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Damage analysis and protection of timber structure of Tongdao

Hall in the Imperial Palace
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(1. College of Civil Engineering and Architecture, Hainan University, Haikou 570228, P. R. China;
2. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, P. R. China)

Abstract: Ancient timber buildings are precious treasure of Chinese nation. However, some of them have
suffered different types and degrees of damage after hundreds of years of service, which reduces the safety
performance of structures. In this paper, the Tongdao Hall in the Imperial Palace at Beijing is chosen as the
research object. Through on-site investigation and damage analysis, the typical damage types,

characteristics, influences, quantity and distribution law of structural column frame layer, Dougong layer
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and beam frame layer are obtained. The causes of its damage are summarized and the protection suggestions

are proposed. The results show that the types of structural damage mainly include component cracking,

decay, missing, inclination, separation, and pulling-out of tenon joint, etc. Especially, the damage at the

column frame layer is the most complex and serious. The reasons for structural damage can be summarized

as material degradation and timber defects, biological erosion and variation of natural environment, long-

term complex loading effect and irrationality of repair. Establishing structural health monitoring system,

strengthening biological disease prevention and control, and promoting the basic research onmechanical

performance of timber structures are essential for protection and repair of ancient buildings.

Keywords: ancient building; timber structure; damage types; damage distribution; damage reasons;

protection suggestion
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Fig. 2 Structural layers and column numbers of Tongdao Hall
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Fig. 3 Damage of column frame layer
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Table 1 Statistics of damage of column frame layer
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2.2 SHEREH

SRR th 7 Y S A SO A OB E i S
e 875 2 A B2 2% 19 R SR BKE R 2R Y
IR A AL R BOME T R A DR AR BE Y G
FRALT . I A e B, S Ak 2 AR AR B A Ry
H#, HA A iR o Bk,
2.2.1 HEBMEAAHE DT EMNE
MEFIRIA < 22009 =4 T+ /N2 0 L TORE sl L 4 b7
2B B4y BRI Bl WAL 5 () T, F T I ) i 3
ERAE ALK IE L7 AR AR W T Bk
KRN AN SRR LR YRS . RN - 3 B A
FASh S EEGF Z (8] 0 A X B R /N B R
FHIR I AIME Sy DRE , SRR 1 2} A7 6 1] A9 7K
FEs M RE MR AR Ty o R HA B AT 8 A e B g2

DO RGPFRLLUFNBE 2L R RIS« 4 1 3R T
D fa AR A0 4 2SI 5 (b) BTz 5 F 204 1
P BRI S, WE 5 (o iR, faZbiRB g E
B FH PR AR R SR S A A 5 | L A B SRR ]
SRR IEEEIRHT ABRETIE LAY . 520 . B BLIR LN
ARPA G SO 55 J8E 52 Wi A O, A P B 2R S TR Ak B 7

FORURE 18 BRI 5 3T ABRET S R RS- RV b 5 e B
PP R , DA SE B3 AL)2 32 T iR R, (H X
FE 2 10 IR A A 14 1 58 B, R E ST A B 1
.

UG RRAE A | R R AN B 5 (D an i
No TEERGNIENT e & A4S )5 m i
BE BRI Sy TR T ECH S s Bl & B 4
SR ) T TR BB 5%, ] B R AR AR A R B i K
ShIRE R B 25 2, R — PR R Y b B 5K
S SRR T B 2 FOR A B W 7R FE T fE  FRAIG
S| MELE R ) g 2T B NIRRT SR )

O ARIPEAGH A B B BT FRAE RN - T
B AT Bt B8 B AT EE L SR FH T AR b B e TH K A
AT LG H B A 2% R Bk A B4 I TR —
A, i EUBT A A RS T IR A TR AR BB S /)N
S| R] A R L SRR 2 B e R N R A
FESTES XAV A LR & 5 (o) . MR 4E
Cry A 25 4 4 P 5 [ B AR Ve FR fE ) (GB/ T
50165202001 (R - 5 Al 7 17 5 B A A )8
[ — b, AT DL il S B €5 R 0 5 A 1 AR
L1 s AN DR AR 7 4 357 DA A A2k 5 B 2 <1 BT, o7 g
NSRRI I A AN ST . BRI R R Y R
JE VAT T AR S T R 418 TR sl i = X <] it
ZIRFIERIFE AN . L0 - 3K T A B 3 A0 4
e lHAE , FOESNII RS2 TP L (EHT 34 A0 TH B4 1)
A B R AE S, ELA (R A s 4, S Ak ) 27
VAR REEER R L=

