HOKKAIDO UNIVERSITY

Title ETADIRIBHRIC L D2MEFMICET AR
Author (s) INR, EX; KOIZUMI, Akio
Citation LBERBRERN HEMMERRS, 44(4), 1329-1415
Issue Date 1987-08
Doc URL https://hdl. handle.net/2115/21252
Type departmental bulletin paper
File Information 44(4) P1329-1415. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




TmERERFAMHEAAERE BuB F45 13291415 (1987) 1329

= SERD IEIRAER IS & 5 A ARl IS BE 3 5 A5
R OE R

Studies on the Estimation of the Mechanical Properties of Standing Trees
by Non-destructive Bending Test
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2) mAhBF (K2.1) 2RBFBicL THBROMERE 220cm BRI —7%%8%, “hk?
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Fig. 2.1 Instruments for the tree-bending test.
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Photo 2.1 Measurement of bark thickness.
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EE—2.2 u—7%%/ EH —2.3 MHh#HTFEREREHRNE T
Photo 2.2 Setting the rope. Photo 2.3 Attachment of the device.

BEH —2.4 REIZL B AN
Photo 2.4 The load application.
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LMBOMMCIE L THRICZ T FTE2 L5, LHOROMICRAHIZLOTHE, =
BT L ENEOHER 10—170cm BT EFORREBEICHToV, BIELLVE
EilTE) o, ARMOMITRELNETI0THS,

(3) AFIERRESBEALL 2 bRoLT7 IR L), BFORMTHL L
W $ COBMBI—RAMEITE— 4> } 24 L343 (BH2.4), BEEHBAORMIE
5 120cm DEREICH ZWAE RN P 2HWE D, IMERTEAIKEWEAIZIE 80cm NDEERE
ChBRLLEAVEIELTES, KELNET 3RERHROBREEMLLHEL, =Nt
KE VAR HE L BET % X, WEEORAOERMI IR 5.

ERIMBROET 2 AR OV T % v, RROFHELRAT 222 72,

ERICET 3B, ROREIC L & 57, RBEL 2 HOBAPEHA 1 FL2 ) 10 9
ETha. |

@) WROBIFOMITYL 7% (UT, SoMEHETY 7ER RN 2R (2.1)

Transformer

AH

Indicator

M—2.2 IR#ITFRABOHEAR
Fig. 2.2 Schematic diagram of tree-bending test.
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NDTH b,
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Es‘z 70 (Fizo— 1) * , (2.1)
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F Py 30 £4 (EHEH, )
254 (ZBE¥EL A WA, RT)
47 4 (dLBEXREE/IMOE R EEK)

= 46 F£4 (&M A EB )

THT=y A FEE (FE/NMotHEER)

2.2 RRC:E®

2.2.1 #RER

By 7RE(E) 2HET 2 20 RBEMNERMoMRER+ M2 LB »H 5, M2.3
RHEE 20cm S ricREL AHEBEEREO—FETRY. cNEPB23 M EF180cm 2 TD
BWRERIIEL 2 DT — — B LEN Lo TWB I LD bR b, ZD2ODWIFINDEN
FRICUTROT-EROT A 2BREPEI L L, WEERLOBRICBEVWTR 2.4i2RL 72,
BRI S I BECERIC L 2 RIRICERII RS L T, FHT58cm, HMEFEEI 15cm
Tholze 12720, P FoVTRINENVENLDODECED LN,

HWERS8cm & ) EMTIIEBRBRIERT —— L ALT I EHTESL, LK 80—
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=
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: J
E Root flare
[:7]
a
% 0 200
Height (cm)

H—2.3 H®REHEONEH
Fig. 2.3 Observed perimeters of a tree trunk up to 180cm.
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Fig. 2.4 Length of root flare for plantation-grown conifers.
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Fig. 2.5 Taper rate of tree trunks: (73— #0)/100.
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H—2.6 ik 80-180 cnRMNHEN T — v— I (a)
Fig.2.6 Taper quotient of tree trunks: #gso/7so.

180 cm HOBEBEEICEREZ L TIH TROLZEBRNT — —F (¢ | BRI L) DEED

MY) 2H2.510T, BHEICL2ZEBIBHLNLZ VY, BRIR—DFEERINEVLD

BEERDL HIZAZ D, T—2—Ei3£FHT6.33mm/m, BEREIL2.9Imm/mTH - 7z,
W%ﬁ@ﬁﬁ?‘—/\"—%@lﬂtf’r‘/7’%&!11«1‘!‘—@J: JICEtHETE B,

szM(7'12+4'rlrz+7’22)‘
B = 7:6 ./ (r—¢x)‘ T 3mentni(ntn)?t 2.2)

2, o, nl REMERMOTAO L RKOICBITLERE, ¢=(n—n) s, M HHhicks=®
—Av b, M BAUHEICL S M ORILE,

2 xzBFeR 2.1 B r—(rl+rz)/2 ELTE®RE T— s —nwhigLiREL 28B4 T
boH, N EDHIT,

£ =3(a*+ 6 a+ 6 a'+a~+10) (2.3)

- -

I, a=n/n  REMERMOTOZRICNT 2 RKROZNH,

ZNE IR, Eo /EIZHBEL a DAL > TREENS, 5, .15 80—180 cm X
Na®2R5E(X2.6), EWMAZBRNTHE0.865ULETHL,a=0.85nE %, E/ E=1.01
E 0T, RENEXM 2B ER 70—170cm icEETILL, T——RE L EH L XM R

(120cm &) OWETEZHAWTR C.DIREN v 7EELZHEL TLBRERZ 1I%LUTTH
B2 EDbhrbd, 12721, BERO/IERTIE a R/ 2 WEEHR LN SN TIEARMITRE



Stiffness ratio
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N=t4
® Karamatsu

8 Todomatsu

5

10

Radius of log (cm)

B—2.7 BRItk HISE L 22 AUk oo il L M o) ek

Fig. 2.7 Comparison of bending stiffness of green log before and after barking.
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8% Karamatsu

Estimated radius (cm)
-

@ Todomatsu
a Ezomatsu
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B1—2.8 AREFFENEAE & HFEBEO B
Fig. 2.8 Relation between estimated and observed xylem radius.
AL OBICRREBUNERM 28 T2 4 NTRHILETH S, B, HEH80—180cm »
RAEENEEZERINE A% L TRH M EE 120 cm DHEFFE (r #) ST 2 FHHEE
(r ) DI (r 87 $#) i3 120 FNFHT 0.994 (HHRZE=0.011) LR —FKL, L
120cm DERFFEIC L > TRHEL TEXZ LI Edbh oz,
BEOMITANEICBIS T 2 DIEAKRBNATH 5. B—IKIC DV THE DRI ICHITEIME
PRELHRERTY, BRI LIHTEEOEMIBH LN L (M2.7), Li2d5T,
BRY sy FREOHEICRL TIHERELES W ARELZHHICACIZLELE, T
EARESE, MELTHBERABRELR > TKOLEMEN LR 2.8 IR T, HEE " ER/ME
IR TL0I8 L RS —EKL T34, byricHEBENHTFAREL, MEA2KRE— AV }T
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37T REOHEEREL 4D, THIZLARICHET 2 BAERY, MEEOMMN2HIC, FiH
BEMELEZHEIMARLNDRKES LB HEEZLND,

2.2.2 HRoOMERR

AEFETREROME2EMALREL TV 2325 EBRICRBLFIC L2 BROTEISH 5,
4, INEHALRET 2L, TORBEER (1)1,

I=4af/T=c%sin'dds, =/a~b'/a , (2.0

TS, al BEE b IEER . c=HLLE,

M2.93%MHoRE - G#iclTIME2KRKE—AY ) (I, L) &1/ z2HEELTHH
nEN () LD (R, R) 2RDTHELZ2LNTH S, RHFD RIZ Rk RDOFEHWET
Hb, INERZLBHOEEHMEH 1.ILUTHBRE, HROEL 2 HAICOWTHIEL 28
ANFHEE ALY, MNEREICL 3P VREDOHEREIISBLUNTHL LHM N
3, X2.10 3WMBHOER 2 FEIC DWW TRIEL 2T (ET /N EI K) # R L7247
TH 5. N AEDFHT0.909 & 10 BFIENETH - 2, B, BBROBESL 23LKIZOW TR
RBOHMA L, BHREATHEAEICHIT 24, B2 RE KT 2HAICHETZ L EnBItENE
BEESL > TNE ol THIRBICERRB LI LHBEICLZATE— XY L ORBLH DD,
HTHOEBLEGEL T2 LE2 LN,

3
/«
| ( \ <
) )
o /
o \ /
&
-
L]
A ®
- /
[~ /
e 1
[}
g
°
= Re
Ry=l/lm=r'/ab
Rem=l/lemrYa’b
R=(R/+R:)/2
01.0 11 12 13 14 15 16 17 18 19 20
a/b

B—2.9 MALMAMTINE2%KE— 2> FOHE
Fig. 2.9 Comparison of the moment of inertia for circular and oval
cross section.
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1.0 --. e -'n.'
| 1 [ . : By P A . .
. F-y . 1 .

N = 91

0.5 Av, = 0,909 :
. S.D. =0.088 : e
s Karamatsu :

@ Todomatsu
aEzomatsu

Stiffness ratio

[ x Akaezomatsu
| ¢« Raramatsu (juvenile stand)
% Karamatsu (leaning tree)

1 L. i

0 10 20 30

DBH (cm) ;

H—2.10 WBRHEK 2 FETHEL ZiiFRiEo
Fig.2.10 Comparison of the deflections obtained at two loading
directions at the right angle to each other.

2.2.3 MyB{Tinik A :
AHEICBITAMEARTRERICYK N2 EL LT, UKEHRT— —RICE
2LDIBLNG, SN M %FT5HOMEERT — —ROWKMBEEL A2 L¥—1350(2.5)
TERTZEHTE B,
EEDHEEIE Q=0 % 5D TR (2.5) NEDFRMANE IBENA L ERT TRV, LI
2T, RERERMICE T 29MMAMEA (&) BAYRFIT—/OERLY,

AM(n—1) (R+4nntn®
%= 27 G:m’rzz(rl+r:)22 : (2.6)
Mg a®R (&) 3R 2.2), (2.6) &9,
58:%=49 2GE (2.7)

EHRARNDT — —BIFMM 2.6 IRL AL IIC1%EZBLEZ L3P LwDT, E/G=20
ELTLEAMBEAEITI 0.1 RUTTHIERL ) LD THS,

2.2.4 BRZIBFME—XVFOER
&2 liT2 S BRELHOBRITA I ICENMME— 2> P EL, BAIZELHITKE
(B EEZLND, M2.11IcBWTHME— 2> Mok 2BERDE.LE (H) DAKEEAIR
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é¢
Wwe ¢
M %\’1—

A

€ n : .
Dial gage
5 / . k
Q
& ro -

B—2.11 VAHTRRICET 2 AFOERK
Fig. 2.11 Loading condition for tree-bending test.

He

KATRIND,

3 iEhrgr,.z { rz,, (He—=h) (%*+ nom+12) + (% +2 n) b} (2.8)

Lzt T, RBRERMOMSMEA (6,) RKRATEDBICKRENS,

0=

a,,,=—g’f— " (6.~ 6 Myx (2.9)

»,r-
— e ¥y

2M {37,’0—2 1.—3d(x+e) 3xn—2 r,,}
3 zE$? (n—¢(x+c))? 7® ’

W, BHRER . I=2(rno—6)*"4 ¢ RBHNERMTHRABE ;x  HEHccm 2B
ELSEEAEZDEE  M=x/2 (0=x5s/2), M.= (s—x)./2 (s/2<x=<s) . H,:
BRBELNBS . MhENES,

AFC L 28BA% 6, THIT 6,/ W HEICEZMAMBARTH B, tRIFL2HAKILS
EOBREBIUREE» LFHHE L 2MBAEZHN2.1212RT, $XT1HUNOMITH
D, BMRL TERZ L WEEZLND, 12720, Rp 52 L5 I mEARII R (B
MBEERE) LOMHBEIFSEETH), BRI KE LBEETCRIAET 248D 5, 4,
ZOMNMBAOHBENELELZRIET 2 BT, 27 VAR5 AEICH>WTH LS 220
cm THE FBE IR 2%, BERBRLITY > CTRHINEA 2 ki b 25, HEEICHT 2%

0=
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Additional deflection (%)

4 F []
L]
A <]

n Karamatsu % '
9| 9Todomatsu : « *u

A Ezomatsu : L

| x Akaezomatsu Poa
L L 1 1 l .y L 1 1 l 1

0 50 100

Height / DBH

M—2.12 R E BEIC L 2 MAMBAENRRFE
Fig. 2.12 Proportion of the additional deflection due to the crown
weight in relation to the stem form.

BUEDHIZ BT 1.038 LR —BT2HRIBLNI,

2.2.5 AFH—TMMRO B

K2.131IcE— A P T—LBLVEER*ZEZ TARML BN E— 2> F —EABR
1B Tt ABIC B\ TRENC 4 U 3 BTG NI 2 —25 kg/cm?Th 5o Z OREN THH
DEBRHEEES TR, BEEMLIILEAE kb ol, Lidi>T, BANREIRRENK
EAFRD 1RFRATRWEEZ LS,

2.2.6 EAXRKRE DR

TAREBRNE, HIEL 72 30 F0EEAN 1 FBIHKIZOWT, HEH, H2.1412T7TL£9
t4ﬁﬁ§ﬁﬁ?%ﬁﬂﬁﬁ§%ﬁ&otobm%A%ﬁﬁﬁﬁuEﬁzﬁﬁ&L RO
WELIRAL 2. ERBHERESICHL- 20T, BKBEHOREIC 5T bRERAE
P2 EAB b OTh D, 0L o L TBRIKDY Y 7% L g 7R
r=0.91 tkErof (®2.15), AKNY Y ZHREIZHT DHBY > 7 EHO I FHET
0.96, ZEIES D 10 % X B —B L TH ), TABITFRERIC & v/ RS IEO B\ 518
WERT LD LR B, TARICHES NAHBT> VEEIRVAIHE LN, ik
NEAREOHEBECHEC L AMBAONBLE L b b,
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E—2.13 EfE— 4> } LHIFRENHMF
Fig. 2.13 Moment - middle ordinate relationship observed under differ-

ent loading conditions.
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o
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B—2.14 FAROHITMERER
Fig. 2.14 Bending test for a log specimen.
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> : ST
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° .
3 50...........-.--............U....::-:.................‘..........--...; ..................................
- | : s Karamatsu
g | : aTodomatsu
. AEzomatsu
: X Akaezomatsu
L i1 1 i L 1 1 1 | i SIS |
0 50 100 150

MOE (laboratory test) (t/cnz)

H—2.15 WEY> 7REEEMIADY Y S EROILE
Fig.2.15 Comparison of MOE values obtained (field/lab.).

2.2.7 AFI»ERBOER

KRB, MOETHORMAIEIL 240 kg BEOE N T, B\ LK 10 B, M8 A1)
bbb, BHRBZBREFORMFITRLAIF —RICHECHMAIORA 2T B BT
kg/cm* BThH B 0%, ERRICRAME L DL, ZH2EULNEHGHIEL B L LER
bid, ZNICEAEBRE~OHELRIEMNTUTNL ) tEKRET 72,

Q1 EEN Y TV HMBONMIEREICEECHEERMK L cmX 1 cm XK 2 AR %
B2UH5 2 kgHA, 2~20kg DEHTHEAAGIT 2, AFRRREIZ 12BE L, ERIES
R 18 H (EBMKLERD), 58228 (RHFSM), 8 A 298 (BMERN) »3E, F—#
BARCBWTATNURZEZ TTE 72, £N1%, 12 BIcRIRL, #EEOKRBEES L U8
HErRELL

REIIEHEBRHO L DICOWTHA, 18 8 L1520 kg/cm? THIE L 24L& i #@&F 0=
12T (824875 1H 9 mm X 4 H H30mmig ) DR A WIRAIC RS bz, 72, 14kg/cm?
OMEMEBICHERIGENOT K+ EEREMBIL ~L (40%) THRETE 2, LLoER» S,
BMERHBNOARBRERIZRICOII L EDOREANDERE LN 5 52 b 72,

2.2.8 BEFHNAE L UNRATEEE

FRnkIiz, AHICL2BEL L TRDICRERBOFEN»EZ 5 8 ALIRICEBRZ
ERTLEHHEI LY, 27L, £FFOREHIFKETICTH2RMIIERICTHETH S,
MR BEKIIREIKETEECTH»5 2T TREHIBENTEE L, HRoMmITRIMES
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M55 THb, 72, ERIZAOEEZZT LI LIRGLLINTRBRBOER
B BB ZEHLRICLERETNETH D,

MEETHERIZ~2DemHPBEYUTH S, L DV IEOEKRIZDWTYH, BFNES
PR LDEBFTARE L CATERZE S T2 L CHITRIEXRIETE S, 2L, YV 74k
BOFEICEEL T, WERBMAOML LIS 2 MERRNOTES, KBEOHEREIKE
(BT EICERIVLETHD,

BRICEL ZRAMITFENIIWEESR 25 cm OHAKICATE— 2> } 72kgm (KE !
60 kg) ZEA X ®223FA, ¥5.3kg/cm*TH %, Lizh>T, INLNVEROKELLDTIT
VXN NN e bz, ERENEI L 2HERDFMRENlEL2BEN0D°
Hd, INFATE— AV F2KRESTBIET, HLBRERRTEIY, fR~\DEELIE
LW ) ICBFOTR) XA L BRNITROMNERZ RS TH L EDLIRILRETH S,

23 E #

ERARDFEHRBMETHE 2 Bay & L B8R 7RBOMBRIEE 2 ER L 2, FHE
i3, BFROBELAVCTRABRENRELHMEL 22— 4> | 2HRICATL, —EXENMH
FERBEZ2RAEL T 7B+ HETL0TH 5, FAETRAES L UFHEICEL THE:
LBV, OPDEITODWTERRIT 21T 720 TORRELZBEHTIUTOL ) TH 5,

(1) BE®HT——HEZERL TLX> 7REOFMREZT 1 %LURNTH 5,

(2 BROBER2HIBTORBRERZFEHTLILL, BROMB*EMNEEREL T 7
FREEEEL TEXZ T, ‘

3) T —HBEIC L IYMTMBAITIERL S 2,

() BEICIAAMBEARIZIONLUTEEZLNS,

(6) WE—EMBROEREIIES TR, BRELR2 -2,
(6) BiEY > S REIZSEARZHRL THBLAKOY > 7R E B —&KL 72,

(7) AHEZERTESHARNDERIZ 10~25cm TH b, 72, REBREII ML
BrEbLEzohb,

FIX FBERCHS HBRMHTAEOER

3.1 FMMEHR
3.1.1 FHRHBE L ToOTEDHR
SHEMOBBRMENTIZIRZ 2MEZ /R OEMGER L M IGEE > X EICHRE L THE
ROKBEEEL Twb, $72, REOMBEEIERBOBRBEICL - TH R b
Twd, Ld>T, IKRBBRORIITFOX Y 7HREIIIERER I > TEELTW b DL
b3, 0L LEBREEOFREBEEHERY Y SREICRIZTTTESR Y [FRER
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BHR] BT EICT R, COMRIBREREOLS L VEBRKCBEWTHICEETHLZ
BFRENDG, A T7°VNL ) BHBEROEBR LHECIINAMIRBRL BETE 2 &RIC
ELZLOTLMENEICS N2 FREI KBNS vz, BIEREIC L 288RYs 7%
BOBEBHYKRES LB EMBEEINE, FETREERY Y 7RECRITTERBRHRICD
WTEBT LI LIZT 5,
FRIBEHROBRDOEREL 0 2 1 FHRADYT Y THRBNEB s —>i2DnTid, Zh

300
Karamatsu
<
g
E, Cambial age
& 200F - 7yrs.
. .
B ——20yrs. p/
< — 48yrs ' .
<] yrs. / -
=} N4
® y
o 100 ‘
o .
2 '
;2 .
)
:'-
o——00~
0
Earlywood <— —> Latewood
300
Momi
%
§ Cambial age
~ 200F  ---- 6yrs.
]
E — — 10yrs. ’
2 «
b ——35yrs /
=]
-m ..._.
& 100
2
(<]
Lol
0
Earlywood «— — Latewood

Relative position in a growth ring

B—3.1 —E£&BANY > I HEESHY
Fig. 3.1 Variation of Young’s modulus in a growth ring'?.
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E o (-] Q o (]
E o N
0 1 -8 1
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7 Egt °p "L
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Ring width :3.6 nm °
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°
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>
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Relative position in a growth ring (x)

H—-3.2 1FRROY > 7FES A ICHT 5 2 MEOMERE
Fig. 3.2 Formulation of MOE variation in a growth ring.

