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An Improved Method for Determining the Density of Increment Core
Wood Samples Using Hydrostatic Weighing Techniques

HU Chuan-shuang, SU Zhi-yao, YUN Hong, WEN Wei, WANG Ting, LU Qun-xia
( College of Forestry,South China Agricultural University , Guangzhou 510642 , China)

Abstract: A common and effective technique to evaluate wood quality and the effects of torest cultivation
is by determining wood density using increment core sample sections, however,it is difficult to measure
the density due to irregular surface of the increment core sample sections. An improved method for deter-
mining the density of the increment core sample sections was proposed considering the porous properties of
wood based on the Archimedes Law. A series of regular samples made of Chinese fir( Cunninghamia lan-
ceolata ) ,Camphor ( Cinnamomum camphora) ,Intsia ( Intsia bijuga ) ,and Belian( Eusideroxylon zwagerti)
were used to verify the robust and effectiveness of the proposed system in comparison with the standard
testing method of GB1993—2009. The results showed that the densities determined by the proposed meth-
od were very close to those determined by the standard testing method. The 13 increment sections, which
were sampled from the Longshan Forest Farm, Lechang, Guangdong Province, were also tested using the
proposed methods. The results demonstrated that density determination by Formula(6) ,which considered
the effects of the porous properties of the sample, are more operable and reasonable as compared with

those determined by Formula (7).

Key words ; wood physics; density; increment core

Hr¥s B HA . 2009-12-11
EEZE® AT AN (1978—) , ¥, # #3421+, E-mail ; cshu@ scau. edu. cn
ESWE: ) AAMBUTA B BRHAMRKETREFMSERRE L BAHRLFE” (2008A020100013 )




106

— -
LY A
T

’—ffﬁ

7 & bk K

£E

7

1’

w131 %

F]L_*gf
T A
RIEOL T, £E 15 Al

|!rn|l

W15

-, H.

‘mf

3,

PR ifE
R &

W

R A ]

R,
Nk R
YER 7K iR , {H3E BRIE
BIRAERKERE

KR

o A,
z:ifimf‘
(GB/T 1993—2009) ") ¢

RFR B, 25
AR Z FER S
B B0, 45 5 2 2%
2009 B
SCHRERTT T A,
Bl A K HEBUF

PR B HE
. BR

E]

=l

HUR S

=g b r W = R
RAFLE 100 CALE SR

£

A E

FLAF BT B K 73 B 2R Al L
ﬁ%ﬁ%;

P

fabr

=

PR

ES 7N

U A A,
lﬂﬁﬁﬁt%ﬁﬂ(%ﬁiﬁ* PR
AR B ande] A= K B BURE T SE R AL B
R S ) FE %
{SCRT AR R A K s 2 (e
A 157, T PR 1 IR R 7 R T

_{E. 5

=

FEM 8 52 AR kT
AR T H A 2 B
A AR A 2 A
AR 1) RMAVENZ LR, R,

HARIBIKVE R4y

f-?l

e k)

2 N R

i A

%T¥Mﬁﬂ(iﬂ§*ﬂ%ﬁ :
ZJTﬁﬂfﬂT%"ﬂ{ﬁ_L*ik
1A K HEURE 3 22 IR 95
ﬁ .

H

fiet it B9 —

X-ray F[E

H T A I

R —NE
o5
1 FAUZS AR & 5

AR AL 8 B 5 J7 %)
PRLRE T 1% BE AR TR A
%ﬁWFHMMA
AR B
MRS Eﬁﬁ%

1k

Ji &

H) )
Aﬁ
GB1993—

H BUAAT BT

..-T_‘,

HH B 7K |

4T fi &

L T

RO
BT A N A
BB FRERX

H] .

3&\

i (8 H R

iy, 8 T wEAR K

FEEOK.
o {BFE R

BIRE

F-3-A]
HEWR 2 10
18 i {2 FR 3,
A

A

=T B

BXELL e 2B IEB K, fﬁ“

qnn g
P 0 % E

4

/%sz;ﬁﬁ7kﬁ*&b{%
B K R )\'J@Wkﬁ
TR KRR
HIBXEZ ARBE LB B K B AE AR i,
N ORI T BRAEIR IR 3215 B AU R A e 2
YEXERE. 2) R % H 2/ N T KSR, 0l 2 1 72
T il R AR A A B DR €
Smith' "™ $E R T — I T AL K R &
KRR T BT ES,
#4511t
(H AR &1
] Ik Y Bk R, AR 3

