
Frozen Ground Engineering 



@ 
WILEY 

Frozen Ground Engineering 
Second Edition 

Orlando B. Andersland 
Branko Ladanyi 

•sc~r American societv 
~ S of Civil Engineers 

John Wiley & Sons, lnc. 



Contents 

Preface .... . .. . . .............. . ............. .. ....... ..... ..... ix 

Preface to the First Edition ....... . ... . ........................... xi 

1. Frozen Ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
l.l Frozen Ground Suppor! Systems .... ......... ...................... ... . . ... . l 
1.2 Seasonally and Perennially Frozen Ground . . .. . . .......... . ........... ........ 4 
1.3 Terrain Features in Permafrost Areas ......................................... 8 
1.4 Engineering Considerations .............. . ............. . ........... ....... 14 
Problems ....................................... ... ........... .... .......... 18 

2. Physical and Thermal Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
2.1 Composition and Structure of Frozen Ground ................................ 20 
2.2 Soil Classification ................ ... . . . ... ............................... 27 
2.3 Water-lce Phase Relationships ............................................. 32 
2.4 Soil Frost Action .......... ... ..... . ... . ................... ............... 36 
2.5 Thermal Properties .............. ......... . ............................... 44 
Problems ................... . .. ........ .... .... . . . . ......................... 54 

3. Heat Flow in Soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
3.1 Heat Transfer at the Ground Surface ............. .. ................. ........ 56 
3.2 Seasonal Ground Freezing (or Thawing) ............. . ........... .... ........ 60 
3.3 Frost Protection and Thermal Insulation ... ............ . . ....... . ....... .. . . 67 
3.4 Temperature Below Cooled (or Heated) Areas ................................ 71 
3.5 Thermal Analysis: Frozen Ground Support Systems .................. ... .. .... 81 
Problems ............................................................. . ..... 85 

4. Thaw Behavior of Frozen Ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
4.1 Thaw Settlement ................ . ...................................... .. 89 
4.2 Consolidation ofThawing Soils .... .... . ...................... ............. 92 
4.3 Thaw Consolidation in Some Layered Systems ................................ 99 
Problems ........................... . . . .................................... l 04 

5. Mechanical Properties of Frozen Soils . . . . . . . . . . . . . . . . . . . . . . . . 1 06 
5.1 Stress-Strain-T ime an d Strength Behavior .............................. . . .. l 06 
5.2 Factors Influencing Creep and Strength ............. . . .. .. .. ... ............. 108 
5.3 Analytical Representation of Creep and Strength Data . . .... . ........ . . . ..... . 115 

v 



vi 
FROZEN GROUND ENGINEERING -----------

CONTENTS vii 

5.4 Frozen Soil Beha\'ior in Cniaxial Tension . . . ... . . ...... . .. . ... . . .... . . . . . . .. 129 
5.5 Deformabil i t\' of Frozen Soils .. .. .. .... . . . . . . . . ....... . .... .. ... . ... .. ... . 129 
5.6 CompressibiÙty of Frozen Soils ........ . .. . . . .. . .. .... . .. . . .. ... . . .. ...... . 131 
5.7 Fro zen Ground Sensitivity to Climate Change ... .... .. . ...... . ... . . . . . . . .. . . 131 
5.8 Frozen Soil C reep and Strength: Generalizat io n ofTest Data .. . ... . ..... . ... . .. 133 
Problems . . . .. . . .. ....... . ....... . . .. . .. . . .. . . . ..... .. .... . .. ........ . .... . 135 

6. Construction Ground Freezing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 7 
6.1 Design Considerations ..... . .................. . .... .. ..... . ... . .. . ..... . . 137 
6.2 Freezing Methods and System Installation ..................... . . . .. .. ...... 143 
6.3 Structural Design of Frozen Earth Walls .. . . . .. . . . . .. . .. . . . ... . . . . . .. . .. . ... 147 
6.4 Monitoring Requirements ..... . ... ... ....... . .. . . . . .... . ..... . ........... 156 
6.5 Other Construction Considerations ..... . .............. . .... . .. . ........... 16 1 
ProbleiTIS .. . ............................ ..... . . .. . . .. .... .. . . ....... . ...... 163 

Appendix B. SI Units . . . ... . ....... . ... . ..... . ..... . . . . . . . ..... 31 3 
SI Base Cnits .. . .... . .. . . . ... . . . ... . .. . . .. .... ........... . . ....... . . . . .. .... 313 
SI Prefixes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313 
SI DeriYed Cnits . . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Conversion Factor .... .. . .... . . . ........ . . . .......... . . . . . . . . ......... . . .... 313 

o ••• o • • ••••• o o o •• o o •• • •• o o •• o o. o o o • • • o o o • • o . o o. o. o. o •• o o • o 313 

Appendix c .. Laboratory and Field Tests on Frozen Soils ............ 31 5 
~. l Ha~dl.mg, Storage, an d Machining of Specimens Prior to Testing .... .. . .... . . .. 315 
C.2 Un ~ax~al Co mpression Test . .. ..... . . . ............ ... ...... . . .... .. ...... . 317 
C.3 Umaxial Tensile Test ............ ..... ...... . .. . ............ . ............ 319 
C.4 Salinity o f Soil Pore Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 320 
c ~ Th . . ........... . . . .. . 

.J . ermos1phon .. . .. ........ . . ... .............. . . . ...... ..... . . .... . .... 322 
C.6 Pile Load Test in Permafrost .............................................. 325 
C. 7 Hydraulic Conductivity o f Frozen Soils ........ .... .......... . ............ . . 328 

7. Foundations in Frozen Soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 
7 .l Generai Considerations ................ . ...... . ..... . ..... .. . . .. . ........ 164 

7.2 Shallow Foundations ............ . ......... . .......... . ...... . ........ . .. 168 
7.3 Pile Foundations ..................... . .................... . .... . ........ 179 
7.4 Frost Heave Fo rces o n Foundations ......................... . .............. 198 
7.5 Frost Protection of Foundations Using Ground lnsulation ...... . .............. 204 
Problems ....... . .................... . ................................ . .... 216 

References ... . .. .. ..................... .. ................... 333 

Author lndex ....... ........ ....... .. ...... ..... .... ....... ... 351 

Subject lndex . .. . . ............................................ 357 

8. Stability of Soil Masses in Cold Regions . . . . . . . . . . . . . . . . . . . . . . . 218 
8.1 Landslides in Permafrost: Classification .................................... 218 
8.2 Slopes in Thawing Permafrost . .. .... ... ... .. ... . ........ . ....... . ......... 220 
8.3 Slopes in Frozen Soils ...... . .... .. .. . . .. .... .. ........ . ............ . ..... 222 
8.4 Monitoring Creep in Frozen Slopes ......... . .............................. 223 
8.5 Slope Stabilization Methods .... .. ............ ... ..... . ..... . ............. 225 
Problems ..... . .......... . ....... . . . ... . . ... . .... . ...... ... .... . ... . ....... 229 

9. Earthwork in Cold Regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230 
9.1 Site Considerations ......... . .... . ..... .. . .. . .... . ....... .. ..... .. .. . .... 230 
9.2 Excavation and Transport . . . . .......... . ............... . ...... . . . .. . ..... 235 
9.3 Field Placement ............................. . ...... . ................... 244 
9.4 Water-Retaining Embankments on Permafrost .... . ..... . ................... 247 
9.5 Embankment Performance ........... . .. ... .... . ... . ..... . . .. ........ . . . . 250 

1 o. Field lnvestigations ....................... . ..... . .......... 254 
10.1 Sampling Frozen Ground .. . ..... . ............. . . . .................... .. 254 
10.2 Ground-Temperature Measurement .................... . . ................ 256 
10.3 Field Testing of Frozen Soils ............................................. 258 
10.4 Geophysical Methods ........ .. .... ... .......... . ...... . ............... 270 

11. Pavement Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281 
1 !.l Seasonal Frost Areas ..... . .............. .. ............ .. ...... . .. . ..... 281 
11.2 Permafrost Areas ... . . . ......... . ......... .. .. .. ............. . ...... .. . 289 
1 1.3 Highway Jnsulation ...... . ............. . .. . .... . .. . . ... . . .. ........ . . . . 292 
11.4 Load Restrictio ns . . ....... . .. . ....... . .... . . . ................ .. . . .. .. . . 297 
11.5 Special Problems . ...... .. .......... . ....... . ........... .. .. . .. . ....... 30 l 
Problems . . . . ............ . . . ................... . .. . ... . . ..... . . .. .. .. . . .... 306 

Appendix A. Notation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308 
Symbols . . ...... . .......... . ........ . ................. . ............... . . . . . 308 
Greek Symbols .............. . ... .. . . .. .... ..... . ....... . ....... . . .......... 311 
Subscripts .... ...... ... ... . . .... .. . .. .. . ........ . ....... . .... ... .. .... . . . .. 311 



------------~-~ 
H4 FROZEN GROUND ENGINEERING 

.:!11d /111. Co11/ 011 Pemwfra,t, Y,1kutsk, L·~~R. \\·a:.hingron, D.C.: 
~ational Academy ofSciences, pp. 257-88. 

Andcrson, D. :O. l., and A. R. Tice. 1972. Predicting unfrozen water con­
tents in frozen soils from '>urface area mea~urement~. In Frost 
Actio11 i11 Soils. \\'ashington, D.C.: :'\ational Academy of Sciences, 
pp. 12-18 (Highway Res. Ree. 393 ). 

Anderson, D. :0. 1. , A. R. Tice, and H. L. :-.lcKim. 1973. The unfrozen 
water and the apparent specific heat capacity of frozen soils. In 
North Am. Co11trib., 2nd l11t. Co11J 011 Pemwfrost, Yakutsk, USSR. 
Washington, D.C.: :\ational Academy ofSciences, pp. 289-95. 

Annan, A. P., and }. L. Davis. 1976. lmpulse radar sounding in perma­
frost. Radio Sci. Il ( 4): 383-94. 

Anna n, A. P., and }. L. Davis. 1978. High frcquency electrical methods 
for the detection of freeze- thaw interfaces. In Proc. 3rd In t. Conf o n 
Pemzafrost, Edmonton, Alber ta, Canada. Ottawa: National 
Research Council of Canada, vol. l , pp. 496-500. 

Arcone, S. A., and A. }. Delaney. 1984. Field dielectric measurements 
offrozen sii t using VH F pulses. Co/d Reg. Sci. Teclmol. 9( t ): 29- 37. 

Argue, G. H., }. A. Fullerton, G. H. johnston, and F. L. Peckover. 1981. 
Roads, railways and airfields. Chap. 8 in Permafrost Engi11eering mzd 
Construction, ed. G. H. Johnston. New York: Wiley, pp. 345-91. 

Arteau, }. 1984. Étude de la consolidation cles sols gelés. Ph. D. diss., 
tcole Polytechnique, Montréal. 

Ashby, M. F., and P. Duval. 1985. The creep ofpolycrystalline ice. Co/d 
Reg. Sci. Tech11ol. Il (3): 285- 300. 

Ashby, M. F., and H. J. Frost. 1975. Deformation mechanism maps 
applied to the creep of elements and simple inorganic compounds. 
Chap. Il in Frontiers in Materials Science, ed. L. E. Murr and C. 
Stein. Ncw York: Marcel Dekker, pp. 391-4 19. 

ASTM (American Society for Testing and Materials). 1989. Classifica­
tion of soils for engineering purposes. Annua/ Book of ASTM Stan­
dards, Soil and rock, builders stones, geotextiles. Vol. 04.08, sec. 4. 
Philadclphia: ASTM. 

Aubertin, M., D. E. Gill, and B. Ladanyi. 1991. An internai variable 
mode! for the creep of rocksalt. Rock Meclz. Rock Eng. 24(2): 81-97. 

Baguelin, F., }.-F. jézequel, E. Le Mée, and A. Le Méhauté. 1972. 
Expansion of cylindrical probes in cohesive soils. ]. Soil Mech. 
Found. Div. ASCE98(SM!l ): 1129-42. 

Baker, G. C., and T. E. Osterkamp. 1988. Salt redistribution during 
laboratory freezing of saline sand columns. In Proc. 5th Int. Symp. 
on Grozmd Freezing, Nottingham, England, ed. R. H. }ones and }. T. 
Holden. Rotterdam: A. A. Balkema, vol. l, pp. 29-33. 

Baker, T. H. W. 1976a. Prepamtion of Artificially Frozen Sand Speci­
mens. Naù. Res. Counc. Can. Div. Build. Res. Pap. 682 (NRCC 
15349). 

Baker, T. H. W. 1976b. Transportatio n, prepa ration, and storage offro­
zen soil samples for laboratory testing. In Soil Specimen Preparation 
for Labomtory Testing. ASTM Spec. Tech. Pub. 599, pp. 88- 112. 

Baker, T. H. W. 1978. Effect of end conditions on the uniaxial com­
pressive strength of frozen sand. In Proc. 3rd In t. Conf on Penna­
frost, Edmonton, Alberta, Canada. Ottawa: National Research 
Council ofCanada, vol. l, pp. 609- 14. 

Baker, T. H. W. 1979. Strain rate effect on the compressive strength of 
frozen sand. In Proc. First lnt. Symp. on Grozmd Freezing, Bochum, 
Germany, ed. H. L. }essberger. Amsterdam: Elsevier, pp. 223-3 1; 
Eng. Geo/. 13(1979): 223-3 1. 

Baker, T. H. W. 1989. Personal communication. 

Baker, T. H. W. 1991. Personal communication. 

Baker, T. H. W., }. L. Davis, H. N. Hayhoe, and G. C. Topp. 1982. 
Locating the frozen-unfrozen interface in soils using time-domain 
reflectometry. Can. Geotech. ]. 19(4): 511-1 7. 

Baker, T. H.\\·., and (,. H. }ohnston. 198 1. Cold regions h 
('h 6 . p ,r . . eart work 
, ap. 111 emza1 rost Fnf<!lllCcmzg Deszan mzd Gonstr· t. · 

< " uc zon ed G 
H. }ohnston. :\ew York: \\'iley, pp. 2 19---16. ' · · 

Baker, T. H. \\'., and 1. :0. 1. Konrad. 1985. Effect of sample . 
. . preparat•on 

o n the strength of artlfiCially froLen sand. In Proc. 4th In t S 
G d F - · s . . · Ymp. o n rowz ree~111g, appo ro, }apan, ed. S. K1nos1ta and M Fuk 

· uda 
Rotterdam: A. A. Balkema, vol. 2, pp. 171-76. · 

Baligh, :VI. :--1. 1984. The simple pile approach to pile inst Il · . . . . a at1on 111 
clays. In Analyszs mzd Des1g11 of Pzle Foundations, ed. J. R. Me er 
New York: ASCE, pp. 310- 30. y . 

Banin, A., and D. M . Andcrson. 1974. Effects of salt conce t · . . n rahon 
changes dunng freezmg on the unfrozen water content of . porous 
matcnals. l Vater Resour. Res. l O (l) : 124-28. 

Barcomb, }. 1989. Use of thermistors for spring road management. ln 
Trmzsp. Res. Ree. 1252, TmllS. Res. Board, Nat. Res. Council, Wash­
ington, D.C., pp. 12-20. 

Barker, R. D. 1989. Depth of investigation of collinear syrnmetrica] 
four-electrode ar rays. Geophysics 54(8): 1031-37. 

Barnes, D. F. 1963. Geophysical methods for delineating permafrost. In 
Proc. In~. Conf: on Permafrost, Lafa~ette, Ind., Pubi. 1287. Washing­
ton, D.C.: at10nal Academy of Sc•ences- National Research Coun­
cil, pp. 349-55. 

Batenchuk, E. M., G. F. Biyanov, L. l\. Toropov, and Yu. N. Myznikov. 
1968. Placing Cohesive Soils in Wilzter in the Far North. Naù. Res. 
Counc. Can. Tech. Trans. 1501 (1972) . 

Bates, R. E., an d M. A. Bilello. 1966. Defining the Co/d Regions of the 
Northern Hemisphere. U.S. Army Cold Regions Research and Engi­
neering Laboratory Tcchnical Report 178. 

Bauer, A., G. R. Harris, L. Lang, P. Preziosi, and D. J. Selleck. 1965. 
How IOC puts crater research to work. Eng. Min. 166(9): 117-21. 

Belikov, M. P. , G. A. Panasenko, and A. S. Antsiferov. 1968. Earth dam 
in permafrost region constructed with p lastic waterproof barrier 
(in Russian). Gidrotekh. Stroit. (Hydrotech. Constr.) I O: 878-80. 

Beli, }. R., T. Allen, an d T. S. Vinson. 1983. Properties of geotextiles in 
cold regions applications. In Proc. 4th Int. Conf on Permafrost, 
Fairbanks, Alaska. Washington, D.C.: National Academy Press, vol. 
l, pp. 51-56. 

Bendz, }. 1977. Permafrost problems beaten in pile driving research. 
West. Constr. 52( Il ): 16, 18, 34, 35. 

Benmokrane, B., G. Ballivy, P. Hernandez, and P.-C. Aitcin. 1991. 
Nouveau coulis à base de ciment pour le scellement d 'ancrages 
dans le roe gelé du Grand Nord. Can. Geotech.]. 28(1): 574-83. 

Benson, C. H., and M. A. Othman. 1993. Hydraulic conductivity of 
compacted d ay frozen and thav1ed in situ. f. Geotech. Eng. 119(2): 
276-94. 

Berg, R. L., S. R. Bigi, }. A. Stark, an d G. D. Durell. 1996. Resilient mod­
ulus testing of materials from M11/Road, Phase 1. U.S. Army Cold 
Regions Research and Engineering Laboratory Special Report 96-
19. 

Berg, R. L., and W. F. Quinn. 1977. Use of a light-colored surface to 
reduce seasonal thaw penetration beneath embankments on per­
mafrost. In Proc. 2nd Int. Symp. 011 Co/d Regions Engineering, Uni­
versity of Alaska, ed. ]. L. Burdick and P. Johnson. Fairbanks: Univ. 
of Alaska, pp. 86-99. 

Berg, R. L., and . Smith. 1976. Observations along the Pipeline Harli 
Road beh-veen Livengood and the Yukon River. U.S. Army Cold 
Regions Research and Engineering Laboratory Special Report 
76- 11. 

Bernell, L. 1965. Properties of frozen granular soils and their use in 
dam construction. In Proc. 6th Int. Conf on Soil Mechanics and 
Fozmdation Engi11eering. Toronto: Univ. ofToronto Press, vol. 2, PP· 
451-55. 

REFERENCES ns ---
BiJret. L J. P. ~la~carelli, and P. Dc>\·arreaux. 1967. Amehoration de~ 

pn1pnetti~ mécaniques des sols par congélation à basse température 
,O-IRO °C ). C. R. Acad. Sci. 264(13): 1027. 

BiggJr, J.... \\". 1991. Adfreeze and grouted p iles in saline permafrost. 
'ph.I>. dis~ .• Univ. of Alberta, Edmonton, Canada. 

BiggJr, K. \\'.,S. Haidar, :0.1. ~ahir, and P. \l. jarrctt. 1998. Site investi­
g,niom o f fuel spii! migration into pcrmafrost. f. Co/d Reg. Eng., 
ASCE, 12(2): 84-104. 

Biggar, K. \\'., E. G. Hivon, and D. E. Sego. 1993. Time-dependent dis­
-~llacement of piles in saline permafrost. In Proc. 6th hzt. Conf 011 
Pmnafrost, Beijing, China. Beijing: South China University of 
Technology Press, vol. l , pp. 42-47. 

Biggar, K. W., an d D. C. Sego. 1989. Field load testing of various pile 
configurations in saline permafrost and seasonally frozen rock. In 
Prac. .J2nd Canadian Geotechnical Conf, Winnipeg, Manitoba, 

Canada, pp. 304-12. 
Biggar, K. W., and D. C. Sego. 1990. The curing and strength charac­

tcristics of cold setting cement fondu g rout. In Proc. 5th Cmzadian 
Permafrost Conf, Québec, pp. 349- 56. 

