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Prediction of physical and mechanical properties and
influencing factors of larch wood in historic buliding
YUAN Xiao'*, ZHONG Huixian'*>, ZHONG Yong>, CHEN Yongping'*"

(1. Institute of Ecological Protection and Restoration, Chinese Academy of Forestry, Beijing 100091, China;
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Abstract; Historic wooden buildings having a long history in China, being a testament to the country’s rich cultural
heritage. In view of the preventive conservation of historic wooden buildings, it is important to predict and evaluate
the properties of wooden components timely and effectively, which can be completed using non-destructive testing to
assess the wood structural integrity of the building without any damage. In this study, non-destructive testing tech-
niques like stress wave and micro-drilling resistance were combined with physical and mechanical properties testing in
laboratory. The prediction equation of non-destructive testing parameters and physical and mechanical properties of
larch wood was established, according to the progressive way of small specimens, reduced-scale specimens and full-
scale specimens. Moreover, a field non-destructive testing and analysis method for the physical and mechanical prop-
erties of larch wood in historic buildings was proposed. The results showed that, there was an obvious linear positive
correlation between the wood density and the micro-drilling resistance in small specimens, and the correlation coeffi-
cient of the linear equation between wood density and micro-drilling resistance was 0.91. However, the ultimate com-
pressive strength, modulus of rupture and modulus of elasticity showed an obvious linear positive correlation with
modulus of wave-resistance in small specimens. The correlation coefficients of the linear equations of ultimate com-
pressive strength, modulus of rupture, modulus of elasticity and modulus of wave-resistance were 0.86, 0.74 and
0.74, respectively. It was proved that the physical and mechanical properties of larch wood can be predicted by micro-
drilling resistance and stress wave velocity test. Furthermore, there was a certain error in predicting the physical and

mechanical properties of large specimens based on the prediction equation established by the test data of small speci-
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mens. The difference between predicted average value for density and compressive strength parallel to grain and the ac-

tual average values were 12% and 16% to reduced-scale specimens, and the difference between predicted average val-

ues for density and compressive strength parallel to grain and the actual average values were 16% and 17% to full-

scale specimens. The testing path factors should be considered in the field testing for wood property, the density,

compressive strength parallel to grain, and micro-drilling resistance value of larch wood all showed a gradual increase

trend from the heartwood to the sapwood, and the external micro-drilling resistance value was 4% —16% larger than

the overall micro-drilling resistance value. The full path micro-drilling test of the wooden component should be per-

formed in the actual testing and evaluation, and if the full path micro-drilling test was limited by condition, the micro-

drilling resistance value should be corrected on the basis of radial variation of different wood species.

Keywords; historic building; wooden component; larch wood; physical and mechanical property; non-destructive

testing

AN AR TG SRR, X
ATV ) A PR RE V- JC V5 I A% 52 B B R P A
759k o AEABIR AN {8 TR BE A SN LY A
b R TEARS I AR 1 2 sy e 00 A A
Py g 2 VERE 2 T AR R BT T AR T R = S5
Tz —,

HARBFTER A, 2 AR 22 TR R 7 ik o, ol
BELALASCAGE 0> 0 A5 g BEL 470 A Xeb 5 0 17 g 9 A6
WU SRAG 4 1O ) PR 5 R b B A T
TEMARCHE, F R R HTCE I g g
R FR R EIAY 7 RS TH A PR 0 By 2P R S
TRt BEL P A L 2 ) AR S AR E AT 0F 5, 4 2R 3
B, R FHBE T ASCAGEI 45 2R vl LA A (- B )~k
REFEATRE 0T, BOBOT A R TN 0 e
ACRE RS R A PUIBE 5 Bh A (1 B AR 1 AT
TR 2RI, I g I eI R LA A R
AKGPER Ty 2R EE  SRIFEV AR DAL 5T 18] B el iF
T SF SRR R 17 A IR X B R g5
TP HEAT B 7 A T E TRt Ly 8 B S AGE
SERIRWI, IV 7 -BH Iy A8 5 g A R 32 B o
PERETE b 2 ()T B IR MEAR DG, RS LU
IR A AR RO IR R0 L T
UEEAR S R BE BRI BB 2 R R | 45
SR RIS I TT AR ARG A RS
MRS RE HUZS 5 B D7 AT A VAR s T R B A
N7 3 5 T PS40 s 6 B2 7 TR, s BEL g A I 75
5 BHERR LW =, S 1 IO RV BEL T A B RHL
BRI 7 I HE R A P Ty AV AT HE B — 5 1k
TR A R, AR I T O T K
RS TCARAGIN ESCAEASE DL B8 23 BT 25 D7 %, X e
A SRARE Sy 27 P R S LT J7 ik 2 AT T —
ZINESE, AR X T AR 55 B8 (4 T , feit P
Bt REL g BV AT A5 3 A v B TOUORS BE 5 X T AHRE g e
REAY T , A5 0 B L5 & 25 TG 1R Y S B sz 3K

