FOE K B K BF T4 W 405 B-2 FR9E4A
Annuals of Disas. Prev. Res. Inst., Kyoto Univ., No. 40 B-2, 1997

EHORERBICET 2K

E 5] 1% * 1*:2&(%9'&*

* () BARGR& M=

EE
ARXTE, FHOKHBMII OV TER, EROBEI >HRE L, RMIC, B
ROTAEAVEEBERETD, HESE SRECEIVTHORERRENEL
Foo TOKE, TEFEOCEETRIHS (BRSO, THITKD, REFHHEL
TBIE, Tk, TEMEVIZEERTOE D REHFHEL DD I EHFD - e RIT,
EHOBALZRLHREEFVCESOAEEHRBEFVERE LI, ETLE

ERERERIFICHEBR L7,

F—7— K B, WRG, TH, BOBE

1. LIz

BREHATLCED - HARELEIEHOMF
Rtk - THTT2HET, RFEMHELSBAD
PHETRERE VS OAN-LEHHEEL L
SUTE, EMICLBRELN DT, BE
OFHC LB HEDERABMIILEAATH B,
BRSO — = SR EMORE L -T2
B ELEEER L, 0D THOER
BBROHNEEHEANER(EETEIETINL
BEHEE5,

ZIT, cNETOTZEREE T MOV THELE
LTAL I, BRDEFNG, BABRGKRNOE
Z K AEA LTz Voellmy (1955) O EFNP, —fd
DOH HET E U THEF L7 Salm (1966) DEF IV
KREINDIIIC, KELREGRETVERS
ZRETFMIKHNTHIENTES,

W0 (1987) HESREFNEZRTMETD Y
Ial—Va UDWEER LI ITHEL, BICL -
THEHERCHDIERNLT UL AEEEE
LW E &AL, B8 - B4 (1987) B#0
OFHEISIRBESE, ERERFLEHED
T AT B ER OIS X RS MR /2
EFNEBREL, TOEFMIC, SORDAAIC

LA EHBBOBMEZERB LY Iab—Yay
&k - T, BERIRS OH R EM O TRAE U KSE
HEHOHERFELRATVE, INOOHESERT
FIC & - TE BB, BEERICET 215
ABHIERTETHE, LML, BHE—EOH
HELTMOHE - T B EICHBBTORERE
AEHETI0NEHETH D, 2O ED, HARE
FNORERBHMEREL TS,

— %, HHMORAKZE TN (Nakamura et
al,,1985) Tit, BE%E = — b UitkELTID
B, BEEEAEERELTCY Iab—Ya s
FZRINTI. LA LENS, BHELAERR- &
B KPR & 5 1= o — b VRIS EES
HAETTHRNTHBIENRROER (BN
5,1986) THHoMCEINTV S, REMEEIE
BICERBTEBETFIMEELT ) edITid, EHAK
DS HEETMT 5 - ENBERAREL>T
{Bo CDESTBENDS, Lang (1992) BREHE
KEFNSRBRREELTESATERAT VY
NOHEFERLEE, FANEI>VL TR -
VEBRLERBEDO2OEFMULETNVERSE
LTW3B, &7z, FES (1993) i, JKELT O HM
EIEBBHEICE B T RNF—BORISIMA T, ki
TFOMEBICLERLABRUEHETED, 20D

—409—



3000

¥

\ i
,/L__f—w 2
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Table 1

Experimental conditions

Case Slope Temperature Snow temperature Density Remark
(deg) (°C) (°C) (g cm®)
A3 345 —87 —98 0.040
A4 34.5 —8.3 —8.3 0.110 Lightly compact snow
Ab 40.0 —7.8 —8.3 0.024
A6 40.0 —6.6 -79 0.093 Lightly compact snow
AT 40.0 -1.1 —2.1 0.105 Lightly compact snow
A8 40.0 -1.8 —1.8 0.049
A9 40.0 -1.7 -1.8 (0.036) _ |Under artificial solar radiation
A 10 34.5 —2.0 —2.3 0.036
A1l 34.5 —2.7 —3.4 0.047 Under artificial solar radiation
Bl 34.0 —5.4 —2.6 0.384  |Coarse-grained granular snow
B2 40.0 —5.4 —2.6 0.404 Coarse-grained granular snow
B3 40.0 —7.6 —5.2 0.068
B4 40.0 —56 —4.6 0.068
B 5 40.0 —6.4 —8.0 0.45 Snow ball
B6 34.5 —5.2 —2.2 0.074
B7 34.5 —4.3 —2.3 0.078

0.10g/em* T2 EE) ZEMA L, HEBSy v b (Ghik:
B X 10ecm, §8 19cm, & 25cm) THE U THE
NIKEFEEFDRICEREBY S B ERIC
ANEDOEREFEZHEFAEL TS, £,
FEEBIICY I AROE (FE 0.3~0.5g cm’
BE) 2ROCERPEBY 4om, BEH 0458
e BERER UALSEEAOCEROIT -7, &

EZUETTOEREN 572, 2 BOERITFEELD
KEVFEOP, —SICEREDEFETERIITD
N 86, BUFAOKET — 70— HRE L TH
ZPHEDF~F 20T, EHBOHR (745
) BHEFEOMBNSHEL TN S,

