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Table 1. all iE & & (% )
The result measuring (Cryptomeria japonica)

SR ] ]
o Years \ i&iﬁﬁﬂﬁ% E\IUE%%Q M}\ jl.] Iﬁ @é ?/XTE{EEJ‘;I:)]* *&H\M‘ié’uj’%**
X4 e];fgiid Z - Resisting Inclination itk *
. € Inclination Basal power of angle of
(f:llcaastsitmk Cu;sélg angle Ij)?r?:sir diameter uprooting stump Note
| i o t o
a0 T (em) (ton) )
25 31 (30~-32) 5 40 (35~52)] 1.37(0.8~2.2)] 6 (3~15)
23 16 (12~28) 5 42 (40~55)| 1.29(0.4~3.0)] 6 (3~ 8)
{74 21 33 (32~37) 5 34 (25~50)| 0.75(0.2~1.4)| 7 (4~10)
20 33 (32~33) 4 46 (42~58)| 1.35(0.5~2.8)| 7 (5~~10)
® 18 23 4 46 (42~54)| 2.04(0.8~3.4)| 4 (2~ 6)
a 15 14 (10~18) 4 42 (32~58)| 2.03(1.0~4.4)| 5 (2~10)
BE 13 39 (38~40) 3 58 (55~60) 2.95(2.0~3.8)] 6 (4~10)
z 11 28 (27~32) 4 43 (35~48)| 2.99(1.0~4,5)| 4 (2~ 5)
. 7 | 30 3 | 39 (38~40) 5.13(1.4~4.8) 4 (2~ 7)
N L
6 | 33 (30~35) 4 51 (34~73) HEAT g
2 38 1 30 Measurment
“ impossible
g 22 7 1 19 4,16 5
RV 21 9 ( 5~18) 4 18 (13~21) 2.38(1.5~2.8) 4 (1~ 6)
) 17 22 (16, 28) 2 13 1,91(1.6~2.2)] 5 (3, 6)
=
2 14 24 (20, 27) 2 14 (10, 17)| 1.45(1.2~1.7)| 11 (6, 15)
* 5 10 | a1 1 6 0. 60 30
» 7 19 (10, 28) 2 6 0.40(0. 2~0.6)| 10 (5, 15)

#) Note) () ZHEMOEHPE The range of measuring values, * S KSUBRILHL Maximum resisting power,
sk f5 KPR IRTT 7 MBI O ALY Inclination angle of stump at the maximum resisting power.

Table 2. @l & # B & v = V)
The result of measuring (Pinus thunbergii)

X g | omoaey| WmEats | BEE | BRI DY | B A s
. after o S . N
et |y Inclination N ... | Resisting power Inclination
%I;Stsi:) l Cu;flglg angle III)?Y?SS? Basal diameter of uprooting angle of stump
| . -
planti o t o
s ) rees (cmm) (ton) ")
& 22 30 1 60 0. 50 20
- 18 33 3 41 (39~43) 0.40(0, 1~1.,0) 22 (15~30)
% 2 17 24 (22~24) 5 34 (28~-38) 0.37(0.1~0.7) 13 ( 6~20)
2 16 22 1 43 0. 60 24
HJD 8 17 ( 3~30) 13 36 (25~48) 1.37(0.3~4. 3) 14 ( 6~~16)
5 23 5 19 (13~24) 0.40(0.1~1.0) 5 ( 2~10)
21 | 30 2 12 ( 9~15) 2.16(1, 0~4,1) 20 ( 6~45)
j§ 17 1 3 2 13 (10~16) 1,92(1, 3~2.6) 26 ( 6, 45)
) :o 16 | 13 ( 5~24) 5 11 ( 7~15) 1.34(0.8~2.1) 22 ( 8~60)
£ 15 22 3 13 ( 9~16) 1.48(1,0~2.1) 35 (30--45)
g 14 24 3 7 ( 6~ 8) 0. 47(0. 4~0. 6) 25 (15~30)
A 13 17 ( 6~-20) 4 12 ( 8~16) 1.75(0.7~2.9) 20 ( 8~30)
@ 7 8 ( 0~14) 7 7 (5~ 9) 0.69(0. 26-~1. 5) 56 (30~-80)

