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Properties change under natural aging of ancient building larch
members

ZHANG Dian
(The Palace Museum, Beijing 100009, P. R. China)

Abstract: In order to explore the change of wood properties of ancient building members under natural aging, a
part of larch (Larix principis-rupprechtii Mayr) timber member of ancient building, which is about 350 years
old, and a new timber with the same species and similar annual wheel width were used in this study. Small clear
specimens were processed to measure the material properties (color, dry density and material mechanics
property parameters) and non-destructive testing (NDT) parameters (micro-drill resistance value and velocity of
ultrasonic wave). The nondestructive testing, physical and mechanical properties parameters of specimens were
compared to analyze the variation and distribution, and then the multiple regression model for the physical and
mechanical properties of ancient building timber were established based on the parameters measured in this
study. The study results showed that the measured material property parameters and NDT parameters of the
natural ageing wood specimens were significantly attenuated. And there is a highly significant difference in the
color of natural aging specimens and new timber specimens. It was also found that the coefficients of variation of
the parameters of natural aging specimens were all higher than those of new timber specimens, but both of them

conformed to a normal distribution. Moreover, the developed model for the evaluation of physical and
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mechanical property parameters of larch timber members has a good evaluation performance.

Keywords: ancient building; timber members; Yangxin Hall of the Palace Museum; natural aging; property of

wood ; attenuation
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Fig. 1 North Qing eave column and its disassembling, repairing part and tree species identification microstructure of the
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Fig. 3 Determination of mechanical property parameters
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Table 1 Comparison of physical and mechanical properties of specimens

R BRI bR ETHE p/(kg/m*)  PUEEIE Mog/MPa P& WM R Mo, /MPa  EHERE Cope/MPa
) SERIE AV 533.02 84.71 5009. 38 65.29
A B o
( o7 FrifE 2% SD 37.59 15. 36 1035. 38 7.37
n=
FRFZFCOV/% 7.05 18.13 20. 67 11.28
o SERE AV 622. 66 106.12 6 544.92 76.63
INESEWE -,
( 50) FrifE 2% SD 24.25 11.27 810. 70 8. 80
n=
FRFFCOV/% 3.98 11.01 12.27 11.04
T —89. 64 —21.41 —1535.54 —11.34
AR/ % —14.40 —20.18 —23.46 —14.80
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Table 2 Analysis of physical and mechanical properties test results

AR (0= 27)

N (n = 30)

B4 b ETEEp,/  PUETRE PUDEESE iR E ST PUSARE  PUAEEA R SR SR
(kg/m?) Mor/MPa M/ MPa Cspo/MPa  py/(kg/m*)  M,/MPa Mop/MPa Cyps/MPa
pAE p-value 0.5222 0.3205 0.7255 0.8481 0.8411 0.9389 0.6597 0.2368
K-S K 5 (i 0.155 0.143 0.082 0.081 0.119 0.069 0.096 0.146
K-S it A4 0.2617 0.2617 0.2617 0.2617 0.248 2 0.248 2 0.248 2 0.248 2
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Fig. 4 Distribution histogram of physical and mechanical properties parameters
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Table 3 determination results of color of specimens
B N (n = 30) AR (0= 27)
. e A e — OIEEANE AR/ %
2% FIEAV fRMERESD BERFHCOV/Y  PFHEAV FRERESD  ERFEHCOV/Y
L 70.42 2.75 3.91 63.12 3.24 5.13 —17.30 —10. 37
a’ 7.04 0.78 11.08 13. 30 2.65 19.92 6. 26 88.92
b* 25. 80 1.05 4.07 31.78 1.79 5.63 5.98 23.18
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Table 4 Analysis of NDT results

AR (n=27)

N2 (n = 30)

A I A (M, /el BB V. /(km/s) PR M, /rel P BE V,/(km/s)
T AV 22.12 3934. 64 39.74 4 263. 64
e /IME MinV 4.69 3409.12 31.61 3614.52
e KA Max V 55. 24 447764 47.29 4 477.61
Frife2E SD 10. 64 336.52 3.74 184. 53
BRABCOV/% 48.08 9.40 4.33
pAH p-value 0.886 7 0.524 71 0.830 93 0.248 75
K-S K 5111 0.115 0.114 0.148
K-S i 7 8 0.2617 0.2617 0.248 2 0.248 2
EEMFEIESS = 2 2
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BT 35 TR BEL T M, B 7 Dk RV, ST VR
PR AT 5 B I 71 2 1k 8 22 o0 4 1k [mT I AR AR i X
(7)~5L(10).

