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Suitability Testing Technology of Invisible Damage in Wooden Components of
Ancient Timber Structures

YUAN Xiao, CHEN Yong-ping, GUO Wen-jing, TANG Qi-heng

(Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: The ancient Chinese timber structures have rich variety of styles. It is tedious to form a set of
nondestructive testing methods for every type of components, therefore, the authors proposed a
simplified method, which is based on the component shapes (circle, square), positions (buried-wall,
exposed), and compositions (single wood, jointed member) of ancient wooden structures. This method
can be generalized into eight combination types, such as circular components and quadrate based on their
shapes, embedded components and open components based on their positions, single components and
split components based on their structures. A nondestructive testing technology system for wooden
components was developed through a suitability testing research on the eight combination components.
The rapid identification and reliable characterization of invisible damage were achieved.

Key words: ancient timber structure; wooden components; invisible damage; suitability testing;
nondestructive testing

e R A e o B 45 2 2 4R AT AR AfE DL

PEANERIAS, 1% SRR ARAE AR D O L Bl Ve 110 AN 5

FC LR A PN 0 5 A0 AP A e S5 e B 2 424 1) A

Weks H 1. 2020-12-03; B H#: 2021-10-26

BEEWH: B E SR RIS < T U R R A
HIEFL” (2020YFC1522402); e gl o 2 VERMIT B i S AR HIT L.
55 A WY 4 <l N AU IR AR R AR B BE 7 00 52 L )
(CAFYBB2019SY033).

fEZEMA: w8/ 997— ), &, W+ #F 5 £ . Email
1393877048@qq.com

BWAEE: BREF, %, EIFFFE R . Email: chenyp@caf.ac.cn

WL R DL, ARy FLAh B AR A B 2 AT DL I e A
Wi L2 AT, ™ ELIN R SR RS SR
BEXT I FURM AR Uk, Bt g S PRk
CIETA P/ vl s N ek S R E R R ]
JIEARE IR, ARG @ R B A
HERE . FEARSGH N EHE 2L, LM
A HARKREZ, RFNZIRERZH, W



10 AMt R EEA

ERRE

REEFE VR MM, &, ke, TEESED, &
X B — A 35 5 HE — B TR I 7 VA O BB
Rk, EFEREGAKRN TAESRR, H—FHEN
RIS, T BB R4 TR 43 R IR AL A4
TR, Fehn B o AR BRI, %
P IE S SRR PEE R, AR kR
AT BT AR I R PRI 732 04 3 AU 03 1
B, XFEER LR 8 AL A, BRI 22
BR[O RS F . [BETEPE G i B R
B e Hf G 3 RS M AF . T TR B8 BRI T Tl
AREESERI . TP G B BMAE . TP & R
FfE, T SRR AT DATE i 8 P4 A 2 2 4R
BRI AL A TAUR, ASCH EWH B A
) 25 ) R R 2 BE 67 B o 5 A N AR R 4 35, A
AP JR A (1 TG AR W AR 7

— R, R AR A TO RS I A £
M AR =2 SR I 4 AR S 28 FH Bt Ak il 6 R
(41 RESISTOGRAPH # A P4 &3, & B i
PRET 75 rALIR BN T DA 52 3305 o N A A I3, AR
PN 2 Bl 52 (A A R GE B AT, 405 AR P9 38
B AVURI M o S5 A5 2 — PR U 7 3, BEBTAX
SRR A A S Bl B A4S TS I AR 2
N3P BT E RN E A (4 ARBOTOM ## A Wi J2 46
DA B, N7 S W J2 A6 0 3= S 3 3 A 0 82 g 9 7
AAE P EB A A R 18], 20l B R AT AR PR AR
PR RG R, D4 aRGE N E R A
N ERERAR G — R 7 i . ARSI B AR A TR IE R
MEA (W TRUMATFERS ), FHEMEIE
W DA p o 8 i R R 2R 1R iE N AR A YR
I ok A 3 RA 43 B 38 B A K A T S R R R R
TREESE, SCEURT AR N IR AR A R . AN TR
PR AY, Bl G HE AN AR, 2Lk
e R AT PRI LR ) RN AT SE R AL A B0R R

1 SRS AR

R A 1 LA BR AR R RS R A A
S ARG 1 R BT 8 o B A HEAT RO, ST iR
o A A 2 LA T 58 A S B RS ) ) S 4 1) o e W
UARGSD I A b ARG RO il P S D A b 4
b o A S B A R A, TS R 8 A £

