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Q" = (pg/n)0.37265 x 10°
L1353,
A 18° ORI DOE S h=20m OFH -, LIS OHEEEE v, HHEICE > H O FKE)
HEE u LT, u=(gsina/y)y{h—@/2)} 1O,

I3
Q, = So udy = f;—g— h’sin (32)

L1253, a=18, h=25X10° L B1FiT
Q, = (0g/7) 1.6095 x 10°
THB, HEICED Q=Q=Q+KQ" Th 3, chpb,
K =6.286
AERRMZ OB,
wLLT, @~12)RDFE 1 B e 28) X0 2 MEEILNBH L% 23) RoB s



112

o
H

™ A

bHE, ‘ g
Ca =37, B=230° pE)=-1/3 g(B) = 05733,
s = 04504, ¢, =0.7881, K =6.286

& LTEET NI, 85 NoBEORESE OAB DG 9., 96 v B L O HRELEE RS vn,
vy DM Z 5N Z, 1L, EXOBEMICE cm 2R3, s ¢ iTid, ZNEN sy 5ol
[csl: D51 2DENSHE, T, FAKRULLIRICE T, TDIL0D s, [a], O
Lo, ,

MBEG LD, 10 220X 3K LTAI% ToDRTHI=0E5 L, B5HORHG
D550 OB A B BB, BT H

[95]a = Pg (—rX0.5314+ 7% x 14.371)
[trsle = 0g (—r X 0.04063 + 7°-45% x 18.235)

EAbhs, wXIGRicky %]l Floo0— - r
Bl%leicp & Lin, B6ROMER2 cm e
& 3 D5 [olc/Pg, [trele/og &7 & D
MEEEDT, [ BBEEL TR |
0C, ZZxRUBNBZEEICKRELD
5T r=1m THEA/E 61 0g 105,
r=4m ¥ CRIEDMEEFESTZ,
F 0, r=4m¥ Tl lc3 IR IITHEER
BMEEsSSTEIELTV B, BY
DEEZ04grfem® L3 3&,r=1m
TORIIORR K E i3 61X0.4=24 gr-
wtfem® & 753, BEEOTETEAE
LOREOBBRFDEDICHE N T
ATOBTHA D, aADHER, 72
Wiz, 2.4~3 grjem® OHEIFRICH B,
T5L, BEI0~8cm OBENIEEFD
THANCHBER BN CATIE L T
WAL, 24 gr-wt/em? DIE S EH - T --1500 N .
LR, FHDS, BHBNTNC & N
213 5, N

BFA 3T DLROUHEED 2T, | o000 . . .
FEDDIZWEI h O—HIEEND R FESRoBEOKEE OABoEHS LU
IR, MELOEESN [0 ‘ol BRES, G132, zhen,

5 - N FHEEEZRBW®RT 5, iR 1 :[s,]s/0g
& heg cos 37°, £11H b O 37t IS A iR 22 [o0la/Pg. HiER 3 : [z.0]a/Pg

[eado 13 hogsin37° L1755, 4 6 iR 4 [oulo/eg. Hi# 5 [e=vlo/eg

m 50
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D2AOHHA4, 51, NODOHERD hICHS ROBHOEED r IKLHIL TERT 5ES
EES1EBOD [9,)6/fg, [rale/fg B S LTS, BEIEH [9)e & [Fe &FFTVET
BB, LU, BEISH [fela & [mole &1, KOROELNE BODbRENEE LS,
BEEBS LD, v, 9, v, DXT A=30° EBFIE, BOSEOEZEHRS OS> 5D OA
GD 6., v,
[¢.]s = Pg (—7x0.16247 +7°4*4 X 34.63)
[vols = (Pg/%) (X 0.017594 — r1-45% % 9.327)

LAoNB, B6HDR 12 ols/og & r LOMRRGEAERT, [0 @F, $abb, ENTH
Bor EEHICHALTr=40m 057 O TR 80209 IR L, 2 0dH & BRBICHDT 2,
DB 0% 04 gr/em® &3 1E, r=40m IC T 2 [7,]s DmA{EIZ 320 gr-wt/em?® L1515,
R 0.4 gr/em® O OHE S 100~500 gr-wt/cm® ¢S EHLNTLEDYD, Eh T, F
S5HOBEDOHORIMCITEEDIE O ZAMMEMEN PN EZEZTINTHEH D,

PZDOXTHAZONS [wlsld, 7 DT RTOPICD>HWTATH L, THEHLE, BIERA
BRNACE IS K SR HEBET 5, —Tlvls/pg & » COPEREHE THICR L, [vidls ORUE
HEDDBICE O E N EDOEEMBLEMND ZH, PBEYVICEBEE, REBCCICHNESL,
0=04gr/em® ® L g D HTIZ ¥=4X10° gr-wt-day/cm?, 0=0.5gr/em® D L F YETIF 7=3X
10* gr-wt-day/em® TH 5, 0, IS DEAESTRH T [vls ZEHT 5 LXOEDHEH A
55,

5 lp !

