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The Temperature and the Density Dependences on Hardness
of Artificially Compacted Snow
By
Toshiichi Kobayashi
Institute of Snow and Ice Studies, National Research Center for Disaster

Prevention, Suyoshi, Nagaoka, Niigata-ken 940, Japan

Abstract

The temperature and the density dependences on the hardness of snow were
investigated by the use of Kinosita's hardness gauge in a cold room.

Test specimens were prepared in such a way that the snow particles which passed
a sieve (0.42 mm mesh) were compacted to a desired density (0.45 to 0.74 gfem?) by
a compressing machine.

The results of the tests are as follows:

(1) The hardness increased linearly with decreasing temperature in the range
{from —0.9 to —30 °C for the density of 0.45 to 0.74 g/cm?.

(2) The rate of increase of hardness with decreasing temperature, «, increased
with density.

(8) The relationship between the hardness H kgfem® and the density &G gfcm? is
represented by the equation H=1.64 x 10® G5,

(4) The snow pushed down by the Kinosita’s hardness gauge made a distinctly
bordered region of compressed snow underneath the bottom of the hole. The depth
of the compressed region was larger than the depth of the hole. At —30 °C the
compressed region was about 2.5 times as large as the depth of the hole.

(5) Specimens of density (.57 gfem® were kept at temperaturcs of —2 °C, —6
°C, —11°C, —21°C and —29°C for the duration of 21 to 23 days; the lower the
annealing temperature was, the larger was the hardness value,

FLAE

LHHIT BT, EHER B D B oo FRATHECEARES bR T, BEEORE

WESLnA.

i, deEM A X 5w 0 C A L& LESRE bR L& 2 AT, Ao I
HiconTEEZoERmALTIL L, BTHREBAOZ A ¥« — LR 2 0 X DRI H]

SR CHTEMMARE LT, 0w, it v Pkl b Tz L

* IS

— 267 —



FEISTEG SERPFE R = v & —WTEHE  &520% 1978118

D, BRICRALLD T 2HEAS AR L T B, SERMMBO YL - ETAEL %
L, ABkmiZ o 5B LT 2o b5 5. 7, BWELLHT Honirco
WAARE L BCREI TN 2T {h, AV v 7RENERH LY, DA OEFC
i, EY e i e AN TR Y3 F T o 2L LIE LIRS L.

INBOWERHIET 3700, BB EEERi v 2 — T, WRI4OEL LD [FEY
DRELEBS ICUATHECHT 2WE] 07 —~0OTFic, [EHEOIE4 R - 5o iR+
LORHRZHRE UBA 5 HEOHL 2DE LT—HOFERHFESX T - T 5. FOE,
BERRZE0®ESRLTEEE LCAVWORTEE

AT, RERZOWEXHET H8AL LThd -BCHERIA T 2018, TH
LI md R TAEEATH D, Chid, AR - - AARE A Qe ELIALL 0
T (KT, 1960), EHioO7 #2972 v b ELRT ALY, FEOBEERNTC &8
LTwa. 220, ABEEFEAWTEOMCHRBTOWEBEI o T < T &
Ln,

FIARTRE oM, B & B RAESEL BD Tl <, WS L Cig, 0°C 25 —40°C
AN 2 CERICHEINL, Thi ) 5 EGFIETE, Blrig s A XBH Sk
CEAMNE (1971, 1972, 1975) i X h &SR TW 5. FEHiZoWTd, ERETHOAE
UK, 1976) 4s X Uiszp9sBa (RIS, 1975; /gR5, 1976) ik b, #EE0.6 g/em® 3
AECOWERRIN TS, TRIDVBELOSCHFEBTOMNE R, chETiaeirR
=AY Ol bRy A A A '

e, HABRTOBE L EEEOBGRIZONTIE, W DhDERREIELN T B2,
ERConwTDd0ildbin L 5 Th 5.

