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Experimental research on seismic performance and reinforcement
comparison of mortise-tenon joints in timber structures
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Abstract: In order to investigate the impact of different reinforcement measures on the seismic performance
of the mortise-tenon joints in timber structures, five groups of mortise-tenon joint specimens of three
types: Tou mortise-tenon joints, Ban mortise-tenon joints, and dovetail mortise-tenon joints were made to
carry out the quasi-static tests referring to the typical mortise-tenon joint of traditional timber structure in
the southwest region of China. The four groups were reinforced with iron hook, steel plate, and wood strip
(two groups). The seismic performance parameters of reinforced and non-reinforced joint specimens, such
as failure forms, hysteretic and skeleton curves, amount of tenon pullout, and energy dissipation, were

comparatively studied. The test results show that the main failure modes of the unreinforced mortise-tenon
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joints are cracking in squeeze of the mortise-tenon and pullout of the tenon. The reinforced joints are mainly

damaged by iron hook breakage, steel plate bending-torsion yielding, and wood strip breaking. All the

reinforcement measures can effectively improve the bearing capacity of the joint and reduce the pullout of

tenon. The reduction ratio of the pullout amount of the reinforced joint is more than 5%. By comparison,

the bearing capacity of the joints reinforced with wood strip is improved significantly. The negative bearing

capacity of the Ban mortise-tenon joints and dovetail joints is increased by more than 10 times after

reinforcement. At the same time, the energy dissipation of the Ban mortise-tenon joint reinforced with wood

strips is increased by more than 260% , and the energy dissipation of the reinforced joint with iron hook and

steel plate can also be significantly improved.

Keywords: timber structure; mortise-tenon joints; joint reinforcement; quasi-static test; seismic performance
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Fig. 1 Diagram of mortise-tenon joints(unit :mm)
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Fig. 2 Diagram of specimens of reinforcement joints
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Table 3 Sizes of reinforcement materials
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Fig. 6 Failure patterns of specimens after reinforcement

with iron hook
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Fig. 9 Hysteresis curves of joints before reinforcement

6 3
4 2
2 1 -
o £ o 2
<-2 4 E
2 -1
B g b
-6
-3
-8 . X ) X X )
-03 -02 -0.1 00 01 02 03 _30.3 -02 -0.1 00 01 02 03 3 02 01 00 o1 02 03
#:ffilrad #:ffilrad #ffifrad
(a) BEHET & (b)HHET R (c)#ERHET A
10 PUETHN[EF5 25 [0 ih 2
Fig. 10 Hysteresis curves of joints after reinforcement with iron hook
4 4
2 2
3 -
= =
2 B
i b 2
-4 -4
-6 4 6
=03 -02 -01 00 01 02 03 203 02 -0.1_ 00 01 02 03 03 02 -0.1_00 01 02 03
#:4fi/rad #ffi/rad #ffifrad
(a) BHEW R (b) AHET (c) #ERBHMET A
11 $WHRINE 7 A B ph 2%
Fig. 11 Hysteresis curves of joints after reinforcement with steel plate
61 5 3r — ID4e
3t
0 of
3o ? 3
Z ., %3 |
8 2 2
R _6f gﬁ -6 o
-6}
,9- _9
-12 -9
203 -02 -0.1 00 0.1 02 03 -03 -02 -0.1 00 0.1 02 03 -03 -02 -0.1 00 01 02 03
#:4fi/rad #:4fi/rad #:4f/rad
(a) EHET K (b) TN (c) #ERBHMET

B 12 AR5 10 BN E 5 2 5% @ ih 2k
Fig. 12 Hysteresis curves of joints after reinforcement with ¢10 bolt wood strip



144 3 30 % 44 %
6 3 — JD-Sc
. . B O
) Z -3 (i
-9
(a) BHET A (b) HETT A (c) MR R
B 13 A% 12 SR 0 E Ty s i B i 2%
Fig. 13 Hysteresis curves of joints after reinforcement with ¢12 bolt wood strip

