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PREFACE

This translation 1s the elghth arranged by the Permafrost
Subcommittee of the Assoclate Commlttee on Soll and Snow Mechanics
of the Natlonal Research Council of the Russlan permafrost publi-
cation, "Principles of Geocryology".

The first translation in thils group was Chapter VI entitled
"Heat and Moisture Transfer in Freezing and Thawing Soils" by
G.A. Martynov (TT-1065). The second was Chapter IV "General
Mechanisms of the Formatlion and Development of Permafrost" by
P.F. Shvetsov (TT-1117). The third was Chapter VII "Geographical
Distribution of Seasonally Frozen Ground and Permafrost" by I.Ya,.
Baranov (TT-1121). The fourth was Chapter IX "Ground (Subsurface)
Ice" by P.A. Shumskii (TT-1130). The fifth was Chapter X "Ground
Water in Permafrost" by V.M. Ponomarev and N.I. Tolstikhin
(TT-1138). The sixth was Chapter XI "Cryogenic Physico-geological
Phenomena in Permafrost Regions" by S.P. Kachurin (TT-1157), and
the seventh was Chapter XII "Perenially Frozen Ground and Vegeta-
tion" by A.P. Tyrtikov (TT-1163).

This translation of Chapter V by N.A. Tsytovich and several
of hils colleagues deals with physical phenomena and processes in
freezing, frozen and thawing soils, It includes discussion of
the principle components of frozen soils, the classification of
moisture in frozen soils, ice content and liquid phase, equilibrium
of water and ice, thermal and physical chemical characteristics,
mechanlcal processes, and the alteration of frozen soils during
freezing and thawing.

The Division 1is grateful to Mr. G. Belkov, Translations
Section, Natlonal Research Council, for translating this chapter.

Ottawa R.F, Legget
January 1965 Director
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PUYSICAL PIHOINMA AUD PROCESSWS T FREFZTHG, FROZLEI AUD THAULNG JOLLS*

Frozen 3oils as Hultivhace Syctcus

The Basic Counponents of I'rozen Sollg**

Frozen soils are complex, wmultiphase and multicomponent systems. From the
state of agsregation one can identify the following baglc components:

(1) 30l1id which can be subdivided further: a) matrix of frozen soils
(mineral or organic-mineral) and b) cryogenic minerals (ice, cryohydrate and
crystal hydrate which crystallize at temperatures below freezing);

(2) Liguid;

(3) Gaseous.

Solid component. The skelepon of frozen solls 1s usually mineral or

occasionally organic-mineral. The total of the specific and active surface,
the chemical and mineralogical composition of the skeleton and particularly

its colloidal fraction have a significant influence on the properties of frozen
s0ils and the processes that occur in them. Not only 1is the quantitative
relationship between ice and the soll skeleton of importance but also thelr
mutual distribution.

The way 1ice 1is formed and its properties in frozen soils are of prime
importance. Ice 1s subdivided into three basic types: 1ice as an independent
monomineral deposit, lce as a component of the soii and sublimgtion ice that
i3 not a component of the soil (Shumskii, 1955,)***% . The formation of crystal
hydrate and cryohydrate in frozen soils 1s connected with physico-chemical
processes occurring in them and has not been well elucidated.

Ligquld component. The quantity and composition of the liguid phase
determine to a substantlal degree the direction and intensity of physico-

chemical processes 1n frozen solls, and also the physical and physico-
mechanical properties of the frozen solls particularly at temperatures Just
below 0°C.

* This chapter was previously published in Collected Papers No. 3, "Data on
the laboratory investigation of frozen soils" edited by N.A. Tsytovich,
1957. In the present publication it has been abridged and revised. A
number of changes and addlitions have been introduced based on recent
investigations of frozen solls.

** Written by Z2.A. Nersesova.
*¥% Ground ice 1s considered in detail in Chapter IX.



e

Frozen solls may conbain csubstantilal quantities of 1liquild phase water
depending basically on the nature of the mineral skeleton, i.e. the total of
the specific and active surface, the mineralogical composition of the fine-
grained fractions and their physico-chemical features; 1t also depends on the
content and composition of soluble compounds (primarily salts) and also on
temperature and pressure. The quantity of the liquid phase 1s subJect to the
equation of state which finds its expression in the principle of the equilib-
rium state of water in frozen soills (Tsytovich, 1945),

Gaseous component. Gases in frozen solls may be free, adsorbed or
trapped. The quantity of free gases 1s determined by the gas porosity. The
quantity of adsorbed gases depends on the total surface and composition of the

5011 skeleton and porosity and increases greatly with the presence of organic
substances in the soil.

Types of Moisture in Frozen Soilg*

The majJority of present-day classifications of types of water in solls
supplements and develops the classification of A.F. Lebedev (1936) who iden-
tified the followlng basic types of water: gaseous, hygroscopic, capillary,
gravitational, and finally chemically bonded water.

Subsequently ground water was subdivided into free water that is not
affected by soill particle surfaces and bound water which is affected by soil
particle surfaces. The latter includes firmly bound and loosely bound water
(Dolgov, 1948; Priklonskii, 1949; Rode, 1952). The categories of firmly bound
and loosely bound water vary greatly with different authors.

It should be noted that the terms "free water" and "bound water" are quite
arbitrary. For example, in the classification of geologists D.F. Belyankln
(1933) and V.I. Vernadskii (1934), the prime consideration is the participa-
tion of water in the construction of minerals. Here bound water includes
chemically combined water, water of crystalllzation and to some extent
zeollthic water. Hygroscopic water 1s considered as being free,.

In the classifications of agricultural and engineering soil scientists
and hydrogeologists (Dolgov, 1948; Priklonskii, 1949; Rode, 1952; Sergeev,
1952; and others) hygroscopic water 1is regarded as being firmly bound.

A sounder classification of water is that based on the nature of the bond
between the water and the soil skeleton (Popov, 1941; Rebinder, 1950).

P.A. Rebinder** identifies the following basic types of bonds between
moisture and other substances:

* Written by Z.A. Nersesova.
*¥* Cited from the paper by A.V. Lykov "Theory of Drying". 1950.
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1. Chemical (a bond in precise quantitative respect) Ionic and molecular

bonds .
2. Physlco-chemical (a bond in various not very Adsorption, osmotic
specific considerations) and structural bonds.
3. Physlico~chemical (the retention of water in un- Bond 1n microcaplllaries
defined respects) (r less than 10-° cm),

bond 1n microcapillaries
(r greater than 10~3 cm)
and the wettling bond.

In frozen solls part of the moisture may be in the liquld state because
of the action of lons of soluble compounds.

The dependence of the quantity of liquld phase water 1n frozen solls on
thermodynamic parameters determining the state of systems and partially on
the content of soluble compounds differentliate it from the corresponding cate-
gory of bound molsture deflned by chemlsts, soll sclentlsts and hydrogeologlsts
for the region of temperature above 0°C,.

Therefore in additlon to the classification of moisture based on the
nature of the bond between water and the skeleton, for frozen soils one should
identify\categories of molsture depending on the physlcal state of the water.

V.I. Vernadskil (1934 ), in considering the possible classifications of
natural water, suggested a classification based on the physlcal state of the
water: (1) gaseous water (water vapour), (2) liquid water (solutions), (3)
solid water (ice).

Basing his classiflcation on the physical state of the water and its
transformation at freezing temperatures, Nersesova (1957) makes the following
basic categorization of moisture in frozen soils: (1) gaseous; (2) alternating
physical state (solid or liquid, freezing or thawing at temperatures below 0°);
(3) not changing its physical state with changes in temperature and pressure;
(4) solid (ordinary ice formed at the temperature of 0°C and not thawing at
temperatures below 0°).

I.A. Tyutyunov (1955) made the following classification for frozen soils;
(1) solid phase water - ice; (2) liquid phase water - boundary phase*, near the
boundary and volume phases; (3) gaseous phase.

The relation between the solid, boundary, near the boundary, volume and
gaseous phases of water 1s determined on the one hand by the nature of the

* The term "boundary phase" was introduced by B.V. Deryagin in 1950 (Trans-
actlons of the All-Union Conference on Colloidal Chemistry. Izd. Akad.
Nauk Ukr. SSR, 1952), however I.A. Tyutyunov ascribes a different meaning
to this term zsee page 11).
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mineral skeleton and the content of soluble compounds and on the other hand
by external factors, temperature and pressure.

Content of Ice and Ligquid Yater in Frozen Solls*

As indicated above, the quantity of liquld phase water in frozen soll at
a glven temperature and pressure depends on the total of the specific and
active surface, chemical and mineralogical composition and also on the content
and composition of water-soluble compounds.

It would be impossible to isolate the effect of dispersion, physico-
chemical features and mineralogical composition of the soil since variation in
the ratio of exchange cations, for example the exchange of Na+ ions for Ca+ or
Fe+++

corresponding change in dispersion ~ coagulation.

ions which have different hydration energles, 1s accompanied by the

The effect of exchange catlons on the water composition of soils is
evident particularly wihen the water content is quite large.

The effect of exchange cations on the phase composition of water in
frozen soils 1s also evident basically when the molsture content is high,
exceeding the gquantity of film water.

In turn the total of the specific and active surface and the exchange
properties of soil depends on the mineralogical composition of the clay frac-
tion which increases sharply In the presence of minerals of the montmorillonite
group. The effect of salinization on the phase composition of water in frozen
solls can be calculated if one knows the content and composition of water-
soluble compounds. However, it is simpler to obtaln experimental curves
showing the variation in the quantity of liguld phase water depending on
temperature for soll containing soluble compounds after the soluble compounds
have been removed.

The variations in quantity of liquld water determine the extent of
cementing of frozen solls by ice which determines a number of the basic pro-
pertles of frozen soils. Moreover, all thermal calculations connected with
the freezing and thawing of so0ils will not be reliable 1f one does not take
into account the liquid water and the changes it undergoes under the influence
of external forces.

Curves showlng the dependence of the content of liquld water on below-
freezing temperatures in combination with other data (unit weight, moisture
content, specific gravity) permit one to calculate the quantity of the separate
components of frozen soil (solid mineral particles, ice, liquid water, vapour
and gases), 1ice content, effective heat capacity, coefficient of heat

* Written by N.A. Tsytovich and Z.A. Nersesova.
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conductivity in the reglon of substantial phase transformatim of water, the
total settlement due to temperature changes, ctce.

Table II and IFig. 5 show the results of determining the content of liquid
water for some typical soils, obtained by the Central Laboratory of the Perma-
frost Institute, from which i1t follows that the most important factor deter-
mining the phase composition of water in frozen soils 1s the below-freezing
temperature.

Table II and Fig. 5 glve the results of determining the content of liquid
water depending on temperature for typical soils permitting one to use these
data for practical purposes and accepted for standards and engineering
specifications (NITU - Standards and Engineering Specificatlons).

The Principle of Equllibrium States of VWater and Ice*

The above-mentioned data as well as many other data on the content of
liquid water and ice in frozen soils indicate that any change in the below-
freezing temperature brings about a corresponding change in the quantity of
liquid water which is expressed by a regular relationshlp expressed graphically
by a curve showlng the content of liquid phase at various below-freezing
temperatures or curves for the melting of pore ice.

The quantlity of liquid water 1n frozen solls depends also on the magnitude
of the external pressure exerting enormous local stresses at polnts of contact
of the mineral particles (Tsytovich and Sumgin, 1937) which bring about a
corresponding melting of ice at below~freezing temperatures. This has been
confirmed by special experiments (Table IV).

On the basls of the data cited above and other data published previously
(Tsytovich, 1945, 1947; Nersesova, 1950, 1951; Boiko, 1957; Jung, 1943; and
others), one can establish the following mechanlsm which 1s called the principle
of equilibrium state of water and ice in frozen solls (Tsytovich, 1940, 194132,
1945): the quantity, compositlion and properties of the liquld phase contained

in frozen solls does not remain constant but varies with the parameter of the
state of the system being in dynamic equilibrium with the latter.

The princlple formulated is well supported by direct experiments and has
a number of applications in problems of general and englneering permafrost
studies,

The largest changes 1In the phase composition of water in frozen solls
occur at the beginning of the freezlng process when the temperature 1s not
far below the freezing point, but when the temperature drops well below the
freezing point these changes become so small that they can be neglected for
practical purposes.

* Written by N.A. Tsytovich.
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One can differentiate three temperature regions in the phase transforma-
tions of water in frozen soils: (1) the region of substantial phase trans-
formations; (2) the region of transitional phase transformations and (3) the
region of the practically frozen state.

As was shown earlier (Tsytovich, 1954) the region of substantial phase
transformations of water in frozen solls can be limited to changes 1n the
quantity of 1liquid water approximately equal (or greater) than one percent (of
the welght of dry soll) per degree centigrade, and the region of practically
frozen state - less than one-tenth of one percent per degree centigrade.

Experimental data show that for sandy solls the region of substantial
phase transformations is limited to temperatures from O to -0.2°C and for
heavy clay it is at times extended to -7°C and lower; the region of the prac-
tically frozen state for heavy clay should be considered established only at
temperatures of the order of several tens of degrees below 0°C.

Physlical Phenomena and Processes 1n Freezing and Frozen Soils

Temperature Characterlstic of the Freezing of Water in Soil*

The freezing of water in 'soll begins with the generation of crystalliza-
tion factors characterized by greater or lesser supercooling of the water. The
second stage - crystallization of water - 1s accompanied by the liberation of
heat and a sudden lncrease i1n temperature.

The highest and most stable temperature in the ground following the Jump
in temperature 1is the temperature following the beginning of crystallization of
water. The extent and duratlion of supercooling of water in the ground lncrease
as the volume of water decreases, particularly when the amount of water 1s very
small, and also when the rate of cooling of the ground decreases and the
amount of water decreases.

Observatlons show that at temperatures near 0°C supercooling of the water
extends over a prolonged time, and when the temperature of the cooling medium
decreases, the water rapldly crystallizes but does not reach the temperature
of the medium.

The formatlon rate of crystalllzatlion centres has a great effect on the
stabllity of the supercooled state of the water and 1ce crystals are the most
active primer. Ice crystallization 1n the soll takes place gradually over a
certain temperature range.

Calculations and experiments show that in the temperature range from O to
-0.2°C free water crystallizes (capillary-gravitation water); water bound by

* Written by A.P. Bozhenova.
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the surface of particles or by lons 1n solutlon crystallizes at a temperature
that decreases as the effect of flelds counteracting crystalllzation increases.

Data avallable at the present time on the temperature of the supercooling
and beginning of crystalllzation of water in solls were obtalned on small
specimens with disturbed structure. The maximum supercooling established for
water under these conditions 1s -5°C and the temperature of the beginning of
crystallization when the molsture content 1s hlgh and soluble substance absent
was close to 0°C (-0.1°C and -0.2°C).

One can suppose that under natural condltlons the supercooling of water
takes place only in the surface layer of soll since the formatlion of 1ce 1n
the upper layer excludes the possibllity of supercooling the water in the
lower strata.

Physico-chemical Processes in Frozen Solls*

Until recently 1t was maintailned in the literature that perennlally frozen
solls usually represent a zone of "chemical dormancy" (Saukov, 1951, p.296).

This opinlon 1s based, first on lncorrect extenslons to frozen solls of
the general rule i1n chemistry that the rate of chemical reactlon depends on
temperature and, second on a representation of frozen solls as systems in
which water appears only as ice and vapour.

At the present time, when not only the presence of liquld water has been
established 1n frozen soll but also the mechanisms determining the quantity
of 1liquld water has been establlshed, the questlion of physico-chemical
processes in solls at temperatures below freezing 1s approached in a different
way.

The interaction of water and dry soll 1s accompanied by the liberatlion of
heat of wetting. Some sclentlsts conslder that thls water interacting with the
surface of soll particles converts into ice VI or ice VII (Marinesko, 1931;
Parkhomenko, 1942; Shumsk11,19552), others conslder that 1t results in the
formation of "solid hydration" (Priklonskii, 1949), an insoluble volume of
molsture. The surface of soll particles 1s attributed the property of taking
heat from the water and converting 1t into ice when they are both at the same
temperature. However, crystallization of water on the surface of a solid
partlicle 1s impossible since this contradicts the second principle of thermo-
dynamics. What in such a case would be the heat of wetting? To answer this
question one must proceed from the following principles established in inter-
disciplinary sclences.

* Written by I.A., Tyutyunov.
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It 1s known that ions participating in the formation of a solid body,
including crystals, introduce a specific energy quantity which 1s approximately
equal to their hydration energy 1n dilute solutlons.

Ions in a free solution give up all of their energy to the formation of a
crystal lattice. Those that form the surface retain some of thls energy. This
unspent energy of the ilons particlpating in the formation of a solid body 18
the surface energy. Since lons under a crystal face are arranged unevenly,
the surface of a so0lid body is not uniform in energy. It has been established
(Kuznetsov, 1952, 1954), that the quantity of surface energy 1s proportional
to the area but also dependent on geometry.

The dissolving of a given substance and hydration of lons 1s possible
because lons possess a great chemical affinity for water and a large electric
field of force. Complex assoclations of water (Sokolov, 1955) falling into
the sphere of influence of an ion lose their hydrogen bonds and convert to
single molecules., The translational motion of such molecules falls abruptly
owing to the orientation and increase in density around the ion (Kapustinskii
and Samoilov, 1950; Samoilov, 1952).

From these principles one can conslder that the hydration of lons occurs
also when the lons, on forming the surface of a so0lid body, cannot under the
given thermodynamic state of the system abandon thelr position in the crystal
lattice. However, even in this case lons manifest thelr potential surface
energy 1n the form of the energy of chemlcal affinity and in the form of the
energy of an electric field of force. They also disrupt hydrogen bonds,
orlent and compact water molecules 1n the sphere of influence of the fleld
of force formed by thelr surface. Wlth this action of the surface the water
absorbs energy in the form of the energy of chemlical affinity. Therefore, the
heat of wetting 1s not the heat of crystalllzation of water on the surface of
a so0lild particle but the residual of the heat of hydration of ions forming the
surface of a solid particle.

Methods have not yet been developed for measuring the surface energy
directly. Therefore, the importance of lons 1n determining the value of sur-
face energy can be estimated by the heat of wetting which, as noted above, we
call the residual heat of hydration. Data obtalned for various clays saturated
with cations K, Na¥, " and ca'™ (Ovcharenko and Bykov, 1954) indicate that
with respect to the value of the heat of wettlng, clay can be arranged in the
same serles as given by the heats of hydration of these lons 1n aqueous
solutions:

K+< Na+< H+ < CaH.

Consequently solls saturated with sodium have a higher dispersion than solls
saturated with hydrogen and multivalent catlions. Having a greater specific
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surface, they are characterized by a smaller specific surface energy in com-
parison with soils saturated with hydrogen and calclum.

Thus the liquid phase in non-saline frozen soils exist because it absorbs
a large quantity of energy in addition to its heat of crystallization as the
result of interaction with the surface of solid particles.

From the data of Jura and Harkins (1944) i1t follows that for one mole of
adsorbed water to convert to ice one has to remove not 1,440 calories (latent
heat) but at least 11,440 caloriles, since during crystallization there 1is the
evolution of the heat of formation of two hydrogen bonds equal to ~10,000
cal/mole. Thus the latent heat of crystallization of adsorbed water is 635
cal/g and not 80 cal/g.

Consequently the absorbed water 1s not ice VI or ice VII but is a solution
as was consldered by B.I. Vernadskil. Thils solutlion we call the boundary phase
of the soll system,

The boundary phase with respect to the layer of lons forming the surface
of a solld particle plays the role of an electric fleld of force whose energy
i1s equal to the energy of the rupture of hydrogen bonds of the hydrate. If
there are any ions 1n the boundary phase then 1ts effect as a fleld of force
Increases. The boundary phase 1n conJunctlon with the surface layer of a
mineral particle 1s a so-called double surface layer, which 1s an exceedingly
active and moblle, constantly varying part of the soll system.

The concentration of surface energy and the effect of the boundary phase
as a fleld of force in the final analysilis are the reasons for the rupture of
the surface layer of mineral partlcles and its chemical decomposition which
are intensified 1n a cryogenic system by the following factors:

(1) the increase in the degree of concentration of surface energy with
decrease in temperature,

(2) the increase in the concentration of hydrogen ions in the boundary
Phase and ,

(3) pressure due to the crystallization of water which increases as the
temperature decreases.

Under the 1nfluence of these factors the lons forming the surface layer
and particularly portions of the active surface (i.e. surfaces with the maxi-
mum concentratlon of surface energy), under the influence of displacement and
the highly stressed state, come out abruptly from the "interstice" of the
crystalline lattice. The place vacated by an lon 1s immediately fllled by
another, previously located in the boundary phase, thus produclng an exchange
between the solid and the boundary phase.
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The presence of cation exchange in frozen soils was first shown in 1947
by I.A. Tyutyunov (1951) from data on measurements of decomposition of exchange
ions in a number of soils during the winter.

These data necessitate a new approach to the problem of chemical erosion
at freezing temperatures. In addition to cation exchange at below-freezing
temperatures, there is chemical erosion of mineral matter of the solils simllar
to that occurring at higher temperatures.

Special experiments were set up to establish the reaction rate of cation
exchange as related to temperature. The data of these experiments are given
in Tables V and VI.

The data in Table V show that below-freezlng temperature did not retard
the reaction rate of exchange and did not result 1n a decrease 1n the quantity
of substituted calcium as compared with that obtalned for a relatively high
temperature.

Under natural conditions under the effect of migration there is a con-
tinuous disruption of equilibrium in the exchange reaction. Ions coming out
into the boundary and preboundary phases shift to the zone of maximum concen-
tration of surface energy and there enter into chemical reaction with the solid
phase and substances in solution.

The effect of the concentration of reacting solution on the yleld of Ca
ions was checked also on North Ural perennially frozen soils (Table VI).

The data 1n Tables V and VI show that below-freezing temperatures do not
inhibit chemical processes, lncluding the exchange of cations, and confirm
the hypothesls that as the temperature decreases and the concentration of the
solution increases exchange reactions are intensified. Fileld observations
show that the chemlcal propertles of solls in winter and summer are quite
different (Tyutyunov, 1951).

In frozen peat-gley soll of the tundra region (Table VII) the degree of
base saturation decreases with depth, whereas the degree of H-~ion saturation
varies 1nversely. The lowest degree of base saturation in the stratum at a
depth of 47 - 57 cm 1is explained by the fact that during freezing the soil
solutions migrate not only upwards but also downwards, 1.e. towards the perma-
frost table. 1Its depth may vary during the winter and depends on temperature,
which controls the gradient of chemical potential in the soll profile.

In the thawed state the absorption capacity and degree of base saturation
increase with depth and the degree of H-ion saturation decreases.

The directlion of 1on exchange in the soll depends on the thermodynamic
state of the soll system governed by heat exchange. This means that during
the winter monovalent cations will enter the absorbing complex with greater
energy and thils process will be accompanied by heat liberation, whereas in the
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summer multivalent cations will have the greater energy and exchange willl take
place with the absorption of heat (Tyutyunov, 1955). The consecutive substitu-
tion of cations at equal concentrations occurs in the direction of least
thermal effects. This 1s a particular case of the principle of the transition
of a system from the unstable state to the stable state as known in
geochemistry.

Tundra solils develop under the influence of two opposing types of soll
processes: one of these is characterlzed by the extruslon of the decomposition
products of organic and mineral compounds and the other 1s the return of these
to their initial zone. The effect of this annual cycle of soll chemicals and
their interactlion with the matrix determines the direction and particular
features of soll formatlon in the tundra and arctic zones.

Prolonged investigations of the qualitative and quantitative changes of
water-soluble substances in the soill made 1t possible to elucldate the unique
mobility of individual components of the soll solution and seasonal changes
in the colour of soll strata and also the upper layer of perennially frozen
soll - from pale yellow and dark brown to blue-gray and gray-green. FIFrom thils
one can assume processes of oxldation and reduction of soll components at
below-freezing temperatures.

Oxidation-reduction processes 1in soil and in permafrost were investlgated
by the compensation method using C and Zn as electrodes, comprising a sort of
galvanic cell. These investigations, carried out with solls from the tundra
showed that as the temperature decreased the energy of oxidation-reduction
increased and when the temperature is increase from below-freezing to above-
freezing the energy decreases.

For comparison similar investigations were performed on podzol solls of
the Moscow region. Tests were made during the cold perliod when the microbio-~
logical activity in these s0ils were somewhat equivalent. It was found that
wilth respect to oxidation-reduction energy the tundra and podzol solls were
more of less equal, but in calcium exchange, according to the data of
Z.A. Nersesova, there 1is more calcium exchange in the tundra soll than 1n the
soll from the Moscow region.

The above-mentloned experimental investigations confirm the rapid rate of
chemlcal reactions at below-Ireezing temperatures resulting from the increase
i1n the concentration of surface energy as the temperature decreases. Thilis can
be supplemented by the following data.

For example, according to A. Purl (1949) the heat of wetting of soil
Increases as the temperature decreases.

The investigation of the adsorption of water vapour (Guany, 1954), ammonla
(Morland, 1955) and oxygen (Dubinin, 1955) also indicates an intensification of
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these processes when the temperature decreases and confirms the increase in
concentration of surface energy with decrease 1ln temperature. According to
the data of Morland {1955) the adsorption of ammonia by Ca bentonite 1is
greater than that of Na bentonite.

This dependence of the quantity of surface energy on the type of lons
forming the surface is indicated by data obtained in the determination of heat
of wetting for clay with varying exchange cations (Ovcharenko and Bykov, 1954).

From these considerations and from experiments 1t follows that clay and
clay-loam solls that are hydrophobic at above-freezlng temperatures become
to some extent hydrophilic at below-freezing temperatures. For this reason
they heave during freezilng.

Thus the increase in the concentration of surface energy with decrease 1n
temperature, leading to more intense adsorption, exchange, oxidation-reduction,
and the formation of new interfaces resulting, on the one hand, in the physical
decomposition of the initlal substance, and on the other hand in physico-
chemical aggregation.

The intensity of physico-chemical processes 1n solls is to some extent
determined by the total of the specific surface which increases sharply in the
presence of a colloid fraction. The most actlve part of soills 1s thelr fine
fractions - c¢clay and particularly colloid (with particle diameters less than
0.0002 mm). Therefore great importance is attached to coagulation and peptiza-
tion and assoclated variations in the surface of the colloid fraction.

For hydrophilic colloids, as are most of the collolds of soils, one of
the baslic factors determining coagulation 1s the increase 1n concentration of
electrolytes in a disperse medium. In freezing solls, as indicated above, the
increase 1In concentration of electrolytes occurs because of changes 1in ice
content or migration of moisture contalning water-~soluble compounds. The
coagulation of colloids occurring at below-freezing temperatures 1s charac-
terized usually by the rather inconvenient term "frost coagulation". Here one
notes the reversible character of this type of coagulation. However, the
siltyness typical of soils of northern regions, particularly of perennially
frozen ground, is connected with the irreversible coagulation of the fine
fractions as a result of variations in the concentration of the liquid phase.

Experiments carried out in the Central Laboratories of the Permafrost
Institute with solls taken from below the boundary of seasonal freezing and
thawing fully confirm what was said above. The determination of the grain
size distribution of these solls showed a marked increase in particle size
after freezing. This was particularly evident for soils contalning soluble
salts.
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What has been stated above indicates that on the earth's surface the
extensive distribution of processes involving changes in the soil (supergenesis)
unquestionably also applies to permafrost. At below-freezing temperatures and
during periodic changes in soll pressure due to seasonal freezing and thawing,
the supergenic processes are extremely active since the liquid phase usually
contains large quantities of free oxygen and carbonic acid. The supergenic
processes at below-freezing temperatures are specific processes and they should
be identiflied as a separate type -~ cryogenic processes. Consequently cryo-
genesis is the sum total of physico-~chemical mineralogical changes and the
transformation of the lithosphere and hydrosphere at temperatures below
freezing. The particular features of this type of process is the formation of
cryogenic minerals and the general accumulation of products of cryogenesis and
extremely low losses due to erosion.

Physical and Physico-mechanical Processes in Freezing and Frozen Soils

The freezing of molst soils is accompanied by a large number of physical
and physico-mechanical processes and phenomena. When the pore water freezes
there 1s first of all a disturbance in the moisture equilibrium and moisture
migration begins primarily in the direction of the freezing front. The dis-
tribution of moisture in fine-grained soils varies greatly during freezing and
in the frozen state. There is a variation in the general distribution of
moisture as well as in local distribution (in the freezing zone) where there
is differentiation forming 1ice strata, lenses and inclusions as well as mineral
strata from which, as a rule, part of the water is removed during migration.

Thils results in compression of the mineral strata of freezing soills
(particularly clay soils) which in turn has a great effect on the mechanical
properties.

Moreover, during the freezing of fine-grained soils a number of physico-
chemical phenomena take place connected with the migration of moisture
accompanying cation exchange between the mineral skeleton and the liquid phase.
Of considerable importance here is the changes in concentration of dissolved
salts which disrupt the equilibrium of cation exchange, coagulation and
microaggregation.

The migration of moisture in freezing and frozen solls increases their
volume and results in the heaving of the soil which is frequently uneven. This
causes damage to roads and alrport runways.

Physico-mechanical processes in freezing and frozen solls and the
accompanying physico-chemical phenomena result in a particular texture of the
soll which determines its mechanical properties.
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As the temperature of frozen soil increases to the thawing point, changes
in volume occur which for soils with a high ice content result in substantial
settlement and at times collapse (rapid local settlement accompanied by the
extrusion of the thawing mass). Substantial settlement and collapse of thawing
soils with high ice content seem to occur under thelr own welght without the
application of additional load.

We note also that there is a great deal of lmportance attached to the
temperature deformation of frozen soils, particularly crack formation resulting

from pressures owing to the uneven variation in volume. .
Migration of water in freezing solls.¥ The inltial accumulation of 1ice 1n

freezing solls was explalned by the majority of authors by the condensation of
water vapour in the freezing stratum (Blizin, 1890; Izmail'skii, 1894; Bogdanov,
1912; Chirikov and Malyugin, 1926; Lebedev, 1913; Tyuremnov, 1924; Sambikin,
1926; Bastamov and others, 1933; Belokrylov and others, 1931; and others).
Nevertheless many considered that the movement of molsture in freezing solls
occurs in a liquld form and among the authors who held this point of view some
consldered that migration occurred under pressure, since on freezing a closed
system 1s formed, others explalned the redistribution of waters by suction in
the form of thin films towards the freezing front.

The theory of mlgration under pressure was developed by S.A. Pod'yakonov
(1903), V.N. Sukchaev (1911), X. Nikiforov (1912), R.I. Abolin (1913),

D.A. Daranitsin (1914) and M.I. Sumgin (1927, 1929, 1931, 1940). The
hypothesls of the suctlion of fl1lm molsture towards the freezing stratum from
lower unfrozen strata was first advanced by V.I. Shtukenberg (1885, 1894).
Later the hypothesls of fi1lm transfer of molsture recelved particular attention
which is reflected by the papers of A.F. Lebedev (1930), Zh. Bouyoucos (1923),
S. Taber (1930), G. Beskow, (1939), M.N. Gol'dshtein (1940-1948).

However, in splte of the many 1lnvestigatlons the physical nature of water
mlgration cannot be consldered eluclidated at the present time. Below we glve
the foundatlons for a physico-chemical hypothesis to explain the migration of
moisture in freezing soils (Tyutyunov, 1955).

At the moment of contact between soil particles and water the energy of
8011d particles, which manifests itself in the form of the energy of chemical
affinity and the energy of an electric field of force, is spent on the rupture

of hydrogen bonds and on the packing of water molecules. Water finding itself
on a portlon of the surface of a particle and having undergone the appropriate
orientation and packing becomes more mobile with respect to the specific strata
of the water and under the influence of even weak flelds of force occupies the

* Written by A.I. Tyutyunov.
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entire surface of the solid particle. Immedlately on formation this film

of water comes under the influence of the fleld of force of a nelghbouring
particle and under its influence undergoes chemical affinity towards this

particle and shifts along the surface of the particle.

