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INTRODUCTION

Permafrost underlies well over 40% of the territory of the Soviet Union
(Plate 1). This vast territory, tremendously rich in natural resourcee,
formed part of the Russian Empire for centuries » but its population wes sparss,
1ts primitive settlements far apart. Some four million square miles lay almnet
totally unexplored and undeveloped. There were many valid reasons for that,
but from the structural point of view it is sufficlent to mention only two:

1. Severe climate making for human hardships;

2. Difficulty of achieving steble construction on rermafrost, due
to certain conditions practically unknown in the temperate zone.

These points are easily illustrated. Yakutsk s for instance, was founied
ot & branch of the Lens River, some T miles wide st that point. The inhabitants
were "drinking" ice appropriately stored during the winter. The river channel 9
however, in time moved away from the settlement. A well (Shergints Shaft) was
sunk between 1828 and 1837 into the permafrost to a depth of 382 ft. in guest of
water. It was dry; it had not even plerced the permsfrost bed. On the other
hand, brick stoves built in the best temperate zone tradition used to disappear
into the ground after a few weeks of firing; mosi of the buildings became
deformed in the course of a few years.

In time, experience taught the settlers how to build steble but very
simple wooden structures on the permafrost. In places, even & few masanry
buildings were erected, some of them surviving into cur days., Nevertheless 9
there were numerous phenomens which affected construetion and required sericus
scientific investigation if the development of the region was to be undertaken
in earnest.

Beglinnings of such investigation go back to the end of the XIX cenbury,
when, during the construction of the Easteru Siberian railroad, the buiiders
had to face the deformation of roadbeds, short span bridges s depots, and cther
structures,

Research had presumably come to a standstill during World War I smd the
Revolution, but was resumed about 1926 with the Soviet regime more or less
firmly established.,

In 1927, the Soviet engiveers (many of them undoubtedly graduates of
Imperial Schools) were given an assignment to design a metallurgical plant
for the Transbaikal region. This led to the investigation of the theoretical
basis of construction on permafrost of heated bulldings in general and of
those employing hot technological processes in particular. Begirning with
1928, scientific expeditions to investigate the feasibllity of foundation
construction on permafrost were organized, and permsunent permafrost staticns

alo
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established in some areas. In 1930, & fiveomsn Commission for the study of
permafrost phenomena was created in the Academy of Sciecmees; by 21939, this
Commisslon evolved into what is Imown as the Permafrost Study Institute, im,
V. A. Obruchev, of the USSR Academy of Sciences.

Eventually, investigation of permafrost becams concentrated in the above
Ingtitute, the Research Institute for Foundstion Bearing Layers and Foundatlons,
and in such comstruction organizations as Vorkutstroy, Norilkomwbinat, Daltetr-v,
etc. The members and/or associates of the ebove ingtitutions have ameng other

things:

1. Compiled 0ST-90032-39, the first cet of "Norms and Technical
Conditions™ for comstruction of foundations on permafrost, issued in 1939~

2. Revised and reissued the sbove in 1954 as NiTU.118-54, "Norms
and Technical Conditions on Foundation Design for Industrisl and ¢ivili
Buildings on Permefrost™;

3. Issued the “Temporary Instructiocn on Operation of Buildings and
Structures Erected on Permanently Frozen Soils at Noriltsk";

L, Published a number of books on some aspects of the theory and
practice of congtruction on permafrost.

A part of the above materisl (not all of it the latest) forms the basis
of the report that follows, Whatever the imperfectioms of this report, -ue
difficulty should be noted: the fact that sowe basic meterial wus uwnavaiizbie,
This material includes:

1. The presurably all-important NiTU-118-5L;

2. The Noril'sk "Temporary Instruction® on the cperation of
structures erected on permafrost;

3. Material on construction of airfields on permafrost (scms:
information may be found in the "Soviet Polar Alrfield™,
e brief SES TB, No. T, July 1957).

The purpose of the report,; the above limitations being duly noted, i3 ¢
give a glimpse of strucbural development on permafrost in the Soviet Unicm,
Up to the time vhen this report was submitbed, the SES was not ioform:d . amy
gceount prepared by any other agency, covering the same general subject.

e —
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Although the report is concernmed with purely structural matters it has
nevertheless been developed along geographic lines. This arrangements was
adopted because physical characteristics of various reglions of the permafrost
expanse differ considerably, And it is primarily the thorough study and
evaluation of these characteristics (not even so much those of a region as
those of a particular building site) and their proper application to design
that make sound construction on permafrost feasible. In other words s what-
ever the type of structure , the basic problem is to ensure its stability on
the particular kind of permafrost which happens to be characteristic of the
slte. Thus, the report starts with Vorkuta region in the European Russia
(63°20'E); following across the permafrost expanse eastward it attempts to
glve some idea of these characteristics and the state of construction at such
localities as Dudinka, Igarka, Noril'sk, Yakutsk, Tiksi, the Trancbaikal and
Kolyma regions and, finally, Anadyr' on the Bering Sea (177° 3L'E).

This approach suggests in a general way the arrangement of materisl
within the chapters of the report , namely:

1. First come the physical characteristics of the region or,
whenever possible, of the building site involved: topography, vegetaticr,
geological structure, properties of the soil; and climatic, rermafrost,
and hydrologic conditions;

2, This is followed by a description of individual structures,
structural details, constructlion methods, service conditions end effecte
of physical characteristics of the sites on the state of structures
erected on them. Analytical notes are introduced in the text wherever
they seem to be warranted. Results or descriptions of a few laboratory
and field investigations, as well as one case of sample calculations
were not collected into a separate chapter but purposely kept with the
accounts referring to localities where such investigations took place;
this was believed to make clear the circumstances under which these
stepo were taken, without really detracting from their much wider
slgnificance;

3. PFinally, sources of information, and appropriate illustrative
material are introduced at the end of each chapter.
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l - Region of permafrost beds with temperatures for the
most part below —5°C (23°F) at a depth of
10-15 m. (32.8-49.2 ft.)

2 - Regilon where permafrost bed temperature at a depth
of 32.8-49.2 f£t. varies between 23°F to
29.3°F

3 ~ Region wlth permafrost bed temperatures at a depth
of 32,8-49,2 f£t. is mainiy above 29.3°F

4 ~ Isolated permafrost zones

5 - Regions where permafrost -beds occur only in the
mounds of peat marshes .

6 - Southern limits of the permafrost within the
boundaries of the USSR

T - Assumed southern limits of the permafrost outside
the boundaries of the USSR

8 - Region where permafrost bed includes ice beds of
considersble thickness
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CHAPTER I
VORKUTA, ITS LOCATION AND STRUCTURAL DEVELOPMENT
Location

The town of Vorkuta and surrounding countryside, south-eastern section of
the Bol'shezemel' skaya Tundra, Komi ASSR. (Plate 2, Fig. 2; Plate 2a)

Coordinates
Vorkuta (the town):

Latitude: 67° 30' N; Longitude: 64° OO'E,

Vorkuta region (surrounding mining fields):

Latitude: 67° 10t N — 68° 00! N.
Longitude: 63° 20' E — 65° 00* E.

Structural Development of Vorkuta

When the North Pechora Railroad was completed in December 1941, the town of
Vorkuta became the terminal. It grew rapidly during World War II. Development

of local coal deposits, considered to be among the richest beyond the Polar Circle,
stimilated its growth,
é

The "mastering"” of construction at Vorkuta began, it is said, in 1935.
Unfamiliar with local conditions, the building pioneers approached construction
problems on the basis of experience they had gained mostly in the Transbaiksl
region (East Siberia), where climatic, geological, and permafrost conditions
differed greatly from those in Vorkuta. Some assistance in their first steps was
extended by the personnel of the Vorkuts Permafrost Station.

The following three stages are discernible in the structural development
of Vorkuta:

1. Wood construction;
2. Introduction of masonry;
3. Application of the permafrost preservation method of constructiocn.

Stage 1. Wood Construction. The first buildings were one-story wooden
structures of log and frame type with slag wall £ill; then came wooden two-story
log and square beam structures; (this type was still being built in 1951).

Foundations were in both cases of the simplest, namely:

(a) Log or square wood beam frame on blocks resting directly on
leveled ground surface;

(b) "Gorodki"; this is a wooden grillage type of foundstion resting
directly on level ground surface;

Wood “chairs™ of two types:

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4
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(1) Individual posts resting on a large stone or wooden grillage,
(11) Braced individual posts resting on 2 horizontal timbers,
halved together to form a cross.

The "chairs" could be anchored or supported:
(1) Directly by the ground,
(11) On sleepers 1aid at various depths,
(1i1) On a pile of wood slabs, logs, or a grillage placed
longitudinally in trenches;

(d4) Sleepers, blocks,or "gorodki" on sand-gravel f£illing sbove the
ground surface;

(e) Grillage on sand-gravel filling,

Examples of wood foundations are shown on Plates 3 and k.
[ ]

Stage 2, Introduction of Masonry. Construction of mesonry buildings
was introduced beginning with 1939. Two and three story brick and slag block
structures began to appear.

Stage 3. Application of the Permafrost Preservation Method of
Construction, In the late 1930's and early 1940's, an opinion prevailed (it was
shared even by the Permafrost Institute of the Academy of Sciences) that the
permefrost in the Vorkuta region was in process of degradation.

This assumption led to the following:

(a) Preservation of permafrost under heated structures was
considered for a number of years to be impossible under Vorkute conditionsg

(b) Soil pressures selected as a basis for calculation ranged
from 0.5 to 2 kg/cm2 (1,000 to 4,100 1b/£t2);

(e) All conmstruction (including mining structures) proceeded until
1946 without the preservation of permafrost in the foundation bearing layers;
this, irrespective of the permafrost and hydrologicel conditions of the building
sites and the ice content of their soils, (Note: Some time in the course of
operation of non-heated structures it was discovered that the soil under such
structures remained in a permenently frozen state);

(d) No appropriate measures were taken to preveat uneven settle-
ment of structures (exception was made in the case of 2 structures; see pp. 33-35
of this report)

The ground was thus prepared for the formation of thaw craters under the
heated structures, uneven settlement, and subsequent mass deformation.

In the meantime, with the development of the region the volume of constrac-
tion was growing. Under the pressure of necessity and purely as an experiment,
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the first structure, a maternity hospital, to be built by the permafrost preserva-
tion method was finally erected in 1946, The experiment was highly successful
(see pp. 29.31 of this veport). As a result, beginning with 1948, meny sub-
stantial buildings were erected by this method. Among them were residential,
administrative, and ‘public buildings s & number of hoisting machinery buildings
(se1d to be first such structures with ventilated cellars ever to be built in
mining practice), a concentration plant and other structures. (Note: Spurred by
the initial success, the Vorkuta builders went to another extreme, They attempted
to preserve permafrost on the sites where the prerequisite hydrological, perma-
frost,and soil conditions did not exist. Some structures erected under these
circumstances by the permafrost preservation method became deformed).

Status of Construction, 1957

Substential multistory (4-5 stories and higher) residential and industrial
buildings were being built in 1957 in Vorkuta, Accordingly, beginning with the
introduction of masonry construction (1939), load on foundation bearing layers
with heterogeneous permafrost and soil characteristics was considerably increased.
To meet this condition, the following types of foundations were used:

() Rubble concrete colwmms with wall beams;
(b) Continuous reinforced concrete slabs with posts and wall beans;

(¢) Colums (apparently reinforced concrete) with wall beams on
reinforced concrete footings;

Solid reinforced concrete slabs;
(e) Pile foundations;
(£) Pwo-tier grillage,

Search for Construction Methods Ensuring Structural Stability
The structural development of Vorkuta, just outlined, indicates that:

() Iocal builders showed a tendency to adhere to some single method
of construction;

(b) The main problem confronting the builders was that of ensuring the
stability of heated structures erected by any method and thus preventing their
deformation,

The behavior of the buildings in the region had been under observation by
the Vorkuta Permafrost Station since 1936. Some time before 1951, & special
attempt was made to find means of ensuring the stability of structures in diverse
permafrost and hydrological conditions of the region, For this purpose s
165 selected bulldings were subjected to a detalled investigation. Data were
obtained for each building on:

-Te

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4



Declassified i

nitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

(a) General condition of the superstructure;
(b) Kind and extent of deformation;

(c) Condition of foundations;

(4) Cellar temperatures;

State of foundation bearing layer (8011 temperatures s presence of
ice crystals, ete.);

(£) Building settlement and heaving measurements (for verious types
of foundations under various permafrost and hydrological

conditions). .

The data on the settlement and deformation were then correlated with those
on properties of the soll at the corresponding buildings sites; construction
and operation procedures followed in the case of each bullding were taken into
account.

The results of investigation shed considerable light on:

(a) The necessity of thorough pre-construction exploration of
physical characteristics of each building site and the
application of date thus obtained in structural design for
that particular site;

(b) Conditions favoring the stability of structures;

(c) Conditions contributing to the deformation of structures;

(d) Possible construction methods ensuring structural stability.

The available material on the subject appears In the following four chapters.

Sources

P. D. Bondarev. Deformation of Bulldings in the Vorkuta Region, its Causes
and Methods of Prevention. pp. 20-2k.

N. I. Saltykov. Building Foundations in the Bol tshezemel 'gkaya Tundra
Region (Akademiya Nauk SSSR. Trudy Instituta Merzloto-
vedeniyaim, V. A. Obrucheve, Vol IV, 194k, pp. 172-183

Bol'shaya Sovietskaya Entskilopediyva ,Vol. 9, p. 96
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Fig. 1. Valley of the Vorkuta River
Typical View
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Fig. 2. View of Vorkuta Town, 1958

VORKUTA REGION
Source: Fig. 1. — P. D. Bondarev. Deformation of
Buildings in the Vorkata Reglom,
its Couses and Methods of Prevention,

Pe T
Fig. 2. — Ogonek, No. 45, Nov. 2, 1958, p. 8

PLATE 2
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View of & Street with New Residences
TOWN OF VORKUTA, 1957
Source: Arkhitekturs SSSR, No. 10, 1957, p. 12

PLATE 2 a
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m.

0,20
0.30
0.50
0.65
0.75
0.85
0.90

Riz. 1. Prismatlc grave! [ill under
wooden nouses resting on mudsills.

" 2.40  T1.87
o 8.00 26.3
Fig. 2. Wood foundations of & slag concrete
building. (Predominant type of foundations
for wooden structures in 19%9, 1940 end
partly in 1041) :
a. Cement floor, boiler room b. Splash apron ) \
c. Rich clay d. Gravel e. Wood slabs (d=8.7/2 in.)
+ ©, Soil vack fill &. sifted slag
WOOD FOUNDATIONS, VORKUTA
gource: N. I. Saltykov. Ruilding Foundations in the %ol 'shezemel 'skaya
Tundra Region (Akademiya Nauk SSSR. Trudy Instituta Merzloto-
vedenia im. V, .. Ubrucheva, Vol IV, 1944), Fig.-1 —P. 190;
) R Fig. 2 — p. 180
' PLATE 3
< @)lle

.

Conversion Table

in.

7.87
11.8
19.

7
25.6
29.5
33.5
35.4

.

Convers iorl__'i‘ab le
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A
Conversion Table
m.  in.
. 0.20 1.87
¢.z0 11,8
0.50 19.7
0.65 25.6
0.75 9.5
0.85 335
) 0.90 . 35.4 "
) Ris. 1. Prismatic grave: £111 under - .
wooden housés resting on mdsills. L : ‘ -
-}
Conversion Table )
m. ft.
1.80 5.91
1.90 .23
2.00 6.56
2.10 6.39
2,40 ~ T.87
: 8.00 26.3 7 .
 Fig. 2. Wood foundations of & slag concrete .
- building. (Predominant type of foundations
© for wooden structures in 1939, 1050 and
partly it 1941) .
a.-Cement [loor, boiler room b. Splash apron -
c. mrich clay .d. Gravel ¢€. Wood slabs (d=8.7/2 in.)
¢, Soil back fill 4. 3ifted slag
WOOD FOUND.TIONS, VORKUTA T -
Source: N. I. Saltykov. puilding Foundations in the B >1'shezemel 'skaya -
Tundra Region (Akademiya Kauk SSSR. Trudy Institute Merzloto-
. vedenia im. V. . ¢brucheve, Vol IV, 104%4), Fig. 1 — p. 1903
i< Fig. 2 — p. 180 . :
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Wood Post Foundations

a. Gol,. - in, '~yer L. Peai, 1.9 in. layer c. Clay, 5.7 in. layer
nost

d. Ground level <. Two leyers of tar naper around ~he

Conversion Table

E_._ in.
0.05 1797
0.10 3.94
0.14 5.51
0.20 7.87°
0.0 15.8
0.50 19.7
0.60 23,6
0.65 25.6
0.80 31.5

m. o ft.
1.50 4.92
2.00 6.56
2.50 8.20

<

f. Grillage, sleepers nnd posts, treated with %5 soluvion of sodium

~ fluoriue and tarrel. g¢ Jood. ties (5.51x7.87 in.) under each chair

n. Stra;-stecl loop (N.G30x1.97 in; 59.1 in. long) i, Wood slabs .
j. Polt (A=0.75 in; 1=11,3 in.) k. Post capping (wood slabs, d=7.09/2 in.)

1. Tar naper, one layer m, Venys

ilq.e: Cons-ruction of such ‘foundations became possible when the
- necessary eqguismenu (particularly pumping equipment) had
tcen brousht into the region.— First two-story. residential

buildin: on nosis wrs built in 1340,

-,

“xperience showed

hat as far as cesistance of structures to setllement and
soil tul;in: wus concerned, “he "post" tyne of foundation

was suoeio Lo
\

.. lialelils luid on Lhe surface, ufter replacement of

Y. oricinal loess-si!: soil with gravel;

v. Madsills on prismatic gravel f£ill (Plate 3).

WOCD FCUIMATIONS, VORKUTY.

Soece: Tl 1. o0alywov,  lmileing Foundations in the 1o} 'shezemel 'skdya Tundra
: 2 -ion ( edemiye Louk 535R. Trudy Institute Merzlotovedenia

Sim V. 4. Obracheva, Vol IV, 194k), o, 190
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- 0.65 25.6 -
. 0.8 315 - T o
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- . 2.50 3.20 B
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CHAPTER II
PHYSICAL CHARACTERISTICS OF THE VORKUTA REGION

Among the physical characteristics of the region which directly affect
the design, construction methods,and operation of buildings are:

Topography;
Geological Structure;
Hydrologic Conditionsy
Climatic Conditions;
Permafrost Conditions;

Soil; Its Properties and uitabllity for
Construction Work

l. To . Vorkuta region is 8 tundra country with flat-topped hills;
its elevation -220 m, (394-722 £t.); differences in elevation are most notable
in river valleys (Plate 2, Pig. 1); receding from the valleys , the tundra assumes
level character. Vegetation of the tundra is dwarfish: mosses, berries, mushrooms )
sedge and similar grass, creeping dwarf birch, dwarf birch, and tallest of them all,
the willow which attains a height of 6 or more feet. From the point of view of
vegetation, there are three main types of tundra in the Vorkuta region, namely:

(a) Carpet (presumably smooth mossy surface);

(v) Tussock-dwarf woody (tussocks of sedgy grasses;
bushes, dwarf trees); )

(c) spotty (bare soil spots surrounded bty vegetation).

The region is dotted with marshes and small lekes, and is dissected by
the Vorkuta River and its numerous tributaries. In its upper and middle courses,
the Vorkuta River cuts in places through the bedrock, forms numerous sandbanks
and rapids, and Has the appearance of a piedmont river.

2. Geological Structure. Devonian, Coal, Permian,and Quaternary strate -
underlie the region. Foundations of buildings are erected on bedrock outcrops
in individual cases only; in the main, they are laid.in Quaternary stratum
2 to 120 m, (6.6-390ft.) thick, which rests on the dislocated Permian stratum.
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The observed composition of the Quaternary stratum is as follows:

Data on Quaternary Stratum
“Thickness

Deposit m, t, Composition Occurrence

Recent alluvial | 3-5 10-17 Sand, gravel, sandy loam,| River and stream
loam (rarelyj valleys; river
terraces

Recent diluvial; | 2-5 6-17 Loess=gilt loam, sandy At the foot of
saturated with loam, noc gravel, hills
surface water frequent peat layers

Fluvio-glacial 2-7 6-23 Sand and light sandy Isolated deposits
loam with occasional

gravel

Upper moraine up to| Glacial loam and sandy
23 loam, Lower layeds
10-13 ft. thick contain
boulders and gravel

Glacial lake Clay Scattered. Its
(inter-moraine) thickness is over
70 £t. in the
lower course of
Bezymyanka River.

Fluvio-glacial Fine sand with layers
(inter-moraine) of gravel, losm, sandy
loam

Lower moraine Glacial loam add sandy
(rests on Permian loam with sand and gravel
stratum) layers; of considerable
density

The above geries is incomplete in most places. The permanently frozen layers
contain ice in the form of lenses, crystals,or sheets up to 5-7 cm. (2-2.8 in.)
in thickness.
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3. Hydrologic Conditions, Test drilling and actual mining operations
. indicate that ground waters in the Vorkuta region flow above the permafrost; in
the permafrost,and below the permafrost.

(a) Above-permafrost waters are encountered in construction of buildings.
In the main, they flow at a depth of from 1.5 to 15 m, (4.9-49 ft.)
through sand and gravel of the active lsyer, and through the permanently
thawed alluvial layers in river valleys, streams, drainage zones,
and marshes, The thickness of water-bearing layers varies from
0.6 to 6 m, (2-20 £t.); head of water in drainage zones may be well
over 10 ft, The volume of flow decreases in the winter when
feeding from the surface stops.

In-permafrost waters flow at a considerable depth., They need not be
taken into account in ordinary construction work; but in the sinking
of mine shafts they do cause difficulties. One point is to be mnoted,
namely: these waters, particularly if they are surface-fed, and
their temperature is well above 32°F, thaw or induce a considerable
rise in the temperature of the permafrost layers that contain them.

(c) Below-permafrost waters flow very deep in the bedrock; they may
cause difficulties only to the miners.

4, climatic Conditions. By comperison with such permafrost regions as
Yakutsk, Verkhoyansk, Kolyma etc., the climatic conditions of the Vorkuta region
are comparatively mild. This is due to the effects of the warm air mass reaching
the region from the North Atlantic (possibly the influence of the remote Galfstream).
The following teble gives information on the Vorkuts climate:

Dats on Climetic Conditions Between 1937 and 1946
Observations Remarks

(a) Temperatures and Seasons

Maximum 30°C (86°F)
Minimm -48.2%C(54.8°F below 0)

Average yearly-5.7°C (2L.7°F) Average yearly temperature varies:
1941: -—7.8°C 518?)
1943: —3.3°C (26°F)

Occasional frosts occur in the Observed summer frosts:
summer, ’ June: —6.2°C 220.8°F)
July: -0.5°C (31.1°F)
August: —5.2°C (22.6°F)

Number of days with temperature
sbove 32°F: 119-180
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Data on CTImatic Conditions Between 1957 and 1946

Qbservations

Remarks

Frostless season lasts:

50-60 days,

Continuous cold season:

5 October - 23 May (234 days)

(b) Winds

Summer: N. and NE. winds prevail,

Winter: §S. and SW., winds predominate.

(¢) Precipitation

Atmospheric precipitation is irregular,
most notable in swmmer and fall.

