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Abstract
This is a bibliography compiled for use by anyone interested in friction on snow
or ice surfaces. The items are separated into snow and ice categories because
the physical processes and the problems on these two surfaces are somewhat
different. There is some repetition between the lists because some references are
appropriate for both subjects. The references were selected because they were
of direct interest to the subject of friction and not just because knowledge of
friction was Important in the study. That is, the references selected provide
information about friction and do not just use such information.

For conversion of SI metric units to U.S./British customary units of measurement
consult ASTM Standard E380, Standard Practice for Use of the International
System of Units (SI), published by the American Society for Testing and
Materials, 1916 Race St., Philadelphia, Pa. 19103.

This report is printed on paper that contains a minimum of 50% recycled
material.
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PREFACE

This report was prepared by Dr. Samuel C. Colbeck, Geophysicist with the Snow and Ice
Branch, Research Division, U.S. Army Cold Regions Research and Engineering Laboratory
(CRREL). It was funded by DA Project 4A762784AT42, Design, Construction, and Opera-
tions Technology for Cold Regions; Task FS, Fire Support, Work Unit 003, Radiational
Effects on Snow Signatures.

The contents of this bibliography were taken from the Bibliography on Cold Regions

Science and Technology and the Arctic Science and Technology Information System.
The contents of this report are not to be used for advertising or promotional purposes.

Citation of brand names does not constitute an official endorsement or approval of the use
of such commercial products.
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Bibliography on Snow and Ice Friction
SAMUEL C. COLBECK

These lists were compiled for use by anyone interest- Andersson, L.O. (1988) Adhesiveness of ice on rubber
ed in friction on snow or ice surfaces. They are separated materials. In Procecdings of the 9th International JAHR
into two categories because the physical processes and Symposium on Ice, 23-27August, Sapporo, Japan, vol.
the problems are somewhat different on these two sur- 1 (H. Saeki and K. Hirayama, Ed.). Delft, Holland:
faces. For example, skiers can use the snow list without International Association for Hydraulic Research, Coin-
having to go through a larger, combined list. There is mittee on Ice Problems, p. 271-280; 12 references.
some repetition between the lists because some refer- Andersson, L.O., K.B.E. Axelsson and L.A. Fransson
ences are appropriate for both subjects. (Ed.) (1989) Adhesion of ice to polymer materials. In

In selecting these references I eliminated many that Proceedings of the 10th International Conference on
were not of direct interest to the subject of friction
although knowledge of friction was important in the Por a Ocea Engineern Swdeni Con.itions,stuy. hatisI tiedto elet rfernce tht povied POAC '89, 12-16 June, Luled, Sweden, vol. 2. Lule&,
study. That is, I tried to select references that provided Sweden: University of Technology (Tekniska Hog-information about friction and not just references that skolan), p. 786--795; 11 references.

used such information. Idid not examine all of the refer-
ences directly but sometimes used key words and the Andrews,E.H., H.A. Majid and N.A. Lockington (1984)
title as a guide. I made no judgment about the value of Adhesion of ice to a flexible substrate. Journal of Ma-
the reference but tried to include all references that tenicls Science, 19(1): 78-81; 15 references.
could provide information about friction. Argue, G.H., B.B. Denyes and W. Levitsky (July 1987)

Measurement and maintenance of runway friction at
ICE FRICTION Canadian airfields (with Japanese summary). In Pro-

ceedings of 3rd Paving in Cold Areas Mini Workshop,
Ahagon, A., T. Kobayashi and M. Misawa (1988) Fric- 20-22 July, Ottawa, Ontario, vol. 2. Ottawa: Ministry
tion on ice. Rubber Chemistry and Technology, 61(1): of Transportation and Communications, p. 949-979.
14--35; 29 references.

Arnol'd-Aliab'ev, V.I, (1936) External friction of ice.
Airaksinen, K. (1974) Free beam tests and friction tests Irnatialeeti and G eoyal Union ossici-

at Pond Inlet, N.W.T. (with German summary), Polar- ation of Scientific Hydrology, Bulletin 23, September,

forschung, 44(1): 71-75; 5 references.
p. 563-570.