The interaction of the surface of a mineral particle with water is, in
fact, the process of hydratlion accompanied by the formation of a system whose
chemical potential 1s less than the sum of chemlcal potentials of the initial
substances.

If from the arrangement of particles capillaries of various cross-sectlons
are formed, the fllms coverlng the particles shift faster, the smaller the
caplllaries (Kin, 1933).

The size and arrangement of capillarilies under specific thermodynamic
conditions depend not only on the shape of the surface of mineral particles
but also on the structure of the hydrates. Here the difference in chemical
potentials of the water and the total surface of the mineral particles 1s the
reason for the movement of water 1n a soll system.

If there 1s no interaction between the water and mineral particles
possessing a maximum chemical potentlial of the total surface for the glven
thermodynamic conditions, the water willl not rise in the capillaries; 1t will
only be retalned. Thus caplllaries are only migration paths and it 1s in-
correct to say that capillary phenomena act in the opposlite direction to
£ilm transfer of water. It is likewise incorrect to consider them as motilve
forces in the distribution of water in the soil (Bozhenova, 1957). The pro-
cess of water migration in freezing solls occurs 1n two steps which are
interrelated but differ in thermodynamic and physico-chemlcal features.

The first step is characterized by the fact that at the instant of inter-
actlon with mlineral particles and with subsequent space displacement the water

passes to a higher energy level since the energy of chemical affinity, mani-
fested by the surface in the form of heat, is basically absorbed by the water
and only some part of 1t is liberated as residual heat, called in the litera-
ture "heat of wetting". The absorption of energy is accompanied by disruption
of hydrogen bonds, the orientation of single molecules and their compression
in the electric fleld of force of the surface. As a result the free water is
transformed into the boundary phase.

The second step results from the transition of the water of the soil
system to a lower energy level and the formation of ice.

Under the influence of pressures due to the formation of ice, as a new
solld phase of the system, transformation of the water of the boundary phase
proceeds, accompanied by a reduction in its internal energy. First of all the
initlal hydrogen bonds are reconstituted and the resultant evolution of energy
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goes to reconstitute the chemical potential of the surface of the mineral
particles. In the formation of ice grains the water of the boundary phase
passes to a lower energy level since an additional atomic bond 1is formed in
the lattice of the growing ice crystal.

At the instant of formation and crystalllzation of the ice at the expense
of the boundary phase, there 1s an increase in internal pressure of the soll
system which results in the transformation of the peripheral part of the
boundary phase into trilple hydrate and then into microcrystals of 1lce. After
reduction in pressure and the transfer of the heat evolved, the boundary phase
again thickens and along with 1t the preboundary phase is reconstituted at
the expense of water from the homogeneous phase. If the precipltation of ice
in a cryogenic system proceeds for a long time and the reconstitutlon of the
boundary and preboundary phases takes place at the expense of the homogeneous
phase, thick layers of 1lce can accumulate 1n the soll system. When the homo-
geneous phase is absent the 1ce forms as thin velns and 1lce cement, Of course
1ce cement frequently forms also 1n the presence of the homogeneous phase but
this occurs only when there 1s no equllibrium between 1t and the zone supplylng
water durlng the perlod of 1lce formation.

Thus the motive force of migrating water in the soll system, when there
are changes in the external medium, 1s the difference in chemical potentlal of
the interface between the solid and liquld phases of the system. The effect
of the temperature gradient on migration occurs because the chemical potentlal
of the solid and liquld phase increases as the temperature decreases, thus
bringing about their interaction*, Thls motive force is the most important
property of the system itself but 1t manifests 1itself in different ways
depending on external conditions and primarily on heat exchange. The chemical
potential of any cryogenic system 1s a factor of the intensity of its chemilcal
and energy transformations; it determines the direction and the limits of these
transformations.

The migration process continues and manifests 1tself when the soil system
1s characterized, first by the presence of a difference in chemical potential
between the mineral part and the water, second, by the formation and separation
of the new phase, and third, by the exchange of matter and energy.

The heaving of soll during freezing**, Heaving of soil is the name gilven

to uneven increase in volume during freezing which takes place owing to the

* There are other points of view regarding the reason for the movement of
ground water during freezing (Editor's note).

** Written by Z.A. Nersesova and I.A. Tyutyunov,
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expansion (~Dby 9%) of the volume of the water contained in the soll, as well
as because of the freezing of new volumes of water advancing towards the
freezing front due to moisture migration. Because the composition of the soil
is not uniform, the distribution of moisture is not even and there 1s a
difference in the hydrological conditions, one hardly ever sees uniform 1in-
crease in volume of soils during freezing.

If heaving of soils is only due to pore moisture without the inflow of
water from the outside, even in the presence of moisture redistribution, it
is called heaving in a closed (or locked) system (Taber, Sumgin et al.). This
heaving 1s, as a rule, not large and 1is measured in values of the order of
tenths of a percent up to percentage units of the depth to which the ground
has frozen.

As the data given show, the value of the relative heaving (the ratio of
the height to which the soll rises to the depth of freezing), when there is
uniform freezing only from the top downwards, is less than when there 1is
freezing from all sldes; as the temperature decreases the value of relatilve
heaving decreases. This 1s explalned by the fact that at low temperatures
there 1s not only migration of molisture but also its fixation which at very
low temperatures wlll have the prevailling effect.

We note that according to the laboratory experiments of scilentists
studying the physics and mechanics of frozen soils at the Permafrost Institute,
in compact clay soils the migration of moisture and heaving begins only when
there is a rather high initial temperature gradient. Heaving 1n sand soils
when there 1s free dralnage for the water 1is very close to zero.

When there 1s an inflow of water from the outside, 1.e. when the soil
freezes under conditions of an open system, vertical heaving of the ground
connected with the migration of moisture towards the freezing front and its
fixation In the form of ice 1in the freezing layer increases substantially,
reaching a high percentage of the depth of freezing.

The accumulation of 1ce in soill and resultant heaving depends on the
conditions of migration in which the most important role 1s played by the
chemical potentlial gradient, as shown by experiments. When the chemical
potentiol gradient 1s zero 1in the soll system there 1is no segregation of ice
nor 1s there any exchange of matter with exchange of energy.

Since the chemical potential of the surface of mineral particles is deter-
mined by the chemlcal potential of ions forming the surface, for soils con-
taining different cations the intensity of migration during freezing should
increase in correspondence wilth the increase in hydration energy of these
catlions. This 1s fully confirmed by experiments, the results of which are
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shown in Table IX where the distribution of molsture and the magnitude of

heaving of specimens of surface clay loam saturated with Fe+++, Ca++

, Na¥, and
Kt are glven.

Analogous data were obtalned earlier by A. Ducker (1939), who showed that
during the freezing of a mixture of bentonite clay saturated with Ca and Na
cations and powdered quartz there was more heaving with the Ca speclmens than
with the Na specimens. However, he gave no explanation for this phenomenon.

Specimens of surface clay loam saturated with Fe+++, Ca++, Na+ and Kt
cations were frozen at an alr temperature of -3 to -5°C with the possibility
of moilsture flow to the area of freezing. Thls provided conditions favourable
for the migration of moisture and ice formation.

Data on the total moisture content of specimens after freezing and the
amount of heaving are given in Table IX. Figure 6 shows photographs of speci-
mens of Fe+++, Ca++, Na+ and K+ containing clay loam at the end of the experi-
ment. The cryogenic texture of the specimens clearly shows the effect of the
type of exchange cations on moisture migration and heaving; it would be
sufficient to Indicate that the ice velins formed in the Fe specimen comprised
35.3% of the height of the specimen whereas in the Ca specimen it was 3.2%,
and in the Na and K specimens there are practically no horizontal velns and
practically no heaving.

Variations in the volume of soils on freezing and the formation of frost

fissures*., Changes 1n volume of frozen soll may be due to various processes
and they may be subdivided 1nto three types: temperature, dlagenetic and
migration. The first type includes changes in volume of frozen solls when
the temperature varies within the range of below-freezling temperatures, the
second includes changes in volume during crystallization of water in soil and
also during drying of the soll and the third includes changes in volume due
to the accumulation of ice connected with migration of water.

Temperafture variations in the volume of soill. Assuming a linear relation-
shlp between temperature pressures and the resultant diurnal shifts in the

surface, and assuming that the deformation of the soll due to cooling is pro-
portional to the temperature gradient and the shear stresses are distributed
uniformly along the plane parallel to the freezing plane for a soil mass
limited by horizontal and vertical surfaces (Dostovalov, 1957), it was shown
that the value of the shear stress Ty in the dally surface of the soil is
described by the expression:

1
T, = §-naCx gradz(t), (1)

* Written by B.N. Dostovalov,
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a coefficient less than unity, and for small deformations 1t is

where n
very close to unity;

a - the temperature coefficient for linear expansion of the soil;

C ~ the shear modulus for frozen soll;

x - the distance from the free vertical surface to the cross-section
under consideration;
the temperature gradlient at a given depth, in this particular
case with a linear variation in temperature at a depth equal to

grad,, (t)

At
— (Fig. 7).
h(g)
Comparing Ty to the temporary resistance during displacement, taken from
expression (1), one can determine the distance corresponding to the appearance

of fissures.
This distance 1s equal to:

2’CB
Xp = 935 grad_ (t) (2)

Calculations show that the distance between parallel fissures obtailned
with formula (2), agree well with those observed under field conditions.

From formula (1) the following mechanisms are derived:

1. Since the stresses Tt are proportional to the distances from the free
vertical surface, in a homogeneous s0ll mass a system of parallel fissures
should form which would divide the so0ill mass into a number of strips and the
strips should develop transverse flssures dividing the mass into rectangular
blocks.

2. The transverse flssures must be perpendicular to the longitudinal
fissures by virtue of the temperature gradient stresses belng proportional.

%. Since the rupturing stresses are proportional to the products(x grad, t)
it follows that, in the first place, as the gradients increase the rectangular
block formed must subsequently divide in half by fissures of increasing order,
secondly, at a glven gradient masses larger than a specific slze cannot exist
(Fig. 8).

4, In the union of fissures in the form of a base and a perpendicular to
it, the base 13 the first to form resulting in a rather long flssure of a lower
order whereas the perpendicular forms later as a relatively short fissure of a
higher order.

5. In heterogeneous soll masses there are variations in individual
fissures and they are no longer parallel but the united fissures remain
perpendicular.
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6. The formation of fissures of higher order are less probable than the
formation of fissures of lower order, since high values for the temperature
gradient are less probable than are low values.

Diagenetic variations in the volume of soils are due to various physico-
chemical processes including the drying and swelling of fine-grained solls.

In the north, fissures due to drylng develop extenslvely each summer on
silt-clay loam portions of flood plains which are exposed after the flood
waters have receded.

The approach to an approximate calculation of stresses arising in soills
because of non-uniform drying can be analogous to temperature stresses since
the difference lies only in quantitative characteristics. Instead of a linear
contraction coefficient on cooling (a) one must take a linear contraction
coefficient due to drying (k) and instead of a temperature gradient we have a
molisture gradlient along the vertilcal (gradz W). We then have an expression
analogous to formula (1):

B - L. :
Tx =5 nk-C grad, W. (%)

Since the coefficient of linear settlement (k) is much larger in absolute
value than the coefflclent of linear expansilon (a) parallel diagenetic fissures
form at smaller distances than in the case of temperature stresses.

They are also observed in frozen clay solls but 1n thls case they are
fregquently separated by horizontal and vertical ice velns forming the so-called
"frost texture". Here the formation of the horizontal layers 1s explained by
the migration of water under the influence of the temperature gradlent towards
the freezing front and the vertical layer can be hypothetically explalned by
the formation of a network of vertical fissures resulting from the moilsture
gradient arising from the formation of horizontal ice layers which "dehydrate™
the adjacent volume of soil. [Molsture migrates to these fissures and freezes
forming vertical layers.

Variations in volume of solls during ice crystallization and cracking of

frost mounds are also explalned by expanslon stresses arising because of the
non-uniform crystallization of i1ce in freezing fine-grained soils because of

water migration or heaving. Moreover the formation of frost mounds in clay
so0ils under natural conditions changes the course of 1sothermic surfaces and
directs the migration of moisture under the mounds thus ensuring their con-
tinued growth; here the uppermost layer of soll covering the growlng ice
inclusion 1is continually bent upwards resulting in stretching and cracking.

Varlations in the Properties of Solls on the Freezing and the Thawing

With the freezing of water 1n soll, as was consldered above, a unique
cryogenlc texture of the soll forms, there is a decrease in water permeability
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and an increase in the cementing of mineral particles by 1ce. The physico-
mechanical properties of soils undergo consilderable changes and the greatest
changes occur in the reglon of intense phase transformation of the water.

Since for moist sandy soils this region extends only from O to -0.2°C
their properties change to the greatest extent withln this temperature range,
i.e. during the process of freezing; for clay soils, particularly compact
soils, the temperature reglon of intense phase transformations 1s extended to
-5, =7°C and even lower and these solls undergo a less rapid change in physico-
mechanical properties, remaining plastic over a rather large range of below-
freezing temperatures.

With thawing of frozen soll the cementing bonds of the 1lce are weakened
which has an evident effect on the strength of the soll; however, the cryogenic
texture of solils even after complete thawing does not disappear completely but
residual effects remain.

Changes in some physical and physico-mechanical properties of solls as a
result of freezing and subsequent thawing are considered below.

Electric properties*. The freezing of solls greatly affect their specific

resistance ( ); and dielectric permeability (e) of soils varies insignificantly
during freezing and the magnetic permeability (u) 1is practically negligible and
therefore will not be considered further. The conductivity (o = l-)of frozen
solls 1s baslically ionic and 18 determined mainly by the conductivity of the
liquid phase and by 1its quantity, 1.e. 1t depends on temperature, pressure, lon
concentration and the total of the specific active surface of the soll skeleton
and also on the conductivity of the skeleton and the distribution of ice
inclusions.

Under natural conditlons all the above-mentioned factors affecting the
electric conductivity of frozen solls have interrelated variations and there-
fore the few laboratory experiments carried out up to the present time on some
twofold relationships can be considered as belng only particular cases.

The dielectric permeability (&) of soils depends basically on the
chemico-physical state of the molsture, on the quantlty of the liquid phase
in the frozen soil and on the frequency of the electric field (f). The
dielectric permeability of water 1s approximately 80 CGSE whereas that of ice
is approximately 2 CGSE. The dielectric permeability of frozen soils variles
within these limits depending on all the above-mentioned factors affecting the
quantity of the liquid phase.

* Yritten by B.N. Dostovalov; for more detalils see No. 3 "Materialy po Labor.
Issled......", 1957.
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The effect of variations in temperature (t) and current frequency (f) on
the dielectric permeabllity of 1ce are shown in Fig. 9.

IMigure 10 shows the dielectric permeability of Jurassic clay and fine-
grained sand with various moisture contents.

Physico-mechanical properties*. The physico-mechanical properties of soil
undergo substantial changes during freezing. The nature of these changes
depends on the properties of the soll and the conditions of freezing.

If freezing is accompanied by moisture migration such indices as total
moisture content, unit weight, porosity**, always vary. Here one can have two

cases:

(1) freezing is accompanied by the additional inflow of moisture as a
result of which the total molsture content and porosity in the freezing portion
of the soll change substantially and the unit welght decreases;

(2) freezing is accompanied only by the redistribution of moisture.

The increase in total molsture content and porosity and decrease in unit
welght 1s observed only in the upper strata of the soll adjacent to the cooling
surface; in the strata removed from the cooling surface, moisture content and
porosity decrease and the unit weight correspondingly increases.

However, for water-saturated sand the redistribution of moisture will be
quite different; in soll strata adjacent to the cooling surface the moisture
content decreases; in more distant strata, depending on the conditions under
which the water is squeezed out, there may be either an Increase or a decrease
in moisture content (Khakimov, 1957; Tsytovich, 1954).

If the freezing of soil occurs only with the fixation of moisture without
redistribution the total molsture content varies very little; the increase in
unit weilght and porosity is not large (of the order of 3 - 4%).

With freezing there are substantial changes in the water properties of
soils.

Solls that are completely saturated with water become practically impervi-
ous to water. This is particularly valid for sands; clay solls, however, do
not become absolutely impervious to water because of the presence of liquid
water in them. However, before there can be any filtration in such soils, as
shown by V.I. Ivanov (Materialy...... s, 1957), a very high pressure gradient is
necessary.

* Written by N.A. Tsytovich, S.S. Vyalov and E.P. Shusherina.

¥* Total moisture content is understood to include moisture due to the liquid
phase, ice cement and ice inclusions; porosity is understood to mean the
ratio of the volume occupied by air, liquid phase and ice to the total
volume of the soil.
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With the freezing of solls and partial fillling of the pores with water
thelr water impermeability decreases substantlially although frozen solls always
retain some water lmpermeabllity. Of greater lmportance 1s the effect of
freezing on the strength of soill. Frozen solls have much higher resistance
to mechanical action than thawed solls.

The strength of solls depends on the strength of the internal bonds.

With freezing a new type of bond arises, l.e. the cementing of mineral
components by 1lce. This type of bonding 1s predominant and 1s much greater
than bonding in thawed soils. For example, the bonding of unfrozen clay loam
has a value of the order of 0.2 - 0.7 kg/cm?®. After freezing, the instantane-
ous bonding increases to 5 - 7 kg/cm? (at a temperature of -1 to -2°C).

There 1s also a substantial increase In shear resistance. For rapid shear
(at a normal pressure of 4 kg/cm®) the resistance of unfrozen clay loam 1s
1.0 kg/cme, whereas the reslstance to rapid shear of the same soil 1n the
frozen state was determined at © = 6.5 kg/cm? (whent = -0.8°C) and 9.0 kg/cm?
(when t = -2°C).

The long-term strength of Crozen ground 1s also as a rule higher than
that of unfrozen ground. For example, the long-term strength of frozen sandy
loam is 1.0 - 2.5 kg/cm® (at a temperature of -0.4 to -4°C), whereas in the
unfrozen state the same so0ll has a bonding strength of the order of several
hundredths to several tenths of a kg/cm?. In correspondence with their
greater strength frozen solls deform much less than unfrozen soils.

The compaction of frozen soils under prolonged load 1s insignificant; it
comprises up to a few percentage points of the total thickness of the stratum
under compression; the compression of unfrozen soil may be as high as 20 - 30%.

It should be noted that the lower the temperature of frozen soil the
greater its strength and the less its deformability.

The Structure of Frozen Solls*

In addition to 1ts composition frozen soll is characterized also by
specific structure, 1.e. the space arrangement of its component parts. In the
structure of varlous strata of the earth's crust it is customary to differen-
tiate bDetween two aspects - texture and structure - which unite the gspace
characteristics of a different scale¥*,

* Written by P.A. Shumskil. Published in No. 3, "Materialy po Labor.
Issled..... ", 1957. In this chapter the report is published in a somewhat
abbreviated form.

** There is no complete unity in the concept of these terms as used by varlous
authors 1in varlous branches of petrography, not to mention such related
sciences as soll science and soil mechanics.
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The particular features resulting from the size and shape of component
parts of solls, and for some solls from the relative quantity and orientation
of the component parts, is called structure. Texture is usually defilned as
the space distribution of the soill component and the extent to which the space
is filled by the soll materials; 1t 1ncludes characterlistics of a comparatively
larger scale, particularly stratification, schistosity and character of
differentiation. 1In essence the presence of texture 1is always connected with
a specific space differentiation of component parts of the soil and the absence
of such differentiation corresponds to lack of texture (the so-called "massive
texture").

The component parts of the soll whose space arrangement determines its
structure, are the mineral crystals and grains, liguld and gaseous inclusions,
and in the case of organic-mineral soils, also the organic formations. In
frozen solls crystalline grains of ice become attached to the high temperature
minerals which form the distinguishing characteristics of frozen soils.

As a rule the ice, as a component of soill, is not formed simultaneously
wilth the other solid component parts ("the skeleton") but is formed subse-
quently upon freezing of soll molsture. The appearance of ice changes the
primary structure of soll. New specific structural features appear which are
frequently called cryogenic structure and texture. In using these terms one
should keep in mind that cryogenic structure, and texture 1s not independent
and 1solated from the primary structure but arises from the latter and in con-
Junction with the primary features forms a single interrelated system of
structure and texture of frozen soil.

The structure along with the materlal components gives frozen soil its
mechanical and physical properties and at the same time 1s a direct visible
expression of the results of soll formation and transformation. The study of
structure 1s necessary to understand the genesis of frozen soils and to be
avle to control processes of formation and changes in the properties of frozen
soil.

The structure of frozen solls has not been investigated extensively. The
study of the texture of frozen soils, if one excludes a few random early
papers, began only in the 1520's whereas the structure of fine-~grained soils
has not been studied at all.

The formation of frozen soils. In the complexity of processes involved

In the formation of frozen soils we need to deal here only with those that
are directly connected with the cryogenic features of structure - the



-27-

crystallization of water within freezing soil*, or in other words, the forma-
tion of component ground ice (see Chapter IX).

The type of cryogenic structure and texture depends primarily on the
effect of crystallizing water on the skeleton of the soll. Thls effect in
turn results from the primary composition and structure of the soil (including
of course moisture in the concept of composition) and the conditions of
freezing.

The crystallization of water - the regrouping of its molecules into a
crystalline lattice of ice - 1s accompanied by an increase of volume by 9.07%
and a decrease of density by 8.31%. These changes disrupt the previously
existing distribution of moisture in the soll. This question 1s discussed in
more detall in a paper published earlier (Shumskii, 1957).

The flow of film water toward the freezing front when there 1s an
insufficient reserve of free water in fine-grained soil results in dehydration
of particles, coagulation of colloids, internal compression, aggregation and
the formation of cracks in front of the freezing front which subsequently
become filled with ice. All of these changes have an effect on the structure
of frozen soil.

If the water more or less fllls the pores of the so0ll skeleton and is
limited by the walls of the pores but not from all sides, then the nature of
crystallization will depend on the resistance of the skeleton to displacement.
When the resistance 1s large the ice crystals are limited in growth by the
free space of the pores. The excess of free water resulting from the increase
in the volume during freezing 1s squeezed along the pores of the soll. If the
pores are fine and all the water is bonded by the surface of the skeleton the
squeezing effect 1s counteracted by the process of film migration.

If a closed system arises -~ some volume of water or molst soil is limited
on all sides by a water-lmpervious shell 1n which the free space of the pores
is less than the increase in volume of freezing water - a pressure may develop
reaching 2.5 thousand atmospheres at a temperature of -22°C and lower (Tamman,
1922), so that in practice it is limited only by the resistance of the rigid
shell which must unavoldably break. The same effect may occur with the flow of
ground water under hydraulic pressure in the path of which there may be an

* The crystallization of water vapour in the formation of structure of frozen
solls 1s of very limited significance - only for coarse-gralned soils
containing very little water - but the formation of ice from liquid water
and vapour penetrating from the outside into cavities of frozen soil leads
primarily to the formation of ice lenses, i.e. single-mineral ice inclusions
but not the formation of structure in polymineral frozen soils.
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obstruction formed by impervious frozen soll. In such a case the displacement
of the soll skeleton 1s brought about by the water squeezed out by the ice and
subsequently freezing in the resultant cavities. Such a process of inJection
into a closed system can overcome exceedlngly high resistances of the sur-
rounding soil.

when the resistance of a soil skeleton 1s not large, the ice crystals in
an open system under some conditions may not be limited in growth to the free
space of the pores but displace the obstacles in the form of soil particles
and continue to grow in the direction of freezing owing to the attraction of
£ilm water. In a primary sedimentary soll there may be imposed differentlation
due to crystallization with the formation of ice and the suction of fllm water
to the place where ice 1s belng formed. In order to have crystal growth
accompanled by displacement of soll particles one must have the comblnation
of the following conditions:

(1) the soll skeleton must be hydrophilic*;

(2) the presence of reserve water capable of filling the 1liquid films
between ice crystals and mineral particles;

(3) not too large a resistance to displacement of soil particles;

(4) small size particles in the soll skeleton and the slow rate of
freezing (since an increase in either one of these factors requires a higher
rate of water flow over a given cross-section of film).

Thus ice formation 1s posslble only 1n uncemented fine-gralned soils with
a relatively high moisture content freezing slowly and lylng not too far from
the surface.

Ice formation can take place only in clays, clay loams, sand loams, and
at times in fine sands and also in peat and peat-containing soils. The upper
limit in size of mineral particles permitting ice formation is 0.05 mm and in
the most favourable conditions 0.1 mm (Reskow, 1935; Dﬁcker, 1939). The mols-
ture content of the soil must be above the maximum molecular molsture

* If the material of the soll skeleton 1is hydrophobic, which in natural fine-
grained solls 1s very rare, a small amount of ice formation under otherwise
favourable conditions can take place because of the hydrophilic properties
of ice. The supply of water to a growing 1ce crystal takes place by means
of film water adsorbed by the ice crystals, and the attraction of moisture
towards the region of ice formation 1s provided for by the internal molecular
bonding of water resisting a break in continuity when the water reserve 1is
exhausted 1n the adjacent pores of the soil. As was shown by investigations
of the V.A. Obruchev Permafrost Institute ("Materialy po Labor. Issled....",
1957), this mechanism of ice formation and water migration, considered by
F. Taber (1930, 1943) to be the only one and rejected without foundation by
a number of other sclentists (Gol'dshtein, 1948;, in fact does exist but
plays an insignificant secondary role.
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capaclty below the 1limit of plasticilty (Fedosov, 1040; Razumova, 1951; and
others). Very large ice formation can occur when the given section of soil

is supersaturated or when adJjacent strata have large reserves of free molsture
capable of migrating to the freezing layer. The soil should not be firmly
cemented or very compact; these factors increase internal bonding and decrease
moisture content. In fine clay loams and clays lce formation can frequently
overcome rather high external pressures, up to 15 - 16 kg/cm®, which corres-
ponds to a soll depth of 100 m (Taber, 1943), whereas in coarser soils a much
lower ‘load is required to inhibit ice formatlon. The rate of freezing is of
great importance. Very rapid freezing 1s not accompanied by ice formation
even in supersaturated clays as was shown in experiments using liquid air as a
coolant (Jung, 19%2). Under natural conditions, however, the rate of freezing
for soils of 3 - 1 mm/hr is usually less than that required to inhibit ice
formation in clay loams and clays by a factor of 10 (Beskow, 1935).

Thus, depending on the properties of the soll and conditions of freezing,
ice formation can take place only inside the pores or it 1s accompanled by
displacement of the soll skeleton and the formation of incluslons or ice
schlieren*, which are larger than the cavities that exlisted previously. 1In
the first case the water 1s fixed in the pores of the soil glving rise to 1ice
cement and in cracks - ice lenses., In the second case, water migrates to the
region of ice crystallization. The formatlion of ice inclusions can occur in
two ways: (1) by injection into the soil, i.e. by the intrusion of water under
pressure along the boundaries of frozen layers in closed systems and (2) by
means of crystallization differentliation, 1.e. by ice crystallization with
sucking in of film water in open systems. Ice formed by the first method is
called inJjected 1ce and that formed by the second method segregated ice (see
Chapter IX).

In nature a very common type of ice formation is that which occurs in
pores with cementing of the soll by ice to which, under favourable conditions,
there 1s added ice crystallization and ice intrusion. Under the influence of
these processes the texture and structure of frozen soils is formed.

Texture of frozen soils. The space distribution of mineral compounds

(or organic-mineral compounds) cemented with ice and schlieren of constituted
ice and also mineral compounds of varying composition and structure (from the
primary texture of the soil) give the texture to frozen soil.

* Schlieren in petrography refers to mineral bodies crystallized in the process
of differentiation during solidification of molten rock of complex chemical
composition (constituted schlieren) and also the solidified products of the
intrusion of fused rock into other rock (injected schlieren).
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There 1s no accepted terminology at the present time for the texture of
frozen solls. Because the formation of frozen soll is of a specific nature,
none of the terms used in petrography can strictly be applied fully to frozen
soils. However, we consider it expedient to retaln the terminology current 1n
petrography, glving preference to morphologlcal indicators and at the same
time trying to mlnimize any change in the genetic content of the concept*.
Proceeding from thils, depending on the presence, form and distribution of 1ce
streaks, one can ldentify three basic types of texture for frozen solls:

(1) massive texture - ice schlieren absent;

(2) stratified texture - ice schlieren in the form of parallel lens-shaped
strata (Fig. 11);

(3) net-like texture - ice schlieren of different shape and orientation
forming more or less a contlinuous network or lattice*¥,

The second and thilrd types are represented by a large number of textures
which can be subdivided as follows:

(a) depending on the size of the schlieren, into micro-stratified, finely
stratified and coarsely stratifled or micro-latticed, fine latticed and coarse
latticed;

(b) depending on.differences in density of distribution and in sizes,
they can be subdivided into uniform and non-uniform stratification, uniform
and non-uniform lattice (Fig. 12);

(c) depending on the space orientation of the schlieren, the subdivision
may be into horizontal, diagonal and vertical stratification, rectangular,
obtuse-angled and irregular lattice.

In between the above-mentioned types of texture there are also various
intermediate textures forming a continuous series of transitions.

* The taxite group of textures 1s genetlcally the closest to that of frozen
solls but the terminology is insufficlently expressive wilth respect to
morphology and 1s difficult for non-petrographers.

*¥* Three types of frozen solls according to texture were first ldentified by
Kokkonen who differentlated between massive, stratified and "porous"
(hohlraumige) frozen soils (Kokkonen, 1926); the latter category corres-
ponded morphologically to the lattilice texture but genetically took into
consideration only a particular case of fllling cavities wlth ice during
the freezing of soils. A.M. Pchelintsev called massive textures - "fused",
stratified texture - "schistose", and lattice texture =~ "conﬁlomerate—
brecciated", and also identifiled a fourth type of texture - "sphenoid" which
he subsequently rejected. K.A. Baranov (1916) used the term "cryomeshed"
and N.A. Tsytovich called it "cellular". Most of these terms should be
rejected because there are more common and more expressive terms. Regarding
such terms as "schistose" and "conglomerate-brecciated" textures, they are
completely inapplicable since the second term does not correspond to genesls
and the first does not correspond to the morphology of the formations they
are intended to repregent.
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he appropriate terms are not so much for classifylng as for describing
textures and their use where necessary should not replace a graphlc description
and a more precise quantitative characterization of dimension, shape and dis-
tribution of texture-{orming elements.

Genesls of texture. The maln role in the formation of texture of frozen

solls is played by ice formation and the simultaneous formatlon of segregated
ice. Injected and veln ice, if they exist, are of secondary importance.

To explaln the reasons for the generation of a particular type of texture
in frozen soils owing to striated ice segregation, a large number of factors
have been considered: (1) the decrease in temperature of crystaliization in
fine pores and the generation of ice crystals primarily in large pores; (2)
non-uniformity of the soil, the presence of discontinuities and layers of weak
bonding; (3) the grain size composition of the soil; (4) the mineral composi-
tion; (5) the base exchange composition; (6) the compressibility of the soil;
(7) the magnitude of settlement and tendency to the formation of fissures on
freezing; (8) initial moisture content and migration rate of the water; (9)
the orientation of isothermic surfaces; (10) the size of the temperature
gradient; (11) the ratio of heat transfer rate to the evolution rate of
crystallization heat of the water attracted to the freezing zone; (12) differ-
ences in the reslstance of the soil to displacement in various directions, and
finally (13) chaotic orientation of crystal nuclei, anisotropy of the growth
rates of crystals and the segregation of crystals resulting from differences
in growth (Bouyoucos, 1923%; Kokkonen, 19206; Taber, 1929, 1930; Beskow, 1935;
Bykov and Kapterev, 1938; Moroshkin, 193%3; Rﬁckli, 194%; Shumskii, 1955,).

Qualitatively there can be no doubt that each of the above-llsted factors
have some effect on the formation of soll texture during freezing. There can
likewise be no doubt that thelr effect 1s interrelated, as a result of which it
is exceedlngly difficult to isolate and estimate quantitatlively the role of
each factor. The brief characteristics are given below for the fundamental
and more elucidated factors.

