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Establishment of kiln-drying technology for Japanese red pine (Pinus densiflora) heavy timber

and its applications for structural beams

Yasushi NAKASHIMA
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Table 2.1.1 Period of air-seasoning

wmeman 2007 12008

: 2009 : 2010

Days of air-seasoning 14 5 6 7 8 9 10111231 2 3 4 5 6 7 8 9 10111231 2 3 4 5 6 7 8 9 10111201 2 3 4 5 6 7 8 9 10
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: *-—
| O—

890 § : .

1250 .

o RAELRET
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@:start of air-seasoning
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&8I FE (mm)
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(3 E&FR)
(3 point for length)
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Height of twist(mm)
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Fig. 2.1.2 Measurement of dimensional change, height of
twist, and slope of grain
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Fig 21.3 Moisture content of timber after air-seasoning
and indoor storage.
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Fig.214 Moisture content of timber after additional
kiln-drying and indoor storage.
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Fig.2.1.6 Relationship of change between moisture
contents and dimensions.
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r : Simple correlation coefficients
**: Significant at 0.01 level

HH o2 bw 13 -14mm (UHE) <, itk
B L CTEEIEDRE o7z, —, RIREE 260
H [, 400 H M, 520 HH, 890 HH, 1250 H [ o
SPEZALEIZF -09mmA S -10mm& D), Zhb
D RIRGZIFHN ] TIE TR X OB EICE B
ZITFBD LN o7,

NLRCIRM OB IR & O~ 2L E L -01 ~
+0.5mm& 72 1), KRIREZIEAT & i L O R s d
Lo lze T, NLEEM OFHERT O &K
FALmOSE L BRI, NLFEM o E25) &K
FIIEHESG T O ERF L) RN &nb, )
WV + L R B bbb oz EZ BN D,

E TP R No.24,2016

O RREIEM ATH
Air seasoned timber A:Average

X NIRZIRM AF

0.9 1 Additional kiln dried timber /\:Average
~ 0.6 A1
£ « X
E 031 % § i
2%, B2 X
E 2 00
< X
85 03
®E 8
4 8061 o g 8 8
T E2004{ °8 3 e §
£ A 3 3
A -12 1 g§ ° ° o
& 9 9 ¢
1S T TR T ST T T miSoEE -
1.8 Specif:cation oflthe .IASI

0 200 400 600 800 1000 1200 1400
RARBIRAH

Air-seasoning (days)

2.1.5 XAZEMEANTRZEMOEERDTIE
ELDLLER

Fig.2.1.5 Dimensional change of air-seasoned and
additional kiln dried timber after storage.
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Fig.2.1.7 Height of twist of air-seasoned timber after
storage.
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Fig.2.1.9 Relationship between Height of twist after
storage and slope of grain of air-seasoned timber.
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Fig. 2.1.10 Relationship between moisture content change
and height of twist.
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%221 Bty MLIE * &4 & HBREFE
Table 2.2.1 High-temperature setting (HTS") treatment
conditions and the number of specimens

Rty MU
HTS treatment condition
EDKEE 100°c 110°c 120°c 130°c
Dry bulb temperature
IEERRE 70°c 80°C 90°c 100°c
Wet bulb temperature
8h - - - 3"
SR 24h - - - 3
Treatment
time 4sh 3 3 3 3

CEMEBODELTAMERENYICHREETLET 2%

* :Green square timbers with pith and kiln-dried under high-temperature and
low- humidity condition at initial drying stage.

**Number of specimens
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X 2.2.1

b: BRI S

DELEAMOER
Fig. 2.2.1 Schematic of high-temperature setting(HTS) treatment test for rectangular timbers with pith.
aBh3&HICL3EREY NMLE

HTS treatment under different conditions with drying kiln

Bty MLUEBERICEKERREE TR

v MLERBROFN

Test piece was cut out imm ediately after HTS treatment, and moisture content (MCs) were measured

c: 5B, BN TRKAZIE

Alir seasoning in warehouse for half a year.

d: BAERK. HERAEIEKEHBRAEZHERL. AEEN EREEN & BE

Test piece was cut out after air seasoning, and MCs, internal and surface checks were measured.

*BBETHYY. A5V, AXOEBEAM.

Test specimens are akamatsu, karamatsu and sugi rectangular timbers with pith.
* WrE~F&IE . &2 A5 135mm, 155mm , 185mm . &K% 265mm
Size of short side is 135mm, 155mm, 185mm . Size of long side is 265mm .
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This part was cut out immediately after
HTS, and MCs were measured
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Distance from surface(mm)

51530 50 75 100 125132.5125 100 75 50 30155
R Bl S et Bl Bttt Rl Al i

C OB EFERMOBELERICUIN.

This part was cut out after air seasoning, and MCs,
surface checks and internal checks were measured.

265mm

4 REE|HIE (mm)
Width-of surface cheek
(mm)

Li+lptlatL=BEtmEREIR R & (mm)
L;+L,+L;+L,=Total Length of internal check(mm)

K222 SKFHE. APEINE LOREEINDOAESE

Fig. 2.2.2 Measurement of moisture content, internal and surface checks of rectangular timbers with pith.
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Fig.2.2.3 Moisture content before and after- HTS treatment and after air seasoning for half a year.
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Fig2.24 Relationship between HTS treatment conditions
and moisture content after HTS treatment.
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Fig. 2.25 Moisture contents of specimen after HTS
treatment at different HTS conditions.
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Fig. 2.2.6 Moisture contents of specimen after HTS
treatmentat different treatment times.
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Fig. 2.2.7 Relationship between moisture content
before and after HTS treatment.

r : fBR81%%Y simple correlation coefficients

** 1% KEHE Significant at 0.01 level
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Fig.2.28 Comparison of moisture gradient after HTS treatment between 100C -48h and 130C -48h.
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Fig. 2.2.13 Relationship between moisture content after HTS treatment and total length of

internal check.
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*2.3.1 HBRAEOEE CHAEKE
Table 2.3.1 Initial moisture content and density of test specimens
Birg  HREHK ] =R K< EE  BKFE
Species Number Width Height Lenght Density ~ Moisture contents
of samples
mm mm mm kg/m3 %
ThY 30 Ave. 262 141 2025 673 73.5
Akamatsu SD. 05 09 195 71.8 20.7
ho<y 30 Ave. 262 142 2066 613 48.8
Karamatsu SD. 05 0.9 19.7 64.3 184
&= Ave. 263 142 2040 607 105.0
Sugi 30
g SD. 20 2.2 254 132 455
%*2.3.2 miEtY MUBERMHEEFREZIREHE

Table 2.3.2 High-temperature setting treatment conditions and medium low temperature drying time

mim ey MLE

High-temperature setting

treatment conditions

PIRE R &N
Medium temperature
drying conditions

BRI WMIBEFFE RZIKRE A0 32 B

Dry-bulb Treatment Dry-bulb Treatment

temperature time temperature time

°C h °C h

1OOOC—18h 100 18 80 341
100°C-36h 36 323
110°C—18h 110 18 80 358
110°C-36h 36 340
12000—18h 120 18 80 176
120°C-36h 36 158

WE % 100C, 110C, 120C & L, AFF6HEDE
Wty P& (BUF 100T -18h, 100T -36h, 110T
-18h, 110C -36h, 120T -18h, 120TC -36h & 9 %)
TRBREAT o720 F72, HRERREEITETOLME
T30CE L7, mikty MLERG, REBREIES
CHZIRREA O L, Bty MUBHEZROEE
e L7zo

it v MUEE R ORBER T EE 2R,
B ERIRE 80C, (B EKIRE 50C T iz L
7o HIREZMREEMIE, @it v MLEEEE 100T &
110C 134 14 HIE, 120CIEH 7 HR & L7zo

3) BKEDAE
iR E R OREKIE, e llEs, AOX

D 500mmD EFTA 5 K& & 50mmD/N A FRILL, 2FE
MBEOEREN O LAY EGRELRD 2o F72,
SRERAR O E&KEB L OERY v MEBOEKE
X, EiRy MUERIRICHE LR, iR
BOHEB L UM RS HERELSHEE L 72

4) iEFZIRESEOHTE

HREZ IR O &KL 29% & LT, PR
FRRIPA O B SR RS (ki) 2HE L
18108 R R D B K BRI A B R 72 2
D&, KK MO S F SRt v MBS
BOEKE, HEEEKEIS%E LT, BETS
T F COREM % FIREZ IR & L 72,

2.3.3 HBRELEE

1) SRty MUEEEZOSKEOLLER

X 2. 3. 1IZEiRt Yy MUREZOEKEL &R
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ity MUEREAEVIZERKL o, 51,
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& Hl LT 36 BRI T < 2o 72,

—7, A¥oEity MLUEEROGKEE, 7
NI BIOA IV ERBRLTEL o7 &6



BT 2 No.24,2016

TH3IY Hh <y ¥

120 =+ Akamatsu Karamatsu Sugi
% 100 A
‘§ 80 -
go 60

]

#3 40 -
M= 70 -

100°C 110°C 120°C  100°C 110°C 120°C 100°C 110°C 120°C
=Rty ML S
High temperature setting conditions

2.3.1 =Rty MUBEEZDESKEDLLE
Fig. 2.3.1Comparison of moisture contents after
high temperature setting treatment .
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Fig. 2.32 Relationship between initial moisture contents and
moisture contents after high temperature setting treatment.
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Fig. 2.3.3 Comparison of moisture contents after medium
temperature drying.
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Fig. 2.34 Relationship between moisture contents after high temperature
setting treatment and treatment time of medium temperature drying.
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Fig. 2.4.1 Relationship between treatment time of high
temperature setting at 110C and moisture contents
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Table 2.4.1 Kiln drying schedule with high temperature
setting treatment of Akamatsu rectangular timber
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Fig24.2 Instructions of kiln drying for high temperature

setting treatment of Akamatsu rectangular timber



26

o3
M DRI B9 2 5

WM EFEBM O/ ITEEMREICRITT
WAERDRE
3.1.1 ILBIC

THRYIKOFE L E L CEITIC 240 % 3
ML72T A=Y IR, i < SR EEY
O/NBZE, HHIZHELNTEY, Holl Tld M % F)
AL7EET, REZERNICHELIES [H6D
LI ELTHHWHENR TR,

