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Abstract: The mechanical properties of wooden components from ancient buildings are closely related
to the dynamic evolution of their chemical components and microstructure. To investigate the
deterioration mechanism of material properties, this study took the eave purlin of Guhuaxuan in the
Palace Museum as the research object. Multi-scale characterization methods, including Fourier transform
infrared spectroscopy (FTIR), X-ray diffraction (XRD), and scanning electron microscopy (SEM), were
used to analyze the degradation characteristics of cellulose, hemicellulose, and lignin. The correlations
between these components and mechanical properties such as density and modulus of elasticity (£,) were
explored, and the gradient deterioration patterns along the eave purlin at different positions relative to the
wall (near column, mid-span, and near wall) were analyzed. The results showed that although the eave
purlin was free from direct sunlight and generally well-ventilated, its mechanical deterioration still
exhibited significant positional differences: the deterioration degree at the mid-span (D) was slightly
higher than that at the near-wall end (G), and the near-column end (A) showed the slightest deterioration.
Cellulose and hemicellulose degrade significantly at the near-wall end. a -cellulose had the most
significant effect on the mechanical properties, with a correlation coefficient of 7=0.91 (R*=0.83) for E,,
and the decrease in its crystallinity directly led to the deterioration of density and E,. The local
microenvironment was found to be the core factor driving the differential deterioration of wooden
components at different positions. This study revealed the interactive actions between chemical
component degradation and microstructure evolution during the deterioration of wooden components
under conditions free of direct sunlight and with good ventilation, providing a quantitative evaluation
framework for the restoration of ancient architectural wood components based on cellulose crystallinity
and chemical degradation.

Key words: ancient architecture conservation; Guhuaxuan in the Palace Museum; deterioration
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Fig.1 Guhuaxuan in the Palace Museum
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Tab.2 Analysis of variance of wood chemical components
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Fig.4 Comparison of infrared spectroscopy fingerprint region characteristics of specimens at different locations
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Tab.3 Cellulose crystallinity of specimens
at different locations
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Tab.4 Relationship of wood chemical components

between density and elastic modulus
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Fig.7 Correlation of wood chemical components between density and elastic modulus

ERRAE R TARMALA D (R SR R, BRI o- 4425 RS R
BZIEIFARIAL, TRAE DS RLL R HJa, 458 XA AEE FgR i A 55 1 40
TEAPLE . Eoe, MR SIRFA4ERME R REM A EEE, 8 ER B4 5% S B 57 I
B AL SRR, B ARREANK, 3 MERNERETESERAN, NG kE . R
BB (CRERIX) BUAMEEAR 545 FIREEMR RN “ I KL Bl — S5 A B ke
G HUG BRUESM SRR G AR, oW AR E R PR S, K&
EAFLFYE R S8 R IX I ORIP BRI 55, B-LARETE AR AR g k.

SR AR ML K AR, 3 EEE ET BR 5 0 T BE



52 1

FRRRERSE: WO AR ARRIPE AR RE 25 AEALH] - Ah2 2103 5 SO S A4 B ol R 4 9

232 WS AR ZARFE I LY R
235 i JEE A RAE 2 M AR E RO A% O OB o »
AFEA E ARG RE S HE . SR
EATMEAERIN TR S5, WEI8 A, WrFE4E R4S
S SNSRI R BB EAR (R
525096, 0.91, P3J<0.01). &5 X o FHE M3
BRI REARM AR RE T IR 0 S5 K S, 45 R
N EERSEORM 7 A T, 2 s R
SRR R U E 51

®5 RHAREERE BE HEBEERS

BIKREGMER

Tab.5 Cellulose crystallinity, density, dynamic elastic

modulus, and moisture content of specimens

b ORRGRE EE BEWENE G4
A % (g/em’) GPa %
Al 34.23 0.498 9 6.20 12.20
A2 35.10 0.501 1 7.62 12.26
D1 25.54 0.380 6 441 12.90
D2 19.34 0.290 0 3.49 12.70
Gl1 30.47 0.4353 5.60 13.07
G2 28.20 0.3712 5.12 13.06
0.55
0.50 o
~ 0.45 -
g "._..-
S 0.40 -
# 035 —
¥a - y=1.365x+0.020
0.30 o et
0.25
0.20
15 20 25 30 35 40
Y F A%
8.00
7.50 ®
7.00 y
S 6.50 -
Al o
ﬁam e
e 5.50 R
> o
3 5.00 -
o
& 450 n
e % y=23278x-1.300
: 7 R=0.91
3.50 °.
3.00 -
15 20 25 30 35 40
FHERERE%

