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EBENRAEZRL NS &1L, TOERTEMAR R RTI & L BEERBRNED
5, TOXH—EDEMINCGE LIHEOEMER, oz, BENAEKRCI-TE
LT %7, AEBENERELTFOBBEEZ S Z LIXTE RV, ITHEDERICRT,
MEBEZEC BN L ST HERDBELLBEN B ORT] F ORMEE H/chDHEL
e’ R F ostE, $ThbbAEONEFTOEKROBFEERD, #7 AL trw—-XT
T = PEDWTRLEDOVPERTHS, ZORNSPLL L5100 n630% £TFD
R EILE KRR LS TRIE—EELR L, ZhardoEfERe X573, —E0EM
NEELLDECERLEBKASERCE LTV AFROBNEKRECILTREELVEWV)
T EIB, 160g ONEAE U F CHAM LICREOEMET & S KEOMRITFEIARKRLE
B, TR EEKEAY TFH 2cem?, 12~16% T 0.7~0.8 cm?, 20% LA ETit L% 1 cm?
Thb, ZOBFRIMEMRIC I blchotc, D ENnLEL OMENTI2% X1k 16%
DECTHRADMNEBEZ R LD, 20T OEMERNEIOEKRDOLECRINTHIZ L
AT R, 20 &i212% it 167 OEKROBEN, AEELEFTARBCRIBHE T
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ith, R IKRKEER LLSE, 0°C DR WS, B o tBROWTERNERE L OBGEYR
Bz, TR X5 EBEOREIEERC I - CRILSED, SEOEBROEKER, RUOEHEEE
DOEFARN TIIFEE D 0.35 g/fem®~045 g/cm? ¢ B2 57 LN TE 5,
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U475 g/em? & LIcEB W L oBlE & A 5K % 1 mm/min OFE CHE#d & oM
EHEOMESRYHE 2R R Lic, MPEHBIN 16 g/em? OB 4 126 KEH 4%, 8%,

T T T T T
e: glass
o: cellulose-
—~ acetate
o 10 J
®
° ] - L4 o
g 100} o . -
S
[
S0 4
1 1 1 1 i 1
0 5 10 15 20 25 30

water content (%)

FO6El NEHORMMELZKEOBK 0% 25 30% oMT
E & A E—E



138 KRBT - HERAA
E2%x
initial compression 16 g/cm? 47.5 g/cm?
water content 4% 8% 20% 7% 20%
glass (gw/cm?) 4~5 5 4~5 15 20
cellulose-acetate (gw/cm?) 5 5 5 10 9
aluminium (gw/cm?) 3~4 3~4 3~4 10 17
polyethylene (gw/cm?) 2 2 2 7 7
teflon (gw/cm?) 2 2 2~3 — —
vinyl (gw/cm?) 1~2 1~2 2 — —
butyl-rubber (gw/cm?) 2 1 2 2~3 2~3
silicone-rubber  (gw/cm?2) 0 1~2 1~2 2 2~3
20% @@éﬂ% & ODH%gﬁE%ﬁ 3 initial compression 16 g/Acmz , 475 g/cmz
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> TET B EABL DI -, FHRROBLEMTHEE, SKRC X - CEMEEL
RigDFEH R, 20% OBETEFH LT Llem? Thb, —F, AROBECHE,
BWEEL10cm® CHAEMLHES L OWPOEMHIERTMB T ENTED, BKE20%
DREOHHT, WMPEMNC L > THBERENED LSBT B2ERLCORE K
ThbH, MEIERE, WEDSWEREDT ThHD, WP OEMIIA 16 g/cm?, 3 XV 47.5g/
cm? DPTE IR E FIEWE & DNEBEHWEIHLRDISOTH Y, FIHEMIIH 145 g/em? ©
ERFHRROBE L OFELLRDILLDTH B, NCRIMABEMRHTIAETAL I =2y 205
BREDWTORLTH D, ZDLIFA—DEARDBE CHLWMOESE T X - CTHEHEBED
KRESRID, BRIDEDO LHIZ, KCHFERLTWHECOWTES LV, FIHi0EMHT
ENBEBERZOBELABERCH D75 7 OAREIME L KRBT L - T ET S, 7s
BRPCEHN TR I ZOEEOMEY o TR LA, THRIKTY X 5EHN L HEEOEFRL
DHELIELDTH S,
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CRET B M A R KEE CHE Lic, ZORBRIBIEZORTERICRLLE D THDH, HEilA
DERERSRLDLE, HIA, TLI=T A 2Arvn—X7 w5 — it NS EOERBHEO
TR ERRLTVWYHE, Frey, F2—n, v avaahh BRI WHEEWS T &
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23 o TR OBEMEREAR CCh M EBREZRKCERC VT 7 e vhKEDEMAD
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MBOBIMNENELTENMUTH I AL T 7 e vETRIFEERERS, Thbb, T7n
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PP T HWHETF LT\ D, ZOX D ICHKEHBEDOD D b O EBRE T DT T
BREMBO L ERABERCREWELTRT b 02 H 2 2MEAT ARHITED TEN L,