8 2l AR 2 i RS 50677 1 3 1 | e
LR TR AR » 3345 00 [ A S5 A A AT T I A ol fasec
FEEHASE, AN T AN e RN S ﬁ\//
HETII RS IR, I BTN 5 A R Bt s /e
B A B AR ) BB ORI, 15 AURER ) N it
RARGE (RS N R 011 SR B BE R A % ) Sy
TR, flind
2.2.2 BRGE BRGS0 L BT
SRARFR AT AR T 45 R MR AR A 10 20 2 15 1R 1 P ik ) N
AN AP 14 TR A G B ROR AR sop e
KEVIMIR S A 12 BARINE 5 5 (D 5a, JD- L a—
5b.JD-50) A4 $10 MR & (JD-4a,JD-4b., e ~— D%
TD-40) > FHUINTE £ (JD-3a.JD-3b.JD-30) >H£T S N
B 5 8 (JD-2a, JD-2b, JD-2¢) = A Bl [ 45 4 (b
(JD-1a.JD-1b, JD-1e) . BR 49 M fm [ 2 # 55 o 3 —
TD-3b AR AN FEME 15 440 TD-3¢ Sh HAT A0 B =
TARARZS 47 32 0500 43 S S BRI 3 4B
B IR S S RIS R 15 e, i
PRI R AR AR B AR R AR 7E A T
VR BT 32 T3 49 B R . A H S 135 A sz T S ar es o
P B 5 JD-5a 15 0. 140 rad 5% (088 F f i 25 (o) HFEHMET
Firh—2.37 kN » mB{ K F] —10. 5 kN » m, 2T H14 BEsz
#ID-5bE 0. 180 rad F4FARIRS T 512 M —0. 72 Fig. 14 Skeleton curves
kN « m 3K #]—10. 585 kN « m.HEREHMET 5 JD-5¢ 5 L;ng b

TE 0. 140 rad MM T M H —0. 43 kN » m
HERFN —7.96 kN « m, 1 fURE ) #5448t
FLBIRTF 3. 4 i, Bl fin 8 2 30 0 o8 K Kk 38 g .
SR A VET o (6] 0 A0 T 1 255 SR 241, 47 SR 3 ) 15
4 BRI RO 52 R RS . R T
MR B A0, 5 5319 S Rt 2 & AR 2R A L H
A0 SR AR T S AR AR R
2.2.3 WEKM WA ML TPOL S5
HIA RS A AR L (D

K01 .0, HRIARTH TN A F & i e, R
EiDNi

BRI AR SRR S 15 i,
15 Al U, A fn [ 77 20 AR R A 8 B AR i SR 3K
HERE S gk A IR R . 5 AR Y 54
FoL PVET VA L AR 2% $10 IR IR 2% 12 W22 Jint [
BEMETT S JD-2a.]D-3a.JD-4a #1 JD-5a 7 90 mm i}
B T 00 B SR 4 IR T 3. 43.5. 04.6. 04,



% 2

A2 R REMMEIP N B AE AL B A B 3t X A R 145

6. 31 mm, HEGNY S HTAEREAS 2] AT, 7E 110
mm R T AN Y SO B R 2
HET 5 JD-1a.JD-2a 1 JD-3a $hHER 4351 4 28. 33,
34.52.23. 32 mm, i B JHE RAE 1T SR Bk MR R B AT
& 15Ca) « (o) AR S B HE TD-4a FIHE R HE Y A5
ID-dc $RME T LSS AR , T DR 2 i [ A % B 2, 3 Al
BRI BT . AR T SR SRS R B Y
UBRR XHAAE 1 T (B B

35

£
nﬁi 20 v %
X —s—]JD-la

7
;Z:/ ——ID2a

10 /é 5
S % ——ID-3a

—— ID-4a
0 50 100

—+—JD-5a
AL /mm
(a) EHETT R

N

ey
EEy
2 S
2 i
®I5F AN —a—ID-1b
10} /?‘/ —e—ID2b
p ——]JD-3b
st %? —v—ID-4b
M —+—JD-5b
0 50 100
INEBRALH /mm
(b)HETT R

©n

P/ mm
>

w

= v o ID-5¢

100

50
A /mm
(c) FEERMET X

15 TmiKEE

Fig. 15 Pullout amount of mortise-tenon joints

2.2.4 mIEBAw L WIEESINEERI AR 52

PR RO B B AR D W BE AR A 35 s W AT

TN K R A U2 33D,
M;

K= 2
K = J(\f: (3)