Akkok, M., C.M.M. Ettles and SJ. Calabrese (1987) Arnol'd-Aliab'ev, V.I. (1937) On the external friction
Parameters affectingthe kinetic friction of ice. Transac- of ice (in Russian). Journal of Technical Physics, 7(8):
tions of the ASME, Journal of Tribology, 109(3): 553- 873-878; 3 references.
561; 19 references.

Alliston, G.R. (1985) Low friction and adfreeze coat- Baker, D.N. (1987) Ice/hull friction coefficient study:

ings. In Civil Engineering in the Arctic Offshore, MainreportT(withpFrenchsummary).pTransportCanada,

Proceedings of the ASCE Specialty Conference "Arci Report TP 8915E, 85 p. with appendices and references.

'85," 25-27 March, San Francisco, California (F.L. Baker, D.N. (1987) Ice/hull friction coefficient study:
Bennett and J.L. Machemehl, Ed.). New York: Ameri- Summary report (with French summary). Transport
can Society of Civil Engineers, p. 689-697; illustra- Canada, Report TP 9013E, 29 p.; 26 references.
tions.
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Balakin, V.A., V.N. Smirnov and O.V. Pereverzeva Bowden, F.P. (1955) Friction on snow and ice and the
(1988)Slidingof sled runner over ice. Soviet Journal of development of some fast-running skis. Nature, 176:
Friction and Wear, 9(2): 57-62; 2 references. 946-947; 6 references.

Barnes, P., D. Tabor and J.C.F. Walker (1971) The Bowden, F.P. (1957) Adhesion and friction. Endeav-
friction and creep of polycrystalline ice. Proceedings of our, 16(61): 5-18; 13 references.
the Royal Society of London, Series A: Physical Scien- Bowden, F.P. (1964) Friction between ski and snow.
ces, 324(1557): 127-155; illustrations. New Scientist, 376: 275-277.

Beeman, M.,W.B.DurhamandS.H.Kirby(1988) Fric- Bowden, F.P. and T.P. Hughes (1939) Mechanism of
tion of ice. Journal of Geophysical Research, 93(B7): sliding on ice and snow. Proceedings ofthe Royal Soci-
7625-7633; 26 references.sldnonieadso.PoeigsfthRylSc- ety of London, Series A, 172: 280-298; 14 references.
Bell, A.E. (1948) Theory of skating. Nature, 161(4089): Bowden, F.P. and D. Tabor (1950) The Friction and
391-392. Lubrication of Solids. Oxford, U.K.: Clarendon Press.

Belokon', P.N. (1938) Coefficient of friction of the ice Bowden, F.P. and D. Tabor (1956) Friction and Lubri-
cover (in Russian). Meteorology and Hydrology, 4(11- cation. L nd D .
12): 116-13 1; 2 references. cation. London: Methuen.
Berdaikov, A.G. (1987) Influence of polymer coating Bowden, F.P. and D. Tabor (1964) The Friction and

Ber nik v, .G.(:1 87)Infuen e o poyme cotin Lubrication of Solids, Part II. Oxford, U.K.: Clarendon
thickness and its heat conductivity on the frictional Pressn
characteristics of materials in contact with ice (in Rus-
sian). In Tribotechnical Materials andSystemsfor Cold Budd, W.F. (1976) Ice sliding and friction experiments.
Climate (I.S. Filatov, Ed.). Yakutsk Branch, Siberian Journal of Glaciology, 16(74): 279-280.
Division, Academy of Science, U.S.S.R., p. 71-76; 11 Budnevich, S.S. and B.V. Deriagin (1952) Sliding of
references.

solids on ice (in Russian). Journal of Technical Physics.
Blaisdell, G.L. and S.L. Borland (1990) Effect of fines 22:1967-1980; 14 references.
in sand on friction on ice. USA Cold Regions Research Calabrese, S.J. and F.F. Ling (1978) Low-friction hull
and Engineering Laboratory, Report no. MP 2828, 16 p. coatings for icebreakers, Phase III Technical Report.