Biggar, K. W., and D. C. Sego. t993a. Field pile load tests in saline per­
mafrost. l. Test procedures and results. Ca n. Geotech.]. 30( l ): 34-45. 

Biggar, K. W., and D. C. Sego. t993b. The strength and deformation 
behaviour of mode! adfreeze and grouted piles in saline frozen 
soils. Cnn. Geotech.]. 30(2): 319- 37. 

Biggar, K. W., D. C. Sego, and M. M. Noel. 1991. Laboratory and field 
performance ofhigh alumina cement based grout for piling in per­
mafrost. Pap. 42 In 44th Canadian Geoteclznica/ Co11[, Calgary, 

Alberta, Canada. 
Bigi, S. R., and R. L. Berg. 1996. Modeling of Mn/ROAD Test Sections 

with the CRREL Mechanistic Pavement Design Procedure. U.S. Army 
Cold Regions Research and Engineering Laboratory Special Report 

96-2 1. 
Bishop, A. W. 1973. The influence of an undrained change in stress o n 

pore pressure in porous media oflow compressibility. Géotechnique 
23(3): 435-42. 

Bishop, A. W., and D. }. Henkel. 1962. The Measurement of So il Proper­
ties in the Triaxial Test. London: Edward Arnold. 

Biyanov, G. F., an d V. l. Makarov. 1978. Characteristics of construction 
of frozen dams in western Yakutiya. In Proc. 3rd /nt. Conf 011 Per­
mafrost, Edmonton, Alberta, Canada. Ottawa: National Research 

Council ofCanada, vol. l , pp. 779- 84. 
Bogoslovskiy, P. A., V. A. Veselov, S. B. Ukhov, A. V. Stotsenko, and A. 

A. Tsvid . 1963. Dams in permafrost regions. In Proc. ilzt. Conf on 
Pemzafrost, Lafayette, Ind., Pub. 1287. Washington, D.C.: National 
Academy ofSciences-National Research Council, pp. 450-55. 

Borisov, G. A., and G. lA. Shamshura. 1959. Experience in the plan­
ning, construction, and use of earth dams at Noril'sk (in Russia n) . 
Materialy po inzhenernomu merzlotovedeniyu. In 7th lrzt. Perma­
fros t Conf Moscow: Academy of Sciences. U.S. Army Col d Regions 
Research and Engineering Laboratory, 1970 Draft Trans. 26, pp. 

110-119. 
Borkenstein, D., P. }ordan, and P. Schafers. 1992. Construction of a 

shaUow tunnel under protection of a frozen soil structure: Fahr­
lachtunnel at Mannheim, Germany. In Proc. 6th ilzt. Symp. on 
Growzd Freezing, Beijing, ed. Yu Xiang and Wang Changsheng. 
Rotterdam: A. A. Balkema, vol. 2, pp. 481-87. 

Bourbonnais, }. 1984. Étude du comportement des sols gelés jusqu'aux 
températures cryogéniques. Ph.D. diss., École Polytechnique, 

~!ontréal. 
Bourbonnais, }., and B. Ladanyi, 1985a. Le comportement des sols 

gelés jusqu'aux températures cryogéniques. Tunnels Ouvrages Sou­
terrains (Paris) 69: 11 2-14. 

Bourbonnai~. J., an d B. l ad.1ny•. 1985b. The mechanical behavior of a 
frozen day down to cn·ogenic tempera tures. In Proc. 4th In t. Symp. 
on Grozmd Free:ing, Sapporo, Japan, ed. , . Kinosita and M. 
Fukuda. Rotterdam: A. A. Balkema, vol. 2, pp. 237-44. 

Bourbonnais, }., and B. Ladanyi. 1985c. The mechan ical behavior o f 
frozen sand down to cryogenic temperatures. In Proc. 4tlr 1m. 

Symp. 011 Growzd Freezing, Sapporo, }apan, ed. S. Kinosita and M. 
Fukuda. Rotterdam: A. A. Balkema, vol. l, pp. 235-44. 

Bowles, j. E. 1988. Fowzdation Analysis and Desig1z, 4th ed. New Yo rk: 

McGraw-Hill. 
Boyd, D. W. 1975. Computing Freezing mzd Thawing Degree-Days from 

Mo11thly Temperatures. Nati. Res. Counc. Can. Div. Build. Res. 

Tech. Paper 444. 
Boyd, D. W. 1976. Norma! freezing and thawing degree-days from 

norma! monthly temperatures. Can. Geotech.]. 13(2 ): 176-80. 
Bragg, R. A., and O. B. Andersland. 1982. Strain rate, temperature, and 

sa m pie size effects o n compression an d tensile properties of frozen 
sand. In Ground Freezitzg 1980: Developments in Geoteclmical Engi­
neering, ed. P. E. Frivik, N. }anbu, R. Saetersdal, and L. l. Finborud. 
Amsterdam: Elsevier, vol. 28, pp. 35-46. 

Braley, W. A., and }. P. Zarling. 1991. MUTlD: User-friendly one­
dimensional thermal mode!. In Co/d Regions Engineering: Proc. 6th 
ilzt. Spec. Conf, ed. D. S. Sodhi. New York: ASCE, pp. t-10. 

Braun, B.,}. Shuster, andE. Burnham. 1979. Ground freezing for sup­
port of open excavations. In Growzd Freezing: Developmerzts in Geo­
teclznical Engineering. New York: Elsevier, vol. 26, pp. 429-53; Eng. 
Geo/. 13( 1979): 429-53. 

Brodskaia, A. G. 1962. Compressibility of Frozen Ground. English 
trans., U.S. Dept. of Commerce, Nati. Tech. Inf. Serv. AD7115087 
or CRREL Draft Tra ns. TL28, 1965. 

Broms, B. B. 1964. Latera! resistance of piles in cohesive soils. ]. Soil 
Meclz. Found. Div. ASCE90(SM2): 27-63. 

Bromwell, L. G., C. R. Ryan, and W. E. Toth. 197 1. Recording incli­
nometer for measuring soil movement. In Fourth Pan-Americmz 
Conf 011 Soil Meclz. and Formd. Eng., San juan. vol. 2, pp. 333-43. 

Brown, A. D., and K. W. Barrie. 1975. Artificial island construction in 
the shallow Beaufort Sea. In Proc. 3rd bzt. Conf on Port and Ocemz 
Engineering under Arctic Conditions, Fairbanks, Alaska. vol. 2, pp. 

705-1 7. 
Brown, R. }. E. 1963. Relation between mean annua[ air and ground 

temperatures in the Permafrost Region of Canada. In Proc. Int. 
Conf on Permafrost, Lafayette, lnd., Pubi. 1287. Washington, D.C.: 
National Academy of Sciences-National Research Council, pp. 

24 1-47. 
Brown, R. J. E. 1967. Pemzafrost in Canada. Can. Geol. Surv. Map 

1246A, and )oint Publication of Divisio n of Building Research, 

National Research Council of Canada (Pubi. NRC 9769). 
Brown, R.). E., G. H. Johnston, }. R. Mackay, N. R. Morgenstern, and 

W. W. Shilts. 1981 . Permafrost distribution and terrain characteris­
tics. Chap. 2 in Permafrost Engineering Design and Construction, ed. 
G. H. johnston. New York: Wiley, pp. 31-72. 

Brown, R. }. E., and W. O. Kupsch. 1974. Permafrost Terminology. Nati. 

Res. Counc. Can., Tech. Memo. 111. 
Brown, W. G. 1962. Steady temperature under the corner of a plate 

and under polygonal areas on the su rface of a semi-infinite solid. 

Q. ]. Meclz. Appl. Matlz. 15(4): 393-99. 
Brown, W. G. 1963. Graphical Determination of Temperature under 

Heated or Cooled Areas on tlze Ground Surface. Nati. Res. Counc. 
Can . Div. Build. Res. Tech. Pap. 163. 

Brown, W. G., and G. H. Johnston. 1970. Dikes on permafrost: Pre­
dicting thaw and settlement. Can. Geoteclz. ]. 7(4): 365- 71. 



-----~F~R~O~Z~EN~G~R~O~U~N~D~EN~G~I~N~E~E~RI~N~G~-----------------------------H6 ------------------ . l 1 · E c \' c )anoo and S. t\. Ketcham. 1996. \laterial 
h 1t Of Cham 1cr az n , . r., · -- ' · Id · 

.. R \ l d \ \ ' \l La timer. 19:?.6. T e mea urcmez d · ~ 1 'll t~ m co regzons Buttmgton, . . ., an · · · 1 . ody p ro perties, peClfication~ an te~tmg or pa,·en .~ ,. · 
coeffìcien ts of expan~ion a t low temperatures . . ome t_1ezz:8(9)~ In Roads mzd Airfìelds ili Co/d RegiollS, cd. r. . . \ znson, ). W. 
namic applicat ion; o f expansion data. }. Alll. Clzem. Soc. . Roonev, and \\'. H·. Haa . 0Jew Yo rk: ASCE, pp. 289-:-31 8. 

2305- 19. . . . .· Commisston o n Standardintion of Laboratory and Fzeld Tests. _1976: 

B d
. k l L E F Rice and A. Phukan . 1978. Cold rcgzons. Descup- . d \1 l d r. . Geopll)'Sical Logglllg of Borelzoles. Lzsbon. 

ur zc , . ., . · , 
1 

. 1 E Suggeste 1 et 10 s ,o, . 
tiYe and geotech nical aspects. Chap. l in Geotec llllctl d Hglllee~lllg lnternational Society of Rock :-. lechamcs. 
for Co/d Regiolls, ed. O. B. Andersland and D. M. An erson. ew C k ). C. 1974. Status of ground-probing radar and some rec~nt 
vork·. ,\lcGraw-Hill, pp. 1-36. . . .o o : .· In Suùsurrace Exploratioll for L'Hdergrowzd Exwvatwn 
' d t f frozen expezzence. J' f H ik ' H 

Burt, T. P., and P. ). \\' illiams. 1976. Hydraulic con ucuvz }'o ; lld Heavy Constmctioll, Proc. ASCE. Spec. Con . enn ·er, .. 

so i l s. Eartlz Swf Processes l ( 4 ): 349-60. . New Yo rk: ASCE, pp. 175-94. . 

k J S d J 
B johnson. !988. Frost heave forccs on H and pzpe , d L C Reese. !966. Load transfer for axzally loaded 

Bus a , an · · r T dh · Covle, H. ,,l. , an · · 2) 1 26 fo~nda~ion pilcs. In Proc. 5tlz [li t. Cozzf Oli Pemza,ros:, ron ezm, ' iles in clay.]. Sai/ Meclz. Fowzd. Div. ASCE 92(SM _: - . . 
' d K Scnneset Trondheim , o rwav: Tapzr, vol. 2, pp. p ~ d l D and J Boswell. 1948. Dredging for gold m Alaska. M m. 
orway, e . · · · Craw.or , . ., · 

1039--44. . h ogène Meta/l. 574-80. .1. · · Id 
C b ~ t H 1964 Essai sur le comportement en terram om . d l D McClellan. 1983. Ice and snow utz zzatzon m co 
an~ e: ;:~x i~olés e~ des groupes de pieux. Ali n. JTBTP 17( 204_): 1492. Cn~:· i~~sa~ons~ru~~ion. In Co/d Regions Construction, ed. D. F. jordan 

Campanella, R. G., and Y. P. Vaid. 1974. Triaxal and piane stram creep a:d G. N. McDonald. Tech. Counc. Cold Reg. Monograph. New 

rupture of an undisturbed day. Ca n. Geotech. f. 11 (l ): 1-1 O. York: ASCE, pp. 24-31. . 

C K L 1973. IciHgs Developed from Surface Water and Ground R d R W Marcellus. 1978. Ice and wave actlon on 
arey, . . . · L b Croasdale, K. ., an · · . ) 

Water. U.S. Army Cold Regions Research and Engmeenng a ora- artificial islands in the Beaufort Sea. Cnn. ]. Czv. Eng. 5( l : 98-113. 

tory Monograph l!l -D3. C F E 1963. Pile foundations in permafrost. In Proc. Jnt. Co~f. an 

C 
·i · n H 1952. Calculation of depth of thaw in frozen ground. In rory, . ,; Lac tt !nd Pubi 1287 Washington, D.C.: Nat!Onal 

az so , . N . 1 A d Perma1rost, .aye e, ., · ' . 
Frost Action in Soils. Pubi. 213. Washington, D.C.: auona ~a - Academy of Sciences- National Research Counczl, _PP· 467-76. 
emy o f Sciences- National Research Council, pp. 192-223 (Hzgh- C F E 1973 Settlement associateci with the thawmg of permafrost. 

way Res. Board Spec. Rep. 2.) . . . d ro;~· Nor;lz Am.· Contrib., 2nd In t. Conf an Pemwfrost, Yakutsk, USSR. 

C l 
' H S an d ). C. )aeger. 1959. Conduction of Heat m Sol!ds, 2 W h' ton D C . National Academy of Sciences, pp. 599-607. 

arsa\, , . ., C asF uElg 199, l .Co .. nstructz'on gz•z'delines ror ai/ mld gas exploration in 
ed. London: Oxford University Press. . . . TI rory, . . . • J' h d E . 

Casagrande, A. 1948. Classification and idenuficauon of sOils. m ns. Northem Alaska. U.S. Army Cold Regions Researc an ngmeer-

ASCE,JI3:90l-30. l S .1 ingLaboratoryCRRELReport91-21. . 

Ca
ss, ). R. 1959. Subsurface explorations in permafrost areas. . DI F E d R E Reed. 1965. Measuremellt of Frost Heavmg Forces 

) 31 
• l Crory, . ., an . . d E . . Labo 

Mech. Found. Div. Proc. ASCE 85(SM5 : ...... . an Piles. U.S. Army Col d Regions Research an ngzneenng -

C M 1966 
Le tassement des pieux: Synthèse des recherches 4 _ 

assan, . · . . 
1 43

_ 52 ratory Technical Report l :>. . . f 
récentes et essais comparaufs. Sols-Sozls, no. 18- 9, pp. . Ctori, P. 1989. The effects of temperature o n the physzcal properues o 

Caterpillar Tractor Company. 19~7 . Cacerpillur Pezformance Hand- cohesive soil. Grolmd Erzg. (London) 22(5): ~6--27. . . infl 

book' 
8th ed. Peoria, 111.: Caterpzllar. . . C d k T d l Demek. 1970. Thermokarst m Szbena and zts u-

f fi t ow of zu e ' ., an · · ( l)· 103-20 
C lk D 

A 1983. Steady heat conduction rom an m zm e r o the d evelopment oflowland rehef. Quat. Res. l . . 
au ' . . l H M ss Tmnsfer ence n Ul' ki nd V D 

holes in a half space or a uniform slab. Jnt. . eat a D l t B l V. D. Karlov, l. l. Turenko, V. M. zts y, a . . . 
a ma ov, . ., . h . ' th f; ndatwns In 

26( 10): 1509-13. d d N w Kharlab. J973. 1nteractionoffreezmg eavmgwz ou W;sh 
Cedergren, H. R. 1989. Seepage, Drainage, and Flow Nets, 3 e . e USSR Contrib., 2nd Jnt. Ca~lf on Pemwfrost, Yakutsk, USSR. -

York: Wiley. . . ,r I d ington, D.C.: National Academy of Sciences, PP· 572- 76.. . . 

Cha
mberlain, E. ). 1981. Frost Susceptibility of Sazi:. Revz~w a, n . ex D· . l D E and C. H. Benson. !990. Water content-denszty crttena 

h d E ng Labora ame ' · ., ) 1811 30 
Test s. U.S. Army Cold Regions Researc an ngmeen - for compacted soilliners. l- Geo tec/l. Eng. 116( 12 : - . . 

to
ry Monograph 81-02. D · J L and w J Chudobiak. 1975. In Siw Meter for Measurmg 

l. ., 1 p c 4tlz Int avzs, · ., · .' . • -lA . 75-79. 
Chamberlain, E. ). 1983. Frost heave of sa me soz.s. n ro .N . j Relative Permittivzty ofSozls. Geo!. Surv. Can. Pap. 75_ . 'PP ir-

Conf an Permafrost, Fairbanks, Alaska. Washington, D.C.: auona D . R M and F. F. Kitze. 1967. So il Sampling an d Drzllmg near ~a 
26 

avzs, . ., U S A Cold Regzons 
Academy Press, vol. l , pp. 121- · banks, Alaska: Equipment and Procedures. ·. · rmy 

1 
Chamberlain, E.)., and O. A. Ayorinde. 1991. ~reez~-thapw eff~~~s I~~ Research and Engineering Laboratory Techmcal Report 19_. ._ 

l 
d liners In Co/d Regiolls Engmeerzng. roe. . D . B E l W Rooney and D. E. Bruggers. 1978. Deszgn van 

c ay covers an · CE 136--51 avzson, . ., . · '. . p Conf on 
Spec Collf, ed. D. S. Sodhi. New York: AS 'pp. . ab! es influencing piles dnven m permafrost. In roe. k New 

Chamb~rlain, E. ). , P. N. Gaskin, D. Esch, and R. L. Berg. 19~4. Su~~; Applied Teclmiques far Col d Environments, Anchorage, A]as a. 

of methods for classifying frost susceptibility. In Frost Actwn an s York: ASCE, pp. 307- 18. nts offro-

c l d R L Berg and E. A. Wright. New York: ASCE, pp. 84 o· l t ·c measureme ontro ' e . . . Delaney, A. )., and S. A. Arcone. 19 . ze ec n S . Technol. 
104-41. h h . 

1 
zen silt using time domain reflectometry. Co/d Reg. "· 

Chamberlain, E., C. Groves, and R. Perharn. 1972. T e mec _amca 

behavl
.or of frozen earth materials under high pressure tnaXJal test 9( l ): 39--46. 988 S sonai variations in 

Delaney, A., P. Sellmann, and S. Arcone. ~ . ea afrost In Proc. 
conditions. Géotechnique 22(3): 469- 83. ff f resistivity and temperature in discon~muous perm d K .Senneset. 

Chamberlain, E., l. Iskandar, an d S. E. Hunsicker. 1990. E ect . o 5tlz [Il!. Collf Oli Permafrost, Trondhezm, Norway, e . . 

freeze-thaw cycles o n the permeability and macrostructure of sOli s._ Trondheim, Norway: Tapir, vol. 2, pp. 92~~32. a 4 in Airfieid 
In Frozell Soil Jmpacts on Agricultllral, Range, and Forest La_llds. Department of the Army. 1958. Frost condzuons. Ch P·5 306 Wash-

s d K R Cooley. U.S. Army Cold Regzons M 1 EM 1110 34 - · 
Proc. !lzt. ymp., e . . · . Pavement Design., Engineering r anua -

R
esearch and Engineering Laboratory Speczal Report 90-1 ' pp. . t D C . U S Government Printing Office. mgon, ... · · 

145-55. 

REFERENCES 337 

lkpartment o t t h~ Army. 1966. Arctic wzd Subarctic Constructio11: Cal­
wlatzoll .\!etlzods for Dctemzination of Deptlzs of Frcczc m1d Tlzall' in 
Sai/s. Tech nical :-.1anual T:-.1 5-852-6. Washington, D.C.: L'.S. Gov­
ernment Pr inting Office. 

Depar tment of thc :\'a,·y. 1982. Soil ,\/ecllmzics. NA\'FAC Design :0.1an­
ual 7. 1. Alexandria, Va.: . ava! Faci litics Engineering Command. 

