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Hiromu SHIMIZU 1968 Study on Internal Strain of Snow Cover on Slope 1. Low Tem-
perature Science, Ser. A, 26, (With English Summary p. 166)
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B EH O RFESEE L L DOE O LT,
HorBHOBEIFESEWELELTL, 20
ERFR LT, MENDOWEINTOWTEEL
Th L5,

15,16 RicR_¥ X 5 wBEERE 2 41,
I AaEY, £ECHRT BEOHE 1l K F

FIE HERMoOEH (1) H3IEE
EledEE an, am ET5, HHEHCHVT, FE 71 013, 013 T2 T
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B ®EERMOKT (2 B 1ERD on, om 2T,
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DO 3 ElC BE R BEALERE) AB, CD %4 b, HFEO E EBE K - CESER O
(CJABBA), X001 (OCDD'C) &2 k5, &AL I CREPNCE < FIB T
Fa on, o B LY om, om & T B, on, om VEEETTE, o, om i E T AMCE S T

%60

BEE D) obTREEHOFRI—FET, om, ous DFHMTOE LL, TOHIEITL

WIIE I8 I ERET B &, ZOHSDEBEOH G- DLEMEID,

o1 = 204 {cosﬁ-\—sin Bcot (% + %)} (3)

nERDHLND, ZIT,
B: HlEOEAA,
z: RIECEEC - EHmrb ORS,
Ps: HEEDFEE,
¢ BWEB EERs Y LEBRERBORTA),
THDH, BERHEY, om CEERE Y EEC L DA OF OOV TITe 2T,

om = 20 {cos B—sin S tan <% + %)} (4)

?5‘9‘
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HEL B, M, 16), 17) Rt 3 tic Haefeli® 23R 1c b DTH 5,
WA T EIE T o DREZICDOWTEZTHLS, S 1L %BH, ABIE/E
ANB %##Ex 5L, W AB OFANEILICRT 28 L EE o3t
7 = 90°— (an —an)

THH0, HAB @ EEGTE,

—
—

GA'B’ =7(UIII+UIIS)+ (0111'—0113) cos2%
1

2
1
= 7(0111‘{'0113) - 7(0111—0113) cos 2 (01111—0’11) (5 )

TH%, TLEEED OEEL v LT2L,
Wy COS Ay (6)

V%, H AB CEBEC/EATAEIE O 0ENRS TH L, Lich-> TH AB B EEHO
O&2 BB3ERT W,

013 = 0 a/p + W COS a1 (7)

THExbhs (EIX), ZoHEd, BERE D) ORI TEEED T EiL—8 T on, o DT
HZO & UL, BEHEEOMECEIRIS 2 @i & v d BRECES T B,

KT oy EZHIHIE L6 X0 (1) 0 L 5 c#oEERE (DEFFE) Of4645E L
X5, CoREOKE EF BB TH D, EOBOHEEE LRI NHBOSHH an & —FL
Twb, HboBREEEREOETEFRL, OGRS IV 3RS O o o & 11
CRIZETH D, Lichio T, &IV @ < ER ik (16), A7) oW CcHE2bI B om, ous TH
B, LIAN, BEF OFEL om & (am—an) 5 A% LTW2Lh06, B EF il
& FEICH opw 1,

[NeIn

1
ogp =5 (onr+oms) + 7(0111—0119 cos 2 (amm—an) (8)

THD, i, BERE D) OFER% ws &T5 &,

wy cos (90°—ap) = wy sin ap (9)
3, T EF wBECERTAESE D) 0BRSS TH B, Lini->T, WEF #@LTH
TetERT2EIENO0E2 B LERT) I,

on = 0w e+ 1wy sin an (10)
THE2BhS (18 X),
i, w; OFERED LS FTHIE I,
[1EFE'’F’ = 7 PQMN = [] PQRS

THBH, IIT,
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EF 1 _ 1 (11)

cos PIE - cos [90°— (B—an)] sin (B—an)

