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Experiment Study on Fire Endurance

of Mortise-tenon Joint in Timber Structures
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Abstract: To learn the fire resistance performance of wood mortise-tenon joints of commonly used
wooden species in China, 4 framed mortise-tenon joints commonly used in ancient wooden structures were
exposed to fire, and 1 contrast specimen of bearing capacity test was experimentally studied. It is found
that, in the capacity test, the vertical displacement of the contrast specimen in the middle of the beam
changes linearly with the load. Meanwhile, there is no obvious yield point and the specimen has poor duc-
tility. The value of the constant load of 4 specimen applied in the fire endurance test was identified accord-
ing to the bearing capacity of the reference specimen and the different load ratio. The fire endurance of
specimen with a load ratio of 25%, 37.5% and 50% was 59, 44, 21 minutes respectively, and the fire en-
durance of the specimen with fire proof coating and a load ratio of 50% was 58 minutes, which indicates
that the decrease of load ratio and the fire proof coating can both effectively increase the fire endurance of
mortise-tenon connection. Temperature data have shown that the load ratio has little impact on the rate of

temperature rise, and the small gaps of 2~4 mm between the tenon and the mortise has little impact on the
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heat transfer of wood.

Key words: mortise-tenon joint; fire endurance; section temperature; load level; failure mode
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Tab.1 List of framed mortise-tenon connection
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Fig. 1 Size of framed mortise-tenon connection(Unit: mm)
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Fig. 2 Diagram of loading device(Unit: mm)
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Tab.2 Embedded depth of each temperature point
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Fig. 5 The destruction diagram of framed mortise-tenon

connection in bearing capacity test
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Tab.3 Fire endurance List of framed
mortise-tenon connection
b ks . i ¥ )
nmn  RETEROBEAT it A R
U TN Ty wmEem MO
k25 45 25 bR 59
k37.5 67.5 37.5 bR 44
k50 90 50 T 21
kp50 90 50 % B J oA 58

B 28 3 AT LA L AR Rk | 78T A [R) 1 1 150
SRR faf KT A TG 2% T Ak B e A R e i A B
BN &K, k37, 5 M ok B BR HE k25 FEAR T
25. 4% k50 TR KR BR L k37. 5 BEAIR T 52. 3%, 3X
F W Bl A 1 KOF B 380 s 3 i AR BRI/ 7
T 7K ST 5 A B 425 7 7K S X6 A2 iR K AR B 5 1 448 70 5
AR I, R far 2K S-S 50 Y6 1) DU T (57 kU Rk IR A

FUAR [R5 a7 7K 7 TG 2 a7 Ak 224 it 9 3K 1 42 v 29
176« i W AT L %o a7 2 17 0 A7 Ak T 5 R A
B e iR AR B
2.2.3 H@EEZAA

FE G Y TS KRR PR G 6 235 AR 2 5 o A 6 A%
GEGRIG IR T T TR A AR B A A Z kL R
AE R 4R F [ IR B B A9 38 5 J00E oA A g i T
SAAE TR B B il Rt T 11 Dl k37, 5 iy
i L 0 0 I s LR B R TRD ) 7 A i £ AT LA
56 rp i T I 2K 1SO834 AR e TH il Hh 2 5 4K
b H AR DU AR TR TR) ik ml LA M T 0 it
1 I L E A L S 0 L 2 o T [ — [
Hh S FROME LAY I 25 38 4% 0 9 3 B2 S S S AT SR 1A
P K iR AR A 2K

1 000 (
900 |
800 | —

700 1 ——1S0834

60| F A

500 A

400 | &

300 }ff

200 B

100 §
U] T e ——

0 10 20 30 0 50

B} 8] / min
B 11 k37.5 ¥ B & 3 4 BB E AL W &

Fig. 11 Furnace and measure points

EE /C

temperature curve of k37.5

A k37,5 M PR A7 3R SE 4 HIL R & 2 ik
PRI 5 5 k37,5 AT HE LA TH IR B 3, oA 374X
WO k37, 5 64T 40 BT T B AR ALl £ DL 12,

P 74 .85 M 15,2 4 WAL I A 0 A 7
£ 8 £ 0 1 R S A Sk AR R R AHL 7 ) A
BRI 84 I 30 mm. W] LA B 8 # I A IR 4R
LRT 740 5, H W 2 6] 22 B & s [R] ) 1
TN T8 K 7 3 30 A B SR R 22 5 57,90 C. [
B 15 12 5 0 50 B 57 0N T BE B AE AL H 2 £
SR E VR L 1 £ 98 30 mm, fy T 1 # AR E —
FREGALEL 22 30 /0 2.3 C L Al Ik 95 2 0 46 IR
M EBE SR B 12 0 2008 B 2 # 5K 31,5