BREE AR B R G (B 1aPos), TEikPRAE AR
FE P BEARBE HCIR L 5 1 B ASCRS 00 mT BAAR 98 44
IR B 2 8] 1 AT B SCIR TN BB, T /5 LU 70
b 2 A U ASC A i A1 BT 8 S A AR I, e
i {BL B B BRI AR AE i T 3E 4T 360° 334, (8 AT FH
USRI 7 125 B 3 5 SRR 1

a BEBEEFLARMNER

pAR A 1 ¢ AR MR 2
1 SEERAER TR AR

Fig.1 Testing damages of embedded components
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Fig.2 Resistograph testing of circular
embedded components
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Fig.3 Resistograph testing of quadrate
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Fig.4 Testing curve by Resistograph
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Fig.5 Radar testing of circular open components
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Fig.6 Testing image by radar wave method
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Fig.7 Stress wave testing of

circular open components
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Fig.8 Testing result by stress wave method
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Fig.9 Radar testing method for quadrate open
components
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Fig.12 Resistograph testing of quadrate open components
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Fig.13 Joint testing method for open components

c. LA

a T Ir& G

AT AT FE R, J I T A ORI B R g 35 I =
R, AT LA B M N B R K DR R, H 2
PR AP B KA AR AL S5 1 2 D 3R,
WO BN RN — E W 2 (U] 13a.
137D A Z R A SIRAE RS, A BT
X B AR AR T e iR A IR B 42 1E I BE AT
[F B A0 e A0 6 JBEG FY I BRL A, T AR AS B D v
st AR (& 13¢).

3 45iE

ARHIE T IR S A A P B e P I
PERI B A, 32 BEA X @ TR AR . 1
AN E, R A b g A DU VR RS B
SRR A A RO Rl R ] SRR ALE

D) PP Al ARG A BEARRA BRI, RSB A4 4
(B A SRS BEPE &3 T



5 6 1

B WM R R SRS R AR =

WA SRS P 5 T 3 S R 1 2 e SERH BT
AR N BA b BN 75 ZEA S AR AT AR
BELHTAXC IR H AT 5 A i R A FO RS I R
o BN AT A PR A AR F T AR, xS A 1 3R AT AT
B SR AR, A R G 1 L 8¢ I 2 A
AR BRI ST A TN 5 3 B /5 EE A M KT
RURR = 1) SR PR

2) METRBELMEAWIE, WEAEKT 35
cm FR 15 J2 A A 5 A 1 B8ORS KT 35 em (975 7F
HA 5 B A4 P D0 S A SR B I AE AR S5V
27 CASE AR Y AR B R e B R . T
X RUMEH M IR, W BN T 35 cm [
TEAHA e IR P BORSE /T 35 em (Y7 TR AR 85
PR30 S i RIS FHPUAC I S A I e AR, i 22
I BRI AR EF A o

3) o A HUAR A A e b A A A A T
N EREFURM A S AR R A S AR
FA I T B ot HACR B, EX T
P PEERIPEBLRER 73 BN RS R B
BHL TS I 452 A& FH - B A7 A4 R A, G
X ELEE R R RS AT, B AT EAE,
AR B TR AR AR M BRI TS K
W 22 THTE 454 I 52 R &5 5 BB 1) = B AT R
] SERL R AR AR HE LAY o

4) BEERHARRRIARRE, AEAR RN AR
UK SR U0 G5 2 1k e 5 15 31 2 5 3R TH AN
I B A 1 o e 2 A IR B o i 2 A B
FREH G B R D BARAE H Rl R o i A 1
R R B A AR AR T, R OR BORE it IF
R AT RE -

S MK :
(1] EIBIAE, R . o A EIM]. Hb 50 o R R Tk AR
2007.

(2] GREEDS . B JAAE @ ARACHE A £ o i R 2 [D]. bt kst
Mol KR 24018 5, 2007.

[3] LAURENCE R C, STEPHEN L Q. Detection of wood decay in blue
gum and elm: an evaluation of the Resistograph and the portable drill
[J]. Journal of Arboriculture, 1999, 25(6): 1-9.

[4] ZESOHE, IRHEIR, EIF, 55 AL RS I B0 5 40 A0 % L ke il
AERBE R FEIET]. Molk B2, 2008, 44(5): 115-121.
WANG L H, XU H D, YAN Z X, et al. Effects of sensor quantity and
planar distribution on testing results of log defects based on stress
wave[J]. Scientia Silvae Sinicae, 2008, 44(5): 115-121.

