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Effects of The Knife-incising and Kerfing Pretreatment on Moisture
Content and Surface Check Occurrence of Douglas-fir Heavy Timber'
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ABSTRACT

This study was carried out to confirm the effects of the knife-incising and kerfing pretreatment on the moisture con-
tent and surface check occurrence of Douglas-fir heavy timber. In the case of moisture content, the moisture gradient
that formed in the inner part of the specimen was observed in all specimens. In addition, the moisture gradient was
formed differently from the surface layer to 72 mm depending on the pretreatment conditions, and it was formed grad-
ually in the kerfing than the knife-incising. In addition, it was found that the solid volume should be considered when
measuring the average moisture content. In the case of surface check, the surface check occurrence was reduced in the
knife-incising, kerfing, and the combination of knife-incising and kerfing than the control. In particular, the kerfing
treatment was shown that the expansion of surface check width was effectively suppressed. In the case of knife-incis-
ing treatment, although the surface check was less than the control, the preventive effect on the surface check occur-
rence did not reach the level of the kerfing treatment.
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(43.3~8227), &-2(43.3~9947), 12100 ©]
DIt o] teftt 2o 2 - 5% 2H| Ths
a7l wlmel kgt Robo] Hgol bt
(Simpson, 1991). o] & V2ARE 12ZA 3}
T He S719=0] =AY 1 ot 2
9] o] 5L HXFOo=A HEAXE] ol 7]ofst
Al Eth(Listyanto et al., 2013). ©]&3t 1A X9]
e BET At DeABAAR S} TEAET
Zo|th

L2AGAA 2 I’—%Xi%ﬁi% Az 5 34
H SR o) WARE AusEe ez
Zxog AotE Az o|ti(Yoshida et al., 2000;
Lee et al., 2013). 112 X“]—,’_,%ﬁ}_“ Az _%7] prnis

%ﬂﬂl o] XH“M] o]

0% A WA § AgAEE A9 A5
RS WAL AL S dgont duA
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Table 1. Specification of testing specimens

Timbc‘tr type Treatment Sample number Nu.rnber

(size) (piece)
Control Con-25 5
25 x 25 Knife-Incising T-25 Inc-25 5
x 360 cm’ Kerfing (Thickness 25 cm) Ker-25 5
Incising and Kerfing Inc-Ker-25 5
Control Con-30 5

030 Incising ___________ S0 ed0 S

x 360 cm’ Kerfing (Thickness 30 cm) Ker-30 5
Incising and Kerfing Inc-Ker-30 5
Total number 40

8l A¢tE A2 Z(Hsu and Tang, 1974), Jung e
al. (1997)2 i 71238 uj) o]ilAd4==9e ,5'__\—
f%%::: EMO% Tﬂﬂ uk ol 2/3 m]g 7VEe A

H
olF A7t AaET] of
2 vlE & dchJung ef al., 1997; Lee et al., 2013).
O L oA E =dE Agstel st
U (Needle) Typedt % FUBH] 2gT {A
gl & moF 2 AMglel 2 Fel
-3l AFAH(Knife) Type©] Qlth. Listyanto et al.
(2013)2 CO, laserz®2 A 2gt AFRLE Azt A3t
Az 5 SRR GRgoRA AW B g 3
o] TAEQS-S Hiskith ESE Hattori ef al.
(19972 QEAF ARIR 4171570l o2l lrfo]
A AAP & Azt A3 go]A Aol A7t A
ZAIZE vl o] HQitkal sl o m, Islam
et al. (2009)2 AZX A Al A& slojx= <oF
AF=dol 7hsshH, FAFYAE Bt offe}t HxA]
Zrol @l =go] E Aolekal Huskglrh 1
L Qabol e Aejabgol A ARl w1 shr]
ol A=t 42 292 7|44 EA4S AaA7IA
Eth(Perrin, 1978; Winandy and Morrell, 1998; Park
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2.1. SAM=E H MA™2|
TA4ZEC E Douglas-firs AAsEaL, 25 x 25 x

360 cm’ (T-25; thickness 25 cm)@} 30 x 30 x 360
cm’® (T-30; thickness 30 cm) 27| & Z}zZF 20KS &
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Table 2. Drying schedule of Douglas-fir heavy timber with dimensions of thickness 25 ¢m and 30 cm

Stage Time Dry-bulb Wet-bulb
¢ (Hours) () (C)
Steaming 12 95 95
Pretreatment N
HT-LH 48 120 90
ETD"” 144 90 70
Cooling 24 - -
Total time 228

" High Temperature and Low Humidity
** Elevated Temperature Drying

H|5}¢lck(Table 1). Al@A Q] =7]of whet Zk2 104
O A FAE FARE AlHstL, Aol Wk oF
2,400 7}/m? (Zo] 10 mm, = 10 mm, 7] 2 mm)
2 5o o] "ol Asigict. o]% At 7HE
st AJRA SART TRHEEkA] 2 AEA SAE 72
Y2 Adstal, FEa ARESke] 3% 3 mm, FdH
3719 1/3 Zo|& & ol #ig-E 71gstqirt.