TIC, SPREEOELOWEIC T, LOREKIFES L OHERIEETYT~D 1k
D, LEHBe @l ERRRE T ol LTERA— MR L IEE L, S
0.45~0.74g/cm® o ATIERZ 2, —0.9°C vk —30°C ¥ ol B 313 2l E
R il R N

2. RBAFE

SO H oS, 1977 463 Hic a8 L, EREBSICETE STl 7
Liéﬁ%ﬁ¢t,H@ﬁ%ﬁ&mm@&%bﬁ#ﬁf,f%éﬁﬁ@~uﬁ%§ﬁt%
DTH%H. THZIC, TOKRFERICHEHHOBEMEAMETT. F0%%, HFHI, 4
BIOMEL, 2RI HET RIEHERBE E R LHE—FGRBREC L, —
2°C TRREDHE 2 TRE L. IBEESICRNOEYE 1L, FrrhPhliEsh
L HOHMEMAMRE THS~1210R T, Choo3 b, EREERC X 2RBoG oL
0.57 g/em’ ® Do T, 0.1, 1, 10, 100 mm/min o> 4 T o) B T AT

— 268 —



MESR R HE DR s & O X 5 A E— Nk

I g1 ETEL EABOR
A . i — o Table 1 Conditions for compression and the
KhRIL, EHEhfLSE —2°C number of specimens.

OFEEHC 12~24 [FRES L 72 D 5, (EE )

31 -2, —6, —10, —20, —-30°C » AE 5 | oy Tk g

RO R, FHER S~ i (gfcm3} i (kg/cm) (mm/uun)| (fEl)

_ . - ]

12 B RAGRTE L oW OMIE & AT - 7. 1\ 0.45 B N
o } 2 0.57 | 4.4 -4.7 0.1 2
FHEEHOBEE Y, AT LB EG O£ 3 0.57 ; 6.0 - 6.4 1 4

i, Eit4, 6, 8, 10, 25mm o 5 D 4| bar | BE<7.K W 3

; . 5 | 0.57 1.6 - 1.7 100 3

FIEIR T % v 5 4 ¥ b o e b 0% A 6 0.64 12,1 -13.6 1 5

W, RIRHIOER, BhooHERIC 7 0.74 26.2 -28.0 1 4

ETBEORNCEHEBEw i {T (Bl L Eie & 2 )

foih, REEORBHCOVTIE, E2IT 2 gﬁﬁg [E 77 | WEEEE AUk

. 1

Tt L5 R ENER EOLEO T T B (gfem®) | (kgfemd) | (D) (1)
Eatiof. AREAHTCR, BWE 8 | 05 | L7 | Lo0 | 4
Fe g LTHBALE. 7L, B Table 2 Conditions for measurements of hardness.
o , (TEREH)
mmao7 Ry F AV E LEe
§ - Eiti@rﬁva s 7{—) H W‘Eﬁi_ﬁ ‘ {-ﬁ‘- i‘ Inl <
0.45 g/cm’ oEHz oL TiE, EBT i (kg) (cm)
DR AE o, BEET 1 1 | = 5-30
e 2 1 25
1~4 [ ORE L fibien -t \ X o
Kb L OB, —10~0°C Tl — 4 1 8 20
s A xR (5 55 STM-01-1, JIE 5 1 | 12 ?
6 5
#if —10~10°C, 1% 1/10°C) %, +h 7 1 i 4 30
DTFoRECoCTR7 v 2 —ARE  ELWECIBER B
Keat (BRI —50~20°C, I 1/1°C)  jpen | BHD | EOAEE | BFES
. ~ (ke) (mm) (cm)
wE G THIE L.
8 1 ‘ 8 20

3. EBRER

3.1 TS X s FE oM e L
(1) #FrEE0.45 g/em® e
Mlizmt Lo, £f: L COBECET & & LS BEERMT N L, REME L
b oNTELDERRFCKE L stmrlohi. Lnd, FREOILEHISAX
Fopoirt, AURETCOmEOMHITKEL 1.
Zhit, EES 2 bHbh A IS5 CEROMS S MENE{, Lot FoNTHEOMHEY



a7 B SR el = v 2 — T

MRS TH Dy, R Fogs
FELL TR I —28 5 4 5 -
C, FEEHN OB Ofic Kk X
SRR Tl b OEE LN,
(2) & 0.57 g/em® D4

M2~5pt e, 4BE0ILEE
TR L EFR OB O ki, W
TRLEBNELARLRA. b, E
FEEOREL A, M2 ~5 0|EH
DL F TEE R L DB RS 75 L -0 piK
B¢, K e 2 EROSE T bl
EDRINR %, £ hofih L IR a5
T MeSlEsd X 5,
min DEEFRELANEL, Fh X b L
(- THELSTENNE LT
B

Za, fEESCE LB SR

a (i 1mm/

Ly

190(

G =057 g/cm®
180 F

v=10" mm/min.

