HOKKAIDO UNIVERSITY

Title RIENDRER
Author (s) 557K, Bh; SHIMIZU, Hiromu
Citation EERIE, YIEE, 24, 211-220
Issue Date 1966-03-22
Doc URL https://hdl. handle.net/2115/18044
Type departmental bulletin paper
File Information 24 p211-220. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Hiromu SHIMIZU 1966 Magnitude of Avalanche. Low Temperature Science Ser.
A, 24. (With English Summary p. 219)

B oK CIN
(RERHEIET BSEREEM)
(R 40 410 A %)

L £ 2 b» &

OB T A RENETE LT, A EOER, 8, B I8 7t
R OMPHIERR &2, HEROFRTN G CLE L v BFbh T, L, ith
ORMELY I EbL, MONKEREEZCRBELES L 5 it Ridd o FEA B LRI,
RIREHORE, WERCL > TETEZENREVTH A, ZOE, MENLKBENESTHD
IO RFERELBRIR L i hudie b,

EASKERMBEE LTURBEbh 2561, TofE BEE), M @ED) cLn
FTHEINLETHA S, ChbOEYEBEIRT LY > €, BBEABEMC O TRIEhoE
PaeERL, R h il cRR T2 3SEBEORTRAEL LTERLL,

II. BEIBERCKIBILNOEHDOEE

FEEO I TS THMECEBESY o> TV 52, TOEKN= 3L ¥ —ElrE
BT 501, RLMEAERCOWTELTRL S,

AR O 7~ AE ED A IR Sh TV EE m OFHS, WREAShTH
MxE LD T s BLIK), ZoXBORBNLENOMEMRS mesintd THD, W
FaC RS, —BICEET 5 IR ERT 5 B, REOD B HMNEK f(v) T
HorEELILND, Licho T, EEOMIMT O CEBIIHEAL

f(v) = mg sin ¢

Lleote b FEMOFE KRR Vy cBEL, DEREEHCEEEEDICY > 4L
%15,
MAAEETHIERL, ACOMB=FAL¥ —-ORD 54 EH = 5L ¥ —, ROS, @
T CEEE, MBC LMk A AR L, HET D,
RELEET HSERI BT 50012t
(1) +oKECESY BEECXLEL=FF —2, FWOEB =3 F— L b k&)
* JhdE K EEBEIER EEE 75 B

kBN ENOSEE, BERWEORMERC L 3ER, SrMBOBRLRELTMI L F— il
HoTK B,

EEHZ PERE H24E En4aeE



212 WHooK C18

IR MEEBETLEH

MEBLOMERE BICHET 5 5, B

2) RHEEEIBLL, EBTEIAHAL CEROER OBRE % LRS- &
PLETHDH, I TRHEIKCRT L, MEIL 0K B TKFEHE BC w174 5%
TEEZI,

BC HCOKFHEENE, EBORE I c <, BT SEB)H A & mh X o
EMARE X, FlEEED, KT, DERB~NX 5 ffToEROEEICOWTECE
"L,

1. #®E &

T (HEEm OmERBAEALEALL, MECR-> TTREZC 2 lE s h, 2 HFAD
BHEE Y « & T 5, BEENS m RO w 0T 5 L RETHE, SHROEBHERNI,
t=0"T =0, u=0 7c 5PPLELEO T T

du

L = g sin 0 ku (1)
u*%%—%wmd@%*ﬂ (2)
2 =Ysin 0 (4 ) (3)
ok 1) Kb
V}=¢O%:f*%ﬁnd (4)

2 Rk s &, FUIKERECETSICE, BB ERSMN, BEEM>LEETD,
LaL, EESHEROUKREE Ve 0 90% Zihil, ThexERALEOKEEL LTI L2
HWTHH S, FHABELERENSEEZFRRL, ERKEE V(=09 V) B#ET25%T
ORI EEE x, 1k, X ©2), B) b

x,=1.4 —]g; sin ¢ (5)