Douglas-fir FEH2EAY] Ao 488 AAES
Table 20f WepiQlct. 1A Holli= Shinshibait 2]
Aol g J71 A% 7|(SKD-90HPT)E Al-g3tglom, 2+
Aol 3ekH 3 cm x 3 cm, Zo] 100 cm =7]9
AzE B ARSI, AR 7+ 3 em, 8 7F

4 60 cmZ 5fo] AT

2.3. 2BeerE ¥ EeEEX A
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2, FdH o 2HE 60 cm, 120 cm, 180 cm HoZl
RgloA] 77 £ 2 om AIERE 1914 A 3519
o} 18] FHORHE 18 mm{t4o®E &
woto] 0T 1 RES AWYOE 245
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(ASN' Average surface
Zo](ASL: Average
surface checks length)% ZAFHITh

AAezdo] wg fudd 2y AAars ¥
wst7] ffsl 2 AlRAEONA e JHTEE]
ot ZoJ(AL: Average length of surface check),
+ AHdE HZ(ASA: Average surface checks
area), A|Hed WA B|L(SCAR: Surface checks
area ratio), Ha+ TZ Z(ASW: Average surface
checks width)2 t}&-2] Ao & AAsIith SCARES
Yeree AfE AlgAe] & ERHN Ay
o] AHFH= WA 1S Lkl Zlojn], ASAS]
A% Az T wun Aunae veusl fAw
FEHE 7HA7] dliTel, ASAS AkbA oA REE
27 ARSI

1y

:LI

Total length of surface checks

AL= Total number of surface checks
ASN= Total number of swfface checks
Nmber of specimens
ASL— Total length of surface checks
Number of specimens
[(l1><w1)+(l2><w2)+ ............ (lnan)]
ASA= 2

Number of specimens

[ : length of each surface check
w : width of each surface check

n : number of surface checks
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Table 3. Final moisture content of Douglas-fir heavy timber according to distance from end surface after the

end of drying

Distance from end surface (cm) AVG.
Sample number

60 120 180 (%)

Con-25 21.6 22.0 21.6 21.7

Inc-25 17.4 20.9 19.0 19.4
77777777777 Ker2s 182 164 159 167

Inc-Ker-25 14.5 14.0 13.9 14.2

Con-30 17.2 26.7 19.7 20.7

Inc-30 20.8 20.1 20.8 20.5
"""""" Ke30 209 22 23 25

Inc-Ker-30 19.2 18.1 18.1 18.5
SCAR (- ASA oo 271, FAUE L S0l B g
TAS Al 71917t A3l A= AbmE v (Lee ef al,

TAS : total surface area of specimen apart from
the end surface
(thickness + width + thickness’ + width") x length

ASW = n
total number of surface checks

w : width of each surface check
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Fig. 1. Distribution of the finl moisture content of Douglas-fir heavy timber after the end of drying.
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Table 4. Evaluation factors for the estimation on the preventive effect of surface check

Treatment
Specimen Surface checks
Con Inc Ker Inc-Ker
ASN
(number/picce) 21.6 15.8 15.2 7.4
AS.L 917 657 602 245
(cm/piece)
ASA 193.8 142.3 85.3 26.3
(cm2/piece)
T-25 AL
(cm/check) 42.4 41.6 39.6 33.1
SCAR
(%) 0.54 0.4 0.24 0.07
ASW 3.6 3.6 2.6 2.1
(mm)
ASN. 27.6 34.8 20.0 16.6
(number/piece)
ASL
(cm/picce) 1,271 1,304 869 620
ASA 295.6 251.3 157.1 92.4
(cm2/piece)
T-30 L
(cm/check) 46.1 37.5 43.5 37.4
SCAR
%) 0.69 0.59 0.37 0.21
ASW 4.0 34 32 2.7
(mm)
T-25 T-30
2 ©Con HBInc &aKer Inc-Ker 0 ©Con HInc aKer -<Inc-Ker
= 30 = 30
L o
= =
=} =)
O 20 O 20
@ B
g %/ 5
Z 10 Z 10
=} =)
= ) =
0 0
0-18nmm  ~36mm  ~S4nm ~72nm ~90mm  ~10gmm  COre 0~18nmm  ~36mm  ~S4mm ~72nm ~90mm  ~108mm ~126mm Ot
Distance from surface (Layer) Distance from surface (Layer)