Ice crystals are generated first of all 1In the larger pores of the soll
where the bond between the particles and the water is relatively weak. The
crystal nuclel are orientated in a disorderly manner and because of the inter-
nal properties of the crystal lattice of ice (because of the lesser reticular
plane and greater surface energy of the faces of the prism) there 1s a tendency
for the crystals to grow primarily in the base plane (Shumskii, 1955,).
However, the conditions for the growth of various crystals are different
depending on their space orientatlon, their distribution with respect to local
non-uniformities in the soil and to nelghbouring ice crystals; further,
depending on the time the nucleus is generated in relation to its neighbours
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and also on the properties of the soil including its initial moisture content,
and on the rate of heat transfer away from the freezing zone. Under the
influence of these factors during the freezing process there 1s a selection of
ice crystals; some of them grow to substantlial sizes displacing the mineral
skeleton of the soil and connect together in groups in more or less large
aggregations; others remain fine, cementing the particles of soll together.

The crystals that are first to be generated are usually the ones to grow;
they are able to consume the local water reserves from the surrounding soills.

In supersaturated fluld soll the crystals grow at the expense of the
surrounding water easily displacing the mineral particles in any direction.

In such a case the orientation of the crystal nuclei is of no importance, all
the nucleil generated in the early stages of the process grow along the base
plane forming a disordered lattice of platelike single crystals with cells of
soll between them and the faster the freezing the finer the mineral cells.
Depending on the size of the temperature gradlient the growth of the lattice

of single crystal lce streaks takes place in a more or less narrow zone of
freezing but in time this zone shifts into the bulk of the soil. Here the
crystals, oriented with theilr base plane 1in the direction of freezing penetrate
into the unfrozen soil before ice crystals are generated in it that would have
a different orientation (which would require greater cooling) and have the
advantage in theilr possibility of growth. Thus in the entire mass of soll a
disordered lattice texture, layer after layer, is formed and the slower the
freezing the greater will be the predominance of 1ce schllieren oriented in the
direction of the temperature gradient. For this type of texture, apparently,
the formation of segregated ice i1s characteristic mailnly at the expense of
local reserves of molsture in the soil with redistribution of moisture only
over a very small range.

Because of the difference 1n resistance of the soll to displacement the
selection of crystals extending beyond the limits of the pore takes place in
various directions; further, only those can grow which are oriented with their
base planes more or less parallel to the surface of the soll mass and conse-
quently in most cases parallel to the isothermic surface. Because of this a
new significance 1s acquired by a number of other factors. The fact that the
generation of crystals occurs simultaneously at approximately the same iso-
thermic surface, with preferred growth of them in this plane, tends to produce
the fusion of crystals into polycrystalline ice schlieren parallel to the
surface of the soil mass.

The greater the temperature gradient, the more uniform and fine-grained
the soil, the more 1likely the simultaneous generation of crystals on one
i1sothermic surface and the formation of continuous 1ce layers of considerable



length. Under conditlions of small temperature gradients the role of 1sothermic
surfaces in limiting space within which ice crystals can generate and develop
decreases. It is self-evident that an increase in the temperature gradient

can act favourably on the formation of continuous ice strata only 1lnasmuch as
the increase in the rate of freezlng does not generally inhibit ice formatilon.

Non-uniformity, discontinulty and planes of rather weak bonding in plastic
soll acquire great importance as a place for the generation and advantageous
growth of ice crystals oriented with the base planes parallel to the weak
planes. Ice schlleren arise primarily in the fissures along planes of hidden
incipient schistosity of clay loams and clays, along boundaries of strata,
around stones, in the holes made by worms, etc., whereas in porous ploughed
soll irregular ice inclusions are formed. Particularly regular stratified
texture is formed in filament clays. The effect of the soll structure before
freezing is so great that i1f the direction of stratification differs greatly
from the direction of the isotherms, two systems of ice schlieren occur,
oriented in both directions with gradual transitions between them.

With cleavage of the plastic solil by growing crystals accompaniled by
dehydration of mineral particles and settlement of the soll, fissures are
formed which are oriented primarily in the direction of the predominant growth
of platelike crystals - parallel to the freezing front, but frequently
deviating from this direction. In front of the freezing zone fissures may also
be formed as a result of the extraction of moisture by the ice crystals. Such
fissures are formed at right angle to the other fissures which are in the
direction of freezing. The finer the soll, the more extensive the fissuring.
In the fissures new crystals develop but 1if this does not take place the
Initial crystals which gave rise to the fissures can change the direction of
growth and follow the fissures, resulting in lack of correspondence between
the crystallographic and geometrlic orlentation of the ice schlieren.. In front
of the freezing zone one frequently observes a discontinuous system of cracks
penetrating at times up to several centimetres lnto the soll where the tempera-~
ture 1s below 0°C and these cracks are subsequently filled with ice. These
phenomena break up the parallel formatlon of stratifiled texture.

The generation of stratified texture parallel to the isotherms may be
accompanied by a substantial flow of water to the freezing zone from lower-
lying strata forming relatively large ice Inclusions. The necessary condition
for this is equilibrium between the quantity of heat flowing towards the source
of cold that evolved during the process of crystallization of the water
migrating to the zone of freezing. The more rapid the freezing, the more
Intense must be the flow of water. If equilibrium between them is disturbed
because of the acceleration of freezing or decrease in the flux of water due
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to the exhaustion of moisture in the adjacent strata, freezing extends to the
pores in the soll below the ice layer where a new 1ce layer may begin to form,
likewise growing in thickness due to the attraction of water 1f the necessary
equilibrium is agaln established.

In the majority of cases, apparently, the process of freezing of plastic
soll constitutes a serles of stops of the crystallization front on the level
where thermal equilibrium 1s established where the 1ce schlieren are formed,
with spasmodic displacement of the front after exhaustion of the molsture from
ad jacent strata and disturbance of the equilibrium (Taber, 1930; Beskow, 1935;
Tsytovich &nd Sumgiln, 1937). In general, the slower the process of freezing,
the more favourable the conditlions for maintaining thermal balance and the
formation of large 1ce schlileren.

Conditions for the formation of texture and complex formations in frozen

solls. The textures of frozen solls, as far as 1s known, are of primary
character in the overwhelming majority of the cases, 1.e. they are formed
during the freezing of soll. The thawlng of ice, migration and crystallization
of water, resulting in the reconstruction of texture of freezing solls, are
technically limited by the range of the temperature region of substantial phase
transitions of water; at least at relatively low temperatures these processes
do not give any noticeable results even during the course of prolonged
geological time.

In nature one sees an infinite variety of textures in frozen solls corres-
ponding to the variation in properties of the initial material and conditions
of freezing. Nevertheless natural complexes of frozen solls can be combined /
into two types or groups. The first group includes strata of frozen soll
which have been frozen epigenetically, 1.e. after the stratum has been
deposited, and the second includes strata which freeze syngenetically 1n the
process of their deposition.

1. Epigenetically frozen strata of soll are generally characterized by

comparatively low ice content and the predominance of massive and laminar
cryogenic texture. The least favourable conditions for ice formatlion occur
during the freezing of excessively dehydrated and compacted or even cemented
sedimentary soils. When the soil is firmly cemented 1t differs very little
from intrusive and metamorphic rock as regards ice formation. In such cases
there 1s nelther segregated lce nor ice cement but only vein ice in fissures
whose formations are in no way connected with freezing.

When sedimentary soils retain sufficient moisture and plasticity for ice
formation, epigenetic freezing apparently leads to the following characteristic
distribution of cryogenic textures along with vertical cross-section resulting
from a decreasing rate of freezing and an increasing pressure with depth owing
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to the strata lylng above. The upper 15 - 20 m of soll have a horizontally
stratified texture with fine stratification at the top and thicker stratifica-
tion towards the lower limit with occaslonal ice strata up to 10 - 20 cm thick.
Less frequently one observes stratified lattice texture with well-developed
horizontal ice schlieren which also become [ewer and thicker towards the lower
1imit. Below 20 m ice Inclusions are absent and the texture 1s of the massilve
type. Cross-sections of this type of texture are described by K.K. HMarkov,
A.M. Pchelintsev and F.G. Bakulin.

2. Syngenetic frozen strata.of soll differ from epligenetlc strata by
having considerably larger ice content, a predomlnance of lattice and strati-
fied texturés wlth a different arrangement of these two types in the vertical
profile. With syngenetic Ireezing of subaerial and shallow=-water sediments
the frozen stratum undergoes a series of transitions layer after layer, with
the lower part of the seasonally thawing layer belng dilsplaced upwards owing
to the displacement of the surface as new deposits are laid down. The migra-
tion of water under these conditlons 1s limited by the seasonally thawing layer
which is frequently supersaturated owing to the infiltrationm of surface water
down to the boundary of water-impervious frozen solls. During fall freezing
in the lower part of the seasonally thawing layer, a closed system 1s formed
resulting in lateral migration under pressure and the formation of lenses due
to injected ice. Before 1t becomes part of the over-all frozen stratum the
lower part of the seasonally thawing layer undergoes repeated freezing and
thawing, and in the zone with low temperatures freezing also occurs from below
due to the cooling effect of the frozen stratum.

Because of these partlicular conditions syngenetlc frozen soils frequently
have a high ice content (up to 60 - 80% and higher) and they have a lattice
texture. The lattlce texture can alternate with continuous ice strata or
strata contalning a large quantity of 1lce up to 3 - 19 cm thick, which are
formed when there 1s a very high excess of molsture in the stratum above the
permafrost and are frequently of inJjected origin. In regions where there is
less molsture, laminar texture is formed. In the vertical cross-section and
along the horizontal the type of texture may alternate repeatedly, corres-
ponding to changing condltions of molsture and deposition of solid matter.

The structure of frozen soils. Information on the structure of frozen
solls is exceedingly scant malnly because of the great technilcal difficulties
in studying it (Shumskii, 1954), In the present state of knowledge one can
advance only some general conslderations concerning the structure of frozen
solls based primarily on data concerning ice content and on studies of the
structure of coarse-grained frozen soils.
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The specific [eatures of the structure of frozen soll are due to the
presence of ice playing the role of cement. Cementing by ice, as with any
other substance, does not alter the main primary structural features of soil
or the size and shape of the component part of its solid skeleton. Neverthe-
less the structure of soil, after the formation of i1ce cement in a quantity
which brings about a noticeable cffect on the properties of the soll, undergoes
substantial changes. Therefore the basic characteristics and consequently the
name of the structure of frozen soil will not differ from the primary structure
but it must be supplemented with. the characteristic of the type of ice cement
and its structure, and also the relationship between the structure of the
cement and the skeleton of the soil.

All monolithic or rock formations regardless of their genesis (magmatic,
metamorphic, chemical precipitate, etc.) undergo only a change in water con-
tent since they do not contain ice cement. The structure of such formations
remains the same after freezing, and the ice filling the fissures (see Chapter
IX) should be looked upon as independent mineral matter. The unique cryogenic
structure belongs only to fine-grained sedimentary soils (which are either
bonded or not bonded before freezing), fragmented and organic-mineral soils.
Soils with massive texture are the only ones that have uniform structure, but
when there 1s laminar or lattice texture the mineral or organic-mineral
aggregates cemented with ice and ice schlieren have different structures.

Eerc we will deal only with the first examples (a description of the structure
of ice schlieren is given in Chapter IX).

L5 1s known, fine-grained sedimentary soils have an agglomerate structure
which corresponds to the grain size composition of the soil. Thus clays have
pelite structure, unbonded soils - aleurite, sand - psammite, coarse fragmented
soil - poephite structures, which are subdivided into brecclated and conglomer-
ate structures. The same structural terminology applies also to the frozen
state with the one dif{erence that now one must also include the specific
type and structure oi the ice cement.

Depending on the extent to which the pores are filled, one can distingulsh
the types of cement:

(1) contact - located only in the places of contact between the particles
of the skeleton;

(2) film - envelopling the surface of the particles without rilling a
suvbstantial part of the pores;

(3) pore - £illing the pores completely;

(4) bazal - forms the basic mass of the soll in which individual particles
of the skeleton arc immersed.

Az 1s evident from a consideration of the formation of frozen solls, the

type of ice cement depends on the initizl moisture content of the soil and on
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the conditions of molsture migration during freezing. Contact and film cement
are characteristics primarily of unsaturated sand and coarse fragmented soll,
whereas pore cement 1s characteristic of such solls but when they are saturated
with water. Fine-grained unbonded and partilcularly frozen clay solls,
apparently in the maJjority of cases, have a basal ice cement consistling of
ultra-microscoplc crystals.

The structure of ice cement, l.e. 1ts shape, size, orientation and dis-
tribution of c¢rystals in the frozen soll, have recelved very little attention
from sclentists up to the present tlme. One can only suppose that they will
turn out to be no less varied than the structure of single mineral ice forma-
tions and will reflect the condltlons of the formatlon of the ice cement.

The structure of 1ce cement 1s of the crystalline-granular type. In thils
group, depending on the size of the crystalline grains, one can differentiate
clearly crystalline structure (coarse, medium and fine) and hidden crystalline
structure (microcrystals and ultra-microcrystals), as well as uniform grained
and porphyritic (non-uniform grained) structures. Depending on the shape and
crystallographic orilentatlon of grains one can distingulsh the following
structures:

(a) Irregular-grained (allotrimorphogranular) - the shape of the grains is

irregular owing to the effect of other gralns surrounding the given grailn; the
crystallographlic orlentation 1s dlsordered;

(b) Prismatic (prismatic-granular or panidiomorphogranular) - the
crystals are of more or less regular form having the glven class of symmetry

(prismatic); the orientation is ordered and linear (the main axes are parallel
to each other having long geometrical axes of prismatic cryétals);

(c) Structures that are intermediate between the above two (hypodiomorpho-
granular). In ice the intermedlate structures can be of two types: plate

(grains flattened along the main axis) and columnar (grains extended along
the main axis),

Depending on the relationship between the cement grains and the particles
of the soll skeleton the followling structures are identifiled:

(a) interparticle (intersertal) - cement grains located in single spaces
between skeleton particles and do not exceed them in size (polycrystalline
cement);

(b) enveloping* (poikilitic) - cement grains larger than the particles of
the skeleton and including the latter within themselves (the so-called "single
crystal"” cement).

* The terms "irregular-grained", "prismatic", "interparticle" and "enveloping"
structures were introduced instead of those used in petrography on the
suggestion of the editor, N.A., Tsytovich.
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Thus a full definitlion of the structure of frozen soll will be as follows:
aleurite enveloplng structure with irregular-grained basal 1lce cement (for
unbonded clay loam), psammite interparticle structure with platellke pore ice
cement (water-saturated sand), conglomerate interparticle structure with
columnar film-ice cement (unsaturated coarse gravel), etc. Naturally these
definitions must be supplemented with concrete descriptions with quantitative
characteristics of shape and sizes of skeleton particles and grains of 1ce
cement, the extent of development of optical anomalies in the ice, with dia-
grams of crystallographic orientation and space distribution of crystals of
ice cement, photographs of structure, etc. (for more details see Shumskii,
1954) .

Detailed investigations of texture and structure of frozen soll should in
future make 1t possible to analyze the process and conditions of their forma-
tion and explain all aspects of thelr properties. Such studies are necessary
in investigating the history of frozen solls as well as for practical
engineering purposes.

Physical Phenomena and Processes in the Thawing of Soils*

When the frozen soils begin to thaw part of the cement bond between
individual mineral particles and aggregations of particles brought about by
the formation of ice begins to weaken or 1s ruptured, which, in most cases,
results 1n a decrease in the strength of the solil and deformation resulting
from compaction and settlement of the soll. The moisture resulting from the
thawing of ice becomes mobile thus creating the possibllity of redistribution
as well as hydration of mineral particles and aggregation of particles, dis-
persion and swellling. All of these phenomena and processes occur differently
depending on the composition, structure and the properties of the soil but
the direction of the processes resulting from thawing are in most cases
opposite to those which are observed during freezing. Part of the phenomena
and processes of freezing and thawing are reversible, for example, the freezing
of water - thawing of ice; others are not fully reversible or are completely
irreversible: coagulation - dispersion of mineral particles, compression -
swelling, etc. In thawing coarse-grained solls many of these processes are
relatively insignificant.

The thawing of ice contained in the frozen soils. With melting of ice

the molecular crystalline lattice of pure ice 1s disrupted (Ousten and
Lonsdale, 1948); the energy required is equivalent to 79.69 cal/g.

* Wrltten by F.G., Bakulin, B.A. Savel'ev and V.F. Zhukov.
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The melting of ice in frozen soils, in comparison with the melting of pure
ice, 1s complicated by the adsorption properties of the surface of mineral
particles in the skeleton, supplementary physico-chemical phenomena (resulting
from the dissolving of part of the mineral skeleton in the water) and chemical
effects (the formation of crystal hydrates and interphase chemical reactions).
Changes in temperature, concentration of solutions and pressure or volume of
the system disturbs the equillibrium state between the ice and liquid phase.

When the temperature increases and the frozen soll beglns to thaw at a
specific range of below-freezing temperatures partial thawing occurs and in a
narrow temperature range near 0°C there 1s complete transition from ice to
water (Tsytovich, 1945, 1947; Nersesova, 1950, 1951; Jung, 1932). In this
latter temperature range the greatest physlico-mechanical changes in the
characteristics of the soll occur.

The melting of ice 1n soll varles depending on the texture of the frozen
soil. Laminar ice melts at 0°C whereas ice cement in pores thaws gradually
wilthin a specific temperature range.

In addition to 1ce and liquid water the pores of frozen solls always
contaln a certaln quantity of water vapour which likewlse plays a part in the
melting of ice and migration of moisture. ©Since the melting of ice results in
a decrease in volume of the system it 1s accompanied by the formation of pores
and fissures resulting in a more rapid redistribution of molsture in thawing
solls.

A partial melting of 1ce in frozen soll occurs when there 1s a continuous
increase in soll temperature, however the melting of the basic massive 1ce 1s
characterized by a relatively slow increase in temperature étopping at the
level approximately corresponding to the transition between 1ice and free water.

The average temperature of frozen soll corresponding to the state of the
baslc transitlon of ice into water differs from the freezing point - it 1s as
a rule somewhat lower. The contlnulity of a phase transition depends on the
density of heat flow and also on the composlitlion of the frozen soll - on the
relation between the mineral parts of the skeleton, 1ce and liquid water. The
more ice there 1s in frozen soll, the closer will be the temperature of the
phase transition to the melting-point and conversely the less 1lce, the lower
willl be the temperature of phase transitions.

The redistribution of molsture in fine-grained thawing solls. The redis-

tribution of molsture occurs in the direction of heat flow - from warmer
reglons of the soll to cooler reglons. Gravitational forces have an influence
on the movement of water, the direction of which may not correspond with that
of the heat flow.
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In the thawing of coarsec~-grained soils (gravel, broken stone, sand) the
change in the quantity of moisture, as occurs durling freezing, 1s in most
cases negligible. In sand all the moisture resulting from the melting of ice
cement as a rule is retained in the form of film or capillary water. In some
cases when some of the water has been squeezed out during the freezing process
there may be an increase 1in the water content upon thawing due to the flow of
water from neighbouring unfrozen strata. If the amount of water in the soil
after thawing 1s greater than that retained 1n the form of film or capillary
water the excess disappears under the influence of hydrostatic pressure and
gravitational forces.

All of the above-mentioned types of redistribution of moisture 1in coarse-
gralned thawing soils occurs rather quickly by virtue of the high filtration
abllity of the soils. The rate of redistribution of moisture is determined
basically by the rate of thawing.

In fine-grained soils, particularly in unbound so0ils and also soills
having laminar and lattice structure with substantial quantities of ice inclu-
sions, the process of redistribution of molsture on thawing is much more
complex. In these solls the quantity of lce on thawing is 1n most cases
conslderably greater than that contained before freezing. Therefore on thawing
there is a specific excess of water found mainly in macro-pores which is
subJect to redistribution in the thawilng soll mass.

As the ice melts, part of the liberated moisture (in some cases up to 15%
of the weight of the soil skeleton) first of all goes to hydrate the mineral
particles and aggregation of particles which have become dehydrated during
freezing. Hydration 1s greatly influenced by the mlneral composition and the
composition of exchange catlions in the soll., Kaolin clay, for example, binds
less moisture than clay containing a great deal of montmorillonlte. However,
any clay will bind more water when 1t 1s saturated wlth exchange complex of
Na+ than, for example, when 1t 1s saturated with Ca++, Mg++ and H+ catlons.

Part of the water remains in the thawed soll 1n the form of capillary
water and part 1s retalined in the intra-aggregate macro-pores and remains 1in
them in the form of the so-called 1mmobllized water.

The remalining water formed from the ice usually cannot be retalned in the
thawed stratum and 1s displaced under the influence of gravitational forces.
Thawed fine-grained soils having laminar and lattice structure frequently
retaln the cavities and fissures that were formed during freezing for a long
perlod of time, and as a result have a higher water permeability than they
had before freezing.

Under natural conditlons in regions where permafrost occurs, the thawing
stratum 1s usually underlain with a frozen stratum which interferes with the
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free filtration of water downwards and therefore the water 1s retalned in the
thawed stratum. The redistribution of molsture due to the difference in
temperature between the thawed layer and the underlying frozen stratum does
take place but only to a very small extent. This frequently results 1n super-
saturation of the thawed layer, particularly when 1t 1s in contact with
permafrost over a long period of time. This leads to a great decrease in its
bearing capacity, to a decrease in strength and to such phenomena as soll
creep and slides (on slopes), etc.

When frozen clay soills of monolithic composition containing relatively
little 1ce thaw out there 1s no soll creep. The molsture formed in them as
the result of the thawing of ice cement is almost completely used up in the
hydration of mineral particles and their micro-aggregation and also in the
filling of capilllaries.

The deformation due to compaction of frozen fine-gralned solls on thawing

occurs because of the disappearance of 1ce inclusions and also because the
mineral particles wnich were moved apart during freezing now come together
(Tsytovich, 1940, 1941,; Lapkin, 1937; and others).

It has been established that on the freezlng of silty and clay solls there
1s frequently a differentiation of molisture and mineral particles and simul-
taneously with a general increase 1n the volume of the frozen soll there is
compaction of i1ts mineral components.

This type of formation of compact mineral units during the freezing of
soll was mentioned during the last century by I.A. Lopatin (1873) and later
by other scientists (Holmquist, 1893; Abolin, 1913%; Given, 1915; Fedosov, 1935,
1940; Beskow, 1935).

The moilsture content of compacted mineral concentrations is usually
2 - 4% higher than the moisture content of soll with a lower plastic limit.
Such moisture is usually observed in unfrozen solls that have been compacted
by a load of 6 - 8 kg/ecm?2.

As a result the freezing of fine-grained solls 1s accompanied by com-
pacting of separate mineral concentrations as well as general loosening of
the s0ll because of the separation of mineral concentrations by ice inclusions.

When this type of soil thaws its former homogeneous structure is not
reconstituted. The thawed soil retalns compact mineral concentrations which
do not become more compact but rather frequently swell and increase in volume
because of hydration of the mineral particles and because of the splitting
action of fine films of water as was first established by V.V. Deryagin (1932)
and subsequently reported by Bakulin and Zhukov (1955).

The decrease in volume of thawlng soll takes place because of the melting
of 1ce inclusions and the squeezing out of the water with simultaneous increase
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in volume due to swelling of mineral concentrations. If the frozen soll
contains relatively little water one cannot exclude the possibility of a
general increase in volume on thawing.

The deformation due to compaction that is observed during the thawing of
soil 1s the total effect of complex deformation of the soil.

Ice layers in frozen soil, however large they may be, are discontinuous
and of different direction, shape and size. Frozen soll 1is in general a
mineral body with micro- and macro-inclusions of ice, liquid water and air.

On thawing, even under conditions of free movement of water, such an anisot-
roplc body possesses the ability to resist disturbance of its structure. FIor
example, in a specimen of clay soll of disturbed structure an ice plate was
inserted before freezing, after thawing under a load of 1 kg/cm2 a free cavity
was retained in the place of the ice plate. This resistance varies, depending
on the strength of the bond between mineral particles and thelr aggregations.
The strength of the bonds between mineral particles in thawing soil 1s deter-
mined by the mineralogical and chemical composition, the quantity of water
soluble substances, genegis, conditions of formation during the freezing pro-
cess, changes undergone during the frozen state, etc. The formation and
strength of bonds within the mineral skeleton depends on the rate of freezing,
the formation of frozen soils (epigenetic or syngenetic formation) which gives
the particular cryogenic structure to the ground. This has been indicated by
A .M. Pchelintsev (1948-1954), F.G. Bakulin and V.F. Zhukov (1955).

The disturbance of structure of thawing plastic soll under the influence
of its intrinsic weight or load is accompanled first of all by deformations
of bridges formed between aggregations of mineral particles. As these bridges
are deformed thelr area increases and the size of the macro-pores decrease and
consequently for further disturbance of structure one must apply a greater
load. Complete compaction of thawing soll occurs only when substantlal loads
are applied approaching the loads of compaction of the mineral concentrations.

An analysis of the data on the influence of structure on the compressi-
bllity of frozen, highly saturated solls that have become differentiated into
ice inclusions and mineral concentrations, and have subsequently undergone
thawing, permits one to make a schematic representation (Fig. 13) of the
change in the coefficient of porosity of the so0il mass under load.

The initial coefficient of porosity of frozen soil e© decreases on thawing
under ever-increasing pressure and reaches a limit - the coefficient of
porosity of mineral interstrata SM - only when the load 1s very large. But
in general the porosity coefficilent remains somewhat greater than €y

The compression curves expressing the dependence of the porosity
coefficient on pressure can be divided into three portions.
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In the first portion (QN) the change in porosity coefficlent takes place
mainly because of decrease in the volume of the soll resulting from the melting
of ice inclusions and the squeezing out of water followed by decrease in the
macro-pores. During thls process the initial structure is disturbed.

In the second portion (NM) the change in the porosity coefficient 1s due
primarily to further disturbance of the cryogenic structure of the frozen soil
during which the macro-pores disappear completely and there 1s plastic com-
pression of the aggregates, particularly in places of contact between particles.

In the third portion (ML) compaction 1s due entirely to the reduction of
distance between mineral particles. For thls type of compaction one must apply
conslderable force.

The process of compacting thawlng soll 1s in fact much more complex than
presented above. Compaction develops simultaneously through destruction of
the cryogenic structure and plastic compression; however, during the flrst
part compactlon due to destructlon of structure predomlnates whereas in the
second part plastlc compresslion predominates.

For practical purposes it 1s admlsslible to simplify the relationshlp
described without forgetting, however, the physical essence of the compactlon
process experlenced by thawlng flne-gralned solls: the point N because of
the small value of the load (Flg. 13%) can be transferred to the ordinate axis
and one can assume that the change 1n the porosity coefficlent from €6 to ey
occurs spontaneously, wlthout the actlon of external loads; the change 1n the
porosity coefficlent from €N to €4 is proportional to the load and M (the
porosity coefficient of mineral interstrata) corresponds to compacting Py -

The value of the load corresponding to compactlion up to € 1.e. to the
denslty of the milneral interstratum, can be determlned by using an odometer
in testing an individual speclmen with any quantlty of ice inclusiong in 1it.

The porosity coeffilclent (80) of the inltlal state of the frozen soill
should be determined for large soll masses, for example, 1n boreholes or test
pits for a column or a monollthic mass of soll. The coefficient EN? which
depends on the structural stabllity of a frozen soll mass undergoing thawing,
should be determined under natural condltilons.

Thus the physical essence of the deformation of frozen soils on thawing
can be expressed by the following principles:

(1) The structure of frozen soils on thawing 1s to a certaln extent stable
and its destruction 1s not spontaneous but occurs under the influence of
external load;

(2) In the thawing of highly ilce-saturated soils the compaction 1is due
to decrease in the volume of macro-pores occupied by the ice inclusions. There
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is no compacting of mineral aggregates when the load 1s not large; thelr
volume 1s retalned on thawing and may even lncrease because of swelling.

The change in the physico-mechanical properties of solls due to freezing
and subsequent thawing.* As a result of freezing and subsequent thawing soils
change thelr properties substantially. Physico-mechanical properties such as
strength, compressibility, filtration, etc., are particularly subJject to

change.

The basic reason for the change in the physico-mechanical propertles of
soils during the course of freezing and subsequent thawing** is the change
taking place in the structure which 1s the result of two processes occurring
in sequence: first, the formatlon of a particular structure during freezing
and second, the destruction of this structure on thawing. The changes 1in
structure of the soll, depending on the graln-size composition, molsture
content, texture and also the conditlons of freezing and thawing (rate of
cooling, external pressure etc.), may vary.

The greatest changes in the structure of so0ll under the Influence of
freezing-thawing 1s observed when there 1s ice separation with the formation
of laminar and lattice texture*¥*, 1In case of freezlng without ice segrega-
tlon but with the formation of massive texture, the change 1n the structure
of the soll 1s expressed only 1In changes in the distance between particles.

Changes in the physico-mechanical properties of the soll during the
process of thawing have received little attention by scilentlsts. Some data on
settlement resulting from thawlng, the rate of compaction and the strength of
soll have been elucidated by some authors (Gol'dshtein, 1943; Blinov, 1943;
Shusherina, 1955).

The greatest increase 1n gsettlement under otherwise equal conditions is

observed when there is an excess of 1ce segregation (the increase may be in
tens or even hundreds of percent). then ground freezes without the flow of
moisture, the increase in settlement on thawlng, as compared with the state
of the soil before freezing, is much less (up to 3 - 4%),.

The compaction rate of the soll on thawing 1s much greater than the
compactlon rate before freezing, which is explained basically by the increase
in the filtration coefficient of thawed soil.

The change in strength of the soil on thawing at the boundary between
thawed and frozen soll is determined by the nature of the thawing surface.

* Uritten by E.T. Shusherina. For more details see No. 3 "Materialy po
Labor. Issled........", 1957, page 99 and following.

** For brevity we will henceforth write freezing-thawing.

*¥¥% The structure of frozen soll is contained in the third section of this
chapter,
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When the thawilng surface is uneven with abrupt 1lce outcrops the strength at the
interface betwéen the thawed and the frozen soll increases; when the thawing
surface 1s even and smooth the strength is elther less than before freezing
(in the presence of ice inclusions), or does not change (if the frozen soil 1is
of massive texture).

For example, according to the data of E.T. Shusherina (1955), the shear
strength of clay loam (rapid shear) before freezing was 0.12 kg/cm?; on the
thawing boundary, however, when the surface was uneven, under otherwise equal
conditions (moisture content, normal pressure), it increased to 0.52 kg/cm?.
The data of M.K. Zakharov (1951) showed that the shear strength at a smooth
thaving boundary for soils frozen with the formation of ice inclusions
decreased: for clay the decrease was from 0.64 to 0.28 kg/cm?, for clay loam
from 0.55 to 0.22 kg/ch; for sand, however, in which there were no ice inclu-
sions there was no change in shear strength.

An uneven thawing surface occurs with lattice texture of frozen soil and
also with laminar texture but only when the thawing surface transverses the
ice layers.

A smooth interface between thawing and frozen strata is characteristic
of frozen solls having massive and laminar texture when the thawing surface is
parallel to the ice layers.

Changes 1in the physico-mechanlcal properties of frozen solls after thawlng

has been 1nvestigated more extensively than during the process of thawilng
(Fedosov, 1940; Migin, 1947; Gol'dshtein, 1948; Pchelintsev, 1943,; Evdokimov
and Zauerbrel, 1950; Pustovalov and Chukhrova, 1952; Tsytovich and Shusherina,
1955) .

Changes 1n the moisture content of soll during the freezing-thawing pro-
cess 1s determined by changes undergone during thawing and also the abilility
of the soll to retaln the moisture after thawling.

If durling freezing the moisture content 1lncreases, after thawing it will
be greater than before freezing; i1f the water resulting from thawling cannot
be squeezed out and when there 1s excesslive 1ice segregation i1t 1s possible
that the thawed ground may be supersaturated. When the water can be freely
drained or filtered away from the thawed ground then only the water that can
be retained by the soil will remain.

