KM O ZEbR W ZEWTIZE (B S HD
dbEEERHM T » Vv HKiZkTF 2
"7, 0 B OB

o # H=

=l R
R N L 1
I BRI B F Lot e 2
L B R D Tt e ettt e 2
T B D . e 3
(1) U E TT T Dl e e e e e 3
(i) EEROEFE [ 7 F 0 D b oo 4
(ifi) FEFOLC LD BEEHTORL (75 o5t 4
(1v) B EEE (770 o5t B 5
(v) SEHIOBIREE T7 571 Ol 6
(vi) ATHUOEEBIDOBEE T7 7] O e 8
(vil) BpOHFHfE 751 O .o e 9
IV HFBED I B & L e B e e 10
B A e 12
RESUME ... 13

¥ A OB OF

ZOBHEFTEHRY O EOSCT, JRUBHERFEEHMT D b F < YEERICY 51 ) 0.4ha DIE
Ul b 2 b AR EE 2 &1, S EMHREBEL T FiRe [77] Biedbhicd
DEFRTEL BT, TOFHME [77] OBREY LOTELARINDERHNC LD DB Z 5L 0
TREEHIHOR L T 0D T, ThOMGORATED X S IABLL TV AR LAS &L DT
Hbe

DX [77] ObbbhhichMEOERERMICI BRISE A5 L&, &L LR IUET
BILdH1=oT, TIICEEINE [7T7] ORxfEET IR, L, T LTE LA ETEY
7o T7 7] HeBHEMBEOFETHDE LD 5 2RO OVLWTLIELVWEEEH X H5THA S,

ZOERICH 0T, fox THIFEE LHEEY b2 b o MERRIEIEEE SR THEK,
RBREATESRERER, THERRSIURISEMRTAERICR FMEERT 5 L L b, MEiEc
BHI NI EHEAREE, 1587, F)IEKO#ERIC Sy TES PHEERT %,

T AMEHEERETRSE
* REHEORHKEMENHS: 558



-2 — HERBREERSE £715

I RB#HhosoF L

Z DRFFE AT O T BRI T~ T
BRI L D LA L TH B, Shic
FOEME LTl e HlE & BIR iy
Fig. 1 @hnifie, 1EHEHIE LT bARK
#9 0.4 ha DORRGIXZERGOITIF A Te iR %
o & LCHEILOPEA L2 TE D, £
DhHHE LIFHCTEL TH B, chb

- OFE DT OEFSRIBANCH TR H #E
B L TN B DT, ERREEREL O
IR A e LTCEE 1~3m T NS,
E - W D4 FRcSrHi0BRIEE 0, %
hzhof{RooEfMF LT LT

Fig. 1 IRHEHEOHIY & BEFRALE L7,
I #@% o %%

EIRID LM OBERIIAENE X20 HWIRIEK L TfFokess, £ (771 nbbbhTuant
5 DTS ORI AFH & AR BRAEOEBRORER L2 LRIEEEINC ED DT, 20X iH
EBTRIEFCHE [7 7] o5, BEShLERCLObh TS 177 ] hE20TUlE OFH]
PRI Do Lote, LoL, L0 ERCSD L [77] OFErRbns s DT~ T (7
71 L L CERBRFEHRI OB L ce TEROMMLTHME (75, LDZH»WEEDHDZ EHTroh
LV T, [75] OGEL ThBEERTIREM &L ThicER L Tw5 [77 ] OFEHE S DTED
SFPERAC LD D HEHREY [7 57 HRELTL DB LR L. LEKDT, 20O [757] BT
BERECIE [77] Ot T2EE2 LT LikiXebi\vn, [77] 0obbbh T 2&01 L D5

{EDORECHFAL ThD D EH bR, TRl LR ORI
23R Ep T75) Ot mERTHAHELT, 22TWS 771 MR

LEDSEDESRHEEETE D LEZ T,

EREEDOREC L bico ThHhh b TS5 [77] D5t
BRIEE  Fig, 2 © X 5 i EROME L ICERO BEAHRcs bhh, [7
S 71 O LICEEF IS, [7 7] #, a0k
Been  ALNB. 0L RKEREAERDILbNG (77 ] R4

A

Grte  TREMSHRLLNTNSE LT, RHEROB LDIZLD

Loi=u)

MRERBEOSE WHMERR X b, ThEEHERESR ML 2T oo, -
. > T r 5 S / ’f:‘]\ #
Fig. 2 [REOREBI 2 b 7 5 T3 77 ] HRBILOGEDESEZ LDTLDEARIND
—fxiis T7 71 OFHE ThHhHHe




