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fE, i, MESERZ L 2. Bairh
R >wWTERIMMcES, ficEsI oo
B, @I A bEIE L.
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5N, FELHDICFRELIRETOR A DEE
DA —%—13300, 3, 30kgm *FRETHZ LWL
bhTws (Issler, 2003). HNEIZKELE
REdH, FEBRNSTFRTH O 0T,
FHRAKICXBITE2EEZONTWA, HlEE
BEIAHI0mIc KRS Ebd 0%, $EAGH
OFEEARIZIFEAE TV (PR, 1998). —H,
HAEEE S 2m LIN TR E S EEAR S
HlEN T3 (Gubler, 1987; Nishimura and Ito,
1997; Kern et al., 2009).
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80 |
TIT, HEEOES b (m) EEfinG H e Or
(m) 2 SFEEBHE s (m) EHRNEOES hy (m) w40 |
REIOEET S (GR6). h OEERETH 2 ™ wl
B, ZEROTFRIOF 7 ) EEHH 2m Th - 1 [ (a)
& (TS, 2009) &, EHEAHEOKE 9 0 : : . . . :
SRS 2m YT oS TRS ATV C & ° oo %
(Gubler, 1987; Nishimura and Ito, 1997; Kern et 100 EROEE (kem™)
al., 2009) 73‘5, 2m F£721d 1m & L’Céfﬁbf: hb: 12+10m
80 |
=H—h,—h; 6 o e
£ I
e N - =3 S - P . ﬂ( 40 =
TIEMEEIIER T 5 S GE L TR () TR 12 b [
F & FRa4), KOGIicfkAdT2E, (1), K(B) 2o-®)
DEkIicELOMFE—4 v N M, Nm), M, o
(Nm) FEFREE v (ms™) OB E LTEbT 0 10 20 30
CEbTEA. EHDEE kem™)
10 HHOBEp #3~30kegm & LBAICH
M1=iCd,01Dh1Uz(//l1+2hg+2hs—2hb) ) £20.70m OBPHTN 5 FHHOMEE,  TEHE b
4 38m, BITHiES H: 167m & L C3E L 7=
() WEIFNE hy,: 05m, fiFiEs % 30£5
MPa & L7554, (b) 1dBiF S % 30 MPa,
Abz%&mwmﬁmﬁQM*%Q 8) TS hy & 1.221.0m & LIRS,

INSORFRAA S, BEIEXD (m) OAFIIAK
PN BMFISIE2HE L, oI E2HEL 55
A DR AR 7o, HiEE, ROUEOEE 01 & oo
13, 3~30kgm *BLV300kgm *EEEL LKL
(Issler, 2003). HEPLFREL Cq (%, B (1967) A3FE
AR 2 F I W CRAER T 1.2 218
TWT, HEH (1993) 2 FIiT>W\WT 1.0~15 &
FEEIRNRTVWBE T EnD, Ci=12 & L1z,

3.2 FTE#ERLEEER
3.2.1 BEBOEE

FIEED AP A FHRATRA LI EBEL, K9
IZHBWT Fy=0, hy,=0& L Tl AR 3L 2 HE
E L, MBIL THRAINIcZAF DS BikKo
bDIE, ME»S4m OAEICH O ERE0.T70m
ThH-7D7T, BELIOmMDXFNTN 5 & X
DEFOREEAF L 1z, 2 ¥ 24T
AROBIEM (F7a, 1991) 25T 30 MPa, f&%

B he Z HRARAERFOMAOREEZREELIE L 3.8 m,
e H 3%EoX 1) D x=4m & LTI16.7
m, BT 0E by FHERRICS LDV T05m &
L, SEEOHEE % 3~30kgm > L& s+
fo & EOERHEE OFHEERNK 10a TH B, C
DEMTEROTOm OBSITN 2 EE X, FH
DHBHEITED 25~80m s ' EIEA D 0 BEE AU
SWIEESBIC S, FRHCEEN 10kgm 2 LIF
THEHEEIKEL CRENRESEbTE &0
bbb,