Snow

Snow blanket lasts: October-end May, or
beginning of June, Its thickness ranges
from 0.2 m, to 5 m, (8 in.-16 ft,)
.depending on topography and winds. The
blanket is thickest in February-April.

Rain

The Vorkuta Meteorological Station
observations as corrected (on the
basis of its own observations) by
the Permafrost Geotechnical Office
of the "Vorkutugol' Kombinat" provide
the following figures:

Total yearly precipitation:
620 mm. (24.4 in.)

Duration of continuous cold season
varies from 213 to 271 days.

Winter winds reach velocity of
35 m/sec. (78.5 mph.).

Density of snow toward the end of
winter reaches a velue of 0.%5~
0.40 g/cm3 (22-25 1b/£t3). Thick
accumlations of snow occur on the
northern side of buildings; on other
sides the snow 1s mostly blown away.

Meteorological Station observations
give yearly precipitation figure as
350 mm, (13.8 in.); since the snow
blown out of the instruments was not
taken into account, the figures as
corrected by the Permafrost
Geotechnical Office are more relisble.,
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5. Permafrost Conditions. Permafrost underlies the entire Vorkuta region,
Because of the complex interplay of the topographic, geologic, hydrologic,and
climatic conditions in the region, the characteristics of the Vorkute permafrost
bed differ considerably from those of the permefrost beds in other reglons.

The same conditions affect the depth at which the Vorkute permafrost bed occurs R
its thickness, and its temperature,

(a) Distinctive characteristics of the Vorkuta permafrost bed are:

(1) The bed is closer to the surface in ridges than in valleys;

(2) The temperature of the bed at the base of the layer of
seagsonal temperature fluctuations is close to 32°F; at times
its readingsvary between 0°C and —1.5°C (32°F and 29.3°F)
over small areas;

(3) The upper surface of the bed has & very complicated contour;
even under the level sites, only a few square meters in area,
its depth varies between 3 and 5 m, (10-16 ft.); while under
drainage zones and marshy depressions it drops down, almost
vertically, to a depth of 10-15 m, (33-49 ft.);

(4) The bed 1s cut into (and, at times, cut through) in places by
"taliks"; these are seams of thawed soil caused mainly by
underground waters.

Because of the above factors, the ice content of the bed varies both
horizontally and vertically.

(b) Types of the permafrost bed occurrence. Distinction is made
among three types of the permafrost bed:

Type 1 - The bed adjoins the active (upper) layer of the soil
which freezes seasonally;

Type 2 - The bed is separated from the active seasonally freezing
layer by a permanently thawed layer of soil;

Type 3 - Permafrost layers alternate with permenently-thawed
layers.

The Vorkuta region is blessed with all three types.

Type 1 is encountered under the ridges and south-facing slopes
of the topographical profile;

Type 2 is found in marshy depressions, extensive drainage zones,
and under the streams, where the upper limit of the permafrost
lies somewhere between 10-20 m. (33-66 f£t.) below the surface;
under such larger rivers as Vorkuta, the " taliks" may cut
through the permafrost bed;

Type 3 occurs more seldom; it 1s found in the western part of the
region near Mine No, 25.

-17-
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. (¢) Thickness and Temperature of the Vorkuta Permafrost Bed. Even beds

of the same type have varying thickness and temperature; in beds of different types
these variations are very marked:

(1) Bed Thickness. Depending on the topographic profile, vegetation,
thickness of the snow blanket , and hydrologic conditions, the
thickness of the permafrost bed varies from a few meters
(assumed - 9 £t.) to somewhere more than 130 meters (assumed -
430 f£t.). It was established by exploration in 194k that the
permafrost bed attaing its greatest thickness where 1t adjoins
the active layer over large areas.

Bed Temperature. In general, bed temperature varies with the
depth depending on the thickness and type of the bed (See
Plate 5). In some areas, the average yearly bed temperature
decreases gradually with increasing depth -~ this is charace
teristic of the state of degradation of the permafrost. In
other areas, the average yearly bed temperature lncreases
gradually with increasing depth from the layer of constant
yearly temperature -- this condition indicates the progressive
cooling of the permafrost. In still other areas, the perma-
frost temperature varies little or not at all with the depth.
When considered separately, the above temperature variations
would indicate that the Vorkuta bed is in a state of simil-
taneous degradation and intense cooling. This is not the case,
however. The phenomenon is explained by a complex interplsy
of temperatures in above-permafrost and below-permafrost waters,
in "taliks®™ and in intensely frozen masses under hillocks
stripped of their protective snow cover by winter winds.

The following table shows the relationship between bed thickness, temperature,
and bed type for four different bullding sites:

Data on Bed Thickness-Temperature-Bed Type Relationship
(The bed adjoins the active, seasonally freezing layer),

% of Site area
where perma- Established Observed permafrost temperatures
frost adjoins bed thickness At a depth of:
active layer m, ft. m, ft.

90.0 131.5 | 432 50 164
3%,0 T0 230 50 164
23,8 84-89 | 276-292 4o 131
13.7 45-51 | 148-168 |40 131

PREN
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6. Soil;.Its. Progrties and.Suiltability, for Construction Work,. Mechanical
composition of soils their natural moisture content give an approximate idea
of their load-bearing capacity and probable megnitude of settlement when in state
of thaw. In determining the method of construction in permafrost regions, these
qualities should be taken into acéount in conjunction with such factors as the
hydrologic and permafrost conditions of & proposed building site , the type : £

structure contemplated, structural details, and the heat radiation potentiai of
the structure,

As regards the Vorkuta solls, the following factors are considered:

Fractional composition,

Moisture content,

Soil suitability for comstruction work,
Soil-permafrost characteristics of some typleal sites.

(a) Fractional composition of the Vorkuta Soils, The following tzble
glves percentage content of various fractions in the Vorkuta soils:

Data on Typical Vorkuta Region Solls
(AccordIng to the Vorkuta Permefrost Station)

Percentage Content

loam and sandy
loam

g

Fraction
(inches)

Content
Contenti
Limits
Average
Content
Average
Content
Content
Content
Average
Contend

Timi

Gravel

~70.078

)

Sand. ‘
0.0]8-0.00981!- O"'7

Loess

0.0098% -

0.00197

Silt
) 0'0019 : -
0.000197

Clay
< 0,000197
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(b) Soil Moisture Content. The natural moisture content of the
Vorkuta soils in the active layer varies from 25 to 40% (ratio of moisture loss
in drying to weight of dry sample); in permanently thawed layers (between the
active layer and the upper limit of the permafrost when the latter occurs at a
considerable depth) from 15 to 25%;finally, that in the permafrost bed is not
constant but depends on the soil.texture.

(¢) Soil Suitability for Construction Work. From the point of
view of suitability for construction work, the Vorkuta soils present in general
the following picture:

(1) The surface layer consists in the main of loess-loam soils.
Thawed, they are practically quicksand; their load-bearing
capacity is insignificant; even slight dynamic loads set
them in motion.

(2) The lower moraine soils contain, for the most part, a
large amount of coarse fractions. When thawed, they have
satisfactory load-bearing capacity.

(3) Fluvio-glacial soils (those with high sand and gravel
content) may in many cases serve satisfactorily as bearing
surfaces under footings.

(4) Alluviel soils in cases where sand and gravel predominate
are considered suitable.

(d) sSoil-permafrost Characteristics of Some Typical Vorkuts
Bullding Sites. The wide difference in physical conditions (particularly the
permafrost and soil) to be found over even small areas of the region confronts
the builders with some very difficult problems. This is readily appreciated
when physical characteristics of a few typical building sites are considered.

1. Site No. 1, Kapital'naya Mine.
(See Plate 6, Fig. a)

Location: Ieft bank of the Vorkuta River, 0.7-1 km. (0.44-0.62 U.S. statute
miles) from the shore.

Natural

appearance: Slight elevation sloping gently toward the river; spotty tundra
with tussock-dwarf woody sections and small sedge marshes.

Permafrost: The bed occurs. at a depth of 1.5-2 m. (5-6.6 f£t.). Soil tempera-
ture at the base of the seasonal fluctuations .layer varies between
—0.4 and —1.5°C (31.28-29.30°F).

Surface soil Recent diluvial deposits up to 2 m. (6.6 f£t.) in thickness.
layer: :

=20-
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Loam and sandy loam dé€posits of varying thickness; mechanical
composition and moisture content'of the soil vary; load-bearing
capacity in the state of thaw is lower than that of the lower
moraine, -
Loam and sandy loam; density appears to be adequate (unspecified) ;
moisture content up to 20%; low (not otherwise defined) ice contents;
load-bearing capacity in the state of thaw satisfactory (otherwise
undefined).

Characteristics of Site No. 1 are considered as comparatively favorsble for
construction work.

Location:

Natural
appearance:

Pexrmafrost:

Surface soil

lazer H

Lower
moraine:

Ground
water:

2, Site No. 2, A Mining Site
(See Plate 6, Fig. b; Plate 7 )

Unspecified

Tundra of spotty, carpet, and tussock-dwarf woody varieties,

The bed. adjoins the active, seasonally freezing layer under the
spotty and carpet tundra areas but recedes from that layer under
the tussock-dwarf woody areas; it occurs at a depth of 8 m. (26 ft.)
near the drainage zones and at 12 m. (39 £t.) or even lower in the
drainage zones.

Diluvial depots occur at a depth of 0.4-3.6 m. (1.3=12 ft.);
below them lies the upper moraine.

Regts on bedrock consisting of ssandstone and carbonaceous schists,
(The depth of all Quaternary deposits between the surface and the
bedrock is about 17 m. or 56 ft.).

Above-permafrost water 1s encountered in the drainage zones and
depressions at a depth of from 1.5 to 12 m. (5-39 £t;); the water
bearing layer is up to 5.4 m. (18 £t.) in thickness; maximum water
head (bore hole data) is 6.34 m. (20.8 f£t.),

Site No., 2 is typical for & large part of the region.

Location:

Natural
appg’arance :

3. Site No. 4, A Mining Site
(See Plate 6, Fig. c)

Left bank of the Vorkuta River; elevated ground between 2 streesms,
Vorkuta tributaries. )

Tussock-dwarf woody tundra.

=2l




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

Permafrost: The bed adjoins the active , seasonally freezing layer at some
elevated points only; under a part of the site the bed occurs
at a depth of about 1 m. (3 ft.). .

Surface soil Recent diluvial loam deposits 0.95-3.11- m. (3-11 ft.) thick aund,
layer: seldom, sandy loam,

Isola*bed"dcposits of loam and sandy loam with gravel of various
degrees of coarseness.

Occurs at a depth of 4,2 m, (14 £t.); its lower layers contain
gravel and cobbles.

Above-permafrost water encountered in drainage zones and depressions
at a depth of 2 m, (6.6 £t.)

Soil moisture
content:’ 20-25% at a depth between 3-8 m. (10-26 ft.).

As the study of characteristics of the above sites indicates, their permafrost,
hydrologic,and soll conditions are very complex. It is very hard in some cases
to find a site for even a single structure with fairly uniform charscterietics.
The problem is further complicated by the fact that the location of some structure
mast somehow fit into the plan of the mining production of a particular lcecality.

Sources

P. D. Bondarev., Deformation of Buildings in the Vorkuts
Region, its Causes and Methods of
Prevention. pp. 5-19
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- : . PHYSICAL CHARACTERISTICS-OF THE VORKUTA REGION

- Source: P. D. Bondarev. Deformation of Buildings in the Vorkuta
: Region, its C.uses and Methods of Prevention, p. 17 -~
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P R

Building Site of Mine No. 2 (Vorkuta Research Station Data).

: ’ - - a. Redilroad bunker b. Hoisting machinery building - )
{ ' * c. "Shakhtkombinat! building d. Shaft of Mine No. 2

. 1. Tussock-dwarf wood tundra 2. Spotty tundra 3. Carpét tundre

_ 4, Peat deposits 5. Drainage zones 6.'Isobaths of the Upper limit

of -the. permafrost bed.. (Figures 1 »2,3,4,5 indicate the distance.

- of the bed from the surface in meters; corresponding figu.res in”,

. feet are: 3.28, 6.56, 9.8k, 13.1, 16.4)

. (8 Bore “holes 8. Prospecung p:i.t 9. Geologlcal -section line i ,,
. (Comparison of Plate 7 with Plate 6, Fig. b suggests that Bore hole 24T79.

should have been marked: Bore hole 211-09)

N

= o PHYSICAL CHARACTERISTICS OF THE VORKUTA REGION. . . LT
B Source:- P. D. Bondarev. Deformation of Buildings in the Vorkuta - o
- - - Reglon, its Causes and Methods of Prevention, p. 18, T
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Building-Site of Mine No. 2 (Vorkuta Research ‘Station Data).

’ ' a. Railroad bunker b. Hoisting machinery building _

' C. "‘Shaldltkombinat" building - d. Shaft of Mine No. 2

1. Tussock dwarf wood tundra 2. Spo*bty tundia 3. Ce:rp_eﬁ “Tandra - =

L, Peat deposits 5. Drainage Zones 6.'Isobaths of the upper limit
of the permafrost bed (Figures 1,2,3,4,5 indicate the distance
of the” bed from the surface in meters H corresponding figures in
feet are: 3.28, 6.56, 9.84, 13,1, 16.4)

T. Bore holes 8. Prospectmg pit 9 Geological section line

(Comparison of Plate T with Plate 6, Fig. b suggests that Bore hole 2&79
should have been marked: Bore hole 2409).

o

-

PHYSICAL CHARACTERISTICS OF THE VORKUTA REGION

, Source: P. D. Bondarev. Deformation of Buildings in the Vorkuta =~ =~ --
. Region iLs Causes and Methods of Prevention, P 18
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CEAPTER III
STABLE STRUCTURES AT VORKUTA

.The special investigation of 165 structures, mentioned in Chapter I , has
révealed that only 35 structures (21 masonry and 14 wooden) were in stable
conditiop and good order. Among the latter were structures:

(1) Erected on.bedrock;"
(2) Erected on permanently thawed soils;
(3) Erected on frozen sand and sand-gravel soils with low
moisture content; '
Built by the permafrost preservation nethod;
Designed to allow for uneven settlement;
Unheated structures.

Description of a number of structures representative of each group follows.

1. Structures Erected on Bedrock

(2) Heat and Power Station

|
Illustrations: None

Erected: 1940-1942

) i
. Structure: Multistory reinforced concrete frame structure with
deep cellar '

Walls: Brick panel walls

Founflation hearing
surface: Solid bedrock

Wall foundations: Continuous reinforced concrete footings

Equipment foundations: Reinforced concrete slabs

Deformation: None

(b) Vorkute Permafrost Station

I1llustrations: None

Erected: 1951
Structure: Two-story masonry structure with a cellar. Girts each

consisting of a row of steel beams erected at the level
of the lst and 2nd story tie-plates,

26
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Fom;dation bearing Broken argillite (argillacecus sedimentary rock)
surface:

Foundations: Continuous rub:ble footings
Deformation: None

Note: In the case of light buildings on bedrock, measures should be taken
againgt the heaving of foundations. As the upper soil layer, particu=
larly if its moisture content is high, freezes against the foundations,
the bulging soil may heave the structure., Hence, light buildings msy
deform although thelr foundations rest on bedrock.

2, Structures Erected on Permsnently Thawed Soils

(2) Residences No. 100, 101 and 103, Gorniakov Street (Street of the Miners),
Vorkuta.

Illustrations: Plate 8
Erected: 1942
Structures Two=-story brick structures. The walls at the 2ud story

floor level are strengthened with reinforced concrete
girta,

Permafrost, House No. 100 - at. 10 m. 233 £t.)

upper limit: House No. 101 =~ at 12mnm. (39 ft.)
House No, 103 -~ at 8 m, (26 £t.)

Foundation bearing Loess-silt loam and sandy loam of the upper moraine;
surface: natural moisture about 20%.

Foundations: Outside walls: continous rubble footings 1aid at a depth

of 2.5 m, (8.2 £t.).

Partitions: rubble posts laid at 1.5 m. (4.9 £t.) and
connected by reinforced concrete beams.

Foundation During the first year did not exceed 40-60 mm., (1.6-2.4 in,)
settlement: by instrument survey.

Deformation: No instrument survey was made after 1943. Visual observa.
tions between 1943 and 1950 disclosed no deformation,
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(b) The House of Engineer and Technician

Illustrations: None
Erected: 1954
Structure: One~-story brick structure with mansard and cellar

Permafrost: Occurs at 12 m. (39 ft.); no thawing observed after
. completion of the structure

Foundation bearing Thawed loam
surface:

Foundations: Two-tier wood grillage at & depth of 2.5 m. (8.2 £t.)
. with posts

Cellar: Warm
Heating: Steam
Deformation: None

Note: When thaw begins under the footings, any settlement of the structure
(and in many cases eventual deformation) depends largely on the ice
content of the soll., Test borings have shown that in the Vorkuta
region, the moisture content of the permafrost bed below the 8 m. (26 £t.)
level seldom exceeded 20%. For this reason, thaw rarely produces suffi-
cient settlement to cause serious deformation in buildings erected on
permanently thawed soils. Thus, & 5-6 m., (16-20 ft.) layer of thawed
soil under the footings is considered sufficient to take the allowable
load.

3. Structures Erected on Frozen Sand and Sand-Gravel Soils
with Low Moisture Content,

The House of the Party Enlightenment.

Illustrations: None
Erected: 1946

Structure: Two-story masonry bullding with cellar

Foundations: Two-tier wood grillage laid at a depth of 2.5 m. (8.2 £t.)
with paired posts connected by wall beams

Soil: Frozen sand with moisture content up to 20% without
visible ice inclusions

Heati_gg: Steam

£

~ ‘:; D 4 v-‘,—",.,")»__'i-:{.‘ RRCHXOTARM NGRS s Fieok + TN g
.

Declassified in Pért - Sanitized Copy Ap rovéd for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

WVarn
Deeper than 9 m, (30 ft.)

None between 1946 and October 1951 despite the thawing of
soll under the structure

In addition to the above, a muber of bulildings erected on sand and
sand-gravel soils with moisture content up to BJ% and without visible
ice inclusions remain in satisfactory condition,

4, Structures Built by the Permafrost Preservation nethéd

(a) vorkuts Maternity Hospital
Illustrations: Plates 9, 10
Erected: 1946

Structure: Two-story brick structure with cellar (the first structure
built by the permafrost preservation method in the region)

114 site: High ground (tussock-dwarf woody tunira) on the southern
’ bank of Shtcl'nevey Cresk, adjoining general area of the
towmn of Vorkuta.

Upper layer, 1.0-2.3 m. (3.2-T.6 ft.) thick loess-silt
loam, Next, light loam of the upper morsine (with some
gravel) 0.6-1.T5 m, (2-5.8 £t.) thick. Under the upper
morsaine (:X.n some instances directly under the upper layer)
lies fine (0.1-0,2 mm. or 0.00394-0.00787 in.) fluvio-
glacial sand and sandy loam more than 7 m. (23 £t.) deep.
It contained ice sheets 5-8 mm. (0.20-0.32 in.) thick.
Vhen thawed, this sand proved an unrelisble foundation
bed, Its natural moisture content was 27% in places.

The site was considered unsatisfactory.

Permafrost: Depth of occurrence varied from 1.8 to 6.3 m. (5.9-2L £t.).
\ Thawed layer about 3 ft. thick lay between the active layer
and the permafrost bed.

Ground‘ water: Above-permafrost waters were encountered at a depth of
- from 3.25 to0 5.3 m. (11-1T £t.).

Foundations: Reinforced concrete ﬁosts connected by wall beams ( I and
channel beams) on reinforced concrete footings laid at .
least 0.5 m. (1.6 £t.) in permafrost at a depth of 5.5-6.5 m.
(18-21 £+.) as measured from the leveled part of the site;
two-tier wooden grillage made of 18 x 20 cm. (7.1x7.9 in.);
beams on a gravel f£ill 15-20 cm. (6-8 in.) thick.

«29-
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Ventilated 1.0-1.5 m. {3.3-4.9 £t.) high. For cellar
ceiling see Plate 10, Fig, 2. The cellar is ventilated by
twelve 25 x 4O cm, (9 8x15.8 in.) openings, six in the
plinth of each longitudinal wall. The openings may be
closed with little doors to keep snow away. Modulus of
cellaxr ventilation (ratio of the area of all openings to
the area of the cellsr) is about 0.003. In theory, in the
course of the first two years.of the operation of the build-
ing, the cellar floor was to be covered with a 50 cm,

(20 in.) layer of cinders so that the soil could be pro-
tected from thawing in the summer. The cinders were to
be gathered in piles for .the winter to allow more
effective freezing of the soil. In practice, a layer of
cinders 10-15 cm, (4=6 in.) thick was spread over one
third of the cellar only.

Operational Operational conditions were not favorasble, for:
conditions:
(1) On a nmumber of oceasions, parts of the cellar were gomehow
flooded by the contents of a sewer pipe laid along the
building and by leaky water pipes in the building.

(2) Snow deposits by the walls blocked the ventilation openings,
exd prevented effective cooling of the cellar during the
winter.

Steam lines (See Plate 10, Fig. 3) laid at a depth of
1.5 m, (4.92 £t.) near the building warmed the soil to a
depth of 10 m, (32.8 f£t.). The steam line had to be
moved 15 m. (49 ft.) away from the well. Air vents were
installed in the trenches leading the steam pipes into
the building (See Plate 9, Fig. 2).

Strueture and soil - As soon as the bullding went into service, holes were
behavior: bored in the soil of the cellar and near the foundaticns
- on the outside. The structure and the soil temperatures
under and near the structure were subjected to & long
series of observations. The following was established:

(1) cCellar temperatures
Winter: 32°F
Summer: Varied between 5 and 8°C (Ll-46.4°F)

Soil temperatures under the cellar

Winter:

T (&) depth up to 0.5 m. (1.6 £t.)
under cinder covered aresa —2 to -3°C (28.4-26.6°F)
under area not covered by cinders —5 to —6°C(23-21.2°F)

depth below 0.5 m, (1.6 ©5,) ~1.5° to ~0,5°0

t

(29,531,275
“30m
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Sumer:
At a depth of 3 m. (10 ft.) did not rise above —0.5°C
(31.1°F).

(3) Test bore holes under the structure indicated that the layer
" of permanently thawed soil between the active layer and the
rermefrost bed underwent the following changes over a period
of times

Thickness
m. ft.

1 3.3
0.5-0.7 1.6-2.3
0.,2-0,4  0.66-1.3L
thawed layer dilsappeared;
active layer adjoins the
permafrost bed.

(v) An Apartment House, Gorniskov, Street (Street of the Miners), Vorkuts
!

Illustrations: None

Erected: 1947

Structure: Two-story, twenty-four unilt apartment building with a
ventilated cellar. Three settlement jolnts divide the
structure in four sections.

Permafrost: The permafrost bed occurs at a considerable but unspecified
depth.

Wall foundations: Rubble concrete resting on four-tier wood-concrete
' grillage laid on gravel f£ill

Winter. cellar' With the ventilating openings functioning, the winter
temperature: temperature of the cellar was below 32°F. ‘“Pereletki®
- up to 2,5 m. (8.2 £t.) in depth developed under the
structure over a period of two years¥.

Deformation: As of May 1, 1952 no deformation was deteécted.

As the subsequent operation of the above two buildings indicated, the
permafrost preservation method of construction proved highly successful. It is
said, that after 1914-8, this method. was applied in the erection of numerous
administrative, public, residential,and industrial structures in the region.