Fig. 2. Distribution of the average moisture content of Douglas-fir heavy timber according to the pretreatment
condition after the end of drying.
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Douglas-fir S5-12RA9 Ax & =AM AW SCAR, 712|311 ASWS Table 40| Ltebiglct.
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uigk 9l x-QIAbe]l ] A2 7t Douglas-fir S22 249 ghe&3t AHTE I o wA= FF
T-25 Width of checks T-25 Width of checks T-25 Width of checks
(nm) (nm) 300 (nmy
®10 @10 @10
@9 1200 @9 @9
EH] a8 a8
-~ 30 @7 @7 @7
§ @6 _~ @6 = @6
o= §5 8 900 S5 < 200 85 —
& w4 g w4 &2 4
[} = @3 N\Q @3
é 20 g o2 £ o2
=
E ~7 600 &
z < %o
(2 10
300 \
134
3 VG I N B = [ YRR | e
211
0 0 0
Con Inc Ker Inc-Ker Con Inc Ker Inc-Ker Con Inc Ker Inc-Ker
T - 30 ‘Width of checks T - 30 Width of checks T - 30 Width of checks
(mm) (mm) 300 (mmy
o8 B8 2H]
n7 1,200
—~ 30 Be__
©
< 85 —~
2 m % 200
= <@ 900 g
= 2 2
% = =
= 2 g E
£ = =
2 =~ 600 -
z, < %o
2 10
300
0 0 0
Con Inc Ker Inc-Ker Con Inc Ker Inc-Ker Con Inc-Ker

Fig. 3. Occurrence extent of surface check on Douglas-fir heavy timber with dimensions of thickness 25 cm

and 30 cm after drying.

T-259] 7%, Inc-Ker, Ker, Inc &0 2 HAXg %
70| ueh MY ASN, ASL, ASAZH ZAE|9on,
Inc-Kero| A WHAE AdEHo] 71 A0ttt ASW
+ Inc®t Con Afelo] Zpol& UEhfR] Fgtont,
Ker} Inc-Ker2 ConErt} A& 7H vehict o}
Sl A AR Eol gaEnE 1 4 Ud
9 HA 2= wj@rkgoln, Mg 2o w2
H ASATE AaET1 sHeY Atel A e AH
o F o] At glld Aer AlsEch

T-302] 7%, Ker¥} Inc-Kerof| A 2y AHTH
©] ASN, ASL, ASAS Zrawmoch 1} Ince
ConXr} ASNe} ASLO| © Wol TG-S0l B
Skal, ASAoA A2 Zhe ekl AwkE AdE

L

LEREE o= IncollA B B2 49| o] HAlE
71 se TdEe dol7k Ad Ay # 5 mm
ol drdo] AA Ao ASAC] HAaH
| Zew gekEch

Table 40)| A T-259] AL ZF2 Inc-Kerof| A 713 &
Ao 7 eGSO Con, Inc, Ker Ao]of] 2 }o]
UFehuA] etk T-308] A AL ol SlAtold
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o ol Aol RUsHA WAE Aol E
apgol A A T B3, A Fel ol A1y

— 309 —
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Inc®] 7§, T-309] SCARY} ASWo] Conkt} &
< #E YEley, T-25% SCAR®E Al
ASWoA= AolE UER] ot E3E, Kerdt
H| 3RS 1, Ince] SCARO| T-259] 79 0.4%,
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o 3 A=Al AA 27t Douglas-fir 5727412 Sy AHdd B mA= IF

Solid volume
100%
Core
B ~ 126 mm
809
% (Core)
B ~ 108 mm
13.9
60% 18.4 B ~90 mm
16.8
3 ~72mm
40% 22.6
19.7 0 ~54 mm
20% O ~36 mm
26.7 226
00~ 18 mm
0%
T-25 T-30

Fig. 4. The solid volume of Douglas-fir heavy tim-
ber with dimensions of thickness 25 cm and 30 cm
according to distance from surface layer.

g M AUES L WL Mg 2 U98S
of thA] g AL A4S,
W3olA el gheg Bt s 242 3 UERA
== Zojth
olAY ZAL Azgol v} +RAANE ehy
7] wfZell, A7IAFA FEAE ARkl JlolAl
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Fig. 5. The moisture moving distance diagram of heavy timber from the core position to the evaporation
surface.
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