THAHNPD,
1

wy = mw’ (12)
TH b,

CORPCGEEBE DRI AESZCHER L, HETRDLEBEZSRO FL N FE 4R
Cord, FRES) DI vy % £i5 1k Haefeli 3R (16), (17) 2 EEH - CTEHE Lich,
DIL, DI oFEIE LS, 16D X 5 e ERBIESWCEHE Lz, Haeleli o FEx+ 0%
¥ DIL DU L-fRE, AULKELRCHETHLS, FITRCHFEC L 5EEY
HE L, HAoHkickss, BLERT (0 BEOREHACHIF I bBALRS
HBIEN) 11 Haefeli OFBEI D T2 LRKEDAMEL, EE3ELT (6 BEOLT

FEDbBRERIE S 11, Haefeli X0 432 LI DEREL R,

BAX HBSHFOELN, EEEER L OFISRMAER - EMHTER
(FEFn 43 4 1 A~4 7, BFEHNE RERIFREKL

* B B (glem) F % & & (day) Rk R (gday/cm?)
@ i Hacfeli Shimizu . i 2% FEg
g1 03 ‘ g1 a3 °1 =? Tt 7z A
DII 1 20 — 83 54%10-3 —54x10-3  3.7x102 154X102 4.2
2 15 —125 2.2 —5.0 6.8 25.0 3.7
3 3.1 —165 (Haef oli (D> 29 —43 10.7 38.4 36
4 2.3 —239 | \FERLD/ |5 —46 7.4 52.0 7.0
5 0.2 —296 3.6 —6.4 0.6 46.2 77
6 0.1 —172 1.7 —17 0.6 101 168
DII 1 30 —158| 39 —149 |7.7Xx10-3 —i5.4x10-3  4.4x102 97x102 2.2
2 0.8 —201| 19 —185 |29 — 71 6.6 26.0 39
3 42 —237| 43 —228 |22 — 50 19.6 456 2.3
4 15 —317| 26 —306 |23 — 54 11.3 56.7 5.0
5 | —15 —375| 05 —357 |22 —12.1 2.3 295 12.8
6 05 —254| 03 —243 |33 — 6.1 0.9 39.9 443
DI 1 35 —248| 49 —235 |54x10~% —10.0X10-3  9.1x102 235X102 26
2 | =01 —295| 20 —279 |36 ~ 64 5.8 436 75
3 40 —329| 60 —308 |36 — 6.4 16.6 48.1 2.9
4 20 —409 | 31 —400 |3.1 — 46 10.0 87.0 87
5 | —39 —482| 15 —452 |36 - 36 42 126 30.0
6 | —02 —353| 03 —333 |17 —106 1.8 314 175
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10

HAEFELI (g/lcm?2) 5o
50 40 -30 -20 -10 o .37

oY —30

+ DII

-40

NZINIHS

-50

F1ITE HBRHADCRIAEBHTOEN
(Haefeli o Ftkdks L O HEKO FER & 5EHEH RO LK)

7. HEQSIERMMEER () LERKER ) HEEROIENB LOEEEREY,
E1XH 6,>0, >0 (BlED)
B3 EHh 05<0, €<0 (= #8)
ThoHLE, AELIBSRICREBTORSE O JIRMER () 5 X OCEMMIER 1) 2, £h
ERRDEIOSTTERLL D,

4]

g = 7]; (13)
b= (14)

CDEEICH > TEHE Uie, ZFUZEHIILMLGE OB FSHlERE > E 5B RT, chT
InE, BENGZTWBHLEERIZ L7 02~ ERETH DA, MBI s & 10420
BB b ET RS,

VI. £ & &

RERZOPNBEL BN T 57000, FAEEER L, FUIEE Lem ©, HESHREC
AT BT bk, AEORAEARE & UREE % F> CTERNEE ThiE s, OMfLEn
HERIMAE s TRbR B, OAOMELY2EMABSCNE L, BHNOEOLR~2
Pk LD, o, IRBME OB Sfcwic, EERES & 30~50 cm 3 0 A LB
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CHELCBAEAED, & ML, FABC X > (HFERCPTRERI ML,

