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Experimental Analysis of Ancient Timber Beam with Dovetail

Joint Restraint under Environmental Temperature Effect
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Abstract: An unrestrained timber beam and a dovetail joint timber beam are placed in Lasa,and non-load test
and step loading test are carried out, respectively, to study the strain parallel to grain of the timber beam under envi—
ronmental temperature effect. According to the test data,the elasticity modulus parallel to grain of the wood, the ten—
sion and compression stiffness and rotation stiffness of the dovetail joints are identified. Considering the environmental
temperature effect,the parameters are determined as variables related to the temperature variations. According to the
construction features of the dovetail joint,the tension and compression stiffness in the temperature increasing stage
and temperature decreasing stage are different. The influences of upper load and boundary conditions on the strain
parallel to grain are analyzed. The results show that the strain variations of unrestrained beam under environmental

temperature effect is unconcerned with the top load,and the strain variations of restrained beam increase along with
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the environmental temperature. The extra strain is induced by the second order moment of the counterforce at the

beam end , which increases along with the temperature and the upper load. Finally,according to the theoretical formula

of extra strain, the measured value and calculated value matched well,which indicates that the theoretical formula of

the extra strain is rational.

Key words:ancient timber beam;environmental temperature effect;dovetail joint;strain parallel to grain;the

tension and compression stiffness; extra strain
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Fig.1 Sketch of moritise—tenon joint
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Fig.2 The simple mechanical model of the timber beam
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Fig.3 Specimens of the experiment
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Fig.4 Loading of the restrained beam
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Fig.5 Strain variations of every loading for unrestrained beam
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Fig.6 Curves of temperature and modulus of elasticity
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Fig.7 Nonlinear spring definition

HERRMERIIL NI EE K, B9 R/ 5 PR AE 28 35
AP AR PUAELAT 5. X T e R ME TN 3, 2 IRLEE T i



%3

FHBEH A5 - SHE AR 24 Sy A SRR IR B2 280 I T 5 67

HESL RGN MRSz Fe , W5 BE RIS ARt sz hir, e
DA FN IR Y K SR ANR A, 7 4 515K A e Bt
IR IR BT 1 0 A2 LA

AR 508, AEERETE 1 d AT 4 B
IR B, LA 2015-12-14-21:00—2015-12-15- 20
00 [ 24 NEAE A B 4307, 1 d NESTREE 2R .2y
ROEFNTCL SR G AR th 2 anl&l 8 Fias, SR AR
ISR AR ka3 —2. Hh s —K 21:00 £

18.5 T T T T
18.0 i
2
= 17.5 i
jusy
® L
o 17.0 i
165.
16.0
20:00 24:00 04:00 08:00 12:00 16:00 20:00
i 2%
(a)iRBEE ML
T T T T
4 —e— i AR

20:00 24:00 04:00 08:00 12:00 16:00 20:00

i 2%
(b) 2R 78 2
10 T T T T
0F 4
\3—10 F i
0
30 F
40 F

20:00 24:00 04:00 08:00 12:00 16:00 20:00
it 21
() TRLA AR AR I 2
B8 24 /B R 2
Fig.8 Data curve for 24 hours

TR 9:00 M REEEE, 2 13 AN FRBE TR AR
S B/ 5 9:00 ZE 20:00 R FHREE, 1k 12 Nk
P, I8 T RN R o AR . R TRl BN TR B 1 oy AR
Bl 3 3 b, FEAG BB AR — A s R 0, FLAh
BB R A T2 — R Y ARG i, PRE
AR R L AR 9 B, [ 9 R IR RO Y I
AR TR B A, I (7) A U Aey/
Ag, NRF 1. AREE 9 MR AR S BT 1 d N THE
BORMBRRB N AR AR, PR B 3 — A4kl ok
0, BRTHEBEAHE L 11 AN HE, BB H 12
ANHCAA, 1 d R AE HUAE B HR 26 an &l 10 B, ARk
THRRER AN AR LB, H-F BRI b i 58 e, 7 A
H W FHREB MR B A FE M Ze an g 11 FoR. BUL
SEA, FHR BN AR HAE R 2.25, FETR B AR FLE N
172, R4 (7)), AR THEB AR B K, #hZR,
WE 12 Frs. Tl B i O b e MR TR LB
X B AT U S0z He , TR I RS0z
T TR,

T T T
101 —o— TLYHOR R ARG i
—e— LRGN ARG
0F o—o—s. _.\‘\. 7
—g—8.
%10} . ™~ -
=
:_gfuﬁ: 0t R
k& -
E_ 30t
—40t |
_50 L 1 Il N L
20:00 24:00 04:00 08:00
ik %
() BEIR BN AR BE B4 L
50 T T T T
T Yy AR
40 | —o— TCLTHRE R A B |
3
@ 30 ]
iy
X 20 F
=20 1
10 F
0 -
1 1 1 1

8:00 10:00 12;00 14:00 161:00 18i00 20:00
B2

(b) FHEBLS S R

B9 AR AR

Fig.9 Comparison for strain variations



2020 4F

H:M, = -0.015¢12.

68 R R A4 (A AR B R)
7 T T T L2 T T T
—e— R BON A LUl
ol —— FHREN B A
5 -
Asg, , |
Aé‘g 4
3 [
, L 4
1 1 1 1 1 1 1
0 2 4 6 8 10 12
SRAENF
B 10 —RAeEEIE
Fig.10 Strain ratio in one day
4 T T T T u T T v
« THIR B AR LA
 ERE S| ]
3h,
Ag,
Aé‘g 2 5
1
0 1 1 1 1 1
0 300 600 900 1200 1500 1800
SRAENF
A1l AR REIE
Fig.11 Strain ratio in seven months
112 000
111000
110000 =
<
109 000 g
£
108 000 =
" L L 107 000
2015-12-01 2016-02-01 2016-04-01 2016-06-01 2016-08-01

H 18
B 12 HERE#E

Fig.12 Curve of tension and compression stiffness

2.3 FREMFEZINIERIRS

e FEME sh KT EE I FHR A b A9 2 a4t ik
PR, FERT AT, 2 RIPE L SR R A A T
HRE LS 2 0], FRERE S AN My = agl?
(1/24<a<1/8). B 13 i AL F P =M miJ5 1)
WA HH 2R, BRI — P ey 4, N AR S 288
21.8pe. ARHEZ (1), 1T a=0.11, RIZY R BEY)E
B T 25 A R M = 0.11q1% W) 249 o 52 1) 0 i 25 S

100 | S ]
—e— 075 P
90 J
«W
=
=
= J
80 F ]
Jinzk st ) _
L ey
’70 L 1 1 " 1 n
0 4 8 12 16
KA
(a) —gmz,
}T‘ﬂ‘l‘
T —o e e
150 T
W
=
£ 4
=
T e
o. i T2l 4
130 1 1 1
0 4 8 12 16
KA
(b) Zguim#
130 F
120 F 1
W
=
& 1
5
1ot 1
izt % J
100 1 1 1
KA
() =mEk

B 13 HRE=ZAMBE S EWETHE

Fig.13 Strain variations of every loading for restrained beam
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