Lled ZEmbd, - T, RU—ReHEELRET LT, o AT & MR CUX



TN OER 213

W) LB, SE AT VE 7 b SEISED R s 5 (5 2 @), (), AHE L
WP BD L, BRAEOMR = &0 F — K BB F - CERL TR TS, CORD
R AET 5 HE m 7 5 BROBME LN 5 mVE 2RELT 5,

4, RVELENCH 2 B BT B T = 4 ¥ — 4 H, THC RICHST B L ¥
DHEER wbTDHE

Som>H Isbi, SRR B L CHEICE T R 5,
G m=H 5, BHEEhYIEL TR,
Sm<H b, BREZERICEE L obh BT,
mgh,
%
¥l (a)
I AB
6‘&\ Sf(u)dx
1 i S ttuax
..Ai A Y ' - -y, - — =
i g(v)dy
I]imlf:. l\zi&
: .va¢ ,
A P : B Q C
Xo Yo 1
mgh,_ .
2 E
% (b) AB)
I 3\ f(u)dx :
(AP) ‘
((\9‘\ jf\_J‘ f(u)dx J
IS BN I winiutul: Mol
h lflmu2 %?V? :
..mgho.. D, P ._,B Q C
2 Vel¥r |
“ (c) (AB) :
] S\f(u)dx :
& |
2 . S :
-Z'mVT ---------------- ’l-lz_ ~~~~~~~ !
Hz' ]
: mVa
% ;
A D, B c’

B2l EROMEED, KEEBCHRY 5 x50 F —REB
(a) BEBoLLHE (b) HELWCREBY LY
BULEBE (o) FETHETERYLZBRL LSS



214 oK 18

—

5 mu’>H e 258, MEOLERD SV IETHCRBDEESTicbh b L ¥ D=F 1%~
REEH 2K (b), () WiRLT,

2. kKTEEH

+aRCAEAEE T HERNEREE VI GELT, Brb KRB 2L T5
1M, #£2X), B ECRG2MEER S KEEB~OBITH =5 1 ¥ — HEEL b T
fitlebh, o> TKFEROFEE L VF ThHEEEL L S,

BREAELLTBCHMIZ y e s D, vy HROBROREY v, FEEFIEH mkv & &5
%, t=07T, v=V7, y=072 WM i 525 L, ZOBHOEH LR

dv

A TR @
v = ((1:12; = Vie* (7)
_ 1 v -k
Y= Vr (1—e™*") (8)
Lieh, SORFEEHFO =50 IR
1 AB Y
mgh, = — mv*+ S mku dx+ S mk'v dy (9)

THEz bbb, 2T, A XBROE TGN A 2LAKFE BC ¥ To%kzE, HUE2 83
FOAMEEB R OACEERCRT 5, TROEBCI2HE=F1¥~-ThH%,

EMPNCEEBCAD L, 9) ROELR XOELE 2WAEME & v, 5B 3TILHFAR
MERTH %25, HUHLHOE=F v ¥ —THEFCHD L

ARB BC
mgh, = S mbku dx—l—S mk'v dy

Lhotcd &, BHILC ECELETS, CanfEixk (7), 8 »b
V*
BC::y0=—z§— (10)
Yo l¥, ZOX3RMNASUETELDRATRRKEETHERTH S,
3. BENOFRHERCETIEE
— R EENC ST A A RE O BEM f(w) LELZ T, Zh e ORMEECRHTE
Yo i s W B
fl@) = kot bt kal®+ kgl + oo 1y
ZZiT ko» ku kz’ kar """ bi‘l‘%"ﬁfé‘béo ko biﬁfﬁvlﬁf;?d/l—‘ﬁ@ﬁj%?l)ot}ﬁﬁfébé
25, CHIREEEEE G GEET2EEHBCSIbLND 1D, FiI BEER LIF
B s, ku TEBIEEC AT SIEHT, HEhRRDRESRVGERTERT S L S EE
CHbh FEER TN g, A2 IDEEO 2RCHAL TE EETH B2, ZIULEE



I h oK 215

HEOREWEELETHEC D, HEOPIWE XXERTE S, kw’ DTOETEE LM
JATIEDRIZEN S, (BEEES © B3 HER)