RIEDOHHL, Befin b OEMIREES OB RETHEY Lb 57D, 4208
W A, B, C, D 2B b MiAHE OBBRE T B X OMEFEIC R AFRE S I,

REES OREE L,

) HELBIT S - THIEHEETH Y

) EERBFBACTIHEEI ET L

i) AT, HETSBENTLHRBEENES
ZEMd e e,

RS DR IR T,

i) BBIE P O K T EMT R R DM (@) AR h

i) AEEEBC TR ROECILO0 () &EXTEL

i) SAEETEHGEIC R RDOREA (&) PRI

EERE L BEEOBGRIF 6 TR LTH5H, BEOEEE L £ OMMIN ML ik
CERZND LY ThH D, BEORBOEEIZLRBRRE LOBRC L » LT 52, 0
BAH= AL F-PRELFEEHERLTCDEELON DL, SECNTAEH= 3L F— DR
Iy, BAE It EOREBU LCEL, BEEL &ML E UTEL LT3, IR
AR CTHEMBEORENME CLEREI M AMBEA/7R L, O, - otsomaliE ik
SRBIEADPERE LT TH S, ChiEbRT, HHOESIEEE LHRA EERIRE
b, BERELLETH -1,

L EHDELEOBERLIGALIRE, BELEHEPETHHEEZDNLNL, BOD
FELICHOEIMDE BT 5LV HIBEFECHETE, BEROFERELBILIHHRE L, =
ks, HLERT (o BEOREHROMO AR I SI5T) 11 Haefeli 0 R X 5
FEEL VLD LREDE, $REITRT (0 WHEOLTHROLBAXR IR HIEN) (L
Haefeli X b 34 L/NEDIEIBL i,

BB, TOINEERE,ID, ARBRB BB TS IcE O5ES X OFEMERER
FEE Ui, SR, EMEERESEELTE L 0 IEFC o0 TS, ahZeon T
FRTET B REELYR Lic,

OB L CERBR B OMIFE, KHEHER, KEXEEEET & ho KRB 22
GERTO&EF PR B OB IS HG DA oo, FHBEOFERICE LTk, TRRFHETE
DNFR IR, KFEE, PUBCRKEEE OBHOER DL THG ., i, BAFEEOEE
B LT RIE T EEROWINAIKE, IMMEEET 2L COBRABACOMEY &R,
R LUESOEYERDLT, JOMROBRMO—MIICHARNEEEDIHI N,
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9)

10}

11
12)
13)

14)
15)
16)
17)

WK A

X ik

Haefeli, R. 1939 Schneemechanik mit Hinweisen auf die Erdbaumechanik. Beitr. Geologie der
Schweiz, Geotech. Ser. Hydrol., 3, 63.

Haefeli, R. 1963 Stress transformations, tensile strengths, and rupture processes of the snow
cover. In Ice and Snow (W. D. Kingery, ed), M.L.T. Press, Cambridge, Mass., 560-575.
Haefeli, R. 1967 Some mechanical aspects on the formation of avalanches. In Physics of

Snow and Ice, Part 2 (H. Oura, ed), Inst. Low Temp. Sci. Sapporo, 1199-1213.

BHRE 194 HEAECE - ~HEBOBHUE HrcmgeitE. ZX, 3, 429.

NGB 1960 SEBEOKMIRSE I ERMF HEE 19, 147-164

HHIEAA 963 —#HAaRELoBESoRELT. ERBE UEE 21, -2

HHIFRA 1964 SEERSONETKE IS L OMERE 1, 11, IIL KRB, pEAE, 22, 84-100, 101-
117, 119-127.
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BAHEFHLILORME Xih: EH4 82 BEE oKL (BMAAE), Y HE2E HER
a: Boximy X & (P

MERZONBE 1

£5% HEMBORBE MBMBEL A~4 0, MENEHRRTREH D)

(EATE), B o4 BBILMEE S OILN KO 2 D REL B R BIT 12,

PHEY, B> CTEAEYE, TAXHARE -7, rot: BEHOM HLEL, G R: BE
(R, BECHABEALORSE Z » TW2BRNO FHE, EREL, 22 EEA»LHALL
BEELR (hP=ad—bd, do: BHBEIILOF S E > TV 5 BOFHEEEEMLLLEH L ERE

{ER (de=Gs/Gsrr, B L G; 13 i B B o B 0 P55 E)
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M B 7L