SIS LSS R T BERMETE LAERT | sen I
3 TENOCE ETEAT S L CHmERE 2 ° [ ), 8
ETA N TMBLENORRES - 1L BHEED = 6 5
B ML RENES LCERFORNAZE  § | rf“‘Sg
BT D71, B E LTRBPRETRANE £ 10 &
BHDED & CHE L, L, WRENEY 20 a5 &
LI EEHAME LB (B1~B4, B6) TidkEh 0 20
RFREABETFTLTOLC LI/ ALEELD D 1997/1/18 1/19 1720 1721 1/22 1/23
E2LINSHOEISRE LT

EBORTIE, WEHSHBIEETA (EH 400 S o
%) THRE LI, 851, B PRI TR Series B __ -
DADURERTREBERTOBERLERE _ 4 ‘ 5oA
WEOEEE ¥~ Tl LT, B0\ dp\o g

E {15 2

(3 ERBORBEH 52y Nﬁ\ |08
KB, 19741 A2 H~23 B SeriesA) & 7 -155
19974 2 4 15 B~20 B (Series.B) @ 2 HiZHif

TEHINI, ZOHETD, BAFROKEE®RS
BOELMAZE Fig. 2 (1) G)IST T, 1 HEDOER
i, MDA NSERER X 3 REHALMYE - BT
®BicEHEH, —88C~—1.1CE TCOIREVER

0
1997/2/15 2/16  2/17 2/18 2/19 2/20

Fig. 2 (a) (b) Meteorological data at experimental site
{(Arrow showing the experimental duration)
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Table 2 Experimental results

Case | Slope |Temperature|Snow temperature [Surface velocity|Slip Velocity| Depth | us/Jesne | Discharge
(deg) (°C) (°C) (cm/s) (cm/s) (cm) (g/s)
A3 34.5 —8.7 —98 113.1 87.8 2.2 3.2 -
A4 34.5 —8.3 —8.3 144.7 122.5 3.4 3.3
A S 40.0 —7.8 —-8.3 192.4 140.2 3.3 4.2 -
A6 40.0 - 6.6 ~7.9 187.0 143.3 4.3 3.6 —
A7 40.0 —1.1 —2.1
A8 40.0 —1.8 —1.8 149.6, 26.3 3.6 3.1 —
A9 40.0 —-1.7 —1.8 135.1 89.4 2.9 3.2 -
A 10 34.5 —2.0 ~2.3 89.7 26.2 2.9 2.2
A1l 345 -2.7 ~3.4 99.6 40.8 2.6 2.6
B1 34.0 5.4 —2.6 137.0 100.1 3.1 3.3 516
B2 40.0 5.4 —2.6 162.1 132.3 2.7 3.9 491
B3 40.0 -7.6 —-5.2 158.5 92.8 6.3 2.5 536
B4 40.0 —5.6 - 4.6 152.4 110.6 5.3 2.6 706
B5 40.0 —6.4 —38.0 299.8 129.2 15.1 3.1 -
B 6 34.5 —52 —2.2 93.6 60.3 4.5 1.9 124
B7 34.5 —4.3 —-2.3
22 RBHROBE | |Cose. 15
(1) RESF Ta=~17.8°C
W i Ul S B 7 0 S e 4 & L eas
RBEEFEH E > T HNEHEE UicikhEEd -
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FROBWNBETEAE SO FOMEER BT "
BRELTEBUICHRE Table 2 17T, Sl
o o000
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CIT, MEERED LI, RRTORFLER L o 4
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BEAMEETHD. —H, KBROFHO KRR
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Photo 1  Snow balls in the debris

Photo 2 Loosely flocculated snow balls
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Photo 3 Snow balls in the experimental flume
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Photo 5 Tightly flocculated snow balls

Photo 6 Plug flow
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Fig. 9 Velocity distribution of the snow balls” flow
Table 3 Bulk density of the flow
Density of Density in the
deposited snow| flow Denomination of snow
(glem®) (g/em®)
Case.B1 0.384 0.447 Coarse-grained granular snow
Case.B2 0.404 0.608 Coarse-grained granular snow
Case.B3 0.068 0.130 New snow
Case.B4 0.068 0.317 New snow
Case.B6 0.068 0.083 New snow
Flocculation in the avalanche

Deposited snow

Snow ball

Snow particle

Fig.10 Schematic process of increase in bulk density
in the avalanche
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DYNAMICS OF THE SNOW AVALANCHE

Tsutomu TAKAHASHI

Hirofumi TSUJIMOTO*

*Japan Weather Association

Synopsis

In present study, the dynamics of snow avalanche are investigated experimentally and theoretically.
Firstly, flume experiments using some types of natural snow are made, and the velocity profile of snow
particles, the change of snow temperature and the flocculation of snow particles are measured. Results
show that the probability of snow balls’ flocculation depends on the temperature of snow, and with the
growing of snow balls, velocity profiles are becoming upward concave, and the slip velocity is becoming
high under low temperature. Secondly, the model of the avalanche based on granular materials flow
include snow balls are proposed. The simulated velocity profile can explain well the experimental results.

Key words : snow avalanche, granular material, snow ball, slip veloc‘ily
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