Z F O RS (R ECBENER, EEERE
k- THERY, KMEETRETIRERS, K
10a TiEha (1991) #&#i1c L T30+5MPa &
UCRHE L 7chy, B i S O W0IT & 5 S s
DFEFTI%B LVATREBE NI L >, F1,
RN DTEEZE he Z WA O HIEM & BB & L 72253,
BEEERMRAATIIERLZ I EMNE V., T Th
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#38m*tlm B THIKLTALY, T
DEEOEEFEDEVIT L B HEEHE D Z T+
2% VNTH OB Id M TE 5 2 L 2o/
(K&, S 51X 10a TEHEBITING b, 25
BoERR0.70m O#sfirhzc 05m & L7chs, M
HNOBITNEICEXTOLHIITESDENdH -
tz. FIT, BINESOBEWVIC X AHEEEE DS
EAFA (X 10b). BrivE by 2 2 HE[ O
S TH S 1.2m & LiciEhid, 2Fofiidim
S (30MPa) 72 E DM IdK 10a EFELLLTE
AR 2 HEE L 7o, £ ofE8, B2 0.70m D
TN B3 26~83ms ' 750, BiThE%E
125 1m EELSETHHEEDEITE6% LINT
bote, BIFhESOERIC L 2EVIFKE L ]I
WO T, 33fitBTIhE LT —EIC L THEE
HeEdT BT & ET B,
3.22 BEEBLRANED2EBREEDSS
EIEE S RNEO 2 BRSO ZRN X FRRITHR
ALTEEZEE L, TAFOEE & FIs ok
REftE L (1D, Klla 3RnEORE %
300kgm * & L CHEBOEE % 3~30kgm ?
T L-Ba, 11b 3 EMEDEE A 3kgm?
L Likn@o%E £ 200, 300, 400kgm ® & L7
BaEThh, VFRBX 10a &FE T < EE0.70m
DD 05m OE S IHEAT 2 TG/ TH 5.
X 10 &[EREICHrnE i3 16.7m, FEH%EIZ 3.8 m
EL NEDOESR2m & Lk, TOEE
5, BMBEOHEE % 3kegm ?, HRNLEOBE AL
300kgm * &3 % &, Wi s (30+
5MPa) ZBA CTHMPTNEITIE, TBROHE T
26~31ms 'L EThH-EHTESINE. SHEE
DFRNED H5Z T BHERRKZVOT, HhEE
ek L 7o 2 RS A RUE L st R i, SO
B OIS EIT AR THEEERE 13/ NS < 78 - .
KEUE S ERETFHOREDRAME LT,
71+ % ® Rogers Pass T 18~35ms !, / /v = —
@ Ryggfonn T 23~49 m s~!, 24 Z®dD Aulta
path TIx K 65ms 'L EEHEIN TV 5D (Issler,
2003). %/ RT 2001 fRICFeA L e B RIEE A
(B REEEE - 2700m) e W Tld, EdEtstic kv F
Y#REDS 43ms ' EHEE S /2 (Takeuchi et al,
2003). [AL < %/ RT 1984 FEITFA L 1255 FR
fEERT (R FIEEE - 3400m) W L 2315 T,
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N [HEBERNEOD 2 JEHEEDOTROEE &l
IS OBA%, B 16.7m, BEEE : 3.8m,
mNEOES :2m &L, EE0TOm O#%O
05m OE S IAEMT 2RI &G L 7.
(a) HNBDOEE p, % 300 kg m 3, ZEEO
EE o, &3, 10, 30kgm *& LEIEA. (b)
EIEEDOEE 0, 2 3kgm 3, HRNEDEE o,
% 200, 300, 400kgm 3 & L7254, AR
Z F O TR s O#HiFH (305MPa).

B (FF5F (MPa)

7t NEEEEAS 2500 m HusH (R FHROFRD F T
HEEN0ms T > EVWIERMBE SN
T3 (Abeetal, 1987). FlOFHEICE - T,
N E TICHE SN & [RFREE O BFERY 733
EaBs etk £ITRIC, KNITED
5 ERREE O LEHEE L TAH T
3.3 MAILBIFTZ2ZHEEDEKT
2EDOWAERERENRT LI, FAIckE2F
OIEIRILE, FHEMRAT 2MEHE TR b &
RKTHHENEL I >N TEMICE - 7. Thid,
FHNZ FMANEED ITONTHE L, HENE
Tl EFELZOoND., £IT, HIFIOFES
FT X 0B 2 EE & B S OEE OB
%, THHLEMRNITHEA L B O#E 0 L%
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HEL TAI.

g oBEZED (m) &, HKANELIT->NT
LB -720T, X6 DHEED XS TG, S D
PREtx (m) OB E LTXO)TEZ BT EEL
7. 6 R 7T HIRT K D ITEphTi s 35 AD H
£97% (324 BEL»S T0m FTcTELTL
T, 10m P ETOBRFNEOIT N IATH - 7.
Bk rizEEZoD (m) 2 H (m)
Ex (m) ORfRZERD VDT, K9 x=70m
ITBWT, DMBIRKELBESE L, BiihE H
(m) b5 ITRT L HITx=ZT0m ITBWT H ik
K& 52 AafbsEm Gl c5 a7,

D= —0.0055x+0.724 (9)
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Study of extent of damage to cedar forest by large-scale slab avalanche, and

estimation of the avalanche velocity at Makunosawa, Myoko, Japan
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Abstract: A large-scale dry slab avalanche occurred at the Makunosawa valley in Myoko on
February 17, 2008, which damaged many trees in the valley. We investigated the extent of damage
to the artificial cedar forest. We also estimated the decrease in avalanche velocity in the forest. Our
aim is to verify the role of forests in reducing the avalanche velocity. We found that the cedar trees
were broken by the bending stress. The damage was most near the upper edge of the forest. The
number of damaged trees decreased gradually in the forest. On the basis of these observation
results, we estimated the avalanche velocity from the bending stress of the broken cedar trees. We
considered two cases in the calculations: (1) only the suspension layer of avalanche flowing into the
cedar forest and (2) two layers of avalanche, consisting of a suspension layer (density: 3kgm®) and

a dense-flow layer (density: 300 kgm ®), flowing into the forest.

In result, the avalanche was

estimated to flow into the cedar forest at the velocity of 26-31m s~ ! with a 17m high suspension
layer and a dense-flow layer less than 2m in height. The calculation result showed that the
avalanche slowed down in the forest and stopped around 130 m from the upper edge of the forest.

This result is consistent with the observations.
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