47 % fE R
iR oo | hEE B wxm x & S.K mE | GRER
g 0 B munel WOES TG R ) R o oommE L | SR
(cm) (cm) |[(g/cmd) (kg/cm?) max
A AT |1 118 0 305 | 003 12 .
1 0° 4005 —0.05 001 | 0° | 093 093
2 130 | 15 258 | 032 05
2 | 410.3° +001 —0.09 001 | —0.6°| 092 099
3 13| 20 231 | 033 12 .
3 | +246° 4006 —008 0.14 | —0.7°} 0.86 0.84
4227 31 204 | 039 09 N
4 | + 76° 4002 —0.08 0.10 | —09°| 094 0.96
5 3/13| 58 152 | 040 05
|
B |B-III| 1 1/19| —0.1 789 | 026 08 |
| | —41° 4£004 —0.16 021 | —5.0°1 0.88 0.88
2 130 | 45 666 | 030 18 .
9 | 49.2° 4004 —0.10 0.15 | —1.2° | 094 089
3 9/13, 80 618 | 034 15 :
3| —17° 4003 —007 0.10 | —3.8° | 096 0.93
4221 | (07 (530) | 037 33 .|
4| +88 4005 —0.12 0.18 | —36°| 093 087
5 3/13 | (15.1) (44.1) | 039 0.4 !
BIT |1 y19] o1 558 | 032 19 |
1 | — 59° +003 —0.14 0.18 | —4.6° 1 0.89 0.92
2 130 | 35 411 | 035 26 !
2 | 4+ 1.2° 4001 —0.09 0.10 | —2.4° 092 092
3913 61 436 | 038 28
3 | —189° —003 —003 0 | —20° 094 097
4 9/27 | (1.5) (369) | 039 3.4 1
4 | + 38 4005 —009 0.14 | —33° 1 096 091
5 3/31 | (11.1) (29.8) | 0.43 05 |
5 | 4+ 12° 4003 —007 0.10 | —2.4° ' 096 0.90
6 3/27 | (13.6) (23.9) | 043 05 |
B-I |1 1/19 0.2 303 033 16 |
1| —52° 4004 —0.13 0.18 | —3.6°, 090 0.90
2 1/30 | 23 252 | 037 32 \
2 | +455° £003 —007 0.10 | —3.8°| 096 097
3 213| 38 234 | 038 3.1 !
3| 478 —001 —001 0 | —15°] 098 094
4 2/27 | (49) (17.7) | 040 4.1
4 | —45° 4004 —006 0.10 | —35° 098 092
5 3/13 | (1.5) (12.3) | 0.44 09
5 | 4+5.1° +0.11 —001 0.10| 0° | 1.00 1.00
6321 | (93) (15) | 044 12
c |car|1 18] o 902 | 025 09
1| —1.1° 4006 —0.29 0.41 | —8.4°| 076 0.83
2 /30| 49 764 | 030 08
9 | —48 4006 —0.11 0.18 | —5.6° | 095 09I
39213 83 709 | 033 09
3| —59° 4005 —0.12 0.18 | —4.2° | 093 095
4228 | 118 642 | 035 09
4| —61° 0 =010 0.11 | —2.8 | 090 092
5 3/12| 143 585 | 038 1.1
cI 118 o s01 | 031 12
1] —07° 4006 —0.14 021 [ —3.6° | 091 089
2130 | 22 438 | 035 19
2 | —54° 1004 —006 001 | —2.9°| 098 096
392/13| 39 413 | 036 13
3| —13° 4003 —007 001 | —4.1°| 096 096
42/28| 56 375 | 038 14
4| —10° 4002 —008 001 | —1.8° | 094 095
53/12| 72 339 | 040 12
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R AT
AT
mws 0% lmwan| BOEE TG R