OBV YRR LIc X 5 W 2O AT ® O M iz & 2 ic K BUKEH B D%
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BIMA BRITIWFRF I A—HEER, 77 r v—EEOFEROMIH 0.02cc DK% 5%
2HOEE E TS| XM IROBMOBTFER LA, O L5 mm 5] & i Licko
WKEEC, 708 OB T CIINE LB AR EZONEEB LT, A OBAKEXFRO
F oy 7O TOWEINBHB TR7T 7 » vEKBORECHER, 77 » vICKEXED 2
WV, BEEDOHBFCRTETOHIKEEALETHH D, KEOEMA L OFAEDER
DEHE LRV EBRPEIWEBLRTNIRL , [T, ERE LTI &8,
RN H - fo KO KFIMN BN E ORFE CHN TREMTE D, NEROTITITIEEA LR
LS RN IEA S, FHESEORBICH THBERDOREICHAKREIE - T D% DD
W, HWITA, T I=T b, 2le—X,
7T = bR EKE OBl XN
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30~35m THHtz, THERL, #5A, wir—XT7EF— b IFEHE LT 50~70 #m
VI REIfERT Lz, KICHBRLT OB E IR A KSR, HEMERK S Ofc RE-E
IRENBRCAEAT LB ZBR, FhC{VCEABMEOBAEI D LESLDENKRES
o vV v I ARESEOKRMEP, EKE, WHEMN SIS IR gw/em® &5
ST EBE LRI e - e OB E IR KRENERTHOMNE R EFE O BF
20~25 pm L5 EHTH B,

BIRRKIBE, T7RrY, ¥a—, v ) avI saDBEMAIRHIC° THE, ZOFT
TRV, Ea-IAREONEREEXR L TCVS0RK L, YV 2 v aldfigwichE
AERELXR LI, Th=F Ly 7oL yada, 7FAa43, BTELGEMAYET
ARV =F U ENEMEBE RS D NE N, Tihobb, T AT 2REOMER
BRI CEMBOMOME LY /NI REEXRTENS Z Db ol

ERCHEALCFEMEL TS 2~3mm OEIDRTH B4, 2 DBE = 2 HILfE
ME2EPRFEMEROEECEA THS, B4 DEBRICR TS50 LT TREft
BIVLE, TLAOBECIEZRRTONANKAEN CTHE T L XEH IR HAREELAS S
&, itﬁﬁ@%&ﬁ@t@ﬁ%@fﬁgkréomﬁﬁﬁ%bt%fﬁEL%tb&&@
T FEREI NI WS DEELZ BN D,

Iv. = =

EBEFBERRECHET 256, fEOFRIFEMNERORTCERETHREC L - T
£ UBHE(-2) ThB LER B RT B, © T GKBOIEEE, o @Ko EEEN T
BB, VWEAEKRIYZ, DREE 04g/cm® DRRHIEOHE OE EH K % £ 102 cm?/g" &
THEFHFIEW 0 pm OEIDOKECELRTWDEEL D LN TE D, KEDOHRE
Bx# 10 pm &5 % L MEE L RBEORMICH 770 gw/ecm® O FEBER REN313TTH 5,
Lal, ZOEREMTEENEKRECL - THRELIEIDKEXAN LTELTWSHAT,
KB, HRTAKER S L TEEMLTOREERLEWEEBE2BRS, LT, BR
A TCRBRTHEBEOMEREORE L, ERKRILLE LY, BFORE, bA IOHERR
sl X o TELL, —FHCREE LV, SEOERIE»PFToEMERS TE 2R Y
FRHECmB -0, FEEEZDO0 LHEML, TOHR—E DI E TREM LKA EREF]
T HER & o, TOBRWMOESE I X b EHE T T 5 2 & i o~
MO EHE NI BERCET 2BORE, TiobbEREME & HEH 5,

fo & 2 8 BT & KE M 20% CHHAEME 14 16 g/em?, 47.5 g/em?, O 145 g/em?®
DD BRELR T FAET VI =27 ARDWTGRLTHBH, FD 5B 16 g/em?, R 475
glem? OFMEFE T b AT EMEREN 10cm? ThH5 X 3 AEOK EH 2N LTH
2B DT OHOMNEREDE L, TTEMNIOMKE L LB OBMEAR S
D, EEEMELAHRLICIDEEZEZ B ENTED, H1HE, ROE2EOMNEREDE
BECHEREIOBCC I HEEFEMEOR - EL D TH B,