M BBy ) DL R oA Aer I i) 77 1) 4 2 A A 2R
AR A f5 2 B TIUIDRS B, Divos 257 1] FH I 1 9%
AEINASC, XoF — A EL 9% T XU 5 B R A AR S50 o7 AR
Fa AT ORI, a0 45 SR 2R BH , ) FH L ) i A
T4 A T LA A oA A e 03000 B A A 4 1 470 25 i
J¥ . Ceraldi 25" fiff FH flc/B BHL T SO iy SRR AR A4
A2 B G R R BE R A T T S0 P4 2 AU BH
FHERNAN 2 A AP AR SEE, Calderoni %1
XTIHSEARFG AT 1 3k B AR D Fn 4% 452 07 2
R, HENT T IR BE T (A S R SO ST R R 2
] A BB DG /AL GUOULLAAE A DRI 5T, LS5
TGN G EEA R R/ I | R it 2% B 5L
B 7 FH 1 36 UE R, BCAR BF 7 R B/ N iR -4 R
- 2 R A as 1 1)y e S O PP Ak I ASE A

S 3 O A SR A A TR R
(Larix sp.) PEA8CRE BEATTAS | I 7 i A6 00 <5 TG 45 A6
DU AR RS 5G 2 38 ) 2 BRI AR 25 & M e
WAL 25 B HORSREE U o B DL S ik
P 5 TR BEL T AL Jpdz BELASE o OC R T ASE Y | 43 A
FC AN [P B ) 2 1 R TN ASE 76 ) L G R 50, FE X
PR YU R T AR Y AT — 2P AR R R R
TRAE ISR 5, A g6 00 Oy ik Al AT, BRIZ
A1, AR (B e I Ao i v 7 B ARAG (A0
M2, AT A8 TG FR I 50 1 B AR 19 JC 3 R I S5,
AR HOM A R AR | Ty 2
RER AR AEAREIY L, T AR M 3 ) 2 PR e
FTCHRT I S E 1 ) AR LA, LU E T 2
T2 PR TN A AR HiE S B 17 100 X6 T 4 B A T 6 A
MSHGHATIEIE

1 #HE5F &

1.1 RIEA R
ARG T FH 95 A i A SR R b R A
T 7555, N SRB SRR T B ( 44 270 a)



52 3

AR VR AR AR W B~ P RE T KGR e PR R 05

FNERE (BEA2 130 a) ZEFE 7 ; 75 T FA BRAR A4 St U5
FAILR R O AR, Ak R e TR
W E A KR (2 9%)
1.2 RIS

AR T AN 5 32 2 R 1R BE AT AY ( Resisto-
graph 4452-P) 1 J1 G INAY ( FAKOPP) | J7 fig
LI L (INSTRON 5582) bl 2 i ¥, U7 fig 1k
IS HL( WDW-300E ) | fHCAIL 45 i . 8 £] R s 7 1k 46
ML YAW-3000A ) LA Ko X 5 28 5] i 25 )3 ) 32 %
( DENSE-LABX) .
1.3 REHE

KA TR BEATCAE RN, 7 0% 1475 T FE AR DB11/
T 1190.1—2015¢ 7ty B 5 25 4 2 4 1 5 o AR B
551 RS ARG M, A5 B ST e 5 B
PS5 AT S S AR A 2 AR B GB/T 1927.5—
202 L AP FE M E F77) GB/T 1927.11—2022( it
SR SR E IR 7 B2 ) \GB/T 1927.9—2021( A4t
U o R 80 7 k) L GB/T 1927.10—2021 { A #f
P2 SR S I A ) I
1.3.1  BERY R AR A2 N X AR 69 e T 5 0m) 4K