) Note) (), #, #x Table 1 &4, See Table 1.
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Table 3. woweE oW R o7 o= o)
The result of measuring (Larix leptolepis)
T o |
X 5 |clapsed | BEEBA | TG g o g | BRI | BURMR o
after TR S . e
S Inclination : Resisting power Inclination
Classi- | cutting Number | Basal diameter )
s angle - [ of uprooting angle of stump
AN antin frees. |
(yrsy ) ‘ (em) | (ton) )
26 0 2 40 p0.20 15
1% 20 16 ( 0~23) 6 35 (28~43) | 1.00(0.2~4.0) 11 ( 5~17)
ﬂg 17 9 ( 0~20) 4 40 (27~48) | 1.27(0.7~2.4) 9 ( 5~15)
[ = 15 25 (20~30 4 47 (40~55) 1.96(0. 8~3. 2 10 5~20
=
e 12 0 3 24 (23~25) 1. 07(0. 6~2. 0) 9 ( 3~15)
10 3 ( 0~13) 5 34 (28~43) e 26(1. 8~4.1) 8 ( 2~16)
e B - - S — e S S
Y 63 24 2 18 (16, 19) | 2.75(2.5, 3.0) 10
T 24 30 11 (9, 12) 0.84(0.3, 1.4) 23 (15, 30)
ke & 8 0 8 ( 6~11) 0. 67(0, 4~1.0) 32 (20~45)
) Note) (), #, #x Table 1 &, See Table 1. 7 )
Table 4.l &  # R (T )
The result of measuring (Fagus crenaia)
T | D e
Years | BN B KK ME B Rk R Bk A AL 4
X 4 | elapsed | b i ST S RS Bt ‘J iy
after | c o .
. : I Inclination v . ) Resisting power Inclination
- + f 1 o ~
%?:tsiim Cua;;ldng ‘ angle Ig?r?egs? Basal dlamet,eli of uprooting angle of stump
plantse () frees (cm) (ton) ")
23 | 7(0, 13) 2 | a7 @3, 50) | 0.59 Lo2(1, 3
‘ |
e 16 7 (4, 10) 2 89 (88, 90) | 1.05(0.8~1.3) 13 (6, 20)
12 0 3 49 (29~65) | 1.36(0.7~2.4) 6 (1~ 9)
= 110 1 58 | 0.60 4
7 14 (9~22) 10 28 (18~35) | 1.40(0.1~3.2) 4 ( 1~10)
g 6 12 (11~12) 6 22 (17~28) 2.70(1,0~5,2) 3 (2~ 4)
S 5 | 4 (0~12) 3 23 (18~27) 2.96(0. 6~~4.5) 6 ( 5~ 7)
P i
H}O 4 6 ( 0~11) 4 21 (15~26) | 2.56(0.5~4,8) 3 (2~ 4)
N | |
3 17 3 11 ( 9~13) 0.69(0. 3~1.0) 5 ( 4~ 5)
0 6 ( 0~10) | 9 16 (10~24) i 2.96(1.0~5.2) 8 ( 2~15)
bt i
T o 150 16 ( 0~28) 3 18 (17~-19) 4,25(4, 0~4, 8) 9 ( 8~11)
xS L
[ s | N
) Note) (), #, #* Table 1 Bf{, See Table 1.



Table 5. @ & # £ (LEH) The result of measuring (Broad-leaved tree)
{é?w BAEE 7; | ‘ - - )
) | Years |\ oy o gm oy g | ‘ ., B B AT B S LR A A iR
5 4 |clapsed| MRBA o p e | BOHUEEBLUR | BUBRERL S o -
Classi- ‘ngieé Inclination iNumberl Basal diameter Resisting power Inclination
foation andg angle | of tost of uprooting 1,amgle of stump Tree species
lantin o tr °
Plrsy ¢ e (cm) (ton) | ()
% 30 ; 7 1 25 0. 04 10 7} Castanea crenata
o 17 17 1 16 0. 60 4 + 2 5 Prunus jamasakura
% o 6 14 1 29 4,91 12 H 7 Quercus dentata
HE 4 14 (10~24) 4 17 (11~25) 1. 3000, 9~1.8) 7 ( 2~13) ¥ 7 # v oN Betula platyphylla, 7V
W 1 31 (29~35) 10 13 ( 7~19) 1.74(0,5~2.8) 8 ( 1~15) I X+ 5 Quercus mongolica, 71 75 Acer sp., %7
7, A3 Malus sieboldit, 7V, 77V
o 26 32 (30~36) 4 15 (14~19) 2.49(2, 0~2.9) 11 ( 4~20) I, YSHYN, 5, aF5 Quercus servata
O 18 5 (3~ 8) 6 11 ( 8~15) 1.54(0.8~2.2) 10 ( 7~14) YIHVN, BT 5, 773 Plerocarya rhoiforia,
- 7N Carpmus cordata
& 17 15 3 11 (10~12) 1.74(0.9~2.3) 9 ( 5~14) YT H VN, I XF Cornus controversa, 3 X+ 7
2 14 31 | 2 12 (11, 12) 2.04(1.7, 2.4) 14 (10, 18) VSRS, T TR
g 13 22 | 1 11 1.35 30 N2 =
A | 10 34 ; 1 11 1.88 30 aF7
9 6 24 | 1 5 0.49 30 VTRV
7E) Note) (), #, #+ Table 1 21, See Table 1. )
Table 6. #] & %5 % (#IFK) The result of measuring (Sprout-tree)
| i I ' i o ! '
B L e A S t " e i MERR A ) ok
AV wwmmn  FRE L SPOML_ pwmamast | gommmoe | BHERAY |
clansed T LRGN Inclination ket FE
aﬁﬂ Inclination Nmmmr'JA%Kzﬁmhde(ﬁbmﬂ]%ﬁﬁmgpm%r angle of
€ ., o verage : | . : :
cutting angle of test | Average basal diameter of uprooting stump Tree species
(yrs) *) trees |number dl?glet$r (cm) (ton) ()
) - i ] m) ‘
26 26 1 3.0 9.8 30 2.05 ) 7 ) Castanea crenata
18 8 2 3.5 7.6 27 (26, 27) | 2.32 18 (15, 20) | 7 7 Pruwus jamasakura, F/~% Phellodendron
| amurense
17 16 (15, 17) 2 7.5 4,3 32 (40, 25) 30 (1.4, 3.2) 10 (5, 14| ¥27 7, H=xF Acer sp.
10 | 36 (34~38) 8 8,9 3.1 28 (14~37) | 1.82 (1.2~8.0) | 19 ( 3~30) | #7223, 2V, 2+3 Quercus serrata, +~i/s<3
Corylus heterophylla, I X+ 5 Quercus mongolica,
v 7 Hh VN Belura platyphylle, 7 =5 Acer sp.,
7Y Quercus dentata
6 16 (10~24) 6 4.3 4.1 18 (10~34) | 1.30 (1.1~1.5) | 14 (3~35) | 423, 2V, Y=+ Pyrus pyrifolia, Hv 7
Quercus dentata, ~/33 Corylus heterophylla,
Va7 Clethra harbinervis
7F) Note) (), *, : See Tabel 1. T
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F R — v DRI SRITERL 20 cm %, W25 FA I TOMEICE EFE o7c, Licdi- TRR
RCEBIERZ DM E L, BERORESIIARDEAICHEILER EHRBERNOBERPEET 5055
DEMTT 2BEND - 12,

