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AR A E RO T (57 o 06:00 538 10:35 D) sl A HEEO Bl A, 11K
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Py (10:00~15:00) oA FIL A D LB Te < 4 55 & /M, *7- EEFREREX 6.1~
~BLIC ORI o Tz A4 710 X BILOPHEIEIETOEBIC X » CRETH %, W
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AR, R ) 5 TR O 9 Bk, DRFENSL FHTH D » T—HBITT
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bhBH, BEEREE, BYZELTIELNEEERTH DY, WL CERTH LWHID
MO ER - T B, MBI, BOCHEMETC X2 SR - BHRR
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BYEORE 2« ONFIMENET TR TR b, HBUL, ZOHIRO EHRETT A O H k% Kk LT
—BRCiRR E Sy, L L, EEEKCE, chboRE® iy LAMS OFERIETCE
EChb, Iedileh, ThbDFEL, EBRIEKOBEESCHEOBERE LD, WCED
BT HENLTH B,

BAWD Ao D BRI A & Fe R OB E kY, - e - Bickiith b, LrL, &
hODHEREKRDEBEA - T BD TR, L O%E, EHEDDHCEINTOFOENA
WO em OBIEF LT 5 (£ OHAE, JFE110.5~5cm), LA N R L OSEBO BT
BWT2HRE S HRBER DI DA LIERIC L 5 &, FHOBIEI KRB ORI FRK
DBEILERE (0) 13, +25°C itk T,

¢ = 30~150 #S/em

EWVHRERMELRT, Thud, NaClKERBE B T5 &, 15~70ppm 4T %, %
7o, BhI-RERBOHEBHEER (P13,

p=08~85TE %
DR H - 12,

—HRKBEO AL, B LR OB I X 5 THB IR OBLY Fbic b 3505
SEOGEWITT LARBZIR#T S, i, BRABT7TANERZ T, AHOBIRKE X -TY
BENETT A, —H, MO BEIC X 5, BERTFOEMMAE LR FHOKEORE
HWHETHZ DB, HCBNCHENZ OB YTILE S,

V. b b (C

CHETCRRBREINCEREKOSELXZRE L, HiLW2HLYIRE L, 2812, H%3
R DBEROMBORD D ETeD L 50T, ZoRHETIE, BHREKEET7TRERA
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SHESR, B E, Hh, SIOEV, 50, ORI X - TNESh5, BEN
EEERT 1B EEC T bhic,

EBRIKL, KEEHERT TR, EROBITPREZFOALNTELH LT 580
B THD, T, TORBR—RCRETND D IR EE 20, MBI koS & Hik,
FHICHESHEC S BDTRYETH 5.

E i B

FMEAMED BB 5T, HLDOH2DORMFETC -7, i, OHOFEE I M
RPN ITE L OBl R E D/ MR E—#E, BAMEGRRASHOBZBRKE
IOERKF oMt B, FregloRfcduiEseERsoRT Hi#aE, KRRy
MR OANEREEEE, KEREOH FEBK, MERIKBICY /7 - 29y vRickit
T ot Fio, RTFH—ItkA%EE»LREZEOSBCE LT, WA FitmETEX
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Summary

Snow and ice on roads show a variety of characteristics and structures depending on
meteorological and traffic conditions, which have been noted in the operation of snow removal
and control in many local areas and by many local organizations in Japan. Unfortunately,
however, many different terms have been used to each of snow/ice types; as a result, it seems
that confusion and difficulty have come about in the development of investigations and control
techniques of snow and ice on roads as well as exchanging them.

In this study popularly used terms of snow and ice on roads were collected and examined
with special reference to the results obtained from physical observations during the four winters.
Then a new classification was formed mainly on the basis of internal physical structures of

snow and ice, which are distinguishable with the naked eye.

1. New classification of snow and ice on roads
Our new classification is given in Table 1, and the main changes of each type of snow is

shown schematically in Figure 1. Snow and ice on roads are first classified into seven types:
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new-snow, compacted-snow, powder-snow, grain-snow, slush, ice-crust, and ice-film. Then
each of the five types except the two, that is powder-snow and slush, was divided into two
subtypes, that is dry and wet. In addition the dry compacted-snow was subdivided into soft
and hard ones. A short explanation is given to each of the foregoing as follows:

1) New-snow: New-snow is a snow cover Just after a snowfall on roads, which is usually
soft and light. In colder regions crystallographic shapes can often be recognized, but wet
new-snow is rather frequent in warmer regions.