FTREBRBMRIZEINTE TS, KBWIZZAX, b/ IBBRRNOBE > 7RETH
RHEL, BHMOYr FRENSREBM, RS TEIIEEN L OICNL, BHory
FRERIHELLSBFRA LN 015 FREICHITTELIEMT 22 L 2R 2. KRV §H2E
B 5 BHEIC oW THREEAMOERIFNGIR) ¥o 7EELZHMEL, RROERE2B T
5. 2N LR - BMOBITHELHEE L URP»rLHHEL LTERFRATeVEE IR
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B, BUAHREERICE T2 1 FRANYY 7HREEILER 3.1 IR L 72, H TV 0f
THREALTRLADIZHABICHM IR - BRMOERTHE0%, o 7 RE» SN
MTouBEBERBS—HL TS, WTFNOBlIcBTLHL L DEREIHTICONTHED
Yo SRS ELCENTIEMFRTENS, REZFRBICBITIE - gifors 7 ifK
H%2&3.1ICH/IFTHBL,

Rx—3.1 BHrr 7HEICHT 28 S REO Y
Table 3.1 The ratio of the MOE of latewood to that of earlywood!®.

Juvenile e — Mature
Karamatsu 6 (1) 10 (20) 19 (48)
Momi 4 (6) 7 (10) 8 (20) 7 (35)

Note: Cambial ages of test pieces are shown in parentheses.

K2, ZNLDHA S — > DBBUL ¥ RALKER, # TV TIIREERBEE, €3icon
TR AKEEOLTIzHrBEL EE2 50 (03.2), '

A=y  E=E; (0sSx<1—8),
E3 CE=F {{(z—1) x*+ 1} (3.2)

TZiC, Epl BMeY ZREOMBME | EL MY TRE S g L B Y TRE S B e
TR B BRHE | x  BIFEOFEREAL L OB - FRIB ().

AETIIINS 2ODET AL » THBYY JREBORFEERN 2 EL 52 L T5, %
t,ﬁ%%¥%%¢6tbﬁﬁﬁt%ﬁ$u%¢&?ﬁﬁt&w%mtL,ﬁ%ﬁﬁ%ﬁmt
REL 720

3.1.2 BERABEEC L H>WBY L ISENOER

X TR ERE, EOER L3R LB REICHERT 2BAICOVTELL, R
B.DDERICH, FLFKRE 02 LM THRKED n ERICBIT2EE% tnt+x) & T
5 LHIFEOKRDY) (E&=nt) BT 2HBROMITMERR (3.3) IR T L 5 ICEAMME E,
EWE2KRE—2> L OMEER t TR L2 b DORHTET Z L TE B,

i—B)t

7 ( it
Edn=3 ([ Eenrdrt [ Eiardy)

-1)

='E%”t‘ {(1—8) ken + nB8kun } (3.3

2T, k= (n—B) {(n(n—B)+8(L—1)};
bmw=n—8) {(n—8)(n+2)+p*+ 1 Y+ np
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S 512, BERICER S AR iz
0=x<(1—8)

(n+Xx)
El[l:ft tEEﬂ'rsdr— E”t {( +x)4_n }

(1-8)=x<1
(n+x)¢
Ezlz ElIl(x 1-s+ (n_pﬂ)tvEEm’sdr
4
=Ee2 [((nt 1 =)t —nt) 47 ((nt2)—(n+ 1-p)*)] (3.4)

Bigr s 7R (B) 133X (3.3) 12X (3.4) 22 TH LN 32 LEknfiiTRIEZ Ryl
DME2]kE—2A>F U=at*({n+x)*,/4) CTEHLZLIcL->TKkHLENS,
0=x<(1—-8)

Es=E; [ 1 +W {(1 _ﬂ)kﬁ(n)+7lﬁkl.(n)_"3}],

(1-p8)=x<1

Ey= iyl (n+ 1) (1= 8) kauan+ 1 {Bumn+ (14 0= (a4 1 =) (

Frz, T LUMELLRI3DL S LHEEFOMITRAZUVML, ZhniEEE

Earlywood

t
l i I l/ Latewood

(n =1,2,...)

B—-33 £ HER o M|

Fig.3.3 Cross section of a quarter sawn material.

AR L 2B TREE FH s 7RE () rERITNR, RRERATREINS,
Ex=(1—-pB)E:+BE.=E; {(1_/3)+7]l3} (3.6)

HEAE L TR-BHOY s TRENL L =10, BEHME I =0.2 L L2RED 20 FKF
TOWEY > 7FREOEHEBREH 3.4 1SR L 2 BB, ZOBEDOFHYT Y TREK !
ER=28ENETH %, EENEILHRIIEFROMOH & BMERICHE - TEAPL, B -8
WA TEIMESR & - 72k, BHEEBICAS ER2BICHNL TEROBRDL ) ISV E—7 2§
DIEDEBRLTHEI .Y S, ZOBKELFHYY Z7REICHT 5 TREFKRAL
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MOE

0 Ring width

3t AAAAA[\,\[\I\I\[\AI\I\I\I\L\
\VVVVVVVVVVVVV““V“

Es/EE

Annual ring sequence

E—3.4 FEEBISIRE & 2B S RENEE)

Fig. 3.4 Variation of Es assuming MOE distribution as a step function.

&60

E,_ (1 =p) kein+ nBkiin
Ex » {(1-8)t78} (3.7

B3 0 koMb ) IcBAMEZ & 0, 4, 5HEKE Tlc KBMECIUEL, £0% n >
L L 72BADBRIE ERICIRRISEDWTWL 2 Edba b, ABITIE 10 KRB TEHY > 7
(2 10 %/EDOTENIILE - T X T B, WMl DT b FROBERH RS, 55K
VBEDIURIZB, L 72D THERY » 7@ 5L 20 FRICB W T ERY Y 7/REN+ 5 %R
EORIETERL T 5,

3.1.3 4 XBABUREIC & 5BV VY REOED

WA LHIB E AROFIETE = L T 5, BEOEESRET %Iz 51 2 B0

BB R (3.2) usw1x=§_¢+1a§na#e

n it
ELn=2 | Ee{(7—=1)(F—i+1)'+1}ar’dr

=Eﬁﬂ[%+w—1)-ﬁﬂ@nﬁ66#+mn—5ﬂ] (3.8)

BRI & L7 RER ) Bl T B 13

(n+x)t
EI:/;" EE{(ﬂ—l)(%—n)“-f-l}:rrSdr
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=Enmt* {—E—(x+ 2 n)(x2+ 2 xn+ 2 n?)

+ﬂ2—gol %5 (56 73+ 140 x7? +120 x%n+35 x°) }

L7zdi-T, MYy 7HRBIBKATREIN S,

E=E [1+ — {n{42 n®+56 n*+12n~—5)

—n=-1
210(n+x)
+ 3 x°(56 n*+140 x722+120 x*n+35x°) }]

37, MBEAMICL > THRLNLFHYY 7REIKRATEREI NS,

ER=/°‘EE {1+ (p—1)x dx:{—:}(ﬁ 1)

(3.10)

(3.11)

BIEX & FEIRRIC =10 & L 72358 EEBOF WA Z X 3.5 1CRL 72, MR TRL 2FH
Y RBBRHBROHEMN LR 2.8 Bk kb, BAIIEERIBRENHEITPUT 2

w
MOE -

0 Ring width

AAAAAAAAAAAVAAAAI\'AvAv
INAAAA AR

EB/EE
w

- N
~—

Annual ring sequence

B—3.5 4 KBIMIGEIC & 5 MBS 7 HREOER

Fig.3.5 Variation of Es assuming MOE distribution as a biquadratic function.

Y, BREICHXTEMEDORNE S RRRNZ b2 3 (H3.6),
3.1.4 MHOYIREBNIEILLT HBE

HR®RNOREPHERCREILHROERGHIERELEREIN D TIIL, BEAKORR
KHEVYRBHOMEISE W TWS ¢ EZ 53, 2 TEREEICHE ) BEEEOTHICH
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E, / Eg

®Step function
OBiquadratic function

11 A L Lo 1 1 L n | I I I [

0 5 10 15 20

Annual ring sequence

‘3.6 EZESHOBEONLE
Fig. 3.6 Convergence of extremal values for E; variation.

THBREOHE- DX TE, BBy 7HEEEZUTOL ) iREL T EEBHON#ER
WE2iTh -7,

1) BEoxr 7FEEuIRERM, R TAE,

2) BMOYr7EEEIMEI) 3FEEEIT—F, TN%I2FEE I TERBICHML, B
—Elr L5,

X 3.7 R 2DIBERIHENREET 7 OWMMREL 3, KPMDO 2 %2 10 LIRELZD
NTHd, cN%2R2E EERNI g 2~ LIBOEH LGN FTREOELL 2 ERL
BbEbDIECERAEZTRT Z b s, b, MEMARRBRICEL 2RIIHEYT
T REOMIMER L ERHIZINE ), TOBKEIIERMOEHY > FHEEDO+ K/ —2 >
DEWHEANRNEE %> T, HBRARICZTEINIRKEAAOKBIBH TNEWLDELD, B
FHRTHOMEY L JTRBEOEIEE (4 ~12 £FNEHOEE) i3, B> 7EREOMINEE
DO0.T8E/FETHENDIIHNL, 0125 FTho,

DENHEERL), HREREY S EUTORBROY Y 7REIIE - BMHOMREIC L
B2TEMBNIDICKESERT S I Edtbh o2, NRROBERMICE T 5 ERE, B
EBBLUR - BMOYY SREFS 25N TV AR ERBEDELHETE 207, KB
KIEINHIIRMTH B, L2H - T, IRMITABRTHRE T 58RKI: EXMHH 12K
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o ¢ o & o o o o 910

Ey /Eg

Il N I 1 1 L 1 L L L I x '

0 5 10 15 20

Annual ring sequence

B—3.7 ®mMors 7EHIELT 2HEOWMB YL SREEOER)
Fig. 3.7 Variation of Es accompanied with increase of latewood MOE.
(assuming step function for MOE in a growth ring)

RS2 6 FRULZWEME TTA TSI L& MEELD9, 212, EEBHOIREBODR
IRHBEBR DT, BEBIZBRMEREOKEICITL ) ZEHAEE L v, ULEDEBTERET
T2, BELBEITEIMITLbN—REAERERL TV AHRFICEW T3, MEEMLOKIEMR
RABBIIGEL TW AR (B3 20 £4LLE) OMEY > JREDOBEEIINRAD &%
REEINDZRMOFH e FREEZH L2 FOBETHRRL TR EEZ LN 3,

3.2 % B

77V ERMROIIARMITRABREZT 2\, BIEICRX:ERBRSHROREL RS2,
RELLDIZRTEEOZEE L 2 > MR EKD S T2 (1976 £HER) 9ETH 3,
1984 £ 11 RBEDHRAARDEE X FBBMBICENTER 3.21TRL 7o, BT 7 EBOFEME
1250 t/cm? & hE L, RERHEOKEIBCBNTWB L EZ 515,

MARMITEBRIZIS4E 11 A5 85 11 AT 9@ T - 720 MRADEEHIKIZ/N
Vs, BE—AFT—L250cm OBRFERAEBELAMII~5 kg nFREHICL -
Z(BR3.1, 272, BEXMOBRELH0.85 % THEIL 2L ST 5728, EEOAER
Pl L 70—150 cm XRjIcEkE L 22 MEEOMERRBNOBELEIT S 26, MEINE
B 1 BDAITE -2,
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R—3.2 HRAAKOHEE (1984 £ 11 AHAE)

Table 3.2 Sample trees as of November 1984.

1355

T bmm oma Jw Tww
(cm) (m) (m) (mm/m) (t/cm?)

1 4.7 4.6 11 6.71 53.0
2 5.6 5.2 1.3 5.78 70.1
3 5.7 5.7 1.7 5.00 50.1
4 6.5 5.3 1.7 7.14 40.7
5 6.6 7.4 1.3 4.41 52.6
6 7.2 6.3 1.4 6.14 40.5
7 7.2 5.8 1.7 8.19 36.5
8 8.6 6.4 1.6 6.12 53.8
9 10.4 7.4 1.9 9.69 48.2
Av. 6.9 6.0 1:5 6.57 49.5
S.D. 1.6 0.9 0.2 1.52 9.3

ER —3.1 /JFERodTEIERE
Photo 3.1 Bending test for a small tree.
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LBEXERFMHEENRTRRE 45 F45

3.3 BREE
1FHOEEEROBRTFER3.8ICTRT. 5 A6 8 ALt THRICERERIBATH
2122 b5, 1985 FENFEEREIFS ~ 8 mm, FHT6.4mm Tho 72, HEAANK
HEELEEERE L OMICHBERZBO 5N L 572,
RICHTRENZEE(L 2 ME ORI 5 TR 3.9 1R T, LM ORI
WMBARGOHFAECL 2D TH D, BRBERSHHOS5 ~ 7 AICiER L LERERICLW LT

DBH (cm)

Stiffness ratio

12 I -
./-
o T T T e
8 ’/ =T —=}
L/,="”T;,»——"—*———;;:::za
= __:sji;:::ﬁ=”‘=t==:; [m—
oE—:——: - e e ————
p—— - - - e ———— -
- - o
4t
2t
0 L L 1 L L L 1 1 L

85/1 2 3 4 5 6 7 8 9 10 11

Growth period

H—3.8 WEEEOFHEL

Fig.3.8 Seasonal variation of diameters at breast height.

Growth period

X—3.9 mRal TRt ZEELE

Fig. 3.9 Seasonal variation of the bending stiffness.
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BT RIS 55 & RN, HMTEEIC A - 2 S RSN 5 7 A5 10 Aic 2 1 CEMAIC 8
LTwd, 20L& 5 CRENRMIEEER L VBN TETT A0, £ L TERERICH
THERLDEBRICEZ LN EEZ LNS, B, X3.9 TCREEMNICHEKRD & B EE
PEBTHEALD, AEOBMIIARERTED 10 AHICIIHRTL, EMBEICELLD LH#
BInb,

Growth period

E—3.10 WMgv> 7 ZEoOEEHES
Fig. 3.10 Seasonal variatiqn of the MOE of tree trunk.

[ 3.10 i3Biedr 7R (Fs) DELER2LDTH B, AEBELEALZBRIZERAKMT
RETHZ DAL, ARBMITREOBRENRZZ2RTLNTH 5, HEAAMT TV X
12575 KM, El3kor> 7 (—5CT90~99t/cm?) P KE L ZIFTTW?
ZEHbh b, FNH%, 5ARL TR TERSERSGRLNS S, 8 ArbidMmcEL
TEY, Bty FTREOHEFEN TS L H 2 513, K311 3HEHMO®E#E % B
L, B#cEEERRE, HEC EQ0WERZEBEICHT 2 L7230 TH S, RRICITE-
MM ZREE (1) 210, BHME2 0.2 & L2540 EXBOF MR L ERE L UK
MTRL 7, FFEEIIERFREL 6B REL2HETHS, £ABNICRTER I N HE
X SRBUIETEEIC U ERERERL Twad, LELERBICB W TIIFRE OPITIHHHE
2FE->TBY, ROTHNETBEBL 2B LALTILENITESL, DL ) uHERE L1
FRELT SB—ICPERER FEREEOENEE) IS L T2 KREMK & R{LEN THE
T 20 A MBOMENEE»RBRMEIBOEISEL T W e ETFons, Zh
CRERBEESBAORYE: (5~T7H) kB THITAEDGREREML ThlWnwZ e s LHES
N3, B 0CEZ LNENRTHRBESHAICH T 2ABEORBOBETH 59, HEADOAKE
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E; /Eg-initial

Theoretical :Step function

" =~~~ Theoretical :Biquadratic function

F — —e Experimental

—-—0 Experimental (Tree No.9)

) e L - 1 L A i I 1

Earlywood < : —p Latewood

Relative position in a growth ring

F®—3.11 EFERICE #HRY L SRECED
Fig. 3.11 Variation of Es associated with radial growth.