R EDOFRERFOGHIE -~ GE8H)  (hi#A) — 3 —

I 2820 R
(i) #&\e [77] o5k
HEFBZLEHOONZERD > BT, [77] OFLL T 2 O% FEiFMo —Eo #HE (~0.5
mm, 0.6~1.0mm, ....) 5L, TOHFERHNESL L HECESF L T Table 1 kLB L1,
Table 1. #EAROE UIcpiE LERMC I3 T77 ) 05t

= % it # m BoOo#
tEHEH l 770 TFD TTD TED TFO vl TFD
Tom | i SFRE T rg SEWH TG e RFRE R g
|
~ 0.5 t 320 ‘ 1534 20.8 965 | 3288 = 29.3 496 | 3552 13.9
0.6~ 1.0 162 1036 | 13.5 617 | 3228 . 19.1 545 | 3541 15.3
i~ 1.5 127 | 1044 | 12.1 341 2706 12.6 400 | 2897  13.8
1.6~ 2.0 106 | 757 ' 14.0 215 2217 9.6 239 | 2400 9.9
2.1~ 2.5‘ 95 | 516  18.4 183 1880 . 9.7 202 | 2392 8.4
2,6~ 3.0 41 . 184 ' 22.4 123 1536 8.0 117 2250 5.2
3.1~ 3.5 36 106 ¥ 33.9 113 1182 9.5 127 1950 6.5
3.6~ 4.0 | 16 46 . 34.7 60 828 7.2 1 1736 6.3
4.1~ 4.5 9 23 39.1 37 601 6.0 g6 | 1179 7.2
4.6~ 5.0 8 31 34.7 23 395 5.8 64 . 705 9.0
5.1~ 5.5 . 12 308 | 3.8 35 439 7.9
5.6~ 6.0 10 169 | 5.9 21 210 | 10.0
6.1~ 6.5 || 7 117 5.9 20 92 217
6.6~ 7.0 5., 71 7.0 15 82 18.2
7.1~ 7.5 | 2 | 40 5.0 8 49 ' 16.3
|
7.6~ 8.0 | ! ‘ 4 36 4.4 4 32 12.5
8.1~ 8.5 ‘ ‘ ‘ 3 35 8.5
8.6~ 9.0 3 51 5.8
9.1~ 9.5 , .
9.6~10.0 | K
|

I ICHEERMNO—EDHMICH L T 2F e [77) Ok L TV 5% D L OESFIIL, BE
DEFADELT, LOFERNIOE DA [77 ] L T 2EHE LD LTED, ZhE [77] D
B LTL® L,

BB L7 AR DB T, =D& 5 iefi% < ORIEELRES L TH bR 2 EMIERC 771 251t
THHERYERL, 2OL5 L T2 bt Fig. 3 RZTREFhOKMET [7 7] 05T 2RERGTH
ZLOTLDERKLIND,

Shib, RN 1.5mm BlETIZEGO b DOABIOMEL D (77 ] DERAS LS LS
<, FIEERM 4.0mm B TREAEAME L ) ohRicE OER . SO L5 ILHAEHO D
o Fig 8 ey g v L L L SERTIOUEL GR (o.0mm) CHEHTE (77 ) 0%
(b3 2R e O, BIENOEANEMNEOAC L VAIRT, OMECAERFLV-HLLL
$, chicedies (771 OEbiFL VD rhbhb, FAEHTIRAERMN 1.0mm Huvd
LIS BRT [7 71 oG THEEN -5, WhdsR@ERCAbh 5 EROHEY LD LT
Wheo ZORGICHbbID [75] OStxEERS O LAl L TEISHEHO AT DV THIUE, Fif
i 2.0~4.0mm OFIC [7 71 #5{eT 2EHRV- T 10% LT, HECI s bhivd s
L DI T b, AERIIO Z obﬁt&w@mm@&* € “IEFEABBEREOBRETOILNALT DLL

* Kﬁﬁgﬂ)ﬁﬁi%%mm% E3IW




— 4 — MESBREPIERY £ 5

740 fepl, DX 5 iR E
z

4 kT kedh bbhs [7
% .

Z301 71 o5 toFE» b &

20F N

CESFbhTWB L5
B e
(i) fRrOBEIE
[77] o514t
[EIE: s (BN A= N

60 7o W BEIC L (75 ook

9 (mn)
Pig. 3 #EL 79 OB LTv 5 BT oo 5 i
¥, FO—EOFEECERT
73 DR LT 177 5t Bl
§ T TN Frred Lo, TADMERAR
Gaof DREEIC & e B RAER
/\/ﬂ vy 7 LT Fig. 4 £ L
°l i | HLie ThhbdExbh
. L L R, EEAORET
[e1o] 10 20 30 a0 -50 60 70 80