5) | HLERRMAL  FRAE ARG - AR ) Y — H HE
SR A B R TE B, N 5 (D R, ] BEE R M AE
SRR H R AE T, B3 AR & AR A
%, EHT B HE - A R AR . 2 AR R B 1Y
YERITE o S| A A0 Rl 255 449 7 32 55 K1) B 25 4
TTAE AU A 65 o) i 8 T LA 2 B o i ) 34
K FE T R AR ZE A A RS T Re 35 &5 40 & A R Ak
A

6) /NP AR AR AR A /Nl AR B Uik £
ALHR/NR B WL 5 (g) 5 /NS S HAR 7RI ST )
raE R A, ULIE 5 (h) s /h=RZE TN UL 53D 5 /)N
SRRSO, WL 5D o ] H I S0 4 4% N 2 S
T far AV FH T DRIV 800 5 | g 2 sl R AR oA e
SUPT YR BRI, 2 HAE AR KM ) R R A B2
AN ZE A AT B2 Fh 1 B AR AT 3l ) 45 5 5 s 4



%24 AR E T R I KL 6 KI5 BARI 1L 123
i NI S S N i N2 B R 7 K 37 N N ) F—
T46 MR T8, 520« /N3 B 4 Bl 58 N 2 [ Ay

Sl g /aR ik

AR S| Mt AR 7R H M 2 IR BIR 7R 287 T =1 B A8 T8 5
0 SR FIIGG 1 5 R /N 2} 7R TR JC 5 W) L 23 [ ARG

KFEPUsyfE
D5 BRI . RS R L R 2

BT 2| H B IR J3E 45 o ) A Rl An P 5 (o) ~ & 5
() 7R . G M A 52 I P RR AR A0 2 O AN 24
RFRIBEE T2, A S| I S AR e i) i o

RS | H B BRI G R 4 1 1) 2 B AR S A S )
FIPLE fE

(a) Hb5r B ARA S

()%ﬁ%ﬁmMTWﬂ

(b) HabF bR,

(f) —I—ﬁtﬁﬁifﬁiﬁ

(g ) /J\»HB&S‘E

(i) /N3}EN

GOKCHHESER  (m) K A
E5 SRR
Fig. 5 Damage of Dougong layer
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Table 2 Statistics of damage of Dougong layer
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) EMURTRA AR TA T B B
AR 8(d) Frzs . AT AR /N A
ARt 2 B s 2R B s, 25 55 ke A IRITE R RO 5|
R A E RN

) Hlk KR TE SR R AR IR
SR AIRE AT B0 i B2 A i R AN, ZBR TR )Z L A 1A 8
(. HRERI G — 2 A BN S BU AT IR BR o

SYMEYNAT SARAE  RRAE A0S A U0 S A
BLARANP 8CO B o METIT i A AR 2 i 460 1
IS5 . 2552 BIKSP- iy 4R AR b e A 4 i T R

1 02l TR A 8 T 3 AR ME B R o S FACHE
(T Sk 55 G0 10 42 f i BRIl /1 o A T [ AER AR O Y
MRE ] o YR I 1 SR AN B E TR
BH ME BRI

OTITR LR HARR M =R IR T
A DN T 4 T 20 SR8 4 G R AE % 14 SR 4 WU 4R Hp A T
T 730 AT 8 (@) ~ (D FT7R o BRI 2L R A2 )
5P EAIR A FHEE

(b) B

(d) BRI

() HEGIYT RTRAR

(e) HUEREAS

(g) RIERIFR

i

Ty
L4

(h)EZEEFH

(DIRRFR () =4I
B8 RERHITKIR

Fig. 8 Damage of Dougong layer
2.3.2 RBBEESH K3 NRZIEMRAK
B G AR, B9 25 AR A B A HE e BT
KAl AR L M T R e sk it e 2. 1/ 10
L= R A b B A5 S Y B8 o A I 00, AT LA )
FIREAY 2S00 AT TE R A2 A ZR L0, 150 BH e Ak Y 35
S5 AT R ORI 5 H b S5 AR 1 B R 4 b 7 e A
OO G A =, BN 5 S5 52 T RHIE AR OC
%3 REEMARLGH

Table 3 Statistics of damage of beam frame layer
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Table 4 Degradation in mechanical properties of old timber
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