ROBFIIHLEEE L HEBEOMNEEICEITNTEY, 205 bHEREOREIHEEKRLE
B 1AL 2775 » Tk wize, RBEOBESLEHEMHORRIC & 5 REEDB A H
FEENBNTHS, “HLOBBICL SHEHENOTHADL 7 MIKBEDREIHEN NS
LOKRBWT, I NEE L ETFRING, M3 I NERETHRENATERL 2DIZNE
BEEH10.4cm *IREATTRKREEDRY - 24t AKN0 9 iSOV TORRTH 55, HRY
IR TEANL 7 FizBEHLNT, LRNEEZEMFTFEINEEZLNS,

kic EEAEOREBIICOWTHEET S, M3.1213 1984 £ (9 F4£) 205 86 # (11 #
%) 2 THEEEIER (10~11 B) OBy FFROEBERL LN TH B, 1985 FOHff
B SEROBENEICIT B I B/AMED? 0.84, FAMIZ 1.19 LTV XD kED 72,
R & L CEEAANLL, No2 2o 72BBN/NE VL DNEIERN 1 # TEH-> TS, @20
HAKDERBOHEBIITHTH 55, RICHBEHIMEMLISEL 2 BOFRIIEE 5~ 6 mm &
T2 LBBOPR L OTIIERRERES 4, SHEHEEIN, EBKEDTNRNOFRAH
ENLNEEZBIENTED, £, BRIKE CHBRFEREHS S VLD TIIBFMIN
RSB ENT, EBAEIEMLLNEELLND, & 5Ii2 1985 F0 5 86 2T T
B RTOFAKRICOWTHBRY > 7REHI ML Twd, TRLDERERETEE, B
B OMBEZEIC L 5 TEDRINE T 288E, #T7V0Rs, HIFEELEILNS,

* HEANGL ~ 51200 TIE 1986 F 10 ANBREETIC L - THML 22 HBETELd > 72,
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100

Tree No. 1 - 4 Tree No, 5 - 9

E, (t/cm?)
o
&

Year

B—3.12 #&v> 7REOZRELL
Fig.3.12 Variations of the extremal Fs values.

LRI NERMANKE, & TH, RODEESLERBOERERNIEL LNL 0
ELRRIHIVERRIFE LW, DENEBRER LN E - b5 L R - RBH O
HEICERT 2HEBY > 7 REOFERNER L BAEOREEL 2 BISEICKRIET 2 = LT
&l 2D H, R-BMOMEEIC L 2 BAENREELIZ OV TIZER 10 £ oAk
ERRETEHI L, BIUEBRIBHMERMLIEICTLS 202 A2 &B L THITERTE
2LDEEZLND,

34 © 3]

FETIIR - B0y > 7REOMBICERT 2 #E8-v 7RE (B) DBEERICOW
TEEL 2, $HEMOR - BB L URER - RBRHOBEREICET 2BENT— 2%
WTBIER LR 21T > 2R, UTDL ) %z L rlrni,

1) BTDEREL L5 1FRADY > 7HRBSHNDETNELT, B BHMOBITHEL
BA RO LUHEIC OV THEEREEB L U 4 KB ZREL, BBy SRENEDR %
FEL7Z, 2R, BEOMICKELERNZZIRD LN Lh -T2,

2) #gyYr 7RER EEROBMERL L 2 ERICHB/IMEL & ), BRBERKILELH
ICBKEZ L2, ZOBKENRAEIIIE 1 FRICELNLUE S FRETNERT 5,

Q) B MY 7EREI (4) PREFRMBOBBICEVCRERLT 284, #BRY 7
BEOERIL 7 2 —FL LZBOEBRIC 7 DELE2ERASbEL L) RERA»RLNE, 20
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Bfy, ESBAMEITAFEAMIABAEAICE L 2B F RIS IR 0B T RE 2B — k>
FOBRETHRRTLLHIICLBEEILND,

D ENEZIIEHRH TH RLE EDHBLEEL BB LEEICETILNTH L,
911 EENH TV ENRE L EROER, FRERMRICLD LRS00 7R
BOERNE S UCBRFELEBLHET LI L TER, $-ERBEESHICIIFEMBORAKIL
HayomtEr/hdnwz e licd ), BhiFory 7FREBHEBL D S SichE Bz L S
B LN,

$4F AAPOITSE & IR0 4

FEONFLCOVWTEBRICEEEHRFERESCREL TWENTY, ZZITRENEHNE
MBRDBZE T 5, HAMIIRIEMFEEK, S0 AERINRS L UCBTLUA> SZIRE R
reh 7y, b ey, ThAZeyBLra—a v et TeDORK, 5 91 A GLAEE 46 A)
Thb, ROEOHEIL10~20cm TH Y, KO B 5 FRMOMEEI 14—36 £TH- 72,

4.1 & W R
4.1.1 #HIFvrEE
R4.1(a)icRTEH5 A mHEARTHEE— AV N EEOMITEML 2 AET 558, ©

Pi2 P12

S - N S
[ N

a) Four point bending

[
&

_L_§j} — o

]
yay
e (12 1/2——J

b) Three point bending

E—4.1 ghifMERBRN FE
Fig.4.1 Method of bending test.
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YIREZLUTOR»LKDLN D,

2P,
:—-_287:6:,,‘ (4.1)
_S*Pa(r2+4 ryret+.2)
E= 3 7w r2 (rs+ 7.) 2 4.2)
£ =p(a®+6a+6a ' +a+10) 4.9)

22, s RARERENER | 7, | BIERMHFRICBITEER | %, 7 MEXEHTO L
ROICBITERE, O BARNEME , a=77

A 4.1 DERLKEFWELREL 258, R 4.2) D EIZERT— —%2E@L
BETH LY, MBEBOLIIRX (4.3) WRL72L ) CAKRDBARUERMIcBIT2ER (@)
AL > THRES N B,

M4.1(b) D& ) LpREFHEH RN TR O HRDIBAICLZB/BEDY Y 7EKIL, &
WEREL &L VERT — —KEICD>WT, FhFnR 4.4), 4.5 TEEhb,
PP

E= ar, (4.4)
_ PI
k= 3 w077 (7, 7e)? (4.5)
2
z%:(a:i) (4.6)

ARDBEHOIFFINZ VBT, XN @D 2HAVWTT——RELZEBTILENH S

A aMOMITRENEEIZ, Yo VFREOHEICB T2 T7T— ~—FEIIAKRNEES LY
BHINELLZDDT, T——DLEVWLDELTERI Z ¢ TESL, &8, 74 a0k
M2KRE— A2 FIMFECB L UFEFEADPEIZOWT, FRFNUTORTREINS,

IedxeFﬁ(lZ @+8sin2 @+sind @) d* .7
I =Tg514 @ —sin4 @) d" (4.8)

22z, p=sin(b/d) i d: F A IMOERE; b ¥4 IHMDIE,

4.1.2 Bl {Iinik

4.1 (a) nxEREXMIC BT 290 NEA (6,) L YMTNEAE (&) ¥, £h
FHLUTHRTERINS,
_4 Pa(n—r.) (n’+4 nr.tr?)

% 27 Grr 2 v (ry+7.)2 (4.9)
_0s _4¢*E
&5 =9 G (4.10)
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F—re—HE (p) # 5 mm/m, E/G % 20 & L7234, WKAMEARIZ0.2%E£{ERL
YB5LNTH 5,

—%, B4.1(b) 0 RBEBPHEEETH R S PROMMAINEAZUTOL S Ik S
s,

_Pl(29 .2+ 14 r,7.+17 2.2)
%= 54 Grrove (1ot 7.)? (4.11)
£ =E (29 .2+ 14 r7.+17 1.2 =Q2E (29414 a +17 a?) 4.12)
: 18 GI? 8G(1-a)? '
IITT—=r—=2LWwEE (¢=0, a=1) OYMTNRAR (&) BKRATEINS,
+ _ 10 Er?
%=36r (4.13)

& _(29+14 a+17 a?)
& 15(1+a)?

D& CHMIEARIZE TS T — BRI RNBERNAZIC L > TREEN S,
4.1.3 BNERRIC & 5 MR
T =N YK REIIIR ) REROBR> LR A THAETE 3,

2 My
3 branird

T, M BT e/ s CEBYVE s W) ANBERME o (RVA 7,
7. . MIERX MO EEOICB 1T 5 84%,
—7%, AKRZEE 0 EWEIE L HEL 2B S0WKMHERIIRATEEINS,

(4.14)

G= (2t 77t 72) (4.15)

__ 2M:
O e (4.16)
mENKL LB L
G _(a*+a+1)(1+a)t
G 48 a® (4.14)

ARDT —s¢—EH'5 mm/m, FREEHS cm DBE, RIXRJEXMES 40cm & §
5 LHERMOEL (2)120.92 &%), SEWMERETR (4.16) 12 & > THMMMERE* R
LTLREBEBOS%EERL 200 TH B,

4.2 EMAKDEITE & RN R

EMRBTOMITE L R HEE2 MK 4.1 IR L 72,

EiH TR R IS RIZT B, BREHREIH 20 BLUT ENEr o228 hh, HbD
Tk ah o7z, HITHREEENOBRICBEVWTLEHZ2E -0 T2HBARS L » -2, Zh
BAKRDEE, YHIMIIc L2 BONA vz kickaeEz6N0 5,

BITFEEnEREL L Ty v 7REVENL TV, FHERIBIGIMEICEA 2441}
RHETLRERELORVWHEREL L2 - 12,
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®x—4.1 AKM (EH) ofi¥s L RY 1k
Table 4.1 Bending and torsional properties of the green logs.

Species L ccimens g width  demsty  MOE MOR &
(mm) (kg/m?) (t/cm?)  (kg/cm?)  (t/cm?)

Karamatsu 35 3.6 394 113.7 473 5.9 19.3

Todomatsu 31 3.1 324 102.5 396 4.8 21.4

Ezomatsu 3 1.8 361 98.2 - 5.0 19.6

Akaezomatsu 6 2.8 373 89.3 419 5.8 15.4

Norway spruce 16 3.5 335 94.1 350 4.4 21.4

MOE: giifr> 7% Modulus of elasticity; MOR: gi¥i& % Modulus of rupture;
G YN MERE Modulus of rigidity.

BROBAICHETLIHMMETHS E/G i3I L 221313, B0 ETHZ 5T
&5,
4.3 RIS HROEIL
SRR (FKEH 15 %) $ TRARERL 2ARMOMITE L R ) Hha8 % 40 & 1ol
LadrsRL2ICRLIC,

xr—4.2 KM (R8H) oiTFB L IR Kk
Table 4.2 Bending and torsional properties of the air-dry logs.

Species Number of MOE El.y E  MOR MORy G Glhs  Gu E/G
pe specimens (t/cm?) FElpeen B (kg/cm®’) MOR, (t/em®)  GI_, G

Karamatsu 15 110.8 1.024  1.126 623 1.319 5.3 .951 1.005  22.0
Todomatsu 14 114.8 1.086 1.135 527 1.279 3.2 .694 NEER TR
Ezomatsu 3 111.6 1.072  1.135 685 - 4.6 .867 914 249
Akaezomatsu 5 97.8 1.067  1.127 538 1.375 5.1 .880 918 19.2
Norway spruce 8 116.9 1.127  1.202 480 1.392 3.5 .806 844 M1
Overall 45 Av. 111.7 1.067 1.141 562 1.327 4.3 .832 877 8.7

SD. 15.0 .116 107 90 .138 1.3 .185 2000 9.5

ET : ghifwitt Bending stiffness; GL: &) Wi Torsional rigidity.

HRMDY > 7REEMITEIBERICE-T, TNENH 14 % L0733 %WML 72,
TS L RO MEMEREIIMEICE U BRBN D DICFT 12 %W L iz 1272
L R Y MR BB UIEm IS#EIC & 2 ZEHKRE C, FINDREMERICHER 2 ZH
Uholel b 2EZHEH L, BBRICH ) UNBEREOMMEIGrHEICL - TRELXSEZ L
EFTRETHLNDTH B, TR, [RERD E/ G OHEIZH TV Tid 22 LEMBRICHRT
FaEBILL ko 2dicxt L, F F=y T340 & 288 MWL 72,
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BT ISR EIN 2 A CYMBIE»ET T 2R RL N, MELRHKICE > TR
AnsiFohIECRE WL REIUETHS ),
4.4 B|RENEBRA & OihITIEEED LR
4.3 IBRBEAROMITHIRE, HEOIERIED & R L 22 B A/PRBR A DT HERE

£—4.3 BRUNRBH oI ERE

Table 4.3 Bending properties of small clear specimens.

E MOR

i MOR —_—

Species MOE Eo (0) MOR,o

(t/cm?) (kg/cm?)

Karamatsu 106.1 .952 840 1.388
Todomatsu 111.7 .983 766 1.477
Ezomatsu 89.4 .808 726 1.062
Akaezomatsu 88.2 .907 714 1.334
Norway spruce 106.5 .924 709 1.497
Overall Av. 104.3 .940 770 1.402
S.D. 15.3 .077 108 .175

EARMICBET2MHEEEEKL 2N TH B, BREMOY Y 7HREIZAKRMICHART 6 RRE
INE VY, BEAIES 2 EBRICANDS LIHIHFLVWEE R 2, THIRAAMTIREHD LS
ZURNC & 2 BYIND e DIis, REICEZBENERBID L LI LiIcLbEEZ LN
5, 72720, BITHSICBL TIRAKRMTIIYWEEBIEEL b nsb o2z, WERI
HT0%TH -7z,
4.5 BB ndiifH & UR N HEED B

HARMEEMRENT 54 28, LRAMLIEKREM L 2L 50BEOEL2E 4412

AT, BTy 738U, PV TRREEBEV LR 720, ATV TRIA I EFHEN

XR—4.4 WHOBMITE LR MHEE
Table 4.4 Bending and torsional properties of sawn lumber.

Sawn by two sides % 4 2% Boxed heart squares
. Number of n - R
Spieces specimens edgewise flatwise AFFEAM
E E/Eec E E/Eoc E E/Eow G G/Gos E/G
Karamatsu 10 133.4 L9966 110.3 .825 98.4 735 6.77 1.002 14.8
Todomatsu 7 98.2 1.002 97.8 1.000 93.9 .960 5.53 1.012 17.4

* AKRMOMITEERRIZIR 4. 1@QDERETITL > 2O THNIRA X EBRTE 597, BRAMOEREMEI
BUSAEBEIE/GH15~20 nWEATT7T~9%NYMIRAZ TA TV LEHKINS,
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RLEBEB LAV B CEHELROFBD LN, ZHIZH TV IZBWTREK
B BBAMOMEENIKE , FILOMEBTIREREBI RN 2DICHEMREEITKE VW, A
TR IOMBEIBRINE I LB EEZ LS, 12720, Ry TOYMEMEREIL LA &
AMTEIRO LN -T2,

W HEMERKOEBRY > SRY

RIE F TICEMNKROBERY > 7 REOMEF & L EEOBRBFE - IC OV TR, KET
BELLTHT2VENRELT, HIH, KOHEOBERY SREOE# A ERICH
WTiEN B, RELZEHBIZERE, BigE 0BG SESORE, EbRBRE & UK
NEBTH 5,

5.1 ® 5%
ey SREDWEII LT OB TEE, 403 FDHEAKIZOWTITL - 72,
HBEREE MU FEER 12, 14, 105 10, 18, 1, EMHEEE
135, 136, 306, 312, 317 HKHE

(] 78 PACRLIRE 5 R 1 A LB AL HsE KN
ZRGEL A MW WEEILM 9, 10, 11, 12H3E AR EE
BHOKEELEERARETES BAR IR XR S
HREMREFEAKERERX 15 FRHEV /N T PR ER K HT

PR E BRI BEX 29 38, H/IHE, 24 ARBE A /NE [E A ER B AL HT

BRI/ MURER TR Z=Y, b Fey, Ve, THAZRV YD 4KEHE, o5
HHTIE A T2V DA TH D, AT VI20TIdEE L THE 20~35 E£0) B RIO S % 14
RE L7, BEKRNIBBOM ) PERHIVNE L, RREDREDD L L DD HEAT,

ABRHFERB2EIIRANLLELTHNFRTH S, 12720, WEERZES cm LT oHRAK
(BEEPILAR 9 ~11 FEAEMRST) 12 DWW T, E— 2> F T— 24450 cm OMAIEF+ HWTH
HHHRBRL T o0, RBRIVWTHLEE BHMERE) DBICERL 72,
5.2 #£R:EBER

5.2.1 BHAOHEEBY L IREBOEDH

A2 DORARDERIZ, BFRPRDTCRREGNES D VRBERBORE LY IZEY, B
—HRGRICBEWTOEEL NI VX 2E LT RLDTH ), F1UHE I HMENEB»THRE
n%, 2T, sEMABHEICIOVT, TNENE—HKFTHROMBER L HBRY > 7EENHE
REFANLAEREES5.1ITTT,

—RICEHER TIIFERIE L FREER L OMICANHEBEER ZHLNTEY, BXER
DRVLDTIEIMENE B Z e L BaIney, HAROWEER L HRY > V7EEOMIcR
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E—5.1 MEEE:EERYY 7RENRE
Fig. 5.1 Relationship between DBH and MOE of the trees within a
compartment.