B

ﬁ S5
XT%IJ

7= i 1 5 2= By

ik i

H T H#E XYY

FA AR 1 Tl 3

25 I8 T ARFAERN 2
T B B oK 18 I B ) A
PR T AR ) BRSH BY

YT S ) 2 A K BURE A A 595 2 B U
1 FRE5AE

A K BUR:
B Hb 41, FLER
SRR 43 1 5 S 7 AH 8 /Y T
KRB HA FF
B AT HELH

o E LB R A R AR BOK IR AR TT

AR A Vy/em® | I AEETE S KR

$ g3 8] 73 5 AN

fL

A H R B A] DA 43 R SEARER 431
T+ FH 8 )
R HR 7 Jf**ﬁ&A
FLBE IR K, & — B Bf [A] J5 #E -
1, R B ELR Vem” fﬂbk
HFLBEER A BEFN V, /em® | T 45853 (

f
A

d

A5 SCAA R

FLBRER )

J,JL._._.% m]/ng:Tﬁ.:

BIKIE SRR K
HHAFETE S
BN P!@/( g
(g em™).

K&

TV

= (m,

m&*@%ﬁ
m, = (ml + Pk V1) —p;,k(V "'Vo),
-mz)/Pmavlz(ma_mI)/Pﬂ(aR V=

M —

WHE AN m,/g, SARES
N my/g, TR KB B 5
BERFKREENRN P’
tal A (1)

KPR
R 3-!

(1)

Vo + V) = (ml _mZ)/pyj( + (m3 ‘m1)/P;j< , A1y

V=(m; —m,)/py.

(2)

1B E B E A3 (3)

Py _ml/v-—mlpyj(/(m?; -m,), (3)
WA [BIK B E AR 23 B X & 5% B w2, N
1) R Be] 25 oK 7 5 2 00 45 (¥ R 44 86 B W] 3k 3K

(4) ,#EFRLEZFE L.
Py = MPx /(m; —m'y), (4)
(), m, HAEESIPRER;m', iR

AIKP G L.

FRAARYERHZ A & D A 4775 GR-200 #,
A AKE BE 20 mg, M &2 200 g. Z B T ARMAEN

o) WA
1 P T &

7K 3
) 5

CAPE)

1IIETE E

PR

I

& mFF R

AT Bk

T

PFRVERE , T

| &A%, 1]

*7K%§?L'ﬁ7kﬁﬂﬁﬁﬁﬂﬂ [, B F Py oK
R NI ARE PR F B ULk A 4
KB A 1< S BURE AR #1 5 BE
YR PR TRCFE AS 5 B ARCFL ) i B AR R £
R E S S
XERRG S, XERIRF
1 IREITEHE

A
1 Fras. B%

£d

R 3 B R S AN

MK P8R E %ﬁlﬁz
2 BT R R R S

CEMREE. BT ZE0K

1E:

BN K, AL T T — A 558 P AR AY
A A

Fig. 1

E| ZK R HE

7K JoT B B A A T A

RERGEH IR, BRI E

- BiAE

b,

B

WA RS E

Diagram of the auxihary system

-
(GB1993—2009 ) | 1 3 M 1 ik

IBFp A2 K Cunninghamia lanceolata

& Cinnamomum camphora B} Intsia bijuga 14k
Bi K Eusideroxylon zwageri ,i3,%; T 2 BN 3. [F] Bt #&



553 1 BAAL WU - AR E ) i 1 0 5 A S BORE AR A 9% S ) A 7 107
FEET R R A X AR AT TR B, B8 B, 7Bl B b, BT AR B BOK S K
RERHESEPHFTREm, , ZGHABUEN S,  BIet AL, BIREREENER, 2R EILREN
SLRIRER A AKFRRE m', , AR EERER e RE, S mEEEERE. AR A (4)
HAEKPRE m, BRERRERSREEASR WHEEER, IR 8RR AR, W (4) /il E
H R m,. REZHRE, NBETHZEIRRKE 455325 GB/T1993—2009 A HNEREYI 5. TERF
H29 C,IRE T /KEE R0.995 7,2 500 A (4) FE#TEEN S RESEP RIALZ KR
FIRZHARALIK3) (4 EHREEE . WFRH S, %—L%&%{ S UNEE: N

Zés ﬁih%%ﬁﬂﬂﬂﬂﬁ'{ﬂﬁ*ﬂﬁ FEME PR, E5007, IR FTEE A KRB S BRE &
o, GEMRAE RIE T IRBERAEXN A RKEBEARM & T RFKBH:.
BMEN AL RN REE. NTERKERET LAY 20 o o m s
RIAS IR A2 AR B9 A 5 PG L A 1 i A7 A < 4 BUAE —— ARG WE
S 13 A 35 B 5 7V 4 ) BBORE AT 4 0 B
[m) B ¥ B E B A B DA T U 3 K . 708}
2 GRE59M 2 06}

