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Estimating variations in wood density by drilling resistance

YAMASHITA Kana"’, NAGAO Hirofumi?, KATO Hideo? and IDO Hirofumi?®

Abstract

To investigate the possibility of estimating the wood density from drilling resistance, drilling resistance data
obtained by resistograph® were compared with wood density on small clear specimens of 27 hardwood species
(air-dried density:256-995kg/m’) and Sugi (air-dried density:314-476kg/m”). There were significant relationships
between the drilling resistance averages and the wood densities both in the green wood and in the air-dried wood, and
equations for estimating wood density from drilling resistance were derived.

To investigate the possibility of estimating the density variation inside logs or structural members, the density
estimated from the equations were compared with the density measured by soft X-ray densitometry on diametrical
Sugi samples. In the green wood, the drilling resistance and the estimated densities increased with drilling depth much
more than did the measured density variation, suggesting that it would be difficult to accurately estimate the density
variation inside living trees and green logs. In the air-dried wood, however, the estimated density showed the same
variation as the measured density, indicating that it could be possible to estimate the wood density variation. It would
be possible to relatively compare the density variation patterns among rings, while estimating the density values of
early wood and late wood separately would be difficult.
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5B, B8 TH5, £z, FlNEBEEZ{EIBRE T
1% (Rinn et al., 1996) 7z £, BV E THEE O E
ksl N ktﬁ%uéﬁ%ﬂﬁ TN, gILEEEELD
BRI DWW TIX, # (Costello and Quarles, 1999).
KM (Rinn et al., 1996; Wang et al., 2003) >R —
R (Winistorfer et al., 1995) THifENT& =, Ld
Lo, TSRS NIEBESREMB RS T
Ho. KO —MNEHEEDOERILZ BN

WIS A TR REERIFE A\ D38 2 Miat U 7e i 1750,

ZZT T, AMETIEENTERILUZILERE XAFD
NelBR R WV T ., M B XK UM TOZELIERTIO
T e &g L OBBRZIHS M U, LTI 5%
g HEE X2 RD Tz, i, HEE RS Z v
T, ZILEAOSEONTHERE L HENEEZ L 2Lt

WU VIR, AR, BBREMOEESMZLI AT
7 UK o THERE T 2355 & O RS EE D MIE L oD R
Rt Uz,

2. B eIk

21 INEREOZEFABNEREDRE

IS BERH 27 KRR B O A F /iR B K (T30mm X
R30mm X L40mm) 7% fit3L#F K & U 7z (Table 1),
HHEMCH, IXNTOREBMAKZERMERZ(Q0C,
65%RH) IC T L., HEICELZK, KELEREE
HIE L CKEEE (U, 70y VR E) 2Rk Tz,
FNT, KEZRRBICB W TELETZIE L. £ D%,
ARk z B KRICIRIE L. Bk (A4 IREEBIC L
Tet%. HEZILIRIIZHE L T2,

Table 1. fEARIEORE L LY A N F 57 HAET

Density and resistance average of each species.

B4
(D): #FL#+ Diffuse-porous wood,
(R): BRFL#f Ring-porous wood,

(P): Hx&+¥L#+ Radial-porous wood

Species name

Number

HEr EE  HHEFH Resistance avg.

A% Density L'> 1 Rangel L. 22 Range2
EM REM AN REM
of (kg/m’) Green Air-dried Green Air-dried

samples wood _wood __ wood _wood
(R)*V Paulownia tomentosa 10 284 032 0.25 0.06 -
(D)RFZ Populus spp. 6 380 0.60 042 0.08 0.11
(D) THAHTLT Mallotus japonicus 11 425 071 071 0.09 0.11
(D)F¥ o Ru Populus alba 10 436 0.82 0.75 0.13 0.13