NI, F—BEOT L fi 2 B 5 L v
72, ML - RSB 2 B e L, BT
TOFHRLIAMEL I L0 5, TEIIHZEH &
LTCOBRZRZRBALLTWD, — 5T, FEBIEEM
EHBL T, AKOFFSE L) SEvy, Hilsid %
FIH L7 5407 & 72 I ER Y B O o0 & L
TOFENRE N, A& OB P, liT iR
JEVEREATE V> POETBID 20 0 2y N LT B S
Ens, SRANIKROEIRICIZHEY, AEE O
KISFLRE NG T 51~ W O /KRR O A% FI
L EFEM B BT C, —EEEEEE
AL CHBLREN DB Y,

F 72, 2 IHIE TP 19 E 1 [HEE o H A AR
HAE (LUFEM JAS £ 52) ] offsH#M & LT
HEASNTHE Y oY @il T ETOMEM 0%
T, PAM LD b TR R W TR R
AWz ei2ky, FAaAMEAEEOM 6T 5
W2 2, LD /MEOIKRP LT L STREE 72
N, KON FICET A ETFRENS,

L2L, TNFEFTOT AV 72WIHOITH
FEEREDRFFE UL, “PAMTITbh T2k )i
1679 T TREE AR IS S S AR E D BB R AT L,
BHF TAS o H ARS8 B oo iV F iR MR & T L 72
s o ze v,

T H =AM O A, EiEE L IR A
MHEZRL, SIS CIEmARE 250 HY)
NARR & ATEREDN SV LS, B E LT
DT S T2 SH O MITREEERE & A & g
T LB, HiORE A EE L 725 JAS HELEMR
ACEHS 2 BN D 5o

FITARIIZETIX, TH VYT OA e
BhgE HWE LT, MU TRRLAT7 <0
K2 & B L 727200 SHF & ST 0 B0 B L B R
BraAT\v, W oM EEMERE IO W T JAS

3.1

H T 2 No.24,2016

OHBERINC B Lz 2512, MY D% E—
DEZEIKD S [F—IED 720> Tk & SEmbf % 8 L
LR L6 O, MEOMKOERE T iHEE
PefeE QMR E T 22 T, 72V IHAIHIC X
% FHKRFIH Oh 2 % B L 726

3.1.2 XEEBHE

1) ftEa

HEM e LCoTa~ vk, KO 28cm~
36cm, £ 42m, FEIFN AL L7z, A
AR, 1 HIZIE 150mmi2 % 5 X ) IR R %
LELTPHTIZ2HMEZE ML, 72wIke L7,
T2 THIER 1 PRV CRARE R 21T, 51
FAEMRBRNTEAE L7, T3 2 2HMEOMEE
120mmiABIESE & L, MM R 72,

T/, EEE L CoFAMIE, 2w IHO
AREFFEOROFEEZ L DT I~ VK RO
#132em, &K 42 m) 120 RIZOWT, 1E 150mm,
S 270mmD~JEETHEM L, Zo%8 1 ERREIT
FIREIEZ TV, BV Y — T EE2E S 240mm, 1
120mm, & 4000mmiZ Al FiF7z.

2) BREFHRESE IUEMY > JREGAE

72 TR ESFHR O SR BTN SR & e o
HE - £ETE, M2 H 5 HE] - £
HixaTllEL, ZNENMEOIE TR L 2-5EL
(%) %KD, &5 ITHBREILTIIERIE S 1
EL, B JAS O FEEEM OBERA TR SN
TV A HEIFELS L O PIEERIRO FRREI/EV B
S 1M, 28k, 3B L USRS L,

7o, HEBRMEE, MHBREICFFT 75 744
Bk AL /N I E:  CF-4210Z) % H W CHEIREhE:
&) L ROEAIRE)E R REL, BE»HE)
Y > 7R () &RD7z,

, 1 ERE
X 3.1.1 7HIVEWZHOERER TR

Fig. 3.1.1 Static bending test for two-side-surfaced timber.
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&3.1.1 LW IHMEFAMOMERE

Table 3.1.1. Characteristics of two side surfaced timber and rectangular timber

2NCH
Two side surfaced timbers
B o mMCc h ARW Knotdameer g g Ry
Visual n edge center
grade kg/m? % mm mm (%) (%) KN/mm2  kN/mm2 KN Nmmz  N/mm2
510 156 314 57 82 155 102 8.8 136.6 475
I 11 -
(103) (28 (105 (11.6) (647)  (203) (17.9) (17.1) (193) (129
502 153 315 6.5 192 213 9.8 93 122.8 434
I 36 309
(7.8) 44 106) 147 (155  (343) (12.1) 19.7 20.1) (125)
494 151 302 6.7 285 30.8 89 85 1034 399
m 33 252
(73)  @46) (90) (147 (146) (@20  (12.1) (266)  (230) (178)
=T 494 155 305 6.8 41.8 39.1 8.1 7.6 97.7 375
Out of
grade 11 8.1) 29 @119 (@a21) @188 (3LD (14.5) (25.8) 287  (28.3) -
T
Rectangular timber
ERER o MC h  ARW  Knotdiameer E Enw  Fa  fo  foos
ratio
Visual n edge center
grade kg/m? % mm mm (%) (%) KN/mm2  kN/mm? KN Nmm2 Nmm?
482 152 2397 47 11.0 150 9.5 10.0 78.0 440
1 11 -
(132) (@B2) (02 (L7 22 (273 (15.8) (15.9) (15.0)  (15.0)
480 155 2398 57 183 275 8.8 9.0 69.1 39.0
I 47 195
8.1) 0 (03 (223) (228 (240 9.7 (17.6) (204)  (204)
483 150 2400 62 26.1 392 82 8.1 56.2 317
m 49 18.1
(7.3) 95 (06) (295 (187  (22:6) (10.0) (18.5) 259 (259)
T 489 143 240.1 6.2 409 43.7 8.1 7.8 515 29.0
Outof 13 _
g;;d% “43) 65 (02 @27) 142 (199 (7.8) (18.1) 250) (25.0)

n: BRERAE, o BFE, MC: &EKE, h HBRAOREL, RN FHEHE L BHVYOUER LML B0V
VUE, Fur RARE fm o BEITRES, fos  PTA TUHHICEBIEERMEI5%ICE T H5% FRIE.

O M EBHRE®G.
n: Number of specimens, 0 : Density, MC: Moisture content, h: Height of timbers, ARW: Annual ring width, Er: Dynamic
Young's modulus by the longitudinal vibration method, Ew: Nominal Young's modulus, Fur : Maximum load, /fm: Modulus
of rupture, foos : lower fifth percentile value with 75% confidence level at 2P Weibull distribution.

The values in parentheses are coefficients of variation (%).

F5720, X (1) (2) TROZFMaHLINE X512, EERAAMOBERBR~ =27 )L TI,
MOE, - f, ZMEDLBEDODDOBEME L, #f  BEHEIORSNGEHEZAN S LR D AN &
LM E L TOERWRIRREE LT, e W& E, - L ICRBERUMETLZLEL
BEORATE (LT Fy) 1220w Th, MEEZLE Twa ™, LaL, M- 515 0 8o H il
THrIkELT, Fh OV IMITH LT, AN ORERDHE
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Fig. 3.1.5 Relationship between maximum group knot
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** 1 1% FEKZE Significant at 0.01 level
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Fig. 3.1.10 Relationship between diameter of log and Fult

in two-side-surfaced timbers and rectangular timbers.

— EAMO#FEE Estimated maximum load of rectangular
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Fig. 32.1 High-temperature setting treatment of Akamatsu
rectangular timber.
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Fig. 3.2.2 Change of moisture content of Akamatsu
rectangular timber in the High-temperature setting
treatment.
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Fig. 3.2.3 Change of moisture content of Akamatsu
rectangular timber dried by High-temperature setting
treatment.
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Fig. 3.2.4 Change of moisture gradient in the period of air seasoning of
Akamatsu rectangular timber dried by High-temperature setting treatment.
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Table 3.1.1 Characteristics of timber and rectangular timber dried by High-temperature setting treatment.
iRt
Knot diameter ratio
=K s
Maximum Concentration
BRER YEUNE EVE HUOE  GEUVE Hoeapp™
Visual Narrow Wide Narrow Wide standard strength
Mz PR #ME PR O 0 E £ E £
edge center edge  center m m m m
grade 1 % % % % % % % kg/m3 kN/mm’ N/mm’ KN/mm’ N/mm’
5.6 7.2 12.1 5.6 72 247 14.1 529 13.5 50.3
I 3 6.5 33.6
(173.2) (86.8) (29.5) (1732) (86.8) (20.6) (3.7) (11.6)  (15.2) (10.0)
I 1" 25 19 21 26 16 40 134 491 9.4 344 65 20.4
(41.8) (232) 3L.5) (61.3) (43.1) (183) (4.0) (5.6) (13.4) (10.2)
Il 3 35.0 256 188 40.1 257 429 134 471 8.6 29.2 6.5 14.4
(25.6) (8.4) (10.9) (284) (46.5) (19.3) (5.8) (5.9) 9.5) (20.4)

n: BERIAZR, o: BE, NMC: &KE, E: BHYUIE fo: HIFRS

n: Number of specimens, 0 : Density, MC: Moisture content,

The values in parentheses are coefficients of variation (%).
TR A31E BRESRE4625

O W EBFRHEO.