E8 AMAKRERESERE EMEESEXM
Fig.8 Correlation of cellulose crystallinity between
density and elastic modulus

233 AN HARFTAERIC R PHO G E A B
PIE R, JERIFAE SN IKB R R . R E
K. WEBERESHA. D. GEMIBHUER
MIAZ OO IRBE IR R 2 £F 45 3 PR R i TR T 1 1)
PR PEIRSE, 2 IR BN 2T 4 3 A 0 I O B A T 8
KT T2 B e K B A H U AR &R AR X
TR B ) AR 88 S R M 5 AR A R b P ) 4
FEE R =38 SRR T WEAR A K 1 Ak 2 21 4y -
R EE I B R B &R

D a8 % 5 5 808 K58 0 A A
1By, SRS RMEI B R IR R R

2 AL E 7 g, WERLE R (G,
i (D) S (A BEREE B i
S0 B R, I OR B A AL 2 A b
WA PERE e A W R 5 ST T . AR A AT
oK PHOG B 3 Hol RGP s, HARMGES
EAR ETIEECR, HLETERGE R 1B
ERE . ZIREZTMARES, RAMES
TS SR R O UK B TR 2R

W (D) HFRERARE . &AL
FEs 2 H R IR, N R RS K R
A, KRS SN RENRALRIE; R 205
BB s R, TR B AME, Ik
Yoy PR -SSR

RS (G) HAFEREIRZ o ZFBAL AL 1S
Py R IR R HL R R A, S el R
HLH R 54 R OK AR, R 5
EVERE T (H NSRRI W LR B,
Y HNE N TURNFRE S5 T i

A (A BRI . A2 AT
MMIERY, @RGSR ERERE, TRETRS
U S A RIS 35 4 S S ), (R B DABT R T
F. KM NI SR, WSS EME R
NG, F4ER. RFRABHEE, KES
PV A B T RS e/

2) AT AR B ML S AR

W0 R IAMERE D1 AL B FE S AR &K B35 = iR
B X ESE, SEFEESEONHEKES AL
MIREFE, MR ES. AW, R REME = J7 TH
PHANLEE



10 AMt R EEA

40

O W ZE R RAM Z R ENEERZE. DI
WEARFEAL TR R, TCE G R
NI M=K (7 R EZ S R SR E NP N R S s
IR, 52z xtth, KFE C2 4w M\ BH 4
FTIX, KEEEZHMTE 510 om KR KFMEIE
SEATH R, PEMEMCNEEY, RS R AR R A
TR B ) 4k

@ HEYR R B Y R =R . AR
FRME RS K B AR A IR LI ), i B
JEFRRERRE, RBRFEHFD; MKES A4
KHAS R, FRBEE A, fRBE B B bl 58 R Ak R
F5, AR PR IR AR AR B e R
JRFE IR K

@ WP [ A R 1 A PR R R T . AT A
MoORBEAKS, RFRZDELIAL (GED AE, &
M. SRR, hEiREtts: KEENNE
Hin, RBRRILGHHBITTAE, AEERT HHE
(S Hyn, “HAREREARY . BAF
NEFH A, BEIEH ORI R RS EE
H~ HERERR S R OGN, . mgle
BN o KA SRS a5 AR >, A
HIFSE SR T AU R .

zx b, D17 E A = IR B2 Fe o OA 5
BRACEYR B L R RRE Y = U R Y 4
R, WIAERESAREESURFERZCHE R,
SRR R B SR ST, o X AR
PR BRI .

3) LT Yk R PR AR R L BRI AT 4E R 45 L )
A

F LR Y R IR AT RIS R R N, e
BFAAMU AU 5% 0PI, 45
I TEE B ZEERE (—OCOCH:) fERR. §9MREK
WAMER T RAKE, HEERFBRRLR,
17 200 R BE TR 58 pHE N B, T R A0 IR M 2% A
HET A R A Y R R SR . A T B
FPEEI D2 E, FAERTVRIER RO, K
SEE, TR R AR ER A RSB
ot IRHER ATIE R 5 S pHAE R AL E 5 4R
ERSWE—PIAE. F5E 4GS IE I
ATAN, LT R FFIEIE 1 736 cm™! (C=O {4 f%