1701

160

150

140

hardness { kg/cm?)

130

120

10

, Kinosita's

H

100

90

80

=B -10 -15 -20 -25 -30
T , Temperature (®c)

L LR L OBG (20 2)

Relation between the temperature

and the hardness (No, 2).

L i

70
0

2
Fig. 2

205 1978118

15|'
= 3
15 G=045 gfcm o
o ar V=05 mm/min. S
[ RE
@
=z 12
1
w
t
g 10
=
2 9
8
7+
w7
[
£ 6
x
- 5
o
4
3
2
1|
0 1 1 i L L 1
0 -5 -1G -15 -20 -25 -30
T, Temperature {°c)
1 SREEEEOME (£ 1)

Fig. 1 Relation between the temperature
and the hardness (No. 1).

¥ Wb, GUREOEILS, VX EREE Y T,

180

G=0.57 g/em?
170
V= 1 mm/min.
160

(kg fem? )

150

140

130

hardness

120

110

, Kinosita's

100 -

H

20

80

70

60 1 1 1 1
0 -5 -10 -15 -20 -25 -30

T , Temperature (°c )
BI 3 R LB DB (£03)
Fig. 3 Relation between the lemperaturc
and the hardness (No. 3).

— =



HEEFHEEOHRER L UEBE & 24—k

120 - °
G=0.57 g/cm? L
6=0.57 g/em?
110r " ;
V=10 mm/min.
P . v =102 mm/min.
o
E100 E
—— ~
2 2
~ 90 =
@ 8
o 3
= =
T 80 v
2 2
w 70 pi
= =z
8 G
£ 2
* 60 =
= =
501
40
30 1 Il L 1 1 10 1 1 I 1 L ]
0 =B -10 -15 -20  -25 -30 o] =h -10 -5 -20 -25 =30
T . Temperature (°c) T , Temperature (°c )
Bl 4 FiREBEREEZORR (204) B 5 TR &R EDBMR (£05)
Fig. 4 Relation between the tempcrature Fig. 5 Reclation between the temperature
and the hardness (No. 4). and the hardness (No. 5).
EEERERIRVLOO, ELb -
pEnS EHEGEEEE O ER
8, 9oJn, BoFEEREDT
Hé6, TLhd, kEichizkio
RIS S el LR % <1 3
TEHTCWT, bHLCLANMER §
o
Eha. Lint, ELHLHELN 4 G =057 g/em
feddic, EEHLDOKRE S
0.1 mm/min & » 4, 1 mm/min 100 100 g 102
: . V., Rate of compression (mm/min.}
OFEOHH, ¥4 100mm/min , N
Bl 6 X)fda kEgEE & OBR
X h 4 10mm/min ©E{50 )40  Fig. 6 Relation between the cocfficient « and the rate of

FhFEhKkEWRDE, Z0L>5
s RAE T Udb Dl ELBh A,
i, BT 26TEH DN,

1 mm/min CHES I A-ETE,

compression.

1~3 HHlichizh —

EOECEM S Bl EOMNTER 1T - i e M 7 wm3. Wl cm Lo,
eGSR E D L DI D TELRICHEET, M3 EALLOTH L. WEDMHL
BRI OR WL DR EREL T - TW AL, BEIEHINE L2 R THBEOARITITETTE A

—271—



B SRSl = v 2 —WFERE #2095 19784118

~

N

o
1

G =057 g/em’
V= 1 mm/min.
T ® 1day
O 3 days

(8]
(=]
T

N
[=]
o

. Kinosita's  hardness (kg /cm? )
@ B oo @ S @ ®
g s &8 8 5 38 8
T T T T T T
[ ]
.

H
=3
=3

10}

100} ¢

90 L L 1 1 1 1
o] -5 -10 -15 =20 -28 =30
T . Temperature (*c)
B 7 SEMHO LA 2RSS
Fig. 7 Variation of the hardness with different
annealing {ime.

350
{ G=064 g/cm?

V=1 mm/min. o

hardness (kg /fem? )

. Kinosita's

H

IC‘O L 1 1 1 1
0 -5 -10 -15  -20 -25 -30

T . Temperature (°c)
B8 T[REWE-OBG (£06)
Fig. 8 Relation between the temperature
and the hardness (No. 6).