E,,: Nominal Young's modulus, f;,: Modulus of rupture,

standard strength of Japanese red pine timber specified by the Ministry of Land, Infrastructure and transportation
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Fig. 3.25 Relationship between total length of surface
clacks and bending strength.
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Fig. 3.2.6 Comparison of bending strength and Nominal
Young's modulus of the high temperature setting treatment
and air seasoning timber.
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r : #BEA%EL Simple correlation coefficients **
Significant at 0.01 level
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£3.3.1 RERMOME
Table 3.1.1 Characteristics of beam and post timber
Bt  ERBMT E;t%ﬁl$§i o E MC
i umber
Species Use area of samples ke/m KN/mr? %
X i 28 Ave. 402 5.25 124
Sugi Post S.D. 354 0.63 1.26
41) b3 24 Ave. 679 8.06 274
Chestnut Post S.D. 9338 0.91 7.84
ThIY Z 26 Ave. 487 9.45 19.9
Akamatsu  Post S.D. 22.9 1.88 0.89
n: REBRAEK, o BE E  BHVUIE N EKE (O N BERE
0 : Density, £, : Dynamic Young's modulus by the longitudinal vibration method,
MC: Moisture content
1 .ZO/\ 120 Beam
(7h=)
~_ g}‘ 120 7 0 1 V (Alcamasta)
6oe< | |10 240 e 240 iR
| . 14
® ﬁ T2 T2 RS .
602 | |Bea : m ) i : @ 60
AP h<Y) ThIY 4 L
90L£% (Akamastu) (Akamastu) n @ 60
% L PR Bl 0
H- ITa sen(plug) Komisen(plug) L l,hT " Drift pin( ¢ 12)
Post - 1 ™) -
(REEFEH 85) \éyu ) T Egh e)sznm e Boli($12) | Post
(Sugi or Chestnut) (Chestnut) 25244 (BH-195) \V (REEEEIY)
ZHRE-2% YA (Sugi or Chestnut)

Traditional joint
Nimainuki-hanasen Nimaihozo-komisen

X 3.3.1 GHEEEICKBBRERE

Fig. 3.3.1 Joint assembly of Traditional joint

Traditional joint

[F IR DA T3 & 2 3 - B E oo 2 AW
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BT O AW ™ & L7z,

3.3.2 EBHE

1) HEH

23, 3. VICAERTHA LM o%mE, i1
YU TE, EREE BN . AER TR
ELTCT Ay, HMELTATEZ ) 2 v/,
TARY &7 ) L EMORKEE:, AF IR
J£80C T ALE IR A AT\, PAEMAEA L 2510
ERITIMTL L 720 HONHEIZERE S XE X & S & 690
X 120 x 120 (mm) & L, ZO~FE: 700 x 120 x
240 (mm) & L7z

Metal Connector

X 3.3.2 ZZi7£% (BH-195)
Fig. 332 Template Metal Connector(BH-195)
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3) R=IEMICLBEEE

3. 3. 21ZRWIZECHER L2 Rzda&me 1)
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% 3.3.2 BZAEOEECHRAER
Table 3.1.2 Type of joint and number of sumples
DR —HE-8% ZHRY-ARe EMEs
Traditional joint Traditional joint

Species of post

Template Metal Connector

Nimainuki-hanasen Nimaihozo-komisen
R 6 5 3
ugi
v
Chestnut 4 4 4
N?'vh Eo;iigllb
uts
(M1z>\ P2 £HBHI95)
#S,\ Connector(BH-195)
a& A ¥ Hakn
N I
EeM2) | ] 120 |
Washer |-
o
I i
- \_‘ / Displacement
Drift pin 8 i
N p—
3.3.3 ZRZI&MICKBBEFHE -—

Fig. 3.3.3 Joint assembly of Template Metal Connector
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Fig. 3.34 Loading apparatus and specimen
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Fig.3.3.5 Definitions for calculating structural
characterization factors
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(a) BEHDDHYIAH (b) 2TRIOEIR
Failure beam and post

Crack of the beam bottom
K E=

(o) BLAIDEIR
Crack of the beam top

FH 3.3.1 EHEWEEIC KB ERSIMOMIEMIE

Photo 3.3.1 Failure of traditional joint were taken just after
the load stopped.

(d) @EIVARER
Faluire of plug
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EARVI & y #O iz BT (P) &35,
7, BAEHOEMEAER L, BRI E 72135
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% 95% THIFERAZ KD, ZhbHo) BASw
FHofik Lz,
3.3.3 #HREEE

1) MERRE

FH 3. 3. LB LEIC X 2 BEHonET
AR T (S TS X BHEA NS Mo )
BICHHIEDHEE SN, AR D HES (THCE
VOAMETIERANOTH) OH ) iAk (GHa),
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BB ICAMEOIMITEIZEAWIC L 2L (F
d) RSN, Fo AT OYE, BEH3. 3.
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< VICREL AL N,
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NAM (BH a), BT E&MOT 7 TE5 ORE ([
b), BNV I LORZTEMOER (Fc), HD
#5d (Fd) RSN,

kAo EBY, RN TR X 2B EwHE
GLHBLT, CAWBIECROBENL RO
TWb I P, ZOMNFEBEEITEOREITR
% & 1) ARIPL & BOPF 5T 508 A WFHEHT
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i

(@ FUZFE DO YAH

Failure of beam around the driftpin

(b) BRIEMT7IDHYAH

Faluire of connector of the beam botto:

(d) EDBIR
Crack of the post

() RZITEYMDER

Failure of connector from bolt

FE 3.3.2 @PITRICKDEAMOMERE

Photo 3.3.2 Failure of Template metal connector joint were
taken just after the load stopped.
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20 —HE-Si 201 kv 20 1 eyEs
10 - Traditional joint 10 Traditional joint 10 4 Template Metal
Nimainuki-hanasen Nimaihozo-komisen Connector
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Displacement Displacement Displacement
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Fig.3.3.6 Load-displacement curve of joint(Sugi Post)
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K 3.3.7 #%7')ELIBADERERMRIDHE - KRR

Fig.3.3.7 Load-displacement curve of joint(Chestnut Post)
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—HE-RiE
Traditional joint
Nimainuki-hanasen

SRR V-

Traditional joint
Nimaihozo-komisen
10 ~ T et
oaitin ooy o | e
0 10 20 30 40 50 60 70 80
ZE4S (mm)
Displacement
X 3.3.8 ZLEHBEUETNICKBHE - BRUOLLE
(F: AF)

Fig.3.3.8 Idealized load-displacement curves(Sugi post)

41

—HE-RE
Traditional joint
Nimainuki-hanasen
Rk - g
Traditional joint
Nimaihozo-komisen

MRS
Template Metal
Connector

FIE (kN)

104 a:(5,.2) 0:(5,.2) D:(8,.P)

0 &— T T T T T T "
0 10 20 30 40 50 60 70 80
ZE3Z (nm)

Displacement

X 3.3.9 ZLHBUETIICKZHE - EUOLE
#&E:7Y)

Fig.3.3.9 Idealized load-displacement curves(Chestnut post)

% 3.3.3 EASRERIDOE AT DR
Table 3.3.3 Comparison of shear properties of joint
BOWE et - 5 " «
n
pecies of post  Type of join N KN N
—HE-&
Traditional joint 6 73.2 (0.24) 425 (0.22) 65.6 (0.24) 20.3 (0.53)
Nimainuki-hanasen
2% THukY-AR
Su:g\? Traditional joint 5 55.2 (0.12) 37.1 (0.07) 50.5 (0.13) 12.8 (0.40)
Nimaihozo-komisen
eYES
Template l\l:/I[etal 3 53.8 (0.15) 38.0 (0.21) 49.9 (0.16) 7.3 (0.41)
Connector
— Rk
Traditional joint 781 (020) 459 (021) 701 (021) 130 (0.40)
Nimainuki-hanasen
) ZHR YV -ARe
Chestnut  Traditional joint 4 68.0 (0.13) 446 (0.19) 61.8 (0.15) 10.6 (0.24)
Nimaihozo-komisen
EMES
Template Metal 4 65.6 (0.10) 39.9 (0.14) 59.5 (0.11) 6.6 (0.19)
Connector
n: BEBRIAH  Number of specimens,, Pray  BRATIE Maximum load , Py BE{Kif 71 Yield strength,
P, ¥ Bt 71 Yield strength to limit, K #HAMITE Initial stiffness O:ZEENRE The values () are coefficients of variation (%).
30 30
25 25
g 20 g 20
s 15 s 15
'3 10 €5 4
5 5
0 —= s E——m——— 0 —
—HE-512 —H T -iA e SMES “HE-B8 ZHOR YA LmiEs
Tr_adlt_lonal joint Tr_adlt_lonal )oml_ Template Metal Traditional joint Traditional joint Template Metal
Nimainuki-hanasen Nimaihozo-komisen Connector Nimainuki-hanasen Nimaihozo-komisen Connector
#:AX F:00
Sugi post Chestnut post
K 3.3.10 ZAEFGRIOEEAEEMNDOLLE

7o HEBA O FERA ARG T,
YT LR R AT O AT TR & 1

L7

ZOFER, BRI LI X 2 BETBOE AW

Fig.3.3.10 Short term standard load of the joints
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FE4.141

Photo 4.1.1 Timber frames of racking test specimens
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4.1.2 EBAHE
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Photo 4.1.2 Joist of racking test specimens
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BH 4.1.3 EMIZ/IMERZ AU ZREE
Photo 4.1.3 Structural floor sheathed Strip lumber

-y
A AR
x S e A TN ;s
Vigix=i | EEEE . N
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Photo 4.14 Structural floor sheathed Edge jointed lumber
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Table 4.1.1 Type of floor and Number of specimens
EH#M D
EHMOFELE ETDOREIME Species of sheathed material
Type of sheath Pitch of nail X¥ ThzY
material Sugi Akamatsu
/NER 65mm 3 3

Strip lumber

1R IEE R 65mm 8 8
Edge jointed

lumber 150mm 3 3
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£ X103 2730mm, 2 X103 15mm T, — KD RH T 2
R L 72,
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DT EER T RO IZHER T % 8T1% N50
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FK 4.1.5

