[ J]. China Wood Industry,2012,26(4) .



126

EAMFE TRFR

2016 4

[8]

L9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

39-52.

SOLTIS L. A, HUBBARD F K, WILKINSON T L.
Bearing Strength of Bolted Timber Joints[ J]. Journal
of Structural Engineering,1986,112(9) :2141-2154.
DOM M, DE BORST K, EBERHARDSTEINER J.
Experiments on Dowel-type Timber Connections[]].
Engineering Structures,2013,47(1) :67-80.

XU B H,.BOUCHAIR A.TAAZOUNT M,et al. Nu-
merical and Experimental Analyses of Multiple-dowel
Steel-to-timber Joints in Tension Perpendicular to
Grain[J]. Engineering Structures,2009,31(10):2357-
2367.

HANSSON E F. Analysis of Structural Failures in
Timber Structures: Typical Causes for Failure and
Failure Modes[ J]. Engineering Structures, 2011, 33
(11):2978-2982.

HWANG K, KOMATSU K. Bearing Properties of
Engineered Wood Products | : Effects of Dowel Di-
ameter and Loading Direction[ ] ]. Journal of Wood
Science,2002,48(4) :295-301.

WILKINSON T L. Dowel Bearing Strength [ R .
Washington DC: United States Department of Agri-
culture,1991.

SAWATA K.,YASUMURA M. Determination of Em-
bedding Strength of Wood for Dowel-type Fasteners
[J]. Journal of Wood Science,2002,48(2) :138-146.
WHALE L R J,SMITH I, LARSEN H J. Design of
Nailed and Bolted Joints Proposals for the Revision of
Existing Formulae in Draft Eurocode 5 and the CIB
Code[ C]//CIB. Proceedings of the CIB-W18 Meeting
20. Dublin.:CIB, 1987 .20-26.

B AL S BERCR A B L R G5 R A 3 4 b B A R B
ARIE AT Ay s B L) ], = PR S DR 2= Be 22 4k
1986,30(1):11-17,

HUANG Shao-yin, HONG Jing-yuan, YU Pei-ming.
Bearing and Bending Strength of Pin Connections in
Timber Structure[]]. Journal of Chongqing College of
Architecture and Civil Engineering, 1986,30(1):11-
17.

XA . I A8 Je 5 AR B AE: 3 B 30 s BT 5 R sl Ik g

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(27]

A LD AL 5t . i E Aol B2 B 5 B, 2011,

LIU Ke-zhen. Connection Design and Bearing Per-
formance Evaluation for Larch Laminated Wood
Beams and Columns[ D]. Beijing : Chinese Academy of
Forestry,2011.

RAMMER D R, WINISTORFER S G. Effect of Mois-
ture Content on Dowel-bearing Strength [ ]J]. Wood
and Fiber Science,2001,33(1):126-139.

KIM C K,OH J K,LEE ] J. Effect of Moisture Con-
tent on Performance of Dowel-type Connection[ C]//
WCTE. Proceedings of the 11th World Connection
Timber Engineering. Trentino: WCTE, 2010 259-
266.

EN 1995-1-1: 2004, Eurocode 5. Design of Timber
and

Structures. Part 1-1: General Common Rules

Rules for Buildings[ S].
ANSI/AF & PA NDS-2005, National Design Specifi-

cation for Wood Construction[ S].

GB 50005—2003 , A 5 5 3H #L e [S].
GB 500052003, Code for Design of Timber Struc-

tures[ S].

GB/T 507082012, J& & R &5 # £ R BFE[LS .
GB/T 50708—2012, Technical Code of Glued Lami-
nated Timber Structures[ S].

ASTM D 5764-97a(2002) , Standard Test Method for
Evaluating Dowel-bearing Strength of Wood and
Wood-based Products[ S].

GB/T 19932009, AHf 2% B I %€ J5 :[S].

GB/T 1993-—2009, Method for Determination of the
Density of Wood[ S].

ASTM D 5652-1995, Standard Test Methods for Bol-
ted Connections in Wood and Wood-based Products
[S].

BEBLH KR BRSSP E AT A
ARTESR BT, Aol R, 2013,49(3) :122-128.

LI Xia-zhen, ZHONG Yong. REN Hai-qing. Dowel-
bearing Strength of Recombinant Bamboo in Modern
Bamboo Structure[ J . Scientia Silvae Sinicae,2013,49
(3):122-128.