Bogorodskii, V.V. and E.I. Galkin (1966) Internal fric- U.S. Coast Guard, Office of Research and Develop-
tion between an ice and a snow layer during vibration (in ment. Troy, N.Y.: Rensselaer Polytechnic Institute.
Russian). Acoustical Journal, 12(4): 411-415; 1 refer- Technical Report USCG-D-69-78, 192 p. ADA 061691.
ence. Calabrese, SJ., R. Buxton and G. Marsh (1980) Fric-

Bogorodskii, V.V., V.P. Gavrilo and A.V. Gusev (1974) tional characteristics of materials sliding against ice.
Acoustic effects of ice friction (in Russian). Leningrad: Lubrication Engineering, 36(5): 283-289; 6 references.
Arctic and Antarctic Scientific Research Institute, Trudy, Calabrese, SJ., M.B. Peterson and F.F. Ling (1974)
324: 97-103; 12 references. Low-friction coatings for icebreakers. Phase I Techni-

Bolotnikov, G.1. and A.M. Filippov (1980) Determin- cal Report, Parts I and II. Washington, D.C.: U.S. Coast
ing ice friction coefficient in natural conditions (in Rus- Guard, Report no. CG-D- 107-74, 145 p.; 13 references.
sian). Leningrad: State Hydrological Institute, Trudy, Calabrese, SJ., M.B. Peterson and F.F. Ling (1976)
270: 88-91; 4 references. Low-frirtion hull coatings for icebreakers. Phase 11,

Bowden, F.P. (1944)Physics of rubbing surfaces. Jour- Parts I and II: Laboratory and field tests. Washington,
nal of the Proceedings of the Royal Society of N.S. D.C.: U.S. Coast Guard, Office of Research and Devel-
Wales, 78: 187-219. opment, Technical Report USCG-D-32-76; 90 p. ADA

Bowden, F.P. (1947) Mechanism of friction (in Ger- 024847.

man). Technische Rundschau (Bern), 39(30): 1-4. Casassa, G., H. Narita and N. Maeno (1991) Shear cell

Bowden, F.P. (1953) Friction on snow and ice. Pro- experiments of snow and ice friction. Journal of Ap-

ceedings of the Royal Society of London, Series A: plied Physics, 69(6): 3745-3756; 28 references.

Physical Sciences, 217: 462-478; 14 references. Chemical and Meteorological Engineering (1943) Ice

Bowden, F.P. (1954) Friction of non-metallic solids, tires. ChemicalandMeteorologicalEngineering,50(3):

Journal of the Institute of Petroleum, 40: 89-101; 1 ref- 150.

erence.
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Conant, F.S., J.L. Dun and C.M. Cox (1949) Frictional Erusalimskii, A.V.* and L.G. Tsoi (1984) Investigation
properties of tread-type compounds on ice. Industrial of the effect of the hull plating roughness on the pass-
Engineering Chemistry, 41: 120-126. ability of ship in ice. In Proceedings of the 7th IAHR
Deriagin, B.V. (1954) Friction coefficient of ice (in International Symposium on Ice, 27-31 August, Ham-

Russian). Physics in School, 14(4): 88-90; 2 references. burg, F.R.G., vol. 3; 5 references.
Ervin, R.D., Y. Guy and L. Balderas-Ariza (1987)

Deriagin, B.V. (1986) Mechanical properties of the Erfrnc of truc ang o. Federal Higa y

lubricant boundary layer. SovietJournalofFriction and Performance of trucks braking on ice. Federal Highway
Wear 7(5: 16; 2 reerenes.Administration, Final Report, 25 February-15 June

Wear, 7(5): 1-6; 20 references. 1987, FHWA/MC-88/045. PB88-141825; 201 p.

Dychko, A.A. (1963) Studying friction coefficients at Evans, D.C.B., J.F. Nye and K.J. Cheeseman (1976)
low temperatures (in Russian). Omsk: Institute of Rail- The kinetic friction of ice. Proceedings of the Royal
way Transportation Engineering, Trudy, 43(2): 211- Society of London, Series A, 347: 493-512.
219; 25 references.