*Pereletok (plural Ereletki) is a shaft of active-layer soil which remains
frozen, and thus may easily be mistaken for permafrost.

“3le

t
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It was assumed tbat the above construction proceeded in strict
compliance with the provisions of the temporary local buillding
code issued (date unspecified) by the “Vorkutugol'Kombinat".
Paragraph 164, Section "Work Procedure", of the code reafis:

"Preparation of the site for the laying of foundations,
excavation of foundation pits and trenches as well as the
construction of foundations proper should be done during
the winter only when the temperature is stabilized below
32°F. Performence of the above work under swmser condi-
tions (when the outside air temperature is above 32°F)

is explicitly prohibited”,

It appears, however, that this rule was not always observed even by the
"Vorkutugolt' Kombinat" bullders themselves. An example of a structure designed
for permafrost preservation conditions for which the laying of foundations wes
started in the summer is provided by:

The "Promkombinat" House of Mine No. 32

Photograph ‘(Plate 11, Fig. 1 ) was taken in August 1954, and shows that not
only the foundation pit excavations but even the construction of foundations
proper was started under summer conditions. Description of the structure follows:

Erected: August 1954 ~ 1957 by the permafrost preservation method

Structure: Appears to be reinforced concrete frame with panel wslls
and a ventilated cellar; it is 85 x 12 m. (279 x 39.L f£t.)
in plan,

Foundations: One-tier 1.5 x 1.5 m. (4.9 x 4.9 £t.) wcod grillage of
12 em, (4.7 in.) high sleepers placed directly on frozen
soll (this may suggest that the seasonally freezing layer
of the soil adjoins the permafrost bed); reinforced
concrete footings with columms (they seem to have been
poured in place because concrete forms are mentioned
specifically); distance between footings, 6 m. (19.7 f£t.)

Loess-silt loam with high 1lce content which turns to

soft mud on thawing. (Note: It would seem that because o
of the properties of the soll in question, any kind of
work on foundations could be done under summer conditions
only by shoring excavation walls with timber, protecting
excavations from sunlight, and using pumping equipment).

Photograph on Plate 11 Fig., 2 gives a partial view of the completed
structure,
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5. Structures Designed to Allow for Uneven Settlement

In the Vorkuta reglon, most structures were built without due allowance for
the soil thawing to be expected under service conditions. In the entire reglon,
it appears that only two buildings were adapted to uneven settlement under
conditions of soil thawing., These were located at the site of Mine No. 1
(Kapitaltnaya) where the soil provided a good foundation base when frozen and
was unsatisfactory when thawed (see Plates 12-13). These buildings were:

(&) Mechanical Shop of Mine No. 1

Illustrations: Plates 12«13

Erected: 1939

Structure: One-story reinforced concrete frame with slag block
panel walls; its dimensions are: 57.2 x 10.5 m.,
(187 x 34.4 £t.) in plan; it is divided longitudinaliy
in 3 sections by settlement joints,

Foundations: Foundations are laid at a depth of 3.2 m. (10.5 £t.); their
construction varies according to the section of the
structure they support (Plate 13)

Southern Section: reinforced concrete columns commected by
reinforced concrete wall beams on 1.6 x 1.6 m. (5.25 x
5.25 £t.) and 1.8 x 1.8 m. (5.9 x 5.9 f£t.) footings. Soil
pressure, future soil thawing under the structure having
been taken into account, is 1.5 kg/em® (3,100 1b/£%2)

Northern Section: the same construction as ebove except
that the footings are 2.2 x 2.2 m. (7.2 x 7.2 £t.) and

2.5 x 2.5 m. (8.2 x 8.2 £t.) to allow for less satisfactory
801l conditions and the necessity to lower soil pressure

to 1 kg/cm2 (2,000 1b/£t2)

Middle Section: columms rest on a continuous reinforced
concrete footing 1.4 m. (4.6 £t.) wide. The foundation
is said to look like a massive reinforced concrete truss
with parallel chords (this suggests that columns are
connected by wall beams ). Soil pressure is 0.9 kg/cm?@
(1,800 1b/£t2).

Floor: The concrete floor rests directly on the soil. (Assumed
to be poured in place).

Heat_i_.gg: Steam
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Foundation bearing Loess-silt loam and sandy lcdam of the upper moraine which

surface: contained considerable gravel in its lower reaches and had
a moisture content up to 2%. Ice was.present in both
crystelline and lens form.

. The active layer extended to a depth of 1l.5-2.1 m.
(4.9-6.9 £t.) and adjoined the permafrost bed. Soil
temperatures at the level of yearly temperature variations
12 m.' (39.4 ft.) were registered at: —1, 1, —1.4°C
(30.2, 33.8, 29.48°F).

By the end of 1942, the thaw crater under the structure
(counting from the surface of the floor) reached & depth
of 4 m. (13 £t.) under its exterior and 6.5 m. (21 £t.)
undexr the interior walls. Subsequent test drillings showed
that the center of the thaw crater went down In 1945 to s
depth of 10 m, ( 33 ft.) and to 12 m. (39 ft.) in 1947,
(See Plate 12).

Settlement and The combination of heterogeneous, unevenly thawing soil

deformetion: with varying ice content and three sets of foundations
differing in construction caused the structure to settle
unevenly, as could be expected. Until 1945, the settls.
ment apparently proceeded slowly; deformation of the
structure was indicated by slightly sagging floors and
small wall cracks. In 1947, following further develcpment
of the thaw crater, the settlement of the northern and
southern sections became more significant; it amounted to
20 cm. (7.9 in.); the difference in yearly settlement
reached the magnitude of 5-8 cm. (2-3.2 in.). As a result,
the deformation of the end sections of the structure
increased. Numerous wall cracks appeared in the southeastern
corner, all the openings between the corner and the vesti-
bule became warped, the settlement joint opened up to the
extent of 10 cm. (3.9 in.), and the wall beams cracked.
On the other hand, the middle section of the structure
developed no visible cracks.

The stability of the structure was ascribed to its design; deformation
was not regarded as considersable. After more than 10 years of service,
the structure originally erected on the permafrost was standirg on
permanently thawed soil.

(b) The "Shakhtkombinat" House of Mine No. 1

Illustrations:’ Plate 14, Fig. 1
1942
Two-story reinforced concrete frame with slag block paxnel

walls, TL.3 x 15.6 m. (234 x 51.2 £t.) in plan; two settle=
ment Joints divide it in 3 sections.
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Floors: Wood on £illing (unspecified) and sub'flooring

Cellars Non~ventilating, 3.5 ft. high
Heating: Stean

Foundations: Contimuous reinforced concrete footings with reinforced
concrete posts connected by wall beams.

Foundation bearing Loam and sandy loam of the upper moraine with moisture
ces content up to 20%, which rests on the unevenly distributed
lower moraine,

Permafrost: The seasonally freezing soll layer adjoins the permafrost
bed.,

Settlement and Early in 1943, small cracks in interior walle and very elight
deformation: settlement of floors were noted. This is explained by the
fact that, in January 1943, the upper limit of the permafrost
under the interior walls had receded to a point below their
footings, and the walls had settled somewhat. At the same
time, the exterior wall footings still remained anchored
in the permafrost. The outside walls had not yat settled.
By 1945, cracks developed in the exterior walls, around
the wall-ceiling joints of the 1ist and 2nd stories, along
the exterior-interior wall Joints, and above the window
and door openings. Deformation of the floors increased.
In addition, cracks, some of them horizontal, appeared
along the settlement joints, a fact which suggested that
the Joints were functioning unsatisfactorily. All this
resulted from further deepening of the thaw crater under
the structure (its depth was 6 m. — 20 £t. at the time)
and the settlement of the structure along its entire
perimeter.

The thaw crater developed the faster because the cellar was flooded with
heating system condensate and water from the shower room, which was
located on the lst floor. In spite of this, specilal investigatlous
undertaken in 1947, 1948,and 1950 (by then, the thaw crater was 8 m.
26,2 f£t., deep) disclosed no startling effects of deformetion. Because
of the settlement joints (even if imperfectly constructed), end the
insignificant ice content of the soil, the setilement of the structure
was relatively even,

6. Unheated Structures

All unheated structures may be considered es erected by the method of
permafrost preservation without ary particular measures having been taken to
that end, In general, they are said to remain stable; they show no signs of
deformation except whenever the foundations of light parts of structures are
too shallow and no proper anti-heaving measures are taken. In all cases, the
upper 1limit of the permafrost under the structures tends to link up with the
seasonally freesing layer.

r_)35=:
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. Description of three such structures follows.

(a) "Dinamo™ Stadium Stands.

J1lustrations: Plate 14, Fig. 2

Erected: In 1945-1946 on high ground with a westward slope &t
1:2. 5.

Foundations: Wooden grid on a layer of slag £ill 50-70 cm. (20-28 in.)
thick

Permafrost: Originally, the top of the bed was at a depth of 1.5-2.0 m.
(4.9-6.6 £t.);"at present" (sometime after 1952), the bed
was directly under the slag fill.

rainsge: Said to be adequate

Deformations No deformation which could be caused by either settlement
or soil bulging was detected between the fall of 1946 and
1952,

(v) Railroad Bunker of Mine No. 5

Illustrations: None

Erected: 1943-194k

Structure: Batten-sheathed frame (apparently wood)

Piles (assumed wood) driven to a depth of 4,0-5.2 m.
(13-17 £%.)

Originally, the bed occurred at a depth of 3.5-4.0 m.
(11.5-13.1 £t.); between the bed and the seasgaslly freezing
layer there was a layer of a permenently thawed soil, A
1947 investigation indicated that the permanently thawed
layer had disappeared and that the bed adjoi-ed the
seasonally freezing layer. This is explained as follows:

In winter, the snow was systematically removed from the
surface under the bunker;.

In summer, the surface under the bunker remained in the
shade,

Deformation: No deformation was noted between 1949 and 1952.

-36-
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(c) Grading Section of Mine No. 5

I1llustrations: None
Erected: 1943-1944
Structure: Wood frame with slag block panel walls
Foundation: Piles (probably wood) driven to a depth of 5 m. (16.4 £t.)
Permafrost: Originally, the bed was found at a depth of 3=L m,
(10-13 ft.s under a layer of permanently thawed goil.
In 1948, it was established that the permanently thawed
layer had disappeared and that the permafrost bed adjained
the seasonally freezilng layer.

Deformtion:' None

Sources

P. D. Bondarev. Deformation of Buildings in the Vorkuta Regiom, its Causes
and Methods of Prevention, pp. 25«40

Stroiteltnaya Promyshlennost', No. 12, 1957, pp. 25-24
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.Plan Taken at Level of Footings; Soil Shown at the Base of Footings

1. Bench marks T. Upper moraine heavy loam
2. 50il removed for analysis 8. Lower moraine sand
5. 85011 excavated to expose foundations 9. Loess and silt
- 4. Water present during the laying of 10, Gravel
foundations 11. Boulders
5. Water present during excavation for
foundations

6. Upper moraine medium lo~m

Note: (&) Ckb followed by a number denotes: Bore hole No., —

(b) Maximum settlement difference for individual house corners:
House No. 100 — 7 mm, (0.276 in,) House No, 102 — 25 mm, (0.984 in.)
House llo. 101 — 9 mm, (0.354 in,) House No. 103 — 27 mm. (1.06 in.)

STAPLE STRUCTURES AT VORKUTA
Source: N, I. Saltykov. BPBuilding Foundations in the Pol'shezemel 'skaya

< Tundra Region (Akademiya Nauk SSSR. Trudy Instituta
Merzlotovedenia im. V. A. Obrucheva, Vol IV, 194kL), p. 186
.
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Fig. 1. Partial View of the Hospftal

Fig. 2. Vent Pipe over Trench Bringing Steam Lines
inte the Hospitel

STABLE STRUCTURES AT VORKUTA (MATERNITY HOSPITAL)
Source: P. D, Bondarev, Deformetion of Bulldings in the Vorkuta

Region, its Causes and Methods of Prevention.

Fig. 1 — p. 35; Fig. 2~ p. 39

PLATE 9
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Fig. 1. Construction of Foundations. August 1954

Fig. 2, Partial View of the Completed Structure,
July 1957

STABLE STRUCTURES AT VORKUTA ("PROMKOMBINAT", MINE NO. 32)
Source: Stroitel'naya Promyshlennost', No. 12, 1957, p. 24
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STABLE STRUCTURES AT VORKUTA (MECHANICAL SHOP, MINE NO. 1)
Source: . P. D, Bondarev. Defarmation of Buildings in the Vorkuta Region,
its “auses and Methods of Prevention, p. 30
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Fiz. 1. Thaw Crater under the "Shakhtkombinat", Mine No. 1
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- Fig. 2. '"Dinamo" Stadium
Section Through the Stadium Stands
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STABLE STRUCTURES AT VORKUTA
Source: P. D. Pondarev, Deformation of Buildings in the Vorkuta
’ Region, its Causes and Methods of Prevention.
- Fig. 1 — p. 32; Fig, 2 — p. 3k
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CHAPTER IV
DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES

As previously indicated, out of 165 structures investigated, 130 or 9%
of the total, were deformed to various degrees.

The following tables summarize the data on the general state of these
structures and the varieties of their deformation.

Condition of Deformed Structures

Tumber of
Kind of Structures Structures .Condition of Structures

Masonry 66 46 required "medium® repairs.
) 20 were in a “catastrophic” state.
Wood ‘ ' [an 3 required "medium® repaira.
(log and frame) | 30 were in a "catestrophic” state.

. Varieties of Deformation

: Number of Deformations
Nature of in Structure
Deformetion Masonry Weod Structures
structures (log and frame)

Partial wall material
disintegration 15 —_—

Total wall disintegration 5

Well cracks (open on both
wall faces); severely
damaged plaster

Walls thrown out of plumb
and bulged in the middle

Sagging of stove (assumed
to be of brick)

Floor deformation:
sagging
bulging

Wall and ceiling plaster
damaged, requiring yearly
repalirs

Heaving of vestibule, porches,
and colonnades

Werping of wirndows and doors

N - .
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The deformation of these structures was caused for the most part not by a
‘ single but by a combination of factors. Chief among them are:

!
A. Construction without due regard for physical characteristics of the
site;

B, Wrong choice of construction method;

C. Errors in design;

D, Unsatisfactory handling of construction work;
E. Unfa.vora.blg operating qonditions.

A. Construction without Due Regard for Physical Characteristics of the Site

In permafrost regions in general, and in Vorkuta in particular, structures
can be rendered strong and durable only if they are designed, built, and operated
in the light of a correct evaluation of the climatic condition of the region and
the permafrost, soil,and hydrological conditions at the site. Data on the latter
must be obtained on the site itself, for conditions just outside may be radically
different. Neglect to follow this principle frequently leads to deformation of
buildings.

Experience with structures described below substantiates this view.

(a) The "Shakhtkombinat" House of Mine Fo. 2

Illustrations: Plate 15
Erected: 1942

Structure and Two-story structure with non-ventilating cellar, 18.5 x 15.5 m.
construction: (60.7 x 51.3 f£t.) in plan, The outside walls are appar-
ently load-bearing. Wall material: 1lst story, slag blocks;
2nd story, wobd. Outside wall foundations are of rubble
concrete, laid at a depth of 3 m. (9.84 ft.). Floors are
of wood. The 2nd story floor rests on a concrete girt in
the outside walls and on L reinforced concrete colwms with
foundations at & depth of 3-3.2 m. (9.8-10.5 £t.).
1st story partitions are not connected with the outside
walls; they rest on cribs laid at 0.5 m. (1.6 f£t.).

Heating: Steam

Soil and The southern part of the structure (the text mentions the

permafrost: northern part but this does not check with sketches on
Plates 15 and T ¢) is located within the drasinage area.
The wall and reinforced concrete column foundations are
laid in gravelly, low-ice-content medium and heavy loam;
the partition foundations rest on diluvial loam of low
load~bearing capacity. Test drilling in the course of

L6
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construction showed that the upper limit of permafrost
occurred at 1,5 m. (4.92 £t.) under the northern pert
of the structure (where it adjoined the active layer)s and
at some depth, not reached by the drill, below 8,15 m.
(26.7 £t.), under the southern part.
Operat Heating system condensate was drained very close to
Conditions: foundations. Water from the lst story shower room
frequently seeped into the cellar,

Settlement and Investigetions carried on in 1945, 1946,and 1948 revealed

deformation: a thaw creter under the structure. Untll 1946, the settle~
ment of the outside walls was relatively uniform, but
cracks 3-4 mm. (0.12-0,16 in,) wide were noted in them
(mostly abpve the area where prior to construction the
permafrost adjoined the active layer). The initial umni-
formity of the settlement of outslde walls was dus to the
density of soil, its low lce content,and its rather
intensive cooling in the winter when snow was moved awvay
from the walls. However, draining of condensate near the
foundations and seepage of water in the cellar had their
inevitable effect; deformstion of outslde walls became
very serious later, The gettlement of the partitions
(not connected with the outside walls) was most proncunced
in the shower room. In 1947-48, it proceeded at a rate
of 60-T0 mm, (2.4~2.8 in,) per year. As a result, the
partitions developed numerous cracks and s gaep uunder the
ceiling. The cracks and the gsp were filled In the courae
of yearly repairs.

Note: The irregularity of the permafrost profile under the structure was
discovered only in the course of construction.

(b) Mechanical Shop of Mine No. 2

Illusitrations: None
1942
Onewstory wood freme, 12 x 24 m. (39.4x78.8 ft.) in plsx.
construction:
Foundations: wood columms (posts) on grillage 1aid in
upper moraine medium loam at 3.2 m. (10.5 ft.)

Walls: panel walls of slag blocks
Floors: wood blocks laid in lime-gravel mix

Steam, Part of the structure occupied by a store rocm
is unheated.

4T
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Permafrost:

rat
conditions:

Settlement and
deformation:

(¢) Boiler House

Construction was started without prelimimery ewploration
of soil and permafrost conditions at the site. It was
discovered in the process that the upper limit of perma-
frost under the structure was very deep except for the
southern corner, where it cccurred at a depth «f 1.5-1.9 m,
(h’t9"602 fto)‘

Steam condensate was drained near the foundations.

Between 1942 and 1943, the following was observed:

1. Uneven settlement, up to 40 em. (16 in,), of partiviine
and ficors and warping of partition doors in the noxrth-
eastern part of the structure;

2. "A 30 em. (12 in.) settlement of the southeastern cirmer
of the structure due to the recession of the upper perms-
frost limit at that point; this caused numerous cracks,
some 10 mm, (0.4 ia,) wide, in the southern wall;

3. Heaving of the vestibule; appearance of cracks on its
walls, particularly arourd the joints of the vestibule
walls with that of the structure proper;

4, Formation of a "pereletok™, 3 m. (9.8 ft.) thick,
under the end wall of the unheated store room., {Perelet:k
is defined as a shaft of active layer soil which under

certein conditlons remains frozen, and thus may essily bhe
mistaken for permafrost)

No. 12 at (or near) the Sanitation Plant

Illustz;ations H
Erected:

Structure and
construction:

Boiler
foundations:

Soil and
permafrost:

Plate 16
1946

Y

Wood frame;

Foundations: paired, apparently wood posts on wonden
grillage 1laid at 2.5 m. (8.2 £t.)

Walls: slag block panels;

Concrete slabs

Ioam of upper moraine with very high lce content. Ferma.-
frost contour st thé site was very lrregular; the depth
of 1ts vpper limit under the structure (counting from the
ground surface) varied from 1.6 m. (5.3 ft.) to 6.2 m.
(20.3 £t.) except under one cormer where, spparently, iis
dewth weg too greot to be ascertained.

4B
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’ Settlement and Investigation revealed that between January 1947 snd
deformation: February 1948 tHeé upper permafrost limit receded from its

original position:

under wall foundations from 2-T m. (6.6-23 £t.);

under boiler foundations more than 12 m. (39.h4 ft.)
Such rapid, deep,and uneven thawing resulted in a
non-uniform settlement of foundations and had the following
effects on boilers, exterior walls and vestibules:

Boilers: cracks in boiler casings 5-7 mm. (0,2-0.28 in,)
wide; total settlement of boilers exceeded 50 cm. (20 in.)s
difference in boiler settlement.amounted to 60-80 mm,
(201}-3.2 mo)

External walls: numerous cracks; the walls leaned snd
buckled inward; the depth of bend in the middle of the
walls amounted to:

in the south wall — 7 om. 22.8 in.)

" " eagt " —20 em.(7.9 in.)

" " yegt " —8 cm. (3.2 in.)

Vestibules: the unheated vestibules were heaved vigorcusly;
this contribued to the buckling inward of the walls to
vhich the vestibules were joined.

Note: This structure with high heat emission potential was obvicusiy designed
without any regard for physical characteristics of the site.

B. Wrong Choice of Construction Method

Since it was generally believed until 1946, thet the Vorkuta: region perma-
frost bed was in 'a state of degradation, designers made no attempts to adopt
the permafrost preservation method in the construction of heated buildings.
The effects of deep, thawing of the soil under foundations were not the only
cause of the building deformation; but in mumerous cases they may be regarded
as the main cause, as they were not counteracted by an appropriate method of
construction. ' '

Such, for instance, is the case of the following structures:

(a) Residence No. 102, Gorniakov Street, Vorkuta

Illustrations: _Plates 17 and 8

Erected: 1942

Structure and Two-story brick structure.
constructions Foundations: Outside walls, continuous rubble concrete,
_— leid at 2.5 m. (8.2 f£t.)

Partitions: rubble concrete posts on footings 1laid at
1.5 m. (4.92 £t.), connected by wall beams

-9
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Walls: Strengthened at the 2nd story level with reinforced
concrete girts,

Site: Rear the drainsge é.rea, gently sloping

Soil and Loegs-silt loam and sandy loam of the upper moraine,
permafrost: contalning lenses and sheets of ice. Prior to construction,
the permafrost bed adjoined the active layer.

Settlement and Until 194k, the settlement did not exceed 60 mm. (2.4 in.),

deformation: was uniform, and produced no visible signs of deformstion.
In 194k, the soil under the foundations begen to thaw;
cracks appeared in both outside walls and partitions.
By the end of 1946, because Of uneven settlement, the width
of wall cracks was 45-50 mm. (1.8-2,0-in.); door frames
warped; the northwestern corner of the structure was ready
to collapse; ends of beams and the 2nd story subflooring
were pulling out of their joints in places. In 1948, the
northeastern wall (thé sketches suggest that it was the
northern wall) was dismantled and re-erected on strengthened
foundations. This did not help; signs of deformation
appeared in the new wall and increased in the old ones,

Note: Effects of the thaw crater, some 15 m. (49.3 f£t.)
deep in l9l+7, were particularly severe because:
1. the ice content of the soil was high;
2, steam condensate was drained by the foundations;
3. no splash aprons were built around the structure.

(b) Residence No. 125 (no street address),’ Vorkuta

Tllustrations: None
Erected: 194

Structure and One=-gtoxy masonry structure with non-ventilating cellar
construction: (cellar and semi-cellar)

Foundations: 5-6 m. (16.4~19.8 ft.) wood piles anchored
in permafrost (as per specifications) to a depth of at
least 2 m. (6.6 ft.) and apparently connected by wall beams

Note: The pile driving was preceded by soill thawing with
Wsteam needles™; the heating was too intense, thaw set in
over too large an area; as & result, many piles were "hung"
in fluid soil.