CBREZBH LN L o7z, HICBWTRUATEL 20REEARICEY 2 BEETH 5 H%b
IZHANTHEY » 7RED/NE WERSBH LN b, ARLPRZAXEILKIZ O THREN—
WEOERT 5 &, BMMERADOBITRE»EZ > TERBEI R 5 LRI, BMOEESR
BLUETTAIL2BEL T3, LA T, HEAL YN v—RnRE{tR»% b MHEKT
BEREARS 45 LERIC, BMEINES L2 TFEINDG, BB 7HEKICIIH
MOBBRDEEFREVEEZ LN, A—HKFHRTREBRORTOME 2 EHICIIRBRL 2
EITH3,

Rl —HGADEBRY > 7RENEERKIT 15 REE L, WEEREN T Y X ichXThk
NRENHDTH B, 4, NERFOBRY > 7 REAHELE 80 t/cm?, EEIFRK 15 B TEH
SAL T3 LRET 5 L HEAK 10 ENBENORE FHNRMFEIZ 3.8t/cm?: % 1), ¥
MERZEIL B BNEMETETAt/cm? L HEEIND, L2 - T, PN EES L T 55K
ARE 14720 10 KRERA THEBY > 7REF #IE T UL, ERANIC S THRE TR D
MWRFEE2ITA ) LD TELEEZ D,
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5.2.2 H IV lBRY s IREOBK

B T2 I3 R AR 22 HEURAR ORI & 6> 5 REBM O RS KE (, FH
tOMBEL -T2, 22T, IRHTEBORAREBERNERFIKT, TNENRL KK
NH TV RGFOREBT > SRS RELREL 2, ERENOMWBOKTIZ T I RE
WTEELTEY), KFMOMHMERFIC L 2EBRIHBRIVNEWEFZ LN,

X 5.2 i3 Wbk 2 THSBICHER Y > 7 RED FHE L RERELRLZLNTH

150

Nishino, Sapporo " Shibecha

~~
NE
2 100
~
: i
A - -
" ?
g 3 5 }
50 _}§
ot I T | 1 1 N ] 1 1
9 1011 19 27 22 27 31

Age

B—5.2 # 7=V Okl iBEY > 7 REOBIR
Fig. 5.2 Relationship between the average MOE and the stand age for
karamatsu trees.

3, cHERSE, BB SEET 0 FESICRMICHMT 2L THY, 2054 ETIR
FOMMEIINE (CREHMICAB LN ERLND, k8, BED I —11 EEKTORBRY > 7
BRI R—#RARIC OV T 3FMBRL TRIEL TELLNTH S,

BIBETITh - R ZERIC RIZTHRBORBMRCHT 2 REIC L L, B
o RS EERM OB SRR L 2R RCRIREL 2EETT L kB EEILN
B, HIVERADEE, NENERICETIHRBORMBERII SERELRLNED
CSGENRERIIRSL LIS LT L, BHBICLIHORBMBIIOWTIRE S ICRBREZ#
L TRET 2 LEA D B 0%, B A TIIARE 25 FLLETHILTHE Y > 7 REIE R RIERD
YU/ EBERRTLDEALLTRNWTHS I,

5.2.3 RA—HBAOKIMOMEY Y EEOER

A—HBR T LR EHLESEC L > TEREGELED & T 2 B L R E GV R
2725, MADEENAL L THEICLENEL 220 Ltk v, 22 TEMNUEREKRD 4 7
- THS (ki 1 27—35 %) BLUT ATV =Y 35k (32—45 ) v 7 f% %Rl
L THEBL 72, SO L BRAROEELKS5.1ICRT. FMF I HEHRRTEZOHRE
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*—5.1 MRy HIRE
Table 5.1 Details of the sample plots of karamatsu and akaezomatsu at
Tomakomai Experiment Forest.

Species Cpt.No.  Age Exposure Degree of Number of D.BH. Height Av.MOE

of slope slope () sample trees (cm) (m) (t/cm?)

Karamatsu 127 29 SW 8 10 17.5 14.3 85.8
306 28 N 4 17 16.9 12.1 82.3

136 35 - even 6 19.9 15.8 81.2

114 34 w 15 10 17.1 11.8 80.1

135 28 - even 10 18.7 12.6 78.7

120 27 NE 24 10 18.3 15.0 74.9

313* 29 - even 10 15.9 11.4 72.8

Akaezomatsu ur 45 - even 10 16.9 10.6 77.6
123 32 NE gentle 10 16.6 9.0 70.4

112 43 sw gentle 13 14.3 9.5 64.2

* Stands on plateaux.

DO CHIRICBL Twa, £, 2BIIAUBLIOEBEIECZRLOFEZIIB VD, KoM
DTBEBNDEDINIECE ALY ENT, ZOMONKBERICIITFHRELEZ LN,
R5.3 1388y VTRENOMSBNDEHEL BEREETHZ, P I VICHTIHERELR

- Karamatsu ) Akaezomatsu

100F DT 30,

i3y 311

120
{ 33 n3
e | ——— T — — ] — — —— ——

Hy

MOE (t/cmz)
o
o

Subindex denotes compartment number.
!

R®—5.3 HFFIDEBRY L 7 REOFEE L EkRE
Fig.5.3 Comparison of the MOE for the plots described in Table 5.1.

3k, RBVORSTEFEEM (127, 306, 136, 114, 135#KHE) D L NDEHMEH KX, 4
MEOHHE (120 ) B L URARELZZITHVEH EOKS (313 HK3E) (B8 % FHfEH
WNE&hpote. AT EINS 20D N—TICH T BENBRY Y TREDFHEIL F N
F82t/cm?, 4t/cm*TH Y, MEICEHT 2 FEIX 1 RDEBKETEIBDHLNIZ, 2D
&) ARG EOMEER, EREBICEGZOLNLWI L 2E2HE5E, BRESLEICE
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S THMEBEFRLDZZLETBTLLO,L LTV,

—F, TAHIYV=V TIIHRY Y 7FRENFEEICKFI M TRIIEBH SNl dy, Aits
o & D B EREOKS OFLHEHIDNE Wi X, By 7 REEREET L OBEIITH
THolz, INHNOBRIAMEOHBENZICERT 2 L0 Lk, 2272, THZ
Vo AT ERER E Vs BB LT HEGETIRAL THFRLBRETH Y, RE
HFIMRICRIZTHEEBNTHILIEIESTII RV,

BERFHIMAOME CITTREICOVWTR, SEELIERFATILENHSH, 22
Tit, FE—HBRICEWTL, RPE TR LTRENDZIZLLERLNGMEEV DL L
REWTAICEEDDLILICT S,

5.2.4 Hh5vVENHERKICET 3RAEN

BERRD —DIZ BT BRERBEN KRS ZIBH 35 FicHEBI N4 T =V DEMR
B TH B, Z0OEMBRBRIIENNES YT 14 7 H, 44 7 CRBRLIC B S n 7 EIBREIRIE
NDLNTHY, LEENTIREAREIREL 2RBHNIZS», A5 TIYAATIT bR TY
3, 2N HDRBMOFZBIZ OV TITHESES 10 £F ToMMER, iRl ERELFRL
FIET ARERERFRESIN T B H MBI T 2 BEMNLIZ LWL I THE, 22
THES 27 BIEL 2 BKORBKTHEY > TREDWEZTL v, RERIC L 2HENEI

E 138° E 140°

F—5.4 BT OIREUE
Fig.5.4 Location of the sampling plots for the provenance trial.
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%52 HAKRRMICHITDL AT VHETFOENL RK
Table 5.2 Pedigrees and provenances of karamatsu trees at Shimizu Trial Stand.

Pedi Plot Provenan Latitude Altitude Av. MOE
wree No. ovenance (N) (m) (t/cm?)
KA g
1 Tenjin touge 35726 1320 9.3
Bt FH=&H .
Fuji 2 Yoshida sangoume 3524 1760 9.7
i .
3 Shizuoka 35°19 1600 84.8
Nk BRI e
Kawakami 4 Kobushi 3557 1500 98.0
&+ ooy 1750~
5 Inako 36702 1800 8.1
#on opr 1700~
6 Uminokuchi 3601 1800 94.1
HEHU -
N3 7 Tadeshinayama 3606 1600 83.9
Y atsugatake &2 oo
8 Toyohira 36702 1700 92.7
SLIR{EHE g
9 Tatsuzawa (low) 35'56 1600 90.6
MiREH S
10 Tatsuzawa (high) 3557 1750 91.2
AT T2 EREEEy o I . :
Minami-Alps 1 Kai-Komagatake 3545 1500 80.7
G ey
B - B 12 Akanuma 36°46 1360 77.7
Nikkou-Shirane T .
13 Manza 36°38 1800 80.7
2P copt
3 4 Tashiro 36'26 1900 81.6
Asama ZH o0y 1400~
15 Kutsukake 3624 1450 86.9
SkEX L s
:il:"/" W7 A 16 Hz}chimoriyama 36704 1920 80.7
Kita-Alps 17 ?:ﬁ glsegawa 36724’ 1380 84.8
REE » & .ror
*‘g 18 }(iso-Komagatake 35°48 1818 78.6
Kiso 19 gfak . 35°54' 1380 70.4

DWTHRETL 72, EMIZES.2B LRS54 IR 19EMTH 2, FEHRDL NI, KA
LT1 79y M 126B8KT D, 370y b2t C3BRTFETCHEBEINTEY, /MK
ENTniv, REBFNRA»D L (BERLEV—F, WEEEN/XT7 Y X3 10~25cm
ERESEFNERVBVE I THEMARKIRL 7oy MO EHBRBELZLNL 25T,
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A 1EE) 6 FTOLBATHREZIT X o2, 22T, IBRER (FRIB) DEHHME
CRITTHEERET 22612, HEKIZIWSERE 15~20 cm D#EEH» 5®8A 72,

3 L}.L J.L}_}. TT-}—}—T}T‘”

Plot. No.

sof —— 1 ——————
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

MOE (t/cm?)

E—5.5 E#H A Ty 0t SR (KRB
Fig. 5.5 Comparison of MOE of karamatsu from various provenances.
(Shimizu Trial Stand)

EHFINERY > SREEOFHEL FERELRS.5ICT T, Hhon—S8RizeHfaR
ICBIT 2 FERE86.4t/cm*ThH B, INERDBE, BL, ATEROYY IFREIKREL, K
BRNL OV LBEHR LD, £2 T, EFHoBRY Y SRENEC QW TS E
T otz 25, B ERREICOWT 2.80, REFEMICOWTIRS5.57 L WwTNb 1 BNEE
KETENIEDH LN, BE, N L, ArERD 10 EHICBET 2 #8-v > 7(REDFH)EIT 92

t/cm?TH - 12,

100

<&
8
(3]
~
-~
A
[-3]
)
= Plot No
5()# —_— 1 1 — 1 1 [
1 2 3 4 5 6 7 8 g 10 11 12 13 15 16 19

®—5.6 EMF L TV oMYy SR (MWAEHES, R
Fig. 5.6 Comparison of MOE of karamatsu from various provenances.
(Hokkaido Forest Tree Breeding Institute)
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X 5.6 (IBROMAKEEBNICERE SN EMRBKICET IAEHRRTH 5, HEAK
IFEEMICOESAZRAIE Lo, ERAKY 1 EMLA) 8RR DU o2z, 2%
LABRLLRBRTE LD - REMD BV, ZOLDBRAKN ATy X0BBIKRE L, EBR
DEEIZBHL Tl v, L L, ELROEH=ZAHOEIBRATH L2 L, KEROHEE
BN - BRROFRBOL OB/ TH 2 Z LiIdWRBEICHBL THY), EMEEHIENT
WwrEEZLNB,

5.2.5 HIF7VOHBRY L IREVKBMO LK

EHERTHLH IS L > TREE, TROLRBIIAECRLY), ZnL0HEICRIZT
MEIIERTEL V. REIBHIAKD 5 B 20 FELL LD # T= 7 Az DT, R B

®X—5.3 » T vokioiTs 7R
Table 5.3 Average MOEs of the karamatsu forests tested.

o Number D.B.H. (cm) MOE (t/cm?)
District Age f trees

0 Av. S.D. Av. SD.
LR A
Kishino, Sapporo 27 17 16.9 2.1 117.5 12.9
Bk 27 13 17.4 1.4 86.4 12.5
Shimizu
;f”‘ii*igg’ HR 28 61 17.2 1.5 80.7 12.2
opporo
ENEIRE 27-35 73 17.6 2.1 79.6 11.1
Tomakomai
hibecha 22,27, 31 30 18.5 1.6 77.8 11.6
;Lm%g%sﬁﬁﬁim 21-24 18 16.0 3.6 76.4 1.1
apporo

BY Y 7REOFHEL BEREY RO THBELZ LN TH S, RTETFOREKICET 2
SEEMEAY 118 t/em? &) 5 MRHBIC R TERBWICKEWZ L2 B, BAFD S T =V 0l
Y TREYKREDP SOV REICE B L0OPBRIENLZLOLDOPIITHTH 2755, WEEHE
REEBBICKEZSZVICL 2205 T, MICE > TIDE S IckELEIFELB I LR
BREEV,

53 B #

BN A T2 7135 IMENEMMTHE Y 7RELBIEL, HaH, holotgz
T BONLHRBIUTOE Y ICEHENS,

(1) B—HDADEEY > 7HREN T Y X IIEBRET 15 %EE L NS, FBRENHE
R BRI B & L2 72, |

2) AF7=voliiiyy 7K 10 EE K ICa8IEmML, 20 FEL iz 3 & HinE
LB RERICAL LI TH B,
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@) BNEREBROBED 4 7= VG THBRY > 7REERHEL 2225, WoMTE
PROHLN, BHBLTEREEFNEICLIZLDEEz b,

4) TG EKET D 7= EHARM TH®R Y FREEFALER, BXBLUA
TEFRDX Y TRESKRE L, RERDOLNDEIVIEERAFRL N,

(5) EHARNHRY Y FREIZENENOMTNIREIC L BRI KREWZ L FREND,

EOoW EMARORAICHT 2 EHHOIFM

6.1 MIRDFE
BRIIKRELZBESZZANICERNTEL LI, 2RAREE2EEL THEBRLZERL, B
FEHESIETND, 51, BRASHTNICL - THEIMER L 28B481CiE, »THEE
BT 2%E L THEENHR*R->Tvwd, LAL, £B, EH, tWBhlVw-2BELEZ
AANEZTELRITNOMRE) 2 AL THRET2L0THB, T b0 biikkic k%
BENEEL2LLLTORBEELAETHA 5, LHBEICEL TRAMCHRTRATHRE
FHELRL > TR I LBEERD Y, RELEBZRERAICL s BBECERL T3,
BHHECIEDRRAERBARNDIA 74 7 bEZ TR Eh LN W
75, ERO—FRTIIEARNLEABEIC L &3 6 THKBLERIC RS L ) LBBHLHES
FIFrZ i) phlkv, £NW2, BERILN, BITHLNERED 2 W RHEREBEE L w12
W2t BRI R THELHL 2L, REEZ2H2BECLBRRTEL I ) AFELIT
TELZENEEZFNEDNDTH S,
D BBIENRBATICIZ AT OB E 2 b b,
(1) #EHROFAE
2) HARDHNTIZHNT 5 CEEHRD T
) K & BAAYEIT 3 BE H 0 BIR0 HRE
4) PR 7 BE 5 A5 O R
5 WEHIBEDFHECRITTRENRE
CNDEICAEN A A= ZLEWELPICT 3 2OICIIRANEE 2 2D LA LTRNRE
ANV EE % B,
AETII ERNOEBE@IZ>WTHEHRE, ERICLITMRZITLY, 2oz 2w TIBEEN
FRBRIC & » THVY 2475 L E O SHER B RO BRY 2 872,
6.2 BIENHR
6.2.1 AEHOWE
BB 2EBEORELBREIBI229EN BLEERICEZ LN, BICEKBOBK
EHNREDLHSTZBHISEEN IS FERICLZLNENDD, TNTFRROVWTIHERELZD

w

(
(
(
(
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S I N T 32273, T DRAEREL S BN —BEND BELEETHILUTD
£I9Th 5,

(1) #EREIRMASD, BTN, BENBLIUREN ICHETE S,

(2) #HIAXN IIMEBEZEY»20cm L FTod/MERICE RN S,

(3 BFNBIHBROSLIEELRTEL, KERKTREBEN/NEVLD HEBRK) 2%
Wy,

(4) HLEN I ALK % EHBOTFTCETR, BRIC L > THIEIBAZHAICECEL B,
R EDBETIIPREUENIRIZE RSN, RBKICE T 5 ABROBEIZ KRBT H IR
NTH2b,

(5) —RENCZES L N HEROBEIKEV, 72, BHIS6EN 15 FHRIC L 2EHK
WOBEY A T VICER L2 L2y, BENTHREOEIZDLNE, ZNITOWTII,
WMROBEENDENITI», 70— ROBEFENIRKEVWBHEOREIKE W ENEHD H 5309,

6) HFLHBETIIALEHL (AERLESOBEICHT L H) K& Wit ik
BV EDEHL D EHP, BRI HE-WEESR) LoBRIIFICEDHLNE W,

(7) MBADHEBANEH 2 WEEHEBRFECLIHERENRIC—ROERIZZH LN L
Vi,

ZNLIHIRBAENERLEEZIREACHES L UBAERICEEZINSZ M5,

—7%, MERPLEEZINIAMOABACHEE L 3n3HBRNLFBEL B2 28iTic
$oTHLSE (L] THAHH, BHIVENER 15 FIcL2RRK (V=Y } F=)
NEEMWDRE2DTIIRERT D 65 UDHKIZLHHIEL TWzdh, BELELHBMET
3, EXAREFEARICE, BEIRICED L1, BERDERE LONREERHOBIRIZ
AoLH TR Rz, bODTFREIZMBWE TR TMICEL, B0cmd» > TR%Hd ) 2R
LTWnwz. b 3 HNH aHnlliiFry 7 R#s L 0 iiFiE R I EEHOED 50—80 BEE
ThH-72,

BBHI56 £ 15 BERICL 27 7w HiEKR (16~20 F4) OFEOTIFLHIREL T
hrotzdS, SEILHRICABHIBEIN, /72, BRI A TRV EERE D
HEEEn/z, TRLOMZMITRBICEL 28R, EHRETRATROMEBO Y 7 FEH
INE o T2, RERIIBEMICHTIMELE L CEEDORPIZHAL S TR LS -7,

Pb2SETE, BMERTRUVDORERID L, £, BROKEVLHOTLIRE
DRTIERADLZWEAXPEBDH NS, TNPERDFE» L) MBS THIFTLNEEHIME
MEYTAS Wk, =0, RRDKTRIBBOEEIVNEHEICERL 2720 EZ LN 5,