Photo 4.15 Failure of floor used strip lumber for
sheet material
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FE 4.1.6 MRIZ TRz /ZREDRIERE

Photo 4.1.6 Failure of floor used edge jointed lumber
for sheet material
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Fig4.1.3 Typical load deformation curves obtained by racking test
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Fig. 4.1.4 Typical coordinate values of a complete elastic plastic model applied to load deformation curves
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Fig4.1.5 Shear performance of floor
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Fig4.2.1 The active constituent of fire retardant chemicals
in Japanese linden and Japanese red pine impregnated with
Non-nen W2-50 (Marubishi Oil Chemical Co., Ltd) solution

X 4.2.1

NI 2 SR L DEAL, Ihx 3f@fEE L
Tod L2 S 16mml2 Al 0, AN R SR % %
fiL72b OB L, Frlobi itk BT 2k %
BIFET 5 2 &EATTE L 285 L7z. 2000mm (L) x
140mm (T) x 6mm (R) O FHMR% 21 FHEL,
TP 30 % (R L 72 B KEEH) (7~ A v W2-50)
PIRSTEIC L D IEA L,

MPRGATIZ, T oER 2 M, B kEER~D
ZiH A W], U ) 3 WM, 80T ToHzME: 3 HH
Tholzo HRA~OIEHIEGZE (FRESEE =)
13181 ~ 272kg /md (FF3#5 229 kg /md) T » 726
B 3B OIER EREOEFITITEL < (230 kg
/m 3FEFE) LB X ICHREZEIRL, 3O
FREBRR T TARER L 72,

AR, KRERBBEOKESSTFA VT 5 —
NSRRI A CRFES PI6000) Tdh - 720 A
J£ 7713 10kg £/cit (0.98MPa), JE#iHEERH (X 3 KT
otz BEMK MEMZT 15m3 >, MEIRE 5
mm$OHI Y, 2000mm (L) x 130mm (T) x 15mm (R)
W2 BT 7.

ZOTHRORBEDH L, 3kra—rho)—
A= O TR L L, 330mD & & T
LT 330mm (L) x 130mm (T) x 15mm (R) & L 72,
COW, WL OO Y TVORANTEEE S i L
T2 RMOBEI\ZHWZERHL, LTOEB) TH-
720

E TP R No.24,2016

O 7Trax eEiER%E (CRB) @ HARLE
# CRB90, FE W4 Si0, Ag, UAh= 50g/
o

@ KT Ly B (AR : AME(LE TR
AQUREX No. 3400, #Arit 50g/ni

@ PSR (OS)  HARF AEHA ZESN T —
7)) 7, i 30g/md

@ WEERY 7Ly ok (UP) @ ARG
I T 4 A

WX B A S 100mm x 100mm x 15mmo 3,
BRfk 31k %1572,

%3, CRBTH¥ET S 3O Y FHRERKIZD
WCIE, EREE B Okg /md, 80kg /mi, 113 kg /
mi, 170 kg /mi, 141kg /nd, 205kg /nd, 216kg /mi
DEFEF A ER S, FMIZ CRB % &5 L 72305k 1k
DIEHL, a—rhu) —2—F R BRIt L7z,
2) a—rHhHal—x—4HE

SRR LTI, ANERBORE, SEASRAT R, HERR
FMEHIR L, ZNEn 20400, 1040H, 54>
ARVE L V) VEFEREDTR SN TB Y, BRBEFR A
izowCida—r ) — 2 -3k (1S05660-
1) 2k B MEAT LN TV D, g ki,
50k W/ rd O i 5 21 B -C D BT 5 IR [ O RS B L
T, UFoMgs v, s3T5,

O BREBEDPSM]/mMUTFTHH L,

@ BikEFEERERE CHET L BEKLRD

Twnwa kb,
@  FEBGEEE DS 10 LUk L € 200kW/ i %
BRIV &,

MEOBEIZBLTE, I—rha) —xA—4%R
BRicinz, <~ A% H\5 0 AKEERERT D 5EM
LI ERSTWDED, RIFFE T, REME
OB KRR =0 ) — X —% (7 b T AHE,
cone2a) 2 X 0 ERM L 720 #ERIL, ISO5660- 1 12
L TTo 72,

EEBEMILUTOERB) TH o720

L — & 55 OEEEGRIE X 50kW/ nfs FERIA D
B IANIACE 1, BB RO :1E 100mm x 100
mn x JE & (RERA) TH o7z MEBAMTE A SO
PRBED B Z L T 5720, A7 L AHN— I
BH B TR o0 T A 1 0.0088d) E M L7ze 2 v
Ea—~0O7— % ORGAKRIZ 2 R TIT - 72,
BRI L, 20 R ORERADRERABR) £ 7213 10 4
M CERBARRER) & Lz B8R LIk
2L L7z, RBROGHMEH X, KM (tig), M



H T B e R No.24.2016

300
X T, BEGL .
Japanese linden, No coating
o 2P0 R————— X T BEHY ]
E E Japanese linden, Coating
=z OTNIUM, BELL
= = 200 Japanese red pine, No coating—
W = S THIYM, EEHY
1) ° Japanese red pine, Coating
= 8
E '% 150
e 2,
X

W E 94

E Ko

Z

s 50 *

<> A
. ® 8% s ¥
0 50 100 150 200 250
EHERE ke/m)

Impregnated fire retardant chemicals (kg/m?3)

K 4.2.2 mEeRHRECKITIBHANIELRITO CRB
BROME

Fig4.2.2 The effect of GRB coating on maximum heat

release rate of the fire-retardant chemicals impregnated

wood. Cone calorimeter tests were conducted at 50kW/

m heat flux. No coating, specimen without surface coating;

Coating, specimen coated with surface coating.
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Fig4.24 The effect of GRB coating on total heat release
for 10minutes of the fire-retardant chemicals impregnated
wood. Cone calorimeter tests were conducted at 50kW/
m heat flux. Total heat release of quasi-noncombustible
material is required to be 8MJ/mi or less for 10 minutes.
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Fig4.2.3 The effect of GRB coating on total heat release for

Sminutes of the fire-retardant chemicals impregnated wood.

Cone calorimeter tests were conducted at 50kW/mi heat

flux. Total heat release of fire retardant material is required

to be 8MJ/m or less for 5 minutes.
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Fig4.25 The effect of GRB coating on total heat release

for 20minutes of the fire-retardant chemicals impregnated

wood. Cone calorimeter tests were conducted at 50kW/ mi

heat flux. Total heat release of noncombustible material is

required to be 8MJ/mi or less for 20 minutes.
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Fig. 426 Total heat release rate curves of treated Japanese linden specimens.
Cone calorimeter tests were conducted at 50kW/m heat flux. No coating,
specimen without surface coating; Coating, specimen coated with surface
coating; numerical value with kg/m is the amount of fire-retardant chemicals

impregnated in specimen.
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Table4.2.1 Cone calorimeter test results of treated 3 ply Japanese linden boards

. R . ti, | HRRmax THR,, o
Coatings | chemicals Criteria
(s) | (kW/m?) | (MJ/m?)
(kg/m’)

CRB 0 16 217 77.0 -

CRB 80 10 151 35.7 -
CRB 113 14 80 122 | F.R
CRB 170 272 42 6.6 Q.N.
CRB 141 385 16 41| QN.
CRB 205 410 29 59| QN.
CRB 216 498 26 41| QN.
CRB 234 473 9 2.8 QN.
CRB 238 N.L 2.6 QN.
CRB 236 N.L 2.7 QN.
AR 234 31 38 751 Q.N.
AR 238 29 57 8.0 QN.
AR 236 21 116 84| F.R
OS 234 N.L 22 54| QN.
OS 238 12 63 6.3 Q.N.
oS 236 15 74 6.5 Q.N.
UP 234 13 121 69| Q.N.
UP 238 19 111 6.6 Q.N.
UP 236 18 124 7.7 Q.N.

a—>AH0Y— X — 2B (L 50kW/ m DS EGRE TR, HMMIZRSBETEALAE, FR
chemicals (3 ZEF3EA B tig (3B AEFE. HRRmax (IR AFEHEE. THR10 (2 10 DR DFEFE

B. FRIZHEM. QN IZERR

Cone calorimeter tests were conducted at 50kW/ m' heat flux. Fire-retardant chemicals were
impregnated by hot and cold bath impregnation treatment. FR chemicals, fire-retardant
chemicals; tig, time to ignition; HRRmax, maximum heat release rate; THRI0, total heat release
for 10minutes; F.R, fire retardant material; Q.N., quasi-noncombustible material
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Fig4.27 Color difference in the accelerated weathering test.
(UP): MR I L & 25 FEREHEIANZM, 278 508/
(AR): KM L & > 2% {52 TR AQUREX No.3400. Z
2 50g/m
(OS): fEEZ M BAF RERFXEAT— U7, ZHE
30g/m
(CRB: 71X 4£EIEREN: HIR T¥ & CRB-90. £XK %
SiO,, Ag. ZT&E 50g/m
(UP): Solvent born coatings Solvent born polyurethane coatings,
Spread: 50g/m
(AR):AQUREX No0.3400 Washin Chemical Industry Co., Ltd.
Water born urethane coatings.

