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Studies on the Cutting Resistance of Compacted Snow
in Cold Room

By
Kaneharu Isobe, Toshiichi Kobayashi and Hyoe Miyamura

Institute of Snow and Ice Studies, National Research Center for

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

Abstract

This paper is a result of studies on the cutting resistance of compacted snow by
the use of a revolving table in the cold room.

The test specimens were collected from 3 different areas in the mountains by
snow sampler (100 mm diameter). These samples were compacted at 10 mm per
minute to a desired density (0.28 to 0.78 g!cm3)by a uniaxial compressing machine
(compressed capacity 5 ton) in the cold room,

The 12 test specimens (width-length-height: about 100 x 150 x 70 mm) were
put on the revolving table in a circle at 52 cm intervals. The relation of the compacted
stress and Kinoshita’s hardness was proportional to the 4th power of density of these
samples of compacted snow.

The extent of the experimental conditions was as follows:

(1)  Cutting blade

Width: 20, 30 and 50 mm (3 types)

Rake angle: zero to 47 degrees (5 types)
(2) Cutting condition

Speed: 5to 128 cm/sec

Cutting depth: 2to 12mm

Temperature: ~1to~16"C

The results of the tests are as follows:

(1)  The horizontal cutting resistance of compacted snow (F,) was represented
in proportion to the 3rd to 4th power of density and increased linearly with increas-
ing cutting depth and blade width.

(2) The relationship between the horizontal cutting resistance of compacted
snow (F,) and the temperature (7), rake angle of blade () was represented by an ex-

ponential equation.
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(3) The horizontal cutting resistance of compacted snow (Fg) and cutting
power (£;) was represented by the next equation.
F. = T hbfT
T = Ka"
f
T

1}

2.13(0.977)%

0.35

0.57 (—f)
P = Fg V270

where

7

horizontal cutting resistance (kgf)

-—l

unit horizontal cutting stress (kgf/cm?)
coefficient of proportion
density (g/cm?®)

S =

-

exponent (3~4)

cutting depth (cm)

cutting width (cm)

rectified coefficient of rake angle of blade
rake angle (degree)

rectified coefficient of temperature

temperature (°C)

T TN R Y o=

o]

cutting power (PS)

=

cutting speed (km/h).
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Photo. 1 Sampling of snow
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Table 1 Conditions of snow sampling.
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Table 2 Specifications of uniaxial compression test machine.
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Photo. 5 Trimming of test specimens.

Photo. 4 Compressed snow samples.
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Fig. 1 Compressive stress-strain relationship.
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Table 3 Specifications of compacted snow.
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Fig. 3 Snow compacting machine with revolving table.
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Photo. 9 Snow compacting machine Photo. 10 Specimens on the revolving
with revolving table. table.
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Table 4 Specifications of cutting blades.
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Photo. 11 Cutting blades.
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Photo. 12 Three-directional load-cell Photo. 13 Cutting of compacted snow,
and its holder.
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Table 6 Method of measurement and instruments.
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4.3.2 L LVIERES
ESoEG, K8, 9, 11, 12, 21~28icRt & Hic, EEBEEDIEHK TR
a5, £BAE, BAHTESEE O 4 BT 2A0@E8d 2 (K9) . BFETHE
EEFRE&MWNE VA, CHETR, FEEEO IRICHFAT IERLISEET S, B0
KEEHDOH TR, EEHEIWKEUEHIERICRE bASTEEARIFLTV S, [E—5C
No. 4 UJHIAZBERIC LT, £EEEE LUHHEBROBERERTERAL, (MR TREN 3.
Te=ipr g ® (7)
Lciz T B YR ERE Y O oUElS (kef Scm?)
K f#¥, SY EEREUSEESOREICLO RIS,
d I EFEE (g o)
n: D UIHIM R OB L SRR Eic kD £ 5 3.
4.3.3  FEREE HLUTHIHELY
[ESOERAE (KT LUTHI AL AUTHIBER, TSR L THRUOAENS
RERFLTVWAOT, MEDBEKICOVTHRI L TAH, BRTICRT &5 ic, EFEEI00
kgf ol TR, dS 2R BV BITERBARICH 5. EEFEEH 120 kef /cm® 2BILT
Wi 7F—5id, #¥RE-ICCIR-1.EEDOFBETHY, FHEEICRT 5 LU EIEH D
FRFBHAET LTV S, BEBTICL2ESOMEREEUNSESRLELEBbhb.