FE R FRERERT V& UTHREEO KRS LREORBIZER LA, RBE, KE, BE, &
W, B EEROUERRAPRELR GUIRERRBRERBCBIEERE, BRAREREEE) LD

Table 7. FARMEIRT ¥ 7 — ORRERB O FR

The summary of ‘the strength test data of stumps for skyline anchor®?”’

| RTEEE O B o FE

K A% . The range -
R i NI~ To}%e br;Sr;%e of resisting T B 4
Tree species Number diameter ngiilgé Field

(cm) (ton)

¥ A Tochigi Pref.

£ B Hydgo Pref.

Cryptomeria japonica 70 17 ~ 48 ‘ 2.1 ~ 14,7 B B Shimane Pref.
& ] Kochi Pref.

! % Miyazaki Pref.

1 | | #% A Tochigi Pref.

7 j] ~ ‘y 1 =3 7, o
Pinus densiflora 2 16 ~ 46 .2~ 13.8 E ¥ Nagano Pref.
ft & Hyodgo Pref.

5N

n 7z < 7 ~ 35 —~ 5 =Wy . :
Larix leptolepis 10 14 ~ 35 1.0 10.5 K ¥ Nagano Pref.

7 7 _ £ ¥ Nagano Pref.

- 9 14 ~ 38 2,0~ 9.5

Fagus crenata E B Shimane Pref.
E ¥ Nagano Pref.

KOE OB QD Jt # Hydgo Pref.

Broad-leaved tree 43 12 ~ 49 1.2~ 143 | 2 M Hyogo Pre

(13 species) E R Shimane Pref.

= Miyazaki Pref.

Table 8. I ARDHILEZE (D) LB (P) OBF
The relation between basal diameter (D) and the resisting
power of uprooting (P) of standing tree

S } = e
Kfjl ree specle};[ Nzﬁmgér *%%IE%I}E?? R%Jgressio'}f equati\)‘n
éryptomeria j—;pom‘ca | 82 0.9153 log P=1.530 log D—1.451
Pz'nu\: m;nbe;/gii 53 0. 8660 log P=1.526 log D—1.432
Lari; lep?olej;yis 17 0.9318 log P=1.802log D—1.857
;agus cr enam 21 0.8442 log P=1,266 log D—1.046
é\road%aaveg%tree 6l 0.9134 ~log P=1.482 log D—1.327
%ﬂpmuﬁree A 19 0. 5989 log P=0. 453 log D—0. 395
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RUEZT 72O T, e REROBRHCINA THEE & RIS OBRE Rebfo, CHUCHA Lo gk
DOPFEZ Table 7 DEB O T, ZORPEMICITIHE & HMEDL) DBRIC DO TR T & Table 8 O &
BOTHO, MHEGRE, W& 1D DKETHETS » 72, FMEC DML Fig. 2~6 I
TR LIcEBDTE D, COMITH SN DL CHE OB T TOLERTIRIEEA DS
W ERHLEHTH S

AGRERIC BV RO TIRIEENSTH 2700, WA E QHICGEN T 28 LIt &8
BT, REAE UTARBY AR E RO A, £IE, SN0 LA, Lok
ERRDOEZDLRESOEFOBR S HHEE 2200 o ke, RO OB E N T & LT—ED
BUZHEE LGB b D EWVA 5,

T IO T EB L PN I R U

EDRER S OB ZHDT, Fivk
— W DHEIIEIBPICA T icizw, WETE 2 ARE LTI Table 4 &EBH 3ARITHEIS 72,
LD LEIZEOIRAEED 9 bRGAGIK 0475 - TV S0, REE# 6 pHITRETOLDT, W1
TSP 5 JoDTAARE LTI~ 720

SE A

“’ 7z LL. '{77 [ =8 H“j/'\d) \/ /}\ Hjﬁ S e ) M\ Ch 5 “l;)@f)%fj/) A 77J§, 7\\“&’

BT SNV IEBER SRR ZIX
B Utze P Lo B 8 BRI CH 7208, Fig. 6 27 my FPINTWEEDTEOHRZ Y, X+
?,ﬁvfwi,zf?f,omdﬁﬁﬁ,7§ﬁyﬂ,if$,ﬁWV”T%%oC@W%@@T%%
B &SNS BT E O BBUES D50 K 512D SR 5. Bk
WS, IROIZREREETEAS T, %R VI, VERIKEL, COBERMALE2 20 v —T IS BN A

WAL CBIEEBNCIR S Tid7s

£O5ThB,

2) ALKROF

R 2SI
HE D HTEEIEE & RHUEF I O BRICE 1 2 HOCEIE IE MR I B Ui b 0 & — B RUE L7chs,  [Rlk

B, FURADHS TS - THERBOESA S, Kokt

BEHDISOOTHRENTIE Uit &9 5 2 Eldad
T L O TILIL D,
AGKER T MBS U e MR & HEE9 5 7ow

12, Bl & oo
A3,

A W S a4 SRR D

WADEEE D 5 Bl 20T

IRENTWT, b B OB FREW] o hic Lo
BHIE EAERY oo Jiniips EROCEIE DRI

RIRE, MRS, HE, AR EIC L - TH A T R s

0%, S LTORDKRD HDJE D3I i <
BT LLDEEZT, M T O M HE R T, . L
10 50 (em)
ZFFEE SN T ORI D — K Sl
OWFEM A D - 7208 PG 11~49 cm,  EEARK Fig. 7 Mwwf&+m[ X DM
1K) T oo % kbt o Fig. 7 T (%)
o l , Relation between diameter breast
%o BADATAMDHEMITNLNT 2 M2 IR LTz, high and basal diameter (Cry-