(DY A AR E AV Tilia maximowicziana

4 444 0.65 0.38 0.11

(D)% Aesculus turbinata 14 467 1.01  1.36 021 032
Dy=7v Magnolia kobus 4 483 .14 142 0.17  0.38
(DY~ 7% Alnus hirsuta 4 522 136 1.05 0.31 -
(D) HB>7 Cercidiphyllum japonicum 12 546 1.05 144 0.22 -
(R)y= /% Celtis sinensis var. japonica 13 566 145 1.74 0.33 -
(D)IIR A Symplocos glauca 2 582 129 238 0.25 0.81
(D) Z N Betula platyphylla var. japonica 4 585 1.49 - 039  0.86
(R)RZ VA Castanopsis cuspidata var. sieboldii 11 600 1.09 1.28 021  0.34
(R)7¥=x* Zelkova serrata 16 622 1.60 1.88 0.43 -
(D)=ReH¥2Z  Prunus pendula f. ascendens 8 636 195 1.92 0.47 -
(D) " ¥UHX Diospyros morrisiana 3 646 1.62  2.65 044  0.90
(D)A A ~H2Z  Prunus lamnesiana var. speciosa 10 649 1.84 216 0.53 -
DYyFAT Ty Liguidamber formosana 7 652 1.61 235 040  0.86
ECEe = Acer mono 4 691 235  3.19 068  0.97
(D)Y&7 /% Machilus thunbergii 4 705 1.65 187 045  0.56
Ry ¥TFFE Fraxinus mandshuria var. japonica 4 733 2.81 3.04** 0.88 1.09
(DS Ternstroemia gymnanthera 3 808 272 346 0.88  1.50
(Ry =L Ulmus davidiana var. japonica 4 829 322 * 110 1.38
(Ry=7r7 Quercus serrata 6 847 3.05 3.46** 1.14 1.30
(D) AR /3% Distylium racemosum 2 943 266 2.83 0.90 1.03
PYTZHy Quercus glauca 14 953 * * 1.32 1.76
(P)D/RAHY Quescus phillyraeoides 4 980 230  3.44** 0.74 1.48
IRBE R AR KA Hardwood Max. 995 342 3.64 153 272
JRZER R /M Hardwood Min. 256 0.18 0.06  0.04 0.07
A Cryptomeria japonica 40 381 0.71 ool - -
AR KAE Max. 476 0.91  ekek - -
AXF/IME Min. 314 0.32 ke - -

* W ERAMED 4, The maximum resistance was 4.

ok IRRAEAY 4 DLE & 7o 72iBRA 1 2R <. One specimen of which the maximum resistance was 4 was excluded.
w1 iR/ )MiEiAS 0, The minimum resistance was 0.
- 7—%7 L, No data.
Note: /NrBR{A THIE L7z, The data was obtained from small clear specimens.

BRSBTS 55 % 1 5, 2006]



Estimating variations in wood density by drilling resistance 63

ZMPTOWEICIFZ L Y A b7 5 7 (IML-RESI
F300, Rinntech 8 ) Z ., KEH S RENEEG M
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Sampling method from diametrical strip.
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3. MiREEH
3.1 NEBRKICBITAEFIBMOFEEE[ERE S
DR

M B KUK O/NRBAZ HHCTHEL LY
ARNTSTOMHETa T 7 A I)VDE% Fig. 21SRT,
INEERIM (Y, Evay) Tid. HIEIE LB
MEZD SN 72 (WX E) %, ZEICET S (
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EwEmzR LUz, —7. AFTEREMXENED >
e, THREBBEMINWC ENRNEEZ SN, 7
CC. WXz BHEmIC RS 2 oic, GRS
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Tl 72 R O A & S M T TR L. il & %
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Table 1 IKAEMBRXUOKEMDOL YA NT ST
e 7 vy 7 KL% OB RO E 2R,
MO ITMEFEE & AR T, $ U TEEZM O T E
BHOHFHMRKRENS Tz, THIE, FUILOZEAI|PUTE
IKFE S ~20% TlAMMERD, ThUETE®D L.
WA A A DL L TFIE B & R B (/M 1978)
DELEFEDOHEmERLIZEDEEZOND, 2721,
FURRT TR ED K S IC—EBDOEE DR FE Tl
EMOHMEN I MO TIEL D KREVEDNAHDS
N,

INRBRIKIC BB LY A NS TR T o
v USRS & OBRZE M. KEM &1 T Fig.
41TRT, HHE DB, 5E 5 Nz E X% Table 2
WKRd, LIYANT T TWIEFEE. EM. K
MEsicT oy 75 L ORI IEDRE R
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Fig. 2. /NlBMAIC 3513 B 4EM LKW DL DA N TS T HIE .