Departments of the Army and Air Force CSA. 1977. Rigid Pavement 
Desig11 for Air Fields Other tlzm1 Army. Tech. Manual TM5-824-3/ 
AFi\1 88-6, chap. 3. \\'ashington, D.C.: U.S. Government Printing 
Office. 

Departmen ts of the Army and Air Force USA. 1978. Flexi/Jle Pal'etllezzt 
Desig11 far Airfields. Tech. :-.1anual T:-..15-825-2/ AF:-.-1 88-6, chap. 2. 
v\'ashington, D.C.: U.S. Government Printing Office. 

Departments of the Army and Ai r Force USA. 1985. Paveme11t Desig11 
for Seasozzal Frost Co11ditio11s. Tech. Manual TM 5-818-2/AFM 88-
6, chap. 4. Washington, D.C.: U.S. Government Printing Office. 

Departments of the Army and Air Force USA. 1987. Rigid Pavement 
Desig11 far Airfields: Elastic Layered Metlzod. Tech. Manual TM 5-
835-3/AFM 88-6, chap. 3. Washington, D.C.: U.S. Government 
Printing Office. 

de Ruiter, ). 197 l. Electric penetrometer for si te investigations. ]. Sai/ 
Mec/1. Fozmd. Div. ASCE97(SM2): 457-72. 

De Vries, D. A. 1966. Thermal p roperties of soils. Chap. 7 in Physics of 
Plani Etwiromllellt, 2d ed., ed. W. R. Van Wijk. Amsterdam: North­
Holland, pp. 210- 35. 

Di Pasquale, L, S. Gerlek, and A. Phukan. 1983. Design and construc­
tion of pile foundations in the Yukon-Kuskokwim Delta, Alaska. In 
Proc. 4th lnt. Conf 011 Permafrost, Fairbanks, Alaska. Washington, 
D.C.: National Academy Press, pp. 232-37. 

Domaschuk, L. 1982. Frost heave forces on embedded structural units. 
In Roger]. E. Brown Memoria/ Volume, Proc. 4th Canadiaz1 Perma­
frost Conf, Calgary, Alberta, ed. H. M. French. Ottawa: National 
Research Council of Canad a, pp. 487-96. 

Domaschuk, L , L Fransson , and D. H. Shields. 1988. Interaction 
between a laterally loaded p ile and frozen soil. In Proc. 5th I11t. 
Conf on Permafrost, Trondheim, Norway, ed. K. Senneset. Trond­
heim, Norway: Tapir, vol. 2, pp. 1060-65. 

Dow Chemical Canada. 2003. lnsulation for geotechnical applications. 
Blueprint serv ices. Midland, Mich.: Dow Chemical Company 178-
00542 (McKay 144038). 

Dow Chemical Company. 2003. Highway Insulation. Midland, Mich.: 
Dow Chemical Company 178-00540 (McKay 169547). 

Dow Chemical Company. No date. Frost protection of cold buildings 
and construction in the ground with Styrofoam. Pamphlet. In Nor­
wegian. 

Drost, W., H. Moser, F. Neumaier, and W. Ravert. 1974. lsotope Meth­
ods in Ground Water Hydrology. Eurisotop, Office Inf Book. 61. 

Drouin, M., and B. Miche!. 197 1. Les poussées d'origine thermique exer­
cées par /es couverts de giace sur /es structures hydmuliques. Rapport 
S-23. Québec, Canada: Faculté des Sciences, Génie Civil, Université 
Lavai, Québec. 

Duthweiler, F. C., an d M. E. Utt. 1985. Ice as a construction materia! in 
the offshore Arctic. In Civil Engineering Ìll tlze Arctic Offslzore: Proc. 
Conf Arctic '85, ed. F. L Bennett and ). L Machemehl. New York: 

ASCE, pp. 634-42. 
Eckhardt, H. 1981. Creep tests with frozen soils under uniaxial tension 

and uniaxial compressio n. In Roger]. E. Brown Memoria/ Volume, 
Proc. 4th Ca11adian Permafrost Conf., Calgary, Alberta, ed. H. M. 

French. Ottawa: National Research Council of Canada, pp. 394-405. 

Enokido, M., an d). Kameta. 1987. lnfluence of water contento n com­
pressive strength of frozen sands. Sai/ & Foundations, }SSMFE, 
27(4): 148-52. 

l:.ranti , F.., and G. C. L~e. 1983. h1troduction to Co/d Regions Stmctuml 
Desig11 a11d Constructio11. Buffalo: State University of , ew York at 
Buffalo, Center for Cold Regions Engineer ing Science, and Tech­
nology, p. 83-!A. 

Eranti, E., and G. C. Lee. 1986. Co/d Region Stmctum/ E11gi11eering. 
l\ew York: :O.lcGraw-Hi\1. 

Esch, D. C. 1983. Evaluation o f experimental design features for road­
way construction over permafrost. In Proc. 4th !111. Conf on Penna­
frost, Fairbanks, Alaska. \\'ash ington, D.C.: 'ational Academy 
Press, vol. l, pp. 283-88. 

Esch, D. C. 1984. Surface modifications fo r thawing of permafrost. 
Alaska Dept. Tmnsp. Pubi. Facil. Rep. FHWA-AK- RD-85-10, p. 240. 

Esch, D. C. 1985. Thawing techniques fo r frozen ground. Sec. 6.0 in 
Thermal Desig11 Considemtions in Froze11 Ground E11gineering, ed. T. 
G. Krzewinski and R. G. Tart, )r. New York: Technical Council on 
Cold Regions Engineering, ASCE, pp. 172-85. 

Esch, D. C. 1988. Roadway embankments on warm permafrost: prob­
lems and remedial treatments. In Proc. 5tlz l11t. Conf 011 Permafrost, 
Trondheim, Norway, ed. K. Senneset. Trondheim, Norway: Tapir, 
vol. 2, pp. 1223- 28. 

Esch, D. C. 1996. Road and airfield design for permafrost conditions. 
In Roads and Airfields in Co/d Regions, ed. T. S. Vinson, ). W. 
Rooney, and W. H . Haas. ASCE Tech. Council o n Cold Reg. Eng. 
Monog. New York: ASCE, pp. 121--49. 

Esch, D. C., and T. E. Osterkamp. 1990. Cold regions engineering: cli­
matic warming concerns for Alaska. ]. Co/d Reg. Eng. ASCE 4( I): 
6- 14. 

Evdokimov, P. D. 1970. Design and construction of earth and rockfill 

d ams in the USS R. Trans. 10th Int. Congress an Large Dams, Mon­
tréal. vol. l, pp. 137--49. 

Farmer, l. W. 1975. Stress distribution along a resin grouted rock 
anchor. In t. ]. Rock Mech. Min. Sci. Geomech. Abstr. 12( li ): 347-51. 

Farouki, O. T. 1981. Thermal Properties of Soils. U.S. Army Cold 
Regions Rese~rch and Engineering Labo ratory Monograph 81 - 1. 

Farouki, O. 1992. European Foundation Designs Jor Seasonally Frozen 
Grozmd. U.S. Army Cold Regions Research and Engineering Labo­
ratory Monograph 92-1. 

Fellner-Feldegg, H . 1969. The measurement of dielectrics in the time 
domain.}. Phys. Chem. 73(3): 616-23. 

Flynn, T. M., ). W. Draper, and ). ). Ross. 1962. The nucleate and fi lm 
boiling curve of liquid nitrogen a t o ne atmosphere. In Advances in 
Cryogenic Engineeril1g: Proc. 1961 Cryogenic Engineering Conf, Ann 
Arbor, Mich., ed. K. D. Timmerhaus. New York: Plenum Press, vol. 
7, pp. 539--45. 

Foriero, A., and B. Ladanyi. 1989. A streamline solution fo r rigid later­
ally loaded piles in permafrost. Can. Geotech.]. 26(4): 568- 74. 

Foriero, A., and B. Ladanyi. 1990. Finite element simulation of behav­
ior of laterally loaded piles in permafrost. ]. Geotech. Eng. ASCE 
11 6(2): 266-84. 

Foriero, A., and B. Ladanyi. 199l a. Convolution operator techn iques 
and asymptotic expansions for long term behaviour of laterally 
loadcd piles in permafrost. Int. 1. Numer. Anni. Metlzods Geomec/1. 
15(6 ): 443-52. 

Foriero, A., an d B. Ladanyi. 1991 b. Design of piles in permafrost under 
combined latera! and axial loads. ]. Co/d Reg. Eng. ASCE 5(3): 
89- 105. 

Foriero, A., an d B. Ladanyi. 1991 c. Generalized fin ite-element algo­
rithm for laterally loaded piles in permafrost in comparison with 
measurements. Cnn. Geotech.]. 28(4 ): 523--41. 

Foriero, A., and B. Ladanyi. 1992. Use of fractiona[ exponential creep 
kernels for long-term behavior of laterally loaded piles in perma­
frost.]. Eng. Math. 26: 281-95. 



l' 
(' 

~ 
' 

338 FROZEN GROU ND ENGINEERING 

Foriero, A., B. Ladanvi, S. R. Oallimore, P. A. l:.gginton, and F. :\1. 
:--:ixon. 1998. 1\ lod~lling of deep seated hill ~lope creep in penna­

frost. Ca11. Geotech. f. 35: 560--78. 
Fortier, R. , i\1. Allard, and ;\l. K. Séguin. 1993. ;\lonitoring thawing 

front movement with self-potential measurement. In Proc. 6th 1111. 
Co11[ 0 11 Permafrost, Beijing, China. Beijing: outh China Uni,·er­
sity ofTechnology Press, mi. l, pp. 182- 87. 

Fortier, R., R. Lévesque, i\-1. K. Séguin, and M . Allard. 1991. Caractéri­
sation de buttes cryogénese à l'aide de diagraphies électriques au 
, unavik, Québec. Pemzafrost a11d Periglacial Processes 2: 79-93. 

Foster-Miller Associates. 1973. Frmdmllelrtal Co11cepts for the Rapid 
Dise11gageme11t of Frozen Soil. P/rase l. U.S. Army Cold Regions 
Rescarch and Engineering Laboratory Technical Report 233. 

Fukuda, M. 1980. Experimental studies of coupled heat and moisture 
transfer in soils during freezing. Co/d Reg. Sci. Technol. 3( 1980): 

223- 32. 
Fukuda, M., and S. Kinosita. 1985. Field prediction of the uplift force 

to conduits due to frost heaving. In Proc. 4th In t. Symp. on Ground 
Freezing, Sapporo, Japan, ed. S. Kinosita and M. Fukuda. Rotter­
dam: A. A. Balkema, vol. 2, pp. 135- 39. 

Gadd, P. E., ). L. Machemehl, and V. Manikian. 1985. Comparison of 
wave overtopping to measurements from large-scale mode! tests. In 
Civil E11gineering in t/11:: Arctic Offshore: Proc. Cor1[ Arctic '85, ed. F. 
L. Bennett an d ). L. Machemehl. New York: ASCE, pp. 698-705. 

Gail, C. P. 1973. Freezing as an aid to soft ground tunnel construction. 
In Proceedings of a Conference on Soft Ground Trmneling, ed. W. T. 
Painter. New York: Geotechnical Division, ASCE. 

Gandahl, R. 1963. Determination of the Ground Frost Li ne /Jy Means of 
a Simple Type of Frost Depth Indicator. Nati. s ,ved. Road. Res. lnst. 

Rep. 30A. 
Garg, O. P. 1973. In si tu physico-mechanical pro perties of permafrost 

using geophysical techniques. In North Am. Contrib., 211d In t. Conf 
011 Permafrost, Yakutsk, USSR. Washington, D.C.: National Acad­
emy of Sciences, pp. 508-17. 

Garratt , D. H., and P. R. Kry. 1978. Construction of artificial islands as 
Beaufort Sea drilling platforms. f. Can. Pet. Technol. 17(2): 73-79. 

Gerdel, R. W. 1969. Characteristics of the Co/d Regio11s. U.S. Army Cold 
Regions Research and Engineering Laboratory Monograph I-A. 

Gilpin, R. R. 1980. A mode] for the prediction of i::e lensing and frost 
heave in soils. Water Resourc. Res. 16(5): 918- 30. 

Gluskin, Yu. E., E. D. Losev, V. G. Petrov, and N. V. Frumkin. 1974. 
Kolyma hyd roelectric station ( in Russian) . Gidroteklr. Stroit. 8: 
722-27. 

Gluskin, Yu. E., an d V. Ye. Ziskovich. 1973. Construction of dams from 
local materials in the Soviet north. In USSR Contrib., 2nd In t. Conf 
on Permafrost, Yakutsk, USSR, ed. F. ). Sanger. Washington, D.C.: 
National Academy ofSciences, pp. 591- 94. 

Gold, L. W. 1970. The failure process in columnar grained ice. Ph.D. 
diss., McGill Univ., Montréal. 

Gold, L. W., and A. H . Lachenbruch. 1973. Thermal conditions in per­
mafrost: A review of North America n literature. In North Am. Con­
trib., 2nd /nt. Conf on Permafrost, Yakutsk, USSR. Washington, 
D.C.: National Academy ofSciences, pp. 3-25. 

Goodman, M. A. 1975. Mechanical properties of simulated deep per­
mafrost. ASME]. Eng. lnd. Ser. B 97(2): 4 17-25. 

Goodrich, L. E. 1973. Computer simulation. Appendix to: Thermal 
conditions in permafrost- a review of North American literature, 
by L. W. Gold and A. H. Lachenbruch. In North Am. Co11trib., 2nd 
llrt. Co11[ on Permafrost, Yakutsk, USSR. Washington, D.C.: 
National Academy of Sciences, pp. 23-25. 

Goughnour, R. R., an d O. B. Andersland. 1968. Mechanical properties of 
a sand-ice system. f. So il Mech. Found. Div. ASCE 94(SM4): 923- 50. 

Grisak, G. E., \\'. F. :\1erritt, and O.\\·. \\' illiam~. 19// . A fluoride bore­

hole d ilution appar,\lus fo r groundwater velocity measurements. 
Ca11. Geoteclr. ]. 14(4): 554-61. 

Gupta, R. C., R. G. ;\1arshall, and D. Badke. 19/3. lnstrumentation fo r 
dykes on permafrost, Kettle Generating Station. Can. Geotech. ]. 
10(3): 410-27. 

Haefeli, R. 1961. Contribution to the movement and the form of ice 
sheets in the Arctic and Antarctic. ]. Glaciol. 3(30): 1133-50. 

Hallenburg, ). K. 1983. Geophysical Loggirrg for Mi11eral a11d Ellgineer­
ing ApplicatiOII5. Tulsa: PcnnWell Books. 

H anna, A.)., andE. C. McRoberts. 1988. Permafrost slope design fora 
buried oil pipeline. In Proc. Stlr /rlt. Conf an Pennafrost, Trond­
heim, , orway, ed. K. Senneset, Trondheim, Norway: Tapir, vol. 2, 

pp. 1247-52. 
Hanna, T. H. 1973. Foundation instrumentation. In Series on Rock and 

Soil Mechanics. Rockport, MA: Trans Tech Publications, pp. 

187-93. 
Hansen, B. L. 1963. Instruments for temperature measurements in 

permafrost. In Proc. lrll. Co11[ 011 Permafrost, Lafayette, lnd., Pubi. 

1287. Washington, D.C.: National Academy of Sciences- National 

Research Council, pp. 356-58. 
Harlan, R. L., and ). F. Nixon. 1978. Ground thermal regime. Chap. 3 

in Geoteclmical Engi11eering for Co/d Regions, ed. O. B. Andersland 
and D. M. Anderson. New York: McGraw-Hill, pp. 103-63. 

Hashemi, H. T., and C. M. Sliepcevich. 1973. Effect of seepage stream 
on artificial so il freezing.]. Soil Mech. Formd. Div. ASCE 99(SM3): 

267-89. 
Hawkes, I., and M. Mellor. 1972. Deforrnation and fracture of ice 

under uniaxial stress.]. Glaciol. li {61 ): 103-31. 

Hayley, D. W. 1982. Application of heat pipes to design of shallow 
foundations on permafrost. In Proc. 4th Canadian Permafrost Conf 
1981, Calgary, Alberta. O ttawa: National Research Council ofCan­
ada, pp. 535--44. 

Hayley, D. W., and R. H. B. Sangster. 1974. Geotechnical aspects of 
Arctic offshore drilling islands. In Proc. 27th Canadian Geotechnical 
C01r[, Edmonton, Alberta, prepr. vol., pp. 129-35. 

Haynes, F. D. 1978. St rength and deformation of frozen silt. In Proc. 
3rd lnt. Conf 011 Permafrost, Edmonton, Alberta. Ottawa: National 
Research Council of Canada, vol. l, pp. 656-61 . 

Haynes, F. D., and ). A. Karalius. 1977. Effect of Temperature on t/le 
Strength of Frozen Si/t. U.S. Army Col d Regions Research and Engi­

neering Laboratory CRREL Report 77-03. 
Haynes, F. D.,). A. Karalius, and ). Kalafut. 1975. Strain Rate Effect on 

the Strength of Frozen Si/t. U.S. Army Cold Regions Research and 
Engineering Laboratory Research Report 350. 

Heiland, C. A. 1968. Geophysica/ Exploration. New York: Hafner. 
Heiner, A. 1972. Strength a11d Compaction Properties of Frozen Sai/. 

Nati. Swed. lnst. Build. Res. Doc. DII : 1972. 
Heinrich, D., G. Miiller, and H. Voort. 1979. Ground freezing moni­

toring techniques. In Grormd Freezing: Developments in Geotechni­
cal E11gineeri11g. New York: Elsevier, vol. 26, pp. 455-71; Eng. Geo/. 
13(1979): 455- 71. 

Hennion, F. B., and E. F. Lobacz. 1973. Corps of Engineers technology 
related to design of pavements in areas of permafrost. In North Am. 
Contrib., 2nd Int. Conf 011 Permafrost, Yakutsk, USSR. Washington, 

D.C.: National Academy of Sciences, pp. 658-64. . 
Hessler, V. P., and A. R. Franzke. 1958. Earth-po tential electrodes 10 

permafrost and tundra. Arctic Il {4): 211-17. 
Heuer, C. E., E. L. Long, and ). P. Zarling. 1985. Passive technique~ for 

ground temperature contro!. Sec. 4.0 in Thermal Design Consrder­
ation in Froze11 Ground Engineering, ed. T. G. Krzewinski and R. G. 

-
RE FER ENCES 339 

Tart, Jr. , ew York: Technical Council fo r Cold Regions Engineer­
ing, ASCE, pp. 72-1 54. 

Heydinger, A. G. 1986. Piles in permafrost. Co/d Reg. E11g. ]. ASCE 
l (2): 59-75. 

Hillel, D. 1980. Applicatio11s of Sai/ Plrysics. New York: Academic Press. 
Hills, ). F., and D. Brien. 1966. The fracture of bitumens and asphalt 

mixcs by temperature induced stresses. Discussion, Technical Scs­
sion, Minneapolis, Feb. 14-16, Proc. Associatio11 of Aspira/t Pavi11g 
Teclmologists, vol. 35, appendixes 292-303. 

Hivon, E. G. 1991. Behaviour of sa line frozen soils. Ph.D. diss. Uni v. of 
Alberta, Edmonton, Canada. 

Hivon, E. G., an d D. C. Sego. 1995. Strength of frozen saline so i l s. Cm r. 
Geotech. ]. 32{2): 336-54. 

Hoekstra, P. 1969a. The physics an d chemistry of frozen soils. In Effects 
of Temperature a11d Heat on Engineeri11g Behavior of Soi/s, Spec. 
Rep. 103: 78-90. Washington, D.C.: Highway Research Board. 

Hoekstra, P. 1969b. Water movement and freezing pressures. Proc. Soil 
Sci. Soc. Am. 33{4): 512-18. 