Jm ey AR A S U o S SR b e MR R bk B ptomeria japonica).
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W TEE OBEIE L BR GAEAM23A) ©H 54, Fig. 8 TALNLXHiC, JimERE 18cm
Bk, ST 26 FALICHEM T 2 BRDME S NIICBE IS 5 72,

7~y BERBEWNDEN BEKREEN O ARBPEBEX T JE L (BERRATA) »omE
DEAZERD DY Fig. 9 TH 5,

TFICDNTIE Bl & BB ERICE S 28R 32008, TR ED oG5 £ oMmEsRYy
7o W EBEEROMAIE Fig. 10 0L 650 TR TR RERBENHYD Shic, T OERIZMK
i 40~130 FD H DT, A0HFLTD DI OVTEHIFA ST, 7 F RGP0 aEN & IR
CEDPBLDIDBBEAMBELT 26D EEZL N, WEEREEETEE (D.B) OBKRICDNTIRE
3R (A, sewy, #7=Y) 2BZIARAD B=sD.B.H.+a

BRE SIS 572D T,
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40f 50
5 30k & 40
" 30 450
il § (ors)
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P
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Fig. 8 MEER & RTERORER 0 o 30 ao(em)
(// o< /> Dam st high
Relation between diameter breast Fig. 9 WEEELETEROBZ
high and basal diameter (Pinus (h5= /)
thunbergi). Relation between diameter breast
high and basal diameter (Larix
(em) leptolepis).
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Fig. 10 #hb & Mo i o B Fig. 11 MySBER SREROBE G
Relation between stand age and (779
diameter breast high. Relation between diameter breast
(74 EOBR I L 2) high and basal diameter (Fagus

(Fagus crenata : data by Inapa?) crenata).
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Stand age
Fig. 12 M e olE (LEEED
Relation between stand age and basal /\\/
diameter (Broad-leaved tree). - :

PR OB (7 =)
Relation between resisting power
of uprooting and stand age, years
elapsed after cutting (Larix lepto-
lepis).

a cutng

pe 3 I
Fig. 13 Skl e [T ORI & s
RIS DB (A F) |
Relation between resisting power Fig. 16 B F 72 12400018 D SRBAR R &
of uprooting and stand age, years PRSI OBE (7))
elapsed after cutting (Crypiomeria Relation between resisting power
Jjaponica). of uprooting and stand age, years

(ton) elapsed after cutting
(Fagus crenata).

e TS
0 20

[

o or ol

Fig. 14 MRl 2 3 RIRK ORI & Fig. 17 kil % 72134k

HORSHT I OBR (7 =) PR OB R
Relation between resisting power Relation between resisting power
of uprooting and stand age, years of uprooting and stand age, years
elapsed after cutting (Pinus thun- elapsed after cutting (Broad-leaved

bergii). tree).



88— HERBRBTRRS #3135

DEH a-bxzNZ21n3.30 LI LIELT CORFRE Fig. 10 OREERZ D S BunEEE R 5 &
Fig. 11 D&BVTH 5, HOLMOBRITRILEBICIRT 2 Wiz R L,

JREER ORI DN TR, BIRIICHKE & ISEFROBRDBE ONED - 72D T, KHRBROMHREAKI
WTHS IR THEOBEBRER LIcD) Fig. 12 Th %

COEIICLUTHERC SICBETEERZIEL, SIS LckiB g 4 Table 8 OREBR D St
A, Mis < Licskd TR EMERT & Fig. 13~17 OO & B TH 2

T T THONIIROME & IR D O Z(LOMEEZ, WITEE & OO X 51K & 75 hhsir
DEALTRIEL, POWARDERMEBNTITD DS S Z 1z,
2. £ | B &%

D RO EE & YRS

ARERMR BRI ORIRICEE » TAM RO IS, ROBTFHMNE {185 LIBRIDLHEIZT 25 L
TARBBICIZ 0%, B OKEHIEF L THEDT, ZHER U THEMOBERE Ui,

AR BAR R D IEAIRDL IR D S SRR OB 28 & UTERBAT TR Shnid s
Th 20, ARBRTRHERER T EOBERBTAE NS - e BRBERO DIV V-7 220
W=, ZOHhs SERIDSILIRINS 1B 5N e BORERIC OV THREKO R L RIED IO %%
Sk, EOERAENEE Ui,

HIE U e BRPE R BNCIE UK i 773 » b4 4 & Fig. 18~22 O &8 DT BERINICIZIZERE K
BRDONTz, TOMRICOOTHEEKE AR ERD 5 & Table 9 O &80T, RIBRTIZME 4
DOBFHRED EBRIC LD, FRIEH D ST v £ KE 0 RICER B S D10 - el L s kR IZE S
NnNiE» -7z, L UBBLZOENITEONIZDT, ZOMEIPLAROMTEZEDEC ELE L,

Table 9. RO RITLEE (D) SRBIEES (P) OBk
The relation between basal diameter (D) and the resisting
power of uprooting (P) of stamp