6.2.2 WRKOANDCHT BIEE

BAROMITEIME LW HICET2BROMRBZEAN STV DrREINTWS
U0, EHOIIHBRTZK 2 KuNze ¥R TEL T, BRMKR X TErMRoimiFmaic
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RIZTHELRET L BEI LV EANICHBR*AMERE T — —REEEL, T2 L TH
BTSN 2% L ERHMROEIT #1774 - 72, LEISER 53R ORIC L 2597 &
BRABMICOVWTAER L ZER L 2 BERBT 2T, 5 LVERERICOWTRLE TV 5,
% 72 PETERS 53T NE L 2HRKICO VT, HBERICH T2 YMKIE S X o0 b & ¥
ZRB A = XLDBI2ATYE - 72, & 512 OSSENBRUGGEN 53 [ U & R I BEE O KHt
BE, 70— RANREREL L URROREBENT—F 2REL T, BEROREENEK
HAHERRHLRBOTENL T3, 6 RFIICETELREL -HEMEICNTIH
ROEEZBRk- 720 D LHR X L 5353040,

Ut k5 2RI RIBAROER & A OB R S HELTIRETH 555, 1RE
NIZDWTIRE DRFHIBBECBEELE> T3 L, B2xOEBEN T X LKREL, BT
ZBRETH L BHECHTI2RROMNERDHZICRALKRDFIBLABRETL 2 i3S,
BAICBIT2ERAIED Toh v EF L4V ER, LEHIBET DIz o> I5RLAEKE:
v, HEYICETIRRE— 2V MINBERORXEATRESL 2L, BIULERSD
BN RENZEETL I,

SIBILRBRE IIEGHFRL 2D, EHEBAT  — & L ToOBRERHE IR O FM %
Bk L2ARBKROB R 2 REHIT L b T 343 593 11 Sl 2w THROTIE & HBK
THRERELZHKL, MHBROFENEZ VL0 (RERE) B LURRENLD (TH=Y,
X TF) DBENFIKEVELTVWE, 20L& ) ICROSHRELIT IS RITTHRIIKE
WeEZLnE, MENDOHRDOERICOWTIRIEICL 2FMETRERID S,

BELORIZAXERRICOWTEERE L BEL 2HITREEZITL, ABE— A L
BROBEADOHICHEN ZBFRIRESNLZ LE2BEL T3,

RAROTHEN I HROBK I b LR E LT 5, FRASERIE B % 5 HREAOBHI TS|
BLRBRL2ITR Vv, TBOYENERPHAEIRROBEFAOREICHETIZ L, R
CHRRORENFENIEREN ICETERARE— AL PHREVWIEERLE, ZNEHick
BMOMEICOWTIE, TBEKOXFHDIIY, BOBME~ANVELERTILENDH D,

6.2.3 BR:#ARIRITHRENOKMGR

BRICBWTEICRAEZIT TN, ZORVERDFKEE L EDHE 70— THS LE
2ob, BENEEICEITE 70 —R0RENRR 6.1) oKD LENB D, TR, 70
—RADEHRE (G) 2MHBLENFD 5,

P=% A~ G 6.1)

ZZiS, PIRES o  ZREE (0.125kg s?/m?) ;v BE A 7o —R0REEK (&
A 7u—2DEE XIES 2 TEREICEIND).
FHOZ7uo—2E 1 mAkFEOMEL B CRRERL2TLY, BEH S ~25m/s D
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THMT 510> TERREIZERNICBLIT L L 2R 12, 72, EBRER»LT AT
<y DIEHREE 0.6~0.8 L S L 72,

LoLl, 20k e rERo 7o—R o0 ELL (, EHFRE: ERICHE
i 2ici, RIENERKBRICRILE» D5, BEH6— 9 mOHEHTHELNRE L 2K
KEAERA® 1962 £ & 1967 £ 2 [, EETIT L b T %, FRASER®VIZWBINER Y 5,
BOEH T > TH EHRABA T/ 0 —RORY ) EHEAELT 2R, BELAEN
EMRLFIBIME L X2 2 & 2R L 72, FECZ ORBIESIIEHEICEIE L Bk BER & D
P REWZ EERL, NENOHERZUTNEHILE5E2 TS,

P=1.441 v+0.029 vW —0.328 W +7.426 (6.2)
ZZIZ, vl R, 727°L, 9—26m/s W I RHMEKER (7 vo—R+HEER),

BAEEZIHREL L THVWDR, REBENEFBAENCRIZTHEBLRET 20T
bb, T, 70—ROTEFOREHSTR/E, BRENIHEFICLEZ L 2HBL Twb,

—7%, MAYHEAD®?i3 2 BN KB R % BV TIEHFAL (Drag coefficient) % BUEN 2 %k
RTERLA BLiZhsnERR % HVTHRE 30 m/s B IEHUREZ KD, £6.10k 5%
RS ORBEHEE L ORL 2. 272, BREIC L 2BRFEEDEBV2 70— ROKEFRE L BN
Wit BIE DT THEEL T 5,

INLDBTTIIERERE L2 70— FDEREMAFELEET S L0550, ZNHEE,
BUERGIE, AL W LIZZAROELOESE L X 50T, 70 —2DThHh 6 1/4%wL 1/3D
Btk b, LaL, BERRKOBEERHFESHOBERRICINE 7 o—RRKIZMHEL
BERZLY, 20EMMIEIVBNMEBEICHLBAENENL I TH BT,

BRI AR T3 <, B b —E L v, B S VIR BN BRI O v THBRO
BhzEGNICREL, BLOBLBEOEBEOMEITITZ2RATVE, TLEE) OBKL
BAOESECHEL, WAMEDB-2BLIL2THBL TV,

£—6.1 70— RDIEHRE?

Table 6.1 Drag coefficients of conifers®®.

. Dra
Species Coefficient
Grand fir 0.36
Sitka spruce 0.35
Norway spruce 0.35
Corsican pine 0.32
Scots pine 0.29
Douglas fir 0.22
Lodgepole pine 0.20

Western hemlock 0.14
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Bic & 2RO LER L B> B L 55, AR —E L - 2Bl ERigP ol
AKOFRKICHETLLEEZ LN S, KNBESIBENFERRICBI b7 VHENER
L iABANDFEHREDEFE LA, BIRREEZ T3,

6.2.4 HAOEERH

— I —FRIC BT 2 RENEEFAFIEIHTHTRRKRE(, WEBTHE(, LTk
B TizEBh e RSB ERT ZEAEbNTWA (X 6.1), FONS™IZ R 558
EHTEREFMEREL, KENTIZIREINE , T LHBHE—IHHTEII 2RI,
REIFSNYDER®IZ K > 7o — 474 > DLKREEN/NE ik (302 A /ha, AR 6 m) i
B TRESHLZAEL TRBOEELBL, 2771, ZOBAREF—~EBICHET L0
DRGSO OERIIFEHEI N KGR TRES( LD 2 2R, F-BEEEMD
HERRY S, RESHICRIZTEEIROKE I NEVELZ,

PUENBREIZERBCATZONIZZLDTH 5, 0LIVER 5V IZEBIENE U 72 R EABFICHN
DEENEESHEMEL, FRBLEEE H6.1IRL2L ) LERSHAICR(EIZ L2
oz lize Lzdt->T, REBFCBIT2HENDRREIZ, RMOMERTHRESASEL
NHPLUEN/RICZ EHTFHREND,

HEICERD S B TI3, BRESLRMOE(EmIZ L VLI LS5, HUTTE®
&g, MUy AN L - TELROREBEELEE» R Y 555, ~ﬂ§2ﬁfat:§«‘lﬁ@.t§i§
RPRBEVEELZZITECL I TH D, R LBEOREIL, ThrEBoRE, VW TR

Log profile

Canopy top

Exponential profile

Height

Canopy base

Wind velocity

B—6.1 HADRDEESH

Fig. 6.1 Theoretical wind profile in a forest without understory.
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ROMEICD Rz, BRUCBFBETCELZWLNTHEZ EHEHINLTNS, £72, £F
ewcmrﬁmim 2ENFAELZ IR NOBESER, L, TRAICELTHRELZ2ZITS
WERHESELET S Z L 2EHL TW5,
6.3 WAOAFMELAER RN

ABETIIRIC L > THBICEL 2I6H L ERICHOWTHER 7T, EHBICBWTHE
DHBEKRETNE L2203 ER 20 ERD A T2V BERAREBEL 2N TH 5, BIL, MEE
#£15cm, #E15m, BETHI m, HTHOEENDT— = (¢) »*3.6 mm/m % 2Kz
B EISERT 258 %P L TEHHEBILZRL 72,

6.3.1 MATICAVIRE

(1) BWE . #ko ) bRENOZERIZ, BRYEARL»LE2 T, MBRERN1 70—
ABOALBETED, REFLOFEE (BOE) 13709—-R0Th b 1/4525 1/20MIch
LEMETEDY, ZHRTIRALELZ270—RDTH51/3 ¢, ZOMNRICBREN»ES
MEELLTEHTZ2LDEL 2,

®

=

5 P

]

~ -

s |\ 0 == ===

123

o) C—L————‘——'————‘L‘C
Tree Clear Center of
base length wind pressure

E—6.2 B®EKNEE

Fig. 6.2 Assumption for the stem form.

(2) BB  SFEHOMY FRIIF 6.2 1R L2k 512, BEE BEE), BTHME (£
R) BEU7o—2E @ER) 03 OOXS5THEERICKE LD, 2 TRETHBRIEOER
T—r—EREERICERL TEZH5ZLETH, 70—RPOAT— —2BEH L o0iF, =
DESIEMA SRS, MIFE— 22 P r+HFIhE s THd. £, BERD2KRT—
2t BREDRIIBROBRIZETHL I L E LT,

(3) WBRANMBEFASE L UKEFAOHESIH —HE 20, HERBII—EEY &
23nET 3,

(4) BROBAMBIIMIERLZIRET %,

(5) BRIZPHEHFI TEFTE— A2 ML THENICEEERE T LD ET S,

6.3.2 MEBOH IS ZRAhiR

R6.20&) kMELXZITEHT— —E0M EBEx 2B 2MITEARKATETZ &
HTE D,

_M_4 P(L—x)

o, =
zZ Try

(6.3)
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ZTHE, e=r—dr M EB x ICBITBMBREE 1 RTAEE 4 T,
X (6.3) 2xTHETHL
do,_4 P(3 Lé—r—2 ¢x) (6.4)

dx Try
HUTIE /713 R T — AL EBOBRER (ap-u) 772/3<a< 1 THITIRTTRAER LY,
0 <a<2/3 DHERALCEOMBED 1.5 FEOHBENE S TRAMBEL L2 Eb2 5,

0<a=2/3

__16P
db—max_ 27 7t¢7i (6.5)
2/3<a< 1

Oh_ ==
'b—max ”7‘3)

6.3 ICERTARL 2DREHFHOFEFATH 5, HELL ) BIEDOBARNE.LEIIL 11
mEEEINDY, ZOFEITKFEN10kg AL 2HETH S,

400
&
-]
o
~
o0
~
~ 200
2
2 \
o] \
o P =100 kg
L \
g . W =30 kg \!
“ \
p: ro=8 cm
- ri=4 cm
A 1 L 1 1 i 1 L 1 1
0 5 10

Height above tree base (m)

E—6.3 #&ROMITICHAH
Fig. 6.3 Computed stress distribution in a tree trunk.

iz, LS« 2B B BARLTOL S5 CHETE 3,
MM
o=/ ElL, &

_ 2 2®P{2 Lrxt (L—x)%}
- 3 Exvird . 6.0
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(6.4 nERIIFFEOBAN YT > 7 FE 2 100t/cm? & L 72BA0BARB TH 5,

500
P = 100 kg
W = 30 kg
ro= 8 cm
ri=~ 4 cm
300}

Deflection (cm)

Height above tree base (m)

H—6.4 BRNBLHR

Fig. 6.4 Computed deflection curve for a tree trunk.

6.3.3 7n—RXEROVER
70 —RBELDKRPEMICE>TEL 2ME—2> F2KX (6.8) TEIND,
My=W (é.—6y) (6.8)
ZZiE, Wi7uo—RER 6 7u0—RELE (SRALE) 0BT 5 KEEL,
4, R bn7zHiz, R (6.8) FERNOEMZKEHEICL DV DNDALETH E, ZHIC
& afHmFEHIRRR TRENS,

Ob-v::4%¥

_8 PW[2 L*A—2*n{2 Lrn+ (L—x) n}] 6.9)
3 Ex*hirin
PIEIZDOWT, 7u—2EE¥ 0kg & L-BEoMEh2mM2 22liFEH£2K6.3
B TR L 72,
7u—A2ERICLBMAMBITFEANOKFERBICL AT ] (&) iF

_Ohv_2 W2 L x*n{2Lvs+ (L—x) %}]
o 3 Ex (L—x) APn (6.10)

X 6.5 DERIZPIBICBET 2 SOEILHMBRTH 5, BUEH» HBRITIE T ICO2NTER
BNCEA L, BETEROGCEICBIT2ENDEFEL LI Ehbr b,
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¢ /¢ (x=L)

Height above tree base (m)

H—6.5 7uo—AERICLBENLBEANTME
Fig. 6.5 Additional stress and deflection caused by the crown weight.

Bbic, Zu—A2EHRBIZE2MAMBEBAMBIZILTOL ) icRENS,
6v=f—jlg[‘xvdx

2 x*PWk

=5 Eratirir (6.11)

Z 23,

E={20 LA (n+2 rn)+3 3% (rern—4 men+ 4 nn)— 3 22Lnyray o+ 4 7))}
PIBIBWT, TMBAZETHLBAHBRIING6.40HERNLE I I2L b,
iz, ATMBAE (&) IR (6.12) THEn, K6.5NHEKN L 5 Lg%z RY,

S 15 Exririn {2 Lro+(L—x) %}

MBESZBOEHETRENZ EXb 2 5,
6.3.4 BMR{TINIR A
HFE— A2t M 2Z72MMEERT — —ROYMIES & WKiEAIIR (6.13) B &

(6.12)

v (6.14) TRENDB, '

_ —4
T
&= [5Gz { 1000+
AP, M=—P (L—-12), Q=P £ %30T

_2P{152—6 n(nn—r)+ 8 (n—r)?}
&= 27 Gz, : (6.15)

{ a-% @+ m-38 uy) (6.13)

4 ¢ (MQ+MQ) /16 MM
x

5 b ax (6.14)
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R (6.7, (6.15) & D WWFHMRAE (&) RKATHRINS,

_8_E$M15-6 (1 -a)+8(1-a)?)
b=g= BG(1-a) (6.16)

E/G %20 29 2% LPIBICBITBAHMBAIEL 0.08% L BHTHEL, BRL I B LT
Hb

®KizR (6.13) &9, HITFORILE (y=0) EBIMHE (y=r) (CBIT29WEHN %KD
TH6.6IcRL7z, WMIEHRIMITL VB LEE(3 n—4 n)/3 ¢ TTRBMETRAMESL &
5%, FNLETRPIMTRAMEL &5 2045,

'3

- P =100 kg

o~

5 r0-8 cm

En 3r rl-lo cm

- I

s af o /

ot *

5 18

o [4 (y=ry)

]

il 'l A 1 L 1 1 il
Y 5 10
Height above tree base (m)
M—6.6 WWgO/ITFICL 2GS
Fig. 6.6 Shear stress distribution in a tree trunk.

6.3.5 #HBRoOIN

Bz 7o —RDRBO OB R L I3 BRI —HL Wb EEZILNE, 4, B
POoROGETHOKRFEERY e 35, WO M ZIIM=Pe %), HREMMEN (1) B
TUENA () 1ER (6.17), (6.18) THZ LN 39,

e (6.17)

_2Pex(Btrrtr)
Pr— 3 Gm%r;’, (618)

PIEICE W TRLDRARE 20cm & L 2B AN EYMIE I SH 5B 6.7 12T, SM
TRLZDIZE 6.6 1R 28T & 2 MBI 2 NEE N BETH D, BAWKIEHIZR
GREIZIE D IRDONTRES LD, BOETIE 23kg/cm? L & 5, M OBMIRE (Ko REH
MD) BAHTHE2, —RICIT0—RBTRELICT—/—BHKRE(LBNT, ZOHD
TYHMBET 22 L FREINS., AERORERBICRONIHBOB LR TOWRIZZ
DEOYWHERHBE L 2L nh b Ltk
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P =100 kg
~ ,‘
~
5 20k — e =20 cm ’,
E, ro=8 cm ’
A
~ =4 cm 7/
N | Ty c ,
a . °°1~ ’,
v
”
] 10k - pd
" -
[ - A
- 30
2 St
)
A L A L i 1 A L '
0 5 10

Height above tree base (m)

R—6.7 WMBOIRY I L Z2YMEHTH
Fig.6.7 Torsional stress distribution in a tree trunk.

6.3.6 MRITRhH*N WO EEEH
B & T, BITHis ) 2BOIAYVBENLF & ) BES 221254 (R

OHELPNE T BEA), SIROERENICL T, ZOBFTHIHEBTHI LI TFRENS,

4, B> OFRREMALMO—EEEZ 5, WMIFE—2> MickdWHml (N) L8

E3L)nxEHFMA (¢ OBicizR (6.19) DBEYH 5,

N=q-p (6.19)
222, p - MR BEREEE,
BTl ) BoMBME M e L, PLBEPLBIC—ET 2 LBRET S L, FEEH

(or) BERRATEEINZ, 2L, FEERHEIPIETRAELZ LI bbb,

o= ;‘ﬁf’ (1—%) (6.20)

iz, M fiiFe—22 b A BBROMEN ; L WIEEE )y L PIIMH S DR,

6.3.7 RROEH N

BARDEH D RBEEIIRARORTFIC LBAOTEE - LFHIERIELE - L RELD
DT, BEMBRD STV XLREVWEEZ NS, /2, BRIGBTHICREL TWTHIC
BrnwZ B2 EEEICL T 3BHD—DOTH D, I TIEFR BRIIURL & F1%
ke LTHREHRL, AhcNT2EE2EL52LI2T 5,

BT, FHROTHLIC L2 L ) IS, BRBATHE— AV MR UBTESEN H 5 3% .06
ELTR (6.21) iIRT LD CHMENICREERL, KFARELBZOMELZITH L B2
AL, PHTIREN 2EL2b0LEZLNS,
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@z% 6.21)

22, GIBROEEA | SRR EERICFR 2 WIHRE.