LT (mm) ZAERMAY 2.0mm <H

Fig. 4 #BROEMHC X 3ER{ME (7571 0451t W E T E DRV FIRT
OEEMCIVWLTARLTE Y, 2.0mm 222 5% b Tnknb R Ta8ENAA LN, ZhicikwL
T, W, TEROHEATIZLTNRL A/ h sy grade TABIL TR Y, 1.5~4.5mm D4R TILE D

BB,y FREROMEIC 750 < Fen T B

(i) FROBIIC LBBEESROLEL (77 oMk ,
MM OFBEOERAR L (771 DL TWAERICA LIS [7 7] HOBEHTOLICEESR

8

QORI
3

201

LO=E 1 1 J
3} 20 40 60 100
,5@ B ott¥(z)

Fig. 5 Fjic Ly aEEH UKL [77 ] 043k

LT, FRoiehic Ldb DX 3 eEERso
Eh LT OERMCI VT AEFRTLDL, LD
—EDHFR (~5%, 6~10%, ....) KEHLT
I (771 OSErRbh Db b 0k, % Of
Fich bbb s 4 NCo Eifggo HFETLDHL
Too CHIITFEEHFROERPNC LD DN [7
FleksERY b blL, L0 BEKSHY
Fig. 5 i L L7,

z o Fig. 5 TIIEBEMOLRL TN [7
71 b 5 ER L ORI SERI AL,
FEEERBOERN 50% LT Tizhs [77]
s B, BANE, EBOMMCO< L, %
DHEN 50% Ll BTk OEfME o h e ok



KRR OBRRER AN EESH (i) — 5 —

{HEH bbb T, LicaioT, sciHinlkis

(OWECHEOFAIL) pbblabns 5 |

RfEEDRCEELTHLbIS [77) 0t & |
e aT  TT o EARomE Ad

DTHBLLTH, [77) kT oHR0E ol o tAroma g

T e FRE BIBEERY LT 0T i

<o X OEGMER Lo T il o —E 0 wl [

& (I751 M%) 50% B &S hi L , l

THEMLThbbhT\\b, ¥, ZOHIEEY ol :

HEAR DB L TR B DR @M O - i

ET7 71 b3 5B Fig. 61 Lo L, o o=t = = | = ~
SHICE B e, GRS 7] B B RERoRR®

HADBIITE & isoT bbbh s, zo | &0 FRCLDLEEMBOLEL [T 71051t

(771 #% GERMROR) 2 75% 2 Xp\0 e LT, FREUT TR 2R TEROEHC [7 5]
DEHNOL K, TRUETRDI 22T bbb T35,

(iv) #wrEE (77 onie

HEEmZS ) (0.0m, 2.2m, 4.2m, ....) BEL ELOERD LHHRS [7 7] HROHIERM
mh, HiEE 0.0m DUSE[DOZEY & VLT, HEEAROLEN L cpime 3R o B v F5FL
T, FERMOBLEENCS bbb TS [7T7) OB HIEES 0.0m 0D LEBEBOL DR
»~T Fig. 7, Fig. 8 L ®» L7

hpbo Fig. THIEBC L 2ZDEESHEOLACE Y F v 7 LT, ZOESEFRFROHE
itmﬁ@fFT?J@ﬁﬁﬁ%LEOL%Kiof%mTaiﬁét%%D&%itoLtﬂof,%
EEET I ohT [7

; 0 BNT (PR GR)
- N < id | O D (EEHLOMO FH)
75 OFEHERL T < ﬁ ® )’/\ O ABE(2 BB BOGM)
B g % --@-- ER4E (HLROOM ) FEA)
UNCEES S5 e el W (RSN S B X W BRI R S
N id \ —-%o Wt B (LB D )

M, JLANE, #oMic g“] \

X
T

M, ERRORETAO o
ZAULF, L, EREROM 9 |

m@u

I
I
|
|
1
R

|
I
N ﬂ LB
. N a} of /N
[t AR NP AN Sy & w | N8,
”Jﬁ | | \d/ N
5 o | r ‘b
1oF o+
¥, ZOXSK (7
20k I
51 o tEc x> || “' }
TERL T CREBZESD o HH l'
|
Db OTIEE DRI i ,.‘-”H“
- i L i
BBRRIZ 13T —5%E LT W5 %% 0 20 ET) T E—— 20 70 )
5 #ahomm)

2%, fBORE CLlEa e bR Fig. 7 MLE L [77) 0L
HAWCELLTE D, Lh (BEEAR DAL L ST X 5 HiR)



— 6 — MEEHRBMIERE B15

Lok bEe 77

7 9

; 71 Dot & DERFENALD
E-3

z» N BEEE TN T R OERT

EBA (2tH&RoSm) 3 4EffEM (4.5~5.0 mm)