Hoekstra, P., and A. Delaney. 1974. Dielectric properties of soils at 
UHF an d microwave frequencies. ]. Geophys. Res. 79( Il ): 
1699- 708. 

Hoekstra, P., and D. McNeill. 1973. Electromagnetic probing of per­
mafrost. In North Am. Contrib., 2nd lnt. Conf on Permafrost, 
Yakutsk, USSR. Washington, D.C.: National Academy of Sciences, 
pp. 517- 26. 

Holtz, R. D., and W. D. Kovacs. 1981. An lntroduction to Geotechnica/ 
E11gineering. Englewood Cliffs, N.).: Prentice Hall. 

Holubec, l., an d M. Noel. 1992. Pile load testing of grouted pii es a cross 
Western Canadian Arctic. In Proc. 45th Canadian Geotechnical 
Conf, Toronto, pp. 15-1 to 5-10. 

Hooke, R. LeB., B. B. Dahlin, and M. T. Kauper. 1972. Creep of ice 
containing dispersed fine sand.]. Giaci o/. 11 {63): 327- 36. 

Hopkins, D. M. 1949. Thaw 1akes and thaw sinks in the Imuruk Lakc 
area, Seward Peninsula, Alaska.]. Geo/. 57(2): 119- 31. 

Horiguchi, K. , and R. D. Miller. 1983. Hydraulic conductivity func­
tions of frozen materials. In Proc. 4tlr In t. Conf o n Permafrost, Fair­
banks, Alaska. Washington, D.C.: National Academy Press, pp. 
504-9. 

Howard, A. K. 1977. Laboratory Classifica tic n of Soils: The Unified So il 
Classification System. Denver: U.S. Dept. of Jnterior Bureau of Rec­
lamation. 

Hult, ). A. H. 1966. Creep in Engineering Structures. Waltham, Mass.: 
Blaisdell. 

Huneault, P. 1984. Etude paramétrique d'rm essai pressiométrique à long 
terme dans la giace. M.Eng. thesis, tcole Polytechnique de Mon­
tréal, Montréal. 

Huneault, P., and B. Ladanyi. 1987. Resistance of frozen ground to 
steady eone o r pile penetration. In Proc. 6th ASME Offshore 
Mechanics and Arctic Engineering Symp., Houston. New York: 
ASME, vol. 4 , pp. 125- 32. 

Hunter, ). A. M. 1973. The application of shallow seismic methods to 
rnapping of frozen surficial materials. In Nortlr Am. Contrib., 2nd 
ln t. Conf on Permafrost, Yakutsk, USSR. Washington, D.C.: 
National Academy ofSciences, pp. 527-35. 

Hutchinson, J. N. 1968. Mass movement. In Encyc/opedia of Geomor­
phology, ed. R. W. Fairbridge. New York: Reinhold, pp. 688-96. 

Hvorslev, M.)., and T. B. Goode. 1963. Core drilling in frozen soils. In 
Proc. lnt. Conf on Permafrost, Lafayette, Ind., Pubi. 1287. Washing­
ton, D.C.: National Academy ofSciences- National Research Coun­
cil, pp. 364-71. 

Ives, ). D. 1962. lron m ining in permafrost, Centrai Labrador-Ungava. 
Geog. Bui/. 17: 66-77. 

)aeger, ). C., and !:'\. G. \ \ '.Cook. 1969. Frmdamema/s of Rock Meclrall­
ics. London: ~Iethuen . 

)akob, J\ 1., and . Erk. 1928. Thermal expansion of ice between O °C 
and - 235 oc (in Gcrman ). Z. Kalteind. 35: 125-30. 

)anoo, V. 1990. L'se of soft grade aspllalts in ai~fields and higlnvay pm•e­
ments i11 co/d regio11s. U.S. Army Cold Regions Research and Engi­
neering Laboratory Special Report 90- 12. 

janoo, V., ). Bayer, )r., M . Walsh, and H. Tom ita. 1993. Measurement of 
thermal stresses in asphalt concrete mi..xtures. In Proc. 6th lnt. Conf 
on Permafrost, Beijing. Beijing: South China University of Technol­
ogy Press, vol. l , pp. 292-97. 

)en-Hu-Chang. 1958. Grormd Temperature. Cambridge, Mass.: Blue 
Hill Meteorologica! Observatory, Harvard Univ. , vols. l and 2. 

)essberger, H. L. 1980. Review. Theory an d application of ground 
freezing in civil engineering. Co/d Reg. Sci. Technol. 3: 3- 27. 

Jessberger, H. L. 1982. A state-of-the-art repo rt. Ground freezing: 
Mechanical properties, processes and design. In Ground Freezing 
1980: Developments in Geotechnica/ Engineering, ed. P. E. Frivik , N. 
Janbu, R. Saetersdal, and L. l. Finboru. Amsterdam: Elsevier, vol. 
28, pp. 5-30. 

)essberger, H. L. 1991 . Personal communication. 

)essberger, H. L., R. )agow, and P. Jordan. 1988. Thermal design of a 
frozen so il structure for stabilization of the so il o n top of two parai­
lei metro tunnels. In Grormd Freezing 88: Proc. 5th In t. Symp., Not­
tingharn, England, ed. R. H. )ones and ). T. Holden. Rotterdam: A. 
A. Balkema, vol. l, pp. 349-56. 

Jessberger, H. L.,). Klein, and W. Ebel. 1979. Shaft sinking in oil sand 
formations. In Proc. 7th Europea11 Conf an Sai/ Mechanics and 
Foundation Engi11eering, Brighton. Sec. l. l, pp. 189-94. 

)ohansen, 0 . 1975. Thermal conductivity of soils. Ph.D. diss., Norwe­
gian Technical Univ., Trondheim; also, U.S. Army Cold Regions 
Research and Engineering Laboratory Transl. 637, )uly 1977. 

Johnson, ). B., an d). S. Buska. 1988. Measurement of Frost Heave Forces 
on H-piles and Pipe Piles. U.S. Army Cold Regions Research and 
Engineering Laboratory Special Report 88-2 L 

)ohnson, ). B., an d D. C. Esch. 1985. Frost jacking forces o n H and pipe 
piles embedded in Fairbanks silt. In Proc. 4th In t. Symp. on Grormd 
Freezing, Sapporo, )apan, ed. S. Kinosita and M. Fukuda. Rotter­
dam: A. A. Balkema, vol. 2, pp. 125- 33. 

)ohnson, T. C., R. L. Berg, E.). Chamberlain, and D. M. Cole. 1986. 
Frost Action Predictive Teclmiques for Roads and Airfields: A Com­
prehensive Survey of Researcll Findings. U.S. Army Cold Regions 
Research and Engineering Laboratory CRREL Report 86-18. 

)ohnson, T. C., E. McRoberts, and ). F. Nixon. 1984. Design implica­
tions of subgrade thawing. Frost Action and lts Contro/, eds. R. L. 
Berg and E. A. Wright. New York: Technical Council on Cold 
Regions Engineering, ASCE, pp. 45-103. 

)ohnston, G. H. 1963a. Engineering site investigations in permafrost 
areas. In Proc. Int . Conf an Permafrost, Lafayette, Ind., Pubi. 1287. 
Washington, D.C.: National Academy of Sciences- National 
Research Council, pp. 371-74. 

)ohnston, G. H. 1963b. lnstructions for the Fabrication ofThermocouple 
Cab/es for Measuring Ground Tempera tures. Natl. Res. Co une. Can. 
Div. Build. Res. Tech. Pap. 157. 

Johnston, G. H. 1963c. Soil Sampling in Permafrost Areas. Nati. Res. 
Counc. Can. Div. Build. Res. Tech. Pap. 155 (NRC 7417). 

Johnston, G. H. 1965. Perrnafrost Studies at the Kelsey Hydroelectric 
Generating Station: Research and lnstrumentation. Nati. Res. 
Counc. Can. Div. Build. Res. Tech. Pap. 178 (NRC 7943). 

)ohnston, G. H . 1969. Dykes on permafrost, Kelsey Generating Sta­
tion, Manitoba. Can. Geotech.]. 6(2): 139-157. 



340 FRO ZE N GROUND ENGIN EE RING 

)ohnston, G. H. 1972. Ground temperature measuremcnts using ther­
mocouplcs. In Proc. Seminar on Tlrermnl Regime .\Iensureme1rt of 
Pemwfrost . 0:atl. Res. Counc. Can. Assoc. Comm. Geotech. Res. 
Tech . .\lcmo. 108, pp. 1-12. 

Johnston, G. H., ed. 198 1. Pemrrrfros t Drgineeri11g Dcsig11 muf Con­
struction. "Ioronto: Wiley. 

)ohnston, G. H., and B. Ladanyi. 1972. Field tests of grouted rod 
anchors in permafrost. Cnn. Geoteclr. f. 9(2): 176- 94. 

Johnston, G. H. , and B. Ladanyi. 1974. Field tests of deep power­
installed screw anchors in permafrost. Cnn. Geoteclr. f. Il (3 ): 
348-58. 

Johnston, G. H., and ). G. MacPherson. 1981. Dams and reservoirs. 
Chap. 9 in Pennnfrost Engineering Design nnd Construction, ed. G. 
H. )ohnston. Toronto: Wiley, pp. 393-413. 

Jones, ). S., and R. E. Brown. 1979. Design of tunnel support systems 
using ground freezing. In Ground Freezing. Developmerrts Ìlr Geo­
technicnl Engineerilrg. Amsterdam: Elsevier, vol. 26, pp. 375- 95. 

)ones, S. ]., and V. R. Parameswaran. 1983. Deformation behavior of 
frozen sand-ice materials under triaxial compression. In Proc. 4th 
brt. Conf on Permnfrost, Fairbanks, Alaska. Washington, D.C.: 

ational Academy Press, vol. l , pp. 560-65. 
)oy, A. 1973. Arctic pipeline ditcher prototypes engage in severe tests. 

Henvy Constr. News, May 28, pp. 16-18. 
)udge, A. S. 1972. Ground temperature measurements using ther­

mistors. In Proc. Sem. Tlrermal Regime Mensurement of Permafrost. 
Nati. Res. Counc. Can. Assoc. Comm. Geotech. Res. Tech. Memo. 
108, pp. 13-22. 

Jumikis, A. R. 1984. Electrical thawing of frozen soils. In Proc. 4tlr In t. 
Conf 011 Permafrost, Fai rbanks, Alaska. Washington, D.C.: National 
Academy Press, vol. 2, pp. 333- 37. 

Kaplar, C. W. 1971. Some Strength Properties of Frozen So il an d Effect of 
Londirrg Rate. U.S. Army Cold Regions Research and Engineering 
Laboratory Special Report 159. 

Kawasaki, K., and T. E. Osterkamp. 1984. Electromagnetic Jnduction 
Measurements in Permafrost Terrain for Detecting Ground Ice and 
Ice-Riclr Soils. DOTPT, State of Alaska, Rep. FHWA-AK-RD-85-12. 

Kay, B., M. Fukuda, H. lzuta, and M. Sheppard. 1981. The importance 
of water migration in the measurement of the thermal conductivity 
of unsaturated frozen soils. Co/d Reg. Sci. Teclwol. 5: 95-106. 

Keil, L D., N. M. Nielsen, and R. C. Gupta. 1973. Thaw consolidation 
of permafrost dyke foundations a t the Long Spruce Generating Sta­
tion. In 26th Canadimr Geotechnical Conf, Toronto, prepr. vol., pp. 
134-41. 

Kersten, M. S. 1949. Laboratory Research fo r the Determirzation of the 
Thermal Properties of Soils. ACFEL Technical Report 23, AD71256. 
(Also: Thermal properties of soils. University of Minnesota Engi­
neering Experiment Station Bulletin No. 28). 

Khakimov, KH. R. 1957. Artifici al Freezing ofSoils: Tlreory mrd Practice, 
ed. H. Heimann, translated from the Russian by A. Barouch, 1966. 
Springfield, Va.: U.S. Dept. of Commerce. 

King, M. S., V. S. Pobran, and B. V. McConnell. 1974. Acoustic bore­
hole Jogging system. In Proc. 9th Canadian Rock Mechanics Symp., 
Montréal , pp. 21- 51. 

Kinney, T. C. 1996. Performance of a triodetic foundation near Fair­
banks, Alaska. In Proc. Btlr lnt. Conf on Co/d Regions Engineering, 
Fairbanks, Alaska, ed R. F. Carlson. New York: ASCE, pp. 291-302. 

Kitze, F. F. 1956. Some Experiments in Drive Samplirrg of Frozerr 
Grormd. U.S. Army Arctic Constr. Frost Effects Lab. Mise. Pap. 16. 

Kitze, F. F., and O. W. Simoni. 1972. An Eartlr Fill Dam 011 Pemrafrost: 
Hess Creek Dam, Livengood, Alaska. U.S. Army Cold Regions 
Research an d Engineering Laboratory Technical Report 196. 

Klcin, C. A., C. R. \\"ibon, B. D. Benson, and G. \\'. Carpenter. 1986. 
Installation of thcrmistor ~tri ngs in test borings: A compari~on of 
mcthods and resu lts. In Proc. 4tlr lnt. Conf. 011 Co/d Regions Engi­
neering, Anchorage, Alaska. 'e\' ì'ork: ASC I:., pp. 200-6. 

Klcin, ). 1979. The application of fin ite elements to creep problems in 
ground frcezing. In Proc. 3rd !111. Conf 011 Numerica/ A1etlrods in 
Geomeclrnnics, ed. \\'. Wittke. vol. l , pp. 493-502. 

Klein, J. 198 1. Finite element method for time-dependcn t problems of 
frozen soils. h rt. ]. Numer. Anni. Metlrods Geomeclr. 5(3): 263- 83. 

Klein, ]. 1985. lnfluence of friction angle on stress distribution and 
dcformational behaviour of frozen shafts in nonlinear creeping 
strata. In 4tlr 1111. Symp. 011 Growrd Freezing, Sapporo, Japan, ed. S. 
Kinosita and M. Fukuda. Rotterdam: A. A. Balkema, vol. 2, pp. 
307-15. 

Klein, ). 1988. State of the art: Engineering design of shafts. In Proc. Stlr 
hrt. Symp. on Growrd Freezing, Nottingham, England, ed. R. H. 
)o n es an d ]. T. Holden. Rotterdam: A. A. Balkema, vol. l , pp. 
235-43. 

Klein, )., and A. Gerthold. 1979. Dic Fl iessbedingung von Drucker/ 
Prager im Vergleich zu anderen Bruchkriterien bei der Bemessung 
von Gefrierschachten. Bauteclurik I l (1979): 368-75. 

Klein, ]., an d H. L jessberger. 1979. Creep stress analysis of frozen soils 
under multiaxial states of stress. Eng. Geo/. 13(1979): 353-65. 

Kl0ve, K., and ). V. Thue. 1972. Slab-on-grade founda tions (in Norwe­
gian). Frost i ford. 8: 25- 37. 

Konrad, J.-M. 1987. Procedure for determining the segregation poten­
tial offreezing soils. Geo tec/r. Test. ]. ASTM l 0(2): 51-58. 

Konrad, ].-M. 1988. lnfluence of freezing mode on frost heave charac­
teristics. Co/d Reg. Sci. Technol. 15(2): 161-75. 

Konrad, ).-M. 1989. Physical processes during freeze- thaw cycles in 
clayey silts. Cold Reg. Sci. Technol. 16(1989): 291-303. 

Konrad, ).-M., and A. W. McCammon. 1990. Solute partitioning in 
freezing soils. Can. Geoteclr.]. 27(6}: 726-36. 

Konrad, ).-M., and N. R. Morgenstern. 1980. A mechanistic theory of 
ice lens fonna tion in fìne-grained soils. Ca n. Geotech. ]. 17( 4): 
473-86. 

Konrad, ].-M., and N. R. Morgenstern. 1981. The segregation potential 
of a freezi ng so il. Ca n. Geo tec/r. ]. 18( 4): 482-91. 

Konrad, ).-M., and N. R. Morgenstern. 1982. Prediction of frost heave 
in the laboratory during transient freezing. Can. Geoteclr.]. 19(3}: 
250- 59. 

Konrad, J.-M., and N. R. Morgenstern. 1984. Frost heave prediction of 
chilled pipelines buried in unfrozen soils. Can. Geotech. ]. 21(1): 
100- 15. 

Kovacs, A. , an d R. M. Morey. 1978. Remote detection of massive ice in 
permafrost along the Alyeska Pipe! i ne and the pump station feeder 
gas pipeline. In Proc. Spec. Conf on Pipelines in Adverse Environ­
ments, New Orleans. New York: ASCE, vol. l, pp. 268- 79. 

Kovacs, A., and R. M. Morey. 1985. Impulse radar sounding of frozen 
ground. In Workslrop an Permafrost Geophysics, Golden, Colo., ed. 
}. Brown, M. C. Metz, and P. Hoekstra. U.S. Army Cold Regions 
Research and Engineering Laboratory Special Report 85-5, pp. 
28-40. 

Kuribayashi, E., M. Kawamura, and Y. Yui. 1985. Stress-strain charac­
teristics of artificially frozen sand in uniaxially compressive tests. In 
Proc. 4th lnt. Symp. on Ground Freezing, Sapporo, )apan, ed. S. 
Kinosita and M. Fukuda. Rotterdam: A. A. Balkcma, vol. 2, PP· 
177- 82. 

Lacerda, W. A., and W. N. Houston. 1973. Stress relaxation in soils. In 
Proc. Btlr Int. Conf orr Soil Mechanics and Foundation Engineering, 
Moscow, vol. 1.1, pp. 221- 27. 

REFERENCES 341 

Lachcnbruch, A. H. l '.157. Tlrrre-Vimensional Heat Conduction ilr Per­
maji·ost Bcnentlr Hcated Buildilrg. L'.S. Geo l. Su n·. Bui l. 1 052-B. 
\\'ashington, D.C.: L'.S. Govcrnment Printing Office, pp. 51-69. 

Lachcnbruch, A. H. 1959. Perrodic Hent Flow in n Stmti(ied ,\ ll'dirmr 
witlr Application ilr Pcmrafrost Problems. U.S. Geo!: Surv. Bull. 
l 083-A. \\'ashington, D.C.: lJ.S. Govcrnment Printing Officc, pp. 
1- 36. 

Lachenbruch, A. H. 1963. Contraction theory of ice-wedge polygons: 
A qualitative d iscussion. In Proc. lnt. Conf 011 Pennafrost, Lafa}'Ctte, 
Ind., Pubi. 1287. \\'ashington, D.C.: National Academv of Sci-
ence-K'ational Research Council, pp. 63- 71. ' 

Lachenbruch, A. H. 1970. Some Estimates of t/re Tlremral Effects of n 
Heated Pipelilre in Permafrost. li.S. Geo!. Surv. Ci re. 632. 

Lacy, H. S., and C. H. Floess. 1988. Minimum requirements fo r tem­
porary support with artificially frozen ground. In Artifìcial Growrd 
Free;::ing mrd So il Stabilization. Transportation Research Board TRR 
11 90. Washington, D.C.: National Research Council, pp. 46-56. 

Ladanyi, B. 1972a. An engineeri ng theory of creep of frozen soils. Ca n. 
Geo tec/r. ]. 9( l ): 63-80. 

Ladanyi, B. 1972b. In situ determination of undrained stress-strain 
behavior of sensitive clays with the pressuremeter. Can. Geoteclr. ]. 
9(3}: 313-19. 

Ladanyi, B. 1973. Design Procedure Jor Lateral/y Londed Pii es a t Dmvson 
City. Report of Investigation for Mackenzie Valley Pipe Line 
Research, Ltd., Northern Engineering Center, École Polytechnique 
of Montréal, Montréal. 

Ladanyi, B. 1975. Bearing capacity of strip footings in frozen soils. 
Cmr. Geotech. ]. 12(3): 393-407. 