ZNEIICEZ DL, RARNKFEEL BEMMY L 2O FIREE— 2> FBLUHRERD
RETLIRKRE— AV N TETIENTES,

6.4 % B

ERIC L AHAROBRZIL, fiAt) DI E Vo HRICE L 2EITIBHICEET L L,
BERRIRRY) A EOBRRDBIBIC L D LN LICKFITE 2 TE S, 205 b, EHEROMIT
BB BARNOTR & HE 5 5 IR B ICBIN T & 2 2%, BROWMNIC OV UL EBN L T —
SHBHTEL V. 22T, EFETIREITE— 2> T 2 BRI N 2 FET 2 2 &
2EHBEL T, YAROMITEERBRL L USIBLABREL T -2,

BRSO ERFEEMILRERT @, FRE/MOLHERERS L CILRTBRO=2%
S WHERDIBEHTH B, 205 b, BMUEHERERIIE N XLBBOLBT,
HMROFEZEL RS, BRHISSFEN B FERICE > TRELHERZ I HRTH 2, ARG
37H) OBMEL2FEG6.2ICRT, BHEEIELLTH T2V THDH, B AFEREKRTIILF

x62 #t X kX o /| E

Table 6.2 Outline of sample trees.

. ' Plot Number of D.B.H. (cm) Height (m) Clear length (m)
Location Species N Age trees .

o ~Av. Max. Min. Av. Max. Min. Av. Max. Min.

Sapporo*! Karamatsu 1 21-24 12 16.4 23.0 12.2 13.7 16.4 11.2 8.3 11.1 4.1

Nishino, Karamatsu 2 10 6 8.3 1.7 59 69 89 53 15 19 11

Sapporo*? 3 19 5 13.7 180 7.6 12.8 145 105 50 6.4 3.5

3 27-28 2 15.7 16.4 15.0 159 159 159 79 9.4 6.3

Tomakomai**  Karamatsu 4 34 3 16.2 18.4 15.0 12.0 12.5 11.1 6.5 6.6 3.9

Todomatsu 5 46 3 15.6 18.7 13.7 12.4 4.0 10.8. 4.4 6.5 3.0

Ezomatsu 6 45 3 14.0 15.1 13.0 9.1 95 8.6 2.6 35 2.1

Akaezomatsu 7 43 3 15.8 17.8 14.2 10.4 11.5 95 25 2.9 2.2

*!: Hokkaido University College Experiment Forests (Nursery);
*2: Company forest (Mitsubishi Mining & Cement Co. Ltd.) ;
*: College Experiment Forests (Compartment Nos. are 114 for Plots 4,6 and 112 for Plots 5,7).

=Y, TV, THIY =R E LTI L 2MBENELZ T, BRUIETD 10 4
NG 2RV THEER 10—20cm n&BEATH 2,

EBRIIUTOFIETIT L - 72,

(1) #RROEE, K TES L UBER L DLERFRLZEHL 20 b, BT & b L 180
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cm £ T 20cm BBOBREEE  WEBALICEITS 4 2EFMOBER L BIEL 72,
(2) A5 TFTH N FHROIAMITRAEIC & - CHigRoliITY > 7EE2HIEL 72,
(3) SIBEILRAR . EROEARAR AKX 6.8 I2RT. #HEOMWEE 2 mfhRkic»iT72 74—

Load cell

ﬂtﬁrﬁiever block

E—6.8 5Bl ABENERK
Fig. 6.8 Schematic diagram of pull-down test.

BLos—7ay 7 (BH750kg) THE ETFTIIRY, @RV Y—DORicERL 2o F
N THEZREL 72, BRMNEZ ZNL ) IES L2OBRBBRITNA L5 CELEWEI Y
T220TH b, AL, BFAAIIES 2 VIZBART 25, SIERES WL tich 5 THIT
P2o 22721, EBRWMN S B 7TA L EBEO 10 F4K5 12DV Tz lWBIBRER o f TR R I
L&Dz,

EROBEICIZEA FF4 2RV, Th2HREA» L ATHFMEEAICHS mEEL T
WEL, W% E® 50, 100, 150, 200 cm O 4 #fTd 5\ i3 £ 60, 160 cm o) 2 EATIC
L EHOKFEEM 2 —ENHEMBTHRAY, ZOBAORAMIFEIZH0.5mm TH
%, BROBEIIHE—EMBEEIEL 2 ICHPIRE LB 5 L Tk -7,

(4) Bk, HRAROEKRERZEEL, HED L2inlc >0 TidEs (R L L8
FEEL TR ->7280) DELRSZUELLR, 4, TREEZREL, BELAZELL
5z, TEYUTNERRL CERE L SKELHEL 2.

B, HRAKAS ST, BE, OB I UCAKEZRIL THBREC B ERBRIC L 2.

5) HREOEHE  BROBMMLHHERTLINL LT, RE)MEIHE(S), HARET— X
b (M) BEUVRKE— AT b (Mpax) 2KD72. BEOEIEL IZBTICBITEE—X2}
LRROEEA L DBEFR HEALIREL, T— 42 M EFERGT2REAMFITRLZD
NDThHbd, WHBEE— 2> MIZOMENBFROLPIBEZ, FLRAE— A2 IR
HorVIziFHEENET— 22 FEERL TS,

R M % BT 2 ICIIRRoOBEAR, TbLR6.9ICBITS &%ﬂ?&)éd‘éib‘% 5,
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Bending Rotation of
deflection rooting
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Total
deflection

H—6.9 BALFME L 2% L 2BENEROEL

Fig. 6.9 Deflection of a tree stem on semi-rigid rooting.

200 ;}
Tree No.37
Mg=394 kgm
o 150 o
K} /
[
[
«
£
H ///
I 100 O
[
>
(=]
F-]
-]
2 /
< 50 o-
o
=
Or
0 1 2 3 4

Deflection (cm)

(observed - calculgted)

H—6.10 HRFROEEHNRED

Fig. 6.10 Method for calculating rotation of rooting.
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BT BRSNS WIRTGAHE THBOKFEMLEZREL, Zh220E IRROEE
2EBbDETBIELTELY, FNBPAICIIREMOFRADEINES/E 5 2, B
DOFTHICE2BRESKRENWZ L TFHREND, 22T, BROEIEML» SHITIC L 2R
2ES|WTRROBERE KDL Z Lic L7,

BROMITEMZ, FOREL TEWEHBRY Y 7REE AW, L - Tk,
ZIT, HBREREN6.2HERNL HICEHRT ——RLEEL, ESIHOKEL LUHE
BaER (6.7, (6.11) icfALT, BMIFEMLZEHL 72, #HBRFRITH L5 80—180 cm A,
6 BTN ERES, LBEE L EZF WA ARBRICER L L TIIDTERDH,

6.10i2Zn& 5L TROLARRDAEIC & 2EMORMEFTH 5, BHIZRISRT &
FICAERROREEICER Y L TRIOTRROBMEA 2 RKOLNDTH 5%, BESL 2 EHATE
LTLFEDEEEIBOLNEZ b »72DT, —EOHEEAKRICHOVWTIRBIES % 2 BT
HLTERLZ,

6.5 RREEE

REBHEREL—FEL TE6.312RY, UTICHRROBERICOWTHBIICRE 22 72,

6.5.1 MENH WL

X 6.11 iIc B MEOHRRDBRDE— 2> + —REARRREZEFIRL . N2 RS 24
B EL A TIEME—EMBERIIEENTH B Ehbrr b, ZOERTFINMEE 2HEY
BIE(S) & L7z M6.12 1 3RAKRKOMSERLER)BIEOBEFREEL-NE TS 7TH B,
IR B I IZARRETIR L P XFIROMITRIENFEES K EWEBEING Y, IThbX
BIROFEEREIMAOM FROERNERPREICEAENE EALNE, 22T, BRD
FE I EBORKERICERLAT 2 &2, HR)RIEZHEEZENXIREATHERBL
EZAHRANBFR (TSR »7185 07,

S5:=2.36X10"*Xx (DBH) (6.22)

AR WS EREOITIT 4 RICHEIT L 2 Ehbh B,

6.3 HHPIEAMA (A.LE 1lm, WEHERE15cm) I LR+ EH L TRROEEA %K
HTAHBE, MELI0kg T3.20REAYEL DI LI b, ZOHA, BEICE SEMOMH
FEALICHT 28413, WHEAT 224%, BOET20%TH5,

Bxz DBEFRARICOWTR (6.22) L 2#HERICHT 2 REENLE KO THIER E L,
ZORSFRNOFLEE % 6.4 EWMICIBIT 2, BINUEEEHKRD L DIZ DV TR & (#k4 No. 4
—7), BHENICIZ } PV REL THZ V=i hEWERMPR LN S, /2, MHAYCIE
BEHNLOFKRELEPMDNE L) THL, 2120, BHOLNTY 10 FERFITONT
DB 0.858 L/hE Vv, THIIBRNBEERAIHBICL > TRLDIEETRRTELD
THD I

EBRWMOBRAANO. 7E No.9 (£6.3) IBEARL NERES0.6, 0.8m L B2 N &
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%63 X B # R
Table 6.3 Test results.

Plot Tree Crown  Branch Type of
No. No. DBH D L length  weight MOE Sk Me Mne failure
(cm) (m) (m) (m) (kg) (t/cm®) (tm/rad) (kgm) (kgm)
1 1 12.2 0.8 8.5 4.0 13 73.4 10.2 501 755 U
2 13.8 1.4 6.6 7.5 29 69.8 9.0 483 747 U
3 14.4 1.8 10.8 4.4 - 94.7 20.0 - - -
4 149 1.6 11.0 4.8 - 88.7 20.9 - - -
5 16.0 2.1 8.5 4.0 25 62.3 32.7 966 1550 U
6 16.7 2.1 11.6 3.3 34 58.3 22.1 955 1346 U
7 17.0 0.6 8.0 8.2 - 73.9 74.3 - - -
8§ 17.2 1.2 11.9 6.8 - 67.9 30.7 929 1745 N
9 17.3 0.8 10.8 7.0 - 102.7 68.5 - - —
10** 17.7 2.4 12.2 3.2 - 51.0 16.8 - - -
11 21.1 3.0 7.7 8.0 57 84.0 77.3 - -
12 23.0 2.4 11.6 6.3 - 81.9 119.9 - - -
2 13 59 21 25 4.2 - 44.5 0.5 - - -
4 7.5 1.6 3.3 4.8 - 48.3 0.5 - - -
15 7.6 1.5 3.1 5.2 - 54.3 0.9 - - -
16 8.6 1.8 3.4 6.1 - 4.7 1.6 - - -
17 8.6 1.8 3.4 5.0 - 36.6 2.0 - - -
18 11.7 1.8 4.2 7.0 - 49.0 5.4 - - -
3 19* 7.6 1.3 7.8 4.1 2 93.1 2.1 113 159 U
20 11.6 1.3 7.7 7.9 17 121.9 23.4 526 838 B
21 15.0 2.4 11.6 6.5 13 103.1 19.4 743 1263 R
22 152 1.8 8.0 8.2 27 114.4 14.6 849 1139 S
23 16.0 1.9 6.5 9.0 - 103.9 23.6 1469 1843 N
24 16.4 2.1 9.5 9.6 23 105.1 39.0 1204 1944 N
25 18.0 2.4 7.8 10.0 - 99.3 52.5 1492 1819 N
4 26 15.0 2.8 6.3 7.2 21 75.2 282 445 B
27 15.2 1.3 8.3 6.4 19 86.2 13.7 451 781 U
28 18.4 1.4 8.6 5.9 24 96.8 46.6 430 946 U
5 29 13.7 1.9 6.1 7.0 40 110.2 22.6 208 416 U
30 14.5 1.1 6.2 9.5 42 88.1 19.3 383 554 U
31 18.7 1.6 9.0 7.5 - 80.2 67.2 765 1755 N
6 32 13.0 1.6 5.4 5.7 31 86.6 6.3 207 373 U
33 13.9 1.5 4.6 7.4 36 107.1 14.7 458 751 U
34 15.1 1.7 4.4 6.3 50 115.4 21.7 449 697 4]
7 35 14.2 1.6 5.3 7.2 32 87.2 1.7 399 840 U
36 154 2.5 4.6 7.3 30 62.1 11.6 286 491 4]
37 17.8 2.1 5.4 9.1 70 65.6 26.9 433 987 U

*1: Suppressed tree; *?: Leaning tree.

D : Distance to the neighboring tree ;

L : Center of wind pressure = Clear length + (Height — Clear length)/3 ;

Sk : Stiffness of rooting; M, : Proportinal limit; Mpax: Maximum moment at the tree base.
Type of failure U: Uprooted; B: Bending failure; R: Radial stress;

S: Splitting at tree base; N: Not failed.
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Fig. 6.11 Moment - rotation curve for sample trees.
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1000
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Sp (tm/rad)
)
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E—6.12 MEEZELRE) MEOBME @NES 7 7)
Fig. 6.12 Relationship between DBH and stiffness of rooting.

N—6.4 BROXFBHOKRFH O HLE
Table 6.4 Bending resistance of root system for the plots
tested.

Average ratios to the values

Plot estimated by the regressions
No.
Sk M, Minax
1 1.145 1.351 1.784
2 0.858 - -
3 1.521 (1.678) -
4 0.843 0.612 0.885
5 1.405 0.700 1.070
6 0.904 0.785 1.127
7 0.656 0.627 1.051

SICEHENLDTH DY, TNLNBHARNDEINER,IE 2.26 3L 151.94 L K& {BHEAN
BRE OB L HEERES - LEI LN,
IRED B0 ERBEIIHAKRIEL 2D 1 HRNZOWTDLOREMTH 5, BIEDHH
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DORFEEEZ5E, BRR)BHEIRSIRY) FEICE > Tl VBTS2 L FREING, £
T, EREMOBEAKRS BICOWTER 2 FROHRER) ML BIEL 2 25, SUN/S
(R) DIz #8T 0.893 (REFEZE=0.097) & 1HEENEZRTH -7

¥, 22

TROLBR) B IHBRERLERT —/ — L REL 2PENETHS. K

BRCi3H EEH 60 cm 3 TREBOESLAXDH Y, ZNIC L 5MEHMRITEING £2T,
B6.1370& ) IcHAATRL ZEMMEZ ERTRIMBRERLIREL T, #iTRAZBERDIC

Sg (multiple-taper assumption) (tm/rad)

Trunk radius (cm)

nN
o
T

/

J

O Measured value

A L 1 1 L L I ' 1 J

0 100 200

Height (cm)

B—6.13 WREKOME L RE

Fig. 6.13 Assumption of trunk form for closer estimation for Sz.

1000

100

-
o

10 100 1000

SR (single-taper assumption) (tm/rad)

®—6.14 2 MEOWMBRTRIEES 5K & 1L 1R ) WHEE D LE

Fig. 6.14 Comparison of Sy values calculated on different assumptions.

o TRy, BEVEMSLEBL TAL, 2L, BEBOY Y 7FEIIESRBo £ LY

EnrEZLNEH

, TITRBMBHTREL Yy 7RES—HRo BT 5 LIREL 2.
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6.143ZNLHICL TKROLBRVBEMLZERT — " —RBICL3HELEBEL23DTH S,
BEROMMBHRIIMH 5% L ABZEHTED, 72, MENOHBIIEH TKE (, HBEHRK
120.996 TH o2, BHAIZ, ERT— —{HEIZ L > THEL 2BRTEICNT 2 ERRTEDN
Hi, BHESERICLZBIRCRLNT, FHTL.2 ThHo 7,

6.5.2 RANENEICH 5 LLAIRE

Ré6.11ne— x> —AEABRFRIrEREIr AN THEEERZ2ELZE— 2> P2 HA
[RE®— 2> FE L2, 72720, ZOHPIRERLT L UIBROBEEICHTILNELIIRL L
Vi, &2 THAIRERICHRBICE L 2 RAMITIG N 2K 6.13 NBBRIERICHE > TRODTAHZ,
B6.15 IR 2203 HRAOMEER L RAMIFIENOMETH 2, EHAKOMITHE %
400—500 kg/cm? 2R L UL, BEOEEAARD & 5 TG4 200 kg/cm?* 4282 724 0T
VB BITHFREICEL TwieZ i FEZoNE, L2d->T, BHEOS I Vic2n
TIIBRICHETIHBBEIZS SickEVr2L Lk, EMMUCBIT2ERTIE, BITIEN
b 100 kg/cm? 2R L /N, F 72, WBIBREREMNE TRRASIHR) BN S 5 F0LIIELITH
2122 Ehs, MRIWHIREIEL TV LHERINT,

HORELEZ 28T E— 2> F2*h 2 RREME L TERT 2 L HROBEMPBROBE
PEL, DTHMOERSPEEL L VWRERFBOFERE X222 L FRRNS, L2d- T,
WHREE— 2> MIMAFBAL, 2)F4 ANLGEREEFEOLE L5, HABENRKE—
A2 MICNT 2 EHAETRICEIRLSNT, FHTH 0.6 TH-T2,

MEEREHFREE— 22 FOBfRERTICL> T Y nEHFRL L2 (X6.16),
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2 200 PR e eeeegeceneeaeeereeaand
~ N A
® - ’
@ Plot No :
5 .y : :
» : as
a0 L LI 2
o N
- 100 - s 4 ................................... [EE R PR P R TP PRIEEY: (127 ETEITT T PR O PRSP

o :
= . : “o omy N

a5 X

x 7 :

. ; )
0 10 20
DBH (cm)
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Fig.6.15 Maximum bending stress at the proportional limit.



EVAOIEBIRARIC L 5 REHEICBE T 2R (PR) 1393

10000
-
an
—~ L ]
B :
;o 1000). ...................................... ....... -‘ ............................
o Plot No + 0
> Al R
.
« 2 ‘&
i |
1d %
o3 "
a4
a
x 7
i
100 L
1 10 100
DBH (cm)

K—6.16 MEEZE: HFIREE— 2> F DBE (@H%7 5 7)
Fig.6.16 Relationship between DBH and the proportional limit.