Gentle slope of a drainage zone

oA,
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Settlement ltmd
deformation:

Anti-deformation

measures:

Geological section: diluvial loam 2-2.5 m. (6.6-8.2 £t.)
deep followed by the upper moreine 2 m. (6.56 £t.) deep
and the lower moraine of high ice content (lenses and
crystals); smell disconnected fluvio-glacial deposits were
present between the two moraines. Prior to construction,
the permafrost bed adjoined ‘the active layer; the upper
limit of the permafrost occurred at 4.5 m. (14. 8 £t.) in
places., '

The first signs of deformation appeared in 1942; it was
concluded in September 1943 that mumerous small cracks in
the semi-cellar walls were caused by the uneven settle-
ment of piles under that part of the structure; the uneven
settlement was ascribed to the effects of surface waters
vhich had seeped into the semi-cellar; a clay splssh apron
was bullt around the structure to remedy the gituation.
With the gradual thawing of pexrmafrost (eventually the thaw
crater reached a depth of 11 m.=36.1 £t.) the uneven
settlement of individual piles, and the deformation became
more pronounced; the number and size of well cracks
increased, door and window openings warped, parts of
floors sagged and buckled,and the western wall waz throwa
out of plumb,

l. The leaning wall was shored up with brick buttresses;
30-40 mm, (1.2-1.6 in.) wide cracks developed between the
well and the buttresses probably because the buttresses
were heaving in the winter and settling in the summer;

2. To preserve the permafrost under the structure it was
proposed to convert the non-ventilating cellar into one
ventilated by induced draft,but the project was never
finighed.

(c) Residence No, 107 (no street address), Vorkuta

Illustrations 5

Erected:

Structure and
construction:

Soil and
permafrost:

Settlement and
deformation:

Plate 18
1946
Two=-story masonry structure with non-ventilating cellar

Foundations: peired wooden piles, capped by grillage,
driven from 3-6 m. (9.8-19.7 £t.) into the permanently
frozen soil

See Plate 18

It was established in 1950 that the depth of thaw under
the structure had extended beyond the tips of the piles;
the piles and the grillage were settling unevenly; the
deformation manifested itself in a considerable mumber ~Ff
cracks in both exbterior walis and partiticns, i blilng
of plaster, snd segging of flovrs,

“51e
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() Hoisting Machinery Building, Mine No. 2

Tllustrations: Plates 19 and Td

Erected:

Structure and
construction:

Settlement and
deformation:

(e) Boiler House

1945
Wood frame; 10.4 x 1l.4 m, (34.1 x 3T.4 £t.) in plan

Foundations: 1. Walls, posts, material unspecified;
apparently connected by paired wall beams, resting on
grillage laid at a depth of 2.6-3.0 m. (8.5-9.8 f£t.)

2, The hoist, an individual foundation supported by piles
originally driven into the permafrost

Walls: slag block panels

Loam with high ice content (crystals, lenses, sheets).
For geological section see Plate 19, Fig. 1. Prior to
construction, the permafrost bed adjoined the active lsyer.

By 1949, the soil under the foundations thawed well beyond
the tips of the piles and became supersaturated. As a
result, the settlement was uneven; the hoist foundation
tilted to ome side; the walls developed 5-6 mm.

(0.20-0.24 in,) wide cracke and were thrown out of plumb;
the floors warped.

Serving Mines No., 3 and No. 4

Illustrations:
Erected:

Structure and
construction:

Plate 20
1945
Buttressed wood frame with slag block panel walls

Foundations: 1. Wall, paired posts (probably wood) on
wooden grillege laid at a depth of 3 m. (9.8 ft.);

2, Boiler, solid concrete slabs laid at 3 m. (9.8 ft.);
3. Freestanding steel smoke stack, concrete slab
For geological section see Plate 20, The upper limit of

the permafrost occurred sbout 2 m, (6.6 f£t.) below the
surface of the ground.

g
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Settlement and Between 1945 and 1947, an asymmetric thaw crater some 12 m.

‘ deformation: (39.4 £t.) deep formed under the structure. The walls
settled unevenly to a depth of up to 35 cm. (1% in.) and
developed numerous cracks; the settlement and éeformation
were particularly severe in the northeastern wall, under
vhich the smoke flue passed. The upper parts of the
buttresses and the unheated vestibule began to press agalvst
the walls and produced bends in them; window openings
warped. The boilers settled 4O cm. (15.8 in.); because cf
their solid foundations the settlement was relatively uni.-
form and produced no large cracks in boller casings. The
flue and the cement floors around the boilers sagged.
The foundstion of the smoke stack settled unevenlys the
steck was thrown out of plwmb,

Note: The contour of the thaw crater shown on Plate 20 is said to be typleal
of craters developing under the boiler houses in Vorkuta region.

C. Errors in Design

Same typical errors in design which have caused deformation of structures
erected at Vorkuta are the following:

1. '-Anchoring piles at a level sbove that to which the upper permafrost
1imit may be expected to recede in the course of the operation of & building.
Residences Nos. 125 and 107 provide an example,

2. Iaying steam, water, and gewage lines near foundations (See Plate 21.)
as well as bringing such lines into the bulldings underground without proper
insulation. Rapid and uneven thawing of soil under foundations was observed in
such cases, Among the buildings surveyed, the deformation was due to the above
cause in 25 instances.

3. Absence of splash aprons around the buildings (see Plate 22) and
laylng out yards and passages between the bulldings at a level higher than that
of sldewelks or leveled ground by the walls of buildings. This arrangement
allows surface waters to penetrate freely to the footings; thawing of the soil,
uneven settlement, and deformation follow, Sixteen such cases were registered.

4. Iaying foundations in the active layer without anchoring them in
the permafrost. Supersaturated loess-silt soll bulges on freezing, and heaves
walls that rest on it. Projecting light parts of structures - porches, fire
escapes (Plate 23) » vestibules, unheated annexes etc., are particularly subject
to heaving, Deformation thus produced was noted in 4k wooden (of both log and
"frame with £illing between the studs" types) and 30 masonry structures.

5. Constructing cesspcols and lavatories in the immediate wvicinity of
foundations without heat and moisture insulation sufficient to protect the base
of footings from heat radiation and water seepege.,

-53=
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6. Constructing fouodations on sleepers directly on the surface of the
ground., Such foundations, kmown in the Soviet literature under the name of
"pulsating”, settled in swmmer and were heaved uvevenly in winter. They were maiunly
used in the construction of wooden "frame with f£illing between the studs® type of
houses. (Note: A variety of a "pulsating” foundation is a sleeper laid on sand
or gravel filling; deformation in this case would be due to settlement rather
than to heaving; this type of foundation was used for the most part during the
first period of building development at Vorkuta).

T. Faulty linking of superstructure with substructure. The following
example of structural fallure rather than of a mere deformation illustrates the
point. The ventilation ducts of heating units in Mines Nos. 2,3, and 4 rested,
at the ground level, on "collars™ (construction unspecified) and, at a higher
elevation, against the roofs of the inclined mine shafts. Because of the thawing
around the ducts, the soll became too weak to support the weilght of the heating
apparatus; the "collars®™ of the ducts settled, and the entire load was transferred
to the roofs of the inclined mine shafts. The roof of the mine shaft No. 2
collapsed; the heating unit of Mine No. 2 had to be dismantled and rebuilt.,

The shaft roofs in Mines No. 3 and 4 were strengthened in time to prevent collapse.
The possibllity of thawing under the “collars™ was apparently unforeseen,

8. Incorrect application of the basically sound method of permafrost
preservation under foundations. An example of this is provided by

Holst Foundation, Mine No. 27

As the drawing (Plate 19, Fig. 2) suggests, a ventilated chawber, its floor
covered with some such moisture sbsorbing msterial as peat, could bave been
provided under the foundation. However, slag wes used instead of peat; it
filled the chamber almost to the top, practfcally eliminating the air spacs; a
number of pieces of 125 mm. (4.92 in.) pipe 1laid in slag was not as effective
as the air space. The molsture-proofing proved to be inadequate; when the s0il
thawed the chamber became flcoded.

D. Unsatisfactory Handling of Construction Work

Deformation of bulldings erected on permafrost is often brought about by
certain errors made In the course of construction of these buildings. Two
principal errors are:

1. Allowing the Flooding of Foundation Plts and Bullding Sites

This is usually due to delays in the construction of foundations and care-
lessness in handling construction work. As a result, the pits frequently becoms
filled with surface and above-permafrost water; the pit walls cave in; thaw
sets In in the projected foundation bearing leyer., If perchance water is
allowed to freeze in the pits the ice content of the soil is increased., In
elther case, the buildings may be expected to settle unevenly and to deform.
Soil and tailings banks (near or at the site) and absence of adequate drainage
arrangements are smong the factors contributing to the flooding of sites.

5k
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2, Careless Backfilling of Pits after the Erection of Foundations

. If the foundation excavations are backfilled withous proper tamping, or
backfilled with frozen lumps of soil, cavibties are formed near the wallss water
collects in these cavities, percolatez tc the base of foundations s and gradvaliy
saturates the foundation bearing layer,

Examples of building deformation caused by wngatisfactory handling of censtruc.
tion work follow. '

&, Mechunical Shop of Mine No., 5

Illustrations: None
194l

Structure and One-story wocd frame; shed with lean-to roof sdjoins ove of
construction: the walls; part of the structure enclosed by that wall
coutains an unheated storersom.

Poundations: wooden posts on a two-tier grillage laid at

i o

3m, (9.8 ft.)

Walle: slag block nogeging

Floorss partly wood blocks lsid directly on the grovod,
partly tamped earth

Stenw; condersate drainsd near the walls diivectly into the
s0il

Permsnently frozen fluvriceglacial send and loam of the lower
moraine {ne other dsta)

Foundation 1942, winter — foundation pit excavated; foundaticns not

construction erected;

history: 1943, spring —— thaw water filled the pit;

' 1943, summer —- pit walls caved ing loessesilt mud gradually
filled the pit; the frozen scil thawed to s depth of
1.5-2 mo (4.,96.6 £t.) beyond the level of the prvjected
foundations;

1943, wiater —— the frozen pit was re-excavated aud the
foundations £inally built st the originelly determiued
level of 9.8 ft. {possible effects of flooding upon
the soil were spparently disregarded).

/3350
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Settlement and

. deformation:

Cracks, 30-40 rm, (1.2-1.6 in,) wide, appeared in the
partitions in 1944, the year the structure went into service,
The walls settled unevenly 26 cm. (10.2 in.). The floors
sagged at the walls and assuned a wavy appearance in the
middle of the shops. The deformation of the floors may be
explained by the fact that they were laid directly on the
diluvial lcess=loam with high moisture content; under
dynamic loods such soll acquires the properties of quick-
sand, Observations made in 1946, 1947,and 1948 revealed:
(1) 7-8 mm. {0.28-0.32 in.) wide cracks in the outside
walls, particularly mmmerous near the condensate drain-
age errangements;

(2) vuneven settlement of the concrete machine tool
foundations;

(3) congiderable heaving of the walls of the unheated
storaroam.

Note: The state of permafrost under the unheated storeroom and its outside =wall
wes preserved. Apparently, the upper limit of the permafrost had returmed
to its originsl position.

Illustrations:
Erected:

Structure and
construction:

Site location:

Soll and
permafrost:

Foundation pit
backfilling:

b. Hoisting Machinery Building, Mine No. 1

None
1941

One-gtozys sbtructural type not specified

Wall fouedatiors: reinforeced concrete posts on fostiugs
12id at 3.5 m, (11.5 £t.)

Holst foundaticns: sa‘lid reinforced concrete sisb laid oun
gravel filling at 5.5 m. (18.0 £t.)

Floorg: ceramic tile

A densely bullt-up area between the "Shakhtkombinst™ and
Mechanical Shops bulldings

Loam and sandy loem of the upper moraine, some 5.6 m.

(18.4 ft.) deep, which rests on medium loam of the lower
moraine, Frior to construction, the upper permafrost

limit occurred at a depth of from l.b to 2.7 m. (4.6-8.9 ft.).

The foundation pits were backfllled without proper tampings
surface waters began to penetrate the foundation bearing
layer; & 10 m. (33 £t.) deep thaw crater eventually formed
under the gtructure,

=56
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Settlement and The walle aettled unevenly and developed numercus 15-20 mm,
deformation: (0.6=0.8 in,) wide cracks. The floor sagged thruugh~ut
the builldings sagging was particularly pronounced near the
walls; dips up to 70 ar. (28 in.) in depth appesred in places,

¢, Bath and ILaundxy Building Nec. 27

Illustrations: None

Brected: Construsticn was started in 1948, interrupted im 1949,
resumed In 1953,

Structure and One=gtory brick structure presumsbly of bearing wall

construction: construction, In 1949, when construction was interrupted,
the following had already been done: continuous faumdaticons
laid at 2.8 m. (9.2 £t.); drick walls erected; roof covered;
gttic floor partly finished; gub~flooring put ia place,
Windows snd deors were not installed. No special measures
were taken to protect foundations from the possible effects
of the freezing of the soil,

Soil and Structure 13 erectzd on permanently thawed goil; the uppsr
rmafrost: limit of permafrost is at a considersble, not otherwise
permal rost, 9
specified depth.

Deformation: ¥hen construction was resumed in 1953, 1t was noted that
the structure was severely deformed. Investigation estabe
lished thats
{1) A 6 m. {19.7 £t.) deep "pereletok” had formed
mder the structurs between 1949 and 1953 while zomstruc-
tion was interrupted;

(2) In the middle of May, the soil temperaturz at a
level of 5 m, (16.4 f£t.) beneath the structure was
—1.2°C (29.8°F).

The above csse of deformation suggests that:

The foundations might have been too shallow, and no measures wers taken
to protect the soil from freezing.

The formation of a "pereletok®™ imdicates that Vorkuts conditions are
favorable for building by the permafrost preservation method,
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E. Unfavorable Operating Conditions

Unfavorable operating conditions contribute to the deformation of buildings,
particularly if such conditiorns tend directly to cause rapid thaw of peraafrost
under the footings.

In this comnection, two factors ars to be noted:

1, Dreining steam heat condensate at the walls directly into the soil
(with water eventually percolating o the base of the footings). Deformation
of 9 wooden and 30 masonry structures both in Vorkuta proper and in the region
(mines) was due precisely to that;

2, Absence of proper arrangements for draining mine and surface water
and for channelling warm waste water from public bath houses and laundries.
Such water floods cellars at times and penetrates to the base of footings. This
was sald to be the cause of deformation of 12 wooden and 24 magonry structures,

The sbove factors (usually in conjunction with scme other factors) seriously
affect structures built by the conventionsl method and even more those built by
the permafrost preservation method,

Deformation of the following structures illustrates the point.

1., Structures Built by the Conventicnsl Method

Power Substation Building, Mine No. 8

Illustrations: Nore
Erected: Year unspecified

Structure and One-story structure without cellar.

construction:
IR —— Poundations: concrete posts and footings (reinforcement is

not mentioned) laid at 3.1 m. (10.2 £t.)

Wall beams: at the ground level, reinforced concrete;on
these are erescted brick posts connected in their upper part
by reinfeorced concrete girts;

Wall material: slag block filling

Floors: cement,on concrete poured directly on the ground
Reof: reinforced covcrete slsb

Partitions: reinforced concrete; they are rigidly joined

to the brick posts, slag block walls, and reinforced
concrete roof slab,

=58=
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Heating: One half of the ztructure is hested, the c¢ther is not.

Soil and Medium and hesvy loam of the upper moraine ard the

permefrost: transitional layer below. Prior to construction; the
permafrost bed adjoined the active layer under the entire
site.

Operating Within 22 m. (72 ft.) of the substation, a public bath-

conditions: laundry building stood at a higher elevation., Thir estab-
lishment was in continucus operation; its waste water
followad the slope toward the soutbwestern wall of the
substation and passed near it. Furthermore, condensate
from the steam lines 1laid between the bathelaundry and
subststion buildings was drained directly into the scil.
Thus, & swampy never-drying asree wag created between the
two buildings,

Settlement and Wall foundations settled umevenrly; numerous cracks appsared

deformation: in both outside walls and partitions; doors and windows
warped; the floor sagged unevenly up to 15 cm. (6 in.);
equipment foundations segged and slanted; roof-partition
joins parted; the upper part of the front wall leaned in
the direction (northwestward) of “the bath.laundry building;
ag measured by the instruments, the relative vertical dis-
placement of individval Psupports® (possibly festings)
varied from L4-12 em. (1.6-4.8 in.). Deformation was g2
extensive thet the structure beceme unfit for further
operation,

Foundation The foundation conditicus were invegtigated to find the
condition: causes of deformation. Ten test holes, T m. (23 £t.) deep,
were bored around the structure near its foundations., Only
three holes near a portion of the southeast wall (the
urheated part of the structurs) indicated the presence of
permafrost; the soil had thawed under the greater part of
foundations. The maximmm depth of the seasonal freezing
of the active layer in November was:
1.1 m. (43 in.) near the scutheastern wall,
0.1=0.5 m. (4=20 in.} near the cther walls

Causes of The two main causes of deformation were:

deformation: (1) inadequacy of design. Under the unheated half of
the strucvave the goil tended o remain frozen; under the
heated half, & thaw crater was to be expected. As the
structure was unot designed for uneven settlement (ac
settlement Joints, for instance) deformation was ineviteble;

{2) the unfavorable opersting conditions described
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2,

Structures Bullt by the Permarrost Preservation Method

Between 1951 and 1952, the Central Research Bureau of the “"Vorkutugol®
Kombinat" investigated the state of bulldings at the Mine No. 27. Scae of these
buildings were erected by the permafrost preservation method.

The available data on two such buildings follow:

a. "Shakhtkombinat® Building, Mine No. 27

Illustrations: None

Erected: Probebly between 1948 and 1951

Structure: The structure has & ventlilated cellar,

Op_c_ara.tg Snow accumulated methodlically at the front wall; steam
conditions: heat lines pass under the cellar; hot water from the shower

room penetrated into the cellar in a quantity requiring
the use of a pump,

Effects of operating The soll tempsrature under the foundations of the front
conditions: wall stayed sbove 32°F throughout the winter, a 20 wm.
58 in.) deep thaw under its footings resulted. A 6 m.
20 Pt.) deep thaw crater developed under the middie of
the structure just within one year,

‘ b. Concentration Plant, Mine No. 27
Illustrations: None
Erected: Probebly between T948 and 1951 .
Construction: The structure has an open cellar 1.5 m. (4.9 f£t.) high,

Foundations: Posts

Peramfrost: Prior to construction, the upper permafrost limit occurrsd
- at a depth of 1.5 m. (5 £t.).

ratin Aa underground steam line 1s brought into the building at
conditions: a depth of 2 m. (6.6 ft.).
Effects: The lowering of the soil temperature from —0.3°C (31.5°F)

t0-1.0°C (30.2°F) was observed under the entire structure
except in the vicinity of the steam line, The permafrost
thawed along that line to a depth of 4 m. (13 £t.).

Note: Operating conditions at Mine No. 27 do rot appear to be toco favorsble

as far as the permafrost preservation method of construction is con-
cerned, The following examples tend to confirm this:

€D
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1. Two water tanks of 4 md (1,057 gal.) capacity each were installed
for the cooling needs of the compressor unit. Water from the tanks
was discharged directly into the soil near the walls of the structure.
The soll became over-saturated, and the structure deformed.

Steam line system from the central heating plant passed underground
at a depth of 2 m., (6.6 £t.) near trestle footings laid between the
concentration plant and mine superstructure. Along that stretch,
the soil thawed to a depth of 8 m. (26 ft.); all trestle footings
settled unevenly, and the trestle became severely deformed,

An example of a presumably residential building which beceme deformed because
of faulty operatlon is provided by

c. Two=story Masonry Buliding

Illustrations: Plate 21, Fig. 2
Erected: 1947-1948, by the permafrost preservation method

Structure and Two-story masonry structure with a 0.3 m. (11.8 in.) high
construction: ventilated cellar. A settlement joint divides it in two
sections

Foundations: reinforced concrete footings and posis con-
nected by reinforced concrete wall beams., They rest on
wooden grillages of 16 x 16 cm. (6.30 x 6.30 in,) squared
beams, laid at & depth of 3.5 m. (11.5 ft.); allowed
pressure on frozen soil is 1.5 kg/cm?(3,100 1b/£t2).

Wallg: brick, resting on wall beams

Soil composition before construction:
a. fill verying in depth from 0.7 m. (28 in.) to
0.4 m. (16 in,)

b. loam

c. loam of the upper and lower moraine with lenses
and sheets of ice up to 0.5 cm. (0.2 in.) thick, Perma-
frost bed adjoins the active layer.

Operating In the course of operation of the building an uninsulated

conditions: steam line was brought within 1.5 m. (5 ft.) of south-
western and southeastern walls. Condensate was drained
into the soil by those walls,

Deformation: Signs of deformation of the building appeared shortly
after the steam line was laid. In 1952, the steam line
was moved awsy from the walls to a distance of 4.5 m,
(15 f£t.) and laid underground., The thaw under the
structure contimied. In 1953, the uneven settlement of
foundstions resched the magnitude of 30 cm. (12 in.j.

o
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Corrective In 1954, major repairs were undertaken on the building,
. measures: It was proposed to reestablish the original permafrost
conditions under the structure by:
&. unearthing the steam line and placing it on supports
some 20-28 inches above the ground;

b. removing trash from the cellar and air vents in the
plinth;

¢, freezlng the soll under foundations by the natural
process in the winter;

d. sabiding thenceforth by the permafrost preservation
rules in the operatiocn of thé building.

Sources

P. D. Bondarev. Deformation of Buildings in the Vorkuts Region, its Causes
and Methods of Prevention, pp. 41-69

M. F. Kiselev. Construction on Permafrost
Stroitel'naya Promyshlennostt!;, No. 12, 1957, pp. 24-25
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a. Plan t. &nd wall o, Section d. Ckb 1947 d%noteé"-,
hole bored in 1947 8
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l. Shower room ‘ 6. Drainage for shower 4;'ocm water
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ADi‘.‘FO.’(I-L‘UI‘IUI‘I OF VORKUT: RUILDINGS AND ITS CAUSES
Source: P. D. Pondarev, Deformation of Buildings in the Vorkuta
ﬂ Re~ion, its Causes and Methods of Prevention, p. 45
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toiler House MNo., 12, Sanitation Plant
Section Through Lhe Structure and the Foundaiion ~c¢o . in:-
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DEFORMATION OF VORKUTA IUILDINGS .\ND ITS C-USES
Source: P, D, Bondarev, Deformation of Fuildings in ulie Vorkuta
Reglion, its Cruses and Methods of Prevention, n, 47
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Poiler House Mo, 12, Danitation Plant
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2. Upper moraine }oam 4. Gravel-san! Till
o
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)
DEFORMATION OF VORKUT/ IUILDINGS .\ND ITS C U3ES
Source: . D. Bondarev. Deformation of Fuildings in the Vorkuta
Repion, its Cruses and Methods of Prevention, », 47
. ) PLATE 16
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. Fill
Upper layer loam
Upper moraine loam
. Lower Moraine loam
. Sand

. Upper limit of the
permafrost

NV ENO

Depth of Thaw as of 194T:

. - a. Under the western wall
b. Under the eastern wall
c¢. Under the center of the

tuilding

Fig. 1. Section Through the Building and
Thaw Crater. Ckb denotes bore hole

Conversion Table

b 7 . SRR
7

Hy 10

- ’ 8
BT 19692+ f/"{’f‘-f; VI '967% -ché 7@’ jﬂj ‘fm Jyff‘; 7768 ; 2'?2
yars ' 3 9.84
’ L 15.1
S 16.4
6 19.7
7 23.0
8 26.3
9 293
_ —_ g 10 32,
1507 che 7071 AT 19462 11 36.1
I 19462 12 39.4
13 42,7
14 45.9
Fig. 2. Contour of Thawing under the Structure 15 49.2

(Isobaths at 1 m. or 3.28 ft.)

DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES (RESIDENCE NO. 102,
- GORNIAKOV STREET)
’ Source: P. D. Bondarev, Deformation of Buildings in the Vorkuta Retion, its
Couses and Methods of Prevention, Fig., 1 — p. 51; Fig. 2 —p. 50
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Depth of Thaw as of 194T:

a. Under the western wall
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c. Under the center of the
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Fig. 1\ _Section Through the Building end
Thaw Crater. Ckb denotes bore hole

Conversion Table
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Fig. 2. Contour of Thawing under the Structure 15 49.2

(1sobaths at 1 m. or 3.28 ft.)

DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES (RESIDENCE NO. 102,
\ GORNIAKOV STREET)
’ Source: P. D. Bondarev. Deformation of Buildings in the Vorkuta Retion, its
Csouses and Methods of Prevention, Fig. 1 — p. 51; Fig. 2 — p. 50
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Gection Through the Fuilding and Thaw Crater
Ckb denotes bore hole

1. Upper layer loam 3. lLower moraine loam
2. Upper moraine loam L4, Ice lenses

5. Upper limit of the permafrost

DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES (RESIDENCE NO. 107)
Source: P. D. Bondarev. Dcformation of Ruildings in the Vorkuta Region,
’ its Causes and Methods of Prevention, p. 53

PLATE 18
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Section Through the Building and Thaw Crater
Ckb denotes bore hole
1. Upper layer loam 3. Lower moraine loam
2. Upper moraine loam 4, Ice lenses
5. Upper limit of the permafrost

DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES (RESIDENCE NO.A 107)
Source: P. D. Bondarev. Deformation of Buildings in the Vorkuta Region,
’ its Causes and Methods of Prevention, p. 53
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Conversion Table

m. It
10.4 34,1
1.4 3T.4
Fig. 1. Hoisting Machinery Building, Mine No. 2
1. Upper layer loam 3. Lower meraine loam
2. ‘Upper moraine loam containing gravel and boulders

L. Ice lenses
5. Upper limit of the permefrost

Fig. 2. Building and Hoist Foundations, Mine No. 27
1. Wall foundation: reinforced 5. Reinforced concrete slab (7.87 in.)

concrete posts and ° 6. Pipes (d=4.92 in.)
footings T. Slag
2. Brickwork 8. Insulstion (moisture)
3. Alr space

4, Insulation (heat)

DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES (HOISTING MACHINERY BUILDINGS)
Source: P. D. Bondarev. Deformation of Buildings in the Vorkuta Region, its
Causes and Methods of Prevention, Fig., 1 — p. 61; Fig. 2 — p. 60

PLATE 19
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Conversion Table
m. It

10.4 34,1
11.4 37T.4 -

.Fig. 1. Hoisting Machinery Building, Mine No. 2

1. Upper layer loam 3. Lower moraine loam
2. Upper moraine loam containing gravel and toulders
4, Ice lenses 2

5. Upper 1imit of the permafrost

Fig. 2. Building and Holst Foundations, Mine No. 27
1. Wall foundation:reinforced 5. R:inforced concrete slab (7.87 in.)

concrete posts and 6. Pipes (a=k.92 in.)
footings T. Slag
2. Brickwork 8. Insulation (moisture)
3, Alr space
2 k., Insulation (heat)

DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES (HOISTING MACHINERY BUILDINGS)
Source: P. D. Bondarev. Deformation of Buildings in the Vorkuta Region, its
Causes and Methods of Prevention, Fig. 1 — p. 61; Fig, 2 — p. &0

PLATE 19
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Conversion Table

m, ft.
1 3.28
2 6.56
3 9.84
4 13,1
5  16.4
6 19.7
7 23.0
8 26.3
9 29.5
10 32,8
11 36.1
12 39.4
13 42,7
Section iroagh wan Socutiilee Thaw Crater
Ckb denotes bore hole
1. Pi11 6. Lower moraine loam
2, Uvper layer loam . T. Ice lenses
3. Upper moraine loam 8. Upper limit of the
I, Fluvio-glacial sandy loam permafrost:
5. Fluvio-glacial fine grain a. 1945;
sand b. 1947
RUFORM/TION GF VORKUT/. RUILDINGS 4ND ITS CAUSES
(POILSR HOUSH, MINZS NOS. % AND L)
3ource: P, D, TLondarev. Deformation of Fuildings in the Vorkuta
) “ezion, its Causes and Methods of Prevention, p. 62
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Conversion Table

m, ft.
T 3.28
2 6.56
3 9.84
4 13.1
5 16.4
6 19.7
= 7 2300
8 26.3
9 29.5
10 32,8
11 36.1
12 39.4
13 42,7
) SR
D 20 Haria tpor isanin 1o | Kote ThIOR aXTe No 3
Section Through the Structure and Thaw Crater
Ckb denotes bore hole
1. Pi1) 6. Lower moraine loam
2, Upper layer loam T. Ice lenses
3. Upper moraine loam 8. Upper limit of the
) L. Fluvio-glacial sandy loem permafrost:
5. Fluvio-glacial fine grain a. 1945;
sand b. 1947 —
1
DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES
(BOILER HOUSE, MINES NOS. 3 AND 4)
Source: P, D, Bondarev. Deformation of Buildings in the Vorkuta
’ Reglon, its Causes and Methods of Prevention, p. 62
PLATE 20
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Fig. 1. Steam Line Passes
Too Close to a Building.
Uneven Thawing of the
Foundation Bearing Layer
May Result.

1947-1948 Cracked along the

Settlement Joint.

Cause: Steam Lines Iaid
Too Close to the
Building (See Pages3)

DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES (FAULTY STEAM LIRE LAYOUT)

Deformeticon of Buildings in the Vorkuta

Region, its Causes and Methods of Prevention, p. 58

rig. 2,
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Foundations Unprotected by Splash Apron. Seepage of Surface
Weter to Foundations may result in Eventual Building Deformation.

DEFORMATION OF VORKUTA BUILDINGS AND ITS CAUSES
INADEQUATE PROTECTION OF FOURDATIONS
Source: P. D, Bondarev. Deformation of Buildings in the Vorkuta
‘ Retion, its Causes and Methods of Prevention, p. 59

PLATE 22
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Wall Deformed by a Rigidly Joined Fire Escape
Heaved by its Shallow Foundation.

DEFORMATION OF VORKUT/. BUILDINGS AND ITS C..USES
EFFECTS ON A BUILDING OF HEAVING OF A SHALIOW FOUNDATION
Source: N. I. Saltykov. Building Foundations in the Bol'shezemel 'skaya Tundra Region,

(Akedemiya Neuk SSSR. Trudy Instituta Merzlotovedenia im. V
Vol. IV, 1944) p. 181 a im. V.A. Obruckeva,

PLATE 23
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CHAPTER V
PREVENTION OF BUILDING DEFORMATION

AT VORKUTA

(SUGGESTED METBODS )

Study of the five chief causes of building deformation at Vorkuta,
described in the preceding chapter, suggests that these causes could for
the most part be eliminated., This may be achieved by adhering to certain
conditions in design, construction, and operation of buildings. These
conditions, for each bullding, are:

A. Detailed exploration of physical cheracteristics at the siteg
adaptation of structural design to data thus obtained;

B. Selection of & suitable method of construction;
C. Pre~construction prepsration of bullding site;
D. Observance of appropriate building operation rules.

A. Detalled exploration of physical characteristics at the sites
adaptation of structural dezign to data thus obtained

The detailed exploration of the permafrost conditions at a building site
as apparently practiced at the present time, compriges the following steps:

a. Examination of botanical and topographic relief features;

b. Test drilling;

c. Electro-exploration

a., Examination of botanical and topographic relief features.
According to the data accumlated by the Vorkuta Permafrost Station, a
definite relationship exists in the region between the kind of vegetation,

the nature of topographic relief, and the depth of permafrost occurrence.
This relationship is indicated in the following table.
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Relationship Between Vegetation, Topographic Relief, and the Depth
of Permafrost Occurrence

Kind of
Vegetation

Topographic features
of the tundra

" Active

Layer
Depth

Permafrost
Occurrence

type

Creeping dwerf birch,
bilberries, moss,
lichens of various
colors

Tops and slopes of
individual eleva-
tions, slopes of
river valleys,
upper edges of
river terraces

Adjoins
active
layer

Spots are devoid
of vegetation;
between the spots:
moss, reindeer
moss, bilberry,
wild rosemary,
dwarf birch

Same as above;
also tops of
oblong elevations
and individual
mounds

Adjoins
active
layer

Mosses, dwarf
‘birch 15-;*‘0 in,
high, mushroons,
no berries

Gentle slopes
of fiat
watersheds of

two types:
a) Elevated;
b) Low (condu-

cive to snow
accumlations)

Adjcins
active
layer

Does not
adjoin
active
layer

Grain grasses,
beach grass,
sedge, cotton
grass; willow
and dwearf
birch around
edges

Depressions
without
drainage on
plaing or flat
elevations., No
tussocks; peat
accumilations
on the surface

Does not
adjoin
active
layer

Willow thickets

6 ft. or more
high, sedge moss;
abundant grass on
river terraces

Relief depres-
sions dissecting
hilly tundra;
soll swampy, its
surface covered
with sedge and
moss root

tussocks

Does not
adjoin
actilve
layer
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Relationship Between Vegetation, Topographic Rellef and the Depth

of Permefrost Occurrence

Kind of
Vegetation

of the tundra

Topographic Teatures Permairost

upper
limit
depth

Active
layer
depth

Permafrost
Occurrence

type

Sedge, sphagnum
moss, dwarf birch,
cloudberry, cotton
grass on mounds,.
Sedge in small
swamps and lakes

Uneven surface;

mounds altexrmate

with small swamps
and lakes,

Mounds:

Total height up to
135 f£t., length uvp
to 66 £t., shape
varies; structure:
soil covered with &
3-6 £t. layer of
peat.

Small swamps and
lakes (between
the mounds)

0.4~

0.6 m.
(15-

2L in,)

5~20 m,
(16~
66 £t.)

0.&-"2 I,

0.’-&-
0.6 m,
(15~
24 4in,)

(1-
7 £t.)

Adjoins
active
layer

Dces not
adjoin
active

layer

On the basis of the above data, the permafrost conditions at & site

under consideration may be roughly
are applied.

estimated even before any other tests

b. Test drilling. Test drilling is the basic method employed in
site exploration. It provides data on permafrost and hydrological conditions,
and furnishes samples of the soil whose physical and mechanical properties are
to be assessed by lsboratory methods. Its main drawback 1s that it is expensive
and labor consuming., For detailed and more precise exploration, it is recome-
mended that test drilling be combined with the soe=called electro-exploration.

¢. Electro-exploration. The electro-exploration or the method of
exploration by means of direct current is based on sharp difference in elec-
trical resistance as registered by thawed and frozen solls. Application of
its two modifications (electro-profiling and electro-sounding) has produced
impressive resulbs., Thus 1t is possible to:

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R00340013000-4

(a) meke hypsometric surveys of the upper and lower surfaces
of the permafrost bed;

(b) indicate soil layers with high ice content;

(¢) 2locate deep "taliks"™ of both "through"™ and "between-
permafrost® variety (Note: "Talik™ is a shaft of
permanently thawed soll cutting through or into the
permafrost bed).

The main advantages of this method are:

reduced possiblilities of human error;
more detalled surveys;

low cost;

speed,

Its principal disadvantage: 1t cannot be used under winter conditions.
(Note: This method was apparently first employed in the Vorkuta region in 1951
under both experimental and practical conditions).

Adaptation of Structural Design to Data Obtained at the Site. The data
gathered at a bullding site by the above methods reflect the true hydrologiecal,
permafrost,and soil conditions at the site and camnot but have a direct bearing
on the design of & projected structure. When duly evaluated, these date may be
expected to disclose;

(a) The feasibility of preserving permafrost in the foundation
bearing layer, consldering the nature of the projected
structure on the one hand, end the climatic, hydrological,
and permafrost conditions of the region on the other;

(b) The feasidbility of and/or the need for subjecting a paxrt
of the building site to artifical freezing or heating
and thawing;

(¢c) The probsble extent and uniformity of the soil settlement
under load wheh thaw sets in, such settlement depending
on the ice (moisture) content of the soll and the size of
its granules;

(d) The feasibility of designing a_ structure capsble of
withstanding such settlement of the foundation bearing
layer without extensive deformation.

Based on the actual conditions &t & building site, the above information
should minimize the guesswork in selecting the method of comstruction appro-
priate to that particular site.

RN B ) AR I "X v e
7 NN O Y
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B. Selection of Sultable Method of Construction

According to nm-na-su (Norms and Technical Conditions-118-54) there
are four methods of construction on permafrost. They are:

1.  Construction irrespective of the state (frozen or thawed) of
the foundation bearing layer;

2. Construction with permafrost preserved in the foundation
bearing layer;

3« Construction without permafrost preservation in the foundation
bearing layer (structures being adapted to the gradual thaw under footings in
the course of service operation);

4.  Construction after a preliminary thawing of the foundation bearing
layer,

Strictly speaking, there are three methods, the fourth being a perticulsr
case of the third.

All these methods have been used in the Vorkuta region., Some suggestions,
apparently arising out of the special investigation of 165 buildings
(Chapter I, pp.7-8 ) have been made as to the most appropriate application of
each of these methods, These suggestions seem to represent the result of an
attempted correlation of the following factors:

b) Soil and permafrost conditions at the site;

c) Construction procedures;

gd) Certain measures contributing to structure stability;
e) Types of foundatiomns.

%a) Type of structure;

Summaries of the suggestions regarding each method follow.

1. Construction Irrespective of the State (£rozen or thawed) of the -
Foundation Bearing Layer

Suggestions for Correct Application of the Method
Kind of -'bu:!.ldiﬁgs: Industrial and residential

Soil and (‘i) Bedrock; weathered bedrock without lce inclusions
permafrost (11) Compact frozen sand and sand-gravel soils without
conditions: ice inclusions
(1i1) Thawed soils with the _permafrost bed occurrence at a
depth of at least 9-10 m. (30-33 f£t.)

Construction Procedures ordinarily followed in zones devoid of
procedures: permafrost

(™

S

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

' R RSN Babi 2 NF ey,

Measures Splash aprons arcund the bulldings; protection of founds-
contributing tions from heaving induced by soil freezing.

to stability:

Suggested type of The choice of foundations is governed by the loads allow-
foundations: able on foundstions snd the nsture of the structure.

2. Construction with Permafrost Preserved in the Foundation Bearing layer

As previougly noted (Chapter II, pege 18 ), there are certain signs of
permafrost degradation in the Vorkuta reglons but if this process 1s actuslly
taking place its effects on existing structures are not noticeable. Under
present climatic conditions in the region the annusl number of sir temperature
degree-hours below 32°F amounts to 73,800 while that above 32°F is only 26,000,
Permafrost preservation in the foundation bearing layers is therefore feasible,
provided the structures are appropriately designed. An appropriate design
involves among other things consideration of the followlng two factors:

(a) Non-freezing water in the permafrost;
(b) Heat emissivity of the projected structure.

. (a) Non-freezing water in the permafrost. Successful construction by
the permafrost preservation method is feasible wherever the permafrost bed adjoins
the active layer on carpet, spotty and, to a degree, on tussock-dwarf woody
tundra sites on condition that the temperature of the permafrost does not exceed
—0.3°C. (3L.46°F.) The point is that, in such highly dispersed soiis as heavy
loams and clays with temperatures close to but below 32°F. (31.64°F or 31.82°F.,
for instance) water does not freeze at times. Such scils, at a very slight
rise in temperature, may pass from the frozen to the thawed state before the
32°F temperature mark is crossed. It was established in 1953 by laboratory
investigation that Vorkuta soils with temperstures ranging from 0°C to —2.5°C
(32°F to 27.5°F) contain a considerable quantity of liquid water., The graphs
(Plate 24 ) expressing the results of that investigation indicate that the
quantity of water increases sharply with rilse of temperature. The above leads
to the following practical conclusions:

(1) If the presence of the liquid water is established at site
which is being prepared for construction, the temperature of the soil should
be lowered in order to freeze the greatest possible amount of that water;

(ii) If the soil temperature is close to 32°F., it should not
be allowed in the course of construction to rise at the base of foundations
higher than it was at the time the foundatlon bearing layer was in its
natural state;

(1ii) In case of sites with irregular permafrost relief the parts
with lower relief should be subjected to freezing before construction is to
begin (Note: care should be taken in the process to protect the site from
the action of surface and above~permafrost water);

-77-
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(iv) Construction at sites where the permafrost bed occurs at ¢
deép levels is also feasible without preliminary freezing, But the foundatiéns
should in such cases cut fully through the thawed layer, and under Vorkuta condie-
tions, bé anchored in thé permafrost to a depth of at least 0, 5m (20 1x.).
The anchoring in permafrost is necessary because the temperature of the upper
crust of the bed is close to 32°F, and its soil is prone to thaw and settle
under partial load., The 20 in, anchoring is considered to be ‘the mimpmm that
would ensure stable foundations in the course of comstruction,

(b) Heat emissivity of the projected structure, One aspect of -the
heat emitted by & structure 1s of particular interest in construction by the
permafrost preservetion method, It is the quantity of heat transferred by
radiation, and by conduction through the foundstions, from the structure to the
soll, Unless duly counteracted, it may affect the state of permafrost under
the structure, For éonvenience, from the point of view of heat emissivity,
structures may be somewhat loosely classified as rollovs-

(1) unheated structures (their heat emisgion is assumed to be zero);
(11) structures with ordinary heat emission;
(111) structures with high heat emission,

Suggestions as to the correct application of the permafrost preservation
method in congtruction of each of the ebove types of structure are swmarized
below,

Suggestions for Correct Application of the Method

(1) Unheated Structures

Kind of buildings: Unheated storehouses, bunkers, trestles, etec.

Fm&en soils irrespective of the presence of ice inclusions

Construction No special measures for permafrost preservation are required
procedures: (the structure protects the permafrost).

Measures Splash aprons around the structure; foundations laid in
contrTSuti_gg permafrost; possibility of heaving to be taken into

to stability: account

Suggested type of Individual chairs, also columns and posts (wooden,
foundations: concrete and reinforced concrete with footings) anchored
in permafrost
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(11) Structures with Ordinary Heat Emission

Kind of Heated residential, séministrative and public buildings;
building:

Soil and Frozen soils, particularly with a high content of ice
rmafrost inclusions
conditions:

Construction Utilization of natural cooling of the foundation bearing
procedures: layer by means of:

(a) Open cellar., The cellar should be at least 1 m.
(3.28 £t.) high, this ensures sufficient passage
of air in winter; slag filling under structure, up
to 20 in. depth, is recommended for sunmer;

Cellar ventilated through openings in the plinth.
The nunber and size of openings make it possible
to maintain such a cellar temperature that:

(1) no dew is formed on the ceilirg in the
summer;

(2) under-structure soil thawed in summer
freezes fully in winter.

A foot deep layer of slag or similar materisl on
the floor of the cellar would retard the thawing
beneath.

Cellar ventilated through exhaust ducts. This type
of cooling has not been used in Vorkuta so far
(1957). It works as follows: air enters the cellar
through specisl openings in the plinth; the exhaust
pass inside the building, preferably next to the
smokestack (to stimilate the air flow in ducts); the
duct outlets are brought out above the roof.

A number of openings and ducts(determined by calcula-
tion) are closed in ‘the summer.

Ventilating ducts and wells around the entire
superstructure, which rests in permsfrost

Ventileting ducts of pipes in the foundations at
their base

“ o -~
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Splash aprons around the structure; foundation level in
the permafrost to be determined by calculation; construc-
tion and operation in compliance with requirements for
permafrost preservation

The same as in the case of unheated structures. (Note:

Use of rubble-concrete and concrete foundations in the
form of large solid blocks is specifically condemmed. Such
foundations act as good conductors of heat from structure
to 801l in the summer; vhen the soil freezes in winter they
contribute to the intensity of bulging forces.

(1i1) Structures with High Heat Emission

Boiler houses and industrial structures

Construction of the above structures by the permafrost
presexrvation method .is recommended only when:

(a) the soil contains large amounts of ice inclusions;

(b) the frosen loess-silt soil loses nractically all load-
bearing capacity on thawing,

Open or ventilated (by induced ventilation cellars).
Plant unit and/or machinery load is transferred to the
reinforced concrete cellar ceiling or to imdividual
columns foundations.

A cellar (presumably) with a refrigeration installa-
tion. This is to be resorted tq in extreme cases only,

Construction without cellar. Boiler and heavy machinery
foundations are laid in the soil (presumebly in the
permafrost). A cooling arrangement works as follows:
air from intakes on the outside of the structure enters
an air chamber and thence pesses, via ducts or pipes,
through the body of foundations to the exhaust ducts
or pipes. The duct outlets are provided with deflectors
or devices (heat or mechanical) to stimulate the air
£low. The ducts must be insulated against moisture;
water should not be allowed to accumilate in them; duct
cross section must be 8o calculated as to ensure perma-
frost preservation in the foundation bed. It may be
said that under Vorkuta winter conditions 1 m>
235 .3 £t.3) of air would roughly carry of 0.5 kg-cal
1,98 BTU) of heat., Air intake and outlet openings aré
to be closed in the summer, (Note: There is not a hint
as to how a frozen foundation bed, of a "sensitive" loess
loess-silt composition for instance, is protected from
thaw in the summer; apparently thaw is retarded at the

expense of cold stored in the soil throughout winter).
«80-
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Measures The same as in the case of structures with ordinsry

contributing heat emission
to sta 11111:

Suggested FE The same as for structures with ordinary heat emission
of foundations:

3. Construction without Permafrost Preservation in the Foundstioa Bearing Layer

Suggestions for Correct Application of the Method

Kind of Heated structures with ordinary and high heat emission or
building: housing wet-process industrial unlts

Soil and Construction by this method is feasible on the following
permafrost 3 types of soil:

conditions:

(a) Frozen non-swollen soils, not subject to considerable
settlement when thaw sets in; natural moisture of such
soil amounts to 15-18%;

(b) Frozen slightly swollen solls subject to considersble
settlement when thawed; '

(c) Frozen bulging soils subject to excessive settlement
in g state of thaw.

Construction Construction procedures corresponding to each of the above
procedures: soils are the following:

(a) Structural adaptation to allowable uneven settlement
occurring while the foundation bed is progressively
thawing in the course of service of the strucbure;

(b) Pre-construction thawing of the foundation bearing
layers;

(¢) Pre-construction thawiag of the foundation bearing
layer and its subsequent strengthening (see page 85 ).

Measures These measures corxrespoading to the 3 types of scil
contributing mentioned above are:
to stablility:

(a) Splash aprons end drainage system around the structure;
- Settlement Jointg; foundation level calculated to
allow for possible bulging;

(b) Splash aprons and drainsge system around the structure;
foundstion level calculated to allow for possible
bulgings

Bl

,_nrrrv.,-f‘-,,‘.
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Suggested
of foundations:

(¢) Splash aprons and draivage system around the structure;
pre-construction thawing of soil; foundation level
calculated with bulging forces taker intc account.