Drilling resistances of green wood and air-dried wood of small clear specimens.

Legends: AKSE8R : 4, KR &

T, SRR < AEA ORI , MAHR « S ORI .

Thick solid line: green wood; thick dotted line: air-dried wood; narrow solid line: regression curve of green wood;

narrow dotted line: regression curve of air-dried wood.
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S . (b) £#4 Green wood (c) et
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R « Rangel F e, | vy e
< i RE constant __ 0.8 Range2 oo /e EO.B_. Rangel .l e
w2 W EO.G— 3 ‘x| Eos Range2 «%° °
e | f7 y=0.347Logx+2.029| o .y = e

S04 s e St | S04
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Fig. 3. ZHLHMRAIIC T 2 LI A N 75 7 I HMEO 2K . (a): BRRHEROH TIED, (b) & (o): FIE & 2

X & DBEFR .

Increasing of the drilling resistance at the initial drilling depth. (a): Fitting of the regression curve, (b) and
(¢): relationship between density and drilling depth in increasing.

Notes: LY A RIS THIHMET BT 7 1 )VICENRIIER y=alogx+b(x: ZEfLIEE . y: LY AN TS THIIME ) 25 TED. Z O

DIAZ a/x V1 LR BZHLIEE % Da & LTz,

y=alogx(x:drilling depth, y:drilling resistance) was fitted in the drilling resistance profile. Da is the drilling depth where a/x, the differential

coefficient of the fitting curve is 1. Resistance average in Table 1 and Fig. 4 was calculated from the drilling resistance at drilling depth

deeper than Da.

Legends: (a): K : LY A NS 7 HME , MER - BIREER ,

SR B O HRROMBE

(a): thick line: drilling resistance; narrow line: regression curve; dotted line: the differential calculus of the regression curve.
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Fig. 4. /NBUMAD L VA b 75 T WIMET LTy 7 KEmE & OBk .

Relationship between resistance average and density of small clear specimens.

Legends: AR : 42b4 , MR : &A1 .

Thick line: Green wood; thin line: air-dried wood.

Notes: AIlFzl% Table 2 IRY . SR THENIZEM T —2IZ, BEDODOLICL YA NIS T HIE

TN E ORI

Regression equations are shown in Table 2. Data for green wood in the dotted-line circle show the species

with lower resistance average than the other species at similar density levels.

Table 2. /NAEMAD LA N7 57 HIHETFGL 70w 75
B & ORI
Relationship between resistance average and density of small
clear specimens.

Vv ER REA
Range Green wood /
Air-dried wood

n [ERS, HHERGREL
Regression equation, Correlation coefficient
R B ELARE) IR
Curvilinear regression Simple linear regression

1 Green 220 y=497x%%4 R=0.91"""  y=181x+303, R=0.89 "
Air-dried 166 y=494x"** R=0.89""  y=155x+315, R=0.90 """
2 Green 194 y=22x"% R=0.92"""  y=414x+420, R=0.89 "
Air-dried 103 y=743x"2% R=0.89 """  y=289x+430, R=0.90 """

**%: P<0.001.

x: /NRBRIAD LY X b J'S 7 /1 F1 Resistance average of small
clear specimens,
y: MNRBRA D% (kg/m?) Density of small clear specimens(kg/m?).

FEOEDICETHSESICHEA L, HBOELESICE
WTbH AT 7 7 A VBB SN, MO IH» S
NI E S FPHENEREEOEERAZIRZ ST EHT
e, 2T, WHEZ/NABAKTHE S N HE X
(Table 2)ICRA U THEE R L (LA R HEERH L) 23K D,
CTNEMXBT VY M A MVETHELZFENEED
D07 ay VREEERCLEKRL, ZOHENEY
Mt LTz,