- ERA (HrBoomo Sa)
PREK (ZRIBROG9)

- S RK (rergoomo gew)- LT, Th Tz o
TRE (2E&Nn g5

FRA (reL&oom o 340 Te RFAITH 2. o
LT, S L

@ L Fig. 7 THILEGO
HEIZEGOL DE DL
T 6.0mm <BuOE
MicE T L b T
%o

DEIC, FHRC LD DHE
O L Thr [7
Tl ek B HEE

\\
.
“o

%% 5 20 30 &) ) ]
59 onm)

Fig. 8 #Hi kEE [757] 045t (HEEROERIC X 5 i)

0.0m r&fMBH0LDEEL HbART Fig. 9 kL LR,

I TIREEHBOILE 30% LITE 75% LI EDOSEET 0.0m 0o i [7 5] OFEEIOR0k
M, COEECH EEORG O [7 7] O bT BB AW Lk LB LT D,

Fho, HE BB RS (771 Wb 5 EEE S Lo5H e Table 2 Ik L Lk 5k 0.0m T
TAEIED 28.7% S [7 7] KHELTWSEA, Hi bR 4.2m ¥ TIRIL5.8% AL, Zhnb
HiEE 14.2m HVWE CERLOHRITTE 6% <OLWIR—ELTE D, 7ok 12.2m TEHSIGIC 10%
SHVWETENEFDTLRIRTER, SHICHILEFE 16.2m LI ETE [77] OFEEINE LA &EHR
TEBERELOLLBRDT D, TOX 5 Inididh b, EECH (RifEe ) oFEL 5T bhb
F75] 3EE 4.2m UTiehbbh, 4.2~14.2m ©hbbhld d DI h O ERe, Thi o
TefEHO L5 2& b, Zhbo [75 ] eFhb il
EE16m HLWTREAEHRLTHEEDE VLD

?IDO !

T |

é o teL&00me 4 . & 5 137)60

Zop T Rmmaoam (v) soBE#fE [77] oRk

R OBHER L L LTE DHFMAATEFE 1~ 3
m ¥ COBRETIEND, FOHMRIAELFETH
F, BRUHROBEO AR S% ~10°, 11~20°, ..
L& 100 REhFT, Ffme [7 7] HEoWE
% FORF BRBOF L, FOFRET LErbh
) . ' . e oSO H bbb IRGICE D E DT {7
° © © ® g;%wtt%lf;) 71 OHLTHERE S L ol,

Fig. 9 #ib®Eic ks (751 o5t ok ziE, FER 2m ONHIOESEITOWTL, &
TIHRL 7T CHTIEED s 175 oot oB e R Fig. 10 &

40

20f




R EOTREIZF ORI EE8H) G —

Table 2. Hi FE L h bbb AEN [ 757 ) Wit T 5%

\\ | _ERPROEM FRIEAR OFE TEAROHH 2 R
*ﬁ—nf‘;%‘ \\'_ EH \ 75 LEZ'; i A /H;f EH 75 k%f FHE T *Efﬁ
.0 ’ 3477 | 844 | 19.5 1869 670 26.3 4513 2564 36.2 9859 078 23.7
2.2 [ 3111 219, 6.5 1491 161 9.7 4384 342 7.2 8986 722 7.4
4.2 2528 | 148, 5.5 1110 93 7.7 3378 197 5.5 7016 438 5.8
6.2 | 2366 | 46 1.9 953 110 10.3 2109 209 9.0 5428 365 | 6.3
8.2 |2015| 125 5.8 754 ‘ 83| 9.9 1077 58 5.1 3846 266 6.4
0.2 | 1764 | 108 | 5.7 34 41 9.6 118 7| 5.6 2266 156 6.4
12.2 | 1431 | 174 | 10.8 190 6| 30 621 1801 9.9
14.2 1218} 85| 6.5 105 —| — l 1323 85 6.0
16.2 978 Iy 1.1 | 978 11 1.1
18.2 574 7, 1.2 ! s74 7 1.2
20.2 | 21| 51 2.3 I ‘ 211 5 2.3
22.2 27| — 1 — | 27— —
v 8:~10" O MRIRC RO BEIIROE SRR 7 ::,_ w#ﬁﬂgizﬁﬁ':ﬁb*am
Pef, o Tof oo