T EATES. ¥, @HITHRLAYL
oI, i —10°C, —20°C ¢ 1 AF-p
oo, oo —27°C © 3 Higkt
MERILDTHD., LTOEE, ¥lDhb
—27°C -« 3 HHBEE ¢ OHD L o &
HER U L5 e B avg S,

(3) #x0.64:L000.74g/ecm’ DY

&

MBS AR 8, 9wmd. FA10, 11
HRCLb 5 X 31T, RGREREG O
e T o, RO EAIRE O L
fEETHL., WEHEDE, ANFAML
X DIEERC EER I oG, EEN
B el iz, EARENMEL i
Wiraiz &, i b KT b3 5FHHE
fgieE 5/ &

ik, KTFABES RS LT, R

650
G=0.74 g/jem? s

600 - V= 1 mm/min. f

( kgjem? )

550 | Vi

500 /s

hardness
5§

450 /.

400

H , Kinosita's

350 e}

250 I L I I ! |
0 -5 -10 -15 =20 -25 -30

T , Temperature (°c )
B9 it (£07)
Fig. 9 Relation between the temperature
and the hardness (No. 7).

— BT



HESETE R DRI 35 & OV & B W b— Mk

T (1960), s (1975) ik hfss 12

RT2 X5, WEFOHRC L b i H( Rxlah pjeer

ENBMG & L IR BEID, FRFR ~ 1ol 17 %escr(Repeated load)

%6@?%%qf%ifébﬁf@%ﬁ. 5 1000 strokes

ST AR Sz . 2 h L 2

ERSSATEe <ih, ficrs=  §

FAF—DEFLA NP O-BIC X E

NEeHTRITVWHEELZLRD, This "

BREUARORATIR (Le 5 CA) BE 3

1% 0.68 g/em® T3 %705, 0.64g/cm? < =

BLETiIL- &0 LicESHS 2T -

Lo LR TELOI, 0.74 g/em® ok

EOWTIRIEHR RG> & b LEH T 'r

L ROTBHS e 0Cl -é —IlO —115 —ZIO "2% -30
PLEd~NC &L s Em b, HhcE T . Temperature (°c )

fp 0.74 g/em® otfhcoun Tz, — 10 B 10 =g soME (F08)

C UTFDREERLFCI, Shih kit e 10 iﬁﬁﬁﬁi:&??mmmc

DT HEFIEBDCEL, HEF— 544
e\ fedh, 2D O YA 0~—10°C Tl T DM O 2 bR 1.

3. 2 WELWMEL L 5EFOEELE

STERALLIIZLT, ERHIEBRECRTIATURLE D EXSD I TED - HE,
THARLHABREIC LD, 1,000cc 7 5 A/ NUFEAT % 4 OEEEE 2 4[5 #1243
% L7kg/em® OIETC, 1,000 MORE LSz ML CETRER Lie. TOME, #E
il 0057 g/em® fimicie vc. 2hig, 301 FEHEO BT, BEaitic X A5
DMMFEZ T > i BA s Lo 10 w5 5.

AfEd LT, RO TS0 L SN LT b, F - diEsy, S
vt & 502, 10 mm/min O CEEINFER T - T8 DA LT A, L
mL,%&@MW%%m%@mam,ﬁuLmﬁcngF*®ﬁ%k%<,lmmmm
TEBELEE LB GG, Chug, §E (1973) mX h#EIhtuwa X 5, BiKl
WWKH‘Eﬁ“%u,ﬁ@@wﬁm%v= D\ ok b I D BRI I S 7o 4
5, TOED1L000EE V5 ERH oM TOHIICHRS LT, 26 LT cigs
Nlctked TRt Er LD