AP M OSBRSS T A IE 1) 25 R A
M D92 0 il 60 8% T S fi 25 A (LAY 4 X {5
0. M, XRIFS 300 S Mo Xt R A ) 2 X

THEAR T S R A NI R R At Ze an 1] 16 JF
TN o T S (4 s O B 5 i 2 45 s g
SR R 4T AR B DR B/ - R SR
$12 WA FE 5 5 (JD-5a,JD-5b, JD-5¢) > A 2% ¢10
BRI 5 (JD-4a. JD-4b, JD-4¢) = PVET hn [& 5
B (JD-2a.JD-2b.JD-2¢) >WH N E 5 & (JD-3a.JD-
3b.JD-3¢) > A #7454 (JD-1a, JD-1b, JD-1¢) . K
FEIRAb S B A S R RS, For RS Y a5
AR L T v A Ay b 2, s A 1 ) A N AR T
I 4.9 A% . MR A S R T A
SEY IR R ST NS IEY 7 I N3 | | R NIV E D O 7 i
B EOW SUE AR NSz AN — 2 T gk g
AH S g I ) R IR . HUET AR [ Al
4 I AR AL AR X B 28 . ' 16 () R HVET SRR N
[ MEY 5 TD-2a.,JD-3a 15 7 [ N 2% ik % A K IR
275 JE RS2 AP VET RS0 A i & A i3 R
TAE.

—=—]JD-1a

——JD2a
] Taa
/ —v—JD-4a

P4 X —+—JD-5a

%
=1

-
S

I /(kN-m-rad-")
8 8
Ni:\\zi
O A
S,
?{%;/

3 "
Y -
ot

-03 -02 -0.1 0.0 0.1 0.2 0.3

4t /rad
¥ T
(a) MR
—=—JD-1b
sor ——JD2b
_ ——JD-3b
S 60F * —v—JD-4b
g / ——ID-5b
: aw,
Zaot iy
= S
Byl 7 s
. w«“"/ A0
ol s e L
I ad

-0.3 —0‘.2 —(;.1 0‘.0 0?1 0‘.2 013
4t /rad
(b)) 2P R

—=—JD-1c
——JD2c
——JD-3¢
—v—]JD-4c
/ —+—JD-5¢

P BE/(kN-m-rad-")
» f=a) =3
(=] (=] (=]
'y

N}
S
3

\ad
N "y
Lt

4,
Nhaa
7

of e naag, T '&VW

03 0z 01 00 01 02 03
#:4f/rad
(c) HEHET A

16 RIEEIR{L ih 2%
Fig. 16 Rigidity degradation curves
2.2.5 #aeaer WA ST 2 P
i3 B ) T AR T LA H DR A R R BRI AR B ) R




146 I RE5xE e

FROF E O

% 44 %

TSR BLRE 7 . G0 — 35k BN FE A S 1 SRS
30 mm i B0 A iy 28— 75 T f e i [ Tl R A 7 % L
M PR M Bk 4 il 2 85 T I FERERE J1 40 6 Fr
TN o ARSI S A FE R BE ) B B AR A
JD-da 2PHEYT A5 JD-5b IR METY 41 JD-5¢ 7£90 mm
FEHINIAS TRERE > HA E 491,448,378 kN « mm, Xf
FEAR I 5 55 FERE B ER T 1. 6.2, 6 F1 2. 4 4.4\
BT s AR 55 e R RE RE RE i K
BOMFAE . A ME Jr IR T T s FERE B A
T A A A E N RS A & A A O M T A
JD-2a e HETT 5 JD-4c H BURERERE S FRARSh . He
SRS FEREBE T S om gk WA 2 IE
KR,
%6 FERERE

Table 6 Energy consumption capacity

HE D REpE FERERE S/ (KN« mm)
B P> 30 mm 60 mm 90 mm
JD-1a 39 96 187
JD-2a 76 202 196
BHE JD-3a 84 133 210
JD-4a 185 429 491
JD-5a 169 414 430
JD-1b 36 86 126
JD-2b 39 91 175
2f JD-3b 59 132 217
JD-4b 111 250 359
JD-5b 147 301 448
JD-1c 30 70 111
JD-2¢ 116 222
e A JD-3¢ 68 157 245
JD-4c 156 272 264
JD5c¢ 138 295 378
3 ik
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