10
~ o H
E o 8o
o785 nﬂ_gg) 48
L+ g &™
£ 5 »

% o O&P | abe | EE I
i 25 O [A11] -5 4
€ ° ® [A11]-16] 4
ATAl |4 4
O|B2 [-5]4& |

C'.0 25 50 75 100 125 150

B KT Rkgf o)
27 BEE & KRR

Fig. 27 Relation between Kinoshita’s hardness and
horizontal cutting resistance.

4.4 IHIF ORI &LLHIER

4.4.1 0 ADE(LL LEUHIHER

12, 21~24i3, T WAORE A5 FEE (—CIE30mm) OUIEIA IC & % WIEIE B R
TH3. RN~ THSHE LI iL, TCVABKEVE, CANAEAS SO AKELIH
WA/ E L3S, No. 5 OUEIAIC L3 EBEORAMTD < Fid/ha , WHHERF,D
ZHiEH/NEV. ERAGICEZF, ¢L FNHEEISHRETS 588, AXBRTH, 5
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PUSD—ERSICRELIVHIEBRTHY, EEHABEFIC/ NS ot $4, B I3HE
7—oYERETREL, $VADELTARELEHTE2L0dN TS, Lizh-1, 2t
BATRAZEHIWNECTH D, H12, 21~240EBFHEBEMES, 4 0HEEMIC LTRL
FbDOHMBTHS. OMFRERHIMR THEL, ES0 NS 0T < WEREE
D& LT, No. 4¥JHIA (a=325F) &g, 4 wAREhEE 8 UoRLT:.
f=2+13 (0+977)¢ (8)
Tzt f RSB O 3 < O R E
a WA (B

% o .
= |
1%
g L 1 K 28 W L REIEIEIER O LR
=2 Y EE A \L Fig. 28 Proportion of unit harizontal cutting
T il e AT~ | resistance of different rake angles of
Eji gLk - each blade.
£ 12l
Al 15 ~=35
" 10 g7 30 an 0 Ey
TLWE (a)

4.4.2  UJHIE & L UTHIHESL

JHIEO & bicxt 4 2 UTHHERU I, ik nEtEBic L T—k A TREND, L5
DFER, YIHIE20~50 mm D 3 BOWIHIF)ic & 5 LETEHE, H23icRd &9 i —
35, Lichi=, AOTHEIEs iz BHTES.

4.5 DHISRME tDHIER

4.5.1  UIHIERE & HAD R

HEEOHAMEI 7,13, —MICEE BERFoft, OF2EEicbEEshitBbh
50T, VHIEEOE(ic oW THEE LTALY, KIS, MicRdkaic, AEREE (5
~128cm/sec) Tld, 20cm sec BIFTE—7@AKRE { HAMRA S A5, BHLM
MERLDONE o7, LidiaT, F— ¥ B G e T3 R 4 s L 7=,
4.5.2 GIHIE & & HUTHHE T

MHIES OBAR, Adick > THBTEOBAES 726 LUBIEIREERT 5. X8, 9,
115 6UHIERE BT 2L, BEALERALNIL, VINESE, UHIERC
o LTHEMRIcE2b0LEbN S, K8, 7— #5000 TR HFIBHRIZIES
nixhs, B9, 1113, BEEEECHT 2K FUEIENE R4 ERLORED, UEIES
& HARETT L FIREfRICH B L&,
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5 ¥ & &

GETORBRERL S PICK~WEFA LT, ESOKRFVIHIEN & SBUHIZEA DM
BEELDDHLE, ROXI U5t EZOKFIHIES IS, B (BE, B Itk
DRECEEINS. TOBREEEAETRT &, HED 3 ~ 4 Rl 2 KBML
CHBAEYT S, KREUHHERE UIEIE, UAES ok, SEBFRICT . REIREESZ,
FTLVEIPNE AR, < 0Ha EOEERBBRICELZ ot ERTS. Fik
K, BEET & & biciafiipiic LR 5. UNIAGROMRE, BEA, SANABDE
BEHO L, KEUEHERICEEE RITT T EERNITIH S &0 - o8, HfEbTE
Bip ot VIHERERYIRERELRR Shilh -1,

LiEkERE, KBEDED o/:No. 4UIHIH (F< 1A 32.58) 1K &k 5 ZiE— 5°C OIHI
F—y e BET 5L, L9~ (13) o—BATRENS.

