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Wood Properties of Sugi (Cryptomeria japonica) :
An Approach to the Wood Quality
of Twelve Cultivars as Structural Members

Kazuyuki OpaA, En-ichi WATANABE and Juichi TsuTsumi
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MR, ATEEY, B EEERPHET S L &b, ERAMEERRT CREM O
MEARBETo T2,

KA #EAME (Intrinsic Wood Properties) T® 2 AREEH L MHREEE, S5
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BREEED 5 I LNTERL,
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BOGEMMESNTE R, Thbb, AXFRERIPENERE - RINT, EREEPE
R L, SHREEERF>Tw3,
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FRFABNEE S 2 HERE 21T, SEDO NV — 73T bR L 72 SE R S0 55
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ST, MEHEETCERL CRERSOMIILE 2123, SRt 7%
EHHHRTH L OO0, FEHENL CHLHORBREET 20T, K150+ 0npEar
BREONTOROOVBERTH S5, MAT, AF R, REIEISATHEVLLD,
RN TS REORME R SZWH O, BLURLRL BAFRSESH2 &
bEDbNTWD, 51, MAFRPIZGSEGSHS»TY, K0 H LiEOBRT
SHARTHC 208 EBTHS S,

TOBEREBEZ T, JOREIHEISRLTETE, REILORMEE L F2DS
VFEEEL VNES, 1989), EEA AR X OB EMHERELD 12 5 Ok 28
BT HH5E (85, 1989) %1F-T &7,

ZOHETIE, AF 12 BEENRI, REMMOMME, BRSER, BHREEE,
B L UHEERC BT 2 EAME 2R, AFFBOMETHCLELRIEEOH D HO
ML EMAT L7, 28, 2T, Biv 5 15 EHE & T RMBME, 7k %t
WL THEEEHEDI,

COFIFREITI HIz D, NMNKZ BRI ESEM « MEBHRITEEM, KOBMER
B, B L UEMEMERRS D o BBRADIRE 2RI/ 2 L 2L T, BEMErET
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2. R B FH &

2.1, HERRKEEH

BB, FT 25~30 EEMS ERRIE, JNKEHBHAEEN GERBHEL B
L UERIRAMERES (BAN) ©X ¥ RERBM, 25K BRORMRBER (ZRET,
BN B UREHK (KORBET, KSBRLERD) »oIELx:.

ORI EE L o R & BRSO, B 1BIFsh TV, 58, BhicksEs
HfTh S DREAF S, BRI TREINTNS,

ARBARD MR 5 B &7 10 cm ORI L, REFEREIC L, #klcg
NTO 5 EWHEIE, —HOHRERT, 20~25 EHTH - 7z,

2.2, RERF %

TRTOME» S, B EACHEENE CHUEN 4~5cm ORBHRBRE 20 H L
T, ETERELH -7, D0, BB EOATBES L EH T LM, BX U
55 16-, 18-, 20~FEE T 1 EMY DI 50 KOMMREEERRE L., 512, b
DB 28> 1B FIUROE D B0 5, 3 HEOMR SO MR AWER 7
Dy Z2YIVHLE, Zo7wy i, EREEESTCHFICEELOL, BESAN
25 mm OE, BE 7T 16 FE8E 2 & BAE & TE R L ESBITE T, S ROE S
260 mm QBB CMIL., ZOBBRAFOKBLELHET 3 L &b, HTESARS
1To7z,
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#1 BB & CIEEBmme o T, POk, FRTEEY, M EER
Table 1 Number of sample trees and mean values of the intrinsic wood properties of the
mature wood at the breast height.