C WY HA A A [R] 00 5 S % R il
JEE B

FBGHL BEI A 1 2 .3 & o Y3 I 2 ) 2 e ] —
AT A0 P T E T A TR AR ) L E 1 = S AT
SN T S o3 M s 4 2R AT L B 1 5 0



122 W K A AR RO

2016 4

JERR 2R T 34 W A5 H W & 2Z 18] 1 I 22 A B 0 1)
1.8 CH R Ml RBIR I 1 30,4 C L R W] HAth
S AR TR] IR o B A2 A A0 v ST 00 R

140
120 |
100}
80

g /T

60
40

20 | SR s

0 10 20 30 40 50
B} 8] / min
(a)1,2,3,4 2 I 5
140

120}
100
80
60

WA /C

40t

0 10 20 30 0 50
Fif ] /min
()6,7,8% il
B 12 k37.5 @ &8 E KA &
Fig. 12 Measuring points curve of k37. 5

34,8 I A5 L R B R AZ KR THT Y R B 1
UEARLAR ] H 8 # 3 55 A2 T 22 [ A7 76 #E Sk 5 01
FZ M) 2~4 mm @5/ BRI 3 2 I 5 % A X
el BR. IR I ZE R R B 3 &, 8 2 A R LT A
), P 2Z B A e K 254 R 5.1 C L RIS 5 0p
FZ0H) 2~4 mm {5/ 8] B 6 A 4 19 4% #8017 %
A R

¥ T B AU R A (k500 1 DY T B A I8 R IR 1
(kpSO) HEATIN A 2 4 . 7 & 19 3 B2 5080 X He L 25 SR 0L
13. A LAt Wil B i Rt o 00 L B B S B
5 o AT BRAEG T A A 1) e Ak I e & R b A2 55
TR R TS K AR B

Pl F k25,k37.5 F1 kS0 M &% 2 .7 2 AR EE
BARTEAT AR, 25 T 0L I 14, 5 T i b gk A7 % 1 L [
FRR I R D A X T A B R A IR R R 25 X 2 #
A, R A K2R 50 Yo i PR R B 1 T B R B ok
TR KN 25 % R X T 7 4 0 5 B fer K OF
R 50 Y6 B IR A4 R R ff K- 25 06 B R R I B T
TR AL A A [F] PR G T DA HY S 7 X R

Th 3 AR 5 0 I B A W A KA

120 ¢
100 |
80
&)
= 60
g
40
0 .
0 10 20 30 40 50 60 70
i [6] / min
B 13 A KRB KGR LR
Fig. 13 Specimen temperature contrast
of fire proof coating
140 —K25(2#)
120 —+—k37.5(2#)
wer k5002#)
O
O 80r
E%( 60}
o
20
ok ; ;
0 10 20 30 40 50 60
i [a] / min
(a)2 & 5
50
45 — K25(7#)
40 —— K37.5(7#)
3B
o 30
m %
E 20
15
10
5
0 . . :
0 10 20 30 40 50 60 70
B8] /min
(b7 £ ) 5

B 14 REHAT KA AR &R JE 2k
Fig. 14 Same measuring point temperature
contrast with different load ratio

1) 36F HE s 1) 2 i85 v 68 i) {37 1 R AS i Ay 28 £ 1k
ARA  IF BT W R A SE PR

2) it I BRAK 5 o, k37, 5 B kB B EE k25
AR T 25. 450, k50 AT S BR 1L k37. 5 FEAIR T
52. 396 + 1K 2 WY B A 45 £ /K1 R 385 0 10 T Al B
/1N o [ S A5 7S AR R o 355 £ 7K S 6T 3 T
e BR 52 0 45/



%1 3K

WA ARG DI R AR R 5 WF

123

30 X 2 T R ) 37 OB AT AR RO RS B AR

T M DI PR TS AR R

) FE B H I A3 b T 1 5 W 34 A

ETAIbPNE S d o

Ay

S)MESL 500 O 22 [i] 2~4 mm [ faf /) [ B oxt A%
S JLF- 0] LA 2200

2% 3k

(1]

(2]

(3]

[4]

(6]

(7]

NOReéN J. Load-bearing capacity of nailed joints exposed to
fire [J]. Fire and Materials, 1996, 20(3); 133—143.
AUDEBERT M, DJIMA D, TAAZOUNT M, et al. Behavior
of dowelled and bolted steel-to-timber connections exposed to
fire [J]. Engineering Structures, 2012, 39 116—125.