00=201.76 + 1.905 z, + 0.073 8z, (7)

Mox=—2.294 4 0.170 72, + 0.020 2z, (8)

Moz =—126.653 + 16.752, + 1.466x, (9)

Cspe = 25.482 + 0.302 52, + 0.006 3z, (10)
e Y B B (E M., rel s, SR 7 U I
Vis,m/so

VSRS I VR AU NN /BN S R N
AT LG B A3 A, TE 5T P T B Y T E R
BRIF AT T R EMERE, R SR, 4R,
TP po FUE 5 EE Mo B0 5 BERLEE Mo 50
ST R JE Cop 1 PR 2E R B R 53 51 4 0.679 2,
0.534 9.0.484 8 F10.599 6, [a] if #5535 46 5
S5 0 WOR P S 4 PEAR AL AL I A 0. 01 K OF- i 2
(p << 0.01), Ut BA Br € 57 4 SRR 1 L5 ROR B8
Uf o 25 LTk BT 3 RURS B D) (B M., B R
W V. AH 22 T8 48 M 181 UA 5 9 X 95 B K b 4 2R
71 % 5 H (o0 Mo Mo 5 Cepo) 3 17 VE Al A 5%
AT

x5 HMAEREEEKRE
Table 5 Significance test of fitting model

1 B 5 A iy FAi PpIE Yo ZHR?
&%/ (kg/m’) 2 112 240. 34 56 120. 17 57.16 0.00 0.679 2
LA/ MPa 2 5 898. 06 2949.03 25.40 0.00 0.5349
P LR /M Pa 2 2.29X107 1.15%X 107 27.15 0.00 0.4848
NS4 58 B /M Pa 2 2 244.96 1122.48 39. 64 0.00 0.599 6
3 it 4k

R FE R SR B AR AN DL, LUBCE SR 0
JEE VG P BB 1 46 o 3R A5 B BE 4 (350420) a Y AR L ¥4
B B AL S B X 4, DUAR 8 58 B il pF n T Az
B Z AL A SR v i RA BT B AR DR B 2 i n T
PRl PF X 3 AR 2 AR S A B T 5 AR I 2 B b A
WL ) B g 27 1k RE 2 M0 A8 A 1 B0 2 T i
WH5E 5 40 B, I 6 T To A6 I 2 Bt <7 v i R R AT
W R I E e Z on Rk A AL L 15 B DL R

DT AR 2RI %2580
JC A5G I 2 B ek B 8, v 4 T 85 o, (BT AL 5
JE Mog B0 550 A5 Mo S T SCHT HE 38 5 Cope 1Y
0K 4 A A 14.40% . 20.18% . 23.46% M
14.80% , b i ¥ 8 1 s B & 5 F- B 6 & BHL ) M, AH
Xof 7B A ARG 24 44 3494, T 8 P I i TV R
297.71% o [ A% SEN AR R RECOV
Y F N2 F AR 595 231 1 4 B g 2 i
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2) AL AR B LT H Y O ) R R HL S R R
%, Hoh 20 S50 0 (W AR b 5 R B 8, AR X B b o
K 88.92% 5 BALIKAF 5 7 W HS B M AR AH L, S0 0
B R T B 25 5

3)FE T I A M 2 BUd ST T VR A b 5T 2R
F12FVERE S B 2 o0 2R VE [l B AL 4 % B o, BiL
AR Mo BT B B i Mo SO 80T e o R
Cope IR TE ZEUR 4358 0. 679 2.,0. 534 9.,0. 484 8
M10.599 6, B ¢ 37 Z JC [nl JF B AL 0] ] 7% A 4
B2 S50 TS .
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