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Modeling of deformation hardening of snow and its application
to snow deformation analysis by FEM
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The enhancement of snow modeling is attempted by taking into account the hardening phe-
nomenon. The hardening model is developed based on the experimental results given by Shi-
nojima. In this paper the long-term behavior of snow is extracted from the experiments, and it
is found that the hardening can be induced due to snow deformation. Besides, the snow speci-
mens possess distinct hardening properties in extensional and compressional deformations. The
application of the hardening model to finite element analysis is achieved. The settlement force
acting on a beam embedded in deep snow is analyzed. The numerical results show that the in-
troduction of the deformation-hardening model can provide good agreement with experimental

results.
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ELl. SOIKEIMBESOELRRESRER L EmRBER L
DERICHLIBVERFHERELE. £, K27 D
ENRICET2_FTAT (%8 G O, X#3) &
RERIZ ng /no x 108 La%E L.

R (20) DB OH ABTRAAEREICHT B ES n & 6
13, Xk 2) I RENTWALUTOEZ V.

Mo = 1.06 x 10°(dyn - sec/cm?),
B =524

Mo = 2.09 x 107(dyn - sec/cm®),
B8=253

} (b < 0.11g/em®),

} (p > 0.11g/cm®)
(32)

5.2 BHERORKE

At =60sec DT, 3.24x10%sec(#9 3.7 H) T TOREMT
TERL. BITTIE, 3. IR L-ERE{LLET L
ERV, SREEBEOE{L AT A—F o, DIEEZEZ,
TNBERICRIFTERIIOWTHAN:., BB, E4%
EREEOBE/AFT A —F a 1IPODEE—FILBEL
k. IR, X#R3) TiToEE LORITIZENT,
RODo+Sicln-iIF—# LB EEEE CORS
UTENERE BFR—RERLEZELY, 074
&b Nakamura DEBRIZAVWSONAEEICOWTIL, JE
R ORI LR RN BH IR &R
LIz dizi3b0THS.

a;=0, 10,25 ® 3 r—X iz LTHLN:, 1ZDITHE
Bt 2MBUBHFEORLELXE-9 (ORT. B, B
IZIZE8 7= %, Nakamura DERBEE LS b TR
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a,=25
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BERN(B)

E-9 10 ICERT DRI O 8.

Llc. P OLBEREIL, BARTE (Iem) ¥ 0id
DIERTALDTHD. a, = 0DFERIT, H{LHES%
EZERLRVERETMIZHELTWS. LY, a, =0
DEEORBRHEX, FFHOKE & HICKIBIZED L
THEY, FBTEKE (3.7 BB) ILBITAHEITERED
12UTFEoTNS.

=%, a, >0 DREICL Y FFEHOBOEMAENE
M, ;=25 TORFERMN 1.5 B BLURICBWTERBE LE
RNEVW—EZEXTWAZ bbb, ok,
VOB THRITICE DILBRMENEREICHLAKE
BOEZTLTWAN, THIXERLETEOVHE
HoFEWIZEZ LD EEbNS. ERTIE, ¥HEN
PERALCEENEITT I, EEMOIERHEEL R
HELUTHRELZER L TWA. ZhicstL, #BIFT
HEADER L WEEEREZVIMRKIEL LT, *
IHhOEITEMIALTEY, ThoDERNLEITE
KEEBLELDEEZLNS.

¥, BBOERBRIZBVWTI, X9 Lo
=938 &2 o THY, BL/NTF A —FNFEFITKE
RiER LoD, REBIZBWTH, HBE/NE R g
DT CEBRBRICHG LR 2B TEY, BEL5
A= BB LV RRDEEL VB EMNDMB.