HIRE ToR#HL, BEIEECKHTIREEROSA, 2%h (11) R ChAL
B2HC DRI OFILER TE IRECIIVEVIREOTRATIbhl, EREDIEH
OEENCHE S B, ferih MR OM OB, £RE OBEE, IXhH Lbg s RAEHS
DIEFEEHL, M BOPROERNC X 2B ENELZ BN B2, WTh b T OBERE
oo Turios,

) IeRAFCE &8, EECEBRLBGREROY kL TRL IS EIL, —
Bl 8%+ 5 FIx

e gsin o2, (12)
Te B EIEEER & Tc v, Bl OBRBRIERII Uiy, Lo L, TefZh o EENCE < ST,
WAk L EE, WELREOHCEBCERBEELZORD N, Z01) OBATBECKT Lk
WTHA 5,

i) R f@)=bu e A REBEBEON 5 L 5B/ T OV TRBLILRE L TR,

i) EHOPEED 2 R Lh D EOHEEELH TEb SR, ThIHNER TH L,
B O EEECRE AR T 5 OT, i) SEUOKRE LD 10,

HI. EhOpgk

RIS OBPROBEMNLEBIY, TORMC I > ThAVWARHERAE L LR L TH H
5, HLOKENERORE, Wl VST AEYRTSEE, IR EBRCL > TERTS
CELED—DOFETHS, FHIHORBELYRLC, ELOEEERE LT,

FEAB|ETHERIT, BCOMNB=F AL ¥ -0V PE. »#f=31 ¥~ KE. L #
Br=rr¥F—DE CEBRL, 203 0EOMIKX

PE =KE. +DE.
DEAHRN D B,

) HEREOHBITHEHFERZANEEE LTINS,

i) RELENO=AAF A PETHME =+ L F —DOFPS PE. (=7 hunii
Liceft®HEE) b, GlhoREERCERRETHA S,

i) ARhCI5WELERS =3 A ¥ -2 HEL UTbh b, o ThEhoWENix
BERDO L BELRIER = R ¥ —2BRLETH, HEAOELELRAEEIREELET
IoThREy, BELRBEEOBREY 127D T, BEENCOWCTEME=F 1+ — DD
S giEi, EEi= ko —ICHE R LA i B i,

F ITBARMCHL, R OEYEDLTHERE LTRDO3IDOEXZERLL,

1. FEp#Hk Mass Magnitude iz M.M.)
AL TBBLAZEOoEEY»RLbITRERCTH S, EARME LTL, AR I-



216 M K ;18

Tm FVOERBE LSS, BEEEY

6 T T T T T
MM. = log,,m (13) ~5
=
TELT E3IX), 54
2. M7y JLEESE (Potential Magnitude & s -
iy PM.) **;; [
RREREAABOME =¥ R BEL TR LI 8 2]
HoPHLE BE, BE, T8 Bixky) OBYERD 1
?]‘%%&T@Z&o 0 i - 2 [ 3 i y 1 5AL~6
KENZFOHBEY m + v, BEUEIEELEDLED 10 10 10 10 10 10
o o o ﬁkh%@ﬁﬁ@ﬂ
REREOBELMEEY he A -t ELICEE, XT HIE KEATOMEL
Vo VHERR A (LB = oL F — O AR BERERS (MM.)
log,, mgh, (14)
TEHRT DD

log,, mgh, = log,, g + log,, mh,

T, HAH VEIER (9 BHOMIEE) mghe (*=9—-+v)
THEHMD, BEROMBFLF —% 91303&g€163&J6363&ﬁﬁ
H¥T o 28 e R T X -
Vo B THET Vv r ARROEMEE O
LT, MRERVTg=1 &xT 57
P.M. = log,, mh, (15) =5 [
¥EET 5, g0
R7 vy oL, rho=3 F 4T J
NF - HHEERDTRETHHH, £V éa_ J
Ve ABROBC L ORBEHLRE G 2
LRGN SIS ER LT ERD
(54X, N N
MHEEE? IR I h e ABEOERICH > %W1W1d%&1ﬁ\&1&1&1$m”
T, RENOWBEERL T B, mgh. (erg)
3. WaEHRE#R (Destructive Magni- AR HrhoRlLeHBERE 27
tude iz D.M.) v r VB (PM)