3. 8 WA XIS O S OlET X 5%k

ARTFRBEZHC oL TR, ToRBE o L b, MILCRT L 5 i s X

— 273 —



2B SRt = v 2 —WPSESE SR20%% 19785E11H

WaoREET 52 &5 KT (19€0), il

[
P
% e (1975) & X D#EEh T 5. e
BEery, HEI0mMmM BX020mm o
_______________ T Z v T A v b BT & Ao
‘ o & FEfRE G DR E OBRIVR FF-&i
I8 W oESE, WEhoBGTY, ki
HB - THRE S OE S & FAE & il &
= “h. VCL i ’EJ B
= . N =
IR T SloloFRFTE, 1 mm/min OF & 5
1.
. ! e 5 R B ] fni o
]' .. : X biGbini, B 057, 0.64
e LS glem' OREFCH LT, 510 1kg, &
< . I
I = L - =t 7 g i
i NN ! WT X oyF AV FOEE6mMmM, S
1t . . ;
2 ] - . . . ! i
Mool 2 om DR ORI CERCER AR,
Bl AFRBEFC L - TET 2 BERG &Emgs BRTTOBESEWELL. S5, M
Fig. 11 Th? hole region a{l.d t'h‘e cfomprcsscd + 6 D %] D o 'Ct'fjﬁfoKfH r L, A
region caused bv Kinosita’s hardness
gauge. WG S M O & & I U,
10r & 3.0r Density
® 0,57 gjem?
I A o 0.64 gjem’
L o
£ A 2.5
L ‘
A <
@I i o 20}
S i . = o 9 .
= 6‘. L] ® . -
e Q
5 a st [
0 2 o
HE = o
c o
b o " 4
' o ?
s S B e
e}
o
A ®
& 0.5f
2 =
1 L L 1 1 I Il 0 L L i 1 1 1
-5 -10 -15 -20 -25 -30 ¢ -5 10 15 <20 -i5 -30
T . Temperature (°c) T , Temperature (°c)
BA12 @S, AR oE s oGz s 413 JL%’{F*‘W:% FWHHA DL 2D IhoflL
#ik g |
Fig. 12 Variation of the thickness of A or B Fig. 13 Variation of the ratio of I3 to A
with temperature. with temperature.



ERB SO NE 3 X OWEIC X 58—

ERGOBEREXRIZ, 1812, Fi, —30°C Ml 51 3 RS OB ML % 5 1
14K%¢.M12®$fammet@u,%&ﬁ057ymf@mﬂmobf@w@ﬂﬁ
DEE (A), ZLTCARNBAZOEMTGTOEE B) %, 21, OMIZO0.64g/cm® DiklEil
AOFEE (A), @HEZOFHTTORESE B) #+hFhikbT.

HirbM bk S, HETSORESRBRENE FeohTIE{ k- Tha. Linl
M2kt » & D LABIIasEs bivi L.

CﬂKﬁLf*13m,W%%%®Eéﬁﬂ&@%%%@@éh@®m%,ﬁa“mmf
Py PLALOTHD. FEERATEELT, F4 1A DOME LT - TLALDT
MENLZ ERF 20, ARIELSEXRH2L00, £6E LT, REOKTLL
LT OF SIS BT A SO S QU R E L T G, MR L
DX, HERRaOER (B) tWELSOES (A) o2 l: 1, ThbbMADREINEL
L _;

ik

ERTT.

T, WG & RS DR SANTES L e h 0, #Lss 0.57 g/em® T Kk
10°C e, Thd h@uiECRUSEDESDLPARE L, Fhthbl F e
%%ngﬂﬁﬁiﬁb.ﬁt,&Mg@ﬁ@ﬁﬂﬁohfm,O%«»ﬁ&C@ﬁmﬁ%
Tmbfh%ﬁﬁﬁ%ﬂféﬂﬁﬁwﬁh DEXLYLREL, TTH —30°C Tl

VTEL, BB DR E 0f) 2.5 R b s 5 Tl B,

U bogins, ATRMMI2AC CESOBELHET 256, HFo®Es0.64
g/em’ wdiz B X5 e, WEESOE S ThbbhRHow F RS, EZ0ES
DIBLUTERES LT, EM7 2 v+ 2 v OHEBLEL VOB TEISYEELTh

['1'

s Bicbo.

Lasl, BEVRTFEIDNE D E, Fobfhounilisofio Lo kg et
wihibhd o, EFX3p lem UTEV 7L 5 ML FESe s LT, FToslidEisol
EhRELZITHRNES D,

S OiIC, KEROER kT, E2abTETaERUEE ol iz dTa0b
PRI hL, 47 (1977) cXh@LhshTwsL 5, BEES 28U LoEH
DB ER T3S BOYG (Hl2, BE=R, kil v -7088) olinig <, Mol

A IEE R S BERS D,

INBDOT &b, BEplem UTFEbnick ‘% \ER TR T O R A W E S 5
ﬁ,ﬁ?@T®M%%F@’Ahk<T%bbii' OBV HEEI L L biITTH
%

3004 EERRIENC & B I Do s 2Rk

&1%&3&2?&,‘ODE%ﬁﬁKOhT,&ﬁnz—ﬁ,—N,—%,—%@@
SEMOMES s 3RS 3 NEIChic o T2, WEOMERIT 1. O, SR