If on freezing the moisture content decreases, then on thawing 1f there
1s no free flow of water to the thawed layer, 1ts reduced molsture content will
be retained; when there 1ls free flow of water to the thawed layer the soill willl
well and the molsture content of the soll may become higher than 1t was
before {reezing.
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The unit weight of the soll after the freezing and thawing process changes
primarily because of changes in molsture content. When the pores of the soil
are completely filled with water before freezing, the increase in molsture
content as a result of the freezing-thawing process results in a decrease in
unit welght and consequently in an increase in the porosity of the soil.

The changes in compressibility of the soll is comnected with the change
in porosity of the soil after freezing-thawing. When there 1s an increase in
the porosity coefficient the compressibility increases and when there is a
decrease in porosity there is an. inverse relationship.

In this case the freezing of the soll with formation of lattice texture
results in an increase in compressibility due to the freezing-thawing process.
This follows not only from the increase in porosity but also from the
formation of aggregations and macro-pores which increases the compressibllity

of the soil.

When the freezing-thawlng process does not result in changes in porosity
and a massive texture is formed during freezing, the compressibility coeffi-
clent of the soll remains practically unchanged.

The changes in the rate of compressgibility of the soil resulting from
freezing-thawing depends to a large extent on the texture formed during
freezing.

When the soll freezes and a massive texture forms, the compaction rate of
the thawing soll remalins practically the same as 1t was before freezing. When,
however, a lattice texture forms, the compaction rate after thawing increases
substantially owing to the formation of aggregations and macro-pores, causing
an increase in filtration and decrease in strength of the bond between the
structural parts of the soil.

Filtration of the soil resulting from the freezing-thawing process as a
rule increases because of the large pores that are retalned in the soil after
thawing.

In conclusion we will deal briefly with one of the most lmportant proper-
tles of soll - its strength. Available data indicate that the strength of
soll after freezing-thawing varles differentlally, it may increase or decrease
and the changes 1n strength are not uniform.

The changes 1n the strength of the soll after freezing-thawing depend on
the initial composition and structure, and also on the texture after freezing
and porosity ‘after thawing. These factors are specifically interrclated and,
as a rule, occur simultaneously; the changes in the strength of the soil are
determined by their total effect.

Under otherwisc equal conditions, a decrecase in the strength of the soil
resulting from freezing-thawing will be greater, the greater the density before
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freezing, the grecater the amount of ice segregation during freezing and the
greater the porosity alfter thawing.

The total effect of the texture after freezing and porosity after thawing
becomes cevident 1in the following way.

(a) If laminar and lattice textures are formed during freezing and
porosity increases after thawing, the strength of the thawed soll will always
be less than it was before freezing. The greatest decrcase in strength of the
soil is observed when there is influx of water during freezing, since this
results in the greatest ice segregation during freezing and greatest increase
in porosity after thawing.

For example, according to the data of the Laboratory of the Permafrost
Institute the shear strength of soll after freezing-thawing, when there 1is
excess ice segregation, was only 20% of the shear strength before freezing,
i.e. the decrease was by a factor of 5; in the absence of water inflow the
reduction in shear strength was only 25%.

(b) If laminar and lattice texture are formed during freezing, on thawing
the soil compacts but the decrease in strength is conslderably less than when
there was an increase in porosity. VWhen there is a specific amount of com=-
paction of the soll there is no decrease in strength after freezing-thawing
and Iin the case of extensive compaction there is an increase in strength.

The decrease in strength of the soil due to freezing and subsequent
thawing can be reduced by compacting the soll after thawing.

(c) If massive texture is formed on freezing the changes in strength
following the freezing-thawling process may likewlse be heterogeneous but to a
lesser extent since changes in porosity are not as large. As shown by experi-
ments, there is frequently an increase in porosity in this case.

Thus the most favourable conditions from a point of view of retaining
soll strength alfter freezing-thawing is the formation of massive texture during
freezing.

Hethods of Improving the Properties of I'reezing and Thawing Soils

Enowledge of the process occurring in soils during freezing and thawing
make 1t possible to approuch the guestion of controlling the changes in their
properties.

The first thing 1s to conslder the possibility of controlling the heat
exchange in freezing and frozen soils. The nmore rapild the freezing process the
less water hag time to flow to the [reczing front and there is less heaving of
the solil. Further decrcaze in tomperaturc of frozen solls increases their
strenzth scubstantially, whercas an increage In temperature decrcases the
strenpth.
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The application of external pressure can also alter the rate and magni-
tude of so0ll heaving on freezing, which also has an effect on the formation
of texture.

The control of physico-chemical and electrochemical action in freezing
and thawing of solls may also introduce a substantlial contribution to the
problem under discussion.

It is llkewilse important to develop methods of improving the properties
of thawing soils, particularly taking into account the fact that they
frequently form a liquefied mass. Here one may successfully use the methods
developed for weak unfrozen soils such as: electric dryling, chemical
strengthening of the soil, the use of so0il piles, compaction with heavy
machines etec. However, the development of the above-mentioned methods for
strengthening thawing solls successfully can only be done after detailled
investigations of the properties of the soil and of the physical processes
occurring in them.



49~

Literature

Abel's, G. Daily temperature variation of snow and the relationship between
heat conductance of snow and 1its density. St. Petersburg, 1893,

Abolin, R.I, Perennially frozen soll and fossil ice. Zap. Chitin. otd.
Russk. geogr. ob-va, No. 9, Chita, 1913.

Abolin, R.I. Gecbotanical and soll description of the Lena-Vilyui plains.
Tr. Komiss. po lzuch. Yakutskoi ASSR, Vol. 10, Izd-vo AN SSSR, Leningrad,

1929.

Abramov, I.N. Meteorological and agricultural observations at the Bomnak
Station during the summer of 1910. Tr. Amursk. eksped., No. 14, St.
Petersburg, 1913.

Abramova, M.I. The transfer of molsture in soil during evaporation. Tr.
Pochv. in-ta AN SSSR, Vol. 41, Izd-vo AN SSSR, 1953.

Adams, M.F. Relation abrégée d'un voyapge & la mer glaciale et découverte des
restes d'un mammouth. Journ. du Nord, XXXIXI. St.-Pétersb., 1807.

Aidinyan, R.Kh. The separation of soll colloilds without chemical treatment.
Kolloid, zhur., 1947, Vol. 9, No. 1.

Akimov, A.T. Investigation of permafrost by geothermal and geoelectric
methods 1in the eastern part of the Bol'shezemel'skaya tundra. Rukopis!',
fondy In-ta merzlotoved., 1951.

Akimov, A.T., A preliminary account of permafrost investigations along the
Adz'va River. Rukopis!', fondy In-ta merzlotoved., 1952.

Alekin, O,A. Hydrochemistry of the rivers of the U.S.S.R. Tr. Gidrol. in-ta,
No. 10 (64), Leningrad, 1948; No. 15 (69), Leningrad, 1949,

Alisov, B.P., Drozdov, O.A. and Rubinshteiln, E.S. Course in climatology,
Pts. 1 and 2. Gldrometeoizdat, Leningrad, 1952, 1954.

Aller, G.D, Post-pliocene deposit of the Chelyuskin Peninsula, Izv. Gos.
geogr. ob-va, 1936, Vol. 68, No. 3.

Allix,'André. Nivation et sols polygonaux dans les Alpes frangaises, Ia
géographie. (Paris), 1923, Vol. 39, No. 4,

Al'tberg, V.Ya. and Troshin, V.F. On new forms of crystalline ice. Izv.
Gidrol. in-ta, 1931, No. 32.

Alyukhin, S.Z. Summer field work at the Tugan-Urkan Meteorological Station
during the summer of 1910. Tr. Amursk. eksped., No. 14, St. Petersburg,
1915.

Ananyan, A.A, Investigatilon of the passage of an electric current through
freezing and frozen soils. Rultopis'!, fondy In-ta merzlotoved., 1950,

Ananyan, A.A. The transfer of moisture in frozen soils under the influence of
electro-osmotic forces. Kolloid. zhur., 1952, Vol. 14, No. 1.

Andersson, J.G. Solifluction, a component of subaerial denudation. Journ, of
Geol. (Chicago), 1906, Vol. 14, No. 2.



-50-

Andreev, V.N. Hydrolaccoliths (bulgunnyakh) in the West Siberian tundra.
Izv. Gos. geogr. ob-va, 1936, Vol. 68, No. 2.

Andreev, V.N. Investigation of tundra deer pastures from an aircraft. Tr.
In-ta polyarn. zemled., seriya olenevodstva, No. 1. Izd. Glavsevmorputi,

1938,

Andreev, V.N., The advance of trees into the tundra in relationship to the
protective properties of afforestation in the North. Botan. zhur., 1954,
Vol. 39, No. 1.

Andrianov, P.I. I. Expansion coefficients of solls during freezing.
II. Freezing temperatures of solls. Izd. SOPS i Komlss, po izuch.
vechn. merzl. AN SSSR, Moscow-Leningrad, 1936.

Andrianov, P.I., DBonded water in soils. Tr. In-ta merzlotoved., Vol. III.
Izd-vo AN SSSR, Moscow, 1946,

Andriyashev, M.M. Thermal calculations in designing water ducts under condi-
tions of permafrost. Moscow-Leningrad., Gosizdat stroit. liter., 1941.

Anisimova, N.P. Hydrochemical characteristics of the Lena River in 1ts
middle reaches. Issledovanle vechnoi merzloty v Yakutskol respublike,
No. 3. Izd-vo AN SSSR, 1952.

Anuchin, D.N, Report on the restoration of a mammoth for the anthropological
exhibit of 1879. Izv. Ob-va lyubit, estestv., antrop. 1 etnogr. pri
Mosk. univ., Vol. 35, Antrop. vyst. 1879, Vol. III, Part I, Moscow, 1880.

Arkhangel'skii, A.D. Geological structure and geological history of the
U.S.S.R. Izd. 4, Vol. 1, 1947; Vol. 2, 1948, Moscow-Leningrad,
Gosgeolilzdat.

Aronov, S.N, Designing of water ducts. Moscow-Leningrad. Gos. izd-vo liter.
po stroit. 1 arkhit., 1953.

Arsen'ev, A, A brief orographic report from the Uryum to the Chaldonka
stations. Rukopis', fondy Upravl. stroit. Amurskoi zh. d., 1908.

Atlas of the World. Moscow, 1954,

Baer, K.E, Materialien zur Kenntniss des unverginglichen Boden Eises in
Sibirien. From documents of the Archives of the Acad. of Sciences USSR.
Trans., from German. Ms. in Lib. of Permafrost Inst., Acad. of Sciences
USSR.

Baer, K.E. Beitrage zur Kenntniss des Russischen Reiches. IX. Bindch., 50-te
Abteil., 1855.

Baer, K.E. Neue Auffindung eines vollstgndigen Mammuths, mit der Haut und den
Weichtelilen, im Eisboden Sibir;ens, in der Ndche der Bucht des Tas.
Bull. Acad. imp. Sci. de St.-Pétersb., 1866, t. X.

Bakakin, V.P. Methods of improving the efficiency of mining operations in the
reglons of permafrost and deep winter freezing. Rukopis!, fondy In-ta
merzlotoved., 1954,



~51~

Bakakin, V.P. (1) Ice as a material for filling space left by the extraction
of rock. Moscow, Izd-vo AN SSSR, 1955.

Bakakin, V.P. (2) Experience in controlling heat exchange of the active layer
of frozen solls for the purpose of improving the efficilency of excavation.
Moscow, Izd-vo AN SSSR, 1955.

Bakakin, V.P., Zhukov, V.F. and Meister, L.A. Perennially frozen soll and
building conditions in the central part of the Bureya depression,
Moscow, Izd-vo AN SSSR, 1954,

Bakulin, F.G. Ice content and settlement during thawing of tertilary deposits
in the Vorkuta region., Moscow, Izd-vo AN SSSR, 1958.

Bakulin, F.G. and Zhukov, V.F. Deformation of frozen granular soils during
thawing. Izv. AN SSSR, 0td. tekh. nauk, 1955, No. 7.

Bal'ts, V.A, Data and observations of the Pikan meteorological station for
the summer of 1910. Tr. Amursk. eksped., no. 14, St. Petersburg, 1913.

Bal'ts, V.A. and Prokhorov, N.I. Data and observations of the Bomnask
meteorologlcal station for the year 1909. Tr. Amursk, eksped., No. 14,
St. Petersburg, 1913.

Baranov, I.Ya. Report of the Bratsk permafrost-hydrogeological station for
1931. Rukopis!, fondy Vost.-Sib. geol. upravl. Irkutsk.

Baranov, I.Ya. (1) Report of the Bratsk permafrost-hydrogeological station
for the year 1932. Rukopis', fondy Vost.-Sib. geol. upravl, Irkutsk,

1933.

Baranov, I.Ya. (2) Preliminary remarks on the terminology in the science of
permafrost, On the geological front of Eastern Siberia. Sb. 1, Moscow-
Irkutsk, 1933.

Baranov, I.Ya. On the methodology of formulating permafrost maps (applicable
to the Transbaikal region). Tr. Komit, po vechn. merzl., Vol. 6, Moscow-
Leningrad, Izd-vo AN SSSR, 1938.

Baranov, I.Ya. Southern boundary of the permafrost region. Gidrogeologiya
SSiR, No. 17. Vostochnaya Sibir', Book 2, Moscow-Leningrad, Gosgeolilzdat,
1940. _

Baranov, I.Ya. Some ice formations on the surface of the soil. Priroda,
1949, No. 10.

Baranov, I.Ya. Permafrost and the primary structure of soils. Tr. In-ta
merzlotoved., Vol. 9, Moscow, Izd-vo AN SSSR, 1950.

Baranov, I.Ya. Geothermic features of the Kola Peninsula. Moscow, Izd-vo
AN SSSR, 1951.

Baranov, I.Ya. The transition zone between seasonal freezing and permafrost
within the U.S.S.R. and neighbouring countries (the southern boundary of
permafrost). Rukopis', fondy In-ta merzlotoved., Moscow, 1952.

Baranov, I.Ya. Permafrost features of the Kola Peninsula. Tr. In-ta
merzlotoved., Vol. 13, Izd-vo AN SSSR, 1953.



~52-

Baranov, I.Ya. Southern boundary of perennially frozen soils. Materialy k
osnovam ucheniya o merzlyukh zonakh zemnol kory. Vol. II, Moscow, Izd-vo

AN SSSR, 1955.

Baranov, K.A. Some cryospheric textures of tertiary deposits in the Arctic.
Priroda, 1946, No. 6.

Barygin, V.M. Permafrost and ground waters 1n the Vorkuta reglion. Rukopis!,
fondy In-ta merzlotoved., 1952.

Barygin, V,M. (1) Experiments 1in using aerlal photography in studying perma-
frost in the Vorkuta region. Izd-vo AN SSSR, Moscow, 1953.

Barygin, V.M. (2) Ground waters of the Vorkuta region. Moscow, Izd-vo AN
SSSR, 1953.

Barygin, V.M., Tumel', V.F. et al. Report of the Noril'sk brigade of KOVM,
Vol. 5 and 7. Rukopis', fondy In-ta merzlotoved., 1938.

Bastamov, S.L. et al. On the freezing of solls. Sb. 12 Nauchno-1ssled. In-ta
puti NKPS, 1933.

Beechey, F.W., Narrative of a voyage to the Pacific and Bering's Strailt,
Vol. 1, London, 1831.

Belokrylov, I.D. et al., Permafrost and rallroad transport. Sb. Vechnaya
merzlota 1 zheleznodorozhnoe stroitel'stvo, 1931, No, 8.

Belyakin, D.S. On water in some minerals. Tr. Petr. in-ta AN SSSR, No. 4,
Leningrad, 1933.

Benninghoff, W.S. Interaction of vegetation and soll frost phenomena. Arctile,
1952, Vol. 5, No. 1.

Ber, K.M. Data on recognizing non-transient soil ice in Siberia. Perevod s
nemetskogo. 1842, Rukopis', biblioteka In-ta merzlotoved.

Berch, Fr., Sherer, Dzh. and Spaiser, G. Handbook for geologists on physilcal
constants. (Russian translation). Izd.-vo 1nostr., liter., 1949,

Berezantsev, V.G. The resistance of soils to local load during constant below
freezing temperature. Materialy po laboratornym issledovaniyam merzlykh
gruntov. Sb. 1, Moscow, Izd-vo AN SSSR, 1953.

Berlyand, T.G. Radlation and thermal balance of the land surface north of the
tropics. Tr. Gl. Geofiz. observ., No. 18/80, Leningrad, 1949,

Beskow, .' TJaibildningen och Tjallyftningen med slrskild Hinsyn ti1ll vagar
och Jarnvégar Sver. Underosokning Stockholm, 1935, ser. C. No. 375.
English translation: Soill freezing and frost heaving with specilal
application to roads and railroads. Evanston, Illinois, 1947,

Birkengof, A,L., Observations of forest cover and permafrost (in the Indigirka
River basin). Tr. Komiss, po izuch. vechn. merzl. AN SSSR, Vol. 3,
Leningrad, 1934,

Birkengof, A.L. On the southern boundary of permafrost in the reglon of
Komgsomol'sk on the Amur River. Tr, Komit, po vechn. merzl., Vol. 9,
Moscow-Leningrad, Izd-vo AN SSSR, 1940,



-53-

Black. R.F. Permafrost - a review. Bull. of the Geol. Soc. of Amer., 1954,
Vol. 65, No. 9.

Black, R.F. and Barksdale, W.L. Oriented Lakes of Northern Alaska. Journ.
of Geol., 1949, Vol. 57, No. 2.

Blapovidov, N.D. Quaternary deposits, climate and soils of the Tyung River
basin (Yakut A.S.S.R.). Moscow-Leningrad, Izd-vo AN SSSR, 1935.

Blinskii, A.I. Underground mining of coal and ore deposits in the region of
permafrost by packing the excavated space with ice. Merzlotovedenie,
Vol. 1, No. 2., Moscow, Izd-vo AN SSSR, 1946.

Bliznin, G.Ya. Moisture content of soils according to observations of the
former Elizavetgrad meteorological station, 1837-1889. St. Petersburg,
1890.

Boch, S.G. Snow flakes and snow erosion in the northern portions of the Urals.
Izv. Vses. geogr. ob-va, 1946, Vol. 78, No. 2.

Boch, S.G. Observatlons of the micro- and meso-relilef of quaternary deposits
connected with frost processes. Metodich. rukov. po lzuch. 1 geol.
s'emke chetvert. otlozh. Gosgeollzdat, Moscow, 1955,

Boch, S.G. Solifluction and the formation of diluvial deposits. Mat. po
chetvert. geol. 1 geomorfol. SSSR, Moscow, Gosgeoltekhizdat, 1956.

Boch, S.G. and Krasnov, I.I. Processes of bald mountain formation and the
formation of mountain terraces. Priroda, 1951, No. 5.

Bodmann, W. Ergebnlsse der Schwedischen Sudpolarexpedition, 1901-1903.

Bogdanov, N.S, Permafrost and erecting buildings on 1t., Izd. Osobol vysshei
komissii dlya vsestoronnego issledovaniya zh-d. dela v Rossli, No. 33,
St. Petersburg, 1912.

Bogdasarov, N.V, A rational method of constructing water ducts and water
malns 1in the southern reglons of the permafrost zone. Rukopis', fondy
In-ta merzlotoved., 1954,

Bogoslovskii, P.A., Calculation of long-term changes in the temperature of
earth dams constructed on permafrost. Tr. Gor'k. inzh.-stroit. in-ta,
No. 27. Gor'kii, 1957.

Boiko, I.V. Investigation of the dependence of the phase composition and
mechanical properties of frozen solls on temperature and pressure.
Kandidatskaya dissertatsiya. Rukopis', fondy In-ta merzlotoved.,
Vorkuta, 1956.

Bolko, I.V. On the heat capacity of frozen soils in the temperature region of
phase transformations of water. Sb. statel Vses. zaochn. politekhn.
in-ta, 1957, No. 16.

Bokserman, Yu.I. Basic results of investipgations on the problem of decreasing
the depth of laying gas mains. Neftyanoe proizvodstvo, 1950, No. 9,

Bondarev, P.D. Deformation of bulldings in the Vorkuta region, their reason
and methods of prevention. Moscow. Izd-vo AN SSSR, 1957.

Bonshtedt, E.M. Ice columns. Priroda, 1921, No. 1l0-12.



“50 -

Borovik-Romanova, T.F. Super-coolinﬁ of water in capillaries. Zhur. Russk.
fiz.-khim. ob-va, ch. fiz., 1924, Vol. 56, No. 1.

Borovik-Romanova, T.F. Super-cooling of water drops. Tr. Lenlngr. in-ta
eksper. meteorol., No. 1, 1937.

Bouyoucos, G.Y., Movement of soll moisture from small caplllaries to the large
capillaries of the soill upon freezing. Journ. of Agrie. Res., 1923,
Vol. 24, No. 5. Washington.

Bozhenova, A.P. Some developments 1n the experiments of Teber on the study of
solls with vertical stratification. Tr. In-ta geol. nauk AN SSSR, No. 22,
1940,

Bozhenova, A.P. Migration of water in freezing solls. Rukopils', fondy In-ta
merzlotoved., 1946.

Bozhenova, A.P. Super-cooling of water during the freezing of solls. Mat. po
labor. issled. merzl. gruntov. Sb, 1. Izd-vo AN SSSR, 1953.

Bozhenova, A.P. The significance of osmotle forces in the migration of
molsture in solils, Mat. po labor. issled. merzl. gruntov. Sb. 3. Izd-vo
AN SSSR, 1957.

Bozhenova, A.P., and Bakulin, F.G. Experimental investigations of the
mechanisms of moisture migration in freezing soils. Mat. po labor.
issled. merzl. gruntov. Sb. 3. Izd-vo AN SSSR, 195T7.

Bozhenova, A.P. and Shimanovskii, S.V. Instructions on the study of the
freezlng of soils. Mat. po labor. issled. merzl. gruntov. Sb. 2. Izd-vo
AN SSSR, 1954,

Brattsev, L.A. Permafrost in other countries. Rukopis', fondy In-ta
merzlotoved., 1940.

Bucklngham, E. Studies on movement of soil molisture. U.S. Dep. Agric. Bur.
of Soils. (Washington), 1907, Bull. 38.

Budnikov, A.N. Formulae for determining the depth of laying water pipes.
Vodosnabzhenié 1 sanitarnaya tekhnika, 1938, No. T.

Budyko, M.I. Heat balance of the northern hemisphere. Tr. Gl. geofiz. observ.
No. 18/80, Leningrad, 1949,

Budyko, g.I. Heat balance of the earth's surface. Leningrad, Gidrometeoizdat,
1956.

Budyko, M.I., Berlyand, T.G. and Zubenok, L.I. Heat balance of the earth's
surface. Izv. AN SSSR, seriya geogr., 1954, No. 3.

Bunge, A. Naturhistorische Beobachtungen und Fahrten im Lena Delta. Aus
Bgiefen an den Akadem. L. v, Schrenk. Bull. Acad. imp. Sci., de St.-
Pétersb., 1884, t, 29.

Bunge, A. Die von der Kaiserlichen Academie der Wissenschaften ausgeristete
Expedition nauch den Neusibirischen Inseln und dem Jana - Lande.
Beltrdge zur Kenntniss des Russischen Reiches und der angrenzenden Linder
Aslens. 3-te Folge, Bd. III, St.-Pétersb., 1837.



-55-

Bunge, A. Einige Worte zur Bodeneisfrage. Zap. imp. S. Peterb. Miner. ob-va,
11 ser., ch. 40, St. Petersburg, 1903.

Bunge, A.A. Preliminary report of the expedition to the New Siberian Islands.
Izv. Russk. geogr. ob-va, 1838, Vol. 23.

Bunge, A.A. Description of an expedition to the mouth of the Lena River,
1881-1884. Tr. Russk. polyarn. stantsii na ust'e r. Leny, Part I. Izd.
RGO, St. Petersburg, 1895.

Bykov, N.I. and Kapterov, P.N. Movement of moisture during the freezing of
soll. Izv. AN SSSR, serlya geogr. 1 geofiz., 1938, No. 1.

Bykov, N.I. and Kapterov, P.N, Permafrost and construction on it. Trans-
zheldorizdat, Moscow, 1940,

Cajander, A. Ein Beitrag zur Entwicklungsgeschichte der nordfinnischen Moore,
"Fennia", 1902-1903, 20 No. 7. Helsinkfors.

Charnyi, I.A. Determining the houndary of change in the state of aggregation
during the cooling or heating of bodies. Izv. AN SSSR. Otd. tekh. nauk,
1948, No. 2.

Chekotillo, A.M. Secondary ice formations and combatting them. Moscow,
Dorozhn. 1zd-vo Gushosdora NKVD SSSR, 1940.

Chekotlllo, A.M. Seasonal freezing of soll in the plane territory of the
European part of the U.S.S.R. and problem connected with laying pipes,
Izd-vo AN SSSR, 1955.

Chernov, V.A. Quantitative mechaniams in the diffusion of anions in soils.
Tr. Pochv. in-ta AN SSSR, Vol. 20, 1939.

Chernyshev, M.Ya. Water pipes in frozen soils. Izd. Gos Dal'nevost. univ,,
19250

Chérnyshev, M.Ya. Water supply in regions of permafrost. Tr. Vses. nauchno-
issled. in-ta vodosnabzh. 1 santekhn. Moscow, 1933.

Chirikhin, Yu.D. Permafrost in the basin of the Indigirka River. Tr. Komiss.
po izuch. vechn. merzl., Vol. 3, Leningrad, 1934,

Chirikov, V,F. and Malyugin, A. Moisture conditions in podsol soil during
freezing and thawing. Nauchno-agron. zhur., 1926, No. 1.

Chirvinskii, N.N. Rod-fibrous ice. Izv. RGO, 1936, Vol. 68, No. 6.

ChuanVﬁgii, A.F. The physics of heat exchange in soill, Moscow, Gostekhizdat,
1948,

Chudnovsﬁii, A.F. Heat exchange in fine-grained media. Moscow, Gostekhizdat,
1954.

Chudnovskili, A.F. On the mechanics and the role of condensation inside the
soil. 2ZnTF, 1955, 25, No. 1.



-56-

Collected instructions and programs for studylng frozen solls and permafrost.
Moscow-ILeningrad, Izd-vo AN SSSR, 1938.

Correns, C.W. ber die Erklgrung der sogenannten Kristallisatlonskraft.
Sitzungsb. d. Precuss. Akad. k. Wiss., 1926, X-XI, Phys.-math. K1. Berlin.

Dadykin, V.P. The growth of vegetation on cold soil. Moscow, Izd.-vo AN
SSSR, 1952.

Dalmatov, B.I. The effect of frost heaving on foundatlons of structures.
No. 27, Leningrad-Moscow, Gos, Izd-vo liter. po stroit, 1 arkhit., 1957.

Darwin, C. Circumnavigation of the earth on the ship "Beagle" (Russian
translation), Vol. 1, 1871.

Datsev, AﬁB. Concerning Stefan's linear problem. Dokl, AN SSSR, 1947, 58,
No.

Datsev, A.B. Concerning Stefan's linear problem - two phases of finite thick-
ness. Dokl. AN SSSR, 1950, 74, No. 3.

Datskii, N.G., Southern limit of permafrost in the Mezenskli region of the
Arctic, Tr. Komiss. po izuch. vechn., merzl., Moscow-Lenilngrad, Izd-vo
AN SSSR, 1937.

Dement'ev, A,.I. Elimlnation of uneven thermal settlement of bulldings by
artifigial heating of the permafrost base, Strolt. promyshl., 1944,
NO. 5- .

Denisov, N.Ya. The deformation of c¢lay solls. Izd. Minist. rechn. flota.
Moscow, 1951.

Denisov, N.Ya. Structural propertlies of loess and loess-1like clay loam.
Moscow, Gos. 1zd-vo po stroit. 1 arkhit., 1953.

Dergunov, I.D. Study of forces of heaving. Tekhnika zheleznykh dorog, 1945,
No, 1-2.

Deryagin, B.V. Elastlc propertiles of thin layers of liquid. Zhur. fiz.
khimii, 1932, Vol. 3.

Description of anything conceilvable on a journey from Arkhangel'sk by sea to
China and from there to eastern India. Lectures 1in the domain of history
and 3nt1 ulties of Russila at the Moscow Unilversity. No. 4, 1893, and
No. 4, 1895.

Dobrowolskl, A.B. Historilia naturalna lodu. Kasa pomocy dla ocob pracujancych
na polu naukowem im Z., Mianowsklego, XXVI, Warszawa, 1923.

Dokuchaev, V.V. Works. Vol. 2, Izd-vo AN SSSR, 1950.

Dolgov, S.I. Investigation of the mobility of soil moistures and its
accessibility to plants. Moscow-Leningrad, 1948.

Domrachev, D.V. Data on the climate, soil and vegetation of the upper reaches
of the Tungir River of the Yakut Oblast. Tr. Amursk, eksped., No. 14,
St. Petersburg, 1913.



-57-

Dorcey, N.E. Properties of ordinary water substance. N.Y., 1940.

Dostovalov, B.N. Physical conditions of the formation of frost fissures and
the formation of fissure i1ce in soil. Sb. Issled. vechn. merzl. v
Yalcutsk. resp., No. 3, Izd-vo AN 3S3R, 1952,

Dostovalov, B.N. (1) Mapping ground ice and the thickness of permafrost by
the direect current method. Izd-vo AN SSSR, 1955.

Dostovalov, B.N. (2) The fundamentals of electric surveying of frozen soil by
the resistance method. Rukopis', fondy In-ta merzlotoved., Moscow, 1955.

Dostovalov, B.N. <Changes in the volume of solla on freezing and the formation
of frost fissures. Mat. po labor. issled. merzl. gruntov, Sb. 3. Izd-vo
AN SSSR, 1957.

Dranitsyn, D.A. On some zonal forms of rellef in the Far North.
Pochvovedenie, 1914, No, 4

Dreving. The phase rule. Izd-vo MGU, 1954,

Dubinin, M.M. Surface oxides and the adsorption properties of active charcoal.
Uspekhi khimii, 1955, No. 5.

Dﬁcker, A. Frosteinwirkung auf bilndige Bbden. Strassenbau Jahrbuch. 1939/
1940.

Dﬁcker, A. Untersuchungen Uber die frostgefihrlichen Eigenschaften nicht-
bindiger B8den., Forschungsarbeiten aus dem Strassenwesen, Bd. 17,
Berlin, 1939.

Dumanskil, A.V. Heat of wettlng and the hydrophilic properties of filne-grained
systems. Kolloid. zhur., 1950, Vol. 12, No. 5.

Durdenevsitaya, M.V. Permafrost and fossil 1ce in the shores of lakes in the
valley of the Irkut River. Tr. Komlss. po l1zuch. vechn. merzl., Vol. 1,
Leningrad, Izd-vo AN SSSR, 1932.

Dylik, J. Strukthury peryglacjalne w Tarzymiechach 1 ich znaczenle dla
morfogeney 1 stratygrafii czwartorzedu. Biluletyn peryglacjalny, No. 3.
Lodz, 1956.

Dzens-Litovskii, A.I. Milneral lakes under conditions of permafrost. Tr.
Komit. po vechn. merzl., Vol. 6, Izd-vo AN SSSR, 1938.

Efimov, A.I. The Yakut artesian basin of sub-permafrost water. Izv. AN SSSR,
seriya geol., 1945, No. 4.

Efimov, A.I. On the development of thermokarst lakes in central Yakutia.
Investigation of permafrost in the Yakut Republic., No. 2, Izd-vo AN
S3SSR, 1950.

Efimov, A.I. Non-freezing fresh water springs of Ulakhan-Taryn in Central
Yakutla. Issled. vechn. merzl. v Yakutsk. resp. No. 3. Izd-vo AN SSSR,
1952,



Efimov, A.I. and Grave, N.A., Cellar ice in the region of Lake Abalakh. Sots.
stroit., No. 10-11. Yakutsk, 1940.