Again with reference to the above 3 types of soil, the
following corresponding types of foundation are suggesteds:

(a) Continuous reinforced concrete foundations with posts
and wall beams; golid reinforced concrete slabs;
contimous rubble-concrete foundations (wall type)
strengthened by reinforced comcrete girts (the girts
are built in the plane of floors to make the structure
behave as a monolith);

Selectlon of foundation type in conformity with the
nature of structure and sllowasble loasds on the founda-
tion bed;

No specific suggestions as to the kind of foundation
for bulging and highly settling (compressible) soils are
made, It is assumed, the foundations are the same as
for slightly bulging soils.

Experience shows that wooden foundstions may be used successfully in
the case of light singleestory bulldings. An ewample ig provided by
workers! residences at Mine No. 40 (Vorkuta regiom); they sre in a
stable condition and display no significant gsigns >f deformation,
Thelr foundations are built as follows:

Soil:

Foundations:

Medium and heavy loam of the upper and lower moraine;
moisture content up to 20%

Solid two-tier wooden grillage with paired posts and paired
squared log wall beams; they are laid at a depth of 2.7-3 m,
(8.9-9.8 ft.).

C. Pre-construction Preparation of Building Site

With & building site explored and its physical characteristics daly
evaluated, the preparation of the site for actual comstruction would involve
at least one of the followlng measures:

1. Usual pre-construction steps taken at any site;

2., Thawing of the site;

3. Packing and strengthening of the soil after thawing;
4, Freezing of the soil.
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1. Usual Pre-Construction Steps Taken at any Site

Among such steps is the diversion of surface water from the site and proe
tection of a sloping site by trenches from the higher-level surface waters.
Under permafrost conditions trenches are at times needed as & protection from
"ground naledy" (a ground naled! is & surface ice sheet or an ice mound; it
results from a break of the above-permafrost water through the active layer to
the surface during the winter; this may occur when the active layer, in freezing,
constricts the flow of the above~permafrost water, and a considerable pressure
is thus built up).

2. Thawing of the Site

The purpose of thawing is to eliminate permafrost under the structure and
thus to reduce or even to avoid altogether the gettlement of fouundaticns due to
heat, In such cases it is usually desirable to thaw that part of s site where
the permafrost adjoins the active layer. This may be accomplished by:

~

2&) Natural thawing;

b) Thawing by steam;

éc Thawing by electric current;
d) Thawing by water.

(a) Natural thawing. Sod and moss are removed from the surface s
and the soill is exposed to the sun. Thawing up to 3 m. (9.8 ft.) in depth mey
thus be achieved in the course of one sumer. If a deeper thaw is desired, the
soil is covered for the winter with a layer of moist peat (snow held at the site
by shields provides another protective layer) and exposed to the sun the next
summer, Snow melts faster in the spring if it is sprinkled with soot or cinders.
It was experimentally established in Vorkuta that the depth of thawiag by this
method was:

after one summer: 2.5-3,0 m. (8.2-9.8 f£t.);
after two summers: L4.0-4.5 m. (13.1-14.8 £t.).

. (b) Thawing by steam, There are two methods of thawing by steam;
open and closed.

Open Method. The soil is heated by open jets of steam issving

from "steam needles" pushed into the soll. The needles sre thick-
wall seamless pipes with nozzles, from 5-23 ft. long and up to 2 inches in
diameter, The best results seem to be obtained with apgroximately 3/1+ in,
needles, and steam pressure maintained at about 8 1b/in2 at the nozzles. The
main drawback of the method is the additional moisture it introduces into the
soll which, unless properly counteracted, may reduce the load~bearing capacity
of the soil.

Closed Method. The heat is transferred to the soil by a closed
network of pipes and colils laid on the surface of the site. The stean
(condensate) circulating in the network may return to the boiler or be piped
to a point outside the building site for drainage.

f/’
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(¢) Thewing by Electric Current. In this method, the soil is thawed
by high frequency current and alternating current.

High frequency current procedure. Thawing is essentially achieved
as follows: & closed electric f£ield 1s created between two electrodes placed on
frozen soil; the soil, & high frequency current conductor, absorbs the heat and
thaws, Special equipment is required.

Alternating current procedure., This procedure appears to be more
expensive than the high frequency one. But alternating current is used for
1lighting and electric motore, and is therefore more readily available to
builders. Basically the procedure is this. Frozen soil is a very poor
conductor of altermating current; its resistance ranges from 30,000 to
65,000 ohm-cm, or higher. Therefore, if there is a partly thawed layer at a
site, deeper thaw mey be started by applying current at that point, If there
is no such layer, the syrface of the frozen soil is first covered with a layer
of wet sawdust or flooded with water "acidified™ with sodium or calcium chloride,
and then the current applied. As the thickness of the thawing layer gradually
increases, the intensity of the electric current rises; when the layer is
20-2Y inches thick, the effectiveness of thawing in depth decreases, most of
the energy going into useless heating of the already thawed layer; at this
point, most of the layer is removed, the current falls,and further heating
proceeds until a new thawed layer is 20-24 inches deep. The cycle is repeated
until the soil is thawed to desired level. (Note: The sbove cycle also holds
true for the high frequency current procedure).

The element of time involved in thawing by electric currents depends on
the moisture content of the soil, the intensity of the current used, the
distance between the electrodes, and the diameter of electrodes. An experiment
with thawing by means of alternmating current, run at the Vorkuta Permafrost
Station in 1940, provides the following data on the subject:

1. Current AC
2, Voltage 380 V.,
3, Average soll moisture 22-2%%
i, Distance between electrodes 150 em. (59 in.)
5, Diameter of electrodes 5 em, (1.97 in.)
6. Depth of thawing without periodic
removal of thawed soil 3 m, (9.8 £t.)

T. Time required gbout TO hours

(Note: Energy consumption not moted)

The above data do not indicate the type of soil involved in the experiment.
An engineer of "Mosgorsvet" (Moscow City Lighting), working with high frequency
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currents in or before 1946, provided the following data correlating the type
. of soil and the rate of thaw:

' Volume of Soll Thawed per hr.
Type of Soil yao

Sand 1.4k
Construction debris

and sand 0.78
Sandy loam 0.65
Loan 0.65
Heavy clay 0.52

These data were gathered in the streets of Moscow by the sbove mentioned
engineer. He devised & 12 kw., mobile high frequerey unit (a bus) for thawing
the seasonally freezing layer of the soil to avoid damaging underground cables
he had to repair in the winter,

(d) Thawing by water. Two method are used: flooding the site; and
water injection into the soil under pressure.

Flooding. A regulsted flow of water is mointained across the
site from some such natural source as river or stream. Inflowing water with
a temperature of some 10-16%C(50-61L°F) may leave the site with a temperature
of 2-4°C (36-39°F). It was established experimentally that in Eastern Siberia
thewing under water is some 100% faster than natural thawing by sun rays.
Optimm depth of thaw is ebout 0.8-0.9 m. (2.5-3 f£t.). When this depth is
reached, the thawed layer must be removed and the process repeated. The pro-
cedure requires simple equipment and a small labor force.

Water injection. This method involves sinking pipes and/or
"points" (pipes on the order of steam needles) into the ground. Water'is
thus injected into the soil under pressure up to 5 atm. (73.5 1b/in2) in the
case of pipes, and up to 2.7 atm. (40 1b/inZ) in the case of "points".

Whichever method is used, the rate of thaw is affected by the composition,
temperature, ice content of the soil, and by the temperature of water used.
In northern latitudes, wetel is at is warmest some 60-TO days per year.
Thawing of clayey and silty soils presents the greatest dlfficulty.

3. Packing and Strengthening of the Soil after Thawing

In permafrost regions, soil settlement duve toc heat occurs when the
supersaturated frozen soil under foundations in thewing liberates the excess
moisture, and the soil begins to pack. The settlement does not take place
immediately after thawing. It may continue over a long period depending on
the mechanical composition and permeability of the soil. But it may be speeded
by artificisl packing and strengthening of the soil.

<85«

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

Packing of the Soll may be achieved by:

(a) Tamping, individually, several L-6 Inch thick layers of gravel
into the soil until the gravel ceases to penetrate; only the upper part of a
layer may thus be strengthened to & depth of 20-28 inches;

(b) Sinking piles, removing them,and £illing the holes so produced
with indivudally temped layers of sand or fine gravel; the soil may thus be
packed to a depth of about 10 ft. Suggested pile dimensions for two types of
soil are given in the following Table.

. Plle Length. Pile Diameter [ Distance between Piles
Type of Soil , B, Tt. o, in, m. ft,

Sandy loam 2~3 6~10 2428 | 9.5-11.4 1.5-2 5-6.6

Loan 2=3 6-10 14-18 | 5.5-T.1 0.6-1.0| 2-3.3

(¢) Applying vibrators of appropriate types; this procedure may not
be ag effective as the other two.

Strengthening of the Soil. Packing by any of the gbove procedures
strengthens the soil; but it would seem more fitting to associate the expression
"gtrenghtening of the soil™ with:

Bitumization,
Sillcation,
Electro-chemical method.

Bitumization (cold). This method is applied to sandy soils with
coefficient of permesbllity of from 10-100 m/2l hrs. (0.0046-0.046 in/sec.).
It renders soil more cohesive and impervious to water, Materials used:
1. Calcium chloride or esters (2 kg/w? or 1.67 1b/100 gal.);
2, 30-45% bitumen emulsion (200-400 kg/m> or 167-334 1b/100 gal.)

Silication. This method is used also in comnection with sandy soils
but whose coefficient of permeebility varies from 2-80 m/24h hrs. (0.00091 -
0.0365 in/sec). Silication renders goil impervicus to water and glves it a
strength of from 15-60 kg/cm? (210-850 1b/in2). Material used: °

1. Sodium silicate (sp. gr. l.4-1.5)
- 2. Calcium chloride (sp. gr. 1.25-1.30)

Electro=-chemical method of soil strengthenifig is much cheaper end most
suitable for permafrost-region loam, sandy loam,and loess soils with low permea-~
bility. It is particularly effective vhen soil settlement due to heat is to be
eliminated, or at least reduced. The procedure involves a 20=-30 kw, DC unit
(voltage: 50-100 v.), wiring, and a series of electrades (irom, but better
aluninum) driven into the soil at & spacing of 20-40 inches. Average time
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required is about 100 hours. As the current passes through the soil, three
processes take place: electro-osmosis, various chemical reactions, and some
changes in the soil's structure. As a result, the soll may be strengthened to
a depth of 20-25 m. (65-82 ft.); it loses its capacity for over-saturation and
swelling.

4. Preezing of the Soil

Freezing of the soil may be resorted to in construction by the permafrost
preservation method whenever the permefrost bed occura &t a considerable depth,
or its profile is too irregular. The freezing is usuilly accomplished by natural
means, Sod and moss are removed from the surface of the area to be frozen.
Throughout the winter, the snow is constantly cleared from it. Under the Vorkuta
conditions, soils with moisture content up to 25% can be frozen to a depth of
4 m. (13.1 £t.)., If this is not sufficient, freezing may be continued the next
winter. During the intervening mild weather season the scil is protected by a
foot-thick layer of peat, slag, or sawdust., Two winters are sufficient to freeze
the soil to a depth of 5-6 m, (16.5-19.7 ft.).

D. Observance of Appropriate Building Operation Rules

As no material on correct operation of structures was available at this
writing, the following suggestions are based on study of the cases of building
deformation described in this report:

1. Construction Without Permafrost Preservation

a. Methodical cobservation of structure settlement;

b. Protection of foundations from the effects of waste water and the
bulging of soil;

) c. Circumstances permitting, control of the depth of -thaw around the
building contour in case uneven settlement or foundation tilt angles become -
excessive.

2. Construction With Permafrost Preservation

' a. Protection of foundations from the effects of surface and
sbove-permafrost water;

b. Adherence to instruction on cellar ventilation and cleanliness;
c. Removal of snow from walls or open cellars.
Sources

P. D. Bondarev. Deformation of Buildings in the Vorkuta Region, its Causes
and Methods of Prevention, pp. T0=92.

V. F. Zhukov. Earthwork Involved in Comstruction of Foundations and
Footings in the Permafrost Region, pp. 61-93; 122-129.
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CHAPTER V1
DUDINKA, ITS WOODEN BUILDINGS
Location

‘Dudinka, Taymyrskiy National District, Krasnoyarskiy Kray, a port on the
river Yenisey.

Cooxrdinates
Tatitude: 69° 21'N; Longitude 86° 1L4'E

Physical Characteristics of the Reglon

Climatic conditions as the following date indicate, are severe:
(Data collected: 1907-1926; 1934-193T)

Average sumer temperature: 8.1°C §1+6.6’F)
Average winter temperature: -19.5°C (—3.1°F)
Maximm tefmperature observed: 28.8°c (93.8°F)
Minimm tempereture observed: -5T7.2°C (—TL.°F)
Average number of deys with temperature

below 32°F: 225

Average muiber of days with temperature
ghove 32°F: 140

(Data collected: 1906-1926; 1933-1934; 1936-1937)
Aversge yearly relative humidity: 8%
Average yearly precipitation
(by rain gauge): 229 mm. (9.06 in.)

‘Preveiling winds:

Winter $October-May): S., SE., E.

Summer (June-Sept.): N., NE., E.
Average yearly wind velocity: 18 m./s. gho mph. )
Maximum wind velocity: 28 m./s. (62.6 mph)

Winter snow storms are frequent and lasting., The snow is very dry and
winds pack it to'a density of O.4 g/em3 (25 1b/£t3) and higher.
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Topography and Vegetation. Prior to construction of the Dudinka settle-
ment and port facilities on the Yemlsey river, the surrounding territory
repregsented typical flat mossy tundra with dwerf birches and alder bushes
growing sparsely around bare soll spots among small peat hillocks. The flat~-
1and with some individual slight elevations and numerous lakes extends some
90 km. (56 miles) eastward, where the hilly country begins.

The Soil. The higher ground in and around Dudinka is in general composed
of large-grain sandy loam, and in part of loam with considersble gravel and
occasional small boulders. At low elevations the soll consists for the most
part of heavy or light loess-silt loams., Its thermal capacity is very high.
Frozen soil often contains ice in the form of sheets and small and large lenses.
When thawed, it is highly saturated with vater and acts as quicksand. The rate
of drying of the active lsyer is insignificant, Drainage of the greater part
of the building sites is made difficult by the flatness of terrain.

The Permafrost. The upper limit of the permafrost in Dudinke lowlands
occurs 8t & depth of 0.8-1.0 m. (2.6-3.3 £t.), seldom at 1.5 m. (4.9 £t.);3
under stony beds of streams and lakes it is usually at a considerable depth.
The thickness of the bed is not specified. The lowest temperatures of the bed
were observed under peat deposits between little lakes. In one such place the
temperature at a depth of 6.5 m. (21.3 ft.) from the surface was found to be
—6.5°C (20.3°F) at the end of July. For the most part, however, the bed
temperature in peat hillocks (along constant.temperature level) is arocund
—2°C (28.L4°F), beneath the flat sites about —3°C (26.6°F).

Dudinks Wooden Buildings

Study of the Dudinks bulldings undertaken in 19361937 indicates that at
that time there were no masonry structures in the settlement., An idea of the
construction (particularly of foundations) and performance of wooden structures
under the Dudinks soil end permafrost conditions may be gained from the follow-
ing partial description of six such buildings.

1. Small Church, later Dwelling House

Illustrations: Plate 25, Fig. 1 shows some structural details and state
of permafrost as of 4 September 13937.

Erected: Between 1910 and 1915

Soils Light loessy loam with high moisture content when thawed
and high ice content when frozen

Construction: Iog csbin type; narrow covered "plinth™ filled with sodll;
' . 10 air vents in the "plinth"; cellar is 60 cm., (24 in.)
high

FPoundations: Planks at ground level

Flooxr: Carefully laid; presumably no subflooring
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Deformation: None after some 25 years of service
Note: The upper limit of the permafrost rose under the structure

2, Adjacent Small Dwelling Houses “A"™ and "B"

Illustrations: Plate 25, Fig, 2 and Plate 26 give some structural and
permafrost dsta as of 4 September 1937.

E:jected: Between 1915 and 1920
Soll: Same as in 1 above

Construction: Log cabin type; soil-filled™p)inths; presumsbly no air
vents in the cellars. House "A" is 6 x T m. (19.7 x 23 ft.)
in plan. House "B" is 5 x 6 m., (16.4 x 19.7 £t.) in plan;
it has & trap door in the floor over a 45 cm. (18 in.) deep
hollow in the floor of the cellar where produce is kept.

Foundations: Planks on the ground surface

Floors: Badly put together 5 ecm. (2.0 in.) boards; no subflooring.
- (The house inhabitants stated that they felt no particulsr
discomfort in the winter because of the poorly built floors.
This may be due to a blanket of dense snow which usually
blocks up these houses as early as the month of October).

Depth of Thaw: The depth of thaw under tre cellar of House "B 1is 15-20 cm.
(6-8 in,); that of House "A" is 43 cm. (17 in,). This
difference in the depth of thaw is prcbably due to the
difference in the soil moisture content under the houses
and to a thicker snow blanket around House A" in the wintsr.

Note: The upper limit of the permafrost rose under House "BY,

3. Iarge Dwelling House

Tllustrations: Plate 27, Fig. 1
Erected: 1935, "during the period of ccnsiderable thawing of soil®

Soil: Iosssy and silty soil (1light loam is known to be in the
vieinity). Molsture content of the soil is *less favorable®
then in the cases 1 and 2 ebove. In exceptional floods
the site may be submerged under waters of the Yenlsey.

IS =3 P o R T WG ZH - = s

in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

Declassified



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

Structure and The building, presumably of log csbin type, is 10 x 22 m,
construction: (32.8 x T2.2 £t.) in plan,

Foundations: Log walls, and floor beams rest on "gorodki®
foundations. In this particular case, the gorodki form
individuwal cribs which are built of two tlers of short logs
and are laid on the surface of the ground. Under the outside
walls, the soll is banked to the height of the floor egainst
the gorodki; the same is done along these walls between the
gorodki,

Floor: The floor consists of subflooring, a Jayer of
Wstructural trash" (probasbly wood shavings), and the floor
proper.

Cellar; The text gives the height of the cellsr as 0.5 m.
{20 1n.), the sketch as O.4 m. (16 in.).

While the depth of thaw near the structure was 1.2 m.
(47 in.), that under the structure varied only between
0.2 and 0.3 m. ( 8 and 12 in.).

The upper limit of the permafrost under the structure had
risen considersbly in two years.

k. Iarge One-story Building on Sloping Site

Illustrations: Plate 27, Fig. 2
Erected: 1936

Construction: The building, 10 x 24 m., (32.8 x 78.8 f£t.) in plan, has
open cellar,

Foundations: GCorodki in the form of individual log cribs
of varying height

Floor: Double (presumably with subflooring)

Upon coumpletion of the building in 1936, the cellar remained fully open
for a year. On 4 September 1937, the position of the upper limit of the
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permafrost along the longitudinal axis of the building was determined by
. sounding., Results aeppear in the following table:—

Data on the Depth of Active Layer

Observation | Depih of Active Layer (n) Cellsr Helght (E) |  B/E _ _
Point L, In, m, in, Ratio

4T.2
31.5
27.6
15.8
11..8
7.87

70.9 0.67
55.1 0.57
47.2 0.58
31,5 0.50
23.6 0.50
o4 | 19.7-15.8 0.4=0.5

OO0.00P
PN &3 N

NOOHMK
OONDON &

[e)
°

J

The sbove dats indicate that the depth of the least thaw coincidee with the
area of the greatest shade under the structure.

Optimum Cellar Height (by observation)

The date on the depth of the active layer under the above structurs convey
the picture of what may be called the total effect of that particular structure

on the permafrost contour beneath it, Unknown, however, are the individual
effects of such factors as:

a. Shade;

b. Wind;

c. Winter soil freezing (since the cellsr remained open, was the
snow removed in the winter? Was the cellar partly littered
with structural trash or was it swept clean?);

d. Flow of ground and surface waters under the bullding since it
stands on & slcping site.

Nevertheless, it moy be noted from the table that for the difference
heights of the cellar, which very approximately from 8 to 39 in., the ratio
h/E remsins almost comstant, about 0.5. With the increase of the height of the
cellar above 39 in. the h/E ratio also increases, i.e., the depth of thaw under
the structure approaches that at the open site., The optimum height of the
cellar as determined in this case by observations is somevhat less than 39 in.
This is in agreement with conclusions reached on the same basis some 3 years
later st Yakutsk (See Chapter X, p. 150 of this report).

Note: Structural trash in the form of wood shevings and chips is quite
frequently left under structures., Under the Dudinka conditions (vwhexe
permafrost temperature along the constant temperature level is —3°C or
26.6°F and lower at times), its effect on the depth of the active layer may be
Judged from the following ¢bservations: a 5 cm, (2 in.)layer of wood shavings
and chips spread in the shadow of building walls cut the depth of thaw in half;
when the thickness of the layer was increased to 20 cm. (8 in.) the thaw was
stopped altogether,

=& -V N
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5. The Power Station

Erected: Presumebly during the first quarter of 1937 by the perma-
frost preservation method

The Site: The exact site of & power station which burned down on
21 November 1936, It is located on the north shore of a
small lake on the river terrace 15-25 m. (50-80 f£t.) above
the Yenisey near its confluence with the Dudinks river.
The site slopes gently toward both the Yenisey and the lake
(Plate 28, Fig. 1).

Loessy loam to & depth of 1.5 m. (4.92 f£t.); below thet,
loess~silt medium loam with medium sized gravel in places
extends to a depth of 4 m. (13 ft.). The soil contains

ice sheets; its average natural moisture content is 26.%

at a depth of 2.5 m, (8.2 f£t.); it changes to mud on thawing.
Prior to construction of the original power station, the
upper limit of permafrost occurred at a depth of 0.0 m.

(2.6 £t.). Plate 28, Fig. 2 shows the upper limit permafrost
profile as of 25 September 1936, i.e. two months before the
station burned down. (Note: Construction of a new station
on the same site was started almost immediastely; thus it

was erected on the site where natural permafrost conditions
had been upset),

One-story log structure with a non-industrial annex on the
south, and ventilated cellar. Its overall dimensions are:

Iength: 22.2 m. (72.8 ft.)

Width: 12.0 m. (39.4 £t.)

Height: 6.2 m. (20.4 ft.), from the ground level
Cubage: 2,005 m’ (70,800 £13) station and the annex

Construction: See Plates 29-33

Roofing: Battens, two layers

Roof: Purlins, rafters with vertical posts, inclined struts,and
tie-beams supported by interior framing; this framing
consists of interior posts on center line with longitudinsl
tie-beam with knee braces. Ceiling heat insulation: sawdust

Logs, possibly 9.5 in. in diameter., The walls had no
buttresses; they were strengthened by several verticel
clamps bolted to the walls.
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Floor boards 5 x 20 em, (2,0 x 7.9 in.) on floor beams ebove
the subflooring; the subflooring consists of 5 to 8 cm,

(2.0 to 3.2 in,) wood slabs resting on 5 x 5 cm. (2.0 x 2.0 in,)
nailers nailed to the beams; the subflooring is covered with

a 12 cm, (4.7 in.) layer of sewdust and soll mixture;

8 3-5 cill. (1.2-2,0 in.) air space is left between this

layer and the floor,

Cellar: The ventilated cellar beneath the subflooring is Th-80 cm.
- (29-32 in,) deep

Foundations: Wall and interior center line post foundations consist of
individual cribs made of 3.3 ft. long logs, 20 cm. (7.9 in.)
in diameter; the cribs rest on a single row of logs laid
at the bottom of the excavation as shown on Plates 29-30,
Because the sloping site was never properly leveled the cribs
are leld at slightly different levels, namely:

under east and north walls: 1.7-1.8 m. (5.6-5.9 £t.)
under south and west walls: 1.3-1.5 m. (4.3-4.9 £t.)
under interior posts: 1.0 m. (3.3 ft.)