-

£
e---0._ R e e Sl
Bl 0\9___:;:/0/[\"_0__0__0
o5 o 26 35 a0 S5
e mm)
’
Fig. 11

WHEARD [7 7 D5t & riio it WHERD ['7 7] o5t Lo Fist



— 8 = MERBILIgERE 715

Fig. 11 wl»3 X351 CHE 1m & 3m OHOHEAEE OWTHIRER S CHEMARDBNID), 8

WA (b - FEROEE) LWER (FRAOEM) £T [77) OEKOHWITRAEROT I
WLTZ kb, HWEKRTIE Fig. 11 AL X 5 CEDERIISRMADOFRACVWH LS LT
2l HbhbRTEY, ZhikWw LT, BHEATIE Fig. 10 K&Abhb X 5, MEOFC [77)]
DEEEN T DI O—E ORI E-5Th b Tk d, Table 3 LT X5 EpED
KEINETEIROO ZORFBIIRL TV B 2i0ind, i, HERHOKRE E2N10° LITO L Fi
FfMAL 0.6 mm LITFD 4 ORMAEDOHHD [7 7 DEKHN2L, TR EOFERNTIXAZL T
IIEOFRC T DEEN bbb T b,

SERHE 1~3m OHIT [T 7] OEHEF OHEFHOAE S LFigo Hi DT Table 4,
512 L L, MHEATIE (Table 4) BigtfgoRE S by [7 7] o EHE ~Fhd THA
T, BROFHC LD LHESLN TRV, UL, HHERTIL (Table 5) HigiEOKRE ST
L DD AR E TId T H0IEMT 5RERA LD R TV 2,

1o, HEOFHEO [77 ] OEFIIIEDOHFRL VWb UB L fenl, BififEH30° SHnTik2
fEHML Teo T 5B,

(vi) moEfiosmE [FTFl ot

SO BIS OF F A A L FEC b, FREROFCHIEEEY L v F Lo T, Fme (771 0
EEg r OBFE% Fig. 12 L Lice ThabEMwM T 2.0mm LI ETik-ohefEoFmc [7

Table 3. 71 OB e <, R A 1.5mm b
fitffE DFF FIC FYTJ @%ﬁﬁ Sfeh <7‘4:E>4~hml1w>v€i-§ 3, AW OHRICSH BT B b
) \Eﬁ ,’“,107; ~200 |~ pppriT, romsEREOE LS, 56
HEA DI ~0.6 mm2.5 mm~ 1.5 mm~’l.0mm~ i, SEiRA 1.0 mm DT CRIEEROMA

WEAR DR | 13 E A ETRTOER DFF & BERDWEDOHF & 728 & bis% DFE
- T, LEeA o T I D X S IS B
Table 4. @HERKICKFHEREL [77] OFEK
-~ — o _ B
Sy i : :
\fkﬁ%\}jﬂﬁl‘ 7 HJW_‘_ b2 ‘ i _ﬁ
<rHB OFIFE &Wﬂ 10° | 20° J' 30° | 40°  10° | 20° f 30° ’ 40° ‘ 50° | 60°
HE ImoTH | 7.8 ‘ 0.6 — \ —[13.3] 9.4 ]34 | 77102 9.4
7 o2m | 9.7 13.1 5.2,10.8 | 7.2]12.6| 8.3]12.0| 8.3 4.4
7 3m 7 [ 4.5 11.0 | 5.1 | —112.9] 9.1 12,1 11.0| 4.0 —
% ¥ 73016 5.2 108 11.1110.4]11.3]10.2] 7.5 0.9
Table 5. #HERKCKTAEREL [77] 0K
—__ o 0 # i i =i
K‘ffﬁwﬁﬂﬁ @‘f ﬁ‘ 100 20“] 30°: 4o°? 1o°‘ 200 | 30°| 40°| s0° €0
_Hflm @jti: | 2s | 12.2 ] 1406 | 4.0 14.8 | 14.4 24.6 | 23.7 | 22.4 | 19.0
7 2m 7 5.6 | 12.9 | 14.0 = 4.4|20.0 | 18.0 | 25.6 | 24.7 | 28.5 | —
¥ 3m 11.2 1 12.3 [ 12.7 | 3.5|12.0|21.7 | 23.4 | 28.1 |27.6 ] —
SE ¥ | 9.8112.5]13.8] 4.0]15.618.0]24.5]25.5 26.?7‘719 0




REPTEOIREHFLIBIE  EESH) () -9 —

—O— BERD BNSMIHLETFORE
-—-- oy 5.1 10, "
—x— WEBEARD 7 K OFEI -

zovr i
—mm MBS . z '
7 - are -z . 3 —O— EBAAMFBOBMACIETTORY.
z i%%fiz ;E’{,’! TECHAODALTTor RN O . dBOBRE - !
)240- t‘i‘!l:’&‘:‘ Ig‘rgl ,r\ 380- —H— WEA I AnSMI )
% ,gg;: 1?‘ ‘ ks o RBOBMC
kA i A
i I |
P ’ i or
b | | !
: | I | #RUEA R ot 1
! | i ‘ BB A RO LNF
: I i Ly 77 come v ahe
: HE ; 40r I HESO
' i } i
l 2 !
!
|
i
0 4l iy " . ' ol QuREa° : . ! )
a0 10 20 30 ag 50 [¢] 20 40 60 80 100
@01 Cmm) REWPLLE(B)
Fig. 12 Fig. 13 4EHRPIC Lo DR EHH O LR,
2 1~3m OrHiofpEE [757 ] OF# . [7 71 ot s 5B