Ladanyi, B. 1976. Use of the sta tic penetration test in frozen soils. Ca n. 
Geotech. ]. 13(2): 95- 110. 

Ladanyi, B. 1979. Borehole relaxation test as a means for determining 
the crcep properties of ice covers. In Proc. Stlr POAC Conf, Trond­
heim, Nurway, vol. l, pp. 757- 70. 

Ladanyi, B. 1980a. Direct determination of ground pressure o n tun nel 
linings in a non-Jinear viscoelastic rock. In Undergrormd Rock Engi­
neering. Can. lnst. Min. Metall. Spec., vol. 22, pp. 126-32. 

Ladanyi, B. 1980b. Stress- and strain-rate-controlled borehole 
dilatometer tests in permafrost. In Proc. Permafrost Engineering 
Workshop, Québec. NRCC-ACGR Tech. Memo. 130, pp. 57- 69. 

Ladanyi, B. 198 la. Discussion on "Tunnelling in Soils." In IOtlr 
ISSMFE Conf, Stockholm, vol. 4, pp. 607- 8. 

Ladanyi, B. 198 1 b. Mechanical behaviour of frozen so i l s. In Proc. In t. 
Symp. 011 Mechanical Behavior of Structured Media, Carleton Un iv., 
O ttawa. New York: Elsevier, vol. B, pp. 205-45. 

Ladanyi, B. 1982a. Borehole creep and relaxation tests in ice-rich per­
mafrost. In Roger ]. E. Brown Memoria/ Volume, Proc. 4tlr Cmradimr 
Permafrost Conf, Calgary, Alberta, ed. H. M. French. Ottawa: 
National Research Council of Canada, pp. 406-1 5. 

Ladanyi, B. 1982b. Determination of geotechnical parameters offro­
zen soils by means of the eone penetration test. In Proc. Symp. 
ESOPT Il, Amsterdam, vol. 2, pp. 671- 78. 

Ladanyi, B. 1982c. Ground pressure development on artificially frozen 
soil cyl inder in shaft sinking. In Amici et Alumni., E. E. DeBeer Spe­
cial Vol ume, Brussels. 

Ladanyi, B. 1983. Shallow foundations on frozen soil: Creep settle­
mcnt. ]. Geotech. Eng. ASCE 109( 11 ): 1434-48. 

Ladanyi, B. 1985a. Stress transfer mechanism in frozen soils. Invited 
lecture. In /Otlr Cmradinn Congress on Applied Meclranics, London, 
Ontario, Canada, vol. l, pp. 11-1 5. 

Ladanyi, B. 1985b. Use of the eone penetration test for the design of 
pii es in permafrost. ASME]. Energy Resourc. Teclrnol. l 07: 183- 87. 

Ladanyi, B. 1988. Short - and long-tcrm beha\·iour of axrallv loaded 
bored piles in permafrost. In Proc. /m. Seminar 011 Deep .Formdn­
tiolrs 011 Bored and Auger Piles, Ghent, Belgium, pp. 121-3 1. 

Ladanyi, B. 1989. Effect of salinity and temperature on the beha\'iour 
of fro ten soils. Preprint, \\'orkshop o n impac t of saline permafro~t , 
\\'inn ipeg, Department of Civ il Engineering, L'niversi tv of Alberta 
i\lanitoba, Canada, Oct. 26, 1989. ~ ' ' 

Ladan)'i, B. 1991. Determination of creep properties of frozen soils by 
means of the borehole dilatometer relaxation test. Fina! Report fo r 
Supply and Services Canada, DSS File 50SS.23233-7- 1125. 

Ladanyi, B. 1992. Design of shaft linings in frozen ground. In 2nd /11t. 

Symp. 011 Mining in t/re Arctic, Fairbanks, Alaska, pp. 51 - 60. 
Ladanyi, B. 1994. La conception et la rélrabilitatio11 des infrastructures de 

tmnsport e1r régions rrordiques (Design and maintenance of trans­
portation infrastructures in Northern regions). Manual prepared 
for the Minist ry ofTransportation ofQuébec. 

Ladanyi, B. 1996. A strength sensitivity index for assessing climate 
warming effects on permafrost. In Proc. Btlr Jnt. Conf an Co/d 
Regions Engineering, Fairbanks, Alaska, ed. R. F. Carlson. New 
York: ASCE, pp. 35-45. 

Ladanyi, B., and J. Arteau. 1979. Effect of spec imen shape on creep 
response of a frozen sand. Eng. Geo/. 13( 1979): 207- 22. 

Ladanyi, B., E. Barththélémy, and R. Saint-Pierre. 1978. In situ deter­
mination of creep properties of ice covers by means of borehole 
creep and relaxation test. In Proc. Workshop on Bearing Capacity of 
Ice Covers, Winnipeg, Manitoba, Canada. NRCC-ACGR Tech. 
Memo. 123, pp. 44-64. 

Ladanyi, B., and M. Benyamina. 1993. Triaxial relaxation test ing of a 
frozen sand. In 46th Annua/ Canadian Geotechnical Conf, Saska­
toon, Saskatchewan, Canada, prepr. vol., pp. 319-32. 

Ladanyi, B., and H. Eckhardt. 1983. Dilatometer testing in thick cylin­
ders of frozen sand. In Proc. 4th In t. Conf o n Permafrost, Fairbanks, 
Alaska. \Vashington, D.C.: National Academy Press, vol. l, pp. 
677- 82. 

Ladanyi, B., and A. Foriero. 1998. Evolution of frost heaving stresses 
acting o n a pile. In Proc. 7th In t. Permafrost Conf, Yellowknife, Col­
lection Nordicana 57, Lavai University, Québec, pp. 623- 34. 

Ladanyi, B. , and D. E. Gill. 1984. Tunnel lining design in a creeping 
rock. In Design an d Performance of Underground Excavations. Cam­
bridge and London: British Geotechnical Society, Institution of 
Civ il Engineers, pp. I 9-26. 

Ladanyi, B., and A. Guichaoua. 1985. Bearing capacity and settlement 
of shaped pii es in permafrost. In Proc. 9th ICSMFE, San Francisco, 
pp. 1421- 27. 

Ladanyi, B. , and P. Huneault. 1987a. A stress red istribution time scale 
for borehole creep tests in frozen soils. In Developmellls in Engi­
neerilrg Mechmrics, ed. A. P. S. Selvadurai. Amsterdam: Elsevier, pp. 
311- 27. 

Ladanyi, B., and P. Huneault. 1987b. Use of the borehole dilatometer 
stress-relaxation test for determining the creep properties of ice. In 
Proc. 6th lllt. ASME Offshore Meclranics and Arctic Engineering 
Symp., Houston. New York: ASME, vol. 4, pp. 253-59. 

Ladanyi, B., and G. H. johnston. 1973. Evaluation of in situ creep 
properties of frozen soils with the pressuremeter. In North Am. 
Comrib., 2nd Irr t. Conf orr Permafrost, Yakutsk, USSR. Washington, 
D.C.: Nat ional Academy of Sciences, pp. 310- 18. 

Ladanyi, B. , and G. H. Johnston. 1974. Behavior of circular footings 
and plate anchors embedded in permafrost. Can. Geoteclr. ]. 11 (4): 
531- 53. 

Ladanyi, B., and G. H. Johnston. 1978. Field investigations of frozen 
ground. Chap. 9 in Geotechnica/ EngÌireering Jor Cold Regions, ed. 



342 FROZEN GROUND ENGINEERING 

O. B. Ander;land and D. :'\1. Andcr;on. :\ew York: ;o..lcGraw-Hill, 

pp. 459-504. 
Ladanyi, B., T. Lunne, P. \'ergobbi, and B. L'Huillier. 1990. Predicting 

Crccp Settlemwts for Fow1datiom i11 Permafrost: Results of /11-Silll 
Tests at Lo11gyearbye11, va/bard. Rep. 527040-9. Osio, :\orway: Nor­

wegian Geotechnical lnstitute. 
Ladanyi B., and M. :'\lelouki. 1993. Determination of creep properties 

of frozen soils by means of thc borehole stress relaxation test. Cnn. 
Geotec/1. ]. 30( l ): 170-86. 

Ladanyi, B. , an d ). -F. More l. 1990. Effect of internai confinement o n 
compression strength of frozen sand. Cmz. Geoteclz. ]. 27( l ): 8-18. 

Ladanyi, B., an d ). Paquin. 1978. Creep behavior of frozen sand un der 
a deep ci rcular load. In Proc. Jrd b1t. Co11[ 011 Permafrost, Edmon­
ton, Alberta. Ottawa: National Research Council of Canada, vol. l, 

pp. 679-86. 
Ladanyi, B., A. Steele, W. D. Winsor, and ). l. Clark. 1991. Comparison 

of three methods for in-situ ice strength determination. In Proc. 
11th Illt. Conf 011 Pori and Ocean Engineering zmder Arctic Condi­
tiolls, POAC9 1, St. john's, Newfoundland, vol. l, pp. 344-65. 

Ladanyi, B., and A. Thériault. 1990. A study of some factors affecting 
the adfreeze bond of piles in permafrost. In Proc. 5th Canadian Per­
mafrost Con[, Québec. Collection Nordicana No. 54. Quebec: Uni v. 

of Lavai, pp. 327- 34. 
Ladanyi, B., B. Touileb, and P. Huneault. 1991. Pressuremeter stress 

relaxation testing in a permafrost tunnel. In Proc. Geoteclmical 
E11gineering Co11gress, Boulder, Colo., ed. F. G. McLean, D. A. 
Campbell, and D. W. Harris. Geotech. Spec. Pubi. 27. New York: 

ASCE, voli, pp. 213- 24. 
Lambe, T. W., and R. V. Whitman. 1969. Soil Mechanics. New York: 

Wiley. 
Landva, )., and B. Ladanyi. 1991. Thermal strain behaviour of clays 

cooled to cryogenic temperatures. In Co/d Regions Engineeri11g: 
Proc. 6th In t. Spec. Con[ New York: ASCE, pp. 22- 31. 

Lang, L. C. 1976. New permafrost blasting method developed at 

Asbestos Hill. Can. Min.]. 97(3): 48- 53. 
Lange, G. R. 1963. Refrigerated fluids for drilling an d coring in perma­

frost. In Proc. Int. Co11[ on Permafrost, Lafayette, Ind., Pubi. 1287. 
Washington, D.C.: National Academy of Sciences- National 

Research Council, pp. 375-80. 
Lange, G. R. 1973a. Investigation of Core Drilling in Perenrzially Frozen 

Gravels a11d Rock. U.S. Army Cold Regions Research and Engineer­

ing Laboratory Technical Report 245. 
Lange, G. R. 1973b. Investigation of sampling perennially frozen allu­

vial grave! by core d rilling. In North Am. Contrib., 2nd In t. Conf on 
Permafrost, Yakutsk, USSR. Washington, D.C.: National Academy 

of Sciences, pp. 535-41. 
Lange, G. R., and T. K. Smith. 1972. Rotary Drilling and Coring in Per­

mafrost, Part III. Deep Core Drilling, Core Analysis, and Bore Ho/e 
Thermometry a t Cape Thompson, Alaska. U.S. Army Cold Regions 
Research an d Engineering Laboratory Technical Report 95-3. 

La Vie Ile, C. C., W. W. Burke, and F. W. Pita. 1985. Pioneering develop­
ments in Arctic dredging. In Ci vii Engineering in the Arctic Offshore: 
Proc. Conf Arctic '85, ed. F. L. Bennett and ). L. Machemehl. New 

York: ASCE, pp. 517-23. 
Lee, T.-M. 1962. Freezeback t ime of slurry around piles in permafrost. 

U.S. Army Cold Regions Research and Engineering Laboratory 

Technical Note. 
Li, ). C., and O. B. Andersland. 1980. Creep behavior of frozen sand 

under cyclic loading conditions. In 2nd In t. Symp. on Ground Freez­
ing, Trondheim, Norway, preprint, vol. l, pp. 223-34. 

Li nel l, K. A. 1973. Long-term effects of vegetative cover o n permafrost 
stability in an area of d iscontinuous permafrost. In North A m. Con-

--------------------------
trib., 2mt Tnt. Conf on Pemwfrost, Yakutsk, CSSR. \\'ashington, 

D.C.: ì'ational Academr of Sciences, pp. 688-93. 
Linell, K. A., and G. H. johnston. 1973. Engineering design and con­

struction in permafrost regions: A review. In North Am. Contrib., 
2m/ !111. Conf 011 Pemzafrost, Yakutsk, USSR. \\'ashington, D.C.: 

1\ational Acadcmy of Sciences, pp. 553-75. 
Linell, K. A., and C. \\'. Kaplar. 1966. Description and Classification of 

Frozen Sai/s. U.S. Army Cold Regions Research and Engineering 

Laboratory Technical Report 150. 
Linell, K. A., and E. F. Lobacz, eds. 1980. Design m1d Constm ctio11 of 

Fozmdations in Areas of Deep Seaso11al Frost mzd Permafrost. U.S. 
Army Cold Regions Research and Engineering Laboratory Special 

Report 80-34. 
Livingston, C. W. 1956. Excavations in Frozen Grozmd. I. Explosion 

Tests in Keweenmv Si/t. U.S. Army Cold Regions Research and Engi­

neering Laboratory Technical Report 30. 
Long, E. L. 1973. Designing friction piles for increased stability at 

lower installed cost in permafrost. In North Am. Contrib., 2nd Int. 
Corzf on Permafrost, Yakutsk, USSR. Washington, D.C.: National 

Academy of Sciences, pp. 693-99. 
Long, E. L. 1978. Permafrost foundation designs. In Proc. Corzf an 

Applied Teclmiques fo r Cold Erzvironments, Anchorage, Alaska. 
ASCE Cold Reg. Spec. Con f. New York: ASCE, vol. 2, pp. 973- 87. 

Louie, T. M., and H. Watts. 1977. Earth insulation, p rinciples and 
practice. Paper presented at 34th Conf. of the Soc. of Plastics 

lndustry ofCanada, Toronto. 
Low, W. l., and A. P. Lyell. 1967. Portage Mountain Dam. !Il. Develop­

ment of construction contro!. Can. Geotech.]. 4(2): 184-228. 

Lunardini, V. J. 1978. Theory of n-facto rs and correlation of data. In 
Proc. Jrd Int. Conf an Permafrost, Edmonton, Alberta. Ottawa: 

National Research Council ofCanada, vol. l, pp. 41-46. 
Lunardini, V. J. 1981. Heat Tra11sJer in Co/d Climates. New York: Van 

Nostrand Reinhold. 
Lunardini, V. J. 1985. Analytical methods for ground thermal regime 

calculations. In Thermal Design Considerations in Frozen Ground 
Engineering, ed. T. G. Krzewinski and R. G. Tart, )r .. New York: 

ASCE, pp. 204-57. 
Lunardini, V. J., R. Berg, R. McGaw, T. F. )enkins, Y. Nakano, J. L. 

Oliphant, K. O'Neill, and A. R. Tice. 1982. Mobility of water in fro­
zen soils. In Proc. Army Science Conf, )une 15- 18, 1982. U.S. Army 
Cold Regions Research and Engineering Laboratory lnt. Rep. 

(NTIS, AD A117321 ). 
Mackay, ). R. 1962. Pingos of the pleistocene Mackenzie Delta area. 

Geog. Bu/1. (Can. ) 18: 21-63. 
Mackay, J. R. 1973. A frost tube for the determination of freezing in the 

active layer above permafrost. Can. Geoteclz. ]. 10(3): 392-96. 
Mackay, ). R. 1974a. Measurement o f upward freezing above perma­

frost with a self-positioning thermistor probe. Geo/. Surv. Can. Pap. 

7 4- 1, p t. B, pp. 250-51. 
Mackay, J. R. 1974b. Seismic shot holes and ground temperatures, 

Mackenzie Delta Area, Northwest Territories. Geol. Surv. Can. Pap. 

74-1, pt. A, pp. 389-90. 
Mackay, J. R. 1975. Some resistivity surveys of permafrost thickness, 

Tuktoyaktuk Peninsula, N.W.T. Geo/. Surv. Can. Pap. 75-1, pt. B, 

pp. 177-80. 
Mackay, ). R. 1985. Pingo ice of the western Arctic coast, Canada. Ca n. 

]. Earth Sci. 22(10): 1452-64. 
Mackay, J. R. 1992. Personal communication. 
MacPherson, J. G., G. H. Watson, and A. Koropatnick. 1970. Dikes on 

permafrost foundations in northern Manitoba. Can. Geotech. f. 
7(4): 356-64. 

---
REFERENCES 343 

1\lagcau, D. W., an d ). \\'. Rooney. 1984. Thermal Eros io n of Cut Slopes 
in lce-Rzc/z Sai/. Fina! Report by R & M Consultants, Fairbanks, 
Alaska, toState of Alaska !)ept. ofTransportation and Public Facil­
itics. 

Mahar, L. ). , and B. ). A. Stuckert. 1985. Strength and deformation 
behavior of frozen saline sand and grave!. In Civi/ Engineering i11 
the Arctic Offshore: Proc. Conf Arctic '85, ed. F. L. Bennett and J. L. 
Machemehl. New York: ASCE, pp. 557-65. 

Mahoney, ). P., ). A. Lary, ). Sharma, and N. jackson. 1985. lnvestiga­
tion of seasonalload rcstrictions in Washington State. In Transpor­
tation Research Record 1043. Washington, D.C.: Transportation 
Research Board, National Research Council, pp. 58-67. 

Mahoney, ). P., M. S. Rutherford, and R. G. Hicks. 1986. Guidelines for 
Spring Highway Use Restrictions. Federai Highway Administration. 
FHWA Report No. FHWA-TS-87-209. 

Makela, H., an d M. Tammirinne. 1979. Instructions for Frost Protection 
of Building Foundations ( in Finnish). Rep. 37. Espoo, Finland: 
Technical Research Centre of Finland, VTT, Geotechnical Labora­
tory. 

Manikian, V. 1983. Pile driving and load tests in permafrost for the 
Kuparuk pipeline system. In Proc. 4th lllt. Conf on Permafrost, Fair­
banks, Alaska. Washington, D.C.: National Academy Press, pp. 
804-10. 

Martin, R. T., J. M. Ting, an d C. C. Ladd. l 98 1. Creep Behavior ofFro­
zen Sand. Fina! Report, Part l. Dept. of Civil Engineering, Cam­
bridge, Mass. 

Martinelli, T. ). 1977. The Use of Frost Depth Indicators in Wisconsin 
Highways. Summary Report, Res. Unit, Materials Sec, Div. ofHwy., 
Wisconsin Dept. of Transp., Madison, Wisconsin. 

Matlock, H. 1970. Correlations for design of laterally loaded piles in 
soft day. Pap. OTC 1204. In 2nd Annua/ Offshore Technology Conf, 
Houston, pp. 1-577-1 -588. 

Mattes, N. S., and H. G. Poulos. 1969. Scttlement of single colllpress­
ible pile. ]. Soil Mech. Fozmd. Div. ASCE95(SM 1): 189-207. 

McBane, ). A., an d G. Hanek. 1986. Determination of the criticai thaw­
weakened period in asphalt pavement structures. In Transportation 
Research Record 1089. Washington, D.C.: Transportation Research 
Board, National Research Council, pp. 138-46. 

McKay, A. S., and L. P. O'Connell. 1976. The permafrost density log­
ger. ]. Ca n. Pet. Technol. 15( l ): 69-74. 

McRoberts, E. C. 1974. Ground Thermal Regime. In Recent advances 
in permafrost engineering: Lectttre notes and reference list, Dept. of 
Civil Engineering, Univ. of Alberta, Edmonton, Alberta, Canada. 

McRoberts, E. C. 1975. Some aspects of a simple secondary creep 
mode! fo r deformations in permafrost slopes. Can. Geotech. ]. 
12(1 ): 98-105. 

