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Shear performance of beech dowel rotary welded SPF substrate joints with
different structure dimensions
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(1. School of Materials Science and Technology, Beijing Forestry University, Beijing 100083, China;
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3. School of Architectural Engineering, Yangzhou Polytechnic Institute, Yangzhou 225100, Jiangsu, China)

Abstract: [Objective] This study aims to clarify the influence of structure dimensions on the shear
performance of wood dowel rotary welding joints and explore group effect of the joints. [Method] This
paper investigates the influence of end distance, spacing distance and row distance on the shear performance
of joints using a beech (Fagus sylvatic) dowel rotary welded SPF (spruce-pine-fir) substrate in a single shear
test, and the shear performance of single dowel and double dowel joints with different diameters.
[Result] Shear performance of joints is mainly dependent on the end distance and spacing distance, with the

influence of row distance being small. The dominant failure mode was wood dowel shear. However, when
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the end distance was less than or equal to 4d (d is the wood dowel diameter after welding) and spacing was
less than or equal to 3d, block shear and cracking occurred in the substrate, substantially reducing the shear
performance. The joint peak load increased first and then decreased as the end distance, spacing distance,
and row distance dimensions increased. When the end distance was 6d and the spacing was 5d, the optimal
shear performance of the dowel rotary welding joint was achieved with a row spacing of 3d. The peak load
was 3.36, 6.68, and 6.97 kN, respectively. The dowel rotary welding joint exhibited an obvious group effect,
with the combination coefficient of group effect showing a trend of decreasing and then increasing with the
increase of wood dowel diameter. When the diameter of the dowel was less than or equal to 10 mm, the
combination coefficient of group effect was greater than 1.00. [Conclusion] To ensure the shear
performance of the joints, the joints should have an end distance not less than 5d, a spacing distance not less
than 4d, and a row distance not less than 2d. The recommended end distance for joint design reference is 6d,
with a spacing distance of 5d and a row distance of 3d. The joint combination coefficient of group effect of

dowel rotary welding is influenced by the diameter, with a diameter range of 8—10 mm resulting in a large

546 4

joint combination coefficient of group effect.

Key words: wood dowel; rotary welding; shear performance; structure dimension; group effect
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Fig. 6 Typical failure modes of the samples in the investigation of structure dimensions of wood dowel rotary welding joints
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Fig. 7 Load-slip curves of the samples in the investigation of structure dimensions of wood dowel rotary welding joints
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Fig. 8 Shear performance of samples in the investigation of structure dimensions of wood dowel rotary welding joints
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Fig. 9 Influence law of different distance dimensions on shear-bearing capacity of wood dowel rotary welding joints

FEANAT BE AT DU M A5 G RS 25K o SR T 4 AR Jie
EEARBETT AESZ St BE N 4d B, 2 LR )
el AR R . GB 50005—2017¢ A 45 ¥y 3 i bRk )
rh RS2 v g R AR S5 /N ROSE R E AN I8 T AR HE e e
PP p . R, 75 T AHE T8 e M550 R
P A IR B RS X R R TR R A
EAEH .
22 BAMNRTIAWE RS
221 BRIRAEERX

Z AL S I AN ] 10 B . BRORHE
FIBURHMELE H, A i A v R A A R 2 I BT 1)
IR, TEARHME S-16 4301, HH T AR HMER;
AR FEROR, ARHEH IR H IS . B 10 BoR:
1 S-16 ZH 2R M RCEAN KA A ZEA D F, BT
RHEBEATBOR, 1652 355 U1E H /7 N ARMEXRE F 771
B PR AR B RAE Y, R AHE N 77 5 3 M i 4 b 1)
SRR o TEXURMEA H, BT 1l A 2 44 #

10

a —&— S-8
—o— S-10
8t —A—S-12
—e— S-14
% ol —— S-16
<
S
B o4
=
2 L

0 4 8 12 16 20
7% Slip/mm

‘ T S-16 b inie
e —
= Pull-out s

L R L R

10 FAAHEL (@) FIXUAAMELH (o) b A [ B AR AR 2
Fig. 10 Typical failure modes in single wood dowel groups and double

wood dowel groups

A B R B B SR A, HH O B R R AR S
i RS 48 98 56 45 R e B I o R 6d 1] #E 5d 1
PR RS R B EHN .
222 ME-FHEL

FAARHEZH AU 2H AN [R) AR TR A HE e i 12
PR g it E 11 fion. ARE

b —— S-8

—O— $-10
16} —A— S-12
—7— S-14
—O— 8-16

M2k Load/kN

%% Slip/mm

11 FARHEZH () AR (0D IR i B~ A% 1 2k

Fig. 11 Load-slip curves in single wood dowel groups and double wood dowel groups