The flue: Plates 31-32. The flue pessed through the cellar tc the
smokestack outside the bullding. It was in operation
throughout the short life of the original and, briefly, of
the new power station. Its use was discontinved in June 1937
for reasons indicated under "Settlement end deformation”
below. Smokestacks were installed above the roof.

Plate 31. One 100 H.P. "Flre-tube boiler-engine" unit,
presumably with a fly-wheel; one 60 H.P. unit of the same
type; two generators, presumably belt driven; one switchboard;
two feed water tanks

Equipment (a) 100 H.P. unit foundation is a survivor of the 1936 fire.
foundations: Iaid at a depth of 2.5 m. (8.2 ft.) it was tilting 12 cm.
(4.7 in.) on the side of the flue. Its upper surface was
cut at an appropriate angle to & horizontal position and
a new unlt installed upon it. The bullder of the founda-
tion described it in the following words: "A log crib
has been erected on river sand £ill in the excavation.
The cribe is lined on the inside with felt and tloaded!
with the rubble footing of the foundation. Above the
footing are three concrete chairs (posts) which support the
unit, The purpose of the wood crib is to protect the
permafrost from thawing®., (Note: In high moisture content
soils, felt could hardly be considered a good insulation
material; moreover, the crib appears to have no vertical
ties to resist possible vertical thrust of bulging).
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Floor boards 5 x 20 cm. (2,0 x 7.9 in.) on floor beams sbove
the subflooring; the subflooring consists of 5 to 8 cm,

(2.0 to 3,2 in,) wood slabs resting on 5 x 5 cm. (2.0 x 2.0 in.)
nallers nailed to the heams; the subflooring is covered with

a 12 em, (4.7 in,) layer of sewdust and soil mixture;

& 3-5 cit. (1.2-2,0 in.) air space is left between this

layer and the floor,

Cellar: The ventilated cellar beneath the subflooring is Th-80 cm.
(29-32 in,) deep

Foundations: Wall and interior center line post foundations consist of
individusl cribs made of 3.3 ft. long logs, 20 cm. (7.9 in.)
in diameter; the cribs rest on a single row of logs laid
at the bottom of the excavation as shown on Plates 29-30.
Because the sloping site was never properly leveled the cribs
are laid at slightly different levels, namely:

under east and north walls: 1.7-1.8 m. (5.6-5.9 f£t.)
under south and west walls: 1.3-~1.5 m. (4.3-4.9 ft.)
under interior posts: 1.0 m. (3.3 ft.)

Plates 31-32., The flue passed through the cellar to the
smokestack outside the building. It was in operation
throughout the short life of the orlginal and, briefly, of
the new power station. Its use was discontinued in June 1937
for reasons indicated under "Settlement and deformstion”
below., Smokestecks were installed gbove the roof.

Plate 31. One 100 H.P. "Fire-tube boiler-engine” umit,
presumably with a fly-wheel; one 60 H.P. unit of the same
type; two generators, presumsbly belt driven; one switchboard;
two feed water tanks

Equipment (&) 100 H.P. unit foundation is a survivor of the 1936 fire.
foundations: Iaid at a depth of 2.5 m. (8.2 £t.) it was tilting 12 cm.
(4.7 in.) on the side of the flue. Its upper surface was
cut at an appropriate angle to a horizontal position and
a new unit installed upon it. The bullder of the founda-
tion described it in the following words: ™A log crib
has been erected on river sand f£ill in the excavation.
The cribe is lined on the inside with felt and tloaded’
with the rubble footing of the foundation. Above the
footing are three concrete chairs (posts) which support the
unit, The purpose of the wood crib is to protect the
permafrost from thawing”. (Note: In high moisture content
solls, felt could hardly be considered a good insulation
material; moreover, the crib appears to have no vertical
ties to resist possible vertical thrust of bulging).
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(b) 60 H.P. unit foundation is presumsbly a concrete slab
resting on plles,

(¢) Genérator foundations are 60 cm. (23.6 in,) slabs,
presumably concrete, resting om pilés driven into the soil
to a depth of 1.5 m. (4.9 f£t.) below the slebs

Plates 30, 31. Some 9 m. (29.5 £t.) from the power statlon
and 45 m. (148 f£t.) from the lake is a pump "cabin® housing
a vertical boiler and piston pumps resting on a concrete
sleb foundatlion. A system of water and steam lines laid in
an insulating wooden duct extends from the pump cabin to the
station and the lake,

Pipe insulating Plate 30. The part of the duct between the leke and punp

ducts cebin is supported sbove the ground by posts; between the
cabin and the station it rests in part on the grourd; within
the station between the outside wall aund the bollers, it
passes through the cellsr, where it is gupported by ties
1aid on the ground. The duct comsists of & three-wall
{owtside the station) and a tiwo-wall (in the cellar) rectane
gular box made of 5 x 20 emy (2.0 x 7.9 in.) boards.
Dimensions of the box outside the station are 170 x 180 cm.
(5.6 x 5.9 £t.), and those of the box in the cellar
130 .« 140 cm. (k.3 x 4.6 £t.). The spece between the cut-
gide walls of the box is filled with sawdust, as is the
immer boex where the pipes are lald. The outside part of
the duect has s 10 cm. (3.9 in,)alr space between the second
and third walls. The duct apparentiy does not insulate the
pipes sufficiently to keep the water lines from freezing
in winter; they are kept werm during the cold season by an
exhoust steam line which drains into the lake.

Main structural (a) Because of the sloping site, the wall aprons cf the

defects of the north and in pert of the esst wall were thrust egainst

station: the scil, those of the south and in part of the west stood
some 6070 cm. (23.6 27.6 in.) above the soil. The gap wae
left open; snow thus entered the cellar in winter, and
werm air circwlated in summer; this had an upsetting effect
on permafrost (vhich was already upset by the operation of
the original station);

(b) The wall shoring clewps {Plate 29} were badly fitted
to the walls and inadequately bolted;

{¢) The flue (the temperature of gases was around L00°C
or 752°F) was inadequately insulateds

(d) Performsnce of the pipe imsulating box in the cellar
proved to be insdequate. Soms steam apd water lirves within
it were leaking,

T
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Settlement and
‘ deformation:

Surface and
ound water

prote ctive

trenches:

V. P, Tumel.

G. 0. Lukin.

The thaw crater which had begua to form under the originsl
station continued to expand under the new cne., As a result,
by June 1957 the structure had settled unevenly. The 3-15¢m.
(1.2-5.9 in.) settlement of the central posts caused the
transfer of the roof load (considerable wind and snow loads
included) to the walls. Three inadequately supported walls
buckled while settling uvnevenly at the same time. The 12 cm.
(4.7 in.) settlement or the 100 H.P. unit's foundation on
the flue side and 20-30 cm. (7.9-11.8 in,) settlement of the
flue proper threatened to dlsrupt coperations. The use of
the flue had to be abandoned in favor of vertical smpke-
stacks straight from the bollers.

Recormendations of a Permafrost Institute team that examined
the station in 1936-1937 called, in effect, for a funda~
mental reconstruction of the station (roof, foundations,
cellar, ete,)., This was not done, but some unspecified
measures enabled the Dudinke Power Station to "function
normally even in 1945". Among the team's recommerdations
of more than purely local interest is a suggested method of
protecting permafrost under structures built on sloping
ground from the action of surface and ground waters. The
method calls for a partly clay-lined trench scme 10-15 m.
(33-50 £t.) uphill from the building (Plate 33, Fig. 1), of
adequate cross section and slope to intercept all of surface
waters and lead them off from the building. The work of
the trench may be supplemented with that of & "clay tooth"
(Plate 33, Fig. 2) built some 2-3 m, (6-10 ft.) uphill from
the structure. The effectiveness of the above arrangement
is to be checked periodically (particularly after heavy
rains) by observing the nastural moisture content of the

soil under the structure through special holes in the floor.

Sources

Some Peculiarities of the Behsvior of Foundatlon Bearing
Iayers under Residential Structures in Northern Districts
of the Permanfrost Region (Akademiya Nauk SSSR. Trudy
Instituta Merzlotovedenla im. V. A. Obrucheva, Vol. I,
1946, pp. 5-12)

Cornstruction and Behavior of Foundations and Foundstion
Bearing layers under Small Industrial Structures in the
Region of Dudinka (Akademiye Nauk SSSR. Trudy Institute
Merzlotovedenis im. V. A. Obrucheva, Vol. I, 1946, pp. 27=57)

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

Fig. 1. Resldence, Former Church, Erected Fetween 1910 and 191%
Conditions Under the Structure as of 4 Sep 19°7
a, Active layer ‘b, Permafrost c¢. Floor level
d, Ground level

'Fig. &) Residence "A" Erected Retween 1915 and 1920
, Plan (19.7 x 2% ft.) and Section of Foundations as of 4 Sep 1937
M. Observation Point a. Floor &, Cellar' ' c. Thawed soil
d. Permafrost

Comrersion Table

cm. in,
5 1.97
30 11.8
o] 15.7
. 43 16.9
€0 23.6
95 37.4
100 39.4
—_ © . 120 47,2

DUDINKA WOODEN BUILDINGS
Source: V. F. Tumel. Some Peculiarities of the Behavior of Foundation
) Bearing layers under Residential Structures in
Northern Districts of the Permafrost Region.
- (Akademiya Nauk SSSR Trudy Institute Merzlotovedenia
im. V. A. Obrucheva, Vol, 1, 1946) Fig. 1 — p. T;
. Fig. 2 - p: 8

PLATE 25 -98-
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A Fig. 1. Residence, Former Church, Erected Between 1910 and 1915
Conditions Under the Structure as of 4 Sep 1937
8. Active layer ©b. Permafrost c. Floor level
d. Ground level

- Fig. 2. Residence "A" Erected Between 1915 and 1920
z Plan (19.7 x 23 £t.) and Section of Foundations as of 4 Sep 1937
M. Observation Point a. Floor b. Cellar c. Thawed soil
. d. Permafrost . :

Conversion Table

cm, in,
5 : 1.97

30 11.8

, 40 15.7

. 43 16.9

60 23.6

95 3T.4

100 39.4

. 120 47.2

. DUDINKA WOODEN BUILDINGS
Source: V. F. Tumel. Some Peculiarities of the Behavior of Foundation
) Bearing Layers under Residential Structures in
Northern Districts of the Permafrost Region.

(Akadeniiya Neuk SSSR Trudy Instituta Merzlotovedenia
o , im, V. A. Obrucheva, Vol., 1, 1946) Fig. 1 — p. T;

Fig. 2—p. 8
PLATE 25 . 98-
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Fig. 1 Plan
Fig. 2 Section A-A

Fig. 3 Section E-E

Residence "I'" Brected Fetween 1915 and 1920
-Plan (lo.4 x 19.7 £t.) pnd Section of Foundations as of 4 Sep 1937
C. Cellar trap door D¢ sdjacent building £. Cellar. -
a. ;mawed soil . b. Permafrost

Conversion Table

cm. in,

15 5.91 BT T
- 20 7.87

"20 11.8 :

35 13.3 o - /

55 : 21.7

30 3.5

90 4544

DUDINIC WOODE: FUILDINGS
Source: V. F, Tumel. 3ome Peculiarities of the Behavior of Foundation
Bearing Layers under Residential Structures in Northern
- Districts ol the Permafrost Regilon. (Akademiya Nauk SSSR
' Trudy Instituta Merzlotovedenia im. V. A. Cbrucheva, Vol, 1,
946) p. 9 S : :

PLATE 26

-
1
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¥ 3
J
Fig. 1 Plan
Fig. 2 Section A-A
Fig. 3 Section B-B
Residence "B" Erected Between 1915 and 1920
Plan (16,4 x 19.7 ft.) and Section of Foundations as of 4 Sep 1937
C. Cellar trap door D. iAdjacent building E. Cellar
a. Thawed soil \ b. Permafrost
' _
Conversion Table
cm, in, ° \
' 15 5.91
\
B . 7.8
70 11.8
35 13.8 s
55 21.7
8o 31.5
90 35.4
DUDINKA WOODEN BUILDINGS . :
Source: V. F, Tumel. Some Peculiarities of the Behavior of Foundation
Bearing Layers under Residential Structures in Northern
Districts of the Permafrost Region. (Akademiya Nauk SSSR
¢ ’ Trudy Instituta Merzlotovedenia im, V. A, Obrucheva, Vol, 1,

1946) p. 9

PLATE 26
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Brected on Slopins\gite in 177
Posi.ion of the Permafrost Upner Limi- aus of 4+ Den 107
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DUDIHIL. WOOLEL UI Z1lG,

Source: V. F. Tumel, Some Peculiarities of tue “ehzvior of Foundaiion
Fearing Layers under 2esiden.ial Siructures in Nerthern
! ) Disiriets of the .ermafrost Re;rion, (ikacenmiya lauk 388R
Trudy Instituta Merzlotovedenia im. V. /. (brucheva,
- Vol. 1, 194) Fig, 1 — p. 10; Fig, 2 — p. 11
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DUDIHL. WOOLEL Ul 1- G,
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Fearing Layers under Reeiden.ial Siructures in lNertharn
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DUDINK/ WOUD:N iUILDINGS (POWZR ST.TION)
Source: G. O. Lukin., Construciion and Behavior of Foundations and
) Foundation "ecaring Jayers under Small Industrial Struc.ures
- R in the Region of Dudinka (Akademiya Nauk SSSR. Trudy
W Instituta Merzlotovedenia im. V. A. Cbrucheva, Vol. 1
’ - ko) Pig., 1 — po 33 Fig.-2 — p. %b
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Conversion Tatle

cm, in,
P LosT
1 2.9
13 7.09
_ : 20 7.87
- Fig. 1. Transverse 3ecclion 22 3. 66
a. Sewdust L. Ceiling “c. tattens, 2 layers ¢, Vertical 24 BIY)
clamps (For floor details sec Texi) 43 13.90
m. ft.
0240 2.5
1.00 5.28
1.20 5.4
1..2 L.:3
1.53 4,56
1.0 4,45
. 1.40 4.9
) 15— 4. 75
1.),3 5.01
.5k 2.0%
i, 00 ek
o N Z.6Y 5. 40
S _ a 1.70 5.57
s AR u l) _u‘i!:u__n_n Gy E. 3 i'zs 5’71"
s ETY I -
, Yo T v Y e S 2.95 9.67
: 5.45 17.9
. 5.56 18.3
Fig. 2. Longiludinal Section 8.60 28.2
a. »x> em. (1.97x1.97 in.) nailers 11.80 38.5
. 21.80 T1.5
23,0 Tued .

DUDINK/ WOODEN TUILDINGS (POWER STATION)
Source: G. O. Lukin. Construction and Behavior of Foundations and
— Foundation Tearing layers under Small Industrial Structures
in the Region of Dudinka (Akademiya Nauk SSSR. Trudy -
Instituta Merzlotovedenia im. V. A. Cbrucheva, Vol. I,

’ 1946) Fig. 1 — p.+:3y; Fig, 2 — p. 26
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Sonree:  G. . Tukin, Construction and lehavior of Foundations usnd Foundation
Tearing Tayers under Small Industrial Structures in the Region
- of budinka (. kademiya Nenk 5SSR.  Trudy Instituta Merzlotovedenia
, : im. V. A. Ovrueheve, Vol, 1, 1946) Fig. 1—p.40; Fig.2—p. 37
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l.ocation of wuquinment and Steam and Water Lines
2. Vestilule b. - Former flue location ¢, 100 H.P. unit d. Generator
€. Switchboard f. €0 H.P. unit g. generator h. Water tanks
i. Building annex J. Pump cabin
Water and Steam Lines: 1. Water inlet (d= 1 in.);
2. Condenser outlet (d= 2 in,); 3. Steam line (d=1.5 in.);
4. Water outlet '(d=4 in.)

-

DUDINK/ WOODiN LUILDINGS (POWER STATION)

Source: G. O. Lukin, Construction and Behavior of Foundations and
Foundation Bearing layers under Small Industrial Structures
ir the Region of Dudinka (‘/kademiye Nauk SSSR. Trudy
Instituta Merzlotovedenia im. V. A. Ubrucheva, Vol, I, 1946)
p. 39 "
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The ¥lae. Ldn;itudinal 3ection, Plan and A-A Section
». .sbesios Y. Floor level c. Wall d. Rail e, Yater level . o

. Clearance (0.118 in.) 2. Sand fill (0.39%4 in.,) 3. Slag

4. Clay 9. Clay . Red trick 7. Steel pipe (0.118 in. thick)

8, Felt, clay saturated 9. Wood trough (1.97 in.boards)

17. Felt (0.787 in.) 11l. Tar peper or ruberoid 12. Trough (1.97 in.
toard, tonguc and groove joint)- 13. Tarred surface (entire trough)

DUDINKS WOUDEN TUILDINGS (POWER STATION)

Source; G, (. Luxin., Cons truction and Fehavior of Foundations and Foundation
Fearinpg lLayers under Small Tndustrial Structures in the Region of _
Dudinka (Akedamiya Nauk SSSR. Trudy Instituta Merzlotovedenia im, - :
V. 4. Cbrucheva, Vol. I, 1946),p. bl
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Fig. 1. Trench with iteeng . enct Dice and foilom

&. Well tamned rizh ciny (not less iren & in.)
- t. To the power siation )
~e Dlope oi the siic

e

Fiz. 2. "Clay Tooth" and Peat Fenk frren -ement Tocesed
some .»-10 {1, from the PRuilding,

a. “~Peat bank élj‘:-].() in, decn and some - {'t., wide)

b. Tich clay (about 2 ft. wide an! no: lnss then 53 in, - lenn)
2. UYpver limit of whe permafrost in {ctoler ‘
4, Power station building i )

DUDIN:A WOODAN FUILDINGS ( POWSR S A T10M)
Protection of the Permufrost end Iuildings f'rom Ground and Surface Haters
source: G, . lTukin, Construction and Fehavior of Foundations and Foundation
Yearing Leyers under $mall Indus:crial Strictures in the ho ~ion
of Mdinka (..kademiya Nuuk 3SSR. Trudy Instiiuta l\iex*zlot,o;ndeni& -
im. V. A. Ubrucheva, Vol., I, 194t),n, Yi-
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Fig. 1. Trench with Strengthened Side and Eottom

a. Well tamped rich cley {not less then b in.)
b. To the power station
c. Slope of the site

Fig. 2. "Clay Tootj.h" and Peet Benk Arrangement Located
some 6.5-10 ft. from the Building.

a. Peat bank 515-16 in. deep and some 9 ft. wide)

b. Rich-'clay (about 2 ft. wide and not less then 58 in, ‘deep)
¢. Upper limit of the permafrost in October

- T d. Power station Puilding ’

DUDINKA WOODEN BUILDINGS ( POWER STATION)
Protection of the Permafrost and Buildings from Ground and Surface Waters
Source: G, O. Lukin. Conmstruction and Behavior of Foundations and Foundation
Pearing Layers under Small Industrial Structures in the Region
of ‘Dudinka (Akademiya Nauk SSSR. Trudy Instituta Merzlotovedenia
‘ im. V. A. Obrucheva, Vol. I, 1946),p. 56
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CHAPTER VII
IGARKA. EFFECT OF ITS PHYSICAL CHARACTERISTICS ON BUILDINGS
Location

Igarka is a port on the Yenisey river and a lumber irdustry center located
some 220 km. (137 miles) south of Dudinka,

Coordinates
Iatitude: 67° 30' N; Longitude 86° 35' E.

Physilcal Characteristics

Climate. Climatic conditions at Igarke are milder than those at Dudinka
mainly because the force of prevailing winds 1s weasker here. Winds are apperently
weaker because Igarks is located within the forest zore, The quality of local
timber, however, indicates thet the climatic conditioms al Igarke are still too
severe for 1ts proper growth. An idea of these conditiouns may be gained frow:

Data on Average Monthly Air Temperatures and Precipitation
{Year Unspecified)

Average monthly air temperature |Average Monthly Precipitation
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Maximm temperature observed: 31.4°C (88.5°F)
Minimum temperature observed: —59.9°C (=75.8°F)
Average duration of frostless period: 128 days

Wind: Southerly winds predominate in the winter.
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Soil and Permafrost. The Igarks soils consist for the most part of loessy
and sandy loams; coarse fractions are rare, Molsture content of these soils in
the state of thaw is classed as high, On the vhole, soils are similar to those
of Dudinka, but the permafrost conditions are less stable, Taliks are very
common; they are frequently found between the active layer and the permafrost
bed in the form of thawed layers. Permafrost bed temperature at a level of
constant yearly temperatures varies between —1° and 0°C (30.2 and 32°F). The
depth of seasonal thaw is, on the average, 1.8-2,0 m. (5.9-6.56 £t.); that
of the seasonal freezing (under snow blanket about 8 in. thick) may be around
3 m, (9-10 ft.).

Effect of Physical Characteristics on Bulldings

Like Dudinks, Igarkas was & wooden settlement in 1936. In the fall of that
year, test holes were drilled at several sites in the new part of the settlement.
This step was preliminary to erection of several new wooden buildings: kinder-
garten, moving picture theater, commmist party school,and children's nursery.
These buildings (not described in detail) were apparently completed in the summer
of 1937. In November 1937, & new set of test holes were drilled; they were
located in the immediate vicinity of both the set drilled in 1936 and the walls
of the newly erected buildings, A considerable rise of the upper limit of the
permafrost was observed, Near the children's mursery building, for example,
the following change in the depth of the upper limit of the permafrost took
place: - '

Fall 1936 — depth: 3.5-4,5 m, (11.5-14.8 £t.)
November 1937 — depth: 1.,4-2,6 m, (4.6-8.53 £t.)

The rise of the upper limit of the permafrost under structures is said to have
Dbeen eccompenied by a small drop in the temperature of the bed.

Thus, a tendency of the permafrost to rise under structures was observed
at Igarka, just as at Dudinka, but possibly to & lesser degree. At the same
time, a considerable number of housés were found to be deformed. In some
instances deformation was caused by the heaving of foundations, in others it
was definitely due to uneven thawing of the soil at the base of foundations.
As example of the latter is provided by:

School No. 1

Illustrations: None

Erected: 1931
Structure: Two-story Wooden structure

Foundation: Gorodki, laild on the surface

N
g
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Settlement: Building was settling unevenly. Observations were started
in 1932, By the fall of 1937, the south part of the build=
ing settled 13.2 cm. (5.2 1n.5, the north 21.1 cm. (8.3 in,).

Depth of It was established by drilling that the s0il under south
thaw: wall had thawed to a depth of 1 m, (3.28 ft.), under the
- north to a depth of 2.1 m. (6.9 ft.).

