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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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FERIZ ne/mo x 108 LERE L.

X (20) DEEDOWAWHEREICET5ES n & 6
X, SCHR 2) RIS TWAUL T OEE FVie.

o = 1.06 x 10°(dyn - sec/cm?),
§ =524

no = 2.09 x 107(dyn - sec/cm?),
8 =253

} (p < 0.11g/cm®),

} (p > 0.11g/cm®)
(32)

5.2 BWHEROK

At =60sec DT, 3.24x IOSSGC(%"J 3.7 B) £ TOMEY
ER L. T, 3. ICHEBR L ERELET L
R, BIREBBOBEI T A—¥ o DEEZEZ
FNBBERIIRIETEBIIOWTHANE. 2B, TG
EFEEDEN/RT A—F q i EaDEEFEIZREL
. TR, R 3) TIT-omEE L OATIZENT,
B Db +SICENISIE— R R B EEFS TORMSE
ITENEREBGF L —HERLEZELYD, ML
&b Nakamura OEBRIZAWSNEEIZOWTIE, JE
HEE T DOFMERRICECR R AR D 70 & HIUR
L7z it bbDTHS. ‘

a;=0, 10,25 ® 3 7 —R IR LTHEBIE, D ITHE
AT 3HENENEORZIELY -9 IIRT. 2,
WZiTHE D 7=, Nakamura D EBRER LS HOE TR

x10*%

E

k]

c

>

)

i

=

ﬁ L

B | e mmmmcom2)
—_— at=o
-------- a,=10

a=25
% ]

2
EER(A)

E-9 139 BT DA ERZIE O s,

L7z, M okEmERR, BAEITE (lem) %9 0
DICERTALDOTHD. a; = 0 DERIL, BILEES
ZRLRVERETVIZHIEL TS, KLY, a; =0
DFEOILEREIL, FFEORIE L HLIZKIBIZED L
TRY, MFTEKE (3.7 BR) KB 2EIERRED
12U TFEizoTWn3.
—%, a; >0 OEREIC LV FATEORDERMBERX
F, a;=25 TOFERM 1.5 B BLIBIZB W TERE L H
REVW—EEZEZTWHWAZ EBb0nd. 2B, M
WIHA D BB CREATIC L AU ENERMEIC K&
BOEEZRLTWAD, ZIITERLMEITE OHISE
HOBENMNILEZLOEEDbNS. ERTE, BEEN
PER L TEENETT A, EENLLIEREESE X
HUTHEREEZER L TWS. ZhicxtL, fEHFT-
EAOER LR WEERREZHRES LT, %
IhLENERBLTEY, ThODERANBTRHNE
WCEELE-LOLEZLNS.
¥, BEOERICBVTIE, R19) 0Li I
;=938 Lo TRV, W/ T A—FMREFITKE
RMER L SN, ARBEICBWOTIE, HEN/NER a
OTFCEBRERICHIGELIEZERZ2HBTEY, BT
A—FRHEBILLVERAEEZ L VEL LIS
Wiz, 3.7 BEICRBITHEEREHIREE-10 IR
. B, B CORBERIRE VOF B ¢=0.5 D%
EREHBE LEZLOTHD. Fi-, EIZiX Nakamura
DEBROBIZRD-HEEREAERLEDLDE OURLE.
a:=0 BT DMBITRER E ERER LIRS ~KLT
—7, =25 &£ LI=BE, 130 LEaEOES
mTﬁ§¢/éE&&oTkD ERICHE S HEFEL
HENBDOLNS. LL, B9 IRLELSIC,
timVﬁiﬁwwﬁﬁuﬁ%&ﬁﬁééﬁbt
IZHERB L, BEEFREFZENEELL T RN &2
oy VR
UEDZ & LY, RFRIZBWTHER LEEREL
EFANEAND I LT, BREIZTIIRVWLOD, LR
ELEBEROMEZBRRAICERCTETRY, 4
FOBLHSR PR EOR BB RIELT
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at=25

Z

ERER?D

)

E-10 #EEEMAK (3.7 HE).

WEATREME R X T A ENE O,

BB, BITCTHBONEBESHROEN A % E-
11(a;=0), B-12(a;=25) IZ="F. ZHbORIFNT
NLITHEBIEBIAHETHS. UBRFEORAEIKZ
FECBER LTV LEX N5 READEKE,
a; DEIZELL TR EMARMEICSGH/LTNS.
728, a;=0 TOENKAMEIX 2880dyn/cm? THo7z.
Zhizxt L, a;=25 TOENIERKER 20400dyn/cm?
Lo TRY, a=0 DBEON TRHOEERTHERL
R, :

XTI 3500dyn/cm? LA EDEH 2 FH T 3 ki LT
BATHRRLTVDY, HEOERBELOREEIZL -
TRERBIBRAMILY EMARPD THIZA»>TH
RIZHFALTRY, ThBRREREBNEORESE
FRILTWDHIEPBMTED. 2k, 10 (BWE
F) T @ EOBESIIZERETH 5.

7, B-12 0 EFOBEREEFEIZB VT,
FKEER & FATIZBIREGD M LTV AT RERS.
L, BOWTIREEN, 1E0 EEOERKEFAIC
FlefiXsh, ZORRESHERTLEZT L
WED2HDTHS.

6. HbHYIC

BEMTo T ERERICESE, BEOEKREEA
KRBWTRDONIELRBIZOWVWTERLE. £0
MR, MEOBLIRERLEE L TRAELTWVWAZ L
Bbhhol., £, —8WEWBT T, MEEEKCRT
BECREOOTMERIEMNS R & MG & TIEERY
BEOEBRERICELTIE, ThEh ke —KkRELK
TP TEBR I EBbhoTz. E6IZ, ZThEDHER
WESEESOF{LEEDOET LR, KEIZ,
Nakamura 24T -7, 130 OEBEN-BEOHEF
BEBROBRMITAER L. FOBE, HER0OEK
B BT T VICRARATZ & C, BELEHNELD
INEEERBELOD, XIZIERT A ILER EORE

P
(dyn/cm?)
3500 5

-3500

B-11 #EFOEHLSH (3.7 BE, a =0).

P
(dyn/cm?)
3500

-3500

B-12 EEPOENSH 3.7 BH, a: = 25).

HEPPRETNCERTETHI I bz,
2B, AETCEREROL Y IZ, MEOBEIELIT
ER(OTH)ICLVEEREZIShDbDE LTET L
ftL7z. L2 L, BEOEELEREEICOWTITHRE
THLEBOMENPED LR TWELOD, KEDER
WA LNIIELRSICET 2 RITEZOHBRE D 42
ENTWeWw., LEBoT, BEOELRENERLL
AOBRICL VBRI S D WREEOCHES, Bk
HBEORARELZTE L TCHNERF 2 LoV TIHEER
REAREETHD. TRODOEABSERLMNTENT
T EREENRD N, L & LBEFEOMERES
HICABETHER U BB S e T T 1 L -
T, FRETNVTIIBEREAAR T LItBmEEZH
REENZIRZ DI ENTEEZLOLEEZ TS,

£/, BERHER L TV AKOBMEE ILERIRRE
TET DDOT, BEE ORI EFEIZ R HHE
ERTAREENHBH. LrL, BEDRGHICET A0
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