- R | o
ot i sl | MR AR " S
Tree species ciittierllg Number, %%2%3?2?;1 Regression equation
(yrs) | o
= S . | 11 5 0. 8687 log P=2.935 log D—4.297
Cryptomeria japonica 21 5 0. 8587 log P=2.356 log D~ 3. 808
yomo= v 8 10 0. 7759%% log P=3.037 log D—4. 604%%
Pinus thunbergit 18 4 0.9719% log P=2.457 log D—4.234%
R 10 4 0.8190 log P=2.075log D—2.728
Larix leptolepis 18 5 0. 6766 log P=1.530log D—2.614
7 > 7 7 0. 8870%* log P=2.086 log D—2.852%%
Fagus crenata 12 3 0. 8543 log P=1.279 log D—2.062
T 1 10 0. 7281% ‘ log P=1,283 log D—1.206%
Broad-leaved tree 4 4 0. 9578% log P=0.778 log D—0. 831%

* S}gmﬁcant at 59’ level
#% Significant at 1% level.
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Relation between basal diameter and
resisting power of uprooting at classi-
fication of years elapsed after cutting
(Cryptomeria japonica).
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Relation between basal diameter and
resisting power of uprooting at classi-
fication of years elapsed after cutting
(Pinus thunbergii).
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Relation between basal diameter and
resisting power of uprooting at classi-
fication of years elapsed after cutting
(Larix leptolepis).

Fig. 21 {kiRk O RLBEE,
E & AR O R (779)

Relation between basal diameter and
resisting power of uprooting at classi-
fication of years elapsed after cutting

(Fagus crenaia).
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Relation between basal diameter and
resisting power of uprooting at classi-
fication of years elapsed after cutting
(Broad-leaved tree).
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WELIEHHED S 57 v =Y ZAF B LI OMOBEIC AT, & QICIHBOEHNEL, KR
MTRERFEEDSE {725 LMD AETIR HIRBICIE 2%, BRIZEHNELFEES L ED TN
TIROBEZEDREIC BRI » T2,

H 7 = BIRER DS 30~40 SR 7L B SR ATRAMREA U T iR & B O LI IE &, ik asikds
EZRET B 5D AT IR0, ARBOEERIC SWEELZT IRRIB R e, HEREsERk%
TH->TeOTHERE UTHEM LU,

7S 2 GUIEIER TR ENICHIER L OEHORNC ETRIANY, T OB KRR E
CBEGECHESBO DI ORROBERIIHR T & /2, Z OO EERNIIRMRE O BREK D
T, BITOREIIAE RO ERITALICHERT % /2,

2) ARERA R ORRAER & BURIES D

PR DRGBAER S SARIEA I OB RRIBITER L —E S L, RiREOFEHORBITHE - TR

USRIEIL D83 2 EHEE T 2 C Licii 5, 0 TR —TOMTERE ST & & RIBZ 50 4

(F7+0H 1004 &L, COMILHEEE Fig. 7, 8, 9, 11, 12 »oRpi, KYOMTHEHER R F
40.4cm, 7w =y :29.2cm, A7 =Y :31.9cm, 74 :36.9cm, LI :20.7cm ThH 5B
PRABAREL & RABIR T D B RO AERE IC BRI DRI M4 3§ 2 R OIKIRIKIL 1% Table 8 2 S

ANCRYD B EEbic, Table 9 P SEGEBFHICIE U 2R IHOTRIC M 2L H AR 7o, &4
FE & S PRBARICIS Ui iR 02 2 A&, 2RO SR O BARIRHT 2 N2 e 3 S 5, BRRE
B DEAICHE » THIFT 2 HARIEPL ) DML HEE U7z, < OISR 0B AT 508, ER
cEMABC EICKDEITKCHEA LT,

P =aeb¥ +¢
P iiRURBL, @-bec ot BB
CHASEHOIE, YRR O RRER

2R L OBEAHHTARIT V= 125D T ¢ BREVESIIEY T,

FREOMRINE 50 (7 F13 10048 & LAaB40 SBFERIC I Uk IR ) O#/AIE Table 10
DEBYT, FOMBEAT Fig. 13~17 DAB TR LI,

Table 10. REFIEHROBBT (V) EHREHT (P) OBF
The relation between years elapsed after cutting (Y) and
the resisting power of uprooting (P) of stump

= 7
mjl‘ree speu&iﬁ *(E;Ofsilg{gm% }g]gfessmjf equatiiotn
coefficient

g\?’yptomeria j’ilponica —0.99853* log (P +0.029)=log 0.990—0.049 V'
Pz'nu? th;nbe;/gii —o.9981% log (P—0.176) =log 0.753—0.120 Y'*
fariz lepﬁolej;yis 09907 [0 (P+0.422)Zlog 0862009 ¥
;agus crenatz ~0.9998% “' log (P +0.213)=log 0.940—0.076 Y'*
g:roadj%avedmtree | —0, 9944 log (P+0.151)=log 0,.623—0,099 ¥

# Significant at 5% level.
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FEPMR D X TR HUR DR, i3
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FLTAR, BHOETHH L TELOT, 22 TRHTFADAEINIRE LTHRHT 2,

K2 T L 7e M 378, MR LT 5D

LEICE S TREATH 505, HARICDNT

BICHIR DI FER BN & LAINER DRI LD - 72 0T, N 10 BAF A 5 30 417 Tl
B DB, Ledt - TR T HEEAIC DO T, A Min 30 4 LT#HELBLTEEL

774

AT IR XN B E MR OBLENTELE L, ABN 5 A
CABERILTRET 0 Ebd 5, U LToiRk ’
SN TRALINC ARSI 3 2, ¢ ORRZE RO HE
AT Tw oy AL Fig 28 DEBVTH L, L e = e
B UBAR I 4 D BRZEASL SNEAREDIES st o
PICEO T L TREN D, FIME DS 2530 4RI75 5 Fig. 23 fhlin &A%
LIENTARRIT 2~ 3 KIRIBICIZEHDODE I TH Do ijizbzrgsf sprout and