HERY Bt & & L FERICLBRARII O W THRR (RbnsR) 25 T3S, Zhicks#
FHICHT 2 RAENE KD TER6.4 12 L 72,
My=1.22%x (DBH) 2% (6.23)

BN PBRAAR BT 5 FHERIHRRRE RN L DDFSRE L /NE o1, B
FICLBEIBHELDTIRLWA, b F=y, ZV=Yhs Iy, THZYV2VITHERTRR
KED 12,

HOIREE— 2> FEOBRROBIEA I FHTENMIOMKRAKRICOWT .26, KREE
T2 2.0 THo 72,

6.5.3. J{KE—A}

HRARKOWEER L BRRKE— A2 FOBFEER6.17 IoRT, M9, L& DR ZAFIT22
DIIFEHI L tISEL TLHBL ko220, ERPPELZLNOTH D, HBEFBIZERE
D, Bith, BRI, BLRTHPVBOEECHICLELDICHETE, RENVEEL
LHEIIINMIC L ZEFKRE 2Tz, UTICHGHICERS,

(ENBCRER . H T =Y TRITHMOBHOLHICIFRL 16lL, | PV TRED ]
tIGELTOBBL 2 h -2 00 1 FIZBRITE, £ TRRY) TRRL 2, K6.17 DSMITE/D
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R—6.17 MEHEZLBRKAE— 2> FOME
Fig.6.17 Relationship between DBH and the maximum moment.

HDBERICOWTRONIFAZ Y TEIH2LDTH S,
Mnax=0.238x (DBH) 2¢2 (6.24)

6.4 5MNEIZ, ZOERRICE sHEHEICHTIERNE K, (WAKITHE, #7
2V D AR/ E D, BEICLAEIIHL»TIER Y,

BSEDEEEIZ 50—100 cm BETH > 255, THKRESLWNOBRIIKFIcRBOLNLH
ol 12721, KWBEBNLHICBROREIIR, RBNEREIZH0—-60cm BETH -2 (B
H6.1).

QHMEREE . DA TV LBBRICEL Y- 2 1HERVTETIRRY) TARKL
72, BRET, EBEPIELZHBHEKR (No.8) EIRENT I 74 ORI RITE: R
FEIIMBMUTETE), TRICL2WBEHMEIEZ LN (BEE6.2),

BR L 2 HAKROT NI ENMIDEND 2HHE KELETH 12, F12, HENRE
TREBORTICRRERNETIRORZ:ENR SN (BEHE.3),

QEFILK: FRN2FIE B ), RN 2 E L 2DREEKR 1A (No. 19 DA TH- 12,
No. 20 38T CTHAL 72 (5 6.4), BBERICBIIaRKE— A2 HOMITIE N 2EHL
72z A, H450kg/cm?PTH » 72 No. 21 IR BREICEN L T2 L O THEEZEH 0 cm o)
TS A¥d - 25, ZOBFTEEENICL > THBEL: (5EE6.5). RB%, HREN
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ETARD I AR L 2 HE MBI T A% (IR)

FE—6.2 #AANo.g - FH

BHE —6.1 H/MEEMRD S 7=/
AARDIRFA DIRF

Photo 6.1 Rooting of Tree No. 28 at Photo 6.2 Tree No.8 and the rooting
Tomakomai Experiment of the neiboring birch tree.
Forest.

EH —6.4 WEFILMKICB T 38N OF
Photo 6.3 Rooting of Tree No. 1 at Experi- Photo 6.4 Bending failure of Tree No.
ment Tree Nursery. 20 at Nishino Forest.

EHE —6.3 £REMN Y 7=V HAKRKDIER
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EH —6.5 RTHis ) ERizB1T 5 R% BEH —6.6 FEGICEZHEETOM
Az & % e T

Photo 6.5 Splitting caused by radial Photo 6.6 Cross section of the butt
stress (Tree No. 21). swelling of Tree No. 21.

BEH —6.7 tRHOEZRIC L 2 A
(BT )
Photo 6.7 Splitting failure at the
tree base (Tree No. 22).
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WEZAZ LIS, ITHFNCBRELZZITCEY, TOBEEI/FEENOEITICHEGEL24n
EEZ LN (BEHE6.6), BREEEORTHAY) MOEEETIZH 10kg/cm?*TH ), BFREH
ZNUTHIBICREL S -2 b EZ 55, No. 22 IR —MOBIEH T & & L % - TR
TEERCTHMHEEE L 2B TH 5 (BEE6.7), BMKE— A > FEEOMITIE I3 270 kg/cm? & 3HH
AN, B X EroRELBDHLNT, MBOMITEB L IZEZ BV, 3R IVWTHRIHE
It FTHEL Zeh o7z,

Zn& iz, BEHUKOERARDEROM I 2 MHBICHXTEL(KED o2

6.5.4 RRoOWMHIB5TsHATF

AR Bt 2 HIE L 2 BRI, IBRROBME LT OMHEBEBEREZEL 2L, FHBRARIC
FBEREVHHOTFROTERZELIZ L TH-%2, LrL, WENBEFEEZ 7oy } LE
6.182R3 %, TNFRRIMKRFZLICRLZZ EWbh b, ZHITEBEHRDOFERH RN
EMATRRL->TWELHEEZ NS, Thbb, RE)AMIIMEEZEN 4 FICHAT
52 EREZHE DL EXHIROMITEIENFENRKEV L HEINLIDICHL, WHIZETR
NEERELCLTEOWMNICKBEENTWE L) TH B,

65X ABRBOTEOHMT I0cm BLU50cm ICBITA2AME L ILFRBEEFIC L
DHEETHL, HEBIZ, EIOKMIZ10—20cm D ABOTIZEVWKILUBETHD, EBRE
WMTIZ4 cmBEDABOTIEZINmBENELLLLALNIMMEI ST, DT
&, THOABErRLNLMTO—H0cmOMEIZ, £t ) EBICHTEE, BEL LIS/

2000 - §-

1000 - rrererrermrnvesiiiianns ......... VTSI PPITRIN. ........................ Plot No.

Mpax (kgm)
-

SR (tm/rad)

¥—6.18 #RME Y EIME L BKE— 2>} NBAR
Fig.6.18 Relationship between Sz and Mnax.
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Table 6.5 Volume weight and hardness of the soil.

Location Volume weight Hardness
(oven dry, g/cc) (mm)
Depth (cm) 10 50 10 50
Sapporo 1.07 0.32 8 11
Nishino 0.49 1.21 9 24
Tomakomai 0.73 0.97 8 14

Bz, BHRUAKTIZIIScmBEBEN A BN TIIHMEIENE BBIFEL Tz,

BNEERDOEARDT MU TNE D 5 72Did, RRINDLDICETROR:E
PP 722 IR T, KWBBOTWHINEholelehThHD 5, $72, EEICHRTE
BEMOLDDWH N Eo72D13, EBREBICBNTERLEOTOMBOM NI/ IE > 72
2HrLEZLbND, 2Nk )iz, REVICHT AR NIZ, TBOEEL L URNNDES K
EnkIThd, TITIERRMET s 2%, LBOKERILFHEE LBROFEICHE
FTBHETHHI,

TBOW ST L &IC L 2KRFRENVEBIC L > TEILT 5 &EF52 L1 5. 08F156 £
BLEERAICL 2 AEEOBRICIIEREERB L CENEARIN 2ENRRICL 2HBHEL

100

Plot No.l

Sp (wet condition) (tm/rad)
w
=)

Sg (normal condition) (tm/rad)

B1—6.19 BAFORIHKICHIE L 721R5E ) Bt o Mg
Fig.6.19 Comparison of Sy measured before and after the hard rain.
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HRELHERZ LS LAERD 1 D2 LUERI N3 (ERBEFOE/MUCBIT 5/
kR 142mm), %2 CEBRHEOEHAKRD ) LEMERRIC L YO 5FICOWT, 68mm
DFEFMHIE-7-FHIC, BE, BRVAMEZHEL TAL, H6.19F 2 BORERR L LBL
72D ThDIRE) BB EBFNBEICNT 2 HIZTFHT0.765 & 2-3BDFALE2RLTH
D, FEREERAFICRR) DERIETILEEMITLILNTH S,

6.5.5 MHPOWEMAE L RAMED TR

INETRRADTEHICOWT, BRKE— A MOKRNZHLTERY, BEELEZS
B E— AV FT—a L AOER 7 0—RDEFEE L K L 2REPLETHE, £
T, BLEEPMEAL L EOBRKE— AV 252 BKEN (BKBEES) 2%k TH
BREL 72,

X 6.20 (/R L 72013 ARR 1) B CREEE L 2 AR 15 RO AR E & L ZRARBREHOBRTH
2, 70—RAHZIFBAEIR 70— FERICHPIT S &\ 5 FRASER®VDEFRICHEZ T, DA
TFiAETAEKIZE, R LRTVWES R 5, BEREIFKEVY, EHMDLDTHESR
REET 2L, FFoyrBREICMEL T2, 23, K, FRENEETHS + Fev
DRBE D72 DI E FIRNFE 2 M & R, BROMAHINEL L7200 EEZS
Nad, $72, BEIMMEEREETH 7=V ORKAENCHE VENFRLN L DREREM
DH TV DROMEN LD ) BRECBOLEYPEP 272720 TH b,

200 -
a X
A
X &
£ o 4" : Plot N
-~ : ot No
o 100 v s freenn
o A o : ad
W :
(=] « 3
- 1] .
: "a
5 a5
: a6
N x 7
1 1 i 1 ; 1 1
0 50

Weight of branches (kg)

X—6.20 #HHER:BRAAEHINBERE
Fig. 6.20 Critical wind force (Drag) and the weight of branches for
uprooted trees.
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Bending stress (kg/cmz)
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! 1 1
0 10 20

DBH (cm)

E—6.21 IREY L 12BtFAARNBAE— 2 > F BOHEERMITIE N
Fig. 6.21 Maximum bending stress at the maximum load for uprooted
trees.

Wiz, BMAMERICHBICEL2MITENE2R (6.3) 2 HTHEHHL TAaR, 727201, #
Bk EE60cm £ TIRE6.13IRL LS 20cm BHEREZFEAL, £hllkn
EETRERBIT 2T - TERLZEMASEE2REL 2. 6.21 iR ) L 28RO WEE
FERARMIFEHOBEZREZRL-INTH L, EREESL L UVBEBILKROBAKRIITKRE DL DY
500 kg/cm?E Vo 2 K EfERRLTE D, 250K TR D BlaTiciriRic L 28 s
ZBLELBLINETFRTES, 32, HRLEZVWHBATLHROLEBATIILHORENSTH
EANd, 2L, B LDIRLT300kg/cm? A TTHY, bHIELTwEWERD
N3, EELIORMOFBAMEZEDZ2INTH), HEANROBAL HITITRE L D IRER
NRDEENHTFFE L WESZ 5,

0 6.22 I3 BISBAT 2 4T % » 2 HAKICOWTHEL 2 BRGNP EL 58 S 2 BE I
THRTELLZLDTH 2. FHERBEN0BDEETH > 124, 37V XHKREL, —FEL
HERIZEED L v, 2, BIROMITHEBIC IR TH EEBEM RS (EREORANES)
RRAERK LT EICLIMENSLEILOHELREVWETRIN, THRFOHEIZRETH 5,

IEROBKEAEN S L URAMITENOMR 2E4 L TRAROEERLE - BRENT
B2T% -7, BREAENABEIIN 6.1) #2EREL TELNER (6.25) 16> UiTh» 72,

v=4 ./Pmax/ (A'CD) (6.25)

I, v . BRBE Py BRAEH A 7u—R0BEEHE (Ju—FXNEEX
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Fig. 6.22 Estimated height of maximum stress for tested trees.

B+2), G 7 o—RDERFRE.

7 v — R DEHFEHIE MAYHEAD?? ' 5- 2 1218 (% 6.1) #BBL, »7=VicowTiie
v P R—If L 0.20, M0 3BFEICOWTIZ XN — 2FEY 0.35 LIRELZ, B D
2V DR EMEEL D AX SRR - 20iR, ATV DI o—ROBEMBREERL)
HRERHH 3 kg/m? L HBENEFBRETH > 125 TH b, BERHRAROBRICERT
SE—AVEIEIFBRRE—AT MSETEH, H5VITEBRICE L 2 BAHITIE 5450 kg/cm?
WELZEEICELZ LD EREL 72,

K6.6 NEAMOMICTL DS HAKICHELEL S IRARENVHEMBTH L, 2h
C& B s, BABUREMRTIZ 20m/s EORIMEM L TRITIZHE ) RO BBIEHE L 55K
Kb, $72, RROKPIMEE— 4> POBKE— 22 MICHTIHE 0.6 L LHEA, R

(6.25) L NBRRBEED 0.77 EOBE THBROENHIEL 52 L TFEINL, BFI56 £
15 5 & BIC & 2 BRBIRIX 27.7 m/s (B/NCRMRRT, 10 RFHE) TH ), HERDBRIZ
NI NHELAS LRIt L, BROBERLRRAZERTIUL, BEXELLZ L2EITS,
S5, MRERNOKG TIIRENBEL/NEr-12E2 LN,

—7%, EREROBHAARDRFERIZ 2 TI0m/sA L EFHEE N, FBROBEL R 52
PFREIND, BRUKTIIESICRAE— 22 FAkE W0, HED LA HSOITIRIC
o THRRT 2 Z & TFREND, B/MUEEN, EREMS & CHEEFILKORRRENEY
i3, #NLFN 24.9, 39.6, 37.9m/s Th -7z, 72721, WERITN L & DBTEME THHHEIL,
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Table 6.6 Estimation of the critical wind velocity.

Plot Tree Projected Wind Type of
No. No. D.B.H. crown area* Drag Velocity failure
(cm) (m?) (kg) (m/sec)
1 1 12.2 5.2 77 34.3 B
2 13.8 9.8 113 30.4 8]
5 16.0 5.2 154 48.7 B
6 16.7 4.3 109 45.1 B
3 20 11.6 10.3 71 23.5 B
21 15.0 8.5 103 31.1 B
22 15.2 10.7 158 34.4 B
23 16.0 11.7 288 44 .4 B
24 16.4 12.5 205 36.2 B
25 18.0 13.0 305 43.3 B
4 27 15.2 9.6 95 28.1 U
28 18.4 8.9 111 31.6 U
5 29 13.7 10.7 68 17.0 U
30 14.5 8.3 90 22.3 U
6 32 13.0 7.4 69 20.6 U
33 13.9 11.1 164 26.0 U
34 15.1 8.2 159 29.8 U
7 35 14.2 9.4 158 27.7 U
36 15.4 12.8 106 19.5 8]
37 17.8 11.8 182 26.6 U

* Crown length X Crown width + 2.
Type of failure U: Uprooting; B: Bending failure.

REBEMOEERLR) ICL 2WMBRBENRELEZ LN, TNENPILRETLELLZ L
FIRIND, T2, BHROMITHAREOHITEIICHTsHE 0.5 232 BTN
ErTFRINIEEARTIIBARED 0.TIEORETIHIEL LI LEZ NS,

NI LBRETR 70— RNKRYERDO KL ) RESERFRED IF7 Y X KE VD
T, BARBLFHEIIEREF -2, LaL, 4%, ENEREOEIEECREN L B AN
TOWRRDW N DT — 7 B S i, REDBEESHAEROHKIT—5 25b8 T
alb—rarETL)IEIRE T, HAOKBOBEERETEL L TL 2 L5 LEET
BEib9,

6.5.6 HITHLWME LRFCERATHI»E— 2> OB

BRIC, ERROEAEICRIZTRITEORBICOWTEZ TA L, MADBRRICERT
SHIIFE— A M3 (RLGEX 79 —REHK) ChFITLEEZLNBNT, 2%k [£— 2
IMEBIEBE, BT LR LOBMRERN, 7u0—X0BKE L TR 6.23 ICERTRL
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Fig. 6.23 Cylindrical and conical Fig. 6.24 Relative susceptability to the uprooting
assumptions for the crown force refering to the height of pruning.
form.