Number of  Annual ring Latewood percentage Basic densnty Latewood-tracheid

Cultivar trees width (mm) %) (kg/m?) length (mm)
Honsugi 23 2.88(0.89) 23.2(5.0) 345(31) 2.37(0.10)
Higomeasa 27 3.06(1.11) 15.0(2.5) 285(19) 2.72(0.10)
Y abukuguri 21 2.59(1.07) 20.1(4.4) 329(29) 2.32(0.14)
Ayasugi 29 2.56(1.13) 21.9(6.7) 346(31) 2.44(0.10)
Kumotooshi 11 3.30(0.88) 16.1(3.2) 305017 3.01(0.12)
Urasebaru* 8 2.1100.17) 12.9(2.1) 272(10) 3.36(0.22)
Hinode* 5 2.07 17.4 306 3.55
Tanoaka 3 3.17 13.9 320 2.62
Arakawa 2 2.08 16.2 312 2.65
Motoe 2 2.62 16.7 320 3.01
Measa 4 1.49 20.4 311 2.89
(Misugi) 2 2.67 13.6 315 3.13
* . Triploid.

(Misugi) : Sugi tree wood from seedling.
The values in parentheses are standard deviations.

3. REMERRCER

.1, FMBERIBMEEER

#1113, MmO ERIE, Wb, SNEER, B IURMMEEEROZhTH
WoWT, FHEEEEEEREILICRLTVS, K1k LD e, AREERREIT v
AE, RVAFTELBREL, 95820, e TA7HTRL/NEL, BHEEETY S
28N, B TFOEBERGHETRLEL, Y727 7Y, "VAF, TYAFTHEL, 72
bbb, TOWETHV: 12 RET, B OFHAEBISEERI 272 kg/m*~346 kg/
me, EEMAMREE R 2.32 mm~3.36 mm OIS L7z, ST X 3 &, B
BEWR L HMEEEROLTRIE S, —HORERTEEESRED b,

BB, RBRABBLEHE WAV AE, eIX7Y, Y7270, PYRAF¥E, 7E A
YV, TIRNAND6FREICDNT, FREER LB EEREOKEN TOEBRECEE
L7 Z20ORER, BREERTIE 4~9%, BMMGEER T 4~6%»38 50, wTho
HE S RENTOEHIRE B ERTLL,

Y ZBT, AMAOWERR « JIERIER OGS, BAARRY D OoMigEE R R & L e
BOBLIRELEESRETHSS, 2LT, TV, LEZVLUIEHBELS
HilaB BB O THY, I7a74 7 NMEARHMRECE2RTEELATIVT
H2B>, LIAT, 270747 ) NEALREER L OMICED CEELEMBERNTE
WeENTW»S(CKE, 1972), L7edd-> T, SHEMCERBEERPFREERCHEREZFED S
ek, AEMESRBIOLERZ I EREKRL, REREOLTAEMS~ELTE
@0&1,\‘52’1/% < &buzdgﬂm Z%ﬁ(ﬁu‘?% >
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Table 2 Mean values of longitudinal compressive properties of the mature
wood at the breast height.

Cultivar Specific gravity Compressive strength  Young’s modulus

{(kgf/cm?) {tonf/cm?)
Honsugi 0.415(0.035) 371(44) 58.0(12.3)
Higomeasa 0.346(0.027) 301(27) 52.3(10.5)
Yabukuguri 00.387(0.024) 314(26) 48.4 (8.8)
Ayasugi 0.412(0.035) 347027 56.4(10.1)
Kumotoosi 0.378(0.038) 348(34) 99.5(18.8)
Urasebaru* 0.329(0.022) 286(21) 86.4(14.5)
Hinode* 0.365 326 92.3
Tanoaka 0.383 320 68.5
Arakawa 0.363 324 87.0
Motoe 0.383 344 91.2
Measa 0.374 337 85.7
(Misugi) 0.363 326 82.1
*: Triploid.

(Misugi) : Sugi tree wood from seedling,
The values in parentheses are standard deviations.