AFEM T, BILESICH > TRM B X THHM O
HEEHEMN EBICHIMU, $iZEl L7 RICiEEHIC
g s, FHEEELRZZHEONZED N
(Fig. 5a), #C T, HALEZT 20mmBICL YA NT S
THIME e 7oy JBEBEERE OBGRZRNT
LT A, BILEIHEL BB D> T, BREERD
HEDWNELAD, AEEBEEBICHTEZLIANT S
7 HIE B BN U 72 (Fig. 6, Table 3). ‘EM D
EIET DB EALIRTIMNGEILE S I > TS 2 8
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Fig. 5. AFOEEDOPEHMEN . () EMITHBIT B HEERE,
(b) KM T BHEERE, (o) TR
The radial density variations from bark to pith, and to bark in a
Sugi strip. (a)Estimated density of the green wood, (b)estimated
density of the air-dried wood and (c)measured density.
Notes: FHEHEEIC (G H#RIANHI (Table 2) %2 iV oo FERIEHEE K X 4R

T YT R AN THIE LR,

The curvilinear regression equations in Table 2 were used to estimate
density. The measured density is the air-dried density measured by soft

X-ray densitometry.
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HELT, EMZYOBICT S LA 2 ~ 4 fZICE
BT % (RS, 1983) 72Hic A L— X P E iz
WZ k., HB0IE RV EREIC K > TaElRE
BAHTS (BEANS, 1987), EE/KBOY D JEMHAEE
NTHi{L 9 % (Eckstein & SaB, 1994) & & DL EMN

EZbNb, £z, HILEZT 100mm £ T, LI X
r S THAMETE E T 0y ZAREERE ORI
ZNZFN, HEAKMEE (P<0.001) iR 5 NizDicxt
LT, ZELEEE 100 ~ 120mm QALK RETCIIAE

400 —

BEH (ke/m)
BuLg density
S
[

A

0
HhiE qzﬂi ReS|stance ave.

Fig. 6. AFEMICBI BRSO LI A ST 5T M) ET
HETay 7AREERE OB .

Relationship between resistance average and bulk density of
block by drilling depth in green Sugi.
Notes: [Hfizl7% Table 3 IC/RT,

Regression equations are shown in Table 3.

Table 3. AFHEMICHBITIBZEAESHBOL IR NI T THIME
e T Oy U RRERERE OBIR .
Relationship between resistance average and bulk density of
block by drilling depth in green Sugi.

ZryZNo.’ n  [EIFER Regression equation,

Block No. ¥ B8R % Correlation coefficient

1 39  y=165x+239, R=0.90 ™**
2 39  y=120x+253, R=0.74 ***
3 37 y=113x+259, R=0.69 ™"
4 38 y=113x+250, R=0.76"""
5 38 y=822x+268, R=0.66""
6 38  y=25.7x+330, R=0.29

1~5 191 y=91.2x+268, R=0.73 ***

**%: p<0.001.
1): 71w 2 No. & Fig. 1 DD, Block No. is shown in Fig. 1.
x: LY R N5 7 )1 Resistance average,
y: 70y 7 AR (kg/m®) Bulk density of blocks(kg/m®).

GHENED ENE o Tz, ThITE. FURFPRED
BEATHINZ WS ENEEEZRIFL TR EERD
ns,

—Ji. AFSKEHM TIE, BEGHETHM & B M OHEE
EEADNENE WD FREE L RO Z /R L
(Fig. 5b). ZEFLIESICPE S ZfLIRPL. b bHEER
EolEnEmiiidonkzho/z, v /F, ¥ F,
FUROOKEMIIBOTERAET, #HEHEDFY
il Lk 2B Dl &I IE — B L 7z (Fig. 7)o ML L
DT S, JEMTIE, FLEPUC K > THERGM
DEEFTHRZHMETERENRENE, IEL, K
KEBE O LG EIDPFEVIREREEEMICE VT
. Y10 JE O DR 7 Fe DI LIPS %
AREMED D B,

FlnNEEEZRET 2RI DV TR LTz
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EOENKEV, 7V FOILE TIEFLESNBIC LA
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L L. BEMEEDHMMEEOMEICDONTIE., HEE
BeRNEEL TREZ GGz, TOHBEL
Tl Fig. 4 1ISR”F & 512, 300kg/m’ LU R DKWV EIC
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The radial variations from bark to pith of the estimated density(1) and the measured density(2) in air-dried condition. (a)Chamaecyparis
obtusa, (b)Zelkova serrata, (c)Populus alba.
Notes: Fig. 5IZ[F U,
See the note in Fig. 5.
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