[ 7
(cm) (cm) |{g/cm3) (kg/cm?) max
D [D-III| 1 1/18 0 1210 031 1.7

" B K @
wEx@ oz & K HiE | EREL
s = Soume b

rot

1| — 29 4007 —0.07 0.14 | —2.3°| 0.0 0.8%
2 1/31 6.8 102.7 035 20

2 | —12.6° +0.03 —0.07 0.10 | —2.0°| 0.96 092
3 2/14] 116 932 038 2.1

3 | — 84 4004 —0.06 0.10 | —2.8°| 098 097
4 2/28 | 156 832 039 1.9

4 | — 43° 4004 —0.06 0.10 | —1.7° | 098 0.96
5 3/12| 192 764 040 27

5 | — 4.1° 4005 —009 0.14 | —3.2° | 0.96 094
6 3/26 | 250 683 0.46 0.3

6 | — 89 —0.03 —0.03 0 —06°| 094 094
7 4/13| 320 576 051

D-1I |t 1/18 0 90.7 0.29 10

1 | —10.0° +0.10 —0.20 032 | +5.1° | 0.88 0.8
2 131 | 54 778 | 033 13
2 | + 2.1° 4004 —0.10 0.15| 0° | 094 095
3214 91 715 | 035 16
3 | — 57° 4003 —007 010 | —26°| 096 092
4 2/28 | 124 639 | 038 24
4 | — 70° 4003 —0.07 0.10 | —2.7° | 0.96 093
5 3/12| 155 585 | 040 26 |
5 1 — 0.1° 4003 —0.17 022 | —2.8 | 0.86 09
6 3/26 | 204 525 | 042 1.1
6 | — 54 +006 —0.11 0.18| —1.8° | 095 0.8
7 413 | 269 428 | 043 09
DIt 1/18] 0 611 | 032 10
| t | — 60° +007 —0.13 021 | —47° | 093 0.8
l2 131 39 530 | 036 22
2 | — 65° 4005 —0.09 0.14 | —2.9° | 096 096
(3 2/14| 64 493 | 038 2.2
1 3 | —160° 4005 —009 0.14 | —1.7° | 096 093
4 2/28| 91 436 | 041 26
4 | — 65° 4004 —006 0.10 | —2.9° | 098 0.99
53/12| 115 399 | 042 29
5 | — 7.4 4005 —005 0.10 | —12°| 1.00 096
6 3/26 | 154 352 | 044 17
6 | — 64° +003 —0.19 024 | —25° | 0.84 0.87
7 4/13| 212 272 | 045 68
Bt Eid
2REODHEE

1. B E FVY 4 HEABCEROBEHESFLLBEBELTALY, ZOBERIL,
MEOFREMPCEEZEE I ThicbD T, KEFTOBHOBHCL2bDOTHE, 0O
BEOEW A LI ¥,

1) B, ERELERTOID

@) PR, EREBLECCTTRE LTED
I 5 ieBaEiy, ZOERE “BEZE (homogeneous strain)”’ LMHENR D, 751, BEHEOS
Mds L OCEITR ORI, BRI L » T—RIZE(T 5, BEEY 2KTOHEEOVTEL
D&, FBECHEALLCL T, BERT L 2818 T L AR S5 L5 hETH 5,
ORI X T, EEFHTE AsByCoDy 13 FATIIH ABCD b b, Lichis T, WEEL
GIET R 2 AT AR S5 L O RELEE 2 T IV, BEER, ~BARED > OV
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EODRBKEGETH> T, LD L1
BB HENESTH B,
HHEE A FFHNCIER 5 &K Ao Do
DESTID, HENDOERED—
APyl y) 55, WEOEMC X - Bo Co
TP, VIeBBL, x v9 &
(&', ¥') DRICERZER B (R 2% 5K FBE ¥ H &
MOBEL, TOBEHBRBEETHDHEH, DED, WHEOLME,
x’ =ax+by
y = cx+dy } (15)

ThHhH, 2T, Bha b c,d 0l TEOHEREDTXTIHET B, L, TOXDE
¥ T, BEENFARBEEY L - TUBDHREMCEL 22w, REBEXAEREME
MHE, TR ETHIrYILT (IS,

2. E#H A YWEERY YT 5L &, EAMLFEGUARC 5 & ERFZ, —BIZZ DL
BLBETS, L L, MEOBHIMEAOYBEE(LL LTOFLNEFTILBERE Lo,
o T, EFMORLEBESTCETIWUBCEL LictELTL, BRo—BiEiitbh
e, £IT, TORMIH 2RTOBEEREZ TH LD,

L, —ADFEX 27D (OPyQRS, 78, HWEEBL X » THLABE Lic\v-% % [JPORS
CEWM LIcE TS, BIORERT IS, EAROFLOXEGE L, IEAHOBE 2 0cF
e zih, vy e ne, OPQuRS iwH#ET 5 (LR L 0#ifiF),

224yt =1 (16)

i, ORTELNWBEBOEHYHGL L, [JPQRS T 55,

v d L, 2Nactbd) , . @+B
CHL o 20Dy SR 1 a7
co,
Rt = ad—be 18)

CEWT A b, ZORMAY “EBREM (strain ellipse)” LiE4,
3. EDE®EEE EBEAORE, B#MoE3vkx2A, 2B L35,

m+w:m+ﬂ+wﬁy}

(A—BP — (a—dp+(b+cP (19)