O

20 30 ’49 m 50

EFTE —(eglvls & » L DM
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r (m) 10 20 30 40 50
—(n/pg) [vels 1.9%10° 5% 108 8.5X 108 13X 108 1.7 108
—[vels p:0.4 19 50 85 130 170
cm
( day £:05 3.2 85 145 22 29

r=R=50m T® v,

F5HOMIL AB D v, DEZ [v.le EEFEFIE, @/eg)lvle & ¢

EOMENE SN TEHLINE, PIEFHEDMEE D2 &, A SO [v.]r DD, 0=04
griem® ® & %3 90 em/day, 0=05gr/ecm® ® & X3 15cm/day & 753,

Flo><105 ¥

10
h

20

SR (rog)lvilr & 6 & o B 1%

T O, BHFAHTE TIRF 38 EEHEHE ) ORFHRARO—E D> THEQ

Hivtz,

1) HHEER 1964 HNERESoRTHENL L oS, 1
H, 22, 83-100.
%) EEBER - mE 1§ 1961

X

EOHBHE DT, Bk, 23, 91-94.

gRCRR T 5 HiEORE. KEFYE, HE

3) Haefeli, R. 1963 Stress transformations, tensile strengths and rupture processes of the snow
cover. Ice and Snow, Edited by W. D. Kingery, The M. L. T. Press, Cambridge, Mass., 560-575.
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Summary

In Fig. 1 of the text curves S represent the top surfaces of wedge-shaped snow covers
on plane sloping grounds G. In polar coordinates » and ¢ shown in the figure, stress
components ,, 9, r,, and flow velocity components v,, vy within the snow cover were
calculated theoretically using the method of combining two kinds of solutions presented
in the preceding paper (Part I). As before, the snow was assumed to be an incompres-
sible Newtonian fluid of very high viscosity in a state of plane strain, but, in this case,
there is no steady flow of snow.

The components should satify differential equations

agr 1 877-0 gr—_oﬂ . —
- = + =
o + pey” + po +0g sin {(a==t) = 0
1 a9 ar 2 ( 1 )
[ 70 T b _ . _
¥ 30 + o + —— —Pg cos (a=6) =0
-‘} (61‘ —Gﬂ> — —é— (\00-—0'7_) — Tro =27

v, v, " 1 av, _l_<i 3v,. n L (2)
ar r r ot 2\r ot ar r )

and boundary conditions

[dels = [T,6ls = O, [vele = [vela = 0. (3)
The upper sign of = or = is applied to Fig. 1a, and the lower one to Fig. 1b. Sub-
scripts S and G refer to curves S and G and 0, 7 are density and viscosity of the snow.
The above differential equations (1) and (2) are merely equations (4) and (3) in Part I in

polar coordinates.
The solutions to be combined are :

a) first,
9% = 0§ = F-pgr sin (aF0), (4)
e =0, vy = v§ =0, and
b) second, o® ... v listed in Table 1 of the text with /=1, 2, 3, 4. They are

derived from stress functions ¢“ in the top row of the table.

Combinations of the above two solutions in the forms
ot = ogr [:sin (aF0) = 5-sin (@) [p(8)(sin0-+3sin 30)
+¢(B) (cos +cos 3 0)}]
% = ogr| Tsin («0) = sin (@) {3 (8) (in 0 —sin 3
+q(B) (3 cos t/—cos 3 (i}]

Thy = :;—'ﬂgr—;— sin (a=f3) {p (8) (cost/ ~3cos3#)—q (B) (sin#—sin 3 (7)}
v = =+(0g/8%) 7* sin (aF=B) {p (B) (3 sin 3 # —sin #)

+q () (cos 360 —cos )}
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vy = (Pg/8%) »* sin (a=F) {3p (B) (cos 3 —cos ¥)
+4g (B) (3 sin ¢ —sin 3 6)} )
with
_ sin3f—sinf _ 3cos3B—cosf
l)t(ﬁ)— cos 4 f+4cos f—3 q(8) = cos 4 8+4 cos 2 3—3

satisfy differential equations (1), (2) as well as boundary conditions (3). Therefore o7, -,
vy are the stress and .velocity components for the wedge-shaped snow cover. They can
only be used when angle 8 of the wedge is less than 21.5°, because