W [7 73 Ao bd 5B EiRm 1.5mm <HuaXh\2 LT, FOMMHOERTIE [75]) 0
LT D FASHOEANC L o TEEAR L WERL TEMY AbR WELDLT WD T LiITikh,
Fig. 12 &~ 5 v 7 LIcIa» 2 OBt LH LTV B Z ikl b,

D ECEMPNC LD DECHMOLLERE Thp [7 7] wirbd s R Fig. 1B (—fle LTk
F 3m OSHOBEPOFFICONT) L L, IThTMEROEMCrH bbb, Shicfffao
HRWC T7 75 OERN s, okl CEMOF R TLEERVBER L b L OB eh v, L
LR DL 75% L R B L WHEARDMFEDOFHAEHE ROMEOHEL D [7 7| OsEs
Dz o ThpL b, Fig. 6 TEEBRLTEROEMCOWTAHLRI - O EEEHO B : —B L
Tbe Thil, TORR (75%) LT Cllar# oMl o FFICBE R RO R Kl UTthh
EIEEARPBERL D [77] OFH b2 Licied, LnioT (75 ) 2T 5540087k L
ThHOTHPWERDIEHMEN L Db DEEZ BB,

(vil) BoFfié [FF] omie

MoK EERT T7 71 ot T2EREY S L, TORKERDPEHBEAROHM & ThridirLic
SHEIC & D% LT Table 6 i L Li,

I bhELDILLSR, [7T7] OEKOERLERNMNIDRICEERNEERL Vs itoTk
D, FTOBK, BIOhbbhaBoifnt Fig. 4 Lo L5, BEam C5MSW19°, {1
1 22°) Tk SW Ol (BiEOTAD i Table 6.

KT NEM (BHEO L) e SEROEGMCHLbIS [77 ] OEEORR L5

D, TORKELBNUENA, BER SN ExLepm # B AT H G
& REH TR F AT R LD ﬂ%ﬁtg 4\% . | B Bk , N P ] N

DI

f deptE 56 NW 7°, {1f514°) e | i ' |
RO 23.0 | 6.6 12.5 9.8 1 11.5 6.3
TILEEARTEZ OFEAL NEM/] (RHm !
BFEAR DO 24.0 13.5 30.2|10.6 21.9 | 8.4
OTED Wi/ANEZ OXFF R H S 1 | !




— 10 — HERRGIstisE £ 715

b Ts ), B EfCBEERD
TR B T D Bt [751 o plEo FHicER
Kb LDLTVE, THILK
WL, BRI OWEAR TR L DER
X NW e, B/NEEOXIBR I HA
wihbbh, WHERIC HRT0°#x
L ThHbbh T\ b, ¥, EHT

.
FFOH{z R IERICED 1240

B8 CE-W, \GLALTEE) JERE(NW TOIr B 140D FEHET :(SW 1T (P B22°)
Fig. 14 (77| OEBMOBR LRI HEROBORE (& [77) O LARKRIC I 5
(R SRR, P < A THACIE NW IR T SE

fcd bbb T b, ZROMLINE LA EHARHH TH Y, LERSTID X5 [77 ] OFHE
EAREOHEC L 2 DTH B E S hlEd E LTV, TTICFig 12 TLH L [771 55
{67 ZBFERTLAER DO Fig. 13 K Lo LA S L OFFHOH bbhfic b, TLA,
HRROEENC L BBV LA EINB LS Th D,

V HROSBOFEL EEDER

STER OB & LTh bbb T % [7 7] RIEHEELY Lt ROBIZ2L bhvsd Diel
BRTEDHENCHULBLL 2 2B bDELT, TTILEL DEFFENTLINTE D, ot ORI
ST AT BT D 2 5 = K2 2 LT LIE LIERBES R, £ O LoliEd LEvich 25
PEERTE D, JILIIEF, Hortman kL ORHFRFEL L ST [7 7] 2LT LA OVTHE
BAGIT WL oD DBFEN K b b T2,

L Liedihb, Y0 X5 g Trnidd [77] ol bhvan i w3 X5 i snTiiiz A
ERHTH Y, LIcn>T [7 7] OBEAHROTAD 5 2ick LT T FRERFAOZ &
RENI S ILEbhd,