— 275 —



S B SR sl = v 2 — BFSERE 5205 1978114

200 -29°¢
o
E
[¥]
= -21°c
s 4
0 -11°
3
£ -6°
a
I = -2°%
B4 EErmEbesc L
BHEOTEE m
Fig. 14 Variation of 'g b
8 S A c
the ha.rdness with £ L G=057g ,fcm3
anncaling of long 5 L
duration, L L
50 n i L L 1 n 1 I 1 n " 1 n
0 5 10 15 20
Annealing time ( days )
ik
LS BEOREST M, S5 £ 3 RIEMISERGC X B L MERR
1255 % 1 mm/min O7E® T X Table 3 Results of the measurements of hardness

with annealing of long duration.

T g 0.57 g/em® 1wt A

it | el oo | 1AED |@
IS wllEm L CESE RE L, 5 BEMRIE | Bedhie [ Jie i B
7 LTEERFRL i (FC) (m | (kg/cm?) (kg,fcm?j | Wit
O EOREDERFERE o —
ROBREOERRBBCHRT — s s | w0 \ 1.18
LC, AL 3 EREEOCERM -6 7 134 109 | 1.23
Beplia 1T~ 70, FOBBIC L 20 = 7 140 112 1.25
s | —21 10 162 129 1.26
PELLMEL AR K I TH |2 199 146 1.36

5. Wb L ST, MED
R Y DL L E ERE W, i, MEREREAL, WEOHAZIEEL/tbET
B B BEHEER, ZOMOMEOME, X0 EoEo, YEMEK 1 HE OB Ofiick3
B, ThbbEEONINRY Th ZHEEMEFEC 2 tH o k3Tths. 163>0
WE LaTi - THE WO THEH T 2 &0 E 2 7a Ay, BEMHRIE DR 5T X O
RE—EIC e B TR B HEIRFRIR R < e b, BB IERIC oL TR A E e fffa R L
fo. ¥ ETI, —2°CkLu—29°C o flicouv¢, 1H#E (KT, 30axcWwL4HE
(mT,mELTH%(KT)%iﬁﬂH%(KT,ﬁE)@ﬁﬂ&ﬂﬁz; - 15, 161
M. IALOEITNE, RFHEOFEE L LT, [oR s s OFEGRECH < T TT
<$Tﬁx<bma.L»L,%@ﬁiﬁtﬂﬁﬂom<mwmﬁﬁﬁﬁbﬁhkﬂ5-
4. % =

401 EE S i L 0BG

3.1k X0t 8.2 0EMmBE LR, LRDA, FRMBOTH T (°C) & A TR H (kg/cm?)

— 276 —



HEEG ORI fs L OB X 58—

x4 /RB?J Bty Hkg/fem?) =
!lrl. T ( C) &0 k%ﬁ?\.
Table 4 E,\penmental equations descri-
bing hardness and temperature.

CEAE )
REES | K B R

1 | H=—0.4T+2.2
2 H=—3.0T+75.4
3 H=-3.6T+70.9

4 H=-27T+35.6

5 H=—18T+12.5

6 H=-6,1T +165.6
7 | H=—12.4T+279.3

(B L iEEIT X % H95)
e

8 | =—8.87+13.8

CHT A ERRy R4 T F IS
WEORmELERbHLT IhHbORDE
B oo orhe, 0.5 0z 1 mm/min O

ST IEE Lo abbl 613 Hivie b iz
vf%@t@%%%%Lt%Qf@&.é
Alix, 0.45g/em® L) EOE#ER O FE 5T
ST LHER T » TWisWDT, &%
Ofebic, ®E (1972) X OESRT
WS ESES e RE LTHEERLT -
# 7 @HEICas L.

KB Basic X 5w, [l BT o B jn s
L, w0 dg/em’ JTAREE S LT, S
UFcitisthanion, Thilko
BRI oAUL T Sl E OB R A
b,

-~ Oz, Butkovich (1956) = & %
WIE & B - OBRE R L A2 K16
77 7 IEET L AL TV B,

4, 2 WELELE L ONHR
BEOWE & EE L ORIz T,

L

131
12 ® Tusima (1972)
11 © Kobayashi(1977)
101
9 .
a =
7 -
T 8
2
£ 5
T
a
(& 41+
o
3l
2t
1r .
f"
0 P PR o L L L
0 01 02 03 04 05 08 07
G , Density (g/em?)
E15  #l & AEC @ L OB
Fig. 15 Relation between the density and
the coefficient .
goor ———_ MEA&N OF AT LEAST
40r € TESTS
g | '
SNOW FROM BELOW |
% T loo-FT LEVEL, |
SINGLE TESTS |
SNOW OF .38-.42 |
q= DENSITY MEAN OF
s
400 -