T AN T A RN A 20 R T L B i L )
LRI TR 5, HI/E % 400 mmx20 mmXx20 mm
A TCRE AR 3L 60 A, bty @ pr il 41 4~ 3R
B 19 A, AT A B B i 0 RS 6 AH

\
S

484 mm
—>

FeTCREIN LA K Wy B g 2 e RE N, AH e A
=EWE 1 s,

ﬁ (.‘ 400 H
[
iR 2 oalll}
v o
||0 m'w\ 40 mm 13() |10 mE
! 400 mm ‘l
BELHTASASH

Jed (7

300 mm

4
@ | 30 mml |
PRy RENR

B N EE
Fig. 1 Testing sketch map of small specimens
oG ) K R F XA g e T 5 ) 4%,

26 RS R F I i R BEA R 906 A 25 7
4 AT BT L ~2 AR, AR 4~ 8
A, Gl i, 6 A B B 30 AN, B0
TARPEIT R TR A I )5 ] A% 75 mm x50 mm x50
mm FI4E R, FEAT BRI s | RS I R 2
BRI, B R IEE FEPLIESE 5 %
AR AREA B 1 R 58— T 484 mmx218
mmx218 mm iR, AT BRI E RS o
RGN FTSCHT 5 B M, AH DA I 7 25 L 4n &
2 i,

1.3.2

R IE

B2 KiAHFRUTRE

Fig. 2 Testing sketch map of large specimens

15 3E JA 42 16 AN i 49 e 5 ]

16 TE FH /N A B % A0 A KBA 0 48 (3R] 5% 1)
4 AT7 1) BT AR 1) (G R 238 7 1)) B
3 AR, BB 12 AR, 3 AN B 36 ANt

1.3.3

o WM BRI G5 R 1,23, iR
&I T8 80 mmXx20 mmx20 mm FFFETCHAGI |
SR IG I T B A 2 A7 2 R0 S e Hs 5 8
o ARG 7 2 A 3 s



66

Mol T A iR

CHR o

r |
I

Tl

B3 ZamilHenrsE
Fig. 3 Testing sketch map of radial specimens

2 EREH

2.1 [RIREIREEE T 5174
2.1.1 AR L % E 6948 £ A

W RARM P EEAY R T 22 e —, — &
FE by 5 HAL B 2= R . AR5 0 T
TN TR B S A HBTE F A SCE 45 R %
T, Y A T A AL A SRR B OB 5 2% 2 1
I I ZMARDC, HLAR IEAH DG, BVRE R 2 1Y)

S BLAC LRI LS, 32 SR 4 .

12
ok - y=0.007x+0.489, r=0.89
o ME  ——y=0.008x+0.413, r=0.80
Lol B 0 == y=0008+0.442,r=0.91
£
< -
50 -~
= 08}
M a
a2
0.6
04 1 1 1 1 1 J
0 10 20 30 40 50 60

4 WHEBERESEENXR
Fig. 4 Relationships between micro-drilling
resistance and wood density

212 AMEZTLHRARERE KT BREAIR
TR F 6 Al K

FHOCHIFZE O R B, i BHAR £ Fo® AT R TE i A
W5 bR o AT B ORE R BE B0 HE DY, B R
resi-km’/s”, R A 2R &7 T & A AR A4
MRS SR EE UCS P25 58 EE MOR St 25 s PR
1 MOE 515 BHASE 5 (1) AH SCASE Y | H [mT 15 5 2 4 14
5. FHIELS AT, A A RN AR 1 D
BELASE 5 55 ST He s B B0 25 i B e o s v A i
PIRAPERA G, T AN R bE 25 B S0P e v
B YU R B BT ES A  5 TE AR S A
AR T LU Y, BT HIREAS ) B T P fE DX ]
T ) AR I A R R N AR