D KISETTRED i & B E

A OBSTEIE IR R LT 2 B OMIE D & EHE - | -
& Uteo MSTTIRD ARHEICSE T 2 AT 00 B B4 i .
SO b 7'a w b LTEOEN %A 5 & Fig. 24 © | {&/
EBNTH Do HiHIE EEORBEO LA AT | ,}/@iﬁq
RIS 2 BARER ORI DBA SO & 515 e
BIA B Ui L ARIRH 5 ~16 FARLBY 2 £ TO ik = .
EHL DML DT, FIRBERORYETO 18 L "L T
SR PRSI P D ZALIZ AT ORI (RIR S Bt sanste
NI RR IO B & MBI 1 e s Fig 24 B “&%M%%ﬁ@%%

(R

s B - 2 L L S _
P, B LR B ARSI S B & £ biT, i Relation between basal diameter
BEORLZD REHE, TSR 72D T % O PRI T O i and resisting power of uprooting
) - A (Sprout-tree).
BERAMITHET LBV E D & TS LD, L LHfcici
LR GBS <18 - Th, WAHLHL O Lo | |
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Relation between stand age and
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o RESTOOT, ABBOBEERRHNC DO TR Ric 7 e v
r M5 & Fig. 256 DEBVTH S, #FO BunEREWRICH
B LT N TOBOAFEE Lichs, Hgci UcBnEZEo
ERAOMBICHIE ST 2 E PR YREBMEEIE /2, CCTHRS

PARIEIH
Resisting power of uprooting
~

e | AUPCHRENCIR IS U 7o BRTE R OO B & AT DR TT I & & ORI
DB OIS IC KIS U e BRI % #E L TH 5 & Fig.
TB TS0 96 g b,
Stand age
. . PSR ER D AR RS 1 13 4% %1% b R B RIR & 12 508, &L
Fig. 26 i & RIBESD © BGR ~ . o i
GHIEA) DIBRAIL L, HIBER D 3B IEL B > THIORED X 5
Relation between stand age LI DEIIZERD SN - 72,
and resisting power of
uprooting (Sprout-tree). V &R @it

TN ETREINICEAD IR, SRS X CHZERIC DWW CRIBES D ERE U TR 138580
ORI ZHELTE, THOLLARBTHEMABRRNLIERET 5L & 010, BIMPRSEERT 48
SRMPIC IR & U, TR0 2 SO BT 2BES RSV D LFEL,
Fo LIRS T IMORIBARZ B IBR D IR 3 2B INC B 2 S0 S HIHED & TEM Uic, LBARRT
BHARRO BTN ORI EEERD 2V RKIBC LU bhIc L, KEHILEBNE Uik
D458t & 75 2 BRPE R 2 fod—B b LI BAARD 2 FITHET Lic, U LAS0ERD L OHEE &
ZLOOESEAT, HIkEE LTORERIES, METELERORES, b TR ONERIST
L EMEEERICRET 25D LRVABON, ZNENOEOBmTZZHETEZD &R,

1. MKRBROBBERANES

(ton) _‘_;Dv*ﬁf}[rﬁ:m{:ﬁr;ge;’g’i;’mm D BRI IR O E AT 2 ST IT ROV IER
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P Fig. 27 BAREO AR OV TIRITEZ SHRBER DO
B (R PO IR ISR Lic b DT dh B, BisFAERIICT
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/ 29 SHBRDIR S O JIHINEE D D SRR S b IR
(log P) LicEZE (log D) ZR¥AE 2 &0 % HEHEGE

T 1T

L KL, BIfED 2 IIATH, KRKITEOZRREELT
* Vs o UKOHRBTRINEET 550 E LT, BHROKIRICH

Basal dameter

Fig. 27 BIERIORTIE L EE  F pRSEHELTY 5,

HLDBER (LA UL LASRBR TR ABTEZN 0 cm AT &8s &
Relation between basal dia- HRARAEHT 121312 6~7 ton IC4E R L, #i 50 45316, 4RI

meter and resisting power
by species (Standing tree). B 40cm WHE To RIBERIE, BEO RENSEE
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+ Cryptomeria japonica

Y Pinus thunbergii

) Larix leptolepis

" Fagus crenata
tre

Fig. 28 KB OMG & HRICEZ DB

Relation between stand age and basal AR KT /\)

diameter by species. Relation between stand age and resisting
power of uprooting by species (Standing
tree and sprout-tree).
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B2 5T Uiz,
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ICRED BEADRECHLATHERICY LT FASH 13 E3NT ), &E D oM
7% 1Zo/D & LT, CZOEORPIPEE D PEEICKHT 2RO BZ LD, i,

7 S 72 I3 C OOV NE DB EHLR O S RIKHCHIF N OHE S DI85 C LR W5,
C OEIZH A DTEARKIC QU - 7o -8 2 o1, TR — RIS E {2 L 2 DEIR/NES {3
C &b, HEEOTHOMS ORI U TEZEORAK & <, HRDH 50 RERICHT 2k
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COHETEBBICE - TRE ZMOVELMRIC L > TERO S 2BOMERIRED, BRIEHADMH
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The Function of Tree Roots upon Landslide Prevention

Presumed Through the Uprooting Test
Yoshikazu Kitamura@ and Senshi Nampa®

Summary

Landslides caused by torrential rainfall due to typhoons or fronts are influenced not only
by natural factors such as rainfall, topography and so on but also by the variations in forest
treatment.