McRoberts, E. C. 1978. Slope stability in cold regions. Chap. 7 in Geo­
tec/mica/ Engineering far Co/d Regions, ed. O. B. Andersland and D. 
M. Anderson. New York: McGraw-Hill, pp. 363-404. 

McRoberts, E. C., T. C. Law, and T. Murray. 1978. Creep test on undis­
turbed ice-rich silt. In Proc. Jrd Int. Conf 011 Permafrost, Edmon­
ton, Alberta. Ottawa: National Research Council of Canada, vol. l, 
pp. 539-45. 

McRoberts, E. C., and N. R. Morgenstern. 1973. A Study of Landslides 
in the Vicinity of the Mackenzie River, Mi/e 205-660. Ottawa: Envi­
ronmental Social Committee, Northern Pipelines, Task Force on 
Northern Development. 

McRoberts, E. C., and N. R. Morgenstern. 1974a. Stability of slopes in 
frozen soil, Mackenzie Valley, N.W.T. Carz. Geoteclz. ]. 11(4): 
554-73. 

McRoberts, E. C., and N. R. Morgenstern. 1974b. The stability of 
thawing slopes. Ca n. Geotec/1. ]. Il ( 4): 447-69. 

1\!eier, 1\ !.E 1960. ,\.lode of Fio w of Saskatc/zewan Glncier, Alberta, Can­
ada. C.S. Geologica! Sun•ey, Professional Paper 351. 

l\1eissner, H . 1988. Tunnel displacements under freezing and thawing 
conditions. In Proc. 5th lllt. Symp. on Gro1md Freezil1g, Notting­
ham, England, ed. R. H. jones and J. T. Holden. Rotterdam: A. A. 
Balkema, vol. l, pp. 285-93. 

Meissner, H., and H. Eckhardt. 1976. Deflection of frozen soil beams 
under constant temperature gradient (in German). In Proc. 6th 
European Conf an Soil Meclzanics and Foundntio11 Engil1eering, 
Vienna, pp. 251- 56. 

Mellor, M. 1976. Mechanics of Crming and Boring. III. Kirzematics of 
Contimwus Be/t ,\1/ac/zines. lJ.S. Army Cold Regions Research and 
Engineering Laboratory CRREL Report 76- 17. 

Mellor, M. 1977. Burini of Undersea Pipes and Cab/es: State of the Art 
Assessment. U.S. Army Cold Regions Research and Engineering 
Laboratory Internai Rep. 528 (unpublished). 

Meli or, M. 1979. Mechanical properties of polycrystalline ice. In P!1ys­
ics and Mechanics of Ice: IUTAM Symp., Copenhagen, ed. P. Tryde. 
Berlin: Springer-Verlag, pp. 2 17-45. 

Mello r, M. 1989. Blasting and Blast Effects in Co/d Regions. III. Explo­
sions in Ground Materia/s. U.S. Army Cold Regions Research and 
Engineering Laboratory Special Report 89-15. 

Mellor, M., and D. M. Cole. 1982. Deformation and failure of ice 
under constant stress or constant strain-rate. Co/d Reg. Sci. Tec/mal. 
5: 201-19. 

Mello r, M., and P. V. Sellmann. 1975. Genera/ Considemtions for Dri/1 
System Design. U.S. Army Cold Regions Research and Engineering 
Laboratory Technical Report 264. 

Melouki, M. 199 l. Étude comparative d es méthodes d'interprétation 
des essais pressiométriques de relaxation dans les sols gelés. Mém­
oire de Maìtrise, Génie Civil, École Polytechnique, Montréal. 

Ménard, L. 1957. MPsures in situ des propriétés physiques dcs sols. 
Ann. Ponts. Chaussées 127: 357- 77. 

Meyerhof, G. G. 1951. The ultimate bearing capacity of foundations. 
Géoteclznique 2: 301-32. 

Meyerhof, G. G. 1953. The bearing capacity of foundations under 
eccentric and inclined loads. In Proc. Jrd lnt. Conf on Sai/ Mechan­
ics and Foundations Engineering, ZUrich, vol. l, pp. 440-45. 

Meyers, G. E. 1971. Analytical Methods in Conduction Heat Transfer. 
New York: McGraw-Hill. 

Miura, S., and S. Toki. 1982. A sample preparation method and its 
effect o n stati c and cyclic deformation-strength properties of sand. 
Soils Found. 22( 1): 61-77. 

Mooney, H . M., and W. W. Wetzel. 1956. The Potentials about a Poi11t 
Electrode and Apparent Resistivity Curves for a Two-, Tlzree-, and 
Four-Layered Earth. Minneapolis: Univ. of Minnesota Press. 

Moore, H. E., and F. H. Sayles. 1980. Excavation of frozen materials. In 
Building under Co/d Climates and an Permafrost: Collection of 
Papers from a U5-Soviet ]oint Seminar, Leningrad, USSR, 1979. 
Washington, D.C.: U.S. Dept. Housing and Urban Dev./U.S. Army 

Corps of Engineers, pp. 323-45. 
Morey, R. M. 1974. Continuous subsurface profìling by impulse radar. 

In Subsurface Exploration for Underground Excavation and Heavy 
Construction. Proc. ASCE Spec. Conf.. New York: ASCE, pp. 
213- 32. 

Morgenstern, N. R. 1981. Geotechnical engineering and frontier 
resource development. Géotechnique 3 1 (3): 305- 65. 

Morgenstern, N. R., and J. F. Nixon. 1971. One-dimensional consoli­
dation of thawing soils. Ca n. Geotech. ]. 8(4): 558-65. 

Morgenstern, N. R., and J. F. Nixon. 1974. An analysis of the perfor­
mance of a warm o il p ipeline in permafrost; lnuvik, N.W.T. In 27th 



344 FROZEN GROUND ENGINEERING 

Ctmtufùm Gcotec/micnl Con.f., Edmonton, Alberta, Canada, prepr. 
ed., pp. 121 - 28. 

~!orgenstern, 01. R. , \\'. D. Roggen;ack, and ). . \\'eaver. 1980. The 
beha\'iour of friction pile; in ice and ice-rich ;oib. Ca n. Geoteclt. /. 
17(3): -l05· ·15. 

i\!orgenstern, N. R., and D. D. Sangrey. 1978. 1\!ethods of stability 
analysis. Chap. 7 in Lm1dslides Alllli)'sis and Comrol, ed. R. L. 
Schuster and R. ). Krizek. Trans. Res. Board, Nati. Res. Counc. 
Spec. Rep. 176. \\'ashington, D.C.: National Academy of Sciences, 
pp. 155-71. 

Morgenstern, N. R., and L. B. Smith. 1973. Thaw-consolidation tests 
o n remoulded days. Cm1. Geotecl1.]. l O( l ): 25-40. 

Murat, ). R., B. Ladanyi, and P. Huneault. 1989. In situ determination 
of creep properties of sea ice with the pressuremeter. Ca n. Geotecl1. 
f. 26(4}: 575-94. 

Murat, ). R., and Y. Lemoigne. 1988. lmproved calibration and correc­
tion techniques for pressuremeters. ASTM Geoteclt. Test. f. Il (3) : 
195- 203. 

Murff, ). D. 1975. Response of axially loaded piles. f. Geotech. Eng. Div. 
ASCE IOI(GT3}: 356-60. 

Murff, ). D. 1980. Pile capacity in a softening soil. /111. f. Numer. Anal. 
Methods Geomech. 4(2}: 185-89. 

Murff, ). D. , and R. A. Schapery. 1986. Time dependence of axial pile 
response. lllt.]. Numer. Anal. Metltods in Geomeclt. 10(4): 449- 58. 

Murphy, D. W. 1965. An experimental investigation of geysering in 
vertical tubes. In Advm1ces in Cryogenic Engineering, ed. K. D. Tim­
merhaus, Proc. 1964 Cryogen ic Engineering Con f. , Un iv. of Penn­
sylvania, Philadelphia. New York: Plenum Press, vol. l OA, pp. 
353-59. 

akano, Y., and N. H. Froula, 1973. Sound and shock transmission in 
frozen soils. In North Am. Contrib., 2nd Int. Con[ on Permnfrost, 
Yakutsk, USSR. Washington, D.C.: National Academy of Sciences, 
pp. 359-69. 

NBI (Norwegian Building Research lnstitute). 1978. Frost protection 
of unheated buildings. In Bui/di11g Details (in Norwegian). Norwe­
gian Build. Res.lnst. Worksheet A521.811. 

NBI (Norwegian Building Research lnstitute). 1979a. Choice of fou n­
dation method. In Building Detnils ( in Norwegian). , orwegian 
Build. Res. !nst., Worksheet A521.0 11. 

NBI (Norwegian Building Research lnstitute). 1979b. Foundation wall 
with ventilated crawl space. In Building Details (in Norwegian). 
Norwegian Build. Res. Inst., Worksheet A521.203. 

N BI (Norwegian Building Research Institute). 1980. Columns of con­
crete. In Building Details (in Norwegian). Norwegian Build. Res. 
lnst., Worksheet A52 1.304. 

NBI (Norwegian Building Research lnstitute) . 1986. Slab-on-grade 
with foundation wall: Heated buildings. In Building Details ( in 
Norwegian). Norwegian Build. Res. lnst. Worksheet A521.111. 

NBI (Norwegian Building Research lnstitute). 1987. Frost protection 
of unheated buildings an d constructions. B11ilding Details (in Nor­
wegian). Norwegian Build. Res.lnst., Worksheet A52 1.811. 

eukirchner, R. ]. 1988. Standard method for pile load tests in perma­
frost. In Proc. Stlt lllt. Con[ on Permafrost, Trondheim, Norway, ed. 
K. Senneset. Trondheim, Norway: Tapir, vol. 2, pp. 1147-51. 

Neukirchner, R. ]., an d ]. F. Nixon. 1987. Behavior of laterally loaded 
piles in permafrost . f. Geotech. Eng. Div. ASCE 113(1): 1- 14. 

Nix, F. C., and D. McNair. 1941. An interferometric-dilatometer with 
photographic recording. Rev. Sci. Instrum. 12: 66-70. 

Nixon, ). F. 1973. Thaw-consolidation of some layered systems. Cnn. 
Geotech. f. 10(4): 617-31. 

Nixon, ]. F. 1978a. Foundation design approaches in permafrost areas. 
Can. Geotec/1.]. 15(1): 96-11 2. 

:\ixon, ). F. 1978b. Geotherrnal aspects of ventilated pad design . Tn 
Proc. 3rd /111. Con(. on Pcmwfrost, Edmonton, Alberta. Ottawa: 
Canadian :\ational Reoearch Council, vol. l, pp. 8-l0-46. 

:-.:1xon, ). F. 1979. Some aspects of road an d ai rstrip pad design in per­
mafro>t areas. Ca n. Geoteclz. /. 16( l ): 222-25. 

Nixon, ). F. 1982. Field frost heave predictions u~ing the segregation 
potential concept. Can. Geotech. ]. 19{4): 526-29. 

:-\ixon, ). F. 1983. Geothermal design of insulated foundations for thaw 
prevention. In Proc . .Jtlz Tnt. Con[ 011 Permafrost, Fairbanks, Alaska. 
Washington, D.C.: 1\'ational Academy Press, pp. 924-27. 

Nixon, ). F. (Derick). 198-l. Laterally loadcd piles in permafrost. Can. 
Geotech. f. 21{3): 431-38. 

Nixon, ]. F. 1985. Active freezing techniques. Sec. 5.0 in Tlzerma/ 
Design Considerntions in Frozen Gro1111d Engineering, ed. T. G. Krze­
winski and R. G. Tart, )r. ew York: Technical Council on Cold 
Regions Engineering, ASCE, pp. 155-71. 

Nixon, ]. F. (Derick). 1987. Ground freezing and frost heave: A review. 
In Proc. 1987 hl/. Symp. on Co/d Regions Heat Trnnsfer, ed. K. C. 
Cheng, V.]. Lunardini, and N. Seki. ew York: ASME, pp. 1-10. 

Nixon, }. F. (Derick). 1991. Discrete ice lens theory for frost heave in 
soils. Cnn. Geotech. f. 28(6): 843-59. 

Nixon, ]. F. (Derick). 1992. Discrete ice lens theory for frost heave 
beneath pipelines. Cn11. Geotech. f. 29{3): 487- 97. 

Nixon, }. F., an d B. Ladanyi. 1978. Thaw consolidation. Chap. 4 in Geo­
tec/mica/ Engineeringfor Co/d Regions, ed. O. B. Andersland and D. 
M. Anderson. New York: McGraw-Hill, pp. 164-2 15. 

Nixon, ]. F., and G. Lem. 1984. Creep and strength testing of frozen 
saline fìne-grained soils. Can. Geotec/1. f. 21(4): 518-29. 

Nixon, ]. F., an d E. C. McRoberts. 1973. A study of some factors affect­
ing the thawing offrozen soils. Ca n. Geoteclz. f. 10(3): 439- 52. 

ixon, J. F., and E. C. McRoberts. 1976. A design approach for pile 
founda tions in permafrost. Cm1. Geotech. f. 13(1): 40-57. 

Nixon, ). F., and N. R. Morgenstern. 1973a. Practical extensions to a 
theory of consolidation for thawing soils. In North Am. Contrib., 
2nd Int. Con[ on Permnfrost, Yakutsk, USSR. Washington, D.C.: 

ational Academy of Sciences, pp. 369-77. 
Nixon, ]. F., and . R. Morgenstern. 1973b. The residua! stress in thaw­

ingsoils. Cm1. Geotech. f. 10(4): 571- 80. 
Nordal, R. S., and G. Refsdal. 1989. Frost protection in design and con­

struction. In Frost in Geotechnical Engi11eering, VTT Symposium 
94, ed. H. Rathmayer. Espoo: Technical Research Centre of Finland, 
vol. l, pp. 127-63. 

Nordgaard, L. 1972. Frost problems in basement construction (in Nor­
wegian). Frost i ford. 8: 11- 15. 

Nottingham, D. 1979. Pile reinforcement permits permafrost installa­
tion. Piletalk Seminar, San Diego. Piletips, Nov.- Dec. 

Nottingham, D., and A. B. Christopherson. 1983. Driven piles in per­
mafrost: State of the art. In Proc. 4th b1t. Con[ o n Permafrost, Fair­
banks, Ala ka. Washington, D.C.: National Academy Press, pp. 
928-33. 

NRCC (National Research Council of Canada). 1976. Results of exper­
imental work carried out at NRCC, subsequently published by 
Parameswaran ( 1978, 1979, 1980.) 

Nye, }. F. 1952. The mechanics of glacier flow. f. Glnciol. 2( 12): 82-93. 
O'Connor, M. )., and R. ). Mitchell. 1978. The energy surface: A new 

concept to describe the behaviour of frozen soils. In Proc. 3rd Int. 
Con[ 011 Permafrost, Edmonton, Alberta. Ottawa: National 
Research Council ofCanada, vol. l, pp. 119- 126. 

Odqvist, F. K. G. 1966. Mathemntical Theory of Creep and Creep Rup­
ture. Oxford Mathematical.Monographs. Oxford: Clarendon Press. 

Odqvist, F. K. G., and ]. Hult. 1962. Krieci1Jestigkeit meta/liscl1er Werk­
stoffe (Creep of Metall i c Materials). Berli n: Springer-Verlag. 

------------------------- REFERENCES - ------------- -- ------- ---- 3 45 

Ohrai, T., an d H. Yamamoto. 1985. Growth and migration of ice lcns 
in partially frozen soil. In Proc. .Jtlt /111. Symp. on Gro1111d Frec::111g, 
Sapporo, Japan, ed. S. Kinosita and iv!. Fukuda. Rotterdam: A. A. 
Balkema, voi l , pp. 79- 84. 

Oliphant, ). L., A. R. Tice, and Y. , akano. 1983. Water migration due 
to a temperature gradient in frozen soil. In Proc. 4th /11t. Con[ 011 

Permafrost, Fairbanks, Alaska. Washington, D.C.: National Acad­
emy Press, vol. l , pp. 951-56. 

Ono, ' . 1975. Thermal Properties of Sea Ice. IV. Tlzermal Constnnts o{ 
Sea Ice. (Transl. from )apanese). U.S. Army Cold Regions Research 
and Engineering Laboratory TL 467. 

Orth, W. 1986. Gefrorener Sand als Werkstojf: Elementversuclze und 
Materia/mode/l. Veroff, Inst. fiir Bodenmech. und Felsmech. , Uni­
versity Karlsruhe, Heft 100. 

Orth, W. 1988. A creep formula for practical appl ication based on 
crystal mechanics. In Proc. 5th Int. Symp. on Ground Freezil1g, Not­
tingham, England, ed. R. H. }ones and ]. T. Holden. Rotterdam: A. 
A. Balkema, vol. l, pp. 205-1 1. 

Osterkamp, T. E., and W. D. Harrison. 1976. Subsen Permnfrost at 
Prudlzoe Bay, Alaska: Drilling Report and Data Analysis. Rep. R-245. 
Anchorage: Univ. of Alaska, Geophysicallnstitute. 

Owens Corning. 1997. Specialty & foam products. Spec-data sheet, 
Toledo, Oh io. 

Palmer, A. C. 1972. Undrained plane-strain ex-pansion of a cylindrical 
cavity in day: A simple interpretation of the pressuremeter test. 
Géoteclmique 22(3): 451- 57. 

Parameswaran, V. R. 1978. Adfreeze strength of frozen sand to mode! 
piles. Cnn. Geotech. f. 15(4): 494-500. 

Parameswaran, V. R. 1979. Creep of mode! piles in frozen soil. Can. 
Geotec/1. f. 16(1 ): 69- 77. 

Parameswaran, V. R. 1980. Deformation behaviour and strength of 
frozen sand. Can. Geotech. f. 17(1): 74-88. 

Patterson, D. E., and M. W. Smith. 1981. The measurement of unfro­
zen water content by time-domain reflectometry: Results from lab­
oratory tests. Can. Geotec/1. f. 18(1): 131-44. 

Patterson, D. E., and M. W. Smith. 1983. Measurement of unfrozen 
water content in saline permafrost using time domain reflectome­
try. In Proc. 4th lnt. Con[ on Permnfrost, Fairbanks, Alaska. Wash­
ington, D.C.: National Academy Press, pp. 968- 72. 

Patterson, D. E., and M. W. Smith. 1985. Unfrozen water content in 
saline soils: Results using time-domain reflectometry. Can. Geo­
tech. f. 22(1): 95-101. 

Pedersen, K. B. 1976. Frost protection of culverts, underpasses, retain­
ing walls, and bridge foundations (in Norwegian). Frost i ford, 
17(8): 221- 31. 

Pekeris, C. L., and L. B. Slichter. 1939. Problem of ice formation. ]. 
Appl. Phys. 10(2): 135-37. 

Penner, E. 196 1. Ice-grain structure and crystal orientation in an ice 
lens from Leda day. Geo/. Soc. Am. B111/. 72: 1575-78. 

Penner, E. 1970. Frost heaving forces in Leda day. Ca n. Geotech. f. 7( 1 ): 
8-16. 

Penner, E. 1974a. Frost-heave uplift forces on foundations. In 2nd Illt. 
CIB/RJLEM Symp. 011 Moisture Problems in Buildings, Rotterdam; 
also ati. Res. Counc. Can. Div. Build. Res. Res. Pap. 635. 

Penner, E. 1974b. Uplift forces on foundations in frost heaving soils. 
Ca n. Geotech. f. Il (3 ): 323-38. 

Penner, E., and L. W. Gol d. 1971. Transfer of heaving forces by adfreez­
ing to columns and foundation walls in frost-susceptible soils. Cm1. 
Geotec/1. ]. 8: 514-26. 