2 B E IS K, YRR LWL S
W B S, X506 %5 AMHBLM
e,

LIRS £ Y 3R 45 it R A RBEOR 2 e 1 Y 5% W
BRI O RIEMKE ARMERD . LR
i B AR IR e B A 4R 3 T TR IX 4 A X
RIMPB-1, 4-HEH R, SV THEMR. BEET
B @idXRELFE, WEE sai k&R
P B WORL RTINS0 R AR B
&, @WK 5 MR AN . 2R/ 7TiE
EHENFRERTEILIX, B89 7 A5, K
oy THEMEE, fESS X RS RARY . Hilh I
)T P SR RAL,  BE— D ad 45 i R R B

WIS R TR, D2 A7 B FE 21 4 2 i i
B, LRERERS, MNNAHERSRE. %
5 HAMERESRAL (R5). D2 B ik #) XRD
BRI, £E20=18° B Jo 2 2 HiUH 8 5 o A1
(B 6>, X—HGIARTE A ARG, T
T RE T IX A S TR EE i, 4 ot [X i 22 i 5 1 3
LR R BN 7> T SRR AR

ik, FYER M WAl R LR PR i
FRIRR PR RO 2, T I 1 A W i BT 3R 15 45
RN st 3L (R R IR 2T 4 R 4w a5 ), R KB AR
TR &5 ) It i 24 3 B 0 2 P e T DR %
AL o

3 #Hit5E

D DAHCE A B R MEBCAT AN R, 1
INCHESER . BERE KRG AR Z
REEWFEZWHH: R BB H 0 RS
S MR IR LRI RS, RIMAF4ER. Fa4EER
e R AR, AR 2 AE X A IR AE 0 4 1 3 B R
fiE, Koy&mpE AR R mTt &, F4ERYS
i SRR SR R R IR, 4
Y o5 X H P MR 2 S 8BRS R =
IR IAZ O ML o

2) fERE A b, RIS WAE R R
(D) >iakEu (G) >t (A) 7 BAEAR L.
1 TG B R H B8 KR I &R, DR IE
AEFAH FEZIKS R 2R, Jm S A 555 ) 3 X 22 e



52 1

FRRRERSE: WO AR ARRIPE AR RE 25 AEALH] - Ah2 2103 5 SO S A4 B ol R 4 11

SR A ORI 5 R PR R i AR,
WL 5 NACR £ % 58 MR 2 Ik
it

3) WAL EAOLI . R KR T,
A A A A - v i - 3 56 v 5. B D 4 2 4 23 - BOUL
LR R 5 AR SR FEARFAE, WP L “ 027
HREE- ARG WM EL-EO Ak RE CEEE, 3
MR E) 7 N OSHELPPAHESR . RS
Al Ay B gE R AR bR, RIS
85N B AR AR B AL RESE € B2 W 5 PR RE T
MRS U5

4 ZRTHARS R KA, A5
A FUHR H ) 95 AR B B AR A S L PP Al A
DRI & 1 1 5 ik — 2P IR e . ROR BT FOR Y
22 BB B AN TR XL 30 R A ol Sl SRR A
XFEE AT, TR 45 A A BT I, A R T
ISR FAL TR AL, 3 — 20 Se 3l i 3
RGP RIRF AR R R

SEH -

[1] QIN S J, YANG N. Strength degradation and service life prediction of
timber in ancient Tibetan building[J]. Eur J] Wood Wood Prod, 2017,
76(2): 731-747.

[2] E WM. AR I AL 22 M. T /R ZRAE MOl R 2 AL, 1985:
1-3.

[3] KRRER. BB A4 730 A M VRO 5465 SRy B FE[D]. 1l 175
NP TOR, 2021

[4] SRFIR, WHAR D5, R, 55 . A AR B0 FC Rk RE[)]. B85
241, 2023, 44(5): 286-304.

ZHANG L P, XIE Q F, WU Y J, et al. Research progress on
constitutive model for wood[J]. Journal of Building Structures, 2023,
44(5): 286-304.

[5] GUO J, ZHOU H B, STEVANIC J S, et al. Effects of aging on the cell
wall and its hygroscopicity of wood in ancient timber construction[J].
Wood Science and Technology, 2018, 52(1): 131-147.

[6] GUO J, CHEN J B, MENG Q L, et al. Molecular and crystal
structures of cellulose in severely deteriorated archaeological wood[J].
Cellulose, 2022, 29: 9549-9568.

(7] XUSOR . #0E @ AR A 2 oy K P28 58 B i AR AL 55 T A9 1
FHIAPERE FE[D]. dbat: ALl K, 2006.

[8] EALst, VLEREE, S te, 55 A2 o w AR A L BE ) Ak A
R (RS [J]. Bl R 2544k, 2012, 34(3): 107-110.