The authors assume that a forest has the function of preventing the occurence of land-
slides because the existence of forest roots increases the shearing resistance of the soil. But
the forest loses this function when the forest roots are dead or decay after being felled. Thus
it is expected that there is a decrease in the above mentioned forest function in newly planted
forests or in regenerating forests. Actually, most of the former investigations of landslide
occurrence show there are more landslides in young forests.

Consequently it is supposed that forest roots change both in quality and in quantity ac-
cording to forest treatment, and the forest function against landslides changes from time to
time with the change of the state of the forest.

As it is considered that the soil binding power of tree roots is one of the important factors
in the relationship between landslide and forest, the authors tried to compare the uprooting
resistance among the main species concerned with their landslide prevention ability, based on
the assumption that the soil binding power of a tree is proportional to the resistance of the
tree against the uprooting resistance. The outline of the method, results and discussions of
experiment are as follows.

(1) Species selection for the experiment

According to the report by Dr. N. Karizumi, tree roots are classified basically into the fol-
lowing five types in this country.

Type 1 :Few long and large pendent roots

Type II : Large oblique roots and short pendent roots

Type III : Fine rope-like long pendent roots

Type IV : Exceptionally developed level roots

Type V :Oblique roots with many forking roots

The authors selected the main species which are distributed widely in Japan and have
different morphological root systems as mentioned above. The following species, as repre-
sentatives of each types except type III were selected.

For type 1: Pinus Thunbergii, Castanea crvenata and Quercus serrala which are broad-leaved
trees,

Type 1L : Cryptomeria japonica,

Type IV : Larix leptolepis

Type V : Fagus crenata and Betula plaiyphylia

Received October 3, 1930
(1) (2) Forest Influences
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(2) Method of the experiment

This experiment mainly consists of measuring the uprooting resistance of trees and stumps.
We used portable instruments so that we could move easily on many hillsides and gather many
data from the test trees. We used a hand-operated portable winch with a maximum capacity
of 2.5 tons for lateral tension and measured tensile stress with a C shaped dynamometer with
a maximum capacity of 3.0 tons and minimum scale of 20 kg.

As for the method, a test tree or a test stump on the hillside slope was selected first, next
two other trees or stumps as anchor trees were selected on the slope along the maximum
gradient line. We installed the dynamometer on an anchor tree and the hand-operated por-
table winch on the other anchor tree. The dynamometer and the hand-operated portable
winch were connected with a wire cable through the snatch block on the test tree. Then the
test tree was pulled and uprooted by the wire cable.

In the pulling process, the maximum resisting power ageinst pulling was measured by the
dynamometer.

The results were shown in Fig. 1.

The value (P’) indicated by the dynamometer is about one half of the resistance power
of the test tree. Moreover, as an angle («) between the slope direction along the maximum
gradient line and the cable direction varies according to the position of the test tree and the
anchor, we calculated the maximum real resistance power (P) of each test tree by using the
following formula; P=2 P’ cos e

(8) Results and discussion

When we discussed the data, we considered the basal diameter in the case of trees, and
the basal diameter and the years elapsed after cutting in the case of stumps as the main
factors. In the case of stumps regenerated by sprouting we regarded the sum of each basal
diameter as the basal diameter of the test stump.

The results were shown in Table 1~6. From these results we were able to find some
tendencies as follows.

1) Uprooting resistance power of growing trees.

Uprooting resistance powers varied with the size of the basal diameter in different species
and were plotted in Fig. 27 or were represented in Table 8. The relation between the resis-
ting power and the basal diameter has been represented in the following formula;

P=aD?
where P :uprooting resisting power
D : basal diameter
a and b : constant

There seems to be not so much difference in the trend of uprooting resistance power
among the species which do not regenerate by sprouting until the fiftieth year after planting.
And uprooting resistance power is affected more by the diameter which is considered as a
degree of growth of trees than by the shape of the roots.

The difference, however, in uprooting resistance among the species tends to become larger
when trees grow more than fifty vears old and their diameter becomes large (Fig. 28 and 29).

2) Uprooting resistance power of stumps after cutting.

The uprooting resistance power of a stump can be assumed by multiple regression analysis
using the data of tree diameter and years elapsed after cutting as parameters. But in this

experiment, as sufficiient data on variously aged stumps were not obtained, we used the relation
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between basal diameter and uprooting resisting power as a part of stump age (Table 9 and
Fig. 18~22). From this and from the relation between basal diameter and uprooting resist-
ance power of growing trees (Table 8 and Fig. 27), we calculated the uprooting power which
corresponds to the basal diameter of a growing tree at cutting age. Then we assumed the
tendency of decreasting resisting power with the lapse of years after cutting. This tendency
was applied to the following equation.
P=aetY+¢
where P ; uprooting resisting power

¢ ; the base of natural logarithm

Y ; the years elapsed after cutting

a, b; constants

When trees are cut at the age of 50 years (in the case of Fagus crenata Burume, it is for
100 years), the relation between uprooting resistance power and the number of years elapsed
after cutting is represented in Table 10 and Fig. 30.

3) Uprooting resistance power of stumps regenerated by sprouting.

When we measured the uprooting resistance power of stumps regenerated by sprouting,
we pulled the stump with both the original root system and newly penetrated one. Basal
diameter was determined from the total diameter of the stumps of the sprouted tree. The
results are shown in Fig. 24 and Fig. 27.

Though the uprooting resistance power of a sprouting tree is extremely smaller than
that of a growing tree, the resistance power of a sprouting tree does not change so much
during a regeneration period because the stump of a sprouting tree does not decay easily.