(0S):0smo color clear Osmo Co., Ltd. Spread: 30g/mi Spread: 50g/
m

(CRB): CRB-90 Nippan Kenkyujo Co., Ltd. Main components: SiO2,
Ag; spread: 50g/m
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Fig.4.2.8 Resistance to humidity of coated fire-retardant

treated Japanese linden board.Ag; spread: 50g/ni

Thbo I, KEEDOHKIEH] CRIL S 72 ARE
Bi kMR O34, A SNERP R hoiRg s
BB L, EHWIRE 22 ) FEMRAIEB T2 877
VEGIERITHEN S Vv, T L2 T TIAD
S LCiE, BEICHIfFESNL & 2ADKT
Hbo T2, FH L7BEHIE, B erEhE &t
EYEREASRD S5 D,

4. 2. 72 KME L7z 3512 CRB,
AR, OS, UP % #&Ai LARAER ket BR 2 1T - 724
BAETRT, AR OS Tl 24 B TDOAEH 6~ 8,
120 I CAED 18 ~23 £ 2o TH Y, i
FGWERTH DL Z bbb,

—75, UP, CRBIZHBWTIZ, 120 BHTAE A
10~12 & 7%1, AR, OS D REEDLEBEEEA N
TH Y, HBWIZEE Lz elEarm L7z,

X 4. 2. 8ICIHEABREIT > 78R %2R AR
TIE AQ [T, OS Tl 144 5 [ TR A ML B 5 5]
AR L, TR ERE o7z,

—75, UP, CRB Tl 240 [T b 3% o 1%
Rond, MuiliEEsRmL, @#FOENEETH
WEHEZR CFATE 2R E o7 CRBIZH
I A% L, UP & 3 RTTOILFERE AT
bo TNOLDEIEZREICL, mREOEEIZBV
TH PR ARMICIHREEE S 2 -b0 LB bh
bo D LEOERNS, IN60BEILETDOENER
BICBWTIIMEZR CHHTE 52 LAaVRENTz,
4.2.4 F&¥

R - RIS X B2 FEFEAOSGATIE, 1049
O IN#GEERTId 100kg /mi A2 DO FEHIEA & 50g/

53

MmO 73X T EEEREROBAI L) BHEHE
TEMJ/mLT (HEARBRMEL L XV DOPERE) %K
L72e EHIZCBREBEZITHZILT, THAXYD
A IXEAE 150kg /i T, ¥ F/ FOHEIT 210
kg /md DA TRIBEEL L OV O MEBED S S 7z,
TSRS L 2EADOEEICE, BE 6mo s F
J X BT 3EMEE L CE S 1I5mil M4 Bz B
KEEF % #9 150kg /miEA L, REIWZT VI F &
BIERERZEBA L7238+ 30 10 5ok
BHEITISM]/ LT, F/ BiKEHOEAR
% 230kg /miABFEICT 5 &, 10 R 0#IEHE % 3
MJ/mPLF & 7% 572,

T3 X R REEHII G, TR 5
NCTEYH, NEHOKRE KM EOHZEICERTH
LI ENHL M E RS T2,



54

ISR O

KWgeld, 2EMICEEZEROEHEAL,
F &) RBELOFEMB L OWEHS L LCfEbIT
1T ARV OWT, EEOREELETYIEZ
B L L CEBEEMICESR SN B R L OB LS
IS U 7B B OB 5S, MR & L TR
% 120 OFREMEREIC AT T REER OfFIHB L O
M OB BETHELNLHM OF TR &E—ED
WIgE 2 ATV, 7 7~ R SR O F S 12 B 5
BT MR ERED, T~ KEKM OHNE
HIZET A2 HBE LT

AN T 1= A OCLIGEFAT ORESL D 72D D
e & 17V, BV — A BT BROFAM o~
13, HHESEF OGRS ET LI LW
e L, THEEEM JAS OFEHENICILE 5 7
DO LAY EIREE IR L L 7o RIRGC B % 5%
EL7

F72, mimt v MU E 7 NTEZERET O
W7eDHC, ikt v MUEERZOEKEIMENIZ
&, RBRRICA U D RN ORI K E L 2 b
CEEHLpE L, NEREILE I A 720 DAL
TR & LB 2 3 L 72e & S IR v N LEE
BEHREOEGEKENS, Hikty FLBEG O N Tk
MoOMEERZREL, THY Y PEAMOELE Y b
WHEDONTE A 7V 2 — VRS L 72

T =Y B ORI A e T, 72
W HHIZE AR & R L TR ORI RE D #iFR
SOETHIHMHI S NEZ ERZHLNE L2351,
[{—EEDOIAKD BB L 72 F bt & 7o SH ok
KMEEZYIal—Yarylielsh, I
RRTHEAM O 2HBOMRELTET LI L2 L0
L7,

F/2, mik oy MUEET AT LA o
Hi PSR EEVERE 2 RFA L, 820 CA U A o £
FIEHTIR S ICRE A RIZS T L, SHILHE
ity BB L 223 A ool R SRR
LT IERTSTA2ZEE2HL2E LT

WNZT F1 = Wb % B 72 K SRS T O ek 1 BE T
MOWFEE AT, % 72K IR & 2%
Ex 2 CHHEET, ZoROEEORBEIZEV
AWM D EET LI EE2PLE L, E5ITH
% I 72 KRS T 0 AT ) oo 1) B3ty & L
T, WM OIEIZX X BHEMLEIREL 72,

F72, WEMFAHEZBNE LT 8~ Yo

H T 2 No.24,2016

JALEIZRE S B RFFEDH T, FEHIEALZ L 2P
HIZT7 )V ax L ERIEREHEHHTLZET, B
KUEBEDSM LT 52 E RO E LTz,

Gk, THRYMEREMNEME LTNIL, £
MG B AR X, FEETH LN - JLH
DM & L TORMIZRD 2an BB L OTEREIZR
LT, fERETOBENLRTNTIZZR L, BfoH
RRMBINE B L OIS BIES HanE - VEAE
I A D TR S NBM 2 1EH L CAEE
LTWaZELZHMNTILEDNH L

AWFFEN & B = DOLAMAIRDS, 7 T~ 7 KT
T LT O N TRESRBAN O & M F B2~ 8
D=t mnbl 2 HfEL TRIELE 5,



BT 2 No.24,2016

o &

ML ETEDDLIIHIY, BIGEEEL ) £
L7 EMRE Al (B5R) RHEFELRE,
fle 2 RIVWEHz, i EdESdZ, MRERESR %
5 WNERTFZEL SR, AR KA RN
THFZERT OMRAATHIZ IR B OB AL L T T,

EBEMEREG Y Y ¥ — it RoOB IR, 3
FTEOEHFEARD S L, BMNRFEFAIRME S
BOFAEDEL Y, SHEEELLRES M O N THZSR A
BIOAMOEEREO 1882 WP ExF L,
EAEHOBEER LT T,

RIS RS AHT 2 BN T ZE 7T 0 SR B 27 5 44 %
AL 51, AWM OTREEEETG & FEF TR IC oW
TR EW & T LR EHoEZ R LTS,

I 371 78 B 56 N FRpRAs & 09 T o Ji T 48 I,
BIIEEZERY, 51, AMoHEaeB X OO
AWTEREDRER - FEMTFEICOWT, R B &Kk
FORYTEICIREN 2 E5 T Lz, ELEH
BErELEIT,

I 371 78 B 58 T A TR AR AR & W A O B FF ER K
MSTATBOE NS TR TERG & > 7 — D7 RE K
HiE, R OB KALBEA B & OB EFAT 2B L
T, BEAEMM#MEE LARGZTWIEEFE
L7zo AOEHOZmERLET,

BFRFEFIONNR A ZH0Z, BB EHIZ,
NERHAFRUESRIZ, AFRRFRER A A ON
HAEFdegz 2 51k, AEfmT 588 LUV AFR
ZEUT, B E L COARM ORHEMTICET
LA G Z TR EFE Lz, BOEHOET R
LEd,

AR M OBONGER, st~
MO HEMFIC, HRASHICRM OBHF K
BB B AR OIIGERERA 51, SREE
ERBT AR IMOREIIL KD T2 w2
EF L7z WABEHOEERLI T,

EFEMERAM L > & — ICHFZEER R O BT IR I
FREMEERIRER 0L HIIEIK, FAEHEK2S
X, ATETRHLA» S, RIS ERE Y
EFEONE - MEEOHGZHZ T ZEF L
Too OEHOBEAR LTI, LEHMMEEDZE
MBI 51, FmLoZFZ HIZONTIiRE
W2 EF L, 612, MEEH v v ¥ — 0k
PHd, ZOBBIE SRV T L, B
CHIFLH L EiFFE 9,

2)

3)

4)

5)

6)

7)

10)

11)

12)

55

S 3k

A. A. Eddy and R. D. Graham. (1955)
The Effect of Drying Conditions on Strength
of Coast Type Douglas Fir. Forest
Products Journal 5 @ 226-229.

(G4 - T3 HE S M AR FERR O Bl 56 | BF ot
TN—"T (2012) &4 - Tl Ta G IR R -
MM~ =27 ) Chapter 3 HEFERLIESAE:.
AINEMEREY Allyy Fery— A
JIE: © 14-25.

[ G4 - RT3 HC SR M A FERR O Bl 56 | WF %t
TN—"T (2012) &4 - Bl Te IR R E -
FIFI~ =27 )V Chapter 4 WFEBEIIL DA
B ANEAERBY: Al y Py —
IR 4243

HARHG (2010) MBI 25 R RHE
BAEEOERMER. RMIH65 (11) : 495
499.

AN, FEFE, AHLSF, R
(1993) A FHEFEA O FHIN T FHIEE IS
P42 — T S & lny v o 7R8I
WT—. A48 (4) :166-170.

M ATBOE AR A FZERT (2004) CXET 4
W ARMITZENY R7 v 7. 194pp, A3,
HL.

Gerhards, C. C. (1983) Effect of high-
temperature drying on bending strength of
yellow-poplar 2 by 4's. Forest Products
Journal33 (2) : 61-67.

R (2010) A FAM % BV 72K PR T
OREREVERE. BESER 12 1 144-147.
JEFHZFAR (1996) HSHMERIZ & 2 AR o jicAb
(% 23 HERABED SR IND KL
. KMEaRE42 (2) 1 194-201.

Toshiro Harada (2001) Time to ignition,
heat release rate and fire endurance time
of wood in cone calorimeter test. Fire and
Materials 25 (4) : 161-167

Toshiro Harada, Saburo Uesugi, Hironori
Taniuchi (2003) Evaluation of fire retarding
wood treated with poly-phosphatic
carbamate using cone calorimeter. Forest
Products Journal 53 (6) : 81-85.