3.2, MEERICEAT 33 eINHE

213, MEIREMM OEREM TORMLLE, HERFES, BLUMERY /%0
EEHERR LT3,

—fi, BEEEEDEWT YAERRVAE R EORBTREFRINEL, v+
NNRETATHRED LS CERBEEM/ NS R TREERS 2MEL, —F, R
EPROREEIBVERY Y 7EE2RL, REESEORERECEREY >~ /R R TE
MRb 5, Tabb, EHES LEREY Y VRESE T 2R AR L > TRR 3,
BB, M LB EIEII, ERBS %286 kg f/em?~371 kg f/cm? OfEEH, LT
FEREY >~ 758 48. 4 tonf/cm?~99.5 tonf/cm?® OB AT 5, LizhoT, FHEHRE
PEMY I RBBPREOFMENSORE L 2EETHES 251, AFHIEIENMERE
NIV EFBRKEOHBPLOFMMERI LI LIRSS, B8, SHBROEEIREIIZ,
[EHEIRE T 7~12%, [EfEiv > 78T 17T~201% 086 iz,

ZIT, AXMOMBEEEEETT 210, FRENCEST AHE R ORE
TE, HEREIN -SRI ERELT, REEEE (JIS Z9021~Z9023) i [
ERZEFTHLRHEROTRENNLETH S, 2O LBELTE, 3, BERTIFET
H5H,

3.3, [EMCBIT 3 H¥MEE RMEAREE & 0%

AXERSEEM L L CEBECMBE DT 3k, B L OMETAMEAMEE (intrinsic
wood properties) DOHEBFHETBH ST h oy, 220, fcbiBdxizL>
i, A¥FHBESLOIHE, HL2ORBICOWTHREIC, AMEEOF—7 2EBLE
B2 LRELZ TR, Lad, REMABEOERSH S CREGEHHELETZ Z Lk
RER TRy, 22T, BOrOREMEL Y o AMFIBSE T, HIEONEOHE
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(1) WEMEREOMEDDIT

B 11, QEGHE L FERS LoMBERLTWS, MEOMICIEDRE WEBIRE
Hoh, ERERPSRKELANZFEERDEY, Thbb, REMTH2 25 0HE
ZHRFRPETY, HE (H2WIEIEAHEER »oEHEs 2HETESZ I LEERLTY
3, ZOMRENE, AFSEOHFEOEECE T AHH (85, 1989) LEANBLHERTD
%,

BRI OEEE L ORI, HHENCHE TR EHEBERERERS J 8 TE
rtnolz, Lo, HE1OL20OMS WA LLE, T4bbERRS LB EY
B r ok, FoEEE®RITHED sz, LrL, HERE 0.55 TLT L EWET
B, B IORBEEEEI2ILRBTERVTHSD.

(2) WEWEY > TROHED DI

2k, HE1DL EDERHY Y FRIHBRE UfE, T42bbIERY > 7R bt
REEELOBENRERTW S, EORVWHEMGAsHEMcED Sh, K1 R
EMRERS SREL AN RER B » o7, TRbE, RENTHTHBRMGEEERE» S
HEfEY v 78, OO T HE L AR B 5 Y ¥ S RBEETE 5 2 LR
WL TWw5,

%y, BUSBEohcE, JELELFEREY Y 7 RrolcERBEALIZED NS (2
r %3 Kollmann &, 1968), 234, 1Oo0BETHEAFHTH-TH, 1272
e —ELTRERELERY Y 7B EOBERERD 2 &, HEREEL T-0.29 27
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Fig. 1 Relationship between specific gravity and compressive strength parallel to the grain in the
mature wood.
O: Honsugi; @ : Higomeasa; A : Yabukuguri; A : Ayasugi; [0: Kumotooshi; & :
Urasebaru; OO : Hinode; ®: Tanoaka; A: Arakawa; [J: Motoe; +: Measa; O:
[Misugi].
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Fig. 2 Relationship between latewood-tracheid length and specific Young's modulus in the mature
wood. Symbols are the same as in Fig. 1.
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—77, MMEEER L EMEY v 7R ORBWHABROER I L b 1< LT, Bt
REER LEREY > 7R e O, HHRE0.74 Q% AMTER) MEBs k., Tiab
b, MM REEREM T, EMY Y I REHET S 2 EXTELLERZ L, L,
FLZRT &5 CHREN THAREEROEIREIT 4~6% L/ »as, £ 21077 S8
WOEREY > 7 ROBEIREIL 17T~21% £ K E 2 ETH B, Lizhio>T, FEfEY > 7 ED
HEMEEZR LSS DI d, TELAMBEAMECH2LE (b3 IEERBER
LM EEE RO A 2 1EH S ¢ 3 M ERERT 2 EEL T, MLy BERERER-> T,
BIRENCHRRE T — 5 2T 28I BLETHS S,