The relation between tree age and resisting power of stumps was presumed from the
relation between the basal diameter corresponding to each tree age and the resisting power
of the stump (Fig. 25).

The resisting power is estimated to be at a minimum at around the fifth year after cutting,
but there is not so much change in the resisting power because the total resisting power is
the sum of the resisting power of the tree before cutting and that of the sprouting tree.

4) Soil binding power of a forest stand assumed by resisting power of the tree against
uprooting.

On the assumption that the soil binding power of a tree root system is proportional to
the resisting power of a tree against uprooting, the soil binding power of a forest stand at a
certain year is represented by the sum of the uprooting powers of growing trees and stumps.

Though the density of cut stumps is the same as that of trees at the cutting time, the
density of growing trees changes according to their age by silvicultural treatment.

Accordingly, it is not so simple to assume the soil binding power of a stand at a certain
age of the forest stand. As the number of cut stumps is that of growing trees at the cutting
time (Fig. 33), the tendency of the decreased uprooting power of cut stumps is the same as
that in the case of the uprooting resisting power of trees. But in the case of growing trees,
as there is a difference in the number of trees at the various treatment stages, the tendency
of the decreased uprooting resistance power of a forest stand is different from that shown by
a tree (Fig. 30). Considering the change of forest density (Fig. 32), the maximum resisting
power against uprooting of standing trees is represented by that of a tree aged around 20
years in any species.

The total resisting power of a stand is represented by the sum value of the resisting
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power of stumps multiplied by the number of stumps and that of trees multiplied by the
number of growing trees. Among most species, the minimum resisting power of a stand is
shown before or after the 5th year and the resisting power has been estimated to be at a
maximum between the 15th~25th year after cutting and followed immediate planting.

Judging from the actual frequency of landslides which occured in the past, we can re-
cognize that the soil binding power is estimated to be at a minimum at a comparatively early
period for a stand planted immediately after cutting, but it can not be believed that the soil
binding power is estimated to be at a maximum at between the 15th and 25th year and that
it then gradually decreases.

Large and long pendent roots, oblique roots and so on, which are useful for preventing
landslides, increase linearly after a certain age of more than about 20 years as the timber
volume increases. Considering this fact, we shall assume that tree roots for preventing land-
slide have much to do with timber volume. Though a large and long root system has not
developed yet, under the effective influence of small roots in the experiment, there is a ten-
dency that the uprooting resistance power of young stand is over estimated (Fig. 34).

From this point of view, we think it is proper that a stand’s resisting power is estimated
by the timber volume in the case of a stand and by the years elapased after cutting in tha
case of a stump.

Regarding a tree, we pursued the relation between basal diameter and timber volume and
then assumed the relation between the timber volume of a stand at a certain year and the
uprooting resistance power. On the assumption that the relation derived from a tree is adap-
table to a forest stand, the resisting power ratios of each forest aged up to a 50-year old forest
stand are shown in Fig. 40 and 41.

Judging from the relation between resisting power and basal diameter, the resisting power
in a 5-year old stand has been estimated to be 80 percent of that in a 50-yvear old stand, which
is to say, it is at a minimum and the resisting power will increase rapidly toward that of
the a 15-year old stand after cutting and followed lramediate planting. But on the assumption
from the relation between resisting power and timber volume, the resisting power has been
estimated to be at a minimum in a stand around 10 years of age, and this value is 60 percent
of that in the 50-year old stand.

As the stand ages, the resisting power tends to increase gradually.

This tendency is similar to that of the actual occurrence of landslides. Consequently,
we believe it is adequate that the resisting of a forest stand for landslides is estimated by
the change in timber volume in a forest stand.

(4) Influence of the tree root system on the occurrence of landslides in mountainous areas.

The occurrence of landslides in mountainous areas is caused not only by natural factors
such as topography, geology, soil and so on, but also by the forest condition owing to forest
treatment.

On the relation between the occurrence of landslide and forest type, it has been statistically
proved that the ratio of landslide area is higher in the young stands than in the middle aged
forests.

Making networks of many big and small roots in the surface soil with the addition of
timber volume, the tree root system prevents the occurrence of cracks on the mountain slope
and the rapid infiltration of rainfall into the soil layer. As a result, the tree root system has

the effect of indirectly preventing the occurrence of the enlargement of landslides. At the
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same time, since the main root of a tree grows to about two or three meters in depth and
reinforces the shearing strength at the landslide section, the tree root system has the good
effect of preventing the occurrence of landslides.

In this investigation, we assumed at first that soil binding power was proportional to the
total diameter of trees in a stand. However, as to the landslide triggered at the point deeper
than a few ten centimenters, the tree roots necessary to prevent landslides must be large and
long. It is evident that tree root size has a great relation to timber volume. Accordingly it
will be proper that we assume soil binding power of a stand by the sum value of uprooting
power of stumps decreased rapidly after cutting and the power of growing trees increased
after planting which is estimated by timber volume.

Judging from the uprooting resistance power of a tree, we can understand that the forest
function for the prevention of landslides will not a little be affected by the change of the tree
root system with regeneration. We cannot help cutting many trees in the foresty. But we
need to treat forests considering the change of soil binding power in a stand as shown in Fig.
41. We must especially treat forest stands carefully in such areas which may indicate a high
danger of landslides by reason of geology, topography and so on.

Therefore, we had better avoid wide clearcutting as the soil binding power becomes a
minimum at a certain period. Moreover, we must maintain the stand with a rich timber

volume if we are able to assume that the area is subject to landslides.