Toshiro Harada, Yasushi Nakashima,



56

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Yasushi Anazawa (2007) The effect of
ceramic coating of fire-retardant wood on
combustibility and weather ability. Journal
of Wood Scienceb3 (3) : 249-254.

JEHH B, FRIBEE, BEEIEE, AT (2003)
ARt B & USRI 2 AT I W 72 B A
DEREAWHER.  HAARM ARS8
RKEFHE (53) 1207

MOLI, GRS, HHEZFEA, HIbiE, F
S, SRME, PR (2003) HoRgf:
HH TV IEAOMEICRITTHE HAKR
MR REMFE 52 H 4 53 © 9.

W OE, PEIEE (1991) RET 2~ v
KBTI OiEEENERR. T IRASERER
WS 23 1 4348.

WO, PEPIERE, mEZEE (1996) T
<Y A OMITIREETERE. T IRARSERAT
vy —WistHd 6 1 2948.

WIFIE, @EiEEsE (1997) B4Tb a7
<YM OMEENERE. A TIRMERI 2 2 5 —
hgesis 7 @ 1-23.

REFIE (2005) ‘HFIRET 71~ HiGH D A
IRUFRIZOWT, HFEMAERN 7 — 5
ik No. 16
Huffman, D. R.
studs. Forest Products Journal22 @ 21-23.

Huffman, D. R. (1977) High-temperature
drying effect on the bending strength of

(1972) Kiln drying aspen

spruce-pine-fir joists. Forest Products
Journal27 (3) : 55-57.

BERGT— (2005) AEECHEEOERE & HER
REARH - mAEES b o n Lo o - BME
Brigk 2 © 6-12.

JEHIRR, ARG, InEEdEkE, AR (2011)
FeSR LA THE U 72 NEBEI N D SR EE MR R~ D 52
B OHARKRMFPEREMEFREEEEO6L:
CD-ROM

RRESE, ARGED, W5 & E 17

MES, Wk X, AR & F—- Pt
f5:2. (1985) “RETOWEL". ikid AR
p266.

FRERGR, RRESC S (2005) g
(ZPE D) PIEREIALAY A T 56 i D& AWTREE |2
BAZd 508, RMIH60 (4) 1 170-174.

Y, PR, MRS, dERE T

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

H T 2 No.24,2016

f5— (2003) A4 O EZACIC T3 RIS
o 1) JIFmERIZOWT HAE
AP REWIEFERE T4 53 1 594,
USRS (2004) WHEHOH 25 Wz EEM
ERERE. HAMBAM 750 ¢ 2- 6.
AR (2007) A% H AR O 5 BV RERTAh
LOREREAL, ARMF4EE53 (2) 6371
SUBZRY, EAREM (2009) FEETEANOH
WM R SRR [ 7 — & U - Bl
BIAFAET 7 — MEREE. B e AR M T
6-10.

International Organization for
Standardization (2002) Reaction-to-fire tests
- Heat release, smoke production and mass
Heat release rate (cone
calorimeter method), ISO 5660- 1 second
edition, ISO, Geneva

— At [ N EIARM A - BE SRl 2 (2013)
B O H AR RARBIAEIE NS E O E R B &
O, — A EE NS EARM A - Bigt
% : pl95.

FPREZA (1999) =l E S 3218 O HEMR LALER 1

loss rate - Part 1.

MrOBA3E - BIEIZHED o T MSEHIT 688 -
24-25.
PHigEE—, TAE3EsE (2011) b R~ IRkt

DOV ENINHNIC X 5 Iz 15 41 O MG
HARKRM A2 R85 ERE T % 61 : CD-
ROM

FHRIEAT (2008) 7A~Y - 7wy OHiE
e, SATATBUE AR S T ZE AT R AR B T
Y2y —MORBIZEIRTEHRES 1375 1 75
Japanese Standards Committee (1999)
Japanese Industrial Standard, Testing
method for paints- Part 7. Long-period
performance of film- Section 2. Resistance
to humidity (Continuous condensation) JIS
K 5660- 7- 2, Tokyo

Japanese Standards Committee (1999)
Japanese Industrial Standard, Testing
method for paints- Part 7. Long-period
Accelated
weathering (Exposure to filtered xenon-arc
radiation) JIS K 5660- 7- 7, Tokyo

Jozsef .Bodig, Benjamin .A,Jayne (1982).
Mechanics of Wood and Wood Composites.

performance of film- Section 7.



BT 2 No.24,2016

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

Van Nostrand Reinhold Company. New
York : pp. 305.

IR - R HES - AT (2001) FEZ
Bl o€ T VAL ZORMESIEE D720
DORFERFE AT O BELY —ViZonT,
H AR RS RS sl S (B H) -
215-216

A2 B, BEABE, HFHFEA (2012)
LB OFREE IV ET % 4 B
BB, HAKRMFARRESWMEREELL TS
62 : CD-ROM.

TIEESERE, #F AT (2009) HZfRIC X A AR
DONEBEINA T 2 B . 2 & AR 1L
18-24.

WTIGFSARAE (1995) A A AN ORZIEFA O
b - BAFEICET 20198 (D) -7 A7~ V0
Fo b M O RIRG IR & Z O DA
DOHAEHRNIDNT - Tk 6 F R LIEA
MINTEAM 2 v & — SR, 11-16.
IR (1998) BimEzlE L 72 A FHA o
IRGT oA & W IR O~ AL, ARM I 53
(4) :166-171.

WEERA, TIERR, 1EEF R, FRE
(2000) ARIEELICBIT LM SO EHitRO
STEEALE AL N T TV, R SS
(2) 16166

MEFERA (2004) [ HbIscg J5S FH R AR i 2
RIRET D L TOWBEMOMEDT. 554
o] H AR P KAWIE 5 R E B4 161,
NpFE (2010) 5 R OBARNE [~
v MRSERTAE 1 A5 0 1011

NARIESR, #HAQTER, FHELZ (1998) K
FIEEFRBIIBITAZARMIEIY D7) —TF L
RT3 A O FARAE M. 55 48 10l H A AR 5
SREWFIHEFREEE 1 68

[ 28584 (2000) @Rk B &R e 1452 7. "R
M OILHETREE Fe, Ft, Fb XU Fs # EH 5
%",

INEZEFR (1995) RILERET 1~ Y OFEK
M T e HARM AR KA RETE
45 1 137.

NEHREFE F R OMERFE, T B (2000)
V=7 Ly METIZ X B AR OVEEEREM
(FE1#H)  HrBALAMO7 =T L v b
fEHT. ARMEEaEE 46 (3) 1 197-202.

49)

50)

51)

52)

53)

54)

55)
56)

57)

58)

59)

60)

61)

62)

63)

64)

57

NEFRE, O ISR, NERE, 8
JIHHZERE (2001) 7= —7 L v MBRHFIZL S
A OVEREREM (5 24H) | fio K& EDFE
fifi. KM FEEE47 (6) : 473-478.

E 15l (2000). BEEDOMHEH oLk
MHEZ LR NWE & EFEDD L BN D L YE
BLOZOWRTTEZED D1, BEER

Elf 5 (2000) AEFEARAERMGATF 1

[\
©

7
TEGEE (2000) BEEMALAESIEITAE 1 &
il

[ (2003) HESEHAERET A |

I\]
oo

E Izl (2004) BT 25569
() BAMEE - K+ ¥ — (2011) "
Wik AR O ERB~=27 V", (#)
HARMES - At s —, Hul, @ 8
-10.

() HAMEE - At~ 4 — (2011) "
ik AN OERB~=27 V", (#)
HARMFES - KM > & —, Bt @ 84-
85

NG, HEPIE, T-3E—5L (1998) 7oA~
A OB, 5 48 [ H A KM KA
FeREREE4E  580.

AEEG, HIBRE, HEFIE (2001) 74wVl
Feb it o N Tz, AT EMERA £ >~
y —WhgeEkd 9, 1521

HHEE (2007) AFLFLEBRED OO
HRERFFE DR, AMH4AFE53 (5) @ 243-
253.

HH M7 (2008) R#INLEM O I FE T
Lo n -w - AMTHEG63 (11) ¢ 498
500.

Jullge, AEFEL, HERE (1985) ¥ 1
I OREIERER. 0 AR SRS
% C- 2 112631264

KT, FHHZEA (2009) FEE b NEIREZLE
MOMNME NIRRT T SR v MEROZ
2 OHAAMFESRKEWMEFERETHES !
CD-ROM

PSR, ALSFEEA, /MASESE (2010) BAMTE



58

65)

66)

67)

63)

69)

70)

71)

72)

73)

74)

75)

76)

77)

78)

B & 7840V % I 727K SRR I O TN & A
B HARARMFEREWMRFEELE TS 60 :
CD-ROM.

TS (2013) AMAHKRA 2 M HEEOW
ZEHZOWT, RMIEH263 (4) @ 1-5.

M. Y. Cech and D. R. Huffman (1971)
High Temperature kiln Drying Of Spruce
Joist. Forest Products Journal2l : 55-60.
ik % BRI, HEH R (1993) A F
HEHMHIK - 720 SHOFERMNT R EERE.
HARRE X R AMAERESE C- 2 1 909-
910.

IR # (1990) AFHK - 72 IHMDFEK
M FisEEtERE. H AR S RIS
C- 2 :167-168.

HEFIERE (1980) BRI 1) — X 15 -
BT o~y WA AR - RT3 35
(4) :182-185.

HlgERE, REFIE (2002) A FIEFAM ORIEIR
£ ONeZIgEII & R OBIFR. H AR A%
REMFEFELREFH 52 1 117

HlgEE, SR EOHGE (2009) HZEF
IRLBRDST 71 = HRDBMAE 1252 %
. ATFIRMESIN - & —WigeERkis 16 ¢
9-15.

Rl R, SREFIE, ZAERL, EOGE (2009)
7 )M & T2 T SR AT O AR
Bk AR I3 64 (12) © 624-628.