3.4, ZOHIRTHELNAKMEARAMEOIRIEL ¢ DHEERMG

H1EeR2 TEL2OKED 70y FHBERER»SRELMNBOI Eh s, RiELH
bir5RTh, HEPHMREERNEEIRDY I RBEHET2EL LT, BETH
3L ETTCIlRAL,

A EREE O P TH R EELISETH 2 18, WHEK, LE (52 LIEIEREE
B, BIUBHEEERICOWT, ZOMHEEEED 57012, BEMOEERGREREL
A

(1) #BL L TomMES L CERIE

MR L AEBEEH - OBIFRYS, B3 IREN TV, Thbb, MEOBICIZEDOHE
BIBEGR (12%6KETHE) BEEL, —RICEbN 51HA (Trendelenburg &, 1955) %5
0, BHEEBIWME» oHETELZLBHELLTHS,

—7, RLRL LD, HED20LARBERFEREERS L oM
REREDTWD, 22T, M1 LR32HE LT, R FEERS L 0MGEEE 4 1057
LTw3s, abb, BHEREERFES & OMHBBEASTHIIEV E b2 Rna, ED
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Fig. 3 Relationship between latewood percentage and basic density in the mature wood.
Symbols are the same as in Fig. 1.
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Fig. 4 Relationship between latewood percentage and compressive strength in the mature wood.
Symbols are the same as in Fig. 1.

Bl4 WM e ERRS & OBR

FHBIBEMR (2.5%KHETER) 2RO 50T, £Oo0OREMBEL B AFHOMES 2HE T
BHPFRELT, ZZR—2OWEEERIARTE 5, 2B, WERK <05 OFBREL»
BT ng, BMMHED S ERFEES 2+0CHE - BHTAZ LR TERVTHS S,
—77, FiRiE & AR EH L OBIRY, AMETHERORETH -7, HHExL->T
i, BRCERELZ DL H S (Cown 5, 1983) 43, AFMIZ DV TIRERORENERE
Eh, REPCHEREBDICE> TR,

DR L —EORR (& LE/NHES, 1989) kb ke, RENELTY, FiREs
FERBEHOMIZ, BELEBEBEENEDONIESEEI TRWEBESENH -7, 85
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Fig. 5 Relationship between latewood-tracheid length and basic density in the mature wood.
Symbols are the same as in Fig, 1.
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EOREERCT, FREER, Vo TRAENEEOHED- DI, EHELHEL L
THBESY 2 Z L3 EEsH2 5,

(2) B L COMMREEE

KRABESREEOP TR O WEHIE S LM EEEE L AREERIZ OV, TEOBEEG
EESIARLTWS, $4bb, MM KEENEREE P HOARMEERERL, WH
RHTIZ A OHEREBR Q5% KHETER) 2054, JI TR, I0I LRGN
HBEPEPERE Ly, LaL, B (B, 1989) OFRE2F—SHCRELTW3,
TRhbb, MENDPSEVAXHOMERERC, BHREERE2ME ST 5 Z L DAk
HERRBELTWS, :

BB, MMEMHFGEER O, AOMHEBIMEMG (r=—0.62, 5%K¥ETHR)»
FIEL, BMEIEOSECRBEMGEEMEWERE, RBROARE LTHED:,
RERET 3, BHESEREES O UIREE, 52 0{EEEEL L OARMER
HHEHEACHERLE > T, 120EE» SMOBENHETE, DL TEHIEHEED
HECOEL 20 Lk, 9%, AMEREEE2H S HERBERIOL DI, 51
TS OEM  REERD ZENBLETHS 3,

3.5, EfEME EEMY > ISELOBIER

BIAIS S RX 2% (mechanical stress grading) 1, BIUBRENTHD 2 ¥ 7%
ETE EOBRBER, I LPHETHS (72 213, Wood Handbook, 1974). 7=
X, RUMBOMSHEECY Y VREEF L LTHVEARRDH Y, P rREES
EDQHIOMEBBIRIE, ZOARERENTIRATH-T, BHOTERLZEETH .