RO LBELIRREEN 2FEHLTHEETH L, FECEBYILCESOKEEY
Vi &dhul, BREBCRTLES s+ — (A, BRCIABRABEE=F L ¥ ) OFH

* RO OBMOBEEER AL o TBEABRINANTAARLIEENCPLTE, ROFIHEDO LD
BEBEAMAL RIS IR,



BEROMH 217
b g4
1 2
log,e 5 mVy (16)

THENYERTH, D X5 e
2
log,, % mVyE = log,, —;— m (—Z— sin d)
= log,, —%— g+ log,, % sin® ¢

THH, BURIVHIFERTH D00, REAOKEBENRHET 5101, B2RETCERT
XV, $E- T, BRDEBOEREMLE LTk

DMsﬂ%mgme 17)

BT, 2%0, KENOEEII LR EOBEELPEEHFTERT L ENTES,
O IRHOBERTH Y, F IEBERECEEHC I > tkEBIDOELEBbRSB, & OREICDOL
Tk, SBROWRILETH S,

4. BiENRICKZTHEER

BIETIL, WS TNESOBEENC X 2WEERLT %, RLEHEE IR
WTEx T, EREORKENOEHEBE B TEER LD THA S ZLIRGEHB IS,
Bz X, BEOC X 2HEER L, BETHAREASIC X 5EAMBEIFRIOSELE L kT
e b,

LaL, KRLOEELKEANC R > EEERAE 30001, Wwhbhd b “ferthi]”
ThHbHH, BENRIEREDHERBALRC L > TBAV XK 2 3h, BIENLHEENY
T ENMRBINCHL TS, PERY X, SEEOHEERBLENWEEEDORELWE
TR OEEN D X 5 FE L, MmEEMN 0L, R OFRETH S MBERK L ORIRC
L%, BRI ENBOREAEROCEE L, Thic ks &, flx B mEEon
EXRBCANEEL T, —ABEN 4 BCEMR S BR AT B i UE o BRI 300 m/s
T 5, EEOLLEAEIS T, RSB R 2 BRI BT AR LB e i
EREEL BBV END D, o T, RIEROPWBEIERLRTLEE, LA
BT KREHIRBEE DS,

5 IBENOREHRERTOH

R ER LCERMEH MM), R7F vy v ABEH PM) @onCEE GLUIHESE) Wik
HBEOKRERAERE IRICRE L OM @owTiE, k2 OMEARMOIBEFETE - 1),
chic ks e, BAEROETOmERIL

MM. 2 6 LI'F
PM. X 9LLF

O TERTELELERTIVTH A,



218 & K 18

Bk nrhoBEEEHR MM) E£5 v v

REf (P.M.) o %R4
B # s A
* & % I MM. & 2| PM. |3 T | & #|X@
(r>) (m)

M 36-1-26 | Jeigd K- FREE 3,000 3.5 150 5.7 — —_ 4)
364~ 5 B 57 () 4,500 3.7 80 5.6 21 6 5)
36-4- 5 H &% (eE) 5,600 3.8 70 5.6 12 6 5)
39-4- 1 R AY vt e 30 "60,000 4.8 70 6.6 e — 6)
40-3-14 HE iR ALP)ILE | 300,000 56 700 8.5 6 — 7)
40-4-15 il 300 2.5 20 3.8 1 — 8}

Iv. & & b &

IR OEB DR =2 F —BlE Lo\ benic, BiifbshiMEmxiE%Ts
FEWOEH B L =3 A - REBC DV TEEN IR,

e IR D EENC - BB ASEE O IR CTH 583, BHUIATESM: @, k) wX- T
SELEMEE V wBT I ENTER, CORMAL, HOMEEED L HELFAED
EFAAF T X VPEEIREYER L, i, KAhBORZERRER, kX 04Bx
ERE2WTL, AUNCEETLEBbhs, LaLl, BENRLEZhBRERE ST 8o
FIBERBLIEACOWTL, X, OEBE L INLTHITESR,

R, ISR DOBHIHBERL = F & — A RIRT D oD HEMER, R7 vy v AR
HEHEL, BEORIENCOWTORAR HIF,

CDEBEBR—BHlo TERLCHE Y B CBEREBCERE, SHEAIE S L OERAR
BhBUZC, X, $ie R D TRYI RS A JL o N SRR B B A R T 5,

X 53

1) B 1945 BENE, KM, ", 348 pp.