HIFR, e —-—XT72F—t, TA3i=vrakhlhEBMERTWHEE, 70 v,
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E=—AlpEREHERE L OCHBEZ DV THEBEOESBEI K ERERELRVT E24GE
DEBRThhroT. L, BRI ELTBRD THLERMAEREL T E TORRIL T
FAREBRKEHETRT 70 vig DR 2B - T3, BADOHERE R R THICHE
EBEBOMIZFET 2 RKEORE XL MM ORENORDDL LT 7Y, KY) =FV
v, €= — A Tik#30~35 pm THAKRRPEMERCLOTREALE-ETHD, —J, 7
A, B —AT T —b, TAI =T AREFTRE 0~T0pm i DiIZb2EH KX
<, BARRPLEMERCH LTRHEMCEKET2EELBEDbRI, T, BERECHTS
KOBAAIL RS TEL, —H 7 7 » v T 90° Th B MRLEA 16~17 pm ¥ TILR
EOKBINTEDYEWERORERE Y E DB S, L LR EoMEBEEOKEL
BB LIRTERL, ABEMESR Y AREDHEE L, L Likrb, H2F0MEE
ROKBEETHEIRALBHERBIDEZELZLND, Lichi-> TRANEREYSE 2 5K
EOMBERIFILSTOHELERCSWCHE L TREL-TLDEZBLTIVESLS, 7
7e vEREIND LS CEMRAOKRELMER X ARM—THAENG - 7257 T 012,
—EOMRERTHERI T & TSRk, A#ERIBESORELBEHMNCERS ZEE2RL
TWBIhEH LT, 77 AREEMADPIVHER DOV TR ERERZR LB S H
BEWO LRI R ACKEDOHBRLRERE L LML, INMIF B LBRCES M
MEZmL, BCRARECTKESNERT, FEHORECKEL - THET2HEL1H 5,
Jellinek® 13 2 M DFE R H 5 AROBECKEE B X, 75 ALKEOHKIBESBEL
oy, FOBPBRIKEMEERTFELR LI, COAMPLLAEFERDF & LFHEEREZ S
ERBERERR S EEZRTLOLEELLRS,

V. ¥ & &

BELEGRRIONERELREDOE KR, WPERLN, RUOMEOWME, L{rkLo
BfARSELCIE L, ~EOMUBFEHENY 52 CBEHEENEMEOFEEYR LicH
1 mm/min OEEECHERET X L, BEEABERPERLIBEORENZHE L, BF
DEKRFEITH A% 75 30% F Th 5% HIFGIC, * 7% M E#HE L 16 g/em?, 475 g/em?, K OF
80~200 g/em? TH 2, ZDHE, HEREIA—DEKEDOETYH, WHPOEH I I X
B R ZENALL Lot b, FHEBEXERCHELCCSERNOMEECKE
35,

WHERE 14 16 g/cm? OB T THOSE MK L TLHE gw/em? O ERE T, &
KB LBEELZbhiahote, T 475g/em? OFPEHNIOTTIE, #F R, 71§ =
v AT EBUKEOHE L O BRECIEKBERESELAD A, HOME, HicBikito
DORK L TIREKRBI L HEVIZADL NI 57, FHIESE % 80~200 g/em? 1z LI3B4
DPETEN 7 ARG KERMAEEELZ T L, £ 180 gw/em? ThH - . 10% 5 30% O
HDEKBOE CAMEF IO ECEKBEREEIRHR 15T, 125 XL 16% DEK
ROBEZEONEFBRENBEKREY FTHREZ, ZOFBKOEBENREIEICRELFEMNK XL
o TnhichéEzbhb,
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NEIRABORL THH1D, METKELHELENAEBEOHEERICAERPELS
2 %o FEBAMEOHME CRThAFRCEDLR I, —BICEMANRKEVWT 77 v = —
AR ELSEIOERD X 5 IE S5 2 TRHEZIR AL ARCIETHEACKE ABEBEL R L
oo LOZLEfMARIALEEBEDOY Y 2 vaA, FFAaalclXmoEMHIRTEK
Rk e d, HEHIFC gw/em® HTh otc, TORBE LTL T & OMM:, ROFEK
HEBREZLRS,

SEO—BORTXOMESE S, ROEKER, BRI, FERELT X/ TEE R,
KBEOHMAE 1 mm/min O—BHE LB o Thiltl, BAROEZHE TOFOEE,
BOECHTEE TR LS, MECHER LTI EHEN 027 g/cm®*~04 g/cm® &, hichE
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Summary

Wet snowflakes containing free water easily accrete on electric wires, which often causes
serious damage such as breakage of power lines. It may be assumed that the negative pressure
induced in water existing at the interface between the wet snow and the wire allows the snow
to adhere to the wire. The pressure, p, is given by the formula p= —(¢/r), where ¢ is the
surface tension of water and r is the radius of curvature of the concave water surface at the
interface. The value of  may depend on the free water content, the grain size and density
of snow, the contact angle between water and the material composing or covering the wire,
and so on. The adhesive force between wet snow and the wire or various kinds of covering
materials is, therefore, very important in the study of practical problems. In conjunction with
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snow accretion on electric wires, a series of experiments were carried out on the adhesive
strength of wet snow to aluminium, glass and several kinds of plastics and rubbers including
cellulose acetate, vinyl, teflon, polyethylene, silicone-rubber, ethylene-propylene rubber and
butylrubber.