WANG C G, JIANG Z H, FEI B H, et al. Effects of chemical
components on longitudinal MOE and hardness of wood cell wall[J].
Journal of Beijing Forestry University, 2012, 34(3): 107-110.

[91 Ze, £/, okoCH, &5 HOE REE AR BT AL ], 3
PERY 5 R, 2019, 31(1): 58-64.

LI X, FU X H, ZHANG W B, et al. Study of the degradation of wood

structural components of the Changchun Palace[J]. Sciences of
Conservation and Archaeology, 2019, 31(1): 58-64.

[10] WANG X Z, DENG Y H, WANG S Q, et al. Evaluation of the effects
of compression combined with heat treatment by nanoindentation (NI)
of poplar cell walls[J]. Holzforschung, 2014, 68(2): 167-173.

[11] HAN L Y, WANG K, WANG W B, et al. Nanomechanical and
topochemical changes in elm wood from ancient timber constructions
in relation to natural aging[J]. Materials, 2019, 12(5). https://doi. org/
10.3390/ma12050786.

[12] GB/T 29894—2013 A4 %5l 7@ M [S].

[13] GB/T 2677.8—1994 & 4TS RHE AN EAFR & = 1IME[S].

[14] GB/T 2677.10—1995 3 ARG R SR A7 4 2 & BE(S).

[15] GB/T 744—2004 453 Huls i I [S].

[16] SEGAL L, CREELY J J, MARTIN A E, et al. An empirical method for
estimating the degree of crystallinity of native cellulose using the X-
ray diffractometer[J]. Textile Research Journal,1959, 29(10): 786-794.

(17] 24, BRI T7, SEarE, 48 . F BE PR UM =5 o A RO Al 5 4
JEEALAE AP E FU[I]. M 22 5 T, 2025, 45(4): 35-44
LIR, YINY F, JIAO L C, et al. Wood species identification and cell
wall chemical composition of severely degraded archaeological wood
from ancient shipwreck[J]. Chemistry and Industry of Forest Product,
2025, 45(4): 35-44.

[18] PANDEY K K. Study of the effect of photo-irradiation on the surface
chemistry of wood[J]. Polymer Degradation and Stability, 2005, 90(1):
9-20.

[19] BERTHOMIEU C, HIENERWADEL R. Fourier transform infrared
(FTIR) spectroscopy[J]. Photosynthesis Research, 2009, 101(2/3):
157-170.

[20] J7H, sk, REtRO, 55 . BARZAAZ AR 70 X AT AL B (T]. db
TOMRME K 2224, 2024, 46(11): 124-132.

FANG X, ZHANG J P, XIONG Y X, et al. Sub-regional treatability of
a naturally aging Chinese fir beam[J]. Journal of Beijing Forestry
University, 2024, 46(11): 124-132.

[21] #/AE, EP0, AR, 45 HE T FTIR-ATR 1) /7 B A fi i /R AR

R ZE L R A5 R AR AR 9T [T]. 2045, 2020, 41(7): 30-38.
DONG S H, WANG C, XIANG J K, et al. Research on changes of
chemical composition and structure of the minor carpentry work in
Gongshu Hall of Hu County based on FTIR-ATR[J]. Infrared, 2020, 41
(7): 30-38.

[22] ROMAGNOLI M, GALOTTA G, ANTONELLI F, et al. Micro-
morphological, physical and thermogravimetric analyses of
waterlogged archaeological wood from the prehistoric village of Gran
Carro (Lake Bolsena-Italy)[J]. Journal of Cultural Heritage, 2018, 33:
30-38.

[23] 2R, EAP, TR, 55 HAKFARSE RBAN A4 T 25 7€ R G &

WAL TR 525 5 FL, 2020, 32(3): 91-98.
LI S M, WANG M D, HUANG B, et al. Identification of species and
investigation of allocation of wood components in the hall of Zhilin
Temple in Jianshui County[J]. Sciences of Conservation and
Archaeology, 2020, 32(3): 91-98.

[24] SR, MK, T 5, 5 LA 85 G B TR 55 AR B IR
BLEIIHTI]. D2 5 6 0B, 2020, 40(9): 2943-2950
YUAN C, ZHAI S C, ZHANG Y M, et al. Simple evaluation of the
degradation state of archaeological wood based on the infrared
spectroscopy combined with thermogravimetry[J]. Spectroscopy and
Spectral Analysis, 2020, 40(9): 2943-2950.

Griral £ KGR/ B @E)