Filatov, 1.S. (Ed.) (1984) Tribotechnical materials andDychko, A.A., G.F. Gusev and K.A. Dychko (1965) systems for cold climate (in Russian). Yakutsk Branch,

Increase in the friction coefficient, sliding and rolling at siber Don, cade of science utsS Bun-
low empratres nd hee jamingof ollig sock Siberian Division, Academy of Science, U.S.S.R., Bul-low temperatures and wheel jamming of rolling stock letin of Scientific-Technical Information, 106 p.

(in Russian). Omsk: Institute of Railway Transporta-

tion Engineering. Trudy, 55: 56-59; 11 references. Fitz, C.D. (1954) Investigation of the intermittent mo-

Egorov, E.N., V.I. Postol and V.M. Listkov (1984) tion of certain bodies sliding on ice. University of Min-
nesota. Ph.D. dissertation, 253 p., 154 references.

Tribotechnical properties of fluoroplastic-4 and super-

high molecular polyethylene in contact with ice and Forland, K.A. and J.-C. Tatinclaux (1984) Laboratory
snow (in Russian). In Contact Interactions of Materials investigation of the kinetic friction coefficient of ice. In
with Ice and Snow Covers (V.A. Igoshin, Ed.). Yakutsk Proceedings, 7th IAHR International Syvnposiurn on
Branch, Siberian Division, Academy of Science, Ice, 27-31 August, Hamburg, F.R.G., vol. 1. Hamburg:
U.S.S.R., Bulletin of Scientific-Technical Information, Hamburgische Schiffbau-Versuchsanstalt GmbH, p.
p. 8-10. 19-28; 11 references.

Enoko, K., N. Nakazawa, T. Ueda and H. Saeki (1990) Forland, K.A. and J.-C. Tatinclaux (1985) Kinetic fric-
Apparent friction coefficient between steel and ice tion coefficient of ice. USA Cold Regions Research and
under high contact pressure. In Proceedings of the l0th Engineering Laboratory, CRREL Report 85-6, 40 p.; 23
iAHR Symposium on Ice, 20-23 August, Espoo, Fin- references. ADA 155035.
land, vol.2, p. 902-911, 4 references. Furushima, T. (1972) Study of the frictional resistance

Epifanov, V.P. (1986) Ice fracturing at contact interac- of skates (in Japanese with English summary). Seppyo,
tions. Mechanics of Solids, 21(6): 171-179; 32 refer- 34(1): 9-14; 8 references.
ences. (Translated from Academy of Science U.S.S.R. Gavrilo, V.P. (1974) Friction properties of sea ice (in
News%) Russian). Leningrad: Arctic and Antarctic Scientific

Ericksson, R. (1949) Friction of runners on snow and Research Institute, Trudy, 316: 107-112; 7 references.
ice (in Swedish). Organization of Forestry and the Gavnlo, V.P. and L.A. Timokhov (Ed.) (1984) Fric-
Royal Properties Work Study Division (Foreningen tional characteristics of sea ice: Dynamics of ice cover.
Skogsarbetens och Kungliga Dominstyrelsens Arbets- New Delhi: Amerind Publishing Co., p. o i c- coe7.
studieavdeling), Meddelande, no. 34/35, p. 1-63; 12
references. (Also SIPRE Translation, TL44 [1955]. Gnorich, W. and K.A. Grosch (1972) Friction of poly-
Contact USA Cold Regions Research and Engineering mers on ice. Institution of the Rubber Industry Journal,
Laboratory. AD 070494.) 6(5): 192-196; 6 references.

Ermakov, K.K. (1984) Adfreezing of the materials of Grothues-Spork, H. (1977) Steel-ice friction coeffi-
skis' sliding surfaces to snow and ice (in Russian). In cients from field and laboratory research (Reibungsko-
Contact Interactions of Materials with Ice and Snow effizienten Stahl-Eis aus Versuchen in der Arktis und
Covers (V.A. Igoshin, Ed.). Yakutsk Branch, Siberian im Labor) (in German). Schifflbautechnische Gesell-
Division, Academy of Science, U.S.S.R. Bulletin of schafi Jahrbuch 1976 (VM3.S3), 70:17 -24: 4 refer-
Scientific-Technical Information, p. 10-12. ences.