DE MORAES P D, RODRIGUES J P C, CORREIA N D F.
Behavior of bolted timber joints subjected to high temperatures
[J]. European Journal of Wood and Wood Products, 2012, 70
(1/3): 225—232.

LEI Peng. performance of heavy timber connections in fire
[D]. Canada: Department of Civil and Environmental Engi-
neering, Carleton University, 2010:59—201

A R 2N AT VRV S DU TR 32 K R i o PR Y
WEgEl)]. 5L .2010,40 (3):115—117.

LI Xiang-ming, LI Shuai-xi, XU Qing-feng, et al. Experimen-
tal research on fire endurance of timber columns exposed to
four-side fire [J]. Building Structure, 2010, 40(3); 115 —
117. (In Chinese)

VRV, A5 R, B, . A KB IR I AR 2 5 =
REM IR WF R )], A SE M A4, 2011.32(7) . 73—179.
XU Qing-feng, LI Xiang-ming, MU Bao-gang, et al. Static
experimental research on mechanical behavior of timber beams
with lime putty finishing after fire [J]. Journal of Building
Structures, 2011, 32(7): 73—79. (In Chinese)

ZHANG Jin, XU Qing-feng, XU Yi-xiang, et al. A numerical
study on fire endurance of wood beams exposed to three-side
fire [J]. Journal of Zhejiang University Science, 2012, 13(7)
491—505.

(8]

9]

[10]

[11]

(12]

(13]

WA, XA, BAZR, A%, JRCA AR GE H IR R T 2 K BR
MR )] R LA R 2R BRI, 2011, 33 (5):
70—74.

RU Hua-wei, LIU Wei-qing, LU Wei-dong. Fire resistance
experiment on bolted connections in glued laminated timber
[J]. Journal of Nanjing University of Technology: Natural
Science Edition, 2011,33(5):70—74. (In Chinese)

RIS . 324, BRIEDY . S5, L5 A 5 A (R T ko AE i 06 F
1], AR, 2012, 45(12): 108—114.

NI Zhao-peng, PENG Lei, QIU Pei-fang, et al. Experimental
study on fire resistance performance of timber assemblies []].
China Civil Engineering Journal, 2012, 45(12).108 — 114.
(In Chinese)

WAL X, B WG E. A R A5 R U i R Y IR 5
[J]. TR %, 2006, 23(10): 168—173.

YAO Kan, ZHAO Hong-tie, GE Hong-peng. Experimental
studies on the characteristic of mortise-tenon joint in historic
timber buildings [J]. Engineering Mechanics, 2006, 23(10) :
168—173. (In Chinese)

WHE D, B, RPN, A i B SRR 45 A R O Y S0
B ke mr o ()] AR TR 3R, 2008, 41(1): 28—34.
XIE Qi-fang, ZHAO Hong-tie, XUE Jian-yang, et al. An ex-
perimental study on the strengthening of mortise-tenon joints
in ancient Chinese wooden buildings [J]. China Civil Engi-
neering Journal, 2008, 41(1); 28—34. (In Chinese)
REAR AR o XEIA]. AR 25 Mg 1 G103 5 BE 72 1 Al % G m i 3 36 TF
sEl)] R LR S TR R Eh . 2012, 32(3): 109—116.

LU Wei-dong., DENG Da-li. Experimental research on seismic
performance of wooden mortise-tenon joints before and after
reinforcement [ J ]. Earthquake Engineering and Engineering
Vibration, 2012, 32(3): 109—116. (In Chinese)

PRWIAL, ERUEDG. o [ AR 25 4 2l A U0 1 s R iR g BT
g5 [J]. #SigE AR, 2010, 31(2) ., 345—349.

XU Ming-gang, QIU Hong-xing. Experimental study on seis-
mic behavior of mortise-tenon ioints in Chinese ancienttimber
buildings [J]. Journal of Building Structures, 2010, 31(2):
345—349. (In Chinese)