Efimov, A.I., Grave, N.A., Saltykov, N.I. and Solov'ev, P.A. Forms of rellef,
hydrogeological conditions and fossil ice 1in the repglon of Lake Abalakh.
Rukopis', fondy In-ta merzlotoved., 1942,

Efimov, A.I., Kachurin, S.P. and Solov'ev, P.A. Permafrost-hydrogeological
description of the regilon near the village of Churapcha (Lena-Amgin
reglon of the Yakut ASSR). Rukopis', fondy In-ta merzlotoved., 1948.

Efimov, A.I., Mel'nikov, P.I, and Solov'ev, P.A. Sub-permafrost water of the
clty of Yakutsk. Rukopis', fondy In-ta merzlotoved., 1944,

Efimov, A.I. and Shumskii, P.A. Fossll ice 1n the region of Krest-Khal'dzhaya
on the river Aldan. Rukopis', fondy Yakutsk. st. in-ta merzlotoved. 1
in-ta Merzlotoved., 1952.

Efimov, A.V. History of great Russian geographical discoveries in the Arctie
and Pacific oceans in the 17th and 1lst half of the 18th centuries.
Moscow, 1950.

Egerev, K.E. Electric method of determining the tangential reactions distri-
buted along the lateral surfaces of a plle with load applied and frozen
in the soil. Tr. In-ta merzlotoved., Vol. 14, 1958.

Egorov, N.I. Frost maps and plans of the U,5,5.R, Tr. In-ta merzlotoved.,
Vol. 9, 1952.

Emelt'yantsev, T.M. Geologlcal lnvestigations in the reglons of the Kheta,
Khatanga Rivers and the Taimyr Peninsula in 1935-1936. Geol. 1ssled.
Nordvik-Khatangskogo r-na. Izd-vo GUSMP, 1939.

Epshtein, P.S. Course in thermodynamics. Gostekhizdat, 1948,

Erikssen, S. Boer die Einwirkung des Frostes auf die Struktur der Lehm- und
Tonboden. Lantbrukshogskolans Annaler, Vol. 9, Upsala, 1941.

Ermolaev, M.M. (1) Geological and geomorphological notes on the Bol'shoi
Lyakhovskll Island. Polar Geophysilcal Station on the Bol'shoi Lyakhovskii
Island. Part I. Sb. statei. Tr. SOPS AN SSSR Leningrad, Izd-vo AN SSSR
1 Vses. arkhtilich. in-ta, 1932.

Ermolaev, M.M. (2) Instructions on the field investigation of fossil ice as
a geographlc factor. Izd-vo Arkhtich. 1n-ta, Leningrad, 1932,

Ermolaev, M.M. Geology and minerals of the New Siberian Islands., Tr. SOPS
AN SSSR, Yakutskaya ASSR, No. 2, Leningrad, 1933.

Ermolaev, M.M. History of the discovery of the New Siberian Islands, their
investigation and development of industry on them. Sb. statei Polyarn.
geofiz. s8t., na ostr. Bol'shom Lyakhovskom., Izd-vo AN SSSR 1 Vses.
arkhtich. in-ta, Leningrad, 1952. '

Erofeev, B.N. Brilef geologilcal survey of Chukchl. Mat. po geol. 1 polezn.
iskop. Sev.-Vost. SSST, No. 1, Magadan, 1945.

Evdoklmov, P.D. and Zauerbrel, I.I. The effect of freezing and thawlng of
moraine clay loam on 1ts structural properties. Gldrotekhn. stroit.,
1950, No. 2.



-59.

FEvdokimov-Rokotovskil, M.I. The construction and utilization of englneering
structures on permafrost. Tomsk, Izd-vo Sib. stroit. in-ta, 1931.

Fedosov, A.E. Physico-mechanical processes in solls during freezing and
thawing. Moscow, Transzheldorizdat, 1935.

Fedosov, A.E. Mechanical processes in solls when liquild water freezes in
them. Tr. In-ta geol. nauk, ser. inzhen.-geol., No. 35, No., 4, 1940,

Fedosov, A.E. (1) The prediction of the settlement of buildings on thawing
permafrost (the moisture diagram method). Issled. vechn. merzl. v
Yalutsk. resp., No. 1, Yakutsk, 1942,

Fedosov, A.E. (2) Phase composition of frozen soils. Sb. Issled. vechn.
merzl. v Yakutsk. resp., No.l, Yakutsk. gos. 1lzd-vo, 1942,

Fedosov, A.E. Predicting the settlement of bulldings with thawing of the
soll base. Tr. In-ta merzlotoved., Vol. 4, 1944,

Figurin, A.E. (1) Notes of the medical surgeon Figurin on various aspects of
natural history and physics in the Ust'-Yana and surrounding regions in
1822. Sib. vestn. Gr. Spasskogo, Part 4, St. Petersburg, 1823.

Figurin, A.E. (2) Extract from the papers of Figurin on a description of the
shores of northeastern Siberia. Zap. Gos. admiralt. depart., Part 5,
St. Petersburg, 1823.

Filatov, M.M. Soll physics 1n the U.S.S.R, Editors N.A. Kachinskil and
A.A. Yarilov. Moscow, Sel'khozglz, 1936.

Fink, 0,I. Stability of bulldings under conditions of deep frost penetration.
Sb. Vechn, merzl. i zhel.-dor. stroit., 1931.

Fiveiskii, D.A, The sinking and reinforcement of shafts in a permafrost
stratum of the European North of the U.S.S.R. Tr. In-ta merzlotoved,,
Vol. 6, Moscow-Leningrad, Izd-vo AN SSSR, 1944,

Fotiev, S.M. Physico-geographical and geological bases for the effectiveness
of various methods of thermal improvement of frozen soils. Rukopis!',
fondy In-ta merzlotoved., 1956.

Franchuk, A.U. Heat conductance of bullding materials in relationship to
molsture. Stroililzdat, 1941.

Franchuk, A.U, Tables of heat englneering indices for bullding materials.
Moscow-Leningrad, Stroiizdat, 1949,

Frank, F. and Mizes, R. Differential and integral equations in mathematical
physics. Glavn. red. tekhn. liter., 1937.

Fries, Th.M. and Bergstrom, E. MNigra iakttagelser 8fver palsar och deras
f8rekomst i nordligaste Sverige. Geol. fOr. 1 Stockh. f8rh., 1911, Bd. 32,
H, 1.

Fuks, N.0. The seeding of crystals, Uspekhl fiz. nauk, 1935, Vol. 15, No. 4.



-60-

Fundamentals of geoeryolopry (permafrost studies). Chapter II. Engineering
geology. Moscow, Izd-vo AN SSSR, 1959.

Fundamental concepts and terms in geocryology (permafrsot studies). Izd-vo
AN SSSR, 1956.

Gallwitz, G. Eiskelle und glazlale Sedimentation. Geologlca, 2. Berlin,
1949, Akademie-Verlag GmbH.

Gardner, W. The role of capillary potentlal in the dynamics of soil molsture.
Journ. Agric. Res., 1936, 53, 57.

Gedroits, A.E. Geologlcal investigations in the Transbaikal Oblast along the
rallway line between Sretenskoe and Pokrovskaya. Geol. issled. 1 razved.
raboty po linii Siv. zh. 4., No. 6, St. Petersburg, 1897.

Gedroits, N.A., Talmyr lowlands. Tr. Nauchno-issled. in-ta geol. Arktiki,
Vol. 13, Leningrad-Moscow, GUSMP, 1951.

Gel'mersen, G. Notes concerning a well dug in Yakutia. Gorn. zhur., 1838,
Part II, No. L,

Gel'mgaker, Ya. The Siberian method of digging prospect pits in suspended
solls. Vestn. zolotopromyshl, 1 gorn, dela voobshche, 1892-1893. No. 18,
19 and 20.

Gel'val'd, F.V. In reglon of permanent ice. History of expeditions to the
North Pole from the earliest times to the present. Translated from
German. St. Petersburg, 1881.

Georgl, J.G. Bemerkungen elner Relse 1m Russischen Reich in den Jahren 1772,
1772 und 1774. S.-Pb., 1775.

Gerasimov, I.P. Present-day survival of the late ice age phenomena in the
region of the coldest part of the world. Izv. AN SSSR, ser. geogr.,
1952, No. 5.

Gerasimov, I.P. and Markov, K.K. Ice age in the territory of the U.S.S.R.
Tr. In-ta geogr. AN SSSR, No. 38, Moscow-Leningrad, 1939.

Gignoux, M., Les sols polygonaux dans les Alpes et la genése des sols polaires.
Ann, de gdogr. (Paris), 1931, Vol. 40, No. 228.

Given, G. Kolloidale Eigenschaften des Tons und lhre Beeinflussung durch
Kalksalze. Inaugural-Dissertation. Gottingen, 1915,

Gladtsin, I.N, Stone polygons. Izv. RTO, 1936, Vol., 68, No. 6.
Gmelin, G. Reisc durch Sibirien. GOttingen, 1752.

Gokoev, A.G. Frost mounds and hydrolaccoliths in the Kazakh steppe. Izv.
VGO, 1939, Vol. 71, No. 4,

Gol'dshtein, M,N. The migration of moisture in soil. Sb. nauch. issled.
In-ta putl NKPS. Issledovanie raboty grunta v zheleznodorozhnykh
sooruzheniyakh, Moscow, 19l0.



-61-

Gol'dshtein, M.N. On calculating the forces of heaving. Stroitel'stvo
zheleznykh dorog 1 putevoe khozyalstvo, 1941, No. 5-6.

Gol'dshteln, M.N. Deformation of the earth road-bed and foundatlons of struc-
tures during freezing and thawing. Tr. Vses. in-ta zhel.-dor. transp.,
No. 16. Transzheldorizdat, 1948,

Gol'dtman, V.G. The thawlng of permafrost by re-cycle spraylng. Tr. Vses,.
Mapgadansk. nauchno-issled. in-ta Minist. tsvetn. metall. SSSR, No. 3,
Magadan, 1956.

Golovachev, F,A. Mineral springs In the southeast part of the Chukchil
Peninsula. "Arctica", 1937, No. 5.

Golovkov, N.P. (1) Notes on the structure and morphological features of ice
crystals. Zap. Vses. mineral. ob-va, Vol. 68, No. 2, 1939.

Golovkov, N.P. (2) Investigation of the ice in the Kungur cave, Uchen. zap.
Leningr. unilv,, 21, seriya geol.-pochv. nauk, No. 5, 1939.

Gorbatskii, G.V. Some methods of physico-geographical study of the Arctic
land mass 1n connection wilth its basic natural features. Uchen. zap.
Leningr. gos. univ., No, 152, ser. geogr. nauk, No. 8, 1952.

Gorodkov, B.N., Iarpge-mound peat formations and their geographic distributlon.
Priroda, 1928, No. 6.

Gorodkov, B.N. Permafrost and vegetation. Vechnaya merzlota. Sb. Materilaly
KEPS, No. 80, Leningrad, Izd-vo AN SSSR, 1930.

Gorodkov, B.N. Permafrost in the northern reglons. Tr. SOPS AN SSSR, serilya
sev,, No. 1, Leningrad, Izd-vo AN SSSR, 1G32.

Gorodkov, B.N. Problems of studylng permafrost in connection with problems of
northern development, Tr, Ural'sk., fillala AN SSSR, No. 2. Izd-vo AN
SSSR, Leningrad, 1934.

Gorodkov, B.N, Pre-ice age landscape of the pleilstocene in northern Asia,
Dokl. AN SSSR, 19486, Vol. 61, No. 3.

Gorodkov, B.N. On soll-vegetation associations in the tundra and Arctic
desert landscapes. Tr. 2-go Vses. geogr. s'ezda, Vol. 3, Moscow, 1949,

Gorodkov, B.N. Frost fissures of the soil in the North. Izv. Gos. geogr.
ob-va 1950, Vol. 32, No. 5.

Govorukhin, D,S., Mound-studded swamps of northern Asia and warmihg of the
Arctic. TUchen. zap. Mosk. obl. pedag. in-ta, Vol. 9, 1947.

Grino, J.G. Die geographischen Gebiete Finnlands. Fennia, 1911, 52, No. 3.

Grauman, L. Drilling in permafrost. Vestn, zolotopromyéhl. 1 gorn. dela
voobshche, 1896, No, 12.

Grave, N.A. Fossil ice in the water divide of the Lena and Aldan Rivers. Tr.
In-ta merzlotoved., Vol. 4, Moscow, 1944,

Grave, N.A. Geopgraphlc distribution of large masses of ground ice in the
permafrost repion and the extent to which they have been investigated.
Mat. soveshch. po izuch. sncga 1 1'da. Moscow. Izd-vo AN SSSR, 1951.



-62-

Grave, N.A. Permafrost in the valleys of rivers of the southwestern part of
the central Siberilan plateau, Tr. In-ta merzlotoved,, Vol. 10, Moscow,
Jzd-vo AN SSSR, 1952.

Grave, N.A., Bobov, N.G., Sergeeva, V.I.,, Shvetsov, P.F, and Chkheidze, M.I.
Permafrost in the valleys of rivers of the southwestern part of the
central Siberian plateau. Otchet Nizhne-Tungusskol eksped., 1950.
Rukopils!', fondy In-ta merzlotoved.

Grave, N.A. and Zaklinskaya, E.D. Cellar ice in the mouth of the Anadyr'
River and some aspects of the quaternary history of this region. Mat.
soveshchan. po izuch. snega 1 1'da. Moscow, Izd-vo AN SSSR, 1951.

Greze, V.N, The Taimyr Lake. Izv. VGO, 1947, No. 3.

Grigor'ev, A.A. Geology, rellef and solls of the northwestern part of the
Iena-Aldan plateau and the upper Yana rildge from the data of the 1925
expedition. Mat. Komiss. po izuch. Yakutsk, ASSR, No. 4, leningrad, 1926.

Grigor'ev, A.A. Geomorphological notes on Yakutia. "Yakutiya". Izd-vo AN
SSSR, Leningrad, 1927.

Grigor'ev, A.A. (1) Permafrost and ancient 1lce formation. Vechnaya merzlota.
Sb. Materialy KEPS, No. 80, Izd.-vo AN SSSR, 1930.

Grigor'ev, A.A. (2) Morphology of the northeastern part of the Vilyui Okrug.
Mat. Komiss. po izuch. Yakutsk, ASSR, No. 31, leningrad, 1930.

Grigor'ev, A.A. Glaciatioh of Yakutla during the quaternary period. Tr.
Komiss. po 1zuch. chetvert. perioda, Izd-vo AN SSSR, Vol. 1, 1932.

Grigor'ev, A.A. Some questions of physical geography. Voprosy fillosofii,
1951, No. 1.

Grigor'ev, A,A. Geographlcal zones and some of their regularities. Izv, AN
SSSR, ser. geogr., 1954, No. 4 and 5.

Grigor'ev, A.A. (1) The inter-relationship and inter-dependence of components
of the geographic media and their role in the exchange of matter and
energy. Izv, AN SSSR, ser. geogr., 1956, No. 4,

Grigor'ev, A,A. (2) The Subarctic. Izd. AN SSSR, 1946, 1 Gosgeografizdat,
Moscow, 1956.

Grigor'ev, N.F. The role of permafrost and fossil 1ce 1n the formation of the
landscape of the Lena River delta. Rukopis', fondy In-ta merzlotoved,,

1950.

Grigor'ev, N.F. Frost and geologlical features of the northern part of the
Yana Rilver delta in the region of the mouth of the right-hand tributary.
Issled. vechn. merzl. v Yakutsk. resp., No. 3, 1952,

Grigor'ev, N;F., Kuznetsova, T.P. et al. The characteristics of the upper
strata of the frozen zones in the Ust'-Yana reglon of the Yakut A.S.S.R.
Rukopils', fondy In-ta merzlotoved., 1955,

Grigor'eva, V.G. On the decrease in the freezing temperature of water in
fine-grained soils. Sb. Mat. po labor, issled. merzl. gruntov, No. 3,
Izd-vo AN SSSR, 1957.



-63-

Guany, B. Sorption of water and toluene vapors on bentonite. Journ. Indlan
Chem, Soc., 1954, Vol. 31, No. 1.

Gubkin, N.V, Notes on the hydrogeology of part of the Okhotsko-Kolyma Krai.
"Kolyma", 1944, No. 6.

Gubkin, N.V. (1) Permafrost hydrogeology and the construction of mine shafts
in the Okhotsko-Kolyma Krai., "Kolyma", 1946, No. 8.

Gubkin, N.V. (2) Ground water flow under river beds as a base for winter
supply of water. "Kolyma", 1946, No. 11.

Gubkin, N.V. Ground water of the upper reaches of the Kolyma River. Moscow,
Izd-vo AN SSSR, 1952.

Gukhman, A,A. Physical basis of heat transfer. ONTI, 1934,

Gusev, A.I. (1) Post-tertlary history of the northern part of the Kharaulakh
ridge. Izv. GGO, 1938, Vol. 70, No. 2.

gusev, A.I. (2) Tetragonal soil in the arctic tundra. Izv. Gos. geogr. ob-va,
1938, No. 3.

Gusev, A,I. Post-tertiary and present-day geologlcal phenomenon in northern
Khiraulakh and adjacent regions. Rukopils', fondy In-ta merzlotoved.,
1940.

Gusev, A.N. Geology, coal and oil deposits in the lower reaches of the Olenek
River. ILeningrad-Moscow, Tr., Nauchno-issled. in-ta geol. Arktikil, 1950.

Hamberg, A. 2Zug Kenntnis d. Vorggnge im Erboden beim Gefrieren und Aufrauen
sowle Bemerkungen Uber die erste Kristallisation des Efses in Wasser.
Geol. Foren. i Stockh. F8rh., 1915, Bd. 37, H. 5.

Handbook of Chemistry and Physics. Chemical Rubber Publishing Co. Clevelland,
Ohio, 1951.

Hedin, Sven. Central Asla and Tibet, Vol, I, II, 1903.
Hedin, Svén. Uber den Transhimalaya, 1919. K&6ln, H. Schlaffstein.

Henkel, L. £i1s als geologische Schicht. Geogr. Ztschr. (Leipzig), 1911,
Jg. 17.

Hesselman, H. Studler 8ver skogskixt a mossar. Skogsvirdsforentidskr., 1907.

Hggbom, B. Einige Illustrationen zu den geologischen Wirkung des Frostes auf
Spitzbergen., Bull, Geol. Inst. of the Univ. of Upsala, 1910, Vol. 9
(1903-1909).

Hggbom, B. Uber die geologlsche Bedeutung des Frostes. Bull., Geol. Inst. of
the Univ. of Upsala, Vol. 12, 1913-1914,

Hogbom, B. Beobachtungen aus Nordschweden {iber den Frost als geologischer
Faktor. Bull. Geol. Inst. of the Univ. of Upsala, Vol. 20, 1925-1927.



64~

Holmquist, P.J. ber mechanische Stgrungen und chemische Umsetzungen in dem
Binderton Schwedens. Bull. Geol. Inst. of the Univ. of Upsala, 1897,
Vol. III, p. 2, No. 6. Upsala, 1898,

Holmsen, G. Spiltzbergens Jjordbundsis. Det Norske Geogr. Selskabs Aarbok,
XXIV, Kristiania, 1912-1913.

Homen, Th. Der Wirmeumsatz im Boden. lLeipzig, 1897.

Ignatovich, N.X. On the distribution and formation of ground water. Dokl.
AN SSSR, 1944, Vol. 45, No. 3.

Il'in, V.S. Ground water. Bol'sh. sov. entsikl., Vol. 19, 1943.

Instructions on studying frozen solls in Siberia. Pod ped. I.V. Mushketova.
Prilozhenie k Izv. Russk. geogr. ob-va, Vol. 31, No. 1, 1895.

Instructions on protecting solls and soill foundations from freezing. Gos.
1zd-vo liter. po stroit. 1 arkhit., Moscow, 1953,

Investigations of frost heaving on automobile roads. Sb. pod ped. prof.
N.V. Ornatskogo Tr. DORNII, No. 2, Moscow, Dorizdat Gushosdora NKVD
SSSR, 1941,

Ivanov, B.A., Diagram of the geological regions of Eastern Siberia. Irkutsk,
1939. ,

Ivanov, N.S. (1) Dynamics of heat exchange in the soil stratum having an
annual temperature variation and in the upper permafrost strata in the
region of Yakutsk. Rukopis', fondy In-ta merzlotoved., 1956.

Ivanov, N.S. (2) Method of thermal calculations and dynamics of heat exchange
in soils in the region of Yakutsk. Rukopis', fondy In-ta merzlotoved.,

1956.

Ivanova, E.N. and Koposov, N,A. Soills of the tundra in the region of Khibiny.
SOPS AN SSSR, No, 13, 1937.

Izmail'skii, A.A. Soil moisture and ground water. 1894,

Jenness, L.J. Permafrost in Canada. Arctic, 1949, Vol. 2, No. 1.

Johnston, W. Frozen ground in the glaclated parts of Northern Canada,
Transact. Roy. Soc. Canada. Sect. 4, 3-rd ser., Vol. 24, Pt. I, 1940.

Jung, E. Veilterer Beitrag zur aggregirenden Einwirkung des Frostes auf den
Erdboden. Ztschr., f. Pflanz. Ding. u. Bod., 1932, B. 24, H, 1/2.

Jura, G. and Harkins, W.D, Surfaces of solids. XI. Determination of the
decrease (%) of free surface energy of a solid by an absorbed film.
Journ. Amer. Chem. Soc. (Washington), 1944, Vol. 66, No. 8



-65-~
Kachinskil, N.A. Freezing and thawing and the molsture of soill during the
winter in forests and fields. Moscow, Jzd-vo Mosk. gos. univ., 192T.
Kachurin, S.P. (1) Permafrost and geomorphological observations in the mouth
of the Anadyr' River in 1935. Tr. Komit. po vechn. merzl., Vol. 6,
Moscow-Leningrad, Izd-vo AN SSSR, 1938.

Kachurin, S.P. (2) The receding of permafrost. Dokl. AN SSSR, 1938, Vol. 19,
No. 8

Kachurin, S.P. Solifluction terraces in reglons of permafrost. Tr. Komit.
po vechn. merzl. Vol. 7, Izd-vo AN SSSR, 1939.

Kachurin, S.P. On the genesis of the more common fossll ice of the North,
Izd-vo AN SSSR, Moscow-Leningrad, 1946.

Kachurin, S.P. (1) Permafrost in the extreme northeast of the U.S.S.R. Tr.
In-ta merzlotoved., Vol. 7, 1950.

Kachurin, S.P. (2) Types of permafrost in the central and eastern Transbaikal
regions. Tr. In-ta merzlotoved., Vol. 8, 1950.

Kachurin, S.P. Some data on permafrost and forms of relief in the reglon
between the Lena and Vilyui Rivers. Tr. In-ta merzlotoved., Vol. 12,
1953, Moscow, Izd-vo AN SSSR.

Kachurin, S.P. Thermokarsts on the territory of the U.S.S.R. Doktorskaya
dissertatsiya, Rukopis', fondy In-ta merzlotoved., 1956.

Kachuro, Yu.,I. Water discharge from the Lazo spring. "Kolyma", No. 7, 1946.

Kalabin, A.I. Water supplied to the Dal'strol enterprise under conditions of
permafrost. Izd-vo "Sovetskaya Kolyma", Magadan, 1945,

Kalabin, A.I. Permafrost and the hydrogeology of northeastern U.S.S.R.
Rukopis', fondy Mosk. gos. univ., 1955.

Kalabin, A.I., Problems of permafrost as related to development of the north-
east, Dal'stroi (25th anniversary). Sb. "Magadansk. knizhn, 1zd-vo, 1956.

Kalesnik, S.V. General glaclology. Uchpedgiz, Leningrad, 1939.
Kalesnik, S.V. Fundamentals of general soll sclence. Uchpedgliz, Moscow, 1955.
Kamenskii, G.N. Surveying for ground water. Gosgeolizdat, 1947.

Kapustinskii, A.F, and Samoilov, O.Ya. Thermal chemistry and the structure of
the atom. Izv. AN SSSR, Otd. khim. nauk, 1950, No. 4

Katasonov, E,M. Lithology of frozen quaternary deposits (cryolithology) of
the Yana coastal lowlands. Rukopls' kand. issled., fondy In-ta
merzlotoved., 1954,

Kersten, M.S. The thermal conductivity of soils. Proceedings. 2-nd Intern.

002§er. on 801l mechanics and foundatlon engineering, Vol. 3. Rotterdam,
1948.

Kersten, M.S. Thermal properties of soills., Frost action in soils. A
Symposium. Highway Research Board Special Report 2, Minneapolis, 1949.



-G6-
Khakimov, Kh.R. Problems of theory and practice in the artificilal freezing of
solls for construction purposes. Izd-vo AN SSSR, Moscow, 1957.

Khmyznikov, P.K. Hydrology of the Yana River basin. Izd. Akad., nauk 1
Gidrograf. upr. GUSMP, Leningrad, 1934.

Khromov, S.P. On reasons and factors of climate, Izv., Vses. geogr. ob-va,
1951, Vol. 33, No. 6.

Khromov, S.P., Climate, macro-climate, local climate and micro-climate. Izv,.
Vses. geogr. ob-va, 1952, Vol, 35, No. 3.

Khromov, S.P, and Mamontova, L.I. Meteorological dictionary. Leningrad,
Gldrometeolzdat, 1955.

Kihlman, A.0. Pflanzenbilologischen studien aus Russisch Lappland. Acta Soc.
pro fauna et flora fennica, VI, 1890.

Kim, N.V. and Pavlov, B.S. Ground ice. Byull. tekhn. inform., Noril'sk,
komb, MVD, 1943, No. 5-6.

Kim, N.V. and Pavlov, B.S. Methods of basing structures on frozen soill,
Byull. tekhn. inform. Noril'sk, komb. MVD, 1945, No. 3-4(10-11).

Kin, B.A. Physical properties of soll. Leningrad-Moscow, GTTI, 1933.

Kintzl, H. Beobachtungen Uber Strukturboden in den Ostalpen. Peterm. geogr.
Mitt. (Gotha), 1928, Jg. T4.

Kirpichev, M.V,, Mikheev, M,A. and Eigenson, M.F. Heat tranafer. Gosenergo-
izdat, 1940,

Kitredzh, D. (Kittredge). The effect of forest on climate, soll and water
regime. Moscow, Izd-vo lnostr. liter., 1951.

Klute, F, Ergebnilsse d. Forschungen am Kilimandscharo, 1912, Berlin, 1920.

Kokkonen, P. Beobachtungen liber die Struktur des Bodenfrostes. Acta
forestialia fennica, 1926, 30, No. 3.

Kolesnilkov, A.G. On changing the mathematical formulation of the prcblem of
soll freezing. Dokl. AN SSSR, 1952, Vol. 82, No. 6.

Kolesnilkov, A.G. and Martynov, G.A., Calculation of the depth of freezing and
thawing of solls. Mat. po labor. 1ssled., merzl. gruntov. Sb. 1, Moscow,
Izd-vo AN SSSR, 1953.

Koloskov, P.I. On the problem of thermal improvement of the soil. Izv.
opytn. polel Amursk. obl., No. 2. Blagoveshchensk, 1918.

Koloskov, P.I. Climatic bases of agriculture in the Amur Oblast. Far eastern
reglonal meteorological bureau. Vol, 8, Blagoveshchensk, 1925.

Koloskov, P.I. On the problem of thermal improvement in regions of permafrost
and deep frost penetration of the soll. Vechnaya merzlota. Sb.
Materialy KEPS, No. 80, Izd-vo AN SSSR, 1930.



-67-

Koloskov, P.I. (1) The relationship between the temperature of the soll and
the tenperature of the air in reglons of permafrost as an indicator of
agricultural and climatic potentials. Tr. Komiss. po 1zuch. vechn.
merzl. Vol. 1, Izd-vo AN SSSR, Leningrad, 1932,

Koloskov, P.I, (2) Preliminary organizational plan of experimental permafrost
studies for the gold mining industry and programme of operations for the
sumner of 19%2, Rukopis', fondy In-ta merzlotoved., 1932.

Koloskov, P.I. On the origin of ground ice. Izv. AN SSSR, ser. geogr. 1
geofiz., 1946, Vol. 10, No. 6.

Koloskov, P.I. Drying and ground ice in Central Yakutia. Rukopis' fondy In-
ta merzlotoved., 1947,

Koloskov, P.I. On taking into account climatical factors of soll freezing.
Rukopls', fondy In-ta merzlotoved., 1952.

Kolosov, D.M. On secondary 1lce formation as a geomorphologlcal process,
Probl. fiz. geogr., Vol. 6, 1938.

Kolosov, D.M, Problems of anclent glaciation of the northeastern U.S.S.R.
Tr. GGU GUSMP, No. 30, 1947,

Komarova, N.A. The movement of water in soils in connection with diffusion of
fertilizers. Sb. nauch. rabot komsomol'tsev AN SSSR, posvyashch. X
s'ezdu VIKSM, 1936,

Kondrat'ev, K.Ya. Thermal regime of the stratosphere. Priroda, 1952, No. 7.

Konstantinova, G.S. Permafrost in the Yenisei-Pyasina river valleys.
Rukopls', fondy In-ta merzlotoved., 1954,

Korkina, R.I. Report on electrometric field work in Yakutia in 1950.
Rukopis', fondy In-ta merzlotoved., 1952.

Koshlakov, K.V, Better utilization of radiant solar energy in open cast
mining. "Kolyma", 1953, No. 7.

Kostetskaya, T.P. and Martynov, G.A. X-ray investigations of frozen solls and
ice. Rukopils!, fondy In-ta merzlotoved., 1951.

Kotsebu, O. and Shamisso, A, Journey in the "Yuzhnyli" Ocean and the Bering
Strait 1in search for a northeast sea passage undertaken in 1815, 1816,
1817 and 1818 on the ship "Ryurik" under the leadership of Lt. Kotsebu.
Part I-III, St. Petersburg, 1821-1823,

Kotzebu, O, Entdeckungsreise in der Slidsee und nach der Beringstrasse.
Weimar, 1821.

Kovner, S.S. On one problem in heat conductance. Zhur. geofiz., 1933, Vol. 3,
No. 1.

Koz'min, N.M. On the influence of permafrost in some localities of Eastern
Sibeﬁia. Izv. Vost.-Sib. otd. Russk. geogr. ob-va, 1892, Vol. 23,
No., 4-5,

Kraskovskil, S.A. Geothermal measurements 1in the U.S.S.R. Moscow-Leningrad,
Izd-vo AN SSSR, 1941.



-03-

Kraskovskil, S.A. The temperature gradient in the earth's crust. Izv, Vses.
geogr. ob-va, 1948, No. 2.

Krasnov, I.I. Result of 1nvestigations of the quaternary deposits of the
"Bol'shesemel'skaya" tundra and the Pechor'e lowlands. Byull. Komiss. po
izuch. chetvert. perioda, 1947, No. 9.

Krebs, Norbart. Klimatlisch bedingte Bedenformen in den Alpen. Geogr. Ztschr.
(Leipzig), 1925, Jg. 31, H. 2.

Krylov, M.M, The accumulation of cold in the s0ill as a factor in reducing
drought. Vestn. sel.-khoz. naukl. Melloratsiya 1 gidrotekhnika, No, 1,

1940,

Krylov, M.M. Frozen dams. Merzlotovedenie, 1946, Vol. 1, No. 1. Izd-vo AN
SSSR, 1946,

Krylov, M.M, Isothermlc ice deposits. Izd-vo AN SSSR, 1951,

Krylov, M.M. Transformation of nature by means of hydrothermal improvement.
Voprosy geografii, Sb, 28, 1952,

Kudryavtsev, V.A. Permafrost dynamics in the northern basin of the Selemdzhil
River and buillding conditions in this region. Tr. Komit. po vechn,
merzl., Vol. 8, Moscow-Leningrad, Izd-vo AN SSSR, 1939.

Kudryavtsev, V.A. Methods of determining the dynamics of the freezing process
during engineering-geological investigations. Rukopils'!, fondy In-ta
merzlotoved., Moscow, 1944,

Kudryavtsev, V.A. Temperature regions in the permafrost zones of the U,S.S.R.
Rukopis!'!, fondy In-ta merzlotoved., 1950.