ZOFEL V= Y OEERIC OV TCOPFEO—IT, HiER & F— OB T oMK oWT 7
T OHLEND B LS DT, TTRHESBICONLL S CHEE T L IBES U iciRE] 41,465
ADEFHDOS b, SLrd [T7] Bt LThied Dix 6,185 = TE DR 15% » [7 5.1 Luvbh
L RRMFCBEE L T e 2 b,

ZITRIDL S 771 OFE{HREGTHTRTE VBT T, ThriBHEOMRG OTed T, &EERE
FNOHEHLIRETE DI 3 bbb T Bh%E LAS & L,

r7fJ@ﬁkmiﬁ%@%ﬁ%@ﬁ%k%ﬁ%m&<f,mmeﬁﬁ%%%%%wthE&%Ok
HEdREIL DI, TOL S REEDHFERL, Ak, ThrsbT2ERTEH Lobhiilrs b
W DTHDLH, FHC (771 o T2 02T TERDENOEADEHHBELLTLDHD
M, ZDX 5 BEBEDOE LT BREY T OEELMTIRIT LICHERS G2 Db LD X5 & L,
Fichb, SHOKMHE (MHEHOEE BMBOXREILY) LAHRROBUICoWT, Fifgn [7 7]
i Bk &, TOOTRERDO & L7n b REEZ AKX D Fig. @t~y Fy 7L TLHL, Thhrb
[7 7] O LT HEBNERZMHC VT AIRGEL L THrbRD b D EE LT,

DX RBEORSE, [77] 0bbbh T RIS & b &R ckiic Licni>TER



R EOIREFIONIZE (B3 H) (I — 11 —

SIS T 2 —#DHFEEY Lo L, HEHRENHEEIC B LT 2B ZElnh L dbhb, Thb
D5 b, FFENTLSDLBIRINDE ZENBIEJDLS TH D,
1. #m|mE (77 ok
(1) 4ElRM 1.5mm <HWOd o [7 7] CRDEHIIMEC L OTUR LA L bbb,
(i) SEED 1.5mm LIEOd DA [7 7 § IS/ DERIIZEHO S OAFEILOARL bbb LB LL
o,
(1) s 2.0~4.0mm OH\ - ECHEILOMNECS bbh s [7 71 OFERIlEIE 10% LITFT
o T\ 5B,
(iv) M 4.0mm Y Eodop [7 7] s Bt Asm R »EamE Ceam) Xv
2\,
(v) FiDiemic L 2EEMTOMEL 50% LT T, b, B, EHoldic 771 oBFE&
DAY, 50% LI E TR OIEAL 2 i feo T B,
2. #RAoBHEL [77] ook
(1) M2 1.5~4.5mm OH\WIEZTRENZ [7 7] b T2EET, f, FEROIHCT
<\,
(i1)  FEFDIehIT Ld D EEERRBOLE 76% LIT TR 7 71 OEEIITERCE 220\,
3. WEtEE (77l onie
(1) 77 offtcin»3 238 ESoF IS8 (RAM), & Jeshm), st &5
DIz s &\,
(i)  [77]) of{ticicnT 28 EEOFELERMNA 4.5mm LTOd0rdbbhTh%5,
FHE OFEHH_ LD _LFIC L2 Tie 7B D10EIF 6.0mm BV OFIMN S TH D,
(iii) 4RO 7T Lod BAREEEIT DR 30% LITE 75% LI EE T, HESRDO OO
[7 5] OEEgD T, 30~75% DH\ W IETIIHI FEOEEILIT LA LS bbb,
4. srofERlE (771 onie
(i) WEARCTHERTN 1.5mm CHbULEENVELT, ThUTO ORMEOFRC, FThllk
D DFEDOF T [7 7] DKM, i, WADKFMC [7 71 OERM L L bE
IEM OEIEMBEOKRE IR RF LKL b FERMOBGCFHICOAH235) 2, BEE
23 10° LIT D & 32 DEENI T L AMAEOF RIS o d -,
(i) WERTIE [77 ] OB ShefEOHFRIC» L, WTFhOFRTLHEHMBOAREI LD
HEM F CILIBIG R BERA R BB,
(ifi)  L7ea->7T, 1.5mm DTOFRNTE@EERLBERET [77] OHLLLTVHRN S
L hZ iTinb,
5. @EHoAfE (77 onik
[77] Ob bbbt VBROF IS OF I EH SN 52, BEAR LHER L TRR—0FEY
500 Th, TOSLAERE IB/MNT IR B H AT 90°~180° DIEfIAH bt T %,



— 12— HRRBEIERE 1717

2 £ x B

1) Il & RERPE OZRHRESEORIE 5| ALIREEIE b ¥ < YR OFHRT & B,
HEARGF RS 61 5, (1953).
2) FEREE KM EOFMEYZNIE 6 # JUEEEHE ¥~ Y OfL4R & Lo

R, MSEABIBII ey 61 %5, (1953).
3) BHXE | iROIERER ORI, FHIRFREMERE 18 3,

4) M. Y. Pillow & R. F. Luxford: Structure, occurence, and properties of compression

(1950).

wood. Technical bulletin No. 546, Forest product laboratory. (1937).
5) P. Jaccard & A. Frey: Einfluss von mechanischen Beanspruchungen auf die Micellars-
truktur, Verholzung und Lebensdauer der Zug und Druchholzelment beim Dickenwach-

stum der Bdume. Jahrbiichen fiir wissenschaftlichen Botanik, Heft 5. (1928).