BT, IOWRTHIEFERS LIEEY Y 7R e0MfRE, RVAXEFICLE->THES
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Fig. 6 An example of relationship between compressive strength and Young’s modulus in the
matuure wood within caltivars.
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Fig. 7 Relationship between compressive strength and Young's modulus in the mature wood of
twelve caltivars. Symbols are the same as in Fig. 1.
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B: REBEEMN2.5mm UTORME (R AF, v7227Y, BEIUTPYAFDI N —
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D REERICER - T, BREER, BMEEEE, WEMCET 2 A HE R, &
FRIZE > TRELSE LTS, Uo7, BB TAREBEEZ T AXHE2ERY
WM, REQNIVFEHESI LR BTHASS,

Lizds» T, X%M%éﬁ%kﬂ%?%km,mﬁﬁﬁ%+ﬁk%%LT RS
TELRED SN~ BB THA S,

2) L»L, AMFHOREBHE CHEREERLLLRVBONRLDITHE, 22T,
REELr—ELTHRT 2RET, D80BFRERD . Thbb, SUEHE LTS
&, WEHGEE R & LREERE Y~ 78, 7 U TR L #EERR & o R 2882 ARG
BERD, TNTNOERHER» S RELLANDFHZTh o7z,

Lic8oT, AFEMREMTIE, RELHDL-TWERLTY, FHERS OHEE M
FRHE (HEVIEIAHEEELR 25, TLTEHY YV ROMECH > TIRLE (How»
BATERE) MM EREEREY, FhrThEEL LT TE 25 Th 5,

3) EERARMERMEETH IWAME, AMEER, B I UBMEEEEOHER,
TR HEEEALIRED oD, ki, ARMEER L WHEER & olic &0 EBMEG
DD O, GEERIIAMEEOMECHEREEL LTo®RE D 2iFTE 25 Th
3,

4) EhZThORMEAT, FEMES TR > 7R & oM HBEIREESTED & ik,
Lo, AF 12 B2 —HFEL THBROBREZRD 2 £ &, WEM, DX ) REFERS ot
Y > 7R e oflic, HBBRERED B I LN TE b o,

b L, AFHOIETTEMRSOFE L LT stress grading machine 3BT 2 4 & 13,
I ITRRERE, B TEELZEELA LB shRERsnwTH B,
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Summary

There are numerous cultivars of sugi (Cryplomeria japonice) in Japan and sugi cultivars in kyushu,
in where vegetative reproduction based on rooted cuttings is very common, consist mainly of clones.

Although intrinsic wood properties have been recognized to be closely related to the inherent
nature of tree, very little information on the influence of hereditary effect of the clone on variation
of wood properties among cultivars is available.

It is accordingly the purpose of this experimental study to seek the wood quality indices which
are meaningful to lead vigorous timber utilization as structural members.

The experimental results obtained were summarized as follows:

1) The mean values of basic density obtained from green volume and ovendry weight, of
latewood-tracheid length, and of compressive mechanical properties parallel to the grain, as shown
in Tables 1 and 2, depend on the cultivar,
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Consequently, the difference of cultivars on wood properties can not be ignored.

2) It is difficult to keep on ensuring the cultivar’s name at the stage of end-use of sawn timber,
and the following results are useful to establish the wood quality system.

The specific gravity at air-dry condition and the percentage of latewood are valid as the indices
to estimate the compressive strength as shown in Figs. 1 and 4.

The latewood-tracheid length is a valid wood quality index to estimate the specific Young's
modulus as shown in Fig. 2,

3) There are significant relationships among the latewood percentage, the basic density, and the
latewood-tracheid length as shown in Figs. 3 and 5.

4) No correlation between the compressive strength and the Young's modulus is found for
twelve cultivars as shown in Fig. 7, though the compressive strength was correlated to the Young’s
modulus within cultivars (Fig. 6). )

It would be questionable to introduce a stress grading machine into the sawn timber grading of
a mixture of cultivars.