SR TF AR R FH RIIGAIE | Ko 3% A B AR RE AR A
KW RS TRE, anZR 1 R,

120 - 350 =
o A y=0.031x+41.788, r=0.76 o ¥=0.082x+118.337, r=0.63 o ¥=0.006x+10.765, r=0.62
100 1 © BRI — y=0.045x+26.477, r=0.85 3001 o BLHF — y=0.110x+88.158, r=0.50 30 o BUtE — y=0.0200+2.027, r=0.75
o o+ 0 — - y=0.042x+32.045, =0.86 ol @0 T ¥=0.103x+98.605, r=0.74 25k o+ o — = y=0.009x+7.621, r=0.74
o B @ «IdUT <
& 80+ a7 = o op@n- <N
= o - = o Pkl 020 -
= r?s_m‘_ga-“%‘? g 0 S 2001 N = o°%33&,q” g SnaEo"
=60 fgET e = oo 2--6-0000 §15— o...0.28-5me o
) o .o = 150k -y oo 0. o
O o 5 o
%60 B o0 10F B
40r o 100 3o sk
20 | | | | | | J 50 | | | | | | J | | | | | | J
0 200 400 600 800 10001200 1400 0 200 400 600 800 100012001400 0 200 400 600 800 100012001400
Fv*/ (resickm?+s?) Fv*/ (resitkm?+s?2) Fr*/ (resi*km?:s?)
Es5 HKEEES5NFERENXR

Fig. 5 Relationships between velocity-resistance modulus and mechanical strength
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Table 1 Prediction equations of physical and mechanical property of larch wood

LRI y=ax+b

MM REFE bR ¥ AHCREU -
x a b
P/ (grem™) F/resi 0.008 0.442 0.91
MRS 58 B/ M Pa Fv*/ (resi-km?+s72) 0.042 32.045 0.86
B HA / MPa Fv*/ (resi-km?-s72) 0.009 7.621 0.74
PR/ MPa Fv?/ (resi-km?+s7%) 0.103 98.605 0.74




52 3

AR VR AR AR W B~ P RE T KGR e PR R 67

2.2 FiMEREMIIESHEZESS R

PG 1,4 30 48 RO 5 4 2 RO
DA 1) i BEL e R g BELASE 2 4 A X iz 1 % Pt %
B FE RIS 3 BE AR OCy F rp  45- B KM 25 B B
MRRESCATC s 5 B SR0MIAEL , 55 LS BRil A5 1 285 2 e It
SRS HATRI
2.2.1 % RAXBIRIE

W 4 RUAF 0 F el BEL B A8 R e BELSE 2 4 Sl A
AT y=0.008x+0.442 } y=0.042x+32.045, 15
B RO 25 B2 R ST 38 B2 B A, O 5 52
BRAEXT LLAn Bl 6 TR . 24eit o, 40 RO 52 B
WRESEYIME N 0.530 g/em’, TH I %5 3 - 24 (5 A
0.592 g/cm’®, F-HIHH2% 0.062 g/cm’ , B EEFIIE 5

0.64 - )
a y=1.12x P

0.62

—~

BEPE SN/ (grem™)

1 1 1 1 1 J
0.48 0.50 0.52 0.54 0.56 0.58

S S 34 D 22 29 K 12% , Hodh i K AH 22 0.085
g/cm’®  Fe/MUAZE 0.033 g/em’®, 45 R4 S2 BRI
SUYU 58 EE S {E N 58.35 MPa, FM IS4 1 50
FESEHIE A 48.68 MPa, F-XJAH 2% 9.67 MPa, JIii£L
PR BE T A 5 S A S 34 0w 25 20 R 16% , H:
HR KA 2E 16.79 MPa, fi/MYUAH2E 0.52 MPa, i
UG UE S0 A DA 2 AT 45 S 3R W, W0 e . 1 1
TR 95 RS A A1 9 B ) 2 P BE IO PR SR B
I L IRSCHT R s 5 T 55 50 2 (8] 1)
AR E 50 0.831 1 0.634 55 Ji TN URAL:
TGRSR B, 38 212 7 1% B A 1 T oty
BUARE (19 25 B2 FARZRBE T o

W W N
= W (=
T T 1

NPT i 2 T (/M Pa
IS
T

'S
(=1
T

1 1 1 1 J
45 50 55 60 65 70
NIRRT BE S/ MPa

B6 4 RiXHEAMEEGLERERN

Fig. 6 Predictions of wood density and compressive strength of reduced-scale specimens
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