KA EOBRMENZFHDIE E8H) () —'13 —

Takeshi Kaxo: Forest-biological Studies on the Wood Quality. (Report 8)
On the occurencz of compression wood in the Todo-fir (Abies sp.)
forest at the Atsuta district in Hokkaids.

Résumé

In this paper we describad the results of obserbation about the developing
frequencies of compression wood grown in the sample plot of Todo-fir (Abies
sp.) forest.

The appearance and the development of compression wood were not recog-
nized as monotonous increase or decrease in growth ring, but seemed to be
dispersed abnormally from its cell form and organization.

So this process had to be obszrved by analysing the elements of compression
wood, but in this case we respected for the variations of tendencies that were
combined with the developing frequency of compression wood and the other
elements of growth as shown in Fig. 3—13.

The gzneral tendencies of these characteristic variations were as follows:

1. The relation bztween compression wood and the conditon of sited slope
in the sampe plot.

(i) There is no relation between the developing frequency of the copression
wood and the sited slope of the tested woods havings the width of annual ring
of about 1.5 mm.

(ii) The developing frequency of compression wood that has the width of
annual ring of above 1.5mm has higher valuz at the ridge than the southward
or northward. slope.

(iii) The developing frequency of the compression wood that has the width
of annual ring of 2.0 mm—4.0mm has the value as under below 10% with
stability.

(iv) The tendencies of the developing frequency of the compression wood,
‘that has the width of annual ring above 4.0 mm, are more apparent on the steep
(southward) than on the gentle slope (northward).

(v) In the case of annual ring containing brown colored band below 50%
as a kind of rot, the developing fraquencies of the compression wood have
higher values in the order of the northward slope southward slope and the ridge
slope, but above 509 this order is just reversed.

2. The relation between the group of the storey tree and the developing
frequency of the compression wood.

(i) The developing frequencies of the compression wood that have the
width of annual rings of 1.5mm—4.5 mm, have higher values in the order of
the upper, middle, and lower storey trees.
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(ii) The developing frequency of compression wood in the annual ring
containg brown colored band. of about 75% has the lowest value in the group
of the lower storey.

3. The relation between the developing frequency of compression wood and
the height of stem.

(i) The influences on the developing frequency of the height of stem are
apparent in the order of the steep slope (sowthward) the gentle slope (northward)
and the ridge slope.

(ii) This tendencies (i) appear only in the range of the width of annual
ring of below 4.5mm, but the influences of the slope do not appear remarkably
in the range of the width of annual ring above 6.0 mm.

(iii) In the case of lower part of tree containing the brown-colored band
in annual rings below 30% or above 75%, the developing frequency of compre-
ssion wood has high value, but the tendencies influenced by the height of tree
do not appear so remarkably in the range of 30—759%.

4. The relation between the developing frequency of the compression wood
and the sitedslope.

(i) In the normally grown tree the developing frequency of the compressi-
on wood has high value both in the direction of an elevation in the case of the
range of the width of annual ring of below 1.5mm and in the direction of an
depression that of above 1.5 mm. .

(ii) So the tendencies of the developing frequency of compression wood
are variable in the direction of sited slope below the range of width of annual
ring of 1.5 mm.

5. The relation between the frequency of the compression wood and the
angle of inclination on the sited slope. )

(i) In the normally grown tree the range of the width of annual ring
increas to the narrow part of annual ring, and when the more developing frequ-
ency of compression wood appears in the direction of site where the angle of
slope is below 10°, this frequency has rather high value in the direction of
elevation of slope.

(ii) In the suppressed tree, the developing frequency of compression wood
is always higher in the direction of the increment of slope, and in both directions
of slope these are in proportion to the angle of slope within the limited range.

6. The relation between the developing frequency of the compression wood
and the direction of standing tree.

The direction of standing tree, in which the compression wood occurs, is
influenced by the direction of sited slope. But even if the influence is equal in
both of the normal and the suppressed, trees the directions of standing tree in
which the frequency is the maximum or minimum are converted the orientation
at 90°—180°.