"See also lcnisalimskii. ANV.
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Harrington, E.L. (1924) Experimental study of the mo- Igoshin, V.A. (Ed.) (1984) Contact Interactions of Ma-
tion ofcurling stones. Proceedings ofTransactions ofthe terials with Ice and Snow Covers (in Russian). Yakutsk
Royal Society of Canada, 3rd Series, 18(3): 247-249. Branch, Siberian Division, Academy of Science, U.S.S.R.,

Hegmon, R.R. and N. Frangesh (1967) Performance of Bulletin of Scientific-Technical Information, 24 p.

antiskid materials on ice and snow. University Park: Igoshin, V.A. and A.I. Aitov (1990) Problems of ice
Pennsylvania State University, Automotive Safety Re- friction and strength characteristics control. In Proceed-
search Program, Report no. 26, 20 p.; 2 references. ings of the International Conference on Development

Hensvold, E. (1985) Method for (in situ) measurement of and Commercial Utilization of Technologies in Polar

friction and sliding resistance ofsnow and ice (Metod for Regions, Polartech '90, 14-16 August, Copenhagen.
fritmissig matning av friktion och gsidmowstAnd osnb Hrsholm, Denmark: Danish Hydraulic Institute, p. 468-ffitmssg mitin avfrkton chgldmostndmot sn) 477; 10 references.

och is) (in Swedish with English summary). In Proceed-

ings of Winter Knowledge and WinterData Conference, Igoshin, V.A. and A.G. Berdnikov (1989) Study of adhe-
26-28 March, Ornskoldsvik, Sweden. Vehicle Field Re- sion and friction of fluoroplast coating in contact with
search Cooperative (Samarbetsorganisationen for For- ice. Soviet Journal of Friction and Wear, 10(4): 83-87;
don-Markforskning), SFM Meddelande, no. 35, p. 291- 16 references.
300. Igoshin, V. and S.N. Iakovlev (1987) Ice adhesion to

Hiroki, E., H. Kobota, Y. Suzuki and M. Hayashi (1988) polymer coating at different conditions of moisture crys-
Test for characteristics of ice and snow tire and indoor tallization (in Russian). In Tribotechnical Materials and
test machine (in Japanese). In Proceedings of 4th Cold Systems for Cold Climate (I.S. Filatov, Ed.). Yakutsk
Region Technology Conference, 8-10 November, Sap- Branch, SiberianDivision, Academy ofScience, U.S.S.R.,
poro, Japan. Sapporo: Cold Regions Development Soci- p. 67-71; 8 references.
ety, p. 233-238. Igoshin, V., A.I. Aitov and E.N. Egorov (1990) Study of

Holmer, B. and G. Antvik (1961) Determining and indenter friction against an ice sheet. Soviet Journal of
reporting the braking qualities of icy or snow-covered Friction and Wear, 11(5): 71 74; 5 references.
runways. In Proceedings of SAE International Congress Igoshin, V.A., V.I. Postol, P. Paasivuori and R. Khaktla
and Exposition of Automotive Engineering, 9-13 Janu- (1989) Surface influence on adhesion of ice. Soviet
ary, Detroit, Michigan. Warrendale, Pa.: Society of Journal of Friction and Wear, 10(2): 111-114; 10 ref-
Automotive Engineers, 15 p. erences.

Huber, N.P., K. Itagaki and F.E. Kennedy, Jr. (1985) Igoshin, V., E.L. Tiunina and I.N. Cherskii (1984)
Dynamic friction of bobsled runners on ice. In Le Sport: Methods of studying contact interactions of materials
Enjeu Technologique (A. Midol and T. Mathia, Ed.). 10 with ice and snow (in Russian). In Contact Interactions
references. of Materials with Ice and Snow Covers (V.A. Igoshin,

Ichihara, K. (1971) Studies of skidding resistance on Ed.). Yakutsk Branch, Siberian Division, Academy of
road surfaces. Doboku Kenkyujo, Tokyo. JournalofRe- Science, U.S.S.R., Bulletin of Scientific-Technical In-
search of the Public Works Research Institute, 13:118- formation, p. 3-7; 15 references.
186; 84 references. Igoshin, V.A., E.L. Tiunina and I.N. Cherskii (1985)