Fo=tehebefer (9)
5 =Kg" (i0)
f=2+13%x(0977)" an
T =057 (—¢)035 12
Py=F,*V /270 13

tric P, KSEUTEIERT ) (kgf )
v BUATET WIS IE R b o AKEVIERES T (kgf cm®)
E EBRicksFHTcr=32 (W8), k=60 (K9), K=255
(11
n CUEIMEOBELEEREICID S A EH T =3 (W8, 11, 12),
n=4 (X9)
0 I HEEEE (g/cm’)
Rl UTHIEEE (em)
b CUJHIE (cm)
SO UIHHESR O WA RBIERE (a =325 FEREHE)
a UHHOT L 0HE E
T CUIHHEHROREMERE (1 =—5°C B8
t IER CC), AEBRTHEREFTHREMZEF-HELTH .
P, D UTHI{EER (PS)
v HEE (kmoh)
UTBHE L OBRERTRE ~9, 11, H2lOMEREREL, ThoofE,s,
ESEE LB UHIMEES D Ok EUNIERAZA0THEL, KELb0nR29TH
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5. 0E, AUEEE LT, [UB—5°C, 9 WA325E, EIESRUYEIEL cm3& 0D,
ZhoOHIE 2O~ 12 RITRA L TR L R1E, ACEVINIEN F, %3t E3 38 4|
WL FnE, K290 ¢ — 8 oEFRRAOMEID Bi% kgf (F,—0) KB A TH AN
5T ENTED, T, N1 OHUF ITK29»55A & -/l (kgf ) & BAIT]HI B
V=1km/ h OEZLALTHELEZODATESOUE|#EE 5—128 cm_“sec (.18
—46lkm h)iciit s P,— 0 ORI, K0IKRESHAE, OIS, UIHIZE (LIH
WEE, UIHIE, VIHIT W), BBERY, ESEHShEEhE, AiEdSsick o 5 UHEl
HHEE OEUHHERRS) OFIERTE 5,

— l 0™
fom gt I =1L V. 2700P8) j
T=057(~t)"" | ik E =thbfT
= Il 1= ziatasroe A o T —057(-1)0% /
L [AB, Calpaum| & sty o | T =21300977)% w um
R e ) ( r=60 4% pi - 8 00 AT
E ‘ - il | L g
- (t=324°) Y % i—
5] y /4 o . 2 a= 4 53]
- 7 i i P8—qgz22dts( £.7270) i |
g / * SR ¥ 4 __ﬁ7 | a=‘32.5JE
e / (e=288") = =
LI v N : ‘ |
// IN - L /7 EME = -50M0)
o | (=257 ] | == | V=1lkm/h
03 04 05 08 TR oy L LB SR
ELTEE (g/om ) ' EHERE (i )
B 29 HELAEHDIHEEROFIEX H 30 BAKTEUEITSER0tRER
Fig. 29 Diagram for calculating unit Fig. 30 Diagram for calculating unit
horizontal cutting strength of horizontal cutting power of
compacted snow. compacted snow.
H & h o=

KRETOALESOURIEROF K, UHEMICEEE 51 5%&4s, ALESONF
WIREMEE & DBIfR%E, EBXE L ThkvbonTak

BETESOUEI LOMET, SBER ELELSNL60D0E2E L THETIHIAS 5
Fpd20 kmh & % Wik T hEl LD SHER TOWEIcR, SHicL b4 3 ELE S0 %N
HE & DR (F% ke AUTHIB BRI S NS 5008, COFFEIR £ 0EOE RS
FHp0E5EZ55DEEFELTH S,

Bbbic, KEofikickizb, SEEZBMRAELSARE, HELIARS I MEEEDL
SEREHE 200, Il L TS 0E4E KT B,
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