The adhesive strength, .S, is defined as a value of F/A, where F is the tensile adhesive
force and A is the apparent contact area between two contact materials. In case of wet snow
in contact with another material, it is not very easy to measure accurately the apparent con-
tact area, A. If adhesive force is measured between flat surfaces of wet snow and the other
material, the apparent contact area is apt to be over-estimated ; hence the adhesive strength
is underestimated. A semi-spherically shaped snow sample was used in the present experiment,
because it was confirmed after careful calibrations that the apparent contact area could be
obtained very accurately.

Thin plates of 3 mm in thickness were cut from those materials described above. A semi-
spherically shaped snow sample was slowly compressed from above by the plate which was
moved downward at a constant speed of lmm/min by a motor through reduction gears, under
which a strain-gauge type force-measuring device was placed as shown in Fig. 1. The compres-
sive force increased with time, and at the moment when the force reached 160 g-wt, the motor
was stopped. Relaxation of stress took place. When the force reduced to 40 g-wt, the pulling
up of the plate was started by the motor at the same speed as in case of initial compression.
The sign of the force soon changed from compressive to tensile, and the tensile force linearly
increased with time until the plate and the wet snow were separated from each other as shown
in Fig. 2. The apparent contact area was obtained both by measuring directly the diameter
of the contact plane and by using the time duration of initial compression, the compression
speed and the geometry of the semi-spherical snow sample. The values obtained from these
two methods agreed very well.

The adhesive strength was obtained by dividing the adhesive force by the apparent contact
area. The adhesive strength of wet snow to various materials obtained in the present experi-
ments were tabulated in Table 1 for different free water contents which ranged from 4 to
30%. The contact angle between water and each material was measured, as listed in the
bottom of the table.

It should be noted that the adhesive strength becomes larger for each material when the
snow contains free water from 12 to 16%, as seen in Table 1 and in Fig. 4. Such large
values may be due to a smaller contact area of snow having free water of 12-16%, because
the adhesive force remains constant for each material when the free water content of snow
is larger than 7-8% as illustrated in Fig. 6. In fact, a smaller contact area was observed
for the snow containing free water of 12-16% as shown in Fig. 5. It may be probable that
the snow near the interface is locally compressed by the initial compression, and that an increase
in the local snow density is largest for the snow containing free water of 12-16%. This
suggests that the adhesive strength is dependent on the initially given compressive stress.

In order to clarify the dependence, measurements were done of the adhesive strength of
snow as a function of initial compressive stress. For a small initial stress such as 16 g/em?,
the adhesive strength was smaller than 5g/cm? and it remained constant for each material
regardless of free water contents of snow, as seen in both Fig. 7 and Table 2. For a larger
initial stress such as 47.5g/cm? the larger adhesive strength was observed and it increased
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with the increase in free water contents of snow as shown in Fig. 7. For a heavily wet snow
(free water content: 20%), a linear relationship was obtained between the adhesive strength
and the initial compressive stress as illustrated in Fig. 8. This dependence of the adhesive
strength on the initial stress may be explained as follows: the number of snow particles in
contact with the plate increases by the initial compression, and the snow density at the interface,
hence, the real contact area increases with the increase in the initial compressive stress.

It should be noteworthy that when a large initial compressive stress was applied to the
snow by a hydrophobic material such as teflon, vinyl and polyethylene, an unexpected large
adhesive strength of the same order of magnitude as those observed for hydrophilic materials
such as glass or aluminum was observed as seen in Table 1. The adhesive strength of snow
to rubber materials such as silicon rubber was, on the other hand, always small regardless of
initial compression and free water content. This strongly suggests that the adhesive strength
of wet snow depends not only on the wettability of contact material, but also on its flexibility.

The behaviour of water existing at the interface was observed at the moment of separation
of the contact surfaces. Two photographs in Fig. 9 show the shape of water at the interface
immediately before complete separation. At the moment of separation, the distance between
the surfaces of snow and contact plate was 30-35 ym for hydrophobic materials, while it was
50-70 ym for hydrophilic materials. The difference in separation distances is a reflection of
the difference in the contact angles of materials in contact with each other as seen in Fig. 9.