Wl OEE, REF IR, JOR 4 (2010) &R
Fele L 72T 7= D B AR O 5 B A
B, wFEMERMN L ¥ — WIS 18 :
7-12.

HIEHE (2010) 7 4 = SFA I ORI
EFREMERAM € > 7 — PR SR 271
g B (2011) 7~ Y SEAM oSS
SREEVERE - WAT JAS 12D B S - B
WX o & T & OBIfR. ST RARE
Bt > & — BFge A #Hh 287.

B (2011) 74~ DL A OHIR
IR O BIES. 55 61 Ml H ARAKRM K4
WF7ese R EEE © 23,

HIIgHE (2011) $72 HH2MR T TH T2 7
71X S OSNER B O B, a TR
KPR vy —WFgEERE 19 1- 7.

s B, RIHZFEE (2012) RIRFZE:L 727

79)

80)

81)

82)

83)

84)

85)

86)

87)

83)

89)

90)

91)

H T 2 No.24,2016

=AM OBIER E RO b QL
NEFA. AM#42aE58 (3) @ 118124
Wl R, RER OE, RHEZFEE, USRS (2013)
FEZEMS & L COT S = 72\ TH o s
PERBIC RAT T IR E O 8. AWM ¥ 25559
(4) :179-187.
g B SRERE (2013) MR FENER
B AFLFELIEAM OREE NS L Ok
A MAT. AR 68 (12) : 570-575.
RS HE (2013) AR i 723 - A
BETROR ABIEREREAM. 5 T IRARSERIT &
=W 21 1-7
Hils BE, B FE, MR EZ, AT EZ (2014)
OB M ONER B & ORIEE I R IET
Bty MLUBZ0 BB K460
(6) :309-318.
FIBEE (2014) /MEAR B & OEIE KR % v
7o RHLO - AW ) DOFFA. 5 T IRARSER T
oy =gk 22 9-15
g HE, EHFEE (2015) LEEBEAM O
Eidty MBI X B N TR OB 5 -
Bl v N LERR O RSB RS AT
ity MUERSM O REE - 5565 [l H AR
FARAWREREETSE © CD-ROM.
TEE, mEDE, L= (1996) R
v NI OBz ERER. HARARMFSK
SWFEFRE T4 46 1 158
R T (2008) ko JAS kg AM T
63 (5) 1222225
HAMES - Kb+ > & — (2008) Akl
MTEEEOFAIS TR (2008 4EH).
pp571-572. WA EIE A H ARES - AW HiT &
V= HHE.
SRS, WELLERTE, ZHREE (1987) Ak A
HomEERE D — 7%~ Y IEAMOH
VFEREE. EARIEARERA & v & — T ge ki
38 : 51-59
FEATIESE (2011) )i % 4 2 72 b AsE O L
M - b~ — 4 v b &SRS e
PRL 23 AEE ORM IR - REREEDTIZES
T VRY T NGRS 4445
PPEIEN, AHEER, AR (1977) §H3E
TtbE D KIRGEIREFE 12OV T IFRIEE L
v =W 5 ¢ 3148
RMOKEEL (2007) #4460 H AR ZAHE. B



BT 2 No.24,2016

92)

93)

94)

95)

96)
97)

98)

99)

100)

101)

102)

103)

104)

105)

MoK #EA &R 1083 5.

ANHEAN, EILFEFE (2001) WA FPAH
DRCIE TR REERE B 9 A 0128, F IR
MEERN 2 >~ & — SR 33 ¢ 35-36.
RG2S, SREZRY, AR (2001) A F
IR OEIN L SR OBIR. 8 54 Al H AR
Mg REiE5E R E 54 1 93

Ostman B, Voss .A, Hughes. A, Hovde.
PJ, Grexa O (2001) Durability of fire
retardant wood products at humid and
exterior conditions Review of literature.
Fire and Materials25 : 95-104

P. Koch (1972) Drying Southern Pine at
240F- Effects of Air Velocity and Humidity,
Board Thickness and Density. Forest
Products Journal22 (9) : 62.

AREFFT (2013) FhE 25 4EARM A HE &
Salaman, M (1965). Effect of High
Temperature Drying on Quality and
Strength of Western Hemlock. Forest
Products Journallb : 122-126.

PGAY (1996) ~ V&R L ZDFIAICET %

By FERERA, AT EMKELHE, pp 1,
=R

RaBe (1996) ~V &FE ZOFAICHET 5
MEFERERAE, 5T EMOKERR, ppd6,
HFE.

RaBe (1996) ~V &FE ORI %
MEFERERE, 5TFREMOKERR, ppds,
HFE

RaBe (1996) ~V&HE ORI T 5
MENEREHRA, AT IR EMOKETH, ppbd-
55, FFIR.

RaBe (1996) ~V&FE ORI T 5
MENERER A, AT IR EMOKELHE, ppb5-
56, IR

RaBYe (1996) ~ &R E ORI T 5
MEYFERERAE, 5T EMOKERE, pps7,
HFR
FEEAEEAMHAEAGS (2004) DAY
L5 WBHE RIS A FE O FlT ~ = 2 7 V.
pp68-71. A1 [ N EEAM LA A 2. BT
HEEANEEAMMEGEAS (2004) DAY
LT WH A JAS OfEH. ppld. FFIEA
EEAMHAEAS. HT

106)

107)

108)

109)

110)

111)

112)

113)

114)

115)

116)

117)

118)

119)

59

BN EEARMAEE G2 (2004) DD
R WH RS JAS DS pp29. FLEIEA
EEARMAEGEES. WL

B NEEAMMAEGEES (2004) DAY
R VHTEM JAS O pp7l-72. FEE
NEEARMHEEE S F O

BH B hEOE TERHE SREED
(1984) + K~ NIAM Oz atbz (55 1 #)
— IEfRF O RIRRZIG: — . MREER A $1392(9)
1-9.

fEHNE, BHmMZ, HFHFEA, WHEEZ, W
A, mAREMN, SUSFS (2009) #&EF -
fi L OAREFHFERERA (4) FEF - L
KH ORI T 5 Em AT, 2559 M H
RARMFEREWIEFEEE TS + CD-ROM.
fEHER (2011) RIREZHE: RT3 66 (7):
290-295

MEFFT (2009) FRAK - ARSE T AN EE B 2009.
ARBER AR AT A AR, 7 -13.

MEFFT (2013) FRAK - ARSE T AN 2B 2014,
MBI AT AER. 7-13.

T ETRETE (2010) A FIFIRAE DAL
3. AFEEEY TORM A & R E~ %
EE T . A 4800 2-5
Simpson, W. T. Hart, C. A. (2000)
Estimates of air drying times for several
hardwoods and softwoods. Forest Products
Laboratory General Technical Reportl21
(1963) Quality and
strength properties of Douglas-fir at high

Salaman, M.

temperature, Forest Products Journall3 :
339-344.

BRI (1978) AM OIS 2 . K
ik 24 0 385-399.
Takashi Takeda,
(2005) Impact Bending Strength of Small

Specimens Cut from Japanese larch Timber

Yasushi Nakashima

Kiln-dried by the High-temperature Setting
Method. Eurasian Journal of Forest
Research 8 (2) :105-110.

AL, HILEES (1992) ARMEMFH#EE 3 Y
L. pp32. #EFHL. HUAR.

HNEEL, NEBRT, HERAN TEE—
(2003) Leptographium wingfiedii 25 7 % <
VMR AT HEEOIREE, Koy, BRFEORE.



60

120)

121)

122)

123)

124)

125)

126)

127)

128)

129)

130)

131)

132)

AMEEEE49 (6) : 446-451.

BNER, ZHEE (2003) HFEHNOT A
7 R - WM EROFEWEICET
ik & MESEOBUIR. KR 29 (6) © 268-
272.

LA, NERT, FEBEA, LEE—
(2005) RIRBEHOIEHNLIIZ L 2T H~
FHER LA H. 55 23 [ H AR I THAfr
SKIERRNSHHERHE © 59-60.

LA, NEBRT, FEBEA, LEE—
(2005) MHZBTF 2T H~ v HFEEH L
71 EHI, B HE & DR L 72BE 0 H 22D IR
% 21 | H AR M R S E R RS HEEER
% 11217

LN, NERT, FEBEA, LEE—
(2006) #HZBTF BT H <Y IHKOFEIZ
xF3 A B HUAR) & BRI o R A AR ERAT 32
(4) :151-158.

BNEEL (2008) 74~V ALK SEEIC
£ 2 EEBEOWH]. 458 [0l 0 AR F5&
KEWIEFEIT4E © 145.

TFEE, AT (1955) #HRIEICR T 54
BERORFZE 451 ¥ ROBAFMEHRMIC OV T
PREE BRI sE s 81 89-96.

FEE (1994) AM D §XC. ppdd3-
447, WEER, HAHR.

FEE (2004) AMEEEOT T (LETHHH
W), pp724. HEFAL. 2004.

PR, RIS RE, &A= ILER (2013)
2012 4EFE H AR R A AREWEZE S - K
e KRR A #EES - RS iEmE.
AMTEEG6S (2) 1 69-72.

b ST AT s A AL i AR EE RS (2012)
EREM & I TR A i EE A58 o0 o BE PR RE AT
fili, PR 23 4 BEMR i X BR54E 8t © 25.
A, WA, REZEE LE, &
H#EA (2004) Bty METEERE L AF
BLOe ) FLEBHMAO RT 4 2 7ty
s 5. FEES3 (4) @ 370-375.
AR, RHZEE, HFHFEA (2005) AF
LR S E] ) A IS BT B iRy ML
B D 2 — VHENEE I RIET
2OFE 54 (4) : 365-370.

WHAE:, wEEEmSE, FRER T, SO
& (2010) KIRWEERET 1~ B o & kR

133)

134)

135)

136)

137)

138)

139)

140)

141)

142)

143)

144)

H T 2 No.24,2016

Gy A DIERS — BRI & RN D EIKER A5 D
BIAR —. 2560 ol H AR A KEWF5E R
R4 1 CD-ROM

Winandy JE. (2001) Thermal degradation
of fire-retardant-treated wood. Predicting
residual service life. Forest Products
Journal 51 (2) : 47-54.