[5]1 WRIP, mfil, A, 58 5 R AR 2 IR T 254 A 78 8 A I At
BAIR[I]. ALl R F 4], 2017, 39(3): 112-118.

CHEN Y P, GAO T, LI D S, et al. Preliminary study on radar detection
and imaging of cavities and cracks of Pinus massoniana[J]. Journal of
Beijing Forestry University, 2017, 39(3): 112-118.

[6] LIN C J, HUANG Y H, HUANG G S, et al. Detection of decay
damage in iron-wood living trees by nondestructive techniques[J].
Journal of Wood Science, 2016, 62(1): 42-51.

[7] TUMENJARGAL B, ISHIGURI F, TAKAHASHI Y, et al. Predicting
the bending properties of Larix sibirica lumber using nondestructive-
testing methods[J]. International Wood Products Journal, 2020, 11(3):
115-121.

[8] UTHAPPA A R, HEGDE M, KUMAR P K, et al. Rapid measurement
of density of wood in progeny trial of Acacia mangium Willd. using
resistograph-A nondestructive method[M]//Wood is Good. Springer,
Singapore, 2017: 37-45.

[9] ke, VFIHN, TRIATE, &5 B NBHPTER A BRIA[T]. oA
i, 2016(1): 6-9, 74.

ZHANG F W, XU Q F, ZHANG Z Y. Wood defect inspection by
drilling resistance method[J]. Nondestructive Testing, 2016(1): 6-9, 74.

[10] UDAYA H, SACHIN A, BHASKARAN G, et al. Defect detection in
wooden logs using ground penetrating radar[J]. AIP Conference
Proceedings, 2007, 894(1): 1368-1375.

[11] SANDEEP P, UDAYA H. GPR scanning methods for enhanced data
imaging wooden logs[R]. AIP Conference Proceedings, 2008, 975(1):
1674-1681.

[12] BUTNOR J R, PRUYN M L, SHAW D C, et al. Detecting defects in
conifers with ground penetrating radar: applications and challenges[J].
Forest Pathology, 2009, 39(5): 309-322.

[13] B8, 1573 . PRI TR IA (GPROTEACH JE A A I L F rf (¥ w47 1
FRIF[I]. TR, 2013, 35(11): 51-54.

DI X H, WANG L H. Study on the feasibility about GPR applied on
wood nondestructive testing [J]. Nondestructive Testing, 2013, 35(11):
51-54.

[14] ST, ZHbk, 1 s, & 08 S P9 S e T Ak b M F 7 0] 4R
MU AR, 2017, 48(10): 185-193.

WEN J, LI W L, XIAO Z L, et al. Radar wave detection of standing
trees internal defect[J]. Transactions of the Chinese Society of
Agricultural Machinery, 2017, 48(10): 185-193.

[15] HEFH, SO, H g, 58 5T 5 A U MRAHE T A B BRIE BRI R
0. Molk R, 2018, 54(5): 127-134.

XIAO XY, WEN J, XIAO Z L, et al. Detection and recognition of tree
trunk internal structure based on radar [J]. Scientia Silvae Sinicae,
2018, 54(5): 127-134.

[16] Rabe C, Ferner D, Fink S, et al. Detection of decay in trees with stress
waves and interpretation of acoustic tomograms [J]. Arboricultural
Association Journal, 2004, 28(1-2): 3-19.

[17] GR35 PR . by b 44 R L7 98 W 22 AR A2 W 5 PR AR BOR T 5 [D). ALt
o BRI T 1 L2 018 5, 2008.

(18] MR, Eorilg . SRS JFOR A BB 9 — 4 AR A I BEOR 0T TE a8t fé
[7]. kR, 2010, 46(7): 170-175.

YANG H M, WANG L H. Research and development on 2D imaging
technology of the decay in trees and logs[J]. Scientia Silvae Sinicae,
2010, 46(7): 170-175.

[19] HFET, gk, FLER, 55 ARAAAR VI TH A H SR 0 82 7 BuR 55
VA[T]. WA PR K 2525448, 2019, 36(2): 211-218.

ZHENG Z Y, FENG H L, DU X C, et al. A stress wave tomography
algorithm for internal defects in radial and longitudinal (RL) planes of
wood[J]. Journal of Zhejiang A & F University, 2019, 36(2): 211-218.

(AUgmAx ® %)