Penner, E., and L. E. Goodrich. 1983. Adfreezing stresses on steel pipe 
piles, Thompson, Manitoba. In Proc. 4th Int. Con[ on Permafrost, 

Fairbanks, Alaska. \\'ashington, D.C.: National Academy Press, pp. 
979- 83. 

Penner, E., an d\\'. \\'. Irwin. 1969. Adfreezing of Leda day to anchored 
footing columns. Can. Geoteclz. f. 6(3): 327-3/. 

Penny, R. K., an d D. L. 1\ !arriott. 1971. Design for Creep. New York: 
McGraw-Hill. 

Perkins, T. K., and R. A. Ruedrich. 1973. The mechanical behavior of 
synthetic permafrost. Soc. Pet. Eng.]. AlME 13(4): 211-20. 

Perloff, W. H., and \\'. Baron. 1976. Soil Meclumics: Principles and 
Applications. New York: Wiley. 

Phukan, A. 1985. Frozen Gro1md Engineering. Englewood Cliffs, N .].: 
Prentice Hall. 

Phukan, A., and O. B. Andersland. 1978. Foundations fo r cold regions. 
Chap. 6 in Geoteclmical Engineering for Co/d Regions, ed. O. B. 
Andersland and D. M. Anderson. New York: McGraw-Hill, pp. 
276- 362. 

Pihlainen, ]. A., and G. H. )ohnston. 1963. Guide to a Fie/d Description 
of Permafrost for Engineering Purposes. ati. Res. Co une. Ca n. Tech. 
Memo. 79 (NRC 7576). 

Pilon, J. A., A. P. Annan, and ]. L. Davis. 1985. Monitoring permafrost 
ground conditions with ground probing radar (GPR). In Workshop 
on Permafrost Geoplzysics, Golden, Colo., Oct. 23-24, 1984. U.S. 
Army Cold Regions Research and Engineering Laboratory Special 
Report 85-5, pp. 71-73. 

Pilon, ]. A., A. P. Annan, ]. L. Davis, and ]. T. Gray. 1979. Comparison 
of thermal and radar active layer measurement techniques in the 
Leaf Bay area, Nouveau-Québec. Geogr. Plzys. Quart. 33(3-4): 
317-26. 

Pirson, S. ]. 1963. Handbook of Well Log Analysis for Oil an d Gas For­
mation Evaluation. Englewood Cliffs, N.].: Prentice Hall. 

Poulos, H. G. 1971. Behavior oflaterally loaded piles. l. Single piles. f. 
So i/ Mech. F01111d. Eng. ASCE 97(SM5): 711- 3 1. 

Poulos, H. G., an d E. H. Davis. 1968. The settlement behaviour of sin­
gle axially loaded incompressible piles and piers. Géotechnique 18: 
351-71. 

Pounder, E. R. 1965. Tlze Physics of Ice. London: Pergamon Press. 
Price, L. W. 1972. Tlze Periglacial Environment, Permafrost and Man. 

Resource Pap. 14. Washington, D.C.: Association of American 
Geographers, Committee on College Geography. 

Pufahl, D. E., and N. R. Morgenstern. 1979. Stabilization of planar 
landslides in permafrost. Can. Geotech. f. 16(4): 734-47. 

Pufahl, D. E., and N. R. Morgenstern. 1980. Remedial measures for 
slope instability in thawing permafrost. In 2nd lnt. Symp. Gro11nd 
Freezing, Trondheim, Norway. Trondheim, Norway: Univ. of 
Trondheim, Norwegian Institute of Technology, prepr. vol., pp. 
1089- 1101. 

Qui nn, W. F., D. Carbee, and T. C. Johnson. 1973. Membrane encapsu­
lated soil layers (MESL) for road construction in cold regions. In 
Proc. Symp. on Frost Action on Ronds, Osio, Norway. Paris: Organi­
zation for Economie Cooperation and Development, pp. 208-16. 

Rabotnov, Yu. N. 1966. Creep Problems in Structural Members (trans. 
from Russia n, Polzuchest elementov konstruktsii, 1966). New York: 
Elsevier, 1969. 

Randolph, M. F., and C. P. Wroth. 1978. Analysis of deformation of 
vertically loaded piles. f. Geotech. Eng. Div. ASCE 104(GTI2): 
1465- 88. 

Ratkje, S., an d H. Yamamoto. 1982. The hydraulic conductivity of soils 
during heave. Frost i ford. 24: 22- 26. 

Reese, L. C. 1971. The analysis of p il es under lateralloading. In Proc. 
Symp. 011 Internction of Structura/ Foundations, Un iv. of Birming­
ham, Birmingham, England. 



346 FROZEN GROU ND ENGINEERING 

Refsdal, G. 19/6. Frost protection of road pavements \\'ith insulatmg 
board;. ~orwegian practice and expcri encc (in ~orwegian ) . Frost i 
]ord. 17: 152-202. 

Reimers, S. 1982. Drilling an d sampl ing in frozcn ground ' in ~or\\'e­

gian). Frost i ]ord. 24: 9-13. 
Ricc, E. F., and O. \\·. imoni . 1963. The Hess Crcck Dam. In Proc. /11t. 

Co11J 011 Permnfrost, Lafayette, Ind., Pubi. 1287. \\'ash ington, D.C.: 
'ational Acadrmr of Scicnces, National Research Council, pp. 

436-39. 
Rickard, V•/., and ). Brown. 1972. Thc performance of a frost- tube for 

the detcrmination of soil freezing and thawing depths. Soil Sci. 
l 13(2): 149-54. 

Road Construction. 1980. Design Manuals. Osio, Norway: Public 

Roads Administration. 
Rockie, W. A. 1942. Pitting on Alaskan farm lands: A new erosion 

problem . Geogr. Rev. 32(1 ): 128-34. 
Roggensack, W. D., and N. R. Morgenstern. 1978. Direct shear tests on 

natura! fine-grained permafrost soils. In Proc. Jrd ilzt. Co11J on Per­
mafrost, Edmonton, Alberta. Ottawa: ational Research Council of 
Canada, vol. l, pp. 729- 35. 

Rooney, ). W., and E. G. )ohnson. 1988. Embankment stabilization 

techniques. In Embankment Desig11 and Constructio11 in Co/d 
Regio11s, ed. E. G. )ohnson, A. Phukan, and W. H. Haas. Tech. 
Co une. Col d. Reg. Eng. Monogr. New York: ASCE, pp. l 3-34. 

Rowley, R. K., G. H. Watson, and B. Ladanyi. 1973. Vertical and latera! 
pile load test in permafrost. In North Am. Co11trib., 211d lnt. Conf 
011 Permafrost, Yakutsk, USSR. Washington, D.C.: National Acad­
emy of Sciences, pp. 7 I 2-2 1. 

Rowlcy, R. K., G. H. Watson, an d B. Ladanyi. 1975. Prediction of pile 
performance in permafrost under latera! load. Cmz. Geotech. ]. 
12( 4): SI 0-23. 

Rowley, R. K., G. H. Watson, T. M. Wi]son, and R. G. Auld. 1973. Per­
formance of a 48-in. warm-oil p ipeline supported on permafrost. 
Ca11. Geoteclz.]. 10(2): 282-303. 

Rwebangira, T., M. S. Rutherford, ). P. Mahoney, and R. G. Hicks. 
l 987. Development of spring load restrictions for !oca! roads. In 
Transportatio11 Research Ree. 1128. Washington, D.C.: Transporta­
tion Research Board, National Research Council, pp. 42-52. 

Saarelainen, S. M. l. 1992. Modelling frost heaving and frost penetra­
tion in soils at some observation sites in Finland: The SSR Mode!. 
Ph.D. diss., Tampere Univ. o f Technology. Tampereen Teknillinen 
Korkeakoulu, Tampere, Finland. 

Sadovskiy, A. V. 1973. Adfreeze between ground and foundation mate­
rials. In USSR Contrib., 2nd lnt. Conf on Permafrost, Yakutsk, 
USSR, ed. F.). Sanger. Washington, D.C.: National Academy ofSci­
ences, pp. 650-53. 

Sadovsky, A. V., R. V. Maksimyak, an d V. N. Razbegin. l 989. State of 
the art: Mechanical p roperties of frozen so il. In Proc. 5tlz /11t. Symp. 
on Ground Freezing, Nottingham, England, ed. R. H. )ones and ). T. 

Holden. Rotterdam: A. A. Balkema, vol. 2, pp. 443-63. 
Sanger, F. ). 1963. Degree-days and heat conduction in soils. In Proc. 

/11t. Conf o n Permafrost, Lafayette, lnd., Pubi. l 287. Washington, 
D.C.: National Academy of Sciences- ational Research Council, 

pp. 253- 62. 
Sanger, F. ). 1968. Ground freezing in construction. ]. Soil Meclz. 

Found. Div. ASCE94(SM1 ): 131-58. 
Sanger, F. ). 1969. Fozmdations of Structures in Co/d Regioi!S. U.S. Army 

Cold Regions Research and Engineering Laboratory Monograph 
IJI-C4. 

Sanger, F.)., and F. H. Sayles. 1979. Thermal and rheological computa­
tions for artificially frozen ground construction. In Grozmd Freez-

i11g: De1•e/opmellts 111 Ceoteclmical E11gi11eeri11g. Amsterdam: 
Else\·ier, \·o!. 26, pp. 3 l 1-3/; E11g. Geo/. l 3( l 979): 311-37. 

Savage, ). C., an d \\'. . B. Paterson. l 963. Borehole measurements in 
the Athabasca Glacier.]. Geopln•sical Re.<. 68( 15 ): 4521-36. 

Sa\·igny, 1\:.\\'. 1980. In si tu analysis of naturally occurring crcep in ice­
rich permafrost soil. Ph.D. diss., Cniv. of Alberta, Edmonton, Can­

ada. 
Savigny, K. W., an d , . R. Morgenstern. l 986a. Creep behaviour of 

undisturbed day pennafrost. Ca11. Geoteclz.]. 23(4): 515-27. 
Savigny, K. W., an d , . R. Morgenstern . l 986b. Geotechn ical condition 

of slopes at a proposed pipeline crossing, Great Bear River Valley, 
, orthwest Territories. Con. Geoteclz. ]. 23(4): 490-503. 

Savigny, K. W., and ' .R. Morgenstern. l986c. In-si tu creep properties 
in ice-rich permafrost soil. Cmz. Geoteclz.]. 23(4): 504-14. 

Sayles, F. H. 1966. Low Temperawre Soil Mec/zanics. U.S. Army Cold 
Regions Research and Engineering Laboratory Technical Note, 

Sept. 
Sayles, F. H. 1968. Creep of Frozen Sn11ds. U.S. Army Cold Regions 

Research and Engineering Laboratory Techn ical Report 190. 
Sayles, F. H. l 973. Triaxial and creep tests o n frozen Ottawa sand. In 

North Am. Contrib., 2nd 1/lt. Conf on Permafrost, Yakutsk, USSR. 
Washington, D.C.: 'ational Academy ofSciences, pp. 384-91. 

Sayles, F. H. 1984. Design and performance of water-retaining 
embankments in permafrost. In 4th Tnt. Conf on Permafrost, Fair­
banks, Alaska. Fina! Proc. Washington, D.C.: National Academy 
Press, pp. 3 1-42. 

Sayles, F. H. 1987. Embonkme11t Dams on Permafrost: Design and Per­
formance Summary, Bibliograplzy and nn Annotated Bibliography. 
U.S. Army Cold Regions Research and Engineering Laboratory 
Special Report 87-11. 

Sayles, F. H. 1991. Stress-strain behavior of frozen so il in tension. ln 
Proc. Semi11ar on Gas Pipelines, Oil Pipelines and Civil Engineering 
in Arctic Climates, Caen, France. Ottawa: Ca rleton Univ. Press, pp. 
6 1-72. 

Sayles, F. H., T. H. W. Baker, F. Gallavresi, H. L. )essberger, S. Kinosita, 
A. V. Sadovskiy, D. Sego, an d S. S. Vyalov. 1987. Classification an d 
laboratory testing of artificially frozen ground. ]. Co/d Reg. Eng. 
ASCE l ( l ) : 22-48. 

Sayles, F. H. , an d D. L. Carbee. l 980. Strength of frozen sii t as a func­
tion of ice content an d dry uni t weight. In Proc. 2nd In t. Symp. o n 
Grotmd Freezing, Trondheim, Norway, prepr. ed., vol. l, pp. 
109-19. 

Sayles, F. H., and D. Haines. 1974. Creep of Frozen Silt and Clay. U.S. 
Army Cold Regions Research and Engineering Laboratory Techni­
cal Report 252. 

Schlegel, M. G., an d A. Mahmood. l 985. Arctic earth materials for off­
shore construction in Alaska. In Civil Engineering in the A reti c Off­
shore: Proc. Co11J Arctic '85, ed. F. L. Bennett and ). L. Machemehl. 
New York: ASCE, pp. 524-40. 

Schlumberger Company. 1972. Log Interpretation. Vol. l. Principles. 
New York: Schlumberger Ltd. 

Schwarz,]., R. Frederking, V. Gavrillo, l. G. Petrov, K.-1. Hirayama, M. 
Mellor, P. Tryde, and K. D. Vaudrey. 1981. Standardized testing 
methods for measuring mechanical properties of ice. Co/d Reg. Sci. 
Teclmol. 4: 245-53. 

Scott, R. F. 1964. Heat Exclzmzge a t the Ground Surface. U.S. Army Cold 
Regions Research and Engineering Laboratory Monograph II-Al. 

Scott, R. F. 1969. The Freezi11g Process mzd Mecha11ics of Frozen Ground. 
lJ.S. Army Cold Regions Research and Engineering Laboratory 
Monograph II-D l. 

Scrivner, F. H., R. Peohl, W. M. Moore, and M. B. Philips. 1969. Detect­
ing Seasonal Chmzges in Load Carrying Capabilities of Flexible Pave-

REFERE NCES 347 

lllellts. :\ational Council High\\'.JY Rc~earch Paper ~CHRP Report 
76, Highway Research Bo.1rd. 

Sego, D. C. l 980. Deformation of ice un der low stress. Ph.D. diss., 
L'n iv. of Alberta, Edmonton, Alberta, Canada. 

Sego, D. C., and i'\. R. ~lorgenstern. l 985. Punch indentation of pol~· ­
crystalline ice. Can. Geoteclz. /. 22(2): 226-33. 

Séguin, ~ 1. K. l 977. Détermination de la géométrie et des propriétés 
physiques du pergélisol discontinu de la région de Schefferville. 
Can. ]. Enrth Sci. 14: 431-43. 

Séguin, M.-K., an d ). Frydecki. l 990. Approach to gravity estimation 
of the volume ice fraction in d iscontinuous permafrost. Geoex­
plomtioll26(4): 233-51. 

Séguin, M.-K., E. Gahé, M. Allard, and K Ben-Mikoud. 1988. Perma­

frost geophysical investigation a t the new airport si te of Kangiqsu­
alujjuaq, Northern Québec, Canada. In Proc. 5th Int. Conf 011 Per­
mafrost, Trondheim, Norway, ed. K. Senneset. Trondheim, Norway: 
Tapir, vol. 2, pp. 980-87. 

Sellmann, P. V., and ). Brown. 1965. Coring of Frozen Ground, Barrow, 
Alnskn, Spring 1964. lJ.S. Army Cold Regions Research and Engi­
neering Laboratory Special Report 81. 

Sellman n, P. V., R. I. Lewellen, H. T. Veda, E. ). Chamberlain, and S. E. 
Blouin. 1976. Operatio11al Report: 1976, U.S. Army CRREL-USGS 
Subsea Permafrost Program, Beaufort Sea, Alaska. U.S. Army Cold 
Regions Research and Engineering Laboratory Special Report 76-
12. 

Serra, O. 1984. Fundamentals of We/1-Log /nterpretation. Vol. l. The 
Acquisition of Logging Data. New York: Elsevier. 

Sharpe, C. F. S. 1938. Landslides and Related Phenomena. New York: 
Columbia Univ. Press. 

Shibata, T., T. Adachi, A. Yashima, T. Takahash i, and I. Yoshioka. 1985. 
Time-dependence and volumetric change characteristic of frozen 
sand under triaxial stress cond ition. In Proc. 4th /nt. Symp. on 
Grotmd Freezi11g, Sapporo, )apan, cd. S. Kinosita and M. Fukuda. 
Rotterdarn: A. A. Balkema, vol. l , pp. l 73-79. 

Shuster, ). A. 1972. Controlled freezing for temporary ground support. 
Chap. 49 in Proc. First North American Rapid Excavation and Tun­
neling Conf, C hicago, ed. K. S. Lane and L. A. Garfield. Baltimore: 
ASCE-AlME, vol. 2, pp. 863-95. 

Shuster, ). A. 1982. Engineering quality assurance for construction 
ground freezing. In Grozmd Freezilzg 1980: Developments in Geo­
technica/ Engineering, ed. P. E. Frivik, N. )anbu, R. Saetersdal, and 
L. I. Finborud. Amsterdam: Elsevier, vol. 28, pp. 333-47. 

Shuster, ). A. 1984. Personal communication. 

Silvestri, V., R. P. Chapuis, and M. Soulié. 1986. Prediction of axial 
capacity of long piles in soft cohesive soils. In Proc. Jrd In t. Conf on 
Numerica/ Methods in Offshore Piling, Nantes, France, pp. 191-200. 

Simonsen, E. R., A. H. )o n es, an d S. ). Green. l 974. High pressure 
mechanical properties of three frozen materials. In Proc. 4th lnt. 
Conf o n High Pressure, Kyoto, Japan, vol. l , pp. l l 5-21. 

Singh, A., and J. K. Mitchell. 1969. Creep potential and creep rupture 
of soils. In Proc. 7th In t. Conf on Soil Meclzanics and Fozmdatio11 
Engineering, Mexico City, vol. l , pp. 379-84. 

Smith, M. 1984. Soil freezing and frost heaving at the Caen experi­
ment. In Proc. Seminar on Pipelines and Frost Heave, Caen, France. 
Ottawa: Carleton University, pp. l 9- 22. 

Smith, M. W. 1985. Observations of soil freezing and frost heave at 
Inuvik, Northwest Territories, Canada. Can. ]. Enrtlz Sci. 22(2): 
283-90. 

Smith, M., an d A. Ti ce. 1988. Measurement of unfrozen water content 
of soils. In Proc. 5th In t. Co11J on Permafrost, Trondheim, Norway, 
ed. K. Senneset. Trondheim, Norway: Tapir, vol. l , pp. 473-77. 

Smith, ~. 1979. lechniques fo r usmg :-. JESL (membrane encapsulated 
soi l layers) in roads and airfields in cold regions. In Proc. C..ìmf on 
Applied Teclmiques for Co/d Regioll5. ~ew York: ASCE, pp. 560-70. 

Smith, ~.,an d R. Berg. 19/3. Encountering massi\'e ground ice during 
road construction in Centrai Alaska. In Nortlz Am. Comrib., 211d 
l11t. Co11f on Pemzafrost, Yakutsk, CSSR. Washington, D.C.: 
National Academy of Sciences, pp. 730-36. 

Smith, \\'. S. , K. Nair, and R. E. Smith. 1973. Sample disturbance and 
thaw consolidation of a deep sand permafrost. In North Am. Coll­
trib., 211d lnt. Conf 011 Permafrost, Yakutsk, USSR. Washington, 
D.C.: 'ational AcademyofSciences, pp. 392-400. 

So o, S. l 983. Studies of pia in an d reinforced frozen so il structures. 
Ph.D. diss., Michigan State Univ., East Lansing. 

Soo, S., R. K. Wen, an d O. B. Andersland. l 987. Finite element method 
for analysis of frozen earth structures. Co/d Reg. Sci. Teclmol. 13(2): 
121- 29. 