2) $EE#EEK 1965 Appendix to “An Experimental Study on Dynamics of Avalanching Snow”. Snow
Research Staiton of Railway Technical Research Institute, Japanese National Railways.
5 pp.

INEERR Rk

BULUBE 1963 FoEE (FEEE) nrhEie>bT. £k, 23, No. 3, 28-29.

HHIEE-fb 1963 @ EREOSHAERSG. (KERE, wHE, 21, 75-94.

HEMER-L 1965 BFPRLBEEEHEERE. ERBY, wEE. 23, 129-136.

K Bh-flb 1966 1965 EEHANIE L hoBERE. (KERE, WEHE, 24, 221-238.

HREcR-b RHE

SEENE]

-

oo N
== =



wiEh oK 219

Summary

For the convenience of statistics of avalanche, a tentative definition of magnitudes
of avalanche was proposed through a simple model of snow slide.

It was supposed that a snow block of mass m started to slide down the slope AB,
declination of #, from the point A of Fig. 1, and stopped at C on the horizontal plane
BC. Resistance to the motion of the snow block was supposed to be proportional to the
velocity of the snow block. Then the motion of the snow block may be described by
equations (1), (2) and (3) for the slope, (6), (7) and (8) for the horizontal plane respectively.
Under prescribed assumptions, the snow block sliding down on the slope must have a
terminal velocity if the slope is sufficiently long, and then must continue the motion of
a constant velocity. Practical terminal velocity of the snow block was tentatively selected
as 90% of theoretical value (4), and sliding distance necessary to get it was given by
equation (5). All way down from this point, the snow block keeps a constant kinetic
energy of % mVy®, V& is the practical terminal velocity, and it is the limit of destruc-

tive energy of the snow mass for this slope. Energy diagrams for three cases of constant

slope were illustrated by Fig 2.

(a) With no destruction along the course.
(b} With a destruction at the upper part of the slope.
(c) With a destruction at the lower part of the slope.

Muximum running distance of the snow block on the horizontal plane after this slope
was given by equation (10).
This discussion was conducted under an assumption of the resistance to the motion
of the snow block could be expressed by an icreasing function of velocity.
Three magnitudes describing scales of an avalanche were proposed as followings :
1. Mass Magnitude (M.M.)
This is the measure of mass of avalanched snow, taking common logarithm of it
(Fig. 3).
MM. = log,, m (13)
where m: mass of avalanched snow, in ton.
2. Potential Magnitude (P.M.)
This is the measure of total works done by avalanched snow consuming its potential
energy (Fig. 4).
P.M. = log,, mgh,, : (14)
where g: acceleration of gravity.
h: vertical distance between the centers of gravity of avalanched snow
in pre- and post- avalanching, in meter.
3. Destructive Magnitude (D.M.)
This is the measure of maximum destructive power by snow sliding for given mass

of sliding snow and given slope.
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D.M. = log,, % mg V'
= log,o ﬂkﬁ’- sin® # (17

where VE . practival terminal velocity
k: resistance coefficient
¢: declination of slope

Further study is necessary to decide the form and value of .

Some examples of classification of avalanches by M.M. and P.M. were given by the
table 1. As a result, the values up to 6 for MM. and up to 9 for PM. are big enough
to express the scale of usual avalanche.

We have to pay a particular attention to the destructive power by avalanche wind.
Ogasawara® has suggested a mechanism of generating the avalanche wind by airborne
type of surface avalanche of new snow. He treated this type of avalanche as a com-
pressive heavy fluid, and suggested the avalanche wind could be generated explosively
after adiabatic compression when the avalanche hit barrier. This also should be a very

important and interesting problem to be studied.