(i) p(B) and g (B) become oo at f=21.5° as shown by the curves in Fig. 2, and

because

(i) for §>21.5° v} and v; show the snow cover moving up the slope instead of down.
As a matter of fact the snow cover can climb the slope if the stress components on the
surface 7=R (constant)‘ act upon the snow so as to push or pull it up. The above ¢/, ---,
v pruduce this effect at =R when f is greater than 21.5°. But climb of the snow cover
is very rare if it occurs at all. It is for this reason that the use of stress and velocity
components (5) is excluded for $>>21.5°

Stress and velocity components ¢/, ---, vy are introduced to apply to a wedge-shaped
snow cover with 3>>21.5° flowing down the slope. They are ¢, ... vi® of Table 2 com-

bined in the form
% = P (4D P b0 —s) )

' (6)
vy = v5” —(s+2) 92 4, (v5° —sv5®), J
where s and ¢, are roots of the trigonometrical equations
(s+2) {sin s f—sin (s+2) B} +¢s {(s+2) cos s B—cos (s+2) B} =0 1
{—scos s B+ (s+2)cos (s+2) B} +cs s {sin s B—sin s+2) g} = 0. | (7)

For the same value of § two values s, s, and [c;],, [cs], are found for s and ¢,:s, and s,

are plotted against B in Fig. 4. Since ¢, -, v§®

are components derivable from stress
functions 9 of Table 2, o7, ---, vi are solutions of differential equations (1) with the
fourth terms 6g sin{(a3=), 0g cos(aF¢) removed, and of differential equations (2). The
above mentioned constants s and ¢, make 07, -, vy satisfy boundary conditions (3).

Therefore for any value of constant K such combinations of ¢/, -+, v5 and 97, ---, v] as

T (8)

give the stress and velocity components for the wedge-shaped snow cover. When (#>21.5°
and the wedge-shaped snow cover is flowing downhill, stress and velocity components may
be found by choosing appropriate values for K.

An example of a wedge-shaped snow cover is-shown schematically in Fig. 5. Every
year monsoon deposits such a snow cover on the back slope of a pass ]ocgted near
Mt. Tateyama in Toyama Prefecture. The uppermost portion of the snow cover is nearly
wedgeshaped with a wedge angle of 30°. In order to find the stress and velocity com-
ponents for that portion the author determined the value of K by assuming that the flux
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of snow through arc AB in Fig. 5 was equal to that within the lower part of the snow
cover of uniform thickness 25m. Curves 1, 2 and 3 in Fig. 6 give the values of [¢,]s/0g,
[9]a/Pg, [r.0Jc/Pg respectively, as a function of the distance » from the vertex of the
wedge. For 7 less than 4 m, [¢,]¢ is positive, that is, there is tensile stress between the
snow and the ground. This stress is insufficient to separate the two since its maximum
value is only about 25 gr-wt/em?®.

# & &
2B, qBEAXD AKX AR TEHEZ LN B B DOEE, s, s, RAEAXOZHFEA2CT) O
5DO0OBT B DX TH B, AX 26) DFBERIT, FORLDs L, EWKCDED s, &
[Cs]l &OJ{E@/%E, 355&‘67;, Sy & [Cs]z &@'fﬁ@%ﬁ.{‘f}zﬁ({\?l&i, BN e %ﬁﬁﬁ(ﬁﬁéﬂ’b%

8 ?(8) g(8) 51 [esh S2 [esle

0° 0.0000 1.0000 oo — oo

5 0.0913 1.0118 7.486 0.4944 —9.486 —0.3901
10 0.2141 1.0580 3.2475 0.5488 —5.2475 —0.3399
15 0.4670 1.2035 1.8424 0.6053 —3.8424 —0.2903
20 2.2054 2.3581 1.1431 0.6636 —3.1431 —0.2410
25 ~0.9019 Q.2156 0.7262 0.7245 —2.7262 —0.1930
30 —0.3333 0.5773 0.4504 0.7881 —2.4504 —0.1449
35 —0.1636 0.6654 0.2555 0.8545 —2.2555 —0.0968
40 —0.0688 0.6982 0.1108 0.9255 —2.1108 —0.0486
45 0.0000 0.7071 0.0000 1.0000 —2.0000 0.0000
50 0.0574 0.6993 —0.0873 1.0793 —1.9127 0.0492
60 0.1575 0.6364 —0.2144 1.2542 —1.7856 0.1506
70 0.2444 0.4991 —0.3010 1.4564 —1.6990 0.2581
80 0.3088 0.2793 —0.3618 1.6961 —1.6382 0.3744
90° 0.3333 0.0000 —0.4054 1.9834 —1.5946 0.5035

A ?(8) ) A 78 q(8)

17.5° 0.7962 1.4103 23° —2.1199 —0.6041
21 6.9258 5.5709 24 —1.2717 —0.0315
22° —6.1308 —3.3083 27.5° —0.5056 0.4730