DEE R H D, BADEEDS L, RADLOLERE OA (KX A), HRADL 0 EH,
OB (EX B) TH 52, BERICXIhbiZwTFh bHEAIADOEE OA, OB, (Ex1) Th-
foo Lichio €, EEHOEEHEERIL, ZOHEBC L > TRAXILE/INOTE 51 foks i
DFEEEIERLTVWS (& BK, BDOE: ARLTIOVIZIHERESY 75 2, b
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FOE £ K M

AgAg B | i, BoBo 5 2 %8, RLCOC, BAIMGED S ¥ 24 ;
AA # 1 EBoBHBOMLE EHMRM), BB H2XtoLHgomE
(EBHFMES), £COC RLCOC, o EHEOME; o 1 £ 2 B
TH, o BREARMS xELTA
AL BEWELY <A T AL Lok, BT~ “BRK, BPOE” Lk, ZOoF5LELH
BLREWLERTORNTHE, {oT, FLIORCTRLILL SOV LB BELRDOHTNE
bh b5, REBAOACRROOT, SRR RDObLHLNEE 5, £, TXT
DFEZ OV BBECILEM G IR RO DY, E#MFRCRIDDUNEE, TXNTDOHA
CHBUHE T, REFHCENDOL LA, EWMAMCHREROLEAN B el & wRT),
EREMOE, S onTod 5 — 208, ThAL2EBINCIERL LTwWiel T
HB, WEAD, BCHEAZ L 2ERIBEEC L » Tz 5, LrL, il ld
RORERRLERZER RS L2 SN 5, ERMOREAHEILC ORI 1ATdH 5,
Z OWEIAER LIS - oL, RAFBOTMEEEN D, H1IIKOBEMD 2 2DERE
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HAHEHBEESONME I

AcAy XU BBy 2%, CDBEDEOTETH B
EOXHICHB SR EIL, BHEBC I - THREKR, ®IOEFLELC, EEHEOEEWE
AA(RE2A) 5 XU'BB (EX2B) &5, K, BPDOBXR ¢, 6 & T5&

A=l 4
(20)

THY, CHHEFEDORE I LIRS
ZROEOEEWN x fiE e A% a, atn/2 L1, EREOLALOA
,, a,+ﬂ/2 t‘@'%&,

tan (o’ +a) = 21_2
(21)

4. B &
&, 2V EFMORE, G clhe i TAEE L a

b—c

tan(a’—a):m
o—a Y, TOEBCIALAEOTHHOBEIATH - C, “[lER (rotation)” L IE

OERBEH B, o
Ths, BRCEEAOH BT T, TORGDRAEZXHTE, b=c 7t & 1T
(22)

a—a=0
Lileh, TOFBIFEEETH A LD
2EKDEOEH (o, a+7/2) DEBLLIERAOR, Bl (o, o/+/2) i, FAT
B, BEEC L C—®oflar EoTiEho 2]

PO O & - TED B,
5 BRHEKE 4‘@%?‘]0) L2HE
N FTHZ LRI, B 2 EROLMAD, EVE @/2-p) Wit BE,
¥ =tan}f (23)
%, B0 O2EROH MBS 53ME (shear strain) ORE S &\ 5, WRIEL, X
UHDEZZEROHRD L D HTL-> TREIPELL, LOBEIOFETIL,
2httan B =2(ab+cd)cos 20 +(b*+d?—a®—c?)sin 20 (24)
ThExbh AW, B,
h? =ad—bc
0=EM2ERDOOL 0N z #ih LT
TH B,
EOFEOITETHEBYMIEL O THRAMER R T, RAWKIEIL 2 DOEDFEID 25551
DFHFTER Y, & OfEIL
Faax = 2o - 25)

2 2EROER K DI AN, EREMAOREWEN T ST 28K pqrs

THhH, ZDHE
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DX ARC—ET %,
6. hEZIt BEECI-> T, HEOFRHATS—RCERELIRBETEIL01H5,
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Summary

Direct observation of strain ellipse in snow cover on the slope was carried out at
Avalanche Research Station, Toikanbetsu, northern Hokkaido. Four observation sites
were set on the slope to study the effect of exposure of the slope and that of distance
from ridge top on the behavior of snow cover on the slope; site A and B on the south
slope, C and D on the north slope (Table 1).