Kudryavtsev, V,A. (1) Processing the results of temperature measurements in
the Sherginskii mine in Yakutsk for the period of 1845 to 1941. Tr., In-
ta merzlotoved., Vol. 12, 1953,

Kudryavtsev, V.A. (2) On the dynamics of permafrost. Tr. In-ta merzlotoved.,
Vol. 12, 1953.

Kudryavtsev, V.A. (3) Seasonal freezing and thawing of soils in the perma-
frost regions of the U.S.S.R. Rukopis', fondy In-ta merzlotoved., 1953.

Kudryavtsev, V.A, Temperature of the upper strata of permafrost within the
U.S.S.R. Leningrad, Izd-vo AN SSSR, 1954,

Kursanov, A.L. The importance of isotopes and other recent methods of inves-
tigation in bilology for solving problems in agriculture. Izv. AN SSSR,
ser. bilol., 1954, No. 1.

Kushev, S.L. (1) Permafrost in the lower reaches of the Nizhnel Tunguski
River. Komiss. po izuch. vechn. merzl., Vol. 3, Izd-vo AN SSSR, 1934,

Kushev, S.L. (2) Geomorphology of the valley of the lower reaches of the
Nizhnei Tunguski River. Tr. Geomorfol. in-ta AN SSSR, No. 2, 1934,

Kushev, S.L. Morphology and genesis of hillocky forest covered marshlands and
their geographical distribution. Tr. Komit. po vechn. merzl,, Vol. 8,
Izd-vo AN SSSR, Leningrad-Moscow, 1939,



-69-

Kuzeneva, 0.I. Evolution of swamps in the Amur Oblast and experiments in
classifying them. Podchvovedenie, 1911, No. 2,

Kuznetsov, V.D. Surface energy of crystals. Priroda, 1952, No. 9.
Kuznetsov, V.D. Surface energy of solids. Moscow, 1954,

Kvashnin-Samarin, N.V., On the question of frost as a factor in soil formation
in the western part of the Amur Oblast and on the Olekma water divide.
Mat. po i1zuch, russk. pochv. No. 20, St. Petersburg, 1910,

Kvashnin-Samarin, N.V. On some observations of the micro-relief of frozen
soils and its significance. Mat. po izuch. russk. pochv. No. 23, St.
Petersburg, 1913.

Laboratory investigations of mechanical properties of frozen soils., Tr.
Dal'nevost. kompl. eksped. AN SSSR, Sb. 1. Moscow-Leningrad, Izd-vo AN
SSSR, 1936.

Laboratory investigations of the mechanical properties of soils. Tr.
Dal'nevost. kompl. eksped. AN SSSR, Sb. II, Moscow-Leningrad, Izd-vo AN
SSSR, 1936.

Laletin, N.,V. Problems of calculating non-linear deformation of natural
bases. Vestn. Voenno-inzh. Krasnoznam. akad. im. V.V, Kuibysheva, No.
78, Sb. po osnovaniyam i fundamentam. Moscow, Izd-vo Voenno-inzh. akad.,

1954,

Lamansky, W.W. Das Absterben der Gletscher und dile Eiszeit. Zs. f.
Gletscherk, 1914, Bd. 8, H. 3.

Lamé‘and Clapeyron. Mémoire sur la solidification par refroidissement d'un
globe liquide. Ann. Chim. et Phys. (Paris), 1831, Vol. 47.

Lange, 0.K. Data on the classification of ground water. Tr. 1 go gidrogeol.
stezda. No. 8, Leningrad, 1934.

Lange, 0.K. Ground water regions. Notes on the hydrogeological regions of
the U.S.S.R. Mat. k pozn. geol. stroen. SSSR, nov. seriya, No. 3/12,
MOIP, 1947.

Lapkin, G.I. Calculating the settlement of structures on thawing permafrost
bagsed on experiments with natural specimens carried out under laboratory
conditions. Byull. Soyuztransproekta, 19%9. No. 12.

Lapkin, G.I; Calculatlion of the settlement of structures on thawing solls by
the method of contact pressures. Moscow, Stroiizdat, 1947,

Laptev, Kh.P. Notes on observations of the fleet under the command of Lt.
Khariton Laptev during the Kamchatka expedition between the Lena and
Yenlisel rivers on the condition of the rivers and of the people living on
them. 2Zap. Gidrograf. depart. Morsk. minist., Part 9, 1851,

Lebedev, A.F. The role of water vapour in the regime of ground water. Tr. po
sel,-khoz. meteor., No. 12, 1913.



-70-

Lebedev, A.F. On the movement of salts in soll having moisture of different
category. Tr. Pochv. in-ta AN SSSR, No. 3-4, 1930.

Lebedev, A.F. Ground water. 1l-e 1zd. Sel'khozglz, Moscow-Leningrad, 1930;
h.e 1zd., Moscow-Leningrad, 1936.

ILeffingwell, K. Ground ice wedges, the dominant form of ground ice on the
north coast of Alaska., Journ, Geol., 1915, Vol. 23, No. 7.

Leffingwell, K. The Canning River region, Northern Alaska. Unit. Stat. Geol.
Surv. Prof. Pap., No, 109. Washington, 1919.

Leibenzon, L.S. Handbook on mechanics in the petroleum industry. Moscow,
ONTI, 1931.

Leibenzon, L.S. On the question of hardening of the earth's crust from an
initial molten state. Izv. AN SSSR, ser, geogr. 1 geofiz., 1939, No. 6,

Leibenzon, L.S. The movement of lilquids and gases in a porous medium.
Gostekhizdat, 1947.

ILeonov, P.A, Ice fill, "Za ugol' Vostoka", 1931, No. 15,

Leont'ev, A.V., The effect of rivers, lakes and snow cover on the temperature
regime of the so0ll in one region of the Taimyr. Rukopis', fondy In-ta
merzlotoved., 1947,

Levitskili, A.P. On the problem of the evolution of swamps in the Amur Oblast.
Pochvovedenie, 1910, Vol. 12, No., 1.

Lichkov, B.L. Fundamental characteriatics of the classification of ground
water. Tr. Gos. gldrol. in-ta, No. 2, 1933.

Liverovskii, A.V, and Morozov, K.D. Construction under conditions of perma-
frost. Moscow-Leningrad, Stroiizdat, 1941,

Lomonosgv, M.V. "On earth strata" and other papers on geology. Gosgeolizdat,
1949,

Lomonosov, M.V, Notes on atmospheric phenomena of electric origin. Sobr,
soch., 3, 1952,

Ioparev, M.G. and Tolstikhin, N.I. Hydrolaccolliths of Khada-Bylaka. Izv.
VGO, 1939, Vol. 71, No. 9.

Lopatin, I.A, On the solving the problem of the origin of false stratifica-
tion of soil. Zap. Mineral. ob-va, ser. 2, Part 8, St. Petersburg, 1873.

Lopatin, I.A. Some information on ilce strata in Eastern Siberia. Prilozhenie
No. 1 and 29. Zap. Akad. nauk. St. Petersburg, 1876.

Lopatin, I.A. Diary of the Turukhan expedition in 1866, Zap. Russk. geogr.
ob-va, Vol. 28, No. 2, 1897.

Lukashev, K.I, Mound formation as a manifestation of ground pressure in
connectlon vwith permafrost. Ueh. zap. Leningr. gos. univ., No. 10.
Zemnaya kora, Vol. 2, 1936,

Lukashev, K.I. The premafrost region as a particular physico-geographical and
construction region. Leningrad, Izv. Leningr. gos. univ., 1938,



-71-
Luk'yanov, V.S. Mcthod of calculating the depth of freezlng of the soill.
Soobshch., No, 10. TsNIIS MPS, Moscow, 1951.

Luk'yanov, V.S. and Golovko, M.D. Instructlions on the thermal calculation of
water pipes laid in regions of scasonal freezing of the soil (project).

1954,

Luk'yanov, V.8. and Golovko, M.D. Calculation of the freezing depth of soil.
Transzheldorizdat, 1957.

Luk‘'yanov, V.S,, Gol'dshtein, M.N, et al. Construction of earthen road beds
during the winter. Moscow, Transzheldorizdat, 1946.

Ltvov, A.V. Search and testing of water supply in the western part of the
Amur railroad under conditions of permafrost. Irkutsk, 1916.

L'vov, A.V. and Kropachev, G. A short account of the results of investigating
Arshan, 1Izv. Vost.-Sib. otd. Russk. geogr. ob-va, 1909, Vol. 40.

Lykov, A.V, On the theory of moisture migration in bodies containing
capillaries and pores. Kolloid. zhur., 1947, Vol. 9, No, 2.

Lykov, A.V,. The theory of drying. Moscow-Leningrad, 1950.

Lykov, A.V. (1) Differential equations of heat and mass exchange and the
system of criteria in hydrothermal similarity. Izv. VII, 1952, No. 10.

Lykov, A.V. (2) Theory of heat conductance. Gostekhizdat, 1952.

Lykov, A.V. Transfer I1n bodies containing capillaries and pores. Moscow,
Gostekhizdat, 1954,

Lykov, A.V, Heat and mass exchange during the drying process. Gosenergoizdat,

1956.

Lyuboslavskii, G.A. On the effect of soil cover on its temperature., Izv. St.-
Petersburg lecn. in-ta., St. Petersburg, 1900.

Lyuboslavskii, G.A. The effect of the surface cover of soil on temperature
and exchange of heat 1n the upper strata. St. Petersburg, 1909.

Lyundegord, G. The effect of climate and soil on vegetation. Moscow, 1937.

MacCarthy, E.E. Stripping frozen gravel in Theraskow. Min. Mag., 1914, No. 10,

Maddren, A.G. Smithsonian Exploration in Alaska in 1904, in search of Mammoth
and other fossll remains. Smith. Misc. Coll., 1905, Vol. 49, No. 1884,

Maidel!, G. A journey along the northeast part of the Yakutsk Oblast in 1868-
1870. Vol. 1, 188Y4; Vol., 2 with atlas, 1896.

Makarenko, F.A. On the mechanism of underground water supply for rivers.
Dokl. AN SSSR, 1947, Vol. 57, No. 5.

Makergv, ga. Mountain terraces in Siberia. Izv. Geol. kom., 1913, Vol. 32,
ol



-72=

Malcsimov, V.M. and Tolstikhin, N.I. Hydrogeological sketeh of the Yakut
artesian basin adjacent to the Lena River. Rukopis!, fondy In-ta
merzlotoved., 1944,

Maksimovich, G.A. Cave ice. Izv. VGO, 1947, Vol. 59, No. 5.

Marinesko, N. Polarisation diélectrique et structure des colloides. Journ.
Chem. et Phys., 1951, No. 1.

Markov, F.G. Geological investigations along the meridian intersect from the
middle reaches of the Kotyya River across Taimyr Peninsula to the mouth
of the lower Taimyr River. Tr. Nauchno-issled, in-ta geol. Arktiki,
GUSMP, Vol. 16, 1951.

Markov, K.K. Polygonal (cellular) formations in northern Pamir. Izv. Gos.
geogr. ob-va, 1934, Vol., 16, No. 3.

Markov, K.K. On the metachronlism of glaclatlion. Izv, AN SSSR, ser. geogr. 1
geofiz., 1938, No. 2-3.

Markov, K.K. Present-day problems 1n glaclology and paleoglaclology. Vopr.
geogr. Sb. 1. Geografglz, Moscow, 1946.

Martynov, G.A. Thermal properties of permafrost. V sb. Mat., po labor. issled,
merzl. gruntov, razd. I, Ch. 5 §2. Izd-vo AN SSSR, 1957.

Martynov, G.A. and Shimanovskii, S.V. Thermocouples for lnvestigating the
temperature reglme of solls under natural conditlons. Sb. Sezonnoe
promerzanle 1 protaivanie gruntov, Moscow, Izd-vo AN SSSR, 1957.

Matthes, F. Glacial sculpture of the Bighorn Mountains, Wyoming. "Twenty-
first annual report" of the Unit. St. Geol. Surv., p. II. Washington,
1900.

Matyushkin, F.F. Journey to the large and small Anyuil in 1821 and letters.
Ch. 3, Part 2. Journey along the northern shores of Siberia and the
Arctlic Ocean by F.P. Vrangel!.

Medvedev, P.M. Concerning the northern tree line and reasons for the lack of
forests 1n the tundra region of Asia., Izv. Vses. geogr. ob-va, 1952,
Vol. 84, No. 3,

Mepglitskll., General account of the Verkhoyana search party during the summer
of 1850. Gorn. zhur., 1851, Part II, No. 5.

Melster, L.A. Permafrost in the reglon of Igarka and methods of mapping 1it,
Rukopis!, fondy In-ta merzlotoved., Moscow, 1948.

Melster, L.A. Defects 1n the classification of ground water in regions of
permafrost. Sb. Mat. k osnov. uchen. o merzl. zonakh zemn. kory. No. 2,
Moscow, Izd-vo AN SSSR, 1955.

Meister, L.A. and Shvetsov, P.F. On some terms in the study of permafrost
zones and 1ts place among other sclences. Izv. AN SSSR, ser. geogr.,
1955, No. 1.

Melster, L.A. and Shvetsov, P.F. On baslc concepts, their definition and
terms in the study of permafrost zones. Dokl, Mezhduved. soveshch. po
merzlotoved. v marte 1956.



-73-

Melamed, V.G. On solving the Stefan problem by reducing 1t to a system of
ordinary differential equations. Dokl. AN SSSR, 1957, Vol. 116, No. 4.

Mel'nikov, P.I. Permafrost in the reglon of Yakutsk. Sb. Issled. vechn,
merzl, v. Yakutsk. resp., No. 2. Izd-vo AN SS3R, 1950.

Mel'nikov, P.I. Permafrost-geological conditlions for the construction of
civilian and industrlal bulldings in the territories of Central Yakutia
and experilence in construction. Moscow, Izd-vo AN SSSR, 1951,

Mel'nikov, P.I. Dynamlcs of permafrost under bulldings and the calculation of
foundations for conditlions of low temperature permafrost in the city of
Yakutsk. Sb. Issled. vechn. merzl. v Yakutsk. resp., No, 3. Izd-vp AN
SSSR, 1952,

Mel'nikov, P.I, and Efimov, A.I. Experience in the utilization of ground
water in regions of permafrost in Central Yakutia. Izd-vo AN SSSR, 1953.

Mel'nikov, P.I. and Meister, L.A. Determining the adhesive force between
frozen ground and wood and concrete and sheer resistance of frozen soil
under field conditions. Tr. Komit. po vechn. merzl., Vol. 10, Moscow-
Leningrad, Izd-vo AN SSSR, 1940.

Middendorf, A.F. Journey to the north and east of Siberia. Part I, St.
Petersburg, 1860.

Middendorff, A.Th. Reilse in den Sussersten Norden und Osten Sibiriens.
Bd. I, Th. 1, 1848,

Middendorff, A.Th, Relse in den Bussersten Norden und Osten Sibiriens.
Bd. IV, Th. 1, 1861,

Mikhailov, N.I. Geomorphological observations in the western part of the
Putorana mountains., Vopr. geogr., sb. 3, 1947,

Mikheev, M.A. Fundamentals of heat transfer, Gosenergolzdat, 1949,

Mishin, M.D, Data and observations of the Ulangin meteorological station for
© the summer of 1910. Tr. Amursk. eksped., No. 1U4, St, Petersburg, 1913.

Mizerov, A.V. Data on snow cover on the northwestern shore of Kamchatka
Peninsula. Izv. Gos. geogr. ob-va, 1937, No. 2.

Mordvinov, A.I. Rellef and permafrost of the left-hand bank in the middle
course of the Byssy River and the adjacent foothlills of the western slope
of the Turana mountain ridge. Tr. Komit. po vechn, merzl., Vol. 9, 1940,

Morlagd, M. Adsorption of ammonia by clays and muck. Soil Sci., 1955, Vol.
0, No. 1.

Moroshkin, V.I. On the question of the formatlon of ice crystals in frozen
soil. Sb. 28, NIIP NKPS, 1933.

Mortensen, H. Einige Oberflichenformen in Chili und auf Spitzberge. Peterm.
geogr., Mitt., 1930, Erg. H. 209,

Moskvitin, A.I, On fossil remnants of “permafrost". Byull. Komiss. po izuch.
chetvert., perloda, No., 12, Izd-vo AN SSSR, Moscow, 1948,



-7 -

Mukhin, N.I., Grigor'eva, E.G,, Tolstov, A.N., et al, Permafrost-geological
conditions in the eastern part of the Yano-Indigirka coastal lowlands
and the Sredne-Indigirka lowlands. Rukopis', fondy In-ta merzlotoved.,

1955.

Mullokandov, R.N. Contact heat conductance of a layer of spherical particles.
ZhTF, Moscow-Leningrad, 1947, Vol. 17, No. 10.

Mushketov, I.V., Physical geology. Vol, 2, 1905.

Myshkovskaya, E.E. Meteorological, soll and botanical-geographlc observations
at the Bomnak Station during the summer of 1910. Tr. Amursk. eksped.,
No. 14, St. Petersburg, 1913.



-75-

Naginskii, N.A. Mechanism of the 1lncrease }n quaternary ice cover of the west
Siberian lowlands. Dokl. AN SSSR, 1953, Vol. 91, No. 3.

Nansen, F.V. Into the land of the future. The great northern route from
Europe to Siberia through the Kara Sea. Petrograd, 1915.

Nasedkin, N.A. and Pokrovskii, G.I. On heat diffusion in clay and peat. ZhTF,
1939, Vol. 9, No. 16

Nekipelov, V. Geological description of a place in the region of the rallroad
from the Kerak to the Chaldonka stations. Rukopis', fondy stroit.
Amursk. zhel. dor., 1908.

Nersesova, Z.A. Changes in the ice content of soill depending on temperature.
Dokl. AN SSSR, 1950, Vol: 75, No. 6.

Nersesova, Z.A. On the thawlng of 1cé in solls at below freezing tempera-
tures. Dokl. AN SSSR, 1951, Vol. 79, No. 3.

Nersesova, Z.A. (1) The calorimetric method of determining ice content. Mat.
po labor. issled. merzl. gruntov. Sb. 1, Izd.-vo AN SSSR, 1953.

Nersesova, Z.A. (2) Phase composition of water in soil during freezing and
thawing. Mat. po labor. issled. merzl. gruntov. Sb. 1, Izd.-vo AN SSSR,

1955.

Nersesova, Z.A. Categories of moisture in frozen solls. Mat. po labor.
issled. merzl. gruntov., Sb. 3, Izd-vo AN SSSR, 1957.

Nikiforov, K. On some dynamic processes 1n solls in reglons where permafrost
i1s propagating. Pochvovedenie, 1912, No. 2.

Nikiforov, K. Soll and geographical observations in the summer of 1910 in
the reglon of the Unakhl meteorological station. Tr. Amursk. eksped.,
No. 14, St. Petersburg, 1913.

Nikiforov, K. The perpetually frozen subsoll of Siberia. Soil Sci., 1928,
Vol. 26, No. 1.

Nikol'skii, A.P., Hot springs in the region of the Lavrentii Bay and Mechigmen
Inlet. "Arktika", 1937, No. 5.

Notes on observations carried out in the Kerchinskiil industrial district on
freezing and thawing of soil in 1836 in regions that have been ploughed
for cereal crops. Gorn. zhurn., 1838, Part II, No. 4.

Novakovskili, S,F. Investigation of the thermal regime of a railway station
water system constructed under conditions of permafrost. Fondy Gos.
bibliot. im V.I. Lenina, 1943,

Obldin, N.I. TIrozen zones of the lithosphere and ground water in the Soviet
Arctic. Tr. Arktich. in-ta, Vol. 16. Izd-vo Glavsevmorputl, Moscow-
Leningrad, 1943.

Obolenskii, V.N. The influence of trees on the temperature of the soill and
on the temperature and humldity of the air. Zhur. geofiz. 1 meteorol.,
1923, Vol. 3, No. 3, 4.



-76-

Obolenskil, V.N. A course in meteorology for institutions of higher learning.
Gidrometeolzdat, 1944,

Obruchev, 3.V. Solifluction (mountain) terraces and their genesls based on
investigations in the Chukehi Krail., Probl. Arktiki, No. 3 1 4, Izd-vo
Arktich. in-ta Glavsevmorputl, 1937.

Obruchev, S.V. The region of Chaunskaya guba (geological and orohydrographic
sketch). Tr. Vses. arktich. in-ta, Vol. 112, No. 4, 19383.

Obruchev, S.V. General sketch of the tectonic and phase volcanlzation of
eastern Yakutia. Geologlya SSSR, Vol. 18, 1947.

Obruchev, V.A. Geological investigations of the Olekmin-Vitim mountaln reglon
and its gold-bearing deposits in 1890. Izv. Vost.-Sib. otd. Russk.
geogr. ob-va, 1891, Vol. 22, No. 2-3.

Obruchev, V.A. Remarks on the paper by S.V. Obruchev "Work of the Kolyma
geomorphological section of the Yakut expedition". Izv, AN SSSR, 1929,
VII ser., No. 8

Obruchev, V.A. G@laclation of northern Asia. Priroda, 1930, No. 5.

Obruchev, V.A. Signs of the 1ce age 1in northern and central Asla. Byull,
Komiss., po izuch. chetvert. perloda, 1931, No. 3.

Obruchev, V.A. History of the geological investigatlons of Siberia. Seriya
vypuskov Akad . nauk SSSR, 1931-1949.

Obruchev, V.A. Geology of Siberia. Vol. 1, 2, 3, 1938.

Obruchev, V.A. 100th anniversary of the first expedition of the Academy
devoted to the 1nvestigatlion of permafrost. Izv., Vses. geogr. ob-va,
1946, Vol. 23, No. 5-6.

Obruchev, V.A. Advances in permafrost studies in the U.S.S.R. 7Yubill. ob.
posvyashch. 30-letiyu Velik. Oktyabr'!'sk. sotsial. revol., Vol. 1, Izd-vo
AN SSSR, 1947.

Observation of frozen soll in the Nerchinsk region in 1836 in uninhabited
areas during prospecting for placer gold. Gorn. zhur., 1838, Vol. 2.

Okladnikov, A.P. Yakutlia before it was attached to the Russilan State.
Istorliya Yakutskok ASSR, Vol. 1, Izd-vo AN SSSR, Moscow-Leningrad, 1955.

Orlov, V.0. The adhesive force of freezing between foundation and soil during
the process of heaving (under conditions of deep permafrost and through
taliks). Rukopis', fondy In-ta merzlotoved., 1956,

Ostroumov, G.A, Free convectlon under conditlions of the internal problem,
Gostekhizdat, 1952,

Ovcharenko, F.D. and Bykov, S.F. The hydrophilic properties of bentonites
In connection with their physico-chemical nature. Kolloidn. zhur., 1954,
Vol. 16, No. 2.

Owston, F.G., Kathleen, L. The crystalline structure of ice. Jour. of
Glaciology, 1948, Vol. 1, No. 3.



-77-

Pallas, P.S. Journeys over various provinces of the Russian Empire. 3 parts
in 5 volumes. St. Petersburg, 1773-1778.

Parlkhomenko, S.G. Some data on the nature of the Nizhne-Lenskil Krai. Tr.
Komiss. po izuch. Yakutsk. ASSR, Vol. 3, Leningrad, 1929.

Parkhomenko, S.G. A schematlc map of regions of permafrost and deep frost
penetration of the soill in the U.S.S.R. Tr. TsNII geodezll aeros'emkl 1
kartografii, No. 18, Moscow, Izd-vo GUGSK NKVD SSSR, 1937.

Parkhomenko, S.G. Permafrost studies as a study of cryophilic soils. Tr.
Komit. po izuch. vechn. merzl., Vol. 6, Izd-vo AN SSSR, Moscow-Leningrad,

1938.

Parkhomenko, S.G. Freezlng of-top soll and sub-soll. Mat. k osnov. uchen. o
merzl. zonakh zemn. korv, No. 3, Izd-vo AN SSSR, Moscow, 1956.

Parry, W.R. Journal of voyage for the discovery of a northwestern passage 1n
1819-1820. London, 1821.

Pchelintsev, A.M. (1) Frost texture and its role and significance in the
physlco-mechanical propertlies of frozen solls. Rukopls', fondy In-ta
merzlotoved., 1948,

Pchelintsev, A.M. (2) On the structure and texture of frozen solls. Rukopis',
fondy In-ta merzlotoved., 1948.

Pchelintsev, A.M. The texture of frozen solls and 1ts role and signifilcance
in thelr physico-mechanlcal propertlies. Sclentiflic reports for 1952
and 1953. Rukopls', fondy In-ta merzlotoved., 1953.

Pchellntsev, A.M. The prediction of settlements during the thawing of
permafrost. Tr. Igarsk. nauchno-issled. merzl. stants., No. 1, Izd-vo
AN SSSR, 1954,

Perkarskaya, N.K. Content of solls of the Vorkuta reglon. Rukopils!', fondy
In-ta merzlotovod., 1951.

Penck, A. Versuch elner Klimakjlassification auf physlogeographischer
Grundlage, Sitzungsb. d. konigl. preuss. Acad. d. Wiss., II, Berlin,
1910.

Perekrestov, P,P., Ice formation in the Imachinskil cut of the Amur raillroad
and combattling 1t. Merzlotovedenie, 1946, Vol. 1, No. 2, Moscow, Izd-vo
AN SSSR.

Pervukhlna, A.E. Salt sources of the northern regions. Tr. Severnoil bazy
AN SSSR, No. 5, Izd-vo AN SSSR, 1939.

Petropavlovskil, V.N. Olenek and Khatanga. Rukopls', fondy In-ta
merzlotoved., 1948.

Petrov, V.G. Icing on the Amur-Yakutsk main rail line. Leningrad, Izd-vo
AN SSSR, 1930.

Petrov, V.G. Permafrost expedition along the line of the Tailshet-Padun
(Angara) in 1933. Tr. Komiss. po izuch. vechn. merzl., Vol. 5, Moscow-
Leningrad, 1937.



-78-

Pigsarev, G.F. Permafrost in the Tunka depression. Tr. Komlss. po izuch.
vechn. merzl., Vol. 4, Moscow-Leningrad, Izd-vo AN SSSR, 1935.

Pistov, P.M. Problems of agricultural development in regions of permafrost
of the far eastern krai. Tr. Vses. sel.-khoz., akad. im V.I. Lenilna,

No. 13, 1937.

Plotnikov, V.P. Permafrost in the Chernov brown coal reglon of the Trans-
ballkal area. Merzlotovedenie, 1946, Vol. 1, No. 2, Moscow, Izd-vo
AN SSSR.

Pod'yakonov, S.A. Along the Aldan and Olekma. Izv. Vost.-31lb. otd. Russk.
geogr. ob~va, 1900, Vol. 31, No. 1-2.

Pod'yakonov, S.A. Secondary icing in eastern Siberia and 1its genesis. Izv.
Russk. geogr. ob-va, 1903, Vol. 39, No. 4.

Pokshishevskii, V.V. The contribution of Russian travellers to the know-
ledge of permafrost. Priroda, 1954, No. 5. Handbook on the establish=-
ment of order in sclentific and technlcal terminology. Pod Ped. akad.
A.M. Terplgoreva, Izd-vo AN SSSR, Moscow, 1952,

Polubarinova-Kochina, P.Ya. Theory of the movement of ground water.,
Gostekhlzdat, 1952.

Polynov, B.B. Soll and geographlc sketch of the Tyrma mountaln tailga of the
Amur Oblast. Tr. Pochv.-botan. eksped. po 1lssled. koloniz. raionov
Azlatskoil Rossii. Part I, 1909.

Polynov, B.B. (1) On perennial frost and forms of ice and snow that last
throughout the summer in the Amur Oblast. Zemlevedenle, 1910, No. 3.

Polynov, B.B. (2) Particular conditions of erosion and soil formation in
the Amur Oblast. Ezheg. po geol. i mineral. Rossii, Vol. 12, No. 5-6,
1910.

Polynov, B.B. The surface of the earth's crust. Part I. 1934,

Ponomarev, V.M. Hydrogeological sketch of the Amderma region. Tr. Gornogeol.
upr., No. 1, 1937.

Ponomarev, V.M. Englneering-hydrogeological conditions in the region of
Kozhevnikova harbour. Rukopis', fondy In-ta merzlotoved., 1933.

Ponomarev, V.M. (1) On the history of the Kozhevnikova harbour region during
the quaternary period. Sov. geol., 1940, No. 11.

Ponomarev, V.M. (2) Further information on the hydrogeological conditions of
thﬁ Razdeanii-Peninsula (Vaigach Island) and Amderma. Probl. Arktiki,
1940, No. 4,

Ponomarev, V.M. The formation of ground water along the coast of the northern
seas 1n the region of permafrost. Izd-vo AN SSSR, 1950.

Ponomarev, V.M. The time and conditions of formation of fossil ice in
Chukehl., Mat. Soveshch., po izuch. snega 1 1'da. Fondy In-ta
merzlotoved., 1951.



~79-

Ponomarev, V.M, Permafrost and ground water in the region of Ust'-Yenisel
port (investipgations of 1941). Tr. In-ta merzlotoved., Vol. 10,
Moscow, Izd-vo AN SSSR, 1952,

Ponomarev, V.M. (1) The geothermal stage in the arctic region of permafrost.
Tr. In-ta merzlotoved., Vol. 12, 1953.

Ponomarev, V.M. (2) Perennial frost as one of the basic reasons for
increasing the size of the fresh water zone. Rukopis', fondy In-ta

merzlotoved., 1955.

Ponomarev, V.M. (3) Ground water in the reglon of thick permafrost strata
and thelr practical importance. Rukopis', fondy In-~ta merzlotoved.,

1955.

Ponomarev, V.M. (4) Quaternary deposits and permafrost of Chukchi. Izd-vo
AN SSSR, 1953.

Ponomarev, V.M. Frozen strata of solls and ground water 1n the regilon of
the Aldan iron ore deposit and the Chul'man coal deposit. Report for
1955, Fondy In-ta merzlotoved.

Ponomaxev, V.P. Heaving along rallway lines and methods of combatting it.
Tr. Vses. nauchno-issled. in-ta zhel.-dor. transp., 1952, No. 50,

Popov, A.I. Frost fissures and problems of fossil ice. Tr. In-ta
merzlotoved., Vol. 9, 1952,

Popov, A.I. (1) Permafrost in western Siberia. Izd-vo AN SSSR, 1953.

Popov, A.I. (2) Permafrost-geological regions of the permafrost zone of the
U.S.S.R. Rukopis', fondy In-ta merzlotoved., 1953.

Popov, A.I. (3) Particular features of the genesis of alluvilial plains under
conditions of a severe climate. Izv. AN SSSR, ser. geogr., Moscow,
1953, No. 2.

Popov, A.I. Origin and development of thick fossil ice. Mat. k osnov. uchen,
0 merzl. zonakh zemn., kory, No. 2, 1955.

Popov, I.V. Fundamentals of englneering-geologlical soll sclence. Tr.
Spetsgeo, No. 9, 1941.

Porkhaev, A.P, The kinetlcs of 1mbibitlon of liquids by elementary capil-
laries and porous materials. Kolloldn. zhur., 1949, No. 5.

Porkhaev, G.V. Design of ventilated crawl space of bulldings. Tr. In-ta
merzlotoved., Vol. 11, Moscow, Izd-vo AN SSSR, 1952.

Porsild, A.E. Earth mounds in unglaciated northwestern America. Geogr. Rev.,
Vol. XXVIII, 1933, No. 1.

Poser, H. Einige Untersuchungen zur Morphologie Ostgrgnlands. Meddel om Gr.,
1932, Bd. 94, No. 5.

Pozdnyakov, L.N, The effect of vegetation on the depth of summer thawing of
the so0il in the Verkhoyansk region., Tr. In-ta merzlotoved., Vol. 9,
1g52.