KiZ, 37T ABICBIT 2HEXREHKEE-10 17
T RB, T TORTEFIKIT VOF Mk v=0.5 0%
BEREAHBELELOTHSD. £, KIiZiX Nakamura
NEROBICRO-HERAFKLEDE TRLE.

a=0ICBITHMITHERE ERBER LIRS —HEKLT
Wb, —F, a,=25 ¢ LTBE, 131) LMEFEOHKS
ETFNRELNEFERS>TEY, BRICESHEHEL
DEERBDHLND. L2L, -9 ICRLEELIIZ,
O OLBRREDL o, OREICHRELHEBMHEARLEZD
2B &, BERERKIZIZEAEBELL TRV &4
s,

UkozZ bk, KFFEIZBWTHERE L= EREL
ETFNERAVD LT, ERIZTIIRWL OO0, TLEN
BLEREROME #BRRAKICHERTETEY, 4
HOTWLRANLMEFEOR ARG CRHELRIFLT
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E-10 MEmMK (3.7 B H).

W TiEE R XFT AR ENE O,

E#iz, B TEBOLNALRELOEN L2 K-
11(a,=0), B-12(a,=25) IZ777T. THHDORIFWVT
NL3THEHRRBITAHRTHS. BRFEORAEIZ
FHEICBEELTYWD EEX OGN D5 READRKMEL,
a, PEELLTIEY LA SIS/ LT 5.
BE, a=0 TOENRKKHEIZ 2880dyn/cm? THhoi-.
hiCHR L, a,=25 TOENKAEIT 20400dyn/cm?
ERoTEY, a=0DFFORH THEOEEZTTHRE
ASCY

T 3500dyn/cm? YA EDEHZ2H T A HEHIELT
BETRTLTWAN, BSOLEEEILORELEICL -
TRERBIEADILY LEASH S THIZA)> TH
RKIDHLTERY, AR KEREBRFEORELZE
FEILTWDIENEMRTED. 2B, 1Y (BVWE
) THOBEDEIKIIEZRBTHS.

T, @-12 OID EFOREREEHIZEWVT,
REFER L FATIESIREDBHHL T BHRTFHERD.
ZhiE, EOUWTIEY, 10 EBOEAKEFMIC
Fl&fifahn, TOREEESNERTLERITIE
ILEBHLDTHB.

6. HHYIC

EERToERBRICESE, BIGOEERNERT
KEBWTEDONIFE(LRBIIOVWTERELEL. £0
R, HMEOBLIREBEEH L THEL TSI E
Bbhodiz, Fiz, —EBERTTIX, $BEERICET
BELFEEROOTAETFENSE L ERE & TIIRZ2 Y,
EBOEBRERIZELTL, ThFfh ks -k
TIEETES I Ebhor. &EbIC, ThbDHEE
ESEEEOELEHEOETT L2 R LT, Bk,
Nakamura 231T7- 7=, L9 OEEREIN-HEOBHE
FEROERMBITZER L. O, LRoZ%w
H{L & BT ET /IR - & T, MELEEMNED
INEBERBLOD, XY ITERT HILBRAEORR

-3500

F-11 HEPOENSF (3.78E, a =0).

H-12 BETOEHLH (3.7 BE, a = 25).

HEEREREIICERTHETHD Z L hbhrot.
¥, AFETIERLEEDL SIZ, BMEOH LRI
EH(OFTH)ICEVFEERIENB DL LTETN
ftL7=. L2 L, BMEDOEBEREMEICOWTIIERE
THEBOFELED LN TWVBHLOD, HEEHEOER
KRONFECERRICET AIHEIEZEOMBIRIL
ENTWWW, Li=AoT, BMEOCH{LBEENELU
ADERIZIVEESR I S BAEHOFESR, B
BHSOBREREALXTRLTWARFLR LYICHOVTIER
BALEETHD. TNLOENRESHEBHLMENT
T EBEENDH, PR ELEEOMERREE
HEIZATETHR LI BB S RELET ML 2
T, EXREFAVTIIBERATREThH B HELZE
REYICIRZDENTEELDEEZ TS,
7, BMELME L TV SKOMMEEIZERBE
TERTHDT, BEDOHUEFRECHE LEEIZR AT
ERTEREENHD. LL, MEORFHICETHH
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