55

LR A AN FMIERST T B BEAMEIEAE 1 B2 SPF JEAIE B s M BT 1 g 151

FRAMEIESE T 1 R AT BT A2 I A . 4L
U R 28 R H BT R A T R R AR R B

MORHEEARAR RN, A EE T B RMEIERE, A
ARMEVERL T 5 I 2 8] T R A2/ o TR 24 38 0
ARMERCER =, BR8] BOAR X 72 52 2B, HEA4 )
PRI o T ARMEECE BRI, Bk B &3
RE /T30 5 AR ELAR KT 12 mm B, 41
T BRI A% 2 RT LA B v R IR AT . AR EE T
AR A R PR A7 B A T 2k, OUAC M 2 i Y A -
T A% Hh 2 i TR B BB D I RS T BT R A
(B T 248, AL AR I B il 2 AR B S —
223 HIAREMAE

ARME TR e R R R A AN T 6 Y BT B 7K
WAERE A RN 12 PR . FE B RMEA A BURHELA
BB ELAR RN, X ) P i R4 B B AR IR
WK o RO HE ELAR BN, BT 32 BT UIAE R )
T AR K o B 7] 56 P2 1 [ Ve 1 2 B A A R A2 4k
B, MAMEBEAR KT 12 mm B, WEAE 7 4006 B4
(I8 I Y i e 5 R AR B, DU ALl A
FESGINAHE R 5 A A VAR A 2800 BY 1) 5 JEE S T
B AERARMELL T, BEE EAR MK, WP
W2 328 18 K o SR T F T D9 SRR R, TR I E

16 ¢
—B - AMEL Single wood dowel group
14+ —O=%UAHEA Double wood dowel group
Z 12
3
o110t
=
E st
®
= of
o
& 4t
2 L
O 1 1 1 1 J
8 10 12 14 16
H A% Diameter/mm
12 ¢
—@— ¥ KHEZ Single wood dowel group
10k == XUAHMEL] Double wood dowel group
§ %
k=
%0 5 %/
g 6 /
Z H
R L
0

8 10 12 14 16
H#% Diameter/mm

AN B2 . I IR HER = I, & 4L W)
B EE BT AR T o AEBURHEL b, B & AR HE ELAT I
B8R, WA T UE NI B AR B E S . 7E D-12
o, AR W RE ) AR R R AEUECR, AT RE S LA
12 mm B A& FIAREEM B2 R EOK . 5 AHETT S
EE, [R]— BELAR N XUAHE 15 R I 06 B far 28040 T A% BE K,
F S T B 458 o A A B B A ) A A VR P BRI
TE SR A RO ZH A, 014 1 4 2 B o A HE LA
(386 IR AR /N o A T 7 R 400 S R SEVEAE 2 ~
4 a2 (8], R0 T R AR 0 A HE £F 4 B 5 e 2 1)
g R IR, R BUARMER SRR

ACHE e i 54271 R 5 06 [ N T RN A 4 R A 4T 11
PUBT AR RE X 26 2 s, Hoh RHE E RN
RIEZAAMEER . NEFTLULEH: 12 mm B
AR A HE 56 20 P W A fmr 28 BY 17568 FEE AN 43 1) 82 37
KT 2.8 mm EAAEMDGIEANET FIPEEE RALET, AHETE
P VRHEAT R B — 8 (M 2 K B FH B
224 BEAMARE

RUARMEST A RORMEA BOR A2 2H & R 0
Bl 13 Biise A TRV SR, e 75% BASK
SRR AE P IR AT U . A A HE B AR A
Ko RURHMET m B A RORMEANFOR A 4 & R BT

—
S

[ —@— B AHEL Single wood dowel group
=O=RURH#E4] Double wood dowel group

%/%*%

—
S
T

(o]

A

WIHARIEE Initial stiffness/(kN-mm™)

6
4
" {
0 L L L L I
8 10 12 14 16
HA% Diameter/mm
7.
—A— HURHEL Single wood dowel group
6 | =A— SUKHEZ Double wood dowel group
st
=X .
A
#H 3
2 [ 3
1l
0

8 10 12 14 16
H# Diameter/mm

12 ARMETR A R R RAR SR IR BT AR B P e A 2R

Fig. 12 Shear performance results in group effect experiments of wood dowel rotary welding joints
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