Sopko, ). A., )r. l 990. , ew design method fo r frozen earth structures 
with reinfo rcement. Ph.D. d iss., Michigan State Univ., East Lan­
sing. 

Sopko, ).A., )r. 2001. Personal communication. 

Sopko, ). A., )r.,). A. Shuster, and O. B. Andersland. 1991. Frozen earth 
cofferdam design. In Proc. 6th Jnt. Symp. on Ground Freezi11g, 
Beijing, ed. Yu Xiang and Wang Changsheng. Rotterdam: A. A. 
Balkema, vol. l, pp. 263-72. 

Speer, T. L., G. H. Watson, and R. K. Rowley. 1973. Effects of ground­
ice variability and resulting thaw settlements on buried warm-oil 
pipelines. In North Am. Con trib., 2nd lnt. Conf on Permafrost, 
Yakutsk, USSR. Washington, D.C.: National Academy of Sciences, 
pp. 746-52. 

Spence, )., and }. H. Hult. 1973. Simple approximations for creep 
relaxation. lnt.]. Meclz. Sci. 15(9): 741-55. 

Statens Vegvesen. I 980. Road Construction (in Norwegian). Handbook 
18. State Road Board, Norway. 

Stelzer, D., and O. B. Andersland. 1989. Pile roughness and load capac­
ity in frozen soils. In Co/d Regions Engineering: Proc. 5tlz lnt. Conf, 
Minneapolis, ed. R. L. Micha]owski. New York: Technical Council 
for Cold Regions Engineering, ASCE, pp. 226-35. 

Stelzer, D. L., and O. B. Andersland. 1991. Mode! piJe-settlement 
behavior in frozen sand. ]. Co/d Reg. Eng. ASCE 5(1 ): 1- 13. 

Stoss, K., and ). Valk. 1979. Uses and limitations of ground freezing 
with liquid nitrogen. In Growzd Freezing: Developments in Geotech­
nical Engineering. New York: Elsevier, vol. 26, pp. 485-94; Eng. 
Geo/. 13 (1979): 485- 94. 

Sui, T., W. Na, D. Li, and W. )iang. 1993. The m ethod of deterrnined 
design values of ho rizontaJ heave force on retaining walls in sea­
sonally frozen ground area. In Proc. 6th lnt. Conf on Permafrost, 
Beijing, China. Beijing: South China University of Technology 
Press, vol. l, pp. 592-95. 

Swinzow, G. K. 1963. Tunneling an d subsurface installations in perma­
frost. In Proc. /m. Conf 011 Pennafrost, Lafayette, Ind., Pubi. l 287. 
Washington, D.C.: National Academy of Sciences- National 
Research Council, pp. 519-26. 

Swinzow, G. K. 1970. Permafrost Tumzeling by a Contimwus Meclzani­
cal Method. U.S. Army Cold Regions Research and Engineering 
Laboratory Technical Report 221. 

T art, R. G., ) r. l 983. Cold regions earthwork. In Co/d Regions Collstruc­
tion, ed. D. F. )ordan and G. N. McDonald. New York: Technical 
Council on Cold Regions Engineering, ASCE, pp. 32- 37. 

Tedrow, ). C. F. 1969. Thaw lakes, thaw sinks, and soils in northern 
Alaska. Biztl. Peryglacjalny 20: 337-44. 

Telford, W. M., L. P. Geldart, R. E. Sheriff, and D. A. Keys. 1976. 
Applied Geoplzysics. Cambridge: Cambridge University Press. 



348 FROZEN GROUND ENGI NEERING 

Terzaghi, K. l 943. Theoretim/Soi/,\Jcchanics. ::\ew York: \\'ile~·. 

Terzaghi, K. 1952. Permafrost. ]. Boston Soc. Ci1•. Eng. 39( l ): 1-50. Al;o 
in Contl'ibutlons to Soil Mecluwics 1941-1953; Boston: Boston oci­
ety of Civ il Engineer.>, pp. 3 l 9-68. 

Terzaghi, K. 1955. Evaluation of coeffìcients of subgrade reaction. Géo­
teclllliqllc 5: 297-326. 

Thériault, A. 1988. Capacité portante des pieux dans le pergélisol. 
Thèse de Ph.D., École Polrtechnique, Montréal. 

Thériault, A., an d B. Ladanyi. 1988. Behaviour of long pii es in perma­
frost. In Proc. 5th fili. Conf on Pe,-mafrost, Trondheim, 'orway, ed. 
K. Senneset. Trondheim, Norway: Tapir, vol. 2, pp. 11 75-80. 

Thomas, H. P. , ,md U. Luscher. l 980. lmprovement ofbearing capacity 
of pipe piles by corrugations. In B11ilding linde,- Co/d Climntes and 
on Permafro>t: Collection of Pape,-s [rom n US-Soviet foint Seminnr, 
Leningmd, USSR, 1979. Washington, D.C.: U.S. Dept. Housing and 
Urban Dev./U.S. Army Corps of Engineers, pp. 229-34. 

Thompson, E. G., and F. H. Sayles. 1972. In situ creep analysis of room 
in frozen soil. f. Soil Mech. Fo11nd. Div. ASCE98(SM9): 899- 9 15. 

Thurmond, V. L., and G. W. Brass. 1987. Geochemistry of Freezing 
B,-ines: Low- Temperature Properties of Sodium Chloride. U.S. Army 
Col d Regions Research an d Engineering Laboratory CRREL Report 
87-13. 

Tice, A. R., D. M. Anderson, and A. Banin. 1976. The Prediction of 
Unfrozen Wnter Contents in Frozen Soils from Liquid Limi t Detenni­
nntions. U.S. Army Cold Regions Research and Engineering Labo­
ratory Report CRREL 76-8. 

Ting, }. M. 1981 . The Creep of Frozen Snnds: Qualitative nnd Qunntitn­
tive Mode/s. Res. Rep. R81-5. Cambridge, Mass.: Dept. of Civil 
Engineering, Massachusetts lnstitute ofTechnology. 

Ting, }. M. 1983. Tertiary creep mode! for frozen sands.]. Geotecllllicnl 
Eng. ASCE 109: 932-45. 

Ting, }. M., R. T. Martin, and C. C. Ladd. 1983. Mechanisms of 
strength fo r frozen sand. f. Geotech. Eng. ASl. F. 1 09( 1 0): 
1286-1302. 

Tong, Ch., Ch. Yu, and W. Sun. 1988. Investigation on tangential frost 
heaving fo rces. In Proc. 5th b1t. Conf on Permafrost, Tronheim, 
Norway, ed. K. Senneset. Trondheim, Norway: Tapir, vol. 2, pp. 
1181-85. 

Topp, G. C.,]. L. Davis, and A. P. Annan. 1980. Electromagnetic deter­
mination of so il water content: measurements in coaxial transmis­
sion lines. Water Resourc. Res. 16(3): 574-82. 

Torgersen, S. E. 1976a. Frost protection of floor on groundwall (in 
Norwegian). Frost i ford. 17( IO): 287-314. 

Torgersen, S. E. 1976b. Frost protection with open foundations (in 
Norwegian). Frost i ford. 17( 17): 367- 73. 

Trupak, N. G. 1970. Const ruction of earth dams on permafrost soils 
(in Russian). Gidrotekh. stroit, 40(9): 8- 11. (Trans.) Hydrotech. 
Constr. 9: 798-803. 

Tsytovich, . A. 1959. Principles of Geocryology, part 2, chap. 3. a t. 
Res. Counc. Can. Tech. Transl. TT 1239, pp. 28-79. 

Tsytovich, N. A. 1975. The Mechnnics ofFrozen Ground (trans.), eds. G. 
K. Swinzow and G. P. Tschebotarioff. New York: Scripta/McGraw­
Hill. (In Russian: Moscow: Vysshaya Shkola Press, 1973.) 

Turnbull, W. ]. , and C. R. Foster. 1956. Stabilization of materials by 
compaction. f. Soil Mech. Found. Div., ASCE, 82(SM2): 934( 1-23). 

U.S. Army. 1979. Drainage and erosion contro/ subsurface dminnge fac il­
ities for nirfield pnvements. Technical Manual TM 5-820-2. 

U.S. Army. 1989. Stom1 drainage system. Corps of Engineers Guide 
Specifìcation fo r Military Construction CEGS 02720. 

U.S. Army/Air Force. l 967. Arctic and Subnrctic Constructiotz: Structure 
Fozmdntions. Tech. Manual TM5-852-4/ AFM 88-19, chap. 4. 

L'.S. :\a\·)'. 1955. Arctic Enginecri11g. lech. Pubi. TP-P\\'-::\. \\'a;hing­
ton, D.C.: Bureau of Yards an d Dock;. 

\'a id, Y. P., an d R. G. Campanella. l 977. Time-dependent behavior of 
undisturbed clay. f. Geotech. Eng. ASCE l 03(GT7): 693-709. 

\'an Da m,) . 0., an d} . ]. 1\leulenkamp. l 969. Stnndnrd Gmphs for Resis­
til•ity Prospccting. The Hague: European Association of Exploration 
Geophysicists. 

\'angool, \\'.]. l 996. Foundations for pcrmafrost an d other problem 
s0ils. In Proc. Btlz !llt. Conf 011 Co/d Regions Engineering, Fairbanks. 
Alaska, ed. R. F. Carlson. ::\ew York: ASCE, pp. 303-14. 

Varnes, D. ]. l 978. Slope movement types an d processes. Chap. 2 in 
Ln11dslides Annlysis nnd Contro/, ed. R. L. Schuster and R. ). Krizek. 
Spec. Rep. 176, Transportation Research Board, National Research 
Council. Washington, D.C.: National Academy of Sciences, pp. 
11-33. 

Veillette, ]. l 975a. Helicopter portable drill fo r high arctic programs. 
Geo/. Surv. Cnn. Pap. 75-1, pt. A. pp. 427-29. 

Veillette, }. 1975b. Modifìed CRREL Ice Coring Augers. Geo/. Surv. 
Can. Pap. 75-1, pt. A, pp. 425-26. 

Velli, Yu. Ya. , and P. A. Grishin. 1983. 0 11 the Functional Depe11dence of 
the Freezing Poi n t of Soils o n the Compositio11 of Water-Soluble Salts 
Ìll the lnterstitinl Solution (Transl. from Russian). Nati. Res. Counc. 
Can. Tech. Transl. TT2070. 

Vialov, S. S. l 959. Rheological Properties nn d Benring Cnpacity of Frozen 
Soils. Moscow: USSR Academy of Science. Translation, U.S. Army 
Cold Regions Research and Engineering Laboratory, SIPRE TL 74, 
1965. 

Vialov, S. S., ed. 1962. The Strength and Creep of Frozen Soils nnd Cal­
wlatiolls for Ice-Soil Retaining Structures. U.S. Army Col d Regions 
Research and Engineering Laboratory Translation SIPRE TL 76, 
1965. 

Vick, }. D. 1994. Description of the Han fo rd cryobarrier demonstra­
tion project. In: otes from Cryobarrier Technology Workshop, 
Richmond, Wash. 

Vivatrat, V. , V. Chen, and F. J. Bruen. 1984. Ice load prediction for Are­
tic nearshore zone. Co/d Reg. Sci. Teclzno/. IO( l ): 75-87. 

VTT (Valtion teknillinen tutkimuskeskus). 1987. Frost protection 
guidelines for house struct11res (in Finnish). Technical Research Cen­
ter of Finland, Geotech. Lab., Helsinki. 

Vyalov, S. S. 1963. Rheology of frozen soils. In Proc. lnt. Conf on Per­
mnfrost, Lafayettc, lnd. , Pubi. 1287. Washington, D.C.: ational 
Academy of Sciences-National Research Council, pp. 332-39. 

Vyalov, S. S. 1966. Metlzods of Determining Creep, Long-Term Strength 
and Compressibility Charactenstics ofFrozen Soils. Nati. Res. Counc. 
Can. Tech. Transl. TT 1 ~64 . 

Vyalov, S. S., an d V. F. Ermakov. l 967. Simplified method of testing ice 
for creep and relaxation . ln Physics of Stzow nnd Ice: Proc. lnt. Conf 
on Low Temperature Science, Sapporo, }apan, Aug. 14- 19, 1966, ed. 
H irobumi Oura, vol. l, pp. 339-47. 

Vyalov, S. S., A. S. Gerasimov, A. ]. Zolotar, and S. M. Fotiev. 1993. 
Ensuring structural stabil ity and durability in permafrost ground 
areas at global warming of the Earth's climate. In Proc. 6th Jnt. 
Conf on Pennafrost, Beijing, China. Beijing: South China Univer­
sity ofTechnology Press, pp. 955- 60. 

Vyalov, S. S., an d G. V. Porkhaev, eds. 1976. Hnndbook for the Design of 
Bases and Fozmdntions of Buildings nn d Other Structures o n Pertna­
frost. Naù. Res. Counc. Can, Tech. Transl. TI 1865. 

Vyalov, S. S., Yu. K. Zaretsky, and S. E. Gorodetsky. 1979. Stability of 
m ine workings in frozen soils. In Grozmd Freezing: Developments in 
Geoteclznicnl Engineering. New York: Elsevier, vol. 26, pp. 339-51 ; 
Eng. Geo!. l 3( 1979): 339- 51. 

REFERENCES 349 

\\ang, ). L., and D. B. Pera~. 1985. 0\.:n zew of artifìcial i;ldnd design 
and con~truction in the Arctic. In Ci1·il Engineering i11 thc Arme 
O.ffslzo,-e: Proc. Conf Arctic '85, cd. F. L. Bennctt and ). I.. 
:-lachemehl. :\ew York: ASCE, pp. 28-38. 

\\'ashburn, A. L. 1956. Classifìcation of patterned ground and re\·iew 
of suggested ori gin s. Bui/. Geo/. Soc. A m. 67(7): 832-66. 

\\'atson, G. H. , R. K. Rowley, and \\'.A. Slusarchuk. 1973. Performance 
of a warm-oil pipe! i ne buried in permafrost. In Nortlz Am. Contrib., 
2nd lnt. Conf 011 Permafrost, Yakutsk, CSSR. Washington, D.C.: 
~ational Academy of Sciences, pp. 759-66. 

\Veast, R. C., i\1. ). Asti e, an d W. H. Beyer, eds .. 1984. CRC Hnndbook of 
Clzemistry m1d Pl1ysics. Boca Raton, Fla.: CRC Press. 

Weaver, ). . 1979. Pile foundation; in permafrost. Ph.D. diss., Uni v. of 
Alberta, Edmonton , Canada. 

Weaver, j. S., an d , . R. l\1orgenstern. 198 l. Pi.le design in permafrost. 
Cnn. Geotech. f. 18(3): 357-70. 

\Veeks, W. F., and S. F. Ackley. 1982. The Growth, Structure, and Proper­
ties of Sea Ice. U.S. Army Col d Regions Research an d Engineering 
Laboratory Monograph 82- l . 

Will iams, P. }. l 963. Suction an d its effects in un frozen water of frozen 
soils. In Proc. lnt. Conf on Permnfrost, Lafayette, Ind., Pubi. 1287. 
Washington, D.C.: National Academy of Sciences-National 
Research Counci.l, pp. 225-29. 

Wijeweera, H., and R. C. }oshi. 1990. Compressive strength behavior 
of fine-grained frozen so il. Cmz. Geotech. ]. 27( 4): 472- 83. 

Wijeweera, H. , and R. C. }oshi. 1992. Temperature-independent rela­
tionships for frozen soils. ]. Co/d Reg. Eng. ASCE6(1): 1-21. 

Wilson , S. D. 1970. Observational data on ground movements related 
to slope instability. ]. Soil Mechlllzics Found. Div. ASCE 96(SM5): 
1519-44. 

Winkler, E. 1867. Die Lehre der Elnstizitiit und Festigkeit. Prague: 
Dominicas, pp. 182- 84. 

Wissa, A. E. Z. 1969. Pore pressure measurement in saturated stiff 
s01ls. }. ~01/ Meclz. Fo1md. Div. ASCE95(SM4): 1063-73. 

Wolfe, L. H., an d}. O. Thieme. l 964. Physical an d thermal properties 
of frozen soil and ice. Soc. Pet. Eng. ]. AlME, March; Soc. Pet. Eng. 
AlME TraiiS. 231 (2): 67-72. 

Xu, X., ]. L. Oliphant, and A. R. Tice. 1985. Experimental study on fac­
to rs affecting water migration in frozen Morin d ay. In Proc. 4th lnt. 
Symp. on Ground Freezing, Sapporo, }apan, ed. S. Kinosita and M. 
Fukuda. Rotterdam: A. A. Balkema, vol. 2, pp. 123-28. 

- - -----

Ye;iller, ::\., C.H . Bemon, .md P.). Bo;,scher. 1996. Compari;on ofload 
restriction timings determi ned using FH\\'A Guidelincs and Frost 
Tu bes. f. Co/d Reg. Eng. ASCE l 0( l ): 6-24. 

Yoneyama, K., T. lshi?aki, .md ::\. ~ishio. 1983. \\'ater redistribution 
measurements in partially frozen soil by X-ra~· technique. In Proc. 
4th ! llt. Conf on Pcnnaji·ost, Fairbanks, Alaska. \\'ashington, D.C.: 
'ational Acadcmy Press, pp. 1445-50. 

Yong, R. N., and B. P. \\'arkenti n. 1975. Soil Properties ami Bcltm·ior. 
Amsterdam: Else\'ier. 

Zarling, ). P., and \\'. A. Braley. 1986. Tlww Sta/Jilizntion of Rondwny 
Embankments Constructed over Permafrost. AK-DOT/ PF Rep. 
FHWA-AK-RD-87-20, Fairbanks, Alaska. 

Zarling, }. P., \\'. A. Braley, and D. C. Esch. 1988 . Thaw stabilization of 
roadway embankments. In Proc. 5th lnt. Co11f on Permnfrost, 
Trondheim, Norway, ed. K. Senneset. Trondheim, Norway: Tapir, 
vol. 2, pp. 1352-57. 

Zarling, ). P. , and F. D. Haynes. 1985. Tlzermosypho11 Devices mul Slnb-
011-Gmde Fozmdati011 Desig11. State of Alaska , Dept. Transp. Pubi. 
Facil., Res. Sec., Fairbanks, Alaska, Rep. AK-RD-86-16. 

Zhu Yualin, and D. L. Carbee. 1983. Creep behavior of frozen silt 
under constant uniaxial stress. In Proc. 4th 1111'. Conf 011 Permafrost, 
Fairbanks, Alaska. \Vashington, D.C.: National Academ)' Press, pp. 
1507-12. 

Zhu Yuanlin, and D. L. Carbee. 1984. Uniaxial compressive strength of 
frozen si! t under constant deformation rates. Co/d Reg. Sci. Teclmol. 
9: 3-15. 

Zhu Yuanl in, and D. L. Carbee. 1987. TeiiSile Strengtlt of Frozen Silt. 
U.S. Army Cold Regions Research and Engineering Laboratory 
CRREL Report 87- l 5. 

Zhu, Y., ]. Zhang, and Zh. Shen. 1988. Uniaxial compressive strength 
of frozen medium sand un der consta n t deformation rates. In Proc. 
5th !llt. Symp. on Ground Freezi11g, Nottingham, England, ed. R. H . 
}ones and }. T. Holden. Rotterdam: A. A. Balkema, vol. l, pp. 
225-32. 

Zienkiewicz, O. C., an d l. C. Cormeau. l 974. Visco-plasticity: plastic­
ity and creep in elastic solids: A unified numerica! solution 
approach. lnt. ]. Numer. Methods Eng. 8(4): 821-45. 

Zohdy, A. A. R. l 989. A new method for the automatic interpretation 
of Schl umberger and Wenner sounding curves. Geopl1ysics 54(2): 
245-53. 