-80-

Prasolov, L.I. Permafrost in the steppe zone of the Transbalkal region.
Pochvovedenie, 1914, No. 4,

Priklonskii, V.A. Engineering soil scilence. Chapter I, Moscow. Gosgeolizdat,
1949.

Proskuryakov, B.V. On modelllng temperature flelds in a thawed-frozen medium.
Izv. Vses. nauchno-lssled., in~ta gidrotekhn. im. Vedeneeva, 1959,
Vol. 25.

Pryanishnikov, A.V. Meadow formations in the tundra. Botan. zhur., 1954,
Vol. 39: No. 1.

Puri, A. Soil Chemistry, 1949.

Pustovalov, E.V, and Chukhrova, A.N. The effect of freezing and thawlng on
the density of soils. Tr. Vses. nauchno-issled. in-ta zhel.-dor. stroit.
1 proektir., No. 7, Vopr. proektir. 1 sooruzh. zemlyan. polotna, 1952,

Puzakov, N.A., Design and construction of the earthen road base of raillways
and automotive roads. Theoretical basls for the accumulation of moisture
in road beds and practical utilization. Izd-vo AN SSSR, 1950.

P'yavchenko, K.I. Peat mounds. Izd-vo AN SSSR, 1955.
N

Rabkin, M.I. The Neshkenskil hot springs. "Arktika", No. 5, 1937.

Rabkin, M.I. Geological structure of the southwest part of the Anabar range.
Tr. Nauchno-issled. in-ta geol. Arktik:, GUSMP, Vol. 20, 1951.

Radde, G. Dauro-Mongollan boundary in the Transbailkal region. Vestn. RGO,
1858, Part 22, Section 2.

Ralktovskili, A.V., Tarasenkov, D.N. and Komandin, A.S. The effect of adJjacent
solld phase on the freezing temperature of water and weak water solu-
tions. Zhur. obshch. khimil, 1955, Vol. 5, No. 10.

RathjJens, K. and Weissmann, H. Oberflachenformen und Eisboden in Lappland
Peterm. Geogr. Mitt., (Gotha), 1929, Jz. 75.

Razumova, L.A. Migration of molsture in soll from data of laboratory investi-
gatlons. Information Bulletin No. 1. Dynamlc and agricultural
meteorology. Lenlngrad, Gldrometizdat, 1951.

Razumova, L.A. Seasonal freezing and molsture of the soll in the European
territorles of the U.S.S.R. Tr. Tsentr. in-ta prognozov, No. 051,
Sel'khoz. meteorol., Moscow~Lenlngrad, Gldrometlzdat, 1953.

Rebinder, N.A. Physlco~chemical investigations of the deformation of solids.
Yubil. sb. posvyashch. 30-letiyu Velik. Oktyabr'sk. sotsial, revol.,
Vol. 1, Izd-vo AN SSSR, 1947.

Redozubov, D.V. Mechanisms of the temperature field of permafrost in Vorkuta.
Tr. In-ta merzlotoved., Vol. 1, Moscow-Leningrad, Izd-vo AN SSSR, 1946.

Resolution No. VII of the Intersclence Conference on Permafrost. Moscow,
Izd-vo AN S3S3R, 1956.



-81-

Richards, L.A. Capillary conduction of liquids through porous mediums. Jour.
Appl. phys., 1931, I.

Rikhter, G.D. Snow cover, its formation and properties. Moscow-Leningrad,
Izd-vo AN SS3SR, 1945.

Rikhter, G.D. Sclentific basls for controlling present-day natural processes
of the tundra zone. Izv. AN SSSR, ser. geogr., No, 1, 1954,

Rode, A.A. Soil molsture. Izd-vo AN SSSR, 1952.

Rozen, M.F. Observations of the propagation of permafrost in the delta of the
Pechora River. Tr. Komiss. po izuch. vechn. merzl., Vol. 4, Moscow-
Leningrad, Izd-vo AN SSSR, 1935.

Rubinshtein, E.S. Ed. Climatic Atlas of the U.S.S.R. GGO, GMK SSSR, 1933.

Rubinshtein, E.S. On problems of change 1n climate, Leningrad-Moscow,
Gidrometeoizdat, 1946.

Rubinshtein, L.I. (1) On determining the position of the interface in the
unidimensional problem of Stefan. Dokl. AN SSSR, 1947, Vol. 53, No. 2.

Rubinshtein, L.I. (2) On solving the Stefan problem. Ser. geogr. i geofiz.,
1947, 11, No. 1, Izd-vo AN SSSR.

Rubinshtein, L.I. (1) On the problem of the existence of a solution for the
Stefan problem. Dokl. AN SSSR, 1943, 62, No. 2.

Rubinshtein, L.I. (2) On the stabllity of the interface boundary in a two-
phase heat conducting meadium. Izd. AN SSSR, ser. geogr. 1 geoflz.,
1948, 12, No. 6.

Rubinshteln, L.I. On a question of a unique solution to the single-dimension
problem of Stefan in the case of a single-phase initial state. Dokl.
AN SSSR, 1951, 79, No. 1.

Ruckli, R. G€livite des sols et fondations des routes., Bull. Techn, de la
Suilsse Romande. Lauzanne, 1943.

Ruckll, R. Der Frost im Baugrund. Wien, Springer-Verlag, 1950.

Ruckly. Two and three-dimensional groundwater flow towards the 1lce-lenses
formed in the freezing ground. Proc. of the Sec. Intern. Conf. on Soil
Mech. a. Found. Eng., Vol. II. Rotterdam, June 21 to 30, 1948.

Ruoff, Z.F. On the question of age and origin of peat mounds in the northern
pre-ural region. Probl. fiz. geogr., Vol. 16, Moscow-Leningrad,
Izd-vo, AN SSSR, 1951.

Safronov, G.P. Quaternary deposlts of the Vorkuta region. Tr. In-ta
merzlotoved., Vol. 6, 1944,

Sakharov, M.I. The freezing and thawing of solils in forest-covered regilons.
Meteorologiya i gldrologlya, 1933, No. 11-12,



-82-

Saks, V.N. On the quaternary glaclation of northern Siberia. "Arctica",
1936, No. 4.

Saks, V.N. Some data on permafrost in the lower reaches of the Yenisel,
Problemy Arktiki, 1940, No. 1.

Saks, V.N. (1) Some data on permafrost in the basin of the Pyasina River.
Tr. Gorno-geol. upr. GUSMP, No. 21, 1945,

Saks, V.N. (2) New data on the geological structure of the basin of the
Pyasina River. Tr. Gorno-geol. upr. GUSMP, No. 16, 1945.

Saks, V.N. (1) Quaternary history of the Chukchi region. Problemy Arktiki,
1946, No. 3.

Saks, V.N. (2) Quaternary deposits of the New Siberian Islands and the
Primor'e lowlands. Problemy Arktiki, 1947, No. 4,

Saks, V.N. Quaternary period 1n the Soviet Arctic. Tr. Arktich. in-tsa,
Vol. 201, 1948.

Seks, V.N. (1) Quaternary deposits in Eastern Yakutia. Geologiya SSSR,
Vol. 18, Moscow-Leningrad, 1951.

Seks, V.N. (2) Quaternary deposits in the northern part of the West Siberian
lowlands and the Taimyr depression. Tr. Nauchno~lssled. in-ta geol.
Arktiki, Vol. 14, 1951.

Seks, V.N. Quaternary period In the Soviet Arctic. Tr. Nauchno-issled. in-ta
geol. Arktiki GUSMP, Vol. 77, Moscow-Leningrad, 1953.

Saks, V.N. and Moor, G.G. Geoloﬁy and petrography of the Alazel Plateau., Tr.
Gornogeol. upr., Vol., 5, 1941,

Saltykov, N.I. (1) Buildings of the Bol'shezemel'skaya tundra. Tr. In~ta
merzlotoved., Vol. 4, 1944,

Saltykov, N.I. (2) The installation of sewer pipes under conditions of
permafrost. Izd-vo AN SSSR, 1944,

Saltykov, N.I. On the formations of bulldings In the city of Yakutsk. Tr.
In-ta merzlotoved., Vol. 1, Moscow-Leningrad, Izd-vo AN SSSR, 1946.

Saltykov, N,I. Theoretical basls for designing the foundations on thawing
bases. Moscow, Izd-vo AN SSSR, 1952.

Saltykov, N.I. Brief instructlons on designing foundatlions on thawing bases
with respect to calculating settlement and reactlon of the base with
the footing of the foundation. Moscow, Izd-vo AN SSSR, 1953.

Saltykov, N.I. On the history of the development of englneering permafrost
studies. Rukopis', fondy In-ta merzlotoved., 1954.

Sambikin, M.M. The influence of the accumulation of moisture in the soil
dependlng on temperature gradiants of the soil. Nauchno-agron. zhur.,
1926, No. 5-6.



-83-

Samoilov, 0.Ya. Coordination numbers and dehydratlon of lons of L1, Na, K,
Cl, Br and I in aqueous solutions. Izv. AN SSSR, Otd. khim. nauk,

1952, No. 3.

Satow, G. Das Bodeneils in der Arktls, Aus dem Archiv der Deutsche Seewarte,
Bd. 49, No. 5, Hamburg, 1920.

Sauer, M. An account of a geographlcal and astronomlcal expedltion to the
northern parts of Russia, performed by commodore Joseph Blllings in the
years 1785 to 1794. London, Cadell and Davies, 1802.

Saukov, A.A, Geochemlstry. 2nd edltlion. Moscow, Gosgeolizdat, 1951.

Savarenskil, F.P. Hydrogeology. ONTI, 1935.

Schimper. Pflanzengeographie auf der physlologlschen Grundlage. Jena. Flscher,
1947.

Semikhatov, A.N., Ground water 1n the U.S.S.R. Gorno-geologoneftyanoe 1zd4.
Moscow-Leningrad, Novosibirsk, 1934.

Serebryakov, I.G., Tolstov, A.N,, Pchellntsev, A.M. and Konstantinova, G.S.
Permafrost in Pyasina River Basin (Report of the Taimyr expedition).
Rukopls', fondy In-ta merzlotoved., 1950.

Sergeev, L. Structural settlement of perennlally frozen sollsg durilng
thawing. Byull. Tekh. inform. Noril'sk. kombin., 1946, No. 7-8 (14-15).

Sergeev, E.M. General permafrost studles. Izd-vo MGU, 1952.

Sergeev, M.E, Investigations along the line of the Transbalkal region of
' the Slberian raillway to eluclidate conditlons of water supply for future
stations. Geol. 1ssled. 1 razved., rab. po linil Sibirsk. zhel. dor.,
No. 4, St. Petersburg, 1397.

Shackleton, E.H. The heart of the Antarctic. Beilng the story of the British
Antarctic expedition 1907-1909. With an introduction by Hugh Robert
Mill, an account of the first Journey to the South magnetic pole by prof.
T.W.E., David. London, 1909,

Shadrin, G.S. Determining the depth of thawling under a water duct laid in
frozen soll. Izv. Vses. nauchno-issled. in-ta gidrotekhn. im. Vedeneeva,
1947, Vol. 33.

Shadrin, G.S. Modelling of thermal processes accompanying changes in the
state of aggregation in laminar media. Sb. Ledotermich. vopr. v
gldrotekhn. Moscow, Gosenergoizdat, 1954,

Sharp, R.P. Ground-ice mounds in the tundra. Geogr. Rev., 1942, Vol. XXXII,
No. 3.

Shatskil, N.S., On the tectonics of the Arctic. Tr. 1l-i1 geol. razved. po
Severy SSSR, Vol. 1, GUSMP, 1935.

Shchegolev, D.I. and Tolstikhin, N.I. Ground 1ce in fissured soil. Tr.
Leningr. otd. Spetsgeo, No. 1, Moscow, 1939.

Shcherban', A. Fundamental theory and methodology of thermal calculations of
air in mines. Moscow-Khar'kov, Ugletekhizdat, 1953,



-84m

Sheveleva, N.S. Spotty formations in the tundra of the lower reaches of Ob!'
basin. Tr. In-ta merzlotoved., Vol. 9, Moscow, 1952.

Shilo, N.A. Particular features in the formation of loose rocky ground in
the zones of permafrost development. Sov. geol. sb. 53, 1950.

Shimanovskil, S.V. Instructions on determining the heat conductance of soil
for above and below freezing temperatures. Mat. po labor. 1lssled. merzl.
grunt. Sb. 2, Moscow, Izd-vo AN SSSR, 1954.

Shimanovskii, S.V. and Shimanovskaya, T.5. The thermal characteristics of
frozen and thawed solls. Report for 1952 (written by G.A. Martynov).
Fondy In-ta merzlotoved.

Shostakovich, V.B. Climatlc conditions for the existence of permafrost. Tr.
Irkutsk. magnitn. 1 meteorol. observ., No. 2-3. Irkutsk, 1928.

Shtukenberg, V.I. Notes on frost heaving on rallroads and methods of
eliminating them. "Inzhener", 1885, No. 10.

Shtukenberg, V.I. On combatting frost heaving on rallroads. Zhur. Min. put.
soobshch., 1894, No. 2.

Shumskil, P.A. Present-day glaclation in the Soviet Arctic. Tr. Arktich.
nauchno-issled. in-ta, Vol. 11, 1949.

Shumskii, P.A. Preliminary report on the problem "structure and origin of
fossil ice in Central Yakutia". Rukopis', fondy In-ta merzlotoved.,
1950.

Shumskil, P.A. Investigation of fosslil 1lce 1in Central Yakutlia. 1Issled.
vechn. merzl. v Yakutsk. resp., No. 3, 1952.

Shumskil, P.A. (1) On the question of passive orientation effect of a solid
base on a growing crystal. Dokl. AN SSSR, 1953, Vol. 93, No. 1.

Shumskii, P.A. (2) Ground ice. BES, 1953.

Shumskli, P.A. (3) Notes on the history of the investigation of ground ice.
Rukopls!, fondy In-ta merzlotoved., 1953.

Shumskil, P.A. (1) On the method of microscopic investigation of the struc-
ture of frozen soll. Mat. po labor. issled. merzl. grunt. Sb., 2, Izd-vo
AN SSSR, 1954,

Shumskii, P.A. (2) The structure of natural ice. Izv. Vses. geogr. ob-va,
1954, Vol. 86, No. 1.

Shumskii, P.A. (1) On the accretion of ice crystals onto a solld base. Sb.
posvyashch. 90-letiyu akad. V.A., Obrucheva, Izd-vo AN SSSR, 1955.

Shumskii, P.A, (2) Fundamentals of the study of ice structure (petrography
of fresh water ice as a method of glaciological investigation). Moscow,
Izd-vo AN SSSR, 1955.

Shumskli, P.A. The structure of frozen soil. Part I. On physical phenomena
and processes in freezing, frozen and thawling soll. Mat. po labor.
issled. merzl. grunt. Sb. 3, Moscow, Izd-vo AN SSSR, 1957.



-85-

Shumskii, P.A., Vtyurin, B.I. and Katasonov, E.M. Glaclologlcal and
permafrost-lithologlcal investigations in the Primor'e lowlands of
northeastern Yakutla. (Preliminary report No. 3, expedition No. 1 of
the Institute of Permafrost Studles, 1953). Rukopis', fondy In-ta
merzlotoved., 1953.

Shumskii, P.A., Shvetsov, P.F. and Dostovalov, B.N. Engineering-geologlcal
survey in regions of vein ground ice. Moscow, Izd-vo AN SS3R, 1955.

Shusherina, E.P. Methods of determining the coefficilents of thawing and
compacting of frozen solls. Mat. po labor. lssled. merzl. grunt. Sb. 1,
Moscow, Izd-vo AN S3SR, 1953.

Shusherina, E.P. Investigations of changes in the physico-mechanical
properties of solls resulting from freezlng and subsequent thawlng.
Dissertatsiya. Rukopis', fondy In-ta merzlotoved., 1955.

Shusherina, E.P. and Tsytovich, N.A., Some experiments on the study of the
effect of freezing and subsequent thawlng on the strength of clay soils.
Mat. po labor. issled. merzl. grunt. Sb. 3, Izd-vo AN SSSR, 1957.

Shvetsov, P.F. Some data on the characteristics of hot mineral springs in
Chukchi. Voprosy kurortologili, No. 5, Moscow, 19357.

Shvetsov, P.F. Permafrost and engineering-geologlcal conditlons in the
Anadyr regilon. Leningrad, Izd-vo Glavsevmorputi, 1938.

Shvetsov, P.F. On problems of the relationshlp between temperature and the
thickness of permafrost to the geological and hydrogeological factors.
Izv. AN SSSR, ser. geol., 1941, No. 1.

Shvetsov, P.F. (1) The upper Yano-Kolyma mountain region as a specifilc
permafrost-hydrogeological region. Izd. Vses. geogr. ob-va, 1947.

Shvetsov, P.F. (2) Fossil ice and ground water in the reglon of Anadyr and
Bukhta Ugol'naya. Sb. "Nedra Arktiki", No. 3, 1947.

Shvetsov, P.F. On the importance of the thermal form of motion in the
circulation and supply of ground water in mountaln reglons with respect
to systems of tectonlc fissures. Dokl. AN SSSR, 1950, Vol. 23, No. 3.

Shvetsov, P.F. (1) On designing some concepts in permafrost studies. Moscow,
Izd-vo AN SSSR, 1951.

Shvetsov, P.F. (2) Ground water in the upper Yano-Kolyma folded mountain
reglions and the particular features assoclated with low temperature
permafrost. Izd-vo AN SSSR, 1951.

Shvetsov, P.F. (1) On the construction of a system of stratigraphy of the
quaternary deposits and history of the development of the Yano-Indiglrka
coastal lowlands (working hypothesis derived from factual data).
Rukopis!, fondy In-ta merzlotoved., 1952.

‘Shvetsov, P.F. (2) Anomalies in the thermal regime of the Indigirka River at

two characteristic gauge points and their origin. Yakutsk. sb. No. 3.
Izd~vo AN SSSR, 1952.

Shvetsov, P.F, (3) On the conditions and time of formation of the fundamental
system of frost fissures and ground ice associated with them. Sb. Issled.
vechn. merzl. v Yakutsk. resp., No. 3, Moscow, Izd-vo AN S33SR, 1952.



-86-

Shvetsov, P.F. On explalning some physico~-geological phenomena from the
results of the Yano-Indigirka expedition. Rukopis', fondy In-ta

merzlotoved., 19553.

Shvetsov, P.F. Introductory chapters to fundamentals of geocryology. Mat.
¥ osnov. uchen. o0 merzl. zonakh zemn. kory, No. 1, Moscow, Izd-vo AN

SSSR, 1955.

Shvetsov, P.F. (1) On the principles of establishing permafrost regions.
Mat. k osnov. uchen. o merzl. zonakh zemn. kory, No. 3, Moscow, Izd-vo
AN SSSR, 1956. ‘

Shvetsov, P.F. (2) Origin and mechanism in the distribution of ground ice.
Vestn. AN SSSR, 1956, No. 3.

Shvetsov, P.F. and Meister, L.A. Infiltration of sprayed water as a method
of artificially thawing loose rocky ground. Izd. AN SSSR, Bser. geogr.,
1956, No. 6.

Shvetsov, P.F. and Sedov, V.P, Gigantic ice formations and ground water of
the Taskhayakhtakh ridge. Moscow-Leningrad, Izd-vo AN SSSR, 1941.

Sidenko, P.D. Permafrost and ground water on the Yurung-Tumus Peninsula.
Tr. Nauchno-issled. in-ta geol. Arktikl GUSMP, 1951.

Skuratov, S.M. On the question of heat capaclty of bonded water. Kolloidn.,
zhur., 1951, Vol. 13, No. 5.

Skvortsov, E.F. Coastal tundra of Yakutla. Tr. Komiss. po izuch. Yakutsk.
ASSR, 1930. ‘

Slin'ko, V.L. Data on searching for a sea port in the Ob' Inlet near the
Kamennii Cape in 1847-1343. Rukopis', fondy In-ta merzlotoved., 1949.

Smith, P.S. Geology and mineral resources of the Salomon and Casadepaga
quadrangle, Alaska. Bull. Unit. St. Geol. Surv., 1910, No. 433,

Smith, P.S. Mineral resoureces of Alaska. Washington, 1930.

Sochava, V.B, Reason for forest-free areas in Eastern Siberia and Primor'e.
Priroda, 1944, No. 2.

Soergel, W. Diluviale Eiskeile. Ztschr. Deutsch. Geol. Ges., 1936, Bd. 88,

Soergel, W. Die eiszietliche Temperatuverminderung in Mitteleuropa. Jb.
Mitt. Oberrhein. Geol. Verein, 1942, Vol. 31.

Sokolov, N.D. The hydrogen bond. Uspekhi fiz. nauk, 1955, Vol. 57, No. 2.

Sokolova, E.M. Thermal regime of rivers of the U.S.S.R. Tr. Gos. gidrol.
in-ta, No. 30/84, 1950.

Solntsev, N.A. Small glaclers as a geomorphological factor. Nauchno-issled.
in-ta geogr. MGU, 1949.

Solov'ev, P.A. Permafrost-hydrogeological investigations in the region of the
villages of Mal and Lamuto. Rukopis', fondy In-ta merzlotoved., 1946.

Solov'ev, P.A. (1) Extension of the fossil firn ice in the region between
the Lena and the Amgin rivers., DMerzlotovedenie, 1947, Vol. 2, No. 2.



=87~

Solov'ev, P.A. (2) Ice in the permafrost in the reglons of the village
Anadyr'. Nedra Arktiki, 1947, No. 2.

Solov'ev, P.A. Temperature regions of the region between the Lena and Amgln
rivers. Rukopis', fondy In-ta merzlotoved., 1948.

Solov'ev, P.A. Permafrost, relief and quaternary deposits in the region
, between the Lena and Amgln rivers. Rukopis', fondy In-ta merzlovoted.,

1951.

Solov'ev, R.A. Frost mounds in Central Yakutia. Issled. vechn. merzl. v
Yakutsk. resp., No. 3, 1952,

Spethmann, H. toer Bodenbewegungen auf Island. Ztschr. Ges. Erdk., 1912, v. 4.

Spizharskii, T.N. Quaternary glaciatlon of the Lena-Indigirka Oblast.
Problemy Arktiki, 1941, No. 11.

Spizharskii, T.N. New Siberian islands. Geologlya SSSR, Vol. 26, Moscow-
Leningrad, 1947.

Standards and technical requlrements for designling natural bases for bulldings
and industrial structures (N 1 TU 127-55). Gos. i1zd-vo liter. po stroit.
1 arkhit., Moscow, 1955.

Statsenko, V.P. Parts of a buillding. Izd. 4, 1912, and 1izd. 5, 1916.

Steche, H. Beitrgge zur Frage der Strukturboden. Bericht Verh. S#chs. Akad.
Wliss. Lelpz., Math.-Phys. VI, Bd. 85, IV. Lpz., 1933.

Stefan, J. foer elnige Probleme der Theorle der wgrmeleitung. Sitzungsb. d.
Akad. d. Wiss., Bd. 98, Abt. II. Wien, 1889.

Stefan, J. ﬂber die Theorie der Eisblildung, insbesondere Uber die Eisbildung
im Polarmeere. Sitzungsb. d. Akad. 4. Wiss., Wien, 1890, Bd. 93, Abt. II

Stotsenko, A.V. Seasonal freezing of solil in the northern Caucasus. Izd-vo
AN SSSR, 1953.

Stotsenko, A.V. Formulae for determining the depth of freezing of soil. 1950,

Stotsenko, A.V. Seasonal freezing of soll in the Far East outside the
permafrost zone. Izd-vo AN SSSR, 1952.

Structure of the earth's crust. Vol. 1, 2, 3. Moscow, Gosgeolizdat, 1948.

Stulov,uN.N. Ice crystals. Zap. Vses. mineral. obshch., Part 78, No. 3,
1949,

Stupishin, A.V. Lomonosov and permafrost studies. Priroda, 1951, No. 9.

Sukachev, V.N. On the influence of frost on soil. Izv. Akad. nauk, 1911, 6
ser., Vol. 5, No. 1.

Sukhodol'skii, E.I. On the construction of a road bed out of frozen earth
under conditions of the northern regions of the permafrost zone. Tr.
In-ta merzlotoved., Vol. 2, Moscow, Izd-vo AN SSSR, 1945,

Sulln, V.A. Water in the petroleum deposits of the U.S.S.R. ONTI, 1935.



-88-

Sumgin, M.I. Geographic distribution of permafrost in the Amur Oblast. Izv.
Meteorol. byuro Amursk. r-na, 1914, No. 2., Blagoveshensk. (Rukopis').

Sumgin, M.I. Physico-mechanical processes in moist and frozen soi%s in
connection with frost heaving on roads. Izd-vo "Transpechat'", 1929.

Sumgin, M.I. Present-day state of the investigation of permafrost in the
U.S5.5.R. and the desirable approach to these problems in the near future.
Vechnaya merzlota. Sb. Tr. KEPS, No. 30, Leningrad, Izd-vo AN SSSR,

19350.

Sumgin, M.I. A short course in geophysics as applled to roads. Moscow,
Gostransizdat, 1931.

Sumgin, M.I. (1) Methods of freezing water 1n the film state. Sb. Tsentr.
nauchno-1ssled. in-ta avtomob. dorozhn. transp. Moscow, Gostransilzdat,

1932.

Sumgin, M.I. (2) Degradation of permafrost i1n some region of the U.S.S.R.
Tr, Komiss. po izuch. vechn. merzl., Vol. 1, Leningrad, Izd-vo AN SSSR,

1932.

Sumgin, M.I. Southern boundary of permafrost within the limits of the
U.3.5S.R. Tr. Komlss. po 1lzuch. vechn. merzl., Vol. 2, Lenlingrad, Izd~-vo
AN SSSR, 1933.

Sumgin, M.I. Permafrost 1n northern U.S.S.R. Geology and mlneral wealth of
northern U.S.S.R. Sb. Tr. Pervol geol.,-razved. ltonfer. Glavsevmorputl
24-27 aprelya 1935, Vechnaya merzlota. Vol. 3, Leningrad, Izd-vo
Glavsevmorputl, 1936.

Sumgin, M.I. Perennlally frozen soll within the U.S.S.R. 1lst edition.
Vladivostok, 1927; 2nd edltion, Moscow, 1937.

Sumgin, M.I. (1) On the prospects of investigating permafrost in the Yakut
Republic. Tr. Komiss. po 1zuch. vechn. merzl., Vol. 9, 1940.

Sumgin, M.I. (2) On the theory of the formation of permafrost ice mounds.
: Dokl. AN S3SR, 1940, Vol. 28, No. 2.

Sumgin, M.I. (3) Ice in perennlally frozen soils (in a book by Veinberg, B.P,.
et al. Ice). Moscow, Gostekhlzdat, 1940.

Sumgin, M.I. Permafrost studles, Sb. Uspekhl geol.~geogr. nauk v SSSR za
25 let. Moscow-Leningrad, Izd-vo AN SSSR, 1943,

Sumgin, M.I. Permafrost in the Yakut ASSR. Geology of the U.S.S.R. Vol. 18,
Moscow-Leningrad, 1947.

Sumgin, M.I., Kachurin, S.P., Tolstikhin, N.I. and Tumel', V.F. General
permafrost studles., Leningrad-Moscow, Izd-vo AN SSSR, 1940.

Supplements to "Acta Historlca" collected and published by the Archaeologlcal
Commission, Vol. 11, 1869.

SurinigﬁéA. The construction of water ducts in frozen soill. St. Petersburg,

Surin, A.A. On the question of constructing water ducts in frozen soll. 1914,



-89~

Suslov, S.P. The study of permafrost as a geographic factor. Sprav. putesh.,,
Part II, 1950.

Sven Gedin. In the heart of Asia. Pamir-Tibet (Journey in 1893-1397). St.
Petersburg, 1899.

Svetozarov, I.M. Hydrology of permafrost from the data of investigations in
the region of Yakutsk. Problemy sovetskol geol., 1934, No. 10,

Taber, S, The growth of crystals under external pressure. Amer. Jour, Sci.
(New Haven Coun.), 1916, 4th Ser., Vol. 41, No. 246,

Taber, S. Pressure phenomena accompanying the growth of crystals. Proc. of
Nat. Acad. Sci., 1917, Vol. 3.

Taber, S. (1) Ice forming in clay soils will 1ift surface welghts. Engl-
neering News-Record, 1918, Vol. 80, No. 6.

Taber, S. (2) Surface heaving caused by segregation of water forming ice
crystals. Engineer. News-Record, 1918, Vol. 81, No, 15.

Taber, 3. TFrost heaving. Jour. of Geol., 1929, Vol. 37, No. 5.

Taber, S. (1) Freezing and thawing of soils as a factor in the destruction
of road pavements. Public Roads, 1930, Vol. 11, No. 6.

Taber, S. (2) The mechanics of frost heaving. Jour. Geol., 1930, Vol. 38,
No. 4.

Taber, S. Perennlally frozen ground in Alaska: 1ts origln and history.
Bull. Geol. Soc. Amer., 1943, Vol. 54, No. 10.

Tamman, G. Aggregatzustande. Lelpzlg, 1922,
Tanfil'ev, G.I. The tree line in northern Russia. Odeasa, 1911.
Tarnuzzen, Ch. Die Schuttfacetten d. Alpen. Peterm. geogr. Mitt., 1911, No. 2.

Tatishchev, V.N. General geographlc description of Sibverlia. Izbr. tr. po
geogr. Rossli. Moscow, Geografglz, 1950.

Thorroddsen, Th. Polygonboden und «Thufur» auf Island. Peterm. geogr. Mitt.,
1913, No. 2.

Tikhomirov, B.A. On the geographic distribution of frost mounds in northern
Eurasia. Priroda, 1948, No. 1.

Tikhomirov, B.A. TIorest-free tundra and its development. Botan. zhur., 1953,
Vol. 38, No. 4.

Titov, I.A. On the interaction of vegetation and conditions of the medium.
Moscow, 1952.

Toll, E. Die von der Kalserliche Akademle der Wissenschaften ausgerﬁstete
Expedition nach den Neusiblirischen Inseln und dem Jana-Lande. Beltr. z.
Kennt. des Russ. Reich. und der angrenz. Land. Aslens, %-te Folge, Bd.
IIX. St. Petersburg, 1887.



-90-

Toll', E.V. Soil 1ce and thc condltlons under which the bodles of post-
tertiary animals were preserved in northern Siberla. Izv. Vost.-Sib.
otd. Russk. geogr. ob-va, 1892, Vol. 23, No. 2.

Toll', E.V. Expedition of the Imperial Academy of Sclences 1n 1893 to the
New Siberian Islands and the coast of the Arctic Ocean. Izv. RGO, 1894,
Vol. %0, No. 4.

Toll', E.V. On the expedition to the New Siberian Islands and the coast of
the Arctic Ocean from Svyatogo Nosa to Khatangskll Inlet. Zap. Akad.
nauk, 1895, Vol. 75.

Toll!, E,V., TFosslil glaclers on the New Siberlan Islands, thelr relatlonshilp
to the bodies of mammoth.and the glaclal perilod. Zap. RGO po obshch.
geogr., 1897, Vol. 32, No. 1.

Tolmachev, I.P. On the origin of cirques. Tr. 53.-Peterb. ob~va estestv.,
Vol. 30, No. 1, 1899.

Tolmachev, I.P. Soil ice in reglons of the Berezovka River (in northeastern
Siberia). Nauchnye rezul'taty ekspeditsii Akad. nauk dlys raskopki
mgmonta v 1901, Vol. 1, St. Petersburg, 1903. ‘

Tolmachev, I.P. Information on the Khatanga expedition under thé direction
of I.P. Tolmachev (from the letters of I.P. Tolmachev to F.I. Chernyshev).
Izv. RGO, 1906, Vol. 42, St., Petersburg, 1907.

Tolmachoff, I.P. The carasses of the mammoth and rhinoceros found in the
frozen ground of 3iberla. Trans. Amer. Phil. Soc., 1929, Vol. XXIII,
Pt. I, Art. 1, Philadelphia.

Tolstikhin, N.I. Ground water in the Transbalkal region and thelr hydro-
laccolliths. Tr. Komiss. po i1zuch. vechn. merzl. AN S3SR, Vol. 1, 1932.