Small holes, 1 cm in diameter and 60~130 ¢cm in length, were bored in the snow
cover in parallel to the contour line of the slope, the grand line of the observation, by
use of a boring instrument (Figs. 3-7). At the start, holes were arranged along a vertical
straight line, linear arrangement, and on a circle, circular arrangement (Plate I A-1,
Plate II B-1, Plate IV C-1, and Plate VI D-1). Displacement of individual hole and
deformation of those configurations were measured at every about 2 weeks (Table 3), on
a vertical wall of the snow cover which was parallel to the maximum slope line. A new
observation wall was made for each observation, at advanced position along the grand
line by 30~50cm, to avoid the end effect by the exposed and processed observation
wall. The hole was deepened in parallel to the contour line of the slope, by use of the
boring instrument, when it became too shallow to make the next new observation wall.
The internal strain of the snow cover was intermittently observed through the snow
season by this procedure.

Internal strain of snow cover was,

(1) non-uniform for the whole snow cover as a body (Fig. 12),

(2) uniform in each component layer of snow cover (Fig. 14),

{3) occasionally non-uniform even in a component layer, in active snow melt season

(Fig. 15).

Strain was defined as positive for extension and negative for compression in this
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paper. Principal strains in the snow cover appeared as fallows:

¢: Maximum extension was observed in some direction around the horizontal on

the observation wall.

¢z Displacement of snow in parallel to the contour line of the slope can be con-

sidered zero for an uniform slope.

¢3: Maximum compession was observed in some direction around the vertical.

Strain rate (4,, ¢; and 7p,y), condition and properties of the snow cover (W, load by
upper snow layer along the normal line of the slope, R hardness of snow by Kinosita’s
gauge, and G snow density), and weather condition (T air temperature, and I solar radia-
tion absorbed by snow cover) at individual site are shown in Fig. 16.

The observation at site B suggests that strain rates of a snow cover are perdominantly
affected by the mechanical strength of snow which may vary with change of temperature.
Maximum value of the strain rates of the snow cover appeared during the period 4 (Fig.
16), and ground avalanches were recorded most frequently during this period at the south
slopes in this district.

Structural feature and movement behavior of snow cover on the south-and north-
slope showed some remarkable difference. Strain rates of snow cover varied through
the snow season at the south slope, but fairly steady at the north slope until the snow
melt season (Fig. 16). Such facts may be caused by difference of solar radiation energy
absorbed by snow cover on respective slope (Table 2). Solar radiation energy absorbed
by snow raises snow temperature, and it results in activating the warm metamorphosis
of the snow', and in weakening the mechanical strength!” of it.

Under the assumption that the principal axes of stress and those of strain have the
same directions, principal stresses in the snow cover, ¢, and «;, were calculated. At the
point II of Fig. 17 and 18, principal stresses, g and o, were calculated by Haefeli’s
formula®. Namely,

om = 20 {cos B —sin S8 tan <% + %—)} (4)
o1 = 2P, {cos B+sin B cot (% + %>} (3)

where, = depth normal to the slope, 8 inclination of the slope, ¢ creep angle, and
snow density. At the point I principal stresses, on and o1, were calculated considering
the equilibrium of snow column I and III (Fig. 17, 18).

g13 = O'A/Bf+w1 COS dg1
1
= w%—(0111'1‘0113)— ?(0111—0113) cos 2(am—an) + w; cos an 5),(7)

ou = o+ wy sin an
sin an

Sin (G—apy &> 10),(12)

1 1
= _2‘(01114-0113)'}‘ 7(0111—0113) cos 2 (am—an) + w;

Those values were compared with those by Haefeli’s method for deep level of the
snow cover, D-I and D-II, at the site D, in Table 5. They showed fairly good agree-
ment with Haefeli’s, with some general tendency that ¢, appeared slightly bigger and a5
smaller in magnitude than Haefeli’s (Fig. 17).
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Finally, viscosity coefficient of confined snow for extension 7. and that for compres-
sion 7. were calculated (Table 5), by the definition of,

& = —;—} {for extension) (13)
&y = ;,3 (for compression) (14)

7! appeared biggerthan 7, by several times for dry snow, and by several tens times for

wet snow.
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