Ichihara, K.andM.Mizoguchi (1970) Skid resistance of Some fundamental questions of the contact interaction
snow- or ice-covered roads. In Proceedings of Interna- of materials with snow and ice, Soviet Journal of Fric-
tionalSymposium on SnowRemoval and cc ControlRe- tion and Wear, 6(3): 78-83; 16 references.
search, 8-10 April, Dartmouth College, Hanover, NewHampshire. National Research Council, Highway Re- lonov, B.P. (1981) Analytical method of calculating
sarcshiBard. (ationalsU ClRi Research Council wand R components of ice resistance and its experimental veri-
search Board. (Also USA Cold Regions Research and fication (in Russian). Leningrad: Arctic and Antarctic
Engineering Laboratory Special Report, no. 15,p. 104- Scientific Research Institute, Trudy, 376: 141-149; 4
114.) references.

lerusalimskii*, A.V. and B.N. Svistunov (1984) Influ- Itagaki, K., G.E. Lemieux and N.P. Huber (1987) Pre-
ence of steel surface roughness on the dynamic friction liminary study of friction between ice and sled runners
coefficient for ice (in Russian). In Architectural and (with French summary). Journal de Physique. 48(Col-
Structural Type, Nautical and Ice-Navigation Qualities loque C1, suppkment au no. 3): 297-301.
of Promising Ships (IU.I. Panin, Ed.). Leningrad, Trans-
port, p. 90-96; 9 references.

• See also Erusalimskii. A.V.
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Itagaki, K., N.P. Huber and G.E. Lemieux (1989) Kozlov, 1.1. and A.A. Shugai (1991) Experimental study
Dynamic friction of a metal runner on ice. 1: Model sled of high-speed friction on ice. Fluid Dynamics, 26(1):
test. USA Cold Regions Research and Engineering Lab- 145-147. (Translated from Mechanics ofFluidandGas.)
oratory, CRREL Report 89-14, 16 p.; 30 references. AD Kuroiwa, D. (1977) Kinetic friction on snow and ice211498.KuiaD(97)Ketcfitoonsoadie

2with French and German summaries). Journal ofGlaci-

Itoh, Y., A. Yoshida, Y. Asai, K. Sasaki and H. Saeki ology, 19(81): 141-152; 13 references.
(1988) Testing method on sea ice-concrete sliding abra- Kuvaldin, B.I. (1947) Brake action on ice and snow
sion. In Proceedings of the 9th International Conference roads (in Russian). Forest Industry, 7(1): 3-8.
on Port and Ocean Engineering Under Arctic Condi-
tions. POAC '88, 17-21 August, 1987, Fairbanks, Alaska Lehtovaara, A. (1984) Friction between plastics and ice.
(W.M. Sackinger and M.O. Jeffries, Ed.), vol. 3. Fair- In Proceedings of Nordic Syjmposium on Tribology, 15-
banks: The Geophysical Institute, University of Alaska, 17 August, Tampere, Finland, p. 14-26; 11 references.
p. 89-96; 6 references. Lehtovaara, A. (1987) Influence of vibration on the kin-
Joly, J. (1900) Phenomena of skating and Professor J. etic friction between plastics and ice. Wear, 115(1-2):
Thomson's thermodynamic relation. Scientific Proceed- 131-138; 7 references.
ings ofthe Royal Dublin Society N.S., 1887,5: 45 . Le Strade (1940) Gripping action of pneumatic tires on