Tolstikhin, N.I. (1) Ground water in the quaternary deposits in regions of
permafrost. Tr. Assots. po 1zuch. chetvert. per. Evropy, Vol. 2,
Moscow-Leningrad, 193%>.

Tolstikhin, N.I. (2) Reglons of mineral waters in the U.S.S.R. Problemy
gov. geol., 1933, No. 3.

Tolstikhin, N.I. (1) Hydrogeological conditions of water supply in regions of
permafrost. Geology and mineral resources of northern U.S.S.R. Tr.
Pervol geol.-razved. konfer. Glavsevmorputl 24-27 aprelya 1935, Vol. 3,
Vechnaya merzlota. Leningrad, Izd-vo Glavsevmorputi, 1936.

Tolstikhin, N.I. (2) On the question of classifying ice and 1ce containing
soil. Probl. sov, geol., 1936, Vol. 6, No. 7.

Tolstikhin, N.I. Mineral waters in the permafrost reglons of the earth's
crust. Tr. Komit. po vechn. merzl., Vol. 6, Moscow~Leningrad, Izd.
vo AN SSSR, 193%3.

Tolstikhin, N.I. Ground watecrs in reglons of permafrost. Moscow-Leningrad,
Gosgeolizdat, 1941.

Tolstikhin, N.I. (1) Arteslan wells in the permafrost regions of the U.S.S.R.
Merzlotovedenie, 1947, Vol. 2, No. 1, Izd~vo AN SSSR.



-9]~

Tolstikhin, N.I. (2) Relilef and the distribution of ground water. Izd-vo
VGO, 1947.

Tolstlkhin, N.I. Mineral waters of the Yakut A.S.5.R. Yakutsk. sb. AN SSSR,
No. 2, 1950.

Tolstilkhin, N.I. Hydrogeology of the U.S.S.R. Vol. 23. Leningr. gornyi
in-t. Leningrad, 1953.

Tolstikhin, N.I., and Obidin, N.I. Secondary icing in the eastern part of the
Transbaikal region. Izv, Gos.-geogr. ob-va, 1936, No. 6.

Tolstov, A.N. Some observations on fissure and cellar ice in the tundra of
the Dudinka region. Tr. In-ta merzlotoved., Vol. 2, 1941.

Transactions of the Commission on the Study of Permafrost. Vol. 3, Lenlngrad,
Izd-vo AN S3SR, 1934,

Trupak, N.G. The freezing of soil during sinking of shafts. Moscow,
Ugletekhizdat, 1954.

Tsyplenkin, E.I. Permafrost and its importance in agriculture. Tr. Vses.
sel.-khoz. akad. im. V.I. Lenina, No. 13, 1937.

Tsytovich, N.A. On the question of desligning foundations of structures
erected on permafrost. Gilpromez, 1928.

Tsytovich, N.A. Lectures on designing foundations under condltons of perma-
frost. Izd. Lengr. in-ta sooruzh., 1933.

Tsytovich, N.A. Investigations of the deformatlion of frozen soils. Rukopls’,
fondy In-ta merzlotoved., Leningrad, 1940.

Tsytovich, N,A. (1) Calculations of the settlement of foundatilons.
Gosstroilzdat, 1941,

Tsytovich, N.A. (2) Construction under conditions of permafrost. Tez. dokl.
na konfer. po razv. proizvod. sill Yakutsk. ASSR 17-22 marta 1941, Moscow-
Leningrad, Izd-vo AN SSSR, 1941.

Tsytovich, N.A. On the theory of equllilbrium state of water in frozen soils.
Izv. AN SSSR, ser. geogr., 1945, 9 No. 5-6.

Tsytovich, N.A. On unfrozen water in soils. Izv. AN SSSR, ser. geol., 1947,
No. 3.

Tsytovich, N.A. Soil mechanlcs. 3>rd ed. Moscow-Leningrad, Gosstrolizdat,
1951.

Tsytovich, N.A. Princilples of the mechanlcs of frozen soils. Izd-vo AN
SSSR, 1952.

Tsytovich, N.A. On the laboratory investligations of frozen solls. Mat. po
labor. issled. merzl. grunt. Sb. 1. Moscow, Izd-vo AN SSSR, 1G53.

Tsytovich, N.A. Ed. Data on the laboratory investigatlon of frozen solls.
Sb. 1, pod ped. N.A. Tsytovicha, Moscow, Izd-vo AN SSSR, 1953.

Tsytovich, N.A. Ed. Data on the laboratory investigation of frozen solls.
Sb. 2, pod ped. N.A. Tsytovicha, Moscow, Izd-vo AN SSSR, 1954.



-92-

Tsytovich, N.A. Some general questions in the methodology of investigating
physico-mechanical properties of frozen soils. Mat. po labor. issled.
merzl. grunt. Sb. 2, Moscow, Izd-vo AN SSSR, 1954.

Tsytovich, N.A. Investigations of the effect of the conditlons of freezing
and thawing on the strength of water-saturated sand. Sb. posvyashch.
00-letiyu akad. V.A. Obrucheva. Izd-vo AN SSSR, 1955.

Tsytovich, N.A. Ed. Data on the laboratory investigation of frozen solls.
Sb. %, pod ped. N.A. Tsytovicha, Moscow, Izd-vo AN SSSR, 1957.

Tsytovich, N.A. Fundamental mechanisms in the mechanics of frozen solls
(recent investigations). Mat. k IV mezhdunar. kongr. po mekhan. grunt.
i fundamentostr. Moscow, Izd-vo AN SSSR, 1957.

Tsytovich, N.A., Saltykov, N.I., Zhukov, V.F. and Mel'nikov, P.I. Foundations
of generating stations on permafrost. Moscow, Izd-vo AN SSSR, 1947.

Tsytovich, N.A. and Sumgin, M.I. Fundamentals of the mechanlcs of frozen
solls. Izd-vo AN SSSR, 1937.

Tugarinov, A.Ya. The finding of fossll ostrich eggs 1in the Transbalkal
region. Priroda, 19350, No. 5.

Tulaev, A.Ya. A review of the llterature devoted to the study of frost
heaving and measures in combatting 1t published up to 1938. 1In the book:
"Investigation of frost heaving on automotive roads". Moscow, 1941l.

Tumel', V.F. (1) On permafrost in the basin of the Vikhorevaya River. Tr.
Komiss. po 1zuch. vechn. merzl., Vol. 4, Moscow-Leningrad, Izd-vo AN
SSSR, 1935.

Tumel', V.F. (2) On seasonal thawing at the Irkuto-Baikal' water divide
between the villages of Bystrilya and Kulguk. Tr. Komiss. po 1lzuch.
vechn, merzl., Vol. 4, Izd-vo AN SSSR, 1935.

Tumel', V.F. Fifth All-Union Conference of Permafrost Studies. Vestn. AN
SSSR, 1936, No. 4-5,

Tumel', V.F. On some changes in the permafrost regime of solls in connection
with the burning of the vegetatlon cover. Tr. Komit. po vechn. merzl.,
Vol. 8, Moscow-Leningrad, Izd-vo AN SSSR, 1939,

Tumel', V.F. On permafrost photography. Izv. AN SSSR, ser. geogr. 1 geofiz.,
1945, Vol. 9, No. 2.

Tumel', V.F. Map of the distribution of permafrost in the U,S,.S.R.
Merzlotovedenie, 1946, Vol. 1, No. 1, Moscow, Izd-vo AN SSSR.

Tushinsﬁéi, G.K. Snow slides. Tr. 2-go vses, geogr. s'ezda, Vol. 1, Moscow,
1943.

Tverskil, P.N., Ed. Course in meteorology (physics of the atmosphere).
Gldrometeolzdat, Lenlngrad, 1951.

Tyrtikov, A.P. (1) On the thermotropism of roots in nature. Dokl. AN SSSR,
1951, Vol. 78, No., 6

Tyrtikov, A.P. (2) The distribution of the root system of trees at the
northern tree line. Vestn. MGU, Otd. blol., 1951, No. 10.



=93~

Tyrtikov, A.P. The thawing of soil in the region of Igarka. Tr. In-ta
merzlotoved., AN SSSR, Vol. 12, 1952.

Tyrtikov, A.P. The length of tree roots at the northern tree line. Byull.
Mosk. ob-va 1spyt. prirody, Otd. blol., 1954, Vol. 59, No. 1.

Tyrtikov, A.P. (1) Vegetation in the Aldan mining region. Rukopis', fondy
In-ta merzlotoved., AN S3SR, 1955.

Tyrtikov, A.P. (2) The growth of trees at the northern tree line. Byull.
Mosk. ob-va ispyt. prirody, Otd. blol., 1955, Vol. 1.

Tyrtikov, A.P. (1) The effect of vegetatlon on permanently frozen soll. Mat.
k osnov. uchen. o merzl. zonakh zemn. kory, No. 3, Moscow, Izd-vo AN
SSSR, 1956.

Tyrtikov, A.P. (2) Vegetation in the lower reaches of the Yana River. Byull.
Mosk. ob-va 1spyt. prirody, 1956, No. 1.

Tyuremnov, S.I. Annual molsture condltlons and the condltlons affecting 1t
in the eastern pre-Caucasus leached black earth. Tr. Kubansk. sel.-khoz.
in-ta, Vol. 1, No. 2, Krasnodar, 1924.

Tyutyunov, I.A. Migratlon of water 1n peat-gley soll during the freezing and
frozen states where the permafrost stratum is near the surface. Izd-vo
AN SSSR, 1951.

Tyutyunov, I.A. (1) Permafrost in the European north, its development and
signlficance 1n the natlonal economy. Rukopls!', fondy In-ta merzlotoved.,

1955.

Tyutyunov, I.A. (2) The origin and development of small-mound micro-relief.
Tr. In-~ta merzlotoved., Vol. 12, Izd-vo AN SSSR, 1953.

Tyutyunov, I.A. Processes of cryogenesls and thelr effect on the temperature
of top-soll and sub-soll. Rukopls', fondy In-ta merzlotoved., 1955.

Tyutyunov, I.A. Changes and transformation in top-s0ll and sub-soil at below=
freezing temperatures (cryogenesis). Rukopils', fondy In-ta merzlotoved.,
Moscow, 1957.

Ul', E.F. A revlew of literature on the temperature and seasonal freezing of
soills in the terrltory of the U.S.S.R. outslde the permafrost zone.
Rukopls', fondy In-ta merzlotoved., 1955.

Ule, W. Polygonaler Strukturboden auf dem Hochland von Norwegen. Peterm.
geogr. Mill. (Gotha), 1922, Jg. 68.

Urantsev, N.N. Anclent glaclation in the north of the ¥.S.S.R. Tr. 1-1
geol.~razved. konfer. Glavsevmorputi. Geol. 1 polezn. iskop. severa
SSSR, Vol. 1, Lenlngrad, 1935.

Uspenskll, V.A. Carbon balance 1n the blosphere as related to the distribu-
tion of carbon in the earth's crust. Leningrad, Gostoptekhizdat, 1956.



~94 -
Vadilo, P.S. The formation of 1ce and salt strata in soll. Uchen. zap.
Kishinev. gos. univ., Vol. 3, No. 4, Kishinev, 1951.

Val'ter, O.A. and Begacheva, V.A. The activity characteristics of the root
system of plants in the polar reglon. Eksperimental'naya botanika, No. 6,
Moscow, 1940.

Vasil'evskii, M.M. Schematlc of the fundamental hydrogeological regions of
the European part of the U.S.S.R. Sovetskaya geologiya, 1920, No. 8-9.

Veinberg, B.P. Properties, origin and disappearance of ice. Moscow-Leningrad.
Gos. Izd-vo tekh.-tcor. liter., 1940.

Vel'mina, N.A. Catchment of ground water under conditions of permafrost
(castern Transbaikal and Amur regions). Moscow, Izd-vo AN SSSR, 1952,

Vel'mina, N.A. and Uzemblo, V.V. Geology of the central part of southern
Yalutia. Izd-ve AN SSSR, Moscow, 1957.

Venyukov, M.I. Advances in the natural-historical study of Asiatic Russia.
Tr. S'ezda russk. estestv. Izd-vo AN, St. Petersburg, 1863.

Vernadskii, V.I. (1) History of the minerals of the earth's crust., Vol. II.
History of natural waters, Part 1, No. 1 and 2, 1933.

Vernadskii, V.I. (2) Reglons of cooling in the earth's crust. Zap. Gos.
gidrol. in-ta, Vol. 10, 1933.

Vernadskii, V.I. (3) History of the minerals of the earth's crust. Part II,
No. 3, 1933.

Vernadskil, V.I. Notes on geochemistry. UL-e 1zd. Gorgeoneftelzdat, 1934.

Vil'd,Bg. Temperature of the alr in the Russlan Empire. St. Petersburg,
1632.

Vil'yams, V.R. Soil science. Moscow, 1946.

Vize, V.Yu. Secas of the Soviet Arctic. Moscow-Leningrad, Izd-vo Glavsev-
morputi, 1948,

VoeikogéuA.A. Climates of the earth, particularly of Russla. St. Petersburg,
1 . )

Voelkov, A.I. Cooling of the earth's sphere in connection with the distribu-
tion of temperature in the earth's crust and oceans. Godichnyi akt.
S.-Peterb. univ. 8 fevralya 1886, St. Petersburg, 1886.

Voeikov, A.I. (1) Permafrost in Siberia along the intended rallroad route.
Zhur. Min. putei soobshch., No. 4, 1889.

Voeikov, A.I. (2) Snow cover, its effect on soil, climate and weather and
methoda of Investigating 1t. St. Petersburg, 1889.

Voeikoy, A.I. Variations and changes in climate. Izv. Russk. geogr. ob-va,
1394, Vol. 30, No. 5, St. Petersburg.

Voelkov, A.I. Heat cycle in the carth's crust. Sb. statei po fizlike, pamyatil
prof. F.F. Petrushevskogo. St. Petersburg, 1904.



-95-

Voeikov, A.I. Sclected papers. T.Z. Izd-vo AN SSSR, Moscow, 1952.

Voitkovskil, K.F. Deslign of bulldings of ice and snow. Moscow, Izd-vo AN
S3SR, 1954.

Vollosovich, K.A. (1) Excavation of the Sanga-Yuryakh mammoth in 1908. 1Izv.
AN, VI ser., Vol. 3, 1909.

Vollosovich, K.A. (2) Report on an expeditilon between the Lena and Tastakh
Lake in the summer of 1903. Izv. AN, V. ser., Vol. 3, 1909.

Vollosovich, K.A. Mammoth of the Bol!'shol Lyakhovskii Island. Zap. Mineral.
ob-va, Part 50, 1915,

Voznesenskii, A.V. and Shostalkovich, V.,B. Fundamental data on the study of
the climate of Eastern Siberia. Irkutsk, 1913.

Vrangel', F.P. Expedition along the northern shores of Siberia and the Arctic
Ocean carried out in 1820, 1821, 1822, 1823 and 1824. Izd-vo Glavsev-
morputi, 1948.

Vtyurin, B.I. (1) Fossil ice on the shore of the Chukchi Sea in the region
of the Schmidt Point. Rukopis!', fondy In-ta okeanol. i1 In-ta
merzlotoved., 1951.

Vtyurin, B.I. (2) On the origin and structure of fossll ice in the region of
Anadyr'. Rukopls', fondy In-ta merzlotoved., 1951.

Vysotskil, G.N. Bilological, soll and phenologlcal observations 1n the Great
Anadol. Tr. Opytn. lesnich. St. Petersburg, 1901.

Vyalov, S.S. Long-term strength of permanently frozen soils andkpermissible
loads. Tr. Igarskol nauchno-issled. merzl. st., No. 1, Izd-vo AN SSSR,

1954,

Vyalov, S.S. Geological properties and load-bearing capacity of frozen solls.
Rukopis', fondy In-ta merzlotoved., 1956.

Water supply for rallroads in reglons of permafrost. Sb. pod ped.
M.I. Sumgina. Moscow, Transzheldorizdat, 1941.

World Agroclimatological Handbook. Gidrometeorolog. lzd-vo, 1937.

Washburn, A.L, Classification of patterned ground and review of suggested
origins. Bull. geol. Soc. Amer., 1956, Vol. 67, No. 7.

Weliser, S. Permanent ice in a mine in Rocky Mountains. Philos. Magaz., 1875,
4 ser., Vol. 49, No. 322.

Winterkorn, H, and Fehrman, K. The effect of freezling-thawlng and wetting-
drying cycles on the density and bearing power of five soils. Proc.
Soil Sci. Amer., 1945, Vol. IX.

Wollosowitsch, K.A. Ubersicht der Wissenschaftliche Arbeiten Baron Tolls und
allgemelne geologische Resultate seiner letzten Expedition. B kh:
Toll, E. Die Russische Polarfahrt der «Sarja» (1900-1902), Berlin, 1909.



-96-

Yachevskii, L.A. On permafrost in Siberia and ice strata. Izv. Russk. geogr.
ob-va, 1889, Vol. 25, No. 5.

Yachevskii, L.A. A casc of gypsum deposition with the participation of 1ice.
Geol. issled. 1 razved. raboty po linii Sibirsk, zhel.-dor., No. 11,
St. Petersburg, 1899.

Yachevskil, L.A. The thermal regime of the land surface in winter in connec-
tion with geologlcal processes. Gorn. kurn., aprel', mal, 1lyun', 1905,
Vol. 2.

Yanchkovskii, A.V. The effect of permafrost on operations at the placer mine
on the river Bodaibo. Vestn. zolotopromyshl. 1 gorn. dela voobshche,
1893, No. 11.

Yanovskii, V.K. Expedition to the Pechora River to determine the southern
boundary of permafrost. Tr. Komiss. po lzuch. vechn. merzl. Vol. 2,
Leningrad, Izd-vo AN SSSR, 1933.

Yanovskil, V.K. On the methodology of investigatling permafrost for the
purpose of designing engineering structures. Geology and mineral
resources of northern U.S.S.R. Tr. Pervol geol.-razved. konfer,
Glavsevmorputl 24-27 aprelya 1935, Vol. 3. Permafrost. Lenlngrad,
Izd-vo Glavsevmorputi, 1936.

Yanovskii, V.K. Permafrost in the region of the Vorkuta coal mine. Rukopls',
fondy In-ta merzlotoved., 1944,

Yanovskill, V.K. Methods of investigating permafrost for engineering-
construction purposes. Izd-vo AN SSSR, 1951.

Zalkov, B.D. The mean run-off and its annual dlstribution over the terrl-
tories of the U.S.S.R. Tr. Gos. gidrol. in-ta, No. 24, 1946.

Zaltsev, I.XK., Gurevich, M.S. and Belenova, E.S. Hydrochemlcal map of
Siberia and the Far East. Gosgeoltekhizdat, 1955.

Zaitsev, I.K. Ed. Explanatory notes for the hydrochemical map of the U.S.S.R.
at the scale of 1 : 5,000,000. Gosgeotekhizdat, 1958 (sostavlena kollekt.
VSEGEO v sostave B.N. Arkhangel'skogo, E.S. Belenovol 1 dr.).

Zakharov, N.K. Investigation of sheer reslstance during thawing.
Avtoreferat, 1951.

Zalesskli, S.P. Geothermal observations at the Ilim open cast mine in the
Transbaikal Oblast in 1894. Vestn. zolotoprom. 1 gorn. dela voobshche,
1895, No. 1.

Zamorskii, A.D. Needle-shaped ice in soll. Priroda, 1949, No, 10,

Zenkov, N.A. Report on hydrogeological investigations in Soviet territories
on the 1slands of West Spitzbergen carried out in 1935-36. GUSMP, 1937
(manuscript).

Zhidkov, B.M. The Yamal Peninsula. Zap. Geogr. ob-va, Vol. 49, 1913,



-97-

Zhukbv, V.F. (1) Frost fissures in permafrost regilons. Tr. In-ta
merzlotoved., Vol. 4, Izd-vo AN SSSR, 1944.

Zhukov, V.P, (2) A method of determining pressure on pit props in regions of
permafrost. Tr. In-ta merzlotoved., Vol. 6, Moscow~Leningrad, Izd-vo
AN SS3R, 19u44.

Zhukov, V.F. Thawing of permafrost solls at the base of structures. "Kolyma",
1946, No. 11.

Zhukov, V.F. (1) Calculating the settlement of thawing soil, taking into
account load applied. Rukopils', fondy In-ta merzlotoved., 1956.

Zhukov, V.F. (2) The force of frost heaving on a foundation. Rukopis', fondy
In-ta merzlotoved., 1956.

Zhukov, V.F. Pre-construction thawing of permafrost foundation bases
(fundamental method of construction). Izd-vo AN SSSR, 1958.

Zhukov, V.F. and Bakulin, F.G. Deformation of frozen fine-gralned soils on
thawing. Izv. AN SSSR, Otd. tekhn. nauk, 1955, No. 7.

Zhukov, V.F. and Saltykov, N.I. Permafrost in the region of Cape Kamenskii.
Rukopis', fondy In-ta merzlotoved., 1948.

Zoltnikov, V.G. Geomorphological characteristics of the aluvial plain in
Central Yakutia. Rukopis', fondy Yakutsk, £il. AN SSSR, 1949.

Zol'nikov, V.G. The origin of fossll ice in Central Yakutla, their functlion
in the formation of relief and the geomorphological regions of Central
Yakutia. Rukopls!, fondy Yakutsk, fil. 1 SOPS AN SSSR, 1950,

Zonov, E.N,. Secondary ice formation and ice-free spots on rivers of the
Yansko-Kolyma mountain region. Tr. In-ta merzlotoved., Vol. 4, 1944,

Zubakov, V.A. Fossil ice and passive icing. Izv. Vses. geogr. ob-va, 1951,
Vol. 83, No. 6.

Zubov, N.N. Ice of the Arctic. Izd-vo GUSMP, 1945,

Zvorykin, A.A, Piloneers in the study of the Arctic (expedition of Roman
Neplyuev to Novaya Zemlya in 1651-1653). Priroda, 1946, No. 12.



-93-

Table I

The effect of exchange catlons on the quantity of
liquid water in frozen solls

(from the data of Z.A. Nersesova)

Quantity of 1liquld water as a per-
centage of theigeight of dry
80

Soll
~0.2¢ | —0,6-06% | —t. 21,40 | —2.0-2,5* |58 [ ~t0—10,5( e
Na-kaolin . ... .. 37.5 15,3 6.5 2,8 — 0.9 —
Ca=kaolin ., .,....| 325 12,8 6,4 2,8 - 0.9 -
Na-askanlte gel . .| 114,0 60,4 51,5 45,6 | 40,1 | 37.4 22,0,
Ca-askanlite gel . 51,4 45,8 43,2 39,5 |35.2] 32,5 18,0
Na-clay loam ., ....| 21,5 15,3 13,0 12,6 — 9,9 —
Ca-clay loam..... 171 13,6 — 12,0 |11,0| 9,2 —
Table IX
The quantity of liquild water in some typical
solls depending on temperature
(from the data of Z.A. Nersesova)
Quantity of liquid water as a per-
centage of the welght of dry
Soil - goll
—02-03"| —05-070 |—10-15 [-20-25°| Th% | 905
Sand.,...........|l 02 0,2 — 2,0 | 0,0 0.0
Sand loam. ..... .. — 5.0 4,5 - 4,0 3.5
Clay loam. . ...... 12,0 10,0 7,8 - 7.0 6,5
Clay. .-« coeoee-e| 11,5 15,0 13,0 12,5 — 9,3
Clay, contalning
montmorillonlte . .| 34,3 25,9 - 19,8 - 15,3
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Table IIIX

Content of liquid water as related to temperature for
typical non-saline soills

(according to the data of Z.A. Nersesova)

My, (Quantity of liquld water as a
mal. percentage of the welght of
Soll* mojsture dry soil

eapatity | oo g5 | —1,0-200 | —45-50 | —0—10° [Betow —10~
Sand. ..o 1—17 0,5-2 | 0,5 0,5 0,5 0,5
Sand loam ....... 9—13 | 3—10 | 3—6 3~6 3-6 | 3-—6
Clay loam ....... 15—-23 | 10—20 | 5—45 | 5-10 | 4—8 4—8
Clay............ 2335 | 15—25 | 10—20 | 10—15 [ 510 [ 5-10
Clay, containing
monﬁmorillonite.. >30 30—-40 | 20~30 | 15-25 | 15—20 | 15—20

* The classification of solls is based on the maximum
molecular molsture capaclty

Table IV

The effect of external pressure on the quantity of liquid
water in frozen solls

Quantity of liquid
Initial data water in % of
T total moisgture
emper-
Soil Remarks
ature Freezing |Freezing
Pressuge | Modsture | "yighout | under
pressure (pressure
Moscow region Below
clay loam freezing 2 22 50.2 61.5 Tempera-
ture not
measured
precisely
" " " 10 22 T2.7 T4.2 "
Bentonite clay " 2 49 59.3 66.1 "
Moscow regilon
clay loam ~-1.7° 2 20 L2 .4 58.1 -
Bentonite clay
(askanite gel) | -5.8° 5 46 42.5 45.6 -
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Table V

Quantity of Ca iong displaced by Na lons owing to interaction
of soll with NaCl solution

(from the data of I.A. Tyutyunov)

Temperature °C Concen-— Quantity gf
tration désp}ace
of solu- i; ;ns Remarks
Soll | Solution tiog in equlv. per
” 100 g soil
20 20 0.06 0.5 Moisture content
20 20 0.06 0.5 of the soll was
-0.3 0 0.06 0.6 approximately 19%
~0.7 | 0 0.06 0.6
20 20 0.5 1.3 Interaction of
~0.3 -0.2 0.5 1.4 the soill with
0.7 -0.2 0.3 1.3 the solution
20 20 2.0 1.8 lasted for
-0.5 -1.1 2.0 3.2 5 minutes
20 20 8.0 8.1
=4.5 =4.9 8.0 8.0
Table VI

Quantity of Ca 1lons displaced by Na ilons owling to interaction
between soll and NaCl solutilon

(from the data of I.A. Tyutyunov)

Temperature °C Quantity | Concen=
Seriles of Ca, M. tration
no. of equiv, per | of solu~
experiment | Solil Solution | Filtrate | 100 g dry tion in
soll %
+20 +20 +20 2.4 2
1 +20 +20 +20 2.3 2
-1.5 =10 -1.5 2.5 2
-1.5 =10 -1.5 2.5 2
+20 +20 +20 3.0 8
II 4.1 4.1 -5.0 3.2 8
-4.1 4.1 -5.0 3.2 8
+20 +20 +20 3.3 14
ITI +20 +20 +20 3.0 14
-7.9 -7.8 -6.5 2.7 14
~7.9 -7.8 -6.5 3.6 14
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Table VII

Absorption capacity, absorptlion of hydrogen and base
saturation of peat-gley soils

(from the data of I.A. Tyutyunov)

2 Absorption
Depth a capacity
which according aggggogign Absorbed
specimen to Bobko- p bases, M. | % of base | % H ion
taken Askinazi equiv. saturation | saturation
in cm
% Ca |M.equilv. % M.equiv.

14 May 1945

20-37 0.33 | 16.50 0.0029 2.90 13.60 82.42 17.58
37-47 0.0 | 15.00 0.0Q56 5.60 9.40 62.67 27.33
u7-57 0.42 | 21.00 0.0099 9.90 11.10 52.86 4r.14
57-67 0.29 | 19.50 0.0071 7.10 12.40 63.59 36.41

3 September 1945

- 22-37 0.325 | 17.50 0.0042 4,20 15.20 T4.86 25.14
3T=57 0.38 | 19.00 0.0038 5.30 15.70 82.63 17.37
57-67 0.42 | 21.00 0.0034 3.40 17.60 83.81 16.19
67-TT 0.46 | 23.00 0.0026 2.60 20.40 88.70 11.20
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Table VIIY

The magnltude of relative soil heaving depending on
conditions of freezing

(from the data of N.A. Tsytovich and I.S. Vologdina)

Magnitude of rela-
Total tive heaving in %

- molsture
Soil content freezing freezlng
% only from | from all

above sides

Sand (1-0.25 mm -
60.2%; 0.25-0.05 mn -
30.8%) s seannanrnans .J0o18.7 0.42 1.6

Structureless silty-
clay loam (1-0.05 mm -
3.7%; 0.,05-0.005 mm -
81.8%; less than .
0.005 mm - 14.5%)......0 21.9 1.27 Untested

Clay (1-0.01 mm - 3.7%;
0.01-0.005 mm ~ 34.3%;
less than 0.05 mm - ,
B2.0%) e eennennnnsaneaes 2.4 2.33 5.2
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Table IX

Changes in total molsture content and heaving of surface
clay loam during freezing

(from the data of Z.A. Nersesova)

Moisture (percentage of the

weight of dry soil)

Depth in mm
Fe-clay | Ca-clay | Na-clay | K-clay
loam loam loam loam
0=-3 157.8 98.1 83.0 71.9
3-25 90.0 45.6 y42.4 25.8
25-60 90.5 40.5 4o .2 25.9
60-~-85 28.3 27.5 37.2 21.6
85-115 24.5 - - -
‘Heaving, mm*... %0.0 7.0 - -
" B 35.3 8.2 - -
Moisture before
freezing, %... 29.0 29.0 38.2 26.9

* Height of specimen before freezing was 85 mm.
The  specimens were subjected to a pressure

of 0.

5 kg/cm?
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Table X

Changes in the shear strength of soll as a result of freezing

and subsequent thawing

(E.P. Shusherina, 1955)

‘Maximum changes

Shear
‘Normal sggggggh strégggﬁeggter T,
Soil pressugg, freezing freezing- ;—-.100
kg/cm thawing pro- 1
and (v ), cess (t,)
kg/cm 2 kg/cm2? ’
Moscow region surface clay 0.1 0.13 0.06-0.22 L6-170
loam (soill paste) 0.1 0.41 0.09-0.50 22=-122
0.1 0.50 0.17-0.32 3h-64
Oka delta clay 0.1 0.06 0.04-0.,14 67-234
(soil paste) 0.1 0.29 0.07-0.46 24-159
0.1 0.54 0.11-0.22 20-41
" Oka delta clay (undis-
turbed structure) 0.1 0.50 0.10-0.64 20-128
Vorkuta Sufface clay loam 0.1 0.10 0.05-0.18 50-180
(soll paste) 0.1 0.20 0.08-0.47 ho-235
' ' 0.1 0.28 0.08-0.32 29-114
Kinel!' clay (undisturbed 0.1 0.9 0.2 22
~ structure) 0.6 1.2 0.7 58
1.1 1.4 0.7-1.7 80-122
2.1 1.9 0.7-2.4 37-127
0.1 0.7 0.4 28
Kuibyshev alluvial clay 0.6 1.0 0.35 35
(undisturbed structure) 1.1 1.4 0.6 36
1.6 1.4 0.6 43
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Quantity of liquid water in typlcal soils depending
on temperature

1 - quartz sand; 2 - sandy loam; > - clay loamn;
4 -~ clay; 5 - clay contalning montmorillonite

Fig. 6

Surface clay loam saturated with catlons Fe"', Ca++, Na¥ and Kt
according to experiments of Z.A. Nersesova
Photo by Yu.A. Shchiplitsev
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Dlagram for calculating rupturing stresses
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Fig. 8

Sequence of fissure formatlon of different orders of genesis
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Changes in dielectric constant & of 1ce depending on
temperature ¢t and frequency f
l ~-f =300 HL; 2 - f = 500 HL; 3 - £ = 1000 HL;
L - f =300 H ; 5 - F 5000 H;;
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Fig. 10

Variations in the dielectric constant € of solls of different
molsture contents depending on temperature t

I - Jurassic clay at moisture content of w = %5.5% of the
dry weight of the soil; II - fine sand w = 9%;
III - the same soil with w = 3%



-1038~

Fig. 11

Laminar texture of structureless clay loam
Photo by E.M. Katasonov

Fig. 12

Laminar-lattice texture of structureless clay loam
Photo by E.M. Katasonov
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Fig. 15

Variation in the porosity coefficient € of the soll during the
thawing process under load