J, ,CRUSHING STRENGTH (kg /cm?)
3
T

G; ,CRUSHING STRENGTH lpsi)
o
o

o
0 0.20 040

16 -

0.60
B ,DENSITY (9/em?)

& EHE I DBAR

=
0.80

Fig. 16 Reclation between the density and

the

crushing strength.



BB SRT v 2 BT 205 1978 F1LA

x b OHHEG (g/om?) ERIE H (kg/em?) B4 5 KA

Table 5 Experimental equations describing hardness and density.

Akl

T WoE #H o | %o A (g/cm®) | ] =
6 AP 1958—60 H=100G+* 0.07—0.47 | L& o=
15 R E e 1969 H=700G7 0.3 —0.75  @hFH
7 R Fil —izds 1969—70  H=400~600G* = 0.45—0.85 [RIHOTTE L Uk
9 T HE =2 1972 H=1000G* 0.1 —0.6 Fhin oo B
1 AIEZA 1970—71  H=4.84x10'G® 0.25 0.45 JaFEoOmLE
" " 1971 72 H=5.68x104G* 0.3 —0.4 "
13 i 1975 H=1700G" 0.1 —0.68  L=%nh=
ANFR 2 ol 1977 H=1.64x10:G* 0.57—0.71 |E %
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Thk, A (1971) kX hiRShTuwb k5, —5°C w4kl s ), 1 mm/min -
FEE IS D% LW 0.57, 0.64, 0.74g/cm® @ 3 onEENH 5, —5°C 1o kit LM
D PIHfE S UCEHR Lz, Kb BavaBig H (kg/em®) L @)1 G (g/cm’) & DB 4
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Fig. 17 Relation between the density Fig. 18 Relation between the density and
and the hardness. the maximum hardness.
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COFENE, EROWEREEETFESEDS TR, HTHhOEEoLrAGC L), B
BN ELCEET AL D

LoAT, TRLAZ| kLB~ i, ARBESom T > Tz, NE (1972
1975) X b, HiEs —40°CUTRR s L A{ERE LA RSB bR L Z LRGSR T
WA, KEROL S AEEEOFREEoWTYS, F0X5EAND D EE L.
M18i3, hzTHRESKCLWARFEEOBEORKHY 72 v P LAELDTH D
@1 Ca L2k, A (1972, 1975) X hHE I TS, HAREC oL TATARE
[ Ltk bRl Th 5. O Tas Licoid, Butkovich (1954) X i
HRILTNND, 7Y RAEEIA G CORDER RN R E L TIE SR 2T — 2 i b,
c i i irem Al LT, —42°CInlofRERAT T, 1RO LAARHCI IR
fofix kg/em* i@ LCFmy P LICLDTHS.

a6l Skl 5, Thbb finbil 1 ROMmBETI &N TELITHL. XL
Moz, ZoloEBRic T 0.5 2k 1mm/min OEEEILFC L DB LR
@ﬁ%ﬁ#b,7%T®%®@£®ﬁ%£%1(%E&M%@n@%@ﬁohf@%@
) ABIT7 Ry P LChBE, WTROBGL ZOBBROHPICA S THA.

b * & &

DEDHER > EEHB L, KDLHKRD.

(1) JEBOTEE L, HERTFE S T, BEst 0.45~0.74 g/em® DEFTIE, —
0.9~ —30°C iR FEHMIC s\ T, MEDET & & SICERITHMT 2 BA R Bh .
(2) Wi & ik & OFFEY R T EBRRKORE (BEORMNE) o LI E oRE RS &,
RIS 0. dg/emt EU AL LT, FAMT TR ai@EnChEvdon, 0.4g/cm’ )
i s Age T s A R b,

(3) JEToME H (kg/cm?) &% G (g/cm®) & OBfFIL, H=1.64x10°G" TmEii.
(1) ATAFEIIOLMITOESIC X » ChF 3RS & T oE S e k<5 L,
kb OEE, EHMTEvF AV OEE, ETRISF04&MY B L THERT -8
L, BEA 0,57 g/em® ik, it —10°C LUFCie 5 & [EHRH S D JE S o J7 ol
HADESI D EELE . Fiz, HEOMg/omP it onTid, HEHA0~-30°Co
BICHE, TR LIRS OE S DAAHERS RS L b bkE <, e —30°C i |
TiL, JEEHT OB ZME TS 0B E 08 2.5 HicE L.
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FHE 1 AFAERE

Photo. 1 Kinosita’s hardness gauge.