Jones, D.E., F.E. Kennedy and E.M. Schulson (1990) road surfaces and the coefficients of friction between tire
Kinetic friction of saline ice against itself at low sliding and road (in Italian). Le Strade, 22: 93-95; 5 references.
velocities. Hanover, N.H.: Ice Research Laboratory, Li Zhijun, Meng Guanglin, Sui Jixue, Zhang Mingyuan
Thayer School of Engineering, Dartmouth College, Re-port 89/90-048; and Yan Decheng (1988) Kinetic energy analysis of fric-tion coefficient between sea ice and materials. In Pro-
Karakin, A.V. (1974) Mechanism of fluid contact fric- ceedings of the 9th International IAHR Symposium on
tion (in Russian). In Ice Physics and Ice Engineering. Ice, 23-27August, Sapporo, Japan, vol. I (H. Saeki and
Yakutsk Branch, Siberian Division, Academy of Sci- K. Hirayama, Ed.). Delft, Holland: International Associ-
ence, U.S.S.R., QC929.S7F53, 7 references. ation for Hydraulic Research, Committee on Ice Prob-

lems; p. 263-270; illustrations, diagrams and tables.King, R.F. and D. Tabor ( 1954) Strength properties and Z

frictional behavior of brittle solids. Proceedings of the Lindqvist, S. (1979) Studies of slipperiness on roads
Royal Society ofLondon, SeriesA, 223:225-238; 21 ref- (Studier av halka pA vigar) (in Swedish with English
erences. summary). Goteborg, Sweden: University of G6teborg,

Institute of Natural Geography (Naturgeografiska Insti-Kinosita, S., E. Akitaya and K. Tanuma (1970) Snow ttoe) eot1,6p;1 eeecs

and ice on roads, II (in Japanese with English summary). tutionen), Report 12, 46 p.; 18 references.

Low Temperature Science, Series A: Physical Sciences, Liukkonen, S. (1988) Friction panel measurements in
28: 311-323; 15 references. full-scale and model-scale icebreaking ship tests. In Pro-
Kitagawa, H.(1986)Noteonapparenteffectofvibration ceedings of the 7th International Conferencc on Off-Kitaawa H.(196) oteon ppaenteffct f vbraion shore Mechanics and Arctic Engineering, 7-I /~ h ,/ ru-
on i,- friction. St John's, Newfnondland: National Re-
search CouncilofCanada, Institute forMarineDynamics ary, Iivustn, Texas, vol. 4 (D.S. Sodhi, C.H. Luk andseabrchtCouncilmorandum, Institue 6n D s N.K. Sinha, Ed.). New York: American Society of Me-
Laboratory Memorandum, LM-AVR-05, 6 p. ~ chanical Engineers, p. 255-262; 8 references.

Kitagawa, H. (1986) Friction measurements on the ITTC L'kk S (1989) Friction panel measurements in
friction plate. St. John's, Newfoundland: National Re- full-scale and model-scale icebreaking ship tests. Jour-
search Council of Canada, Institute for Marine Dynamics ,il of Offshore Mechanics and Arctic Engineering,
Laboratory Memorandum, LM-AVR-06, 6 p.; 5 refer- 111(3): 251-253, 8 references.
ences.
Kobayashi, T., T. Kitahara, M. Nakao and Y. Shinji Manning, D.P., C. Jones and M. Bruce (1991) Method of

(1970) On the measurement of coefficient of sliding ranking the grip of industrial footwear on water wet, oily

friction between test skates and rink ice (in Japanese with and icy surfaces. Safety Science, 14: 1-12; 6 references.

English summary.). Low Temperature Science, Series A: McConica, T.H. (1950) Sliding on ice and snow. Amer-
Physical Sciences, 28: 243-259; 4 references. ican Ski Company, Technical Report (contract no. W44-

Korunov, M.M. (1947) Effect of the profile of runners on 109-qm-2113); 46 p.

their sliding qualities (in Russian). Forest Industry, 7(8): Mendelson, K.S. (1985) Why is ice so slippery? Amer-
8-9. ican Journal of Physics, 53(5): 393.
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Minenkov, A.O. and A.V. Ostroumov (1989) Mechan- Nordstr6m, 0. and E. Samuelsson (1990) Road grip of
ics of sliding of a skate along a curvilinear trajectory. winter tires on ice, Sweden (in Swedish with English
Mechanical Solids. 24(2): 109-117. summary). State Road and Traffic Institute (Statens

V5,g- och Trafikinstitut). Report no. 354. 79 p.; 22Molgaard, J. (1989) Study of the friction of ice. St. references.

John's, Newfoundland: National Research Council of
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