2) Powder-snow: In colder regions new-snow is often disintegrated into powder-snow by the
mechanical action of vehicles. Mean diameters of composing snow particles are less than
about 0.2 mm, and snow particles are blown up by passing vehicles.

3) Compacted-snow: New-snow and powder-snow are then compressed repeatedly by various
vehicles and transformed into compacted-snow, which is much denser and harder. Usually
its structure is composed of ice networks connecting eacli snow particle. The formation process
of the ice networks can be explained as a pressure-sintering, that is a phenomenon of bond-
growth between ice particles under external forces.

Appearance of compacted-snow seems similar to that of undisturbed natural snow cover,
but its structure is usually much different; in general, structures of snow and ice on road are
inhomogeneous mainly due to the breakage, redistribution and compaction of snow particles
during the passage of vehicles; Figure 2 gives photographs of thin sections of compacted-snow ;
compared with homogeneous part (A) composed of snow particles of about 0.3 mm, part (B) is
very inhomogeneous, in which larger particles of about 1~2 mm are irregularly embedded in
smaller ones of about 0.1 mm.

In the new classification, dry compacted-snow was divided into soft and hard types. This

subdivision was necessary since otherwise the dry compacted-snow distributed in too wide
ranges of structures; the critical point dividing the two types is about 500 kg/m?® in density
and 50 kg/cm?® in hardness.
4) Grain snow: Grain-snow is composed of rather larger particles roughly above 0.2 mm
in mean diameter, Lack in bonds between particles makes it difficult to walk and drive in
the grain-snow ; ice-bonds cannot grow between particles because the direct or effective contact
of ice is prohibited by impurities such as soil particles, materials eroded from road surfaces,
and other chemicals. An example of grain-snow is shown in Figures 3 and 4.

Grain-snow is formed by coagulation of powder-snow as well as the disintegration of
compacted-snow. It should be noted that both the processes require a melt-freeze process by
solar radiation, behicle heat, or chemicals sprayed on roads.

5) Slush: Slush is melting snow containing water. Generally composing snow particles are
larger than about 1 mm, and there are no ice-bonds between them.

6) Ice-crust: Normally ice-crusts are formed by freezing of wet grain-snow or compacted-
snow. They are often found in forms of layers where the flow of melt water is prevented
by other ice-crusts or pavement.

7) Ice-fllm: Usually an ice-film is as thin as 1 mm or less, which is mainly formed by the
following two processes: One is the freezing of thin films of rain or meltwater on pavements.
The other is a rapid melt-freeze process on the surface of dry hard compacted-snow; the
heat is provided by the violent slippage and friction of vehicle tires. The latter process often

produces a very slippery mirror-like ice-film on snow.
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2. Several characteristics of snow and ice on roads
1) Rut formation and snow compaction by passing vehicles

Ruts are often formed on compacted-snow roads by predominant compaction due to
repeated passing of vehicles. Figure 5 shows that the density of surface snow increases
rapidly with time or passing of vehicles; the density of the initial new-snow was 40 kg/m® and
the air temperature was —8.2°C. It is shown that the density at a rut (indicated as 2 m in
the figure) became as large as 500~ 600 kg/m?, which is much larger than that of other parts.
Figure 6 shows a preliminary results of measurements of the relation between the snow density
and the number of passing of vehicles at —10.3°C.
2) Softening of compacted-snow by passing vehicles

The hardness of dry compacted-snow can be decreased by passing of vehicles; an example
is shown in Figure 7, in which a decrease in hardness in Period I is explained by chemical
contamination and mechanical roughening of the snow surface by passing vehicles; tempera-
ture rise was shown to contribute only one third of the decrease in hardness; a decrease
in Period II is due to melting of snow. Figure 8 shows an example of an increase in roughness,
in which the number of pits formed by studded tires on a compacted-snow surface is plotted
against time; on the test road the mean number of passing vehicles was 55 per hour.
3) Characteristics of snow and ice near crossings

In the photographs in Figure 9 the surface of the road is noted to be very rough just
after the railroad crossing and smooth before it. The mean wavelength of the rough surface
was 45cm. Such a rough surface is easily formed by inhomogeneous erosion and melting by

rapidly accelerated behicles in such places and just after railroad crossings or on climbing slopes.