BE 2 5570 & 08
Photo. 2 Texture of the snow after sifting.
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TR 3 567 IR BT e e————

Photo. 3 Universal tension and compression Photo. 4 Mechanical repeated loading
apparatus. apparatus.

(#7 TH)
BEE 5 G045 g/em® (EHEFS, V=05 mm/min) Ok
Photo. 5 Texture of the specimen with density 0.45 gfem?® (V' —0.5 mm/min).
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BEE 6 G=0.57g/cm?® (FHEEF%, V=01 mm/min) Dk

Photo. 6 Texture of the specimen with density 0.57 gfem?® (V- 0.1 mm/min).

(I ) (8 H)
BEH 7 G=0.57 gjem?® (FREFEFR, V=1 mm/min) o ik
Photo. 7 Texture of the specimen with density 0.57 gfem?® (F—1 mm/min).
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(K F) (& )
BHE 8 G=0.57 glem?® (EHEFEE, V=10 mm/min) AL

Photo. 8 Texture of the specimen with density 0.57 gfem® (V=10 mm/min).

Gk T (& &)
BEE 9 G=0.57 gjem® (CHIEHF, V=100 mm/min) &%
Photo. 9 Texture of the specimen with density 0.57 gfcm?® (V=100 mm/min).
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Ok B o & )
EHEI0 G—0.64glem® (CHETH®, V=1 mm/min) ©H %

Photo. 10 Texture of the specimen with density 0.64 g/em?® (V=1 mm/min).

ok ™) (& )
FE1l G074 g/em® (ECERTE, F=1mm/min) D4
Photo, 11 Texture of the specimen with density 0.74 gfem?® (V=1 mm/min).
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) (# |
BEA 12 G057 gfem® (#3E LmE 1,000 u) o6
Photo. 12 Texture of the specimen with density (.57 g/cm?

(after 1,000 strokes of repeated loading were made) .

(# ®)
FH13 G=0.57 g/lem® O FEHTS (

N

—29°C)
Photo. 13 The compressed region with densily 0.57 gfem?® (—29 °C).
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iy i
(FRRCHAIERFHR, #H)

BH 14 G- 0.64 g/fem® DEfE S (—28 °C)
Photo. 14 The compressed region with density 0.64 gfem?® (—28 °C).
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A% (K 3H#H (AT
FE 15 REFHBEHIC X 28802 L (=2 °0)

Photo. 15 Variation of the texture with annealing of long duration (—2 °C).
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21 A% (K 21 HE (BNE)
THI5 SR L A B0 (— 2°0)

Photo. 15 Variation of the texture with annealing of long duratien {(— 2°C).
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1A% Ok o 1 )
BEHE16 MM - 58O L (— 29°C)

Photo. 16 Variation of the texture with annealing of long duration (— 29°C).
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21 H® (KB 21 N4 (BilD)
BRE16 RIS L 2 RS0 S (— 20°0)

Photo. 16 Variation of the texture with annealing of long duration (—29 °C).
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1% 1 J7fes RITiER B o ik
Appendix 1 Specifications of the universal tension
and compression apparatus.

" OH | fI B
) A WRURIE ¥ TOM/10000X

M@ O R 2mAny TR
MR E A | 10 ton

H #i i ke | 0. 005—500 mm/min
I ol 7 N ] 2 100 ¢ x 100 mm (PHN{E)

T Ay i+ —#F=—x 1.5kW
SCR /&

BRE)

g 2 Pl L Mms iR o (LB
Appendix 2 Specifications ol the méchanical repeated
loading apparatus.

HOH f f
el A | AT S6T54

(oS — IR & A AT {

) I ABIR B
Lo — ROV R X TR EUER
Lt 1010

BB LW E | 18.3kg UFH L7 kg/em? iz #24)
FEE U # 37 A/

(e B <F B 1006 x 100 mm (PRER)

w6 ‘ 0.2kW (1/4FP) Hff] 100V

R L o7 i i
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