W2 Z (2009) Y~ XD ARM .
MAEHT s 2Ly Y HEL
AR (1999) N LR EE AS T 58 EE 12 ]
(T3 RE - RIS A X, 7~y Ffh
M OFEIGE K OSSR OWC — . JL BT
WERAN & > & —BFFeEd 31 33-37.

Yao, J., Taylor, F. (1979) Effect of
high temperature drying on the strength of

pp217.

southern pine dimension lumber. Forest
Products Journal29 (8) : 49-51.

Yasushi Nakashima, Masaki Harada,
Tomoyuki Hayashi, Masahiko Karube,
Tadashi Higashino (2006) Shear tests of
double shear plate connector joints in Sugi-
Japanese Larch composite glulam beams.
Journal of Wood Scienceb2 (1) : 44-50.
FEHBR— (1964) AL #IARS - SHEEBHR.
ppl29-133, FAFIE. Wit

KHEM (1987) #Iv VKB L7
Bt oFR M rEre (55 1 #0. MRaERERY;
w1 ooo1-11

FHFEA, RGO, s, HZFE (1999)
717 = FES IR A QTR R I3
MEZEORE (D — MR - AM
T354 (3) 1122125

FHHZFEA, Bk, REFE, EARFE,
FIHISE (2004) A FLFES M E D M O
REZIRIC B &Y v M EoSEINE IR
122w T, #ME53 (4) © 364-369.
FHHFEA (2006) B\ EC T E GE
IL AMMIHEAOEE 4. EiREz R
OMERE. AF 61 (11) : 499-501.
FHHZFEA (2008) AR 0 & il iz 0 78 o 242
BoEREEAT Y 2= Vb SRR A
TVa— )b KHMIZEG63 (9) : 401-405.
FHHFEA, WHEZ, ®IFIE, BHSE &
MR, FHEEZBH (2012) $1EE@HTAT o 2SN
B - AFX e /X - I~y - ThHY



H T B e R No.24.2016

DM ORI - 55 62 [l H ARAM 44
SWFFEREERE © 25

145) HEAHHE, SHER (1989) 4 J~ v &R
M OFTERIEIZBIT 2L - HEEB O B3 -
FEFEMNERE Y ¥ —EBHE 4142

146)  BFETE N HARMERS - A2 > 7 — (2000)
YR 11 AR RSB P AL L S SR
& (s A o R © 60-61

147)  BEEANHARERE - A EAM 2 2 7 — (2002)
R AR el et FEmE®E (9

ffit2). pp4d5-484. BFEIEEANHAMEE - R
B> & —. F L

148)  WHIENHAREE - A+ > ¥ — (2003)
'l - VEREIT BT AR A PR RS E ()
PESTREM R IRM O A EFA ~ = 2 7 V. pp
2- 3. WEENBRFES - A HE 2~ 5 —.
HL.

149)  WHIEANHAREE - AL > 4 — (2009)
RKEFEO-DOMFEEERER-#K 13,

ppl63. W HETE N H AL - AMHdfr £ >~
7 —. WL

SUMMARY

1) Introduction

The purpose of this research is accumulation
of an academic finding of Japanese red pine
(Akamatsu, Pinus densiflora Sieb.et Zucc.) heavy
timber and lumber for structural use and interior
use. The background on this research is effective
use of large diameter logs of Japanese red pine has
not been established yet.

2) Establishment of kiln-drying technology
2.1)

on dimensional change of Japanese red pine

Effect of moisture content change

rectangular timber.

To evaluate dimensional changes and twists
after molding process of air-seasoned timber, air-
seasoning tests were conducted on Japanese red
pine rectangular timber which is chiefly used
for beams and girders of Japanese conventional
wooden houses. Six air-seasoning periods were
tested : 160, 260, 400, 520, 890, and 1250days.
Occurrences of dimensional changes and twists

of timber that was kiln-dried after various air-
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seasoning periods were also evaluated for
comparison. Dimensional changes and twists after
molding of timber were relatively small when the
moisture content (MC) was low, and MC of timber
with an air-seasoning period over 260 days was
lower than the MC of other timber air-seasoned
for 160days. We recommend that the stabilities
of MC, dimensional changes, and twists should be
almost reached over 260days air-seasoning. The
dimensional changes of timber air-seasoned over
260days were 1.bmm or less, so it was suggested
that air-seasoned timber meets the specification of
the Japanese agricultural standard for structural
lumber. It was also clear that additional kiln-drying
was effective to reduce dimensional changes and
twists.

2 . 2) Effect of high-temperature setting
treatment conditions on internal and surface
checks.

While the use of high-temperature setting method,
for kiln drying green square timbers with pith at
high-temperature and low-humidity conditions at
the initial drying stage, has spread in Japan, there
is no established optimal kiln-drying schedule
for various softwood species of larger-sized
rectangular timbers used for beams and girders.
Therefore, we tried to determine an adequate
high-temperature setting method for reducing both
surface- and internal checks through analyzing the
effects of temperature conditions and size of the
timbers.

The results suggested that moisture content after
high-temperature setting treatment might affect
the occurrences of internal checks in Akamatsu
and Sugi (Cryptomeria japonica) timbers. The
monitoring of moisture content during high-
temperature setting treatment should be useful
for reducing internal checks. As for differences
in occurrence of surface checks among species,
surface checks in Akamatsu timbers were wider
than in Japanese larch (Larix kaempferi) or Sugi
timbers. Larger timber size caused more frequent
occurrences of surface checks in Akamatsu and
Sugl but not in Karamatsu.

2 . 3) Effect of moisture content after high-
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temperature setting treatment on total drying
time.

Kiln drying time after high temperature
setting treatment of rectangular timbers with
pith is affected by moisture content after high-
temperature setting treatment.The formula to
presume kiln drying time of high-temperature
setting treatment was proposed and the adequate
high-temperature kiln-drying schedule for
rectangular timber was established.

3) Applications for structural beams
3.1)
bending strength of Japanese red pine two-side-

Influence of whorled knots on the

surfaced beams.

To study the influence of whorled knots on
the bending strength of Japanese red pine
two-side-surfaced beams, static bending tests
were conducted for each visual grade specified
by the Japanese Agricultural Standard for
lumber. Rectangular beams were also tested for
comparison. The influence of whorled knots on
bending strength was less for two-side-surfaced
beams than rectangular beams, and the maximum
load of two-side-surfaced beams was significantly
higher than that of rectangular beams of low
visual grade. Based on the experimental data,
the estimated maximum load ratios of two-side-
surfaced beams to rectangular beams were
159, 1.62, and 1.95 for visual grade I, II, and III,
respectively, when both beams were sawn from
300 mm-diameter logs. It was shown that the two-
side-surfaced beams had more advantages than
rectangular ones in regard to efficient use of logs
with identical diameter.

3.2) Bending test of Japanese red pine timber
dried at high temperature.

To study the influence of high temperature setting
treatment on the bending strength of Japanese red
pine beams, static bending tests were conducted
for each visual grade specified by the Japanese
Agricultural Standard for lumber. Tolerance limit
of bending strength (95% lower limit tolerance
value at 75% confidence level) of Japanese red
pine beams treated by high temperature setting
method was higher than standard strength of

E TP R No.24,2016

Japanese red pine timber specified by the Ministry
of Land, Infrastructure and transportation.But
bending strength of Japanese red pine beams
treated by high temperature setting method was
lower 10% than air seasoned Japanese red pine
beams.

3.3)

jointed by traditional timber structure.

Shear properties of post and beam

To study the shear strength of traditional
structural joints in Sugi or Chestnut (Castanea
crenata Sieb. et Zucc.) - Japanese red pine beams,
shear tests were conducted on two types of
traditional joint (Nimainuki-hanasen, Nimaihozo-
komisen) . Shear strength of timber joint using
template metal connector were also used as control
specimens. Shear strength of joints in Nimainuki-
hanasen were higher than that in template metal
connector joint.However, the allowable loads of
the traditional joints in Chestnut post were lower
than that in template metal connector joint. Large
variation of maximum load of the joints in the
traditional joints resulted in lower allowable load
4) Applications for structural floor and
interior material of lumber
4.1) Shear performance evaluation of a floor
comprised of strip lumber and edge jointed
lumber.

To use strip lumber and edge jointed lumber of
structural floor, racking tests were conduted for
conventional timber floors. A floor sheathed with
strip lumber didn't destroy at large defomation.
The shear performance of floor sheathed with edge
jointed lumber was significantly higher than that
of sripe lumber, and shear performance of floor
sheathed with edge jointed lumber was affected by
interval of nail.

4.2)

fire-retardant wood on combustibility and

The effect of ceramic coating of

weatherability.

In order to develop a fireproof wooden material,
the synergic effect of fire-retardant chemicals and
wood coatings was studied. The fire performance
was evaluated by cone calorimeter. Impregnation
of fire-retardants including poly-phosphatic
carbamate, and ceramic coatings, including alkoxy
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metal salt improved the fire performance of
wooden materials. This treatment made it possible
to meet the guidelines for fire performance of
noncombustible materials in Japan. The hot and
cold bath impregnation treatment is also an
effective way to develop fire-retardant wood by
impregnating fire-retardant and ceramic coating
in addition to the vacuum-pressure impregnation
treatment. The weatherability of the developed
material was also investigated. The ceramic
coating had light stability and moisture resistance.

63



T 28 3 A

EFEMEEMN > 2 —MRRE

FATPR

F2435

EFEMERMEYS—
T028-3623
EFRERERMETRFEL
55 3 2l 560 it 11

&EE (019) 697-1536

http://www2.pref.iwate.jp/ "hp1017

ENRIPR

KAENRIMRN R

T020-0857
EFREMHILERE—T 8 8-30
&5 (019) 636-0011 ()