72 AL (B DM OB E) B £ F— BB TR L 7 M8 2380 2R+ 5 &, B> Hm
DHADKTE (x) LE—2> MEM (F) OBERENEALUTORTEENS.,
F () =% (H +2) (H—2) (6.26)
F (I8 =% (H +2.2) (H—x)? 6.27)
MEBEBOBELZ 7571 L7120 H6.24 THE WTNDRELACLEESTLRTLER
FECTHIEEE— A2 MEBIINS 2D 2 & 0 B, B2 IE, BT 2 B0 20 %4 6 40
%292 &9 AT LNBE, MRICERTLE— 2> MiOEks L CHEREIZOWT, #
NEN14%5 LU B %EAT 5 LHBR N3, BERKEDOTEC S TSI & HHAD
BOEBOEMBL ERT 5 LEr b 255, BEORITLIC & > TRHBEIVNE (1D 2 &
HHNEER D,
6.6 2  #
ILHEE O SHEBREMAR DR BN T 2 B89 & L CHIR % 157 - 72 BRI BB 56 £.0>
15 5 & BOMERTH - 12 ENEHFHREHTH T2, | Foy, TVey, THL <
DAL ANRE LTIADS B L RBEITh 0, RE)HNEE, kB, #Tevico
VTR 2 AT AT, HEEOZE BN/, ERERL ), BROBENEE L E
FLOELT, HEDAME, HAREE— 2> B URKE— 2> b 2RSTHEL 22, &
SITHAERCBHED BRI T— 2 2k L THEKT OB BEEIC DWTEEL 12, B
N RRAEETE, UTFOLS Lo EhE2 5,
(LR DHRE N it 77
RROBIME L F N CREEBTARFOFEENRL > T b, Thbb, BIMEELLT
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TIEHBEOMTANEZ R L T3 L RONADICHL, BHIIIREY OB L 1 BOBENEEIC
FEEIND LI THD. LaH->T, FEBNICHESINLBRRORBMEL L, BE, WHET
BT 2L I3RETHD, 277, TBEHIF—FLROLNLE—HRSHNTIIIRE) #H %1
BEENORXERTET I LA TE D,

S EDHBERSEO LB TRETLUROM IR E D - 72, B/MURBHOE T IZEH T
WEL, IMERBEHOL NS HRRENETH - 72,

WROMHIZERICE 2 TEBHDOBILOHELIKREVWINDER LN S, FIREREMEIC
BWTKE 68 mm DEROFIRICA T2 VORIt 2REL 12625, 2-3F, B
BORKEL/PE BTz,

2) TR

BEVGEL2BRABELHEET 51212, BROWHICMZ T, WROWKE 70 —RNiE
BREN T — LB TH 5 KRN AKRDEA T DEIEEUIRRERIC L > TRH LN D5,
BARRCBITZHEHI LWL I THL, 22T, BRINOSHERICET 2 EREENHIEHEZ2 S
EZiIZ L TRRABENABE 21T -2,

Z DR, BRI L AWEME LBRAREIHRBBOZIKRENZ Lo -T2, FIZ I,
EEERTIIEE 20 m/s ETHRIERNPEL 2 L ALN DI, EREMTITI 40m/s
WWEETRITNS 5 VIR RoBE, 2 5ICHELUKRTIIEBRDBETRITNE O
EXEL D ETRIEN:, BITNRORENRES, ITHEOHERIC—EL ERIZRLS
Nikiprot, 2N Hic, BMMITIHIBR YW HHINE iz, RFEBEIIMOMKMIC B~
T/NBva, 72770, BRICELZMITIENZNA VO TARRBICL O EL 2GR DL wE
2 L5, HEAOHHOETIE, BH/MOBER) RKIMENICHBELCERTE2 52
%,

4E, EBRL2OEEERE 10—20cm DRKTH 525, ZOBEANTIIERIC L ZHE
BUNEIZNE D 572, F12, EMOKBTIRBEIC L 2HAROZIZHEL LTl Lr - 72,

EMM O B 2 8 B &8 51003, SHEFICG L EEERIRL - LT, YKEEL Y
DESCEBTLILPHEBELA), AT7°V0 L5 KBEHRETIIMRIENS LR b
Nick ) 70 —RELHESPICEFTII LTS, 2L A icH L TRENEKR LT
LolBh, 7u—RLBRIBEEINS ZTRERBICHEN LT WEEZLNSE, &
DFE, MHWENCHR ) 2E LSO TIIBEE L RRICESORITL 2252 ¢i2s» T
BRICERTIREE— 2> F2BEBL TB L PONBILEINS, KFOEETEHWE
HICRIZTREICOWTL, KEEE:BREOREICETIERNLTFT— B onnit, 3
LR ZBHLI EHTEL S,
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FTHE B & %

FHRTERL 72 3LARMITRBISHADHE % BRI I OB AR 2 ME CHMET X
AT EIIMRT, BEUHEBRRBRTHL LV IRREZFOLNTHS, TARBMITRBRICL -
THEINLBEBY > THREIIEMAKROMITY > FREE2ET LN L EZ LN, RIFERN
HR, MBI VR BEDBRET—BT LI LMEIrOLNT, —F, LIRHTIZOEIC L 24
DHYND LW Eh s, B EDREIZE DHMITYY 7RENVERITFEEBH LNV &
o, EHICHARMOMIT Y > 7R3, BT 2MIFomEER» L LBHL2 LS
2, ARMEARROBERBICKBRIN TR EEZLNDL, LT, IAMOMIFYs
THREUI R O RER > 5 M E NS EBREPRBRR OV 7HREEB—BT 22 L0 TR
AN, ERICE->-TL 20 L) kiER»EBLN,

INLERETDHE, FHEEIMAP LEEINIAMDERATEFINY L 7%+ HE
TEHETHEETE L5, ThbbAEFECLINE, BITOBRICLZEHEREFIcBWT
BHEBBICES LN T2 EMEE 2 BRRICHMT 22 25T 2 2, BB 75
BEELLHMENEREOREIIUTOL ) ZFBICL 22 Ltk b, RMOY S 7ES T
EMPLREREE TERT 2014 UBRENMMARAZ NS DT, HEY 7ENC
ERRIC L 2N 114 2R U TERAMOY Y JEREE B3  BREMOEREEIZ Y 7F
BLE2DBEBENMICKDS 5N T B ERR® 2 H TREFESTE 5, 2 LICUHMOHF
BENEZINLOEREBEICREICL ZEBRELRLE TKHL I EHTES,

ERDERM THEERY > 7 REZHE L 2R, HED T Y X3RS R Tl HEeyh 8
<, MO - M TRENZ LHBLPE T2, LT, FHFENRL AL EHIL
WO BENOMKFMICH D L EZ LMD, 2T 1AL D 10 FRENHRRA L BA CTRER
ETL)ZETHRTHY), 2HRMBOMERMTERTE S, 215L, #I7=Vvnd i
HERNDBWBETINRKRSORMEICEET 2 LB D 2, EHRROMKED & #E2r > 7%
BOBHRICOWTIR IR T— I TR TH 2705, BB TIZ, Hi 25 £LUETHILTRBM O
BHEIC AL L TRVWTHA I,

HE L 28R 7REOFHENERBIC OV TIE, NBEASTOBMBY > R EY
& 80 t/cm?, ZEENRE 15% CIESSH L TV HBA2BIc & 5 &, SRR 10 K TiL, 95% D
ERETHEREYI L7 4t/cm? LHHEI NG, 4B, BxOERICH) BIEBRZISE 2 BICH
NEZEDICBRDERETL20%EEL 2 505,

MEDOME % FHE T 2R ERMEIIARBERHRAEICL > TROBZENTEDL, H T
LY EHERIBEICOWTEZ SN T EYy 7L 90t/ cm? Th 20T, i NiEE
T 5 & MR FOBER Y > 7 REOFEHED 80 t/cm2 Ll ETH UL, BRI kg h S HEEM
ELTHALUMEEAETOIARMPEEINDL LEFETED, B2, BNEEkRD S T
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BRI B L R 1 i M B AE (, BHEBERAUNS B 2 BN TS
B, £5.1%H5 X FKD LD T b ABSFOKS I D\ B8 > 7% 80 t/cm® % L]
STHY, MAEMOERBEELETS b0 L FHEN D, HWHEIC WL AROEREET
N, ZER b Fow % & OSER ITIC >\ TILHBT > 7T 60 t/cmP e Mfl & % 5
54

i, BARLHERBE, MEOKMERAD S F EERHICERT AB, BB
LT B A B TRIIT BB AL LIV 2 EHTE B, REFEDGH
i, EHRBCRMERE Y © OMEEEEEC B TRIHEII G 2 & 2CE 313,
F—BtERIc DV CEBE 21755 = 210 ko THI 2 v 7 EM OB ERE s
R THEL BB L LT H b,

£7e, AFFRCILRBHS & SHEBGEHAI B - 2225, ABEBAIC %S & B b 1A M
BHIE BT, Ao R FD /%, TFFE o 2 MR OEE % W~ 0B AW T
23, |

TNLORKNEIEMEE, 272, KAORESTEEOMME E2 DBOERE 22 L
DTH B 6 ETIHHE TS I RM AN OB M LT85 MR ET T,
BRI S 2 RO BHBEOR 2175, BRBOBRETECRRBRNTFEHTHET
BoT L eBLpI L, ZOMBOSEORE L L TIHEE Y BT 5 T8N L ) mEC
W T DR EL BUEN DD,

35T HRO AR 2 BT & 5 BRI 25 cm ABRETH B, L1dioT,
HAROBB Y 7H8E BT 5388, ZOBREBLLS bIRBRETL S BEFD D,
WD 30 AR IR R 2 1L B0 5 5= ki, BE, MEELE 20 cm BRI £ T
ERELTETEY, = oREHAHBOKFOMETHEE T - T 5 CREORE r %3 5,
EHRRERBEETE TS 55, TOEFMMIED TR, BRICHEBNLBE)LE
T B BHIEEO— T 2 OHORBE & 1 AR TIRIIC HEERL 5% - TH 2 &,
ERMOT W HETHE & 7 5720 T % < SRS O BRI £ MF 5 RO M AHRHC
%0, AMEEOEHHAERY 500 %2 5,

R, HAD [HE] LB -1Be, FRIBOTMEER L o R HE LN LN
TR b whbot, DIbRER, DEOREOERE LT LOTIED DY, AHOBE
PHETDHEE L TR E LOTREV, 4%, KEOSFIEBVTY, HEE V) BE
DA BRI &\ o 2 NEIEEE CELLOL LTRABND LI BB Lk
T B KRB TH B,
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EHRADFEME % SAROBRBE TIHBRBEIIC T T2 HE2HIL T2 L 2 HNE L TR
2iTh o0z BONTERIIUTOL ) ICEHENS,

(MIEARBRDOY > THREDERN L HEELERL 2. KAERBRFROERZAVTR
BRENKRELIHRICATL, HITEOoXE2MEL T 7EEZERTI2L0TH B, L
RARBIC & > TRD BB > 7HREITHARZERL THLZIRDYC > 7RE L 10 %EE
DBET—H L7z, FHELZEBTEZHARDERIZ 10—25cm TH 5,

QAEFEIZ L » TRLNHBY Y 7REIIHBRMENOM KB 2 —REIKEL 254
DRPIFDETH D, L7205 THERERED P L WERAKTIZR - BB L URBR - %k
MOMBEZICERT 8% 7REOEEESHITEENS, ZOMRIC OV THRIRE
PIALVERIC L ZRIEL RAER, iR ROWENHICB T2 FREy» 6 BLUEH L Z &,
MARBIIBMMERBLIRRICATZ ) 2 &2 &G TUE, BIEL 28T 7RE L MEEE
ELTHEZZB2ZEEHALLICLT,

GHAMOBITE L IR aE 2 B2, BERBOFEICBIT RN T — — &
PRELRR, BHRABAYRGTAAMEARENERE L FEEL TRV oM -2, &
BRI AEREDOSHEEM 5 HTEIC DWW TT v, BRI L 2T LR ) ik &L, 8BRS
NRBHEOME L DB, BIUHKRME ZA I, A EIRKREM L 25 E50RMENELE
A

WL THY) FROIKRMITRBRICE - T, £ L THT=VERKROBRY . 7HRE2
FEL, HoN - KTEOEB 2T, 2OER, B—MHRIATIIREHEEN KNS & 515
B L TREDEEIZ/NE W, WROHTHBY Y T RO FHMEL LT 5 L B E
EZr@H LN, BENS L CIEENERICLVNEEZEILNS,

(SR > T EBRP ML KR DB E N E BT 2 RBRERICEDOWT, $EREKAD
BRICHT 2N BFL, 20MBROTMERL 7. ERIZERNT — 72 FELT
WRIRE D ICBT 2 RN EARD L2 FHM L L CIKRDTIB L RBEE2 T -2, WL
L7203 LR 2 Mk i L 0L E R E /NN FEE RO A SV iih IBETH B, 2D
R, MRoOMIIBEL ) L LBEEOREBL KE(ZRTEI L2, L5 T, &
WIC > TIRE) BRI NI E o L RLU ZBEVERLRT I L0 TRING Y, £0ER
RRABELHET LI EHIREETNRRTHE Z & -7,

(6)3: 5 T2 HRDOULAMITRBEIINAL 5 EE SN L AMOEBR ARG NOEEY > 7T
BEMETLHELS 2 5. AHERKRSBAOMEFEC SO RBH R~ EHIBIFRFS
s,
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XK, BHREERKIIY, BEOBRRRICE BILEL RT3,
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Summary

The object of this study is to develop a method of nondestructive evaluation of strength
properties of wood in standing trees. That method could make much contribution to the proper
treatment of a forest stand.

1. Test method of measuring the stiffness of a tree trunk

An instrument which can be easily used at a forest site for bending test of a tree stem has been
developed. The modulus of elasticity (MOE) of a tree trunk could be determined with the
instrument. The bending moment is induced by the operator’s weight applied on the lever arm
attached perpendicularly to the stem. The deflection is detected by the middle-ordinate gage
with a transformer placed on the convex side of the bent stem (Photo 2.4). This chapter
discusses the applicability of the method and the reliability of the MOE determination.

Results are summarized as follows :

(1) To decrease the error involved in the MOE calculation caused with uneven shape of cross-
section, the MOE measurements were made twice per tree, in two loading directions at right
angles to each other, and the results were averaged.

(2) The MOE values based on a constant cross-sectional circular beam had practically enough
accuracy, because the difference between the values and those based on a correct calculation
using a tapered circular beam was only about 19 of the values.

(3) The additional deflection caused with the crown weight is found to be less than ten percent
of the total deflection.
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(4) The MOE of the trunks agreed well with laboratory test results for logs obtained from sample
trees.

(5) This method is applicable to trees of 10 to 25 cm in DBH. It also is recommended that the
test is conducted after the summer season to preclude injury to active cambium tissues.

2. Variation of tree-trunk stiffness associated with radial growth

The modulus of elasticity of a tree trunk obtained by the proposed bending test is an apparent
value assuming uniform mechanical properties over cross-section. The MOE values are pre-
sumed to vary with the stage of xylem formation because of the difference of Young’s modulus
between earlywood and latewood as well as between juvenile and mature wood.

A numerical examination of the above-mentioned size effect on the MOE variation was made
with the following conclusions :

(1) Two assumptions were taken concerning the distribution of Young’s modulus within a growth
ring, on which the analysis was based. Those were a step function and a biquadratic function,
which were supposing a stepwise shift and a gradual shift of Young’s modulus between earlywood
and latewood, respectively (Fig. 3.2). As a result, no qualitative difference of the MOE variation
associated with radial growth was found between the assumptions (Figs. 3. 4 and 3.5).

(2) The MOE curve shows the local maximum values at the end of each growth period. These
extreme values converge rapidly for about five growth rings from the pith (Fig. 3.6).

(3) The MOE variation, accompanied with an increase of Young’s modulus with cambial age,
also was investigated. It appeared as the combination of increasing latewood Young’s modulus
and the MOE curve in Fig. 3.4. From Fig. 3.7, it is expected that the local maximum values of
MOE will generally be in agreement with the Young’s mdulus of mature wood in a few years after
cambial cells have reached maturity regarding strength properties.

To verify the evidence of the calculated size effect, seasonal variation of radial growth and
MOE were observed throughout the year on a 10-year-old stand of karamatsu (Larix kaempferi).
These observations suggested that MOE determined by the proposed test will be a usable quality
index even for young trees, if those sample trees contain six or more growth rings at breast height
and the test is made after latewood formation.

3. Bending properties of log specimens

The modulus of elasticity obtained by the proposed test indicates the MOE of log specimen
in green condition. In this chapter, the bending and torsional properties of softwood logs were
studied. The species of the test materials were karamatsu, todomatsu (Abies sachalinensis),
ezomatsu (Picea jezoensis), akaezomatsu (Picea glehnii) and Norway spruce (Picea abies).

The obtained results are summarized as follows :

(1) The equations for determining MOE and torsional modulus (G : apparent modulus of rigidi-
ty) of a log specimen are presented as Eqs. 4.1 to 4.14. The errors involved in the calculation of
MOE ignoring the tapering of logs are negligible as for ordinary test conditions.

(2) The negative effect of knots on the MOR of logs was not evdient.

(3) MOE was found to be the best index to estimate MOR of logs. No correlation was found
between the average ring width and the mechanical properties of logs even when the width was
given weight on the outer rings.

(4) The increase of MOE and MOR of logs during seasoning were 14 9% and 33 % on the average,
respectively.

(5) No substantial difference was found between the MOE of airdry logs and those of small clear
specimens cut from the outer wood of the logs. The bending strength of logs was on the average
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71 % that of small clear specimens (Table 4.3).

(6) The MOE of the sawn lumber was smaller than that of the original log, especially for
karamatsu (Table 4.4). The decrease in bending properties may be mainly attributed to the
difference of properties between juvenile and mature wood.

4. MOE of plantation-grown conifers in Hokkaido

The modulus of elasticity of tree trunks was measured at several plantation forests of
karamatsu and other three conifers in Hokkaido. Some effects on MOE variation within and
between the sites were examined.

Results are summarized as follows :

(1) The effect of growth rate on the MOE values was found to be little within a stand (Fig. 5.1).
The coefficient of variation for MOE in each stand was about 15 %.

(2) The MOE of karamatsu stands shows a remarkable increase during 10 to 20 years of age and
thereafter it becomes gradually stable (Fig. 5.2), which was numerically analyzed in chapter 2.
(3) The difference of average MOE was found between karamatsu stands at Tomakomai
Experiment Forest (Table 5.1). The fact may be attributed to the local environmental condition
such as slope exposure. Meanwhile, the environmental effects on the MOE of akaezomatsu were
not clear, though the average MOE differed considerably between the stands.

(4) MOEs of karamatsu trees from various provenances were examined at Shimizu Provenance
Trial Stand. As shown in Table 5.2 and Fig. 5.5, the sample trees from Fuji and Yatsugatake
showed large MOE values and those from Kiso showed small values.

(5) Average MOE of karamatsu stands would show more variations between sites, localities and
provenances as well.

5. The estimation of the stability of plantation-grown conifers against wind force

In this chapter, the mechanism of wind blow damage was analysed basing upon the results
obtained for bending stiffness of tree trunks and mechanical properties of log specimens. The
numerical examinations for the stress distribution and the deflection curve of a stem were made,
considering the case of static bending of a single-tapered cantilever with semi-rigid rooting.

To determine the force causing uprooting, a series of pull over test was conducted at three
plots in Hokkaido. The tested species are karamatsu, todomatsu, ezomatsu and akaezomatsu.
As a result, uprooting stability was found to be affected more susceptibly by the soil condition
such as the composition and moisture content than by the difference of species.

The type of failure and the critical wind speed for the tested plots were estimated taking
account of the form of stem and crown, uprooting stability, bending strength of log specimen and
the drag coefficients of crown presented by MAYHEAD®?.

6. Conclusion

The MOE value obtained by the proposed tree-bending test is an expected value for the clear
specimen cut from the outer wood of the sample trunk. This method has advantages of facility
for the operation, accuracy of the MOE estimation and its complete non-destructivity. The
major application of this method would be the assessment of the mechanical qualities for the
plantation forests. This will be achieved by testing about ten sample trees, showing moderate
growth, per compartment.

This method also has the potential of contribution to further research on the mechanical
properties of standing trees, such as assessing the age effect on the maturity of wood and the
effect of silvicultural treatment on the mechanical qualities of wood, by repeating MOE measure-
ment on the identical tree.
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Appendix : Stem analysis of the sample trees for the pull-down test.
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