SR R 42 7 v WU 3% ) 85 o 0 52 4 4 R GB1993— 0l
2009 MR EBIENE 2 #13% 1 iR, N T EE
M 0.3 g/em’ GEAFA) F 1. 1 g/cm’ (340) W EA 2T 3 4 5 6 7 8 9 10 11 12
FLT TR 00 B4, 2 R 4 8 D o W % 14 285 0 nEES
GB/T1993—2009 MR B B A E* i — B2 EFH S CBI993—2009 Bl # ik % B th ik
ﬁ[ﬁ,% %%%m%mﬁ& A M AT 1. ﬁﬂ ¥k Fig.2 Comparison of the densities measured by the proposed
AAAE H Z AL K AR EE A 3 (4) 347 96 and GB19932009 methods

%1 AEAENEMGRGEEE
Tab.1 Density values measured by different methods

®F w(H,0)/ U b/ h/ v /e m'z/-g - m;/g - _-m3/; p/(g+em™) _
HE5Y % cm cm cm cm’ nR(3) KR4 HiF

I 6.92 19.78¢ 19.403 21.104 8.101 2.8037 -2.6851 -5.1706 5.819  0.3283 0.3501 0.346 1

2 7.43  19.727  19.279  20.023  7.995 2.7031 -2.1385 -5.2101 6.3029 0.3188 0.3412 0.338 1

3 770 19.522  19.811 20.835  8.058  2.9012 -3.4455 -5.0015 4.9873 0.3426 0.3655 0.3600

4 7.72 19.844  20.078 21.238  8.462 4.8198 -1.0581 -3.4245 8.3358 0.5109 0.5821 0.569 6

5 7.3 19.892  19.944 21.286  8.445 4.5137 -1.2370 -3.7711 8.4403 0.4644 0.5425 0.5345

6  8.36 19.788 19.845 20.958 8.230 4.8513 -0.4646 -3.2261 8.5440 0.5362 0.5980 0.5895

7 769 19.736 19.722 20.724 8.067 6.8524 -0.3514 -1.1118 7.8660 1.0072 1.0452 1.0435

8  7.36  19.708 19.711 20.738 8.056 6.7703 -0.4315 -1.1673 7.8098 0.9847 1.0385 1.0284

9  7.15 19.693 19.653 20.722 8.020 6.7131 -0.4286 -1.1870 7.7921 1.0245 1.0768 1.0654

10 577  19.439 19.311 21.213 7.963 8.3095 0.6192 0.3939 8.8340 0.8303 0.8567 0.8495

11 5.34 19.436 19.366 21.223  7.988  8.2149  0.4466 0.3384 8.7536 0.8180 0.8493 0.8404

12 6.01 19. 193 19.455  20.958 7.826 8.337 8 0.7322 0.6280 8.8355 0.8131 0.846 11_0._821_
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Tab.2 Densities of the increment core sampling calculated by formula (3) and (4)
il w(H,0)/% m,/g m',/g m,/ g | m,/ g p/(g » em )
i i (4) 23 (3)

] 12.12 0.262 2 ~-0.3939 -0.110 8 0.616 6 0.397 9 0.3589

2 12.03 0.297 9 -0.3551 -0.017 6 0.758 2 0.454 2 0.382 3

3 11.87 0.197 § -0.500 6 ~0.158 8 0.474 6 0.2820 0.3109

4 11.96 0.274 3 -0.9257 -0.1279 0.6439 0.227 6 0.3539

5 12.20 0.263 7 ~0.353 5 -0.154 4 0.653 3 0.425 4 0.325 1

6 11.94 0.281 2 -0.674 3 -0.129 2 0.693 1 0.293 0 0.340 5

7 12.14 0.311 5 -0.324 2 —-0.127 8 0.6529 0.487 9 0.397 3

8 12. 13 0.338 6 -0.428 3 -0.147 5 0.667 6 0.439 6 0.413 6

9 11.98 0.285 3 -0.442 4 -0.129 2 0.664 2 (0.390 4 0.358 1

10 11.97 0.237 -0.390 4 -0.032 4 (.708 8 0.376 1 0.318 4

11 11.96 0.308 4 -0.796 6 -0.187 9 0.632 2 0.277 9 0.374 4

12 11.98 0.2106 ~-0.364 2 -0.200 1 0.534 3 0.364 8 0.2855

13 12.02 0.342 5 -0.376 2 ~0.038 3 0.816 9 0.474 5 0.398 8

¥ME 0.376 3 0.3552
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