The uneven settlement of the building was evidently due to the uneven
seasonal thaw of soll under the gorodki. Of particular interest, however, is
the fact that the depth of thaw proved to be greater on the north rather than the
south side of the building. This suggests that the exposure was not the cause,
at any rate not the primary cause, of the uneven thawing of the soil. The real
cause 1s to be found in the effects of southerly winter winds which prevailed at
Igarka and were responsible for snow accumilations on the north and their absence

on the south side of the building. Uneven winter ccoling and freezing of the soil
at the base of foundations was thus taking place.

The influence of snow blanket (normally it is over 20 cm. or 8 in, thick) on
soil temperature at Igarks was experimentally demonstrated in 1937. Two test
holes were bored 10 m. (32.8 ft.) apart. Vegetation snd snow were left undisturbed
in the case of Hole No. 1; they were systematically removed in the case of
Hole No. 2. As & result, it was found after a year of observation that soil
temperature in Hole No. 2 was considersbly lower than in Hole No. 1, namelys

by 4.7°C (8.5°F) at & depth of 1 m. (3.28 £t.);
by 1.,2°ck(2.2°F) at a depth of 5 m. (16.4 ft.).

Sources

V. P, Tumel. Some Peculiarities of the Behavior of Foundation Bearing ILayersunler
Residential Structures in Northern Districts of the
Permafrost Region. (Akademiya Nauk SSSR. Trudy Instituta
Merzlotovedenia im. V. A. Obrucheva, Vol. I, 1946, pp. 16-2h)
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CHAPTER VIII
BRICK MANUFACTURING PIANT (AT OR NEAR NORIL'SK)
Location

The plant is said to be located approximately 90 km. (55.9 miles) east of
Dudinks. This places it at or near Norilrsk.

Physical Characteristics of the Region

Climatic Conditions. In general, the climatic conditions of the reglon
are similar to those of Dudinka. There are fewer storms, however, but they
are ususlly accompenied by heavy snows in the winter. Throughout the year,
southerly winds predominate, Average yearly wind velocity is 7 m/sec.(16 mph.);
maximum about 20 m/sec, (45 mph).

Topography and Vegetatlion. The region represents a borderland between the
mountain country end flat tuudra With lake systems and smsll predominantly flat
river velleys characteristic of the region. Marshy area are frequent on the
plain as well as in the mountains., The plain is also characterized by bare
round spot-medallions, typical of spotty tundra, and areas covered with small
mounds associated with the heaving of the soil. Bare spots may also be seen
on the hills; these are produced by strong winter winds which destroy vegeta«=
tion. At the foot of hills and mountains, the plain is marked by numerous peat
mounds permeated with ice. The plain is normally overgrown with small berry
plants and dwarf willow and alder bushes. The tundra forests (the so-called
forest-tundra) with stunted thin larches and dwarfed polar birches cling for
the most part to the valleys of stresms. Peat bogs of mershy areas are covered
with sedge and moss.

The soil. With the exception of smell exposed bedrock areas, the soil of
the region consists of comparatively recent depoeits of varying depth. Moraine
deposits, often containing considerable masses of buried ice and large-sized
stony detritus, predominate near the mountains. Sometimes the hollows in
the detritus are filled with loess and loam; sometimes the detritus occurs as
& mere inclusion (filler) in those soils. Gravelly sands are found occasionally
among these deposits. The soil of the flat-lands consists mainly of thick
deposits of loess-sendy loams, loams, and smgll-grein sands. Right under its
peat and moss covering, ice sheets and lenses of various dimensions are found
more than often. Moisture |content of the active layer is for the most part
close to that of saturation. Thus, in a state of thaw, the loessy soil acts
as quicksand; the only areas remaining in & stable condition are either small
well drained tracts with coarse soil in the plaing,or parts of hill slopes
where peat and moss covering is absent.
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The Permafrost. The position of the upper limit of permafrost veries
considerably. It is nearest to the surface in mossy and peat areas, and
farthest in stony places devoid of vegetation. Temperature of the active layer
depends on the type of soil, vegetation, and exposure, and fluctuates accordingly.
Temperatures observed at a depth of 0.5 m. (1.6 ft.) in large-granule soils
varied from 10°C to —25°C (50 to —13°F). Temperatures rise with the depth; at
constant temperature levels, they vary from 0°C to —7°C (32 to 19.4°F).

Brick Manufacturing Plant

Illustrations: Plates 34 - 145

Erected: 1936, by the permafrost preservetion method

Structure: One-story log structure with loft, annex, and open cellar

The Plant: The structure houses kilns, forming machinery, storage bins,
and office,

Total plent cepacity: 1,500,000 bricks per year
Principal equipment: 2 two=chamber kilns

Kiln chamber capacity: 10,000 bricks

Kiln firing temperature: 1050°C (1922°F)

Kiln firing fuel: Coal

Kiln warming fuel: Wood

Geologically speaking, the site is the bottom of a wide
ancient valley located at an "absolute elevation® (presumably
above sea level) of 95-100 m. (312-328 £t.). It slopes
imperceptibly to the northeast towsrd deep lakes. The
stunted vegetation surrounding the site comsists of: larch,
gsome 10-15 m, (32-50 ft.) high, 15-20 cm, (6-8 in.) in
diemeter; dwerf birch; willow and alder bushes; moss,
lichens, bog, bilberry, cloudberry, polson hemlock,

Plates 34-35 give the geological section of the site, and
indicate the depth of permafrost occurrence and the loca-
tion in plan and section of the test bore holes, K 1 = K 6.
It may be seen that approximstely between 0.1 and 2.7 m.
(0.33 and 8.9 ft.) from the surface, the upper layer consists
of heavy loam; the second layer, between 2.7 and 4 m,

(8.9 and 13 ft.), of heavy sandy loam (with small sheets and
lenses of ice); the third layer of light loess=-silt loam
with some inclusions of smell and large gravel and occa=~
sional 35-7 mm. (0.12-0.28 in.) thick ice sheets,
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Physical and mechanical properties of the soil composing these layers are:

Upper layer (heavy loam);

Natural (by weight) moisture .25
Total absorptive capacity .50%
Volume weight (structure disturbed) 1.92 g/emd (120 Ib/ftd)
Density 2.83 g/emd (177 1b/£t3)
Coefficient of permeability 0.000025 cm/sec.
(9.84 x 10-6 in/sec.)

Short term compressive strength

(sample temperature 16.5°F,

moisture 23.45%)

Second layer (heavy sandy loam):

Natural (by weight) moisture 31.5T%
Volume weight (structure disturbed) 2.21 g/emd(138 1b/£t3)
Density 2.85 g/emd(1T8 1b/£t3)
Coefficient of permeability: 0.00048 cm/sec.
(1.89 x 10~% in/sec.)
Short term compressive strength
(semple temperature 16.5°F,
moisture 26.8%) 57.1 kg/cm2
(117,000 1b/£t2)

Third leyer (light loess-silt loam):

Natural (by weight) moisture 34.41%
Total absorptive capacity 28.40%
Volume weight (structure disturbed) 1.92 g/emd (120 1b/£t3)
Coefficient of permeability 0.000057 cm/sec.
(2.24 x 105 in/sec.)
Short term compressive strength
(sample temperature 17.6°F, .
moisture 34.7%) 42.8 kg/cm?
(87,600 1b/£t2)

The above figures repi'esent average values.
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Plant The plant building (Plates 35-37) consists of a kiln
. construction: section with loft and ennex; the annex houses the plant
office and the press and mold section, which is connected

with an outside clay storage yard by a conveyer gallery.

Oversll dimensions:

Kiln section Annex
Iength: 30 m. 29&.!; £t.) 17 m. 255.7 £t.)
Width: 20 m, .(65.6 £t.) 13 m, (42.6 £t.)
Wall height: L4400 m. (14.4 £t.) 5m, (16.% £t.)
Cubage: 3540 m3 (125,000 £t3) 1020 m3 (36,000 £43)
Walls: 22 cm., (8.7 in.) logs braced with vertical wood clamps

Foundations: 124 larch wood piles driven with the aid of steam needles
to a depth of 2 m, (6.6 ft.) under the walls and wain floor
beams, The piles are paired under the longitudinal walls
of the kiln section,and single under the end walls and the
annex, The projecting pile ends are capped with logs.

In the kiln section, the capping under the longitudinal
walls and the mein floor beams 1s stiffened with notched-in
knee-breces; there is no bracing under the end walls or
under the annex,

Open cellar: The height of the open cellar under the kiln section is
' 1.6 m, (5.2 ft.), under the annex 0.9 m, ( 3 ft.).
Kiln foundation Plates 37-39
congtruction:

Excavations: Dimensions of foundation excavations for each kiln are:

length: 10.5 m. (34.b4 f£t.)
* Width: 5.2 m, (17.1 £t.)
Depth: 2.8 m. ( 9.2 £t.)
Grillage: The entire hottom of excavations is lined with a two-tier

solid grillaege made of 20 cm. (7.9 in.) logs, presumably
larch wood. The lower tier is placed longitudinally, the
upper crosswise, In this manner, the load transfer area
from the kiln to the soll is increased, the heat flow
reduced.

Crib: The grillage supports what may be defined as a twin crib.
It counsists of two cribs connected by four long tie parti-
tions pessing through both cribs. The individual cribs are
mede of 20 cm, (7.9 in.) local larch logs; they are 10.4 m.
(34.1 £t.) long, 1.25 m. (4.1 £t.) wide and 2.1 m. (6.9 ft.)
deep. They are filled with the soil teken from the excava-
tions.
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The erib capping consists of four solid decks:
Deck 1: 20 em. (7.9 in.j lo0gs across the crib;
Deck 2: 5 em. (2,0 in.) boards placed longlitudinally;
Deck 3: 20 x 15 cm. (7.9 x 5.9 in.) timbers laid crosswise;
Deck 4: 15 x 18 cm. (5.9 x 7.1 in.) timbers placed longitudinslly

Arched brickwork: The fourth deck of the twin crib capping serves as a
base for the kiln arched brick foundation. The main
dimensions of the foundation are:

Length: 10.32 m, ?5.9 ft.)
Width: 4,70 m. (15.4 £%.)
Height: 1.00 m. (3.3 £t.)
Arch rise: 0.40 m. (1.3 ft.)

The arch is stiffened by 25-30 mm. (0.98-1.18 in,) tie rods spaced at
2m, (6.6 £t.). The brickwork is protected from the effects of the heat
by 12 x 12 cm. (4.7 % 4.7 in.) air ducts under the kiln hearth. There are
11 longitudinal and 26 transverse air ducts. One end of each longitudinal
duct enters a 25 x 25 em. (9,8 x 9.8 in.) chamder connected to a common
smokestack, the other is linked with the air space under the foundation
arch. The transverse ducts traverse the entire brickwork passing through
an air chamber located under the hearth; they are always open. The gbut-
ment, moreover, contains 19 hollow spaces of 12.5 x 25 cm. (%.9 x 9.8 in,)
cross section. 3\

Notes on the Operation of the Plant

1. Permafrost Conditions under the Piles. The foundation piles were
driven between April and May of 1936 into the soil thawed with steam needles.
It was noted in the course of the clearing of the site in September-Qctober of
1936 that frozen soil around each pile had settled from 10 to 40 cm. (4 to 16 in.);
the funnels thus formed were filled with mud. This is explained by the fact
that the effects of the steam needle operatlons were still continuing and that
above-permafrost waters were making way to the funnels. (Experimental work
with pile driving with the ald of steam needle at Dudinka showed—Plate 40,
Fig. l—sthat steam needle produces & mud-filled “sack"). Despite the forma-
tion of the funnels, none of the 124 foundation piles elther settled or heaved
in the course of almost a year, the period of observation. Nevertheless, a
special measure was taken to preserve the permafrost at the base of the
structure; a tundre sod-peat-moss bank was laid around the piles under the
outside walls. The bank was 0.3-0.5 m. (1-1.6 £t.) high and 1.3-1.4 m.
(4.3-4.6 £t.) wide. Its purpose was to reduce the depth of thaw in the active
layer, which attained dangerous proportions during the firgt year of operation
of the plant. As may be seen on Plate 4O, Fig. 2, the measure was successful;
as of 11 August 1957, the depth of thaw was:

Outside the building (vegetation removed): 1.20-1.40 m. (3.9-4.6 f£t.)
Under the building: 0,65-0.85 m. (2.1-2.8 f£t.)
Under the bank; 0.38-0.60 m, (1.2-2.0 ft.)
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It was suggested thet the peat-moss banks be removed about September-October
to allow for uniform freezing of soil and laid back about end of April-day to
slow the rate of thaw in the soil around the piles. (A layer of ccal 30-40 cm.
(12-16 in.) thick was stored in the west part of the cellar; it was protected
from direct sunshine; as of 11 August 1937, the depth of thaw under the coal layer
emounted to 35 cm. (1.1 £t.), i.e. it was practically the same as under the
sod-peat-moss bank).

2, Permafrost Conditions under the XKilng., The construction of the kiln
foundations proved adequate. Although the foundation cribs were not provided
with vertical wood or steel clamps, no effects of heaving were apparently
observed. The upper limit of the permafrost, which in the course of construc-
tion reached a depth of 2.8 m. (9.2 ft.), returned to its original position by
11 August 1937 despite the fact that the kllns, with a firing temperature of
about 1922°F, had been in continuous operation since the middle of 1936.
However, the stability of permafrost was seriously threatened at one point. It
was established on 11 August 1937 that under the arch of Kiln No. 1, some 4 m.
(13 ft.) from its south end, the soil had thawed to a depth of 0.9 m. (3 f£t.).
The soil was so moist that feet sank in it, and water filled the foot marks;
at a distance of 2 m. (6.6 £t.) from the kiln, the depth of thaw as indicated
by soundings was even greatex., This was brought about by water penetrating
daily from the press-mold section into the cellar. The condition must have
been corrected at once, for "on the basis of the availsble information (1946),
the plant performed well until 1945; stability at the base of 1ts foundations
was preserved",

3. Soil Moisture Content and Temperature Observations. The mud funnels
around the foundation piles were at the surface; they were easily observed
and the situation remedied by sod-peat-moss banks. Observations of the effects
of construction and operation of the plant on soil and permafrost conditions
under the structure as a whole, as reflected by the meisture content and
temperature of the soil, were uundertaken 19 October 1936. In addition to the
test bore holes K 1 - K 6 (Plates 34-35), the ground was cleared at 9 points
(Plate 35); soil soundings were taeken; moisture content and temperature varis-
tions in the soil to a depth of 5 m. (16.4 ft.) were recorded, tsbulated and
presented in curve form (Plates 41-43). Analysis of the temperature data
indicates among othexr things that:

a. Along the entire length of bore hole K 1 (Plate 42, Fig. 1), the
temperature curves show & steady drop. This suggests that the soil was
gradually cooling, and that the soll temperature gradlent upset in the course
of construction and the boring of test holes was being re-established. Soil
temperature at a depth of between 2.5 and 5 m. (8.2 and 16.4 f£t.) appears
to have fluctuated somewhere between —1.5 and —2.3°C (29.3 and 27.9°F);
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b. Average temperaﬁures in the active layer along bore
K 5,and K 1,K Lkfor March and April 1937 were:

| Depth Temperatures
Holes im, March April

3, 5, 0 ~11.3°C 11.7°F | -11.6°C 11.1°F
b, 0 —5.6°C 21.9°F | —5.8°C 21.5°F

3, 5, -10.1°C 13.8°F - 9.7°C 14.5°F
4 — 3.9°C 25°F — 5.0°C 23°F

The above temperature filgures show that, within the active layer, sharp
temperature differences existed between adjacent points in the seme horizontal
planes, This is explained as follows:

(1) During the winter of 1936, prevailing winds were southwesterly
rather than southerly; snow sccumilated on the east side of the
plant;

(2) Bore holes K 1, K 4 located on the leeward side of the plant
were covered with snow, bore holes K 6, K 3, K 5 situated on
the windwerd side and in the open cellar were not. Hence the
temperature differences.

4, Pile Heaving Experiment. During the construction of the plant, a study
was undertaken of the nature and magnitude of possible heaving of the piles.
For this purpose, the following experiment was set up 27 September 1936. At a
distance of 9 m. (29.5 f£t.) from the plant, on its east side, was an area from
which vegetation layer had been removed some 3 months before the experiment.

A stepped trench was dug there (Plate L4, Row I). A bench mark and four piles
were installed in a row on the steps, and the excavation backfilled and tamped.
The upper limit of permafrost in the excavation was at a depth of 1.15 m.

(3.77 £t.) at the time. A second row of four plles was installed in line with
the first one in a similar excavetion, but in the tundra, 83 m. (272 f£t.) from
the south end well of the plant (Plate L4, Row II). The natural conditions

at that site were undisturbed prior to the experiment; the original vegetation
layer was 10-15 cm. (3.9~5.9 in.) thick. The upper limit of permafrost was
encountered at & depth of 0.5 m. (20 in.) from the surface. When the piles were
set, the soil around them was covered with a 20 cm. (8 in.) thick layer of
tundra sod and moss.

-
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Data on Plles

Pile length Plle length Plle length
above surface in active layer in permafrost
m, ft. m. £t. Tt.

First row, nearest the plant

1.97 1.15
1.73 1.15
1.64 1,00
1.48 0.50

cooo
NIOT:
RN

Second row, in the

0.5 k.92
0.5 3.28
Pile [disturbed, data incorrect
0.5 | 1.64 —

Evaluation of Experimental Data

The piles which were ilastalled during the period of maximum thaw of the
soil were surveyed with leveling instruments six times between 29 September 1936
and 28 January 1937 (Plate 45). The exact observed magnitude of the upward
thrust of piles due to heaving was the following:

Pile Upward thrust
mm, i

51
45
57
90
12
31

108

P AWV W

Study of the above data led to the following conclusions:

a, The deeper the pile is driven into the permafrost, the smaller
its upward thrust (Note: Pile No. 2 seems to constitute an exception);

b. Plle sunk in the active layer only show the greatest heaving
effects;
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c. Piles No. 5 and 6 show the least heaving effects. It is to be
noted that for pile No. 5 the ratio of the length of pile in the permafrost
to the length of plle in the active layer is 3:1; for pile No. 6, this ratio
is 2:1 (Note- It is presumed that pile No. 5 would have shown no heaving
effects at ell if the piles had been placed in position somewhat earlier, so
that by the time of seasonal freezing they could freeze together with the
permafrost);

d. The greatest heaving of the piles occurred between 31 October and
20 November (Plate 45). This period therefore, may be considered the most
dangerous for this particular region as regards the heaving of structures built
under soil and permafrost conditions similsr to those prevailing at the site of
the brick plant, The vigorous heaving at this particular time is explained by
the fact that the active layer freezes then, and by the end of November the
upper surface of the permafrost usually coalesces with the seasonally freezing
layer;

s, Simltaneously with the experimental pilles, five foundation plles
(4 corner piles and 1 under the middle of the eastern wall) were continuously
observed., As previously mentioned, neither these nor the rest (119) of the
foundation piles heaved or settled., This stabllity 1s ascribed to the combiva~
tion of the following factors:

(1) fresence of the sod-peat-moss banks around the piles;

(2) The selected ratio of 2:1 of the length of piies in the
permafrost to that in the active layer;

Marked drying of the active layer around the greater part
of the structure (apparently achieved by draining);

Considerable load carried by the plles, up to 13 m. tons
(28,700 1b.) per pile.

Sources
OO NE0

G. 0. Iukin., Construction and Behavior of Foundations and Foundation
Bearing Iayers under Small Industrial Structures in the
Region of Dudinka (Akademiys Nauk SSSR. Trudy Instituta
Merzlotovedenia im, V. A. Obrucheva, Vol. I, 1946)
pp. 80-101
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a. ((fice b. °ress and mold section Conversion Table
c. Drying section d. Coal stlorage : m. Tt
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TRICK MAIUF/CTURING PLANT (AT OR NEAR NORIL'SK)
Source: G. Q. Lukin. Construction and Behavior of Founcations and
Foundation Rearing Toyers under Small Industrial Structures
‘ in the Rkegion of Dudinia (akademlye Nauk SSGR.  Trudy
, Instituta Merzlotovedenia im, V. A, Otrucheva Vol. I.
1045 ) 0. 90
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Plan of the Plant Showing Observation Points
(bore holes - Ckb, clearings - PN)

a., (Office b. ?ress and mold section Conversion Table
c. Drying section d. Coal storage m. fte
2 e, Moss f. Kiln No. & . sArch - -
abutment h., Arch 1i. Kiln No. 1 1 3.28
J. Arch abutment k. Arch 1. @xperimental 2 6.56
. piles (Heaving:) m. Clay storage 3 9.84
n, Conveyer pallery " 13.1
5 16,4
17 55.3
20 65.6
%0 98.4
BRICK M/IUF/CTURING PLANT (AT OR NEAR HORIL'SK)
Source: G. Q. Lukin. Construction and RBehavior of Foundstions and
Foundation Rearing Jeayers under Small Industrial Structures
in the Region of Dudinka (Akademiya Nauk SSSR. Trudy
, Instituta Merzlotovedenia im, V. A. Obrucheva Vol, I.
1946) ,p. 90
PLATE 3% =
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Partial View of
Peat Banks Around the Piles

o PN N i .-
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R e

Fig. 2. View of the Middle Section of the Plant from the East
(Bulging Experiment Piles in Right Foreground)

BRICK MANUFACTURING PLANT (AT OR NEAR NORIL'sk)
Source: G. 0. Lukin., Construction and Behavior of Poundations and
Foundation Bearing layers under Small Industrial Struc 8
in the Region of Dudinks {Akademiya Nauk SSSR. Trudy
Instituta Merzlotovedenie im. V. A. Obrucheva, Vol. I, 1946);
Fig. 1 — p. 86; Fig. 2 — p. 82

PLATE 36
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.FY . 1. O5ide Wlevation of the Plant
[T J1 ser 1im. . of the permafrost as of 13- 2’( Sep. 1950
. Udner limit of the permafrost as of Il Aumust 1937

Pl 2. Kiln Foundations., Longitudinal and Transverse Sections
«. Usper limit of the permafrost as of 13-27 Sep. 1936 r
1. Uppec limit of the permafrost as of 11 August 1937

Conversion Tavle

- m. b m. L, o A
125 L1 T2.80 .20 T f
1.50 4.92 %:00 9.34 -
- 1.0 5.29 4,00 13.L1 .
- 2.00 6.56 - h.,h0 bk
_ 2.50 7.87 = 5.20 17.0
e .. 1 . _2:-&-75.53 6.00 Lq ‘ - —
2,75~ 9.03 = 8.10 6.6 * ~

. 1CK M NUF:CTIRING PLANT (AT OR NEAR NORIL'SK)

Sc s - Ge Co tukin, Cons..rur"‘ion und j:ehavior of Foundations and
Forndation erring fnyers under Small Indusirial Structures
in e Region of Dudinka (/iademiya NWauk 33553, Trudy

~ .1nstituta Merzlotovedenia im. V. A. Obrucheve, Vol, I,
i940) Fij. 1.-p. 3%; Fiz, 2 — p. B4

[
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Side levation of the Plant

of the permafrost as of 15-27 Sep. 1930
1. Uvmer limit of the permafrost as of 11 August 1937

Fiooo1l.
w, Upper iiml.

[ -
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Longitudinal and Transverse gections

. 2. Kiln Foundations,
. Usper limit of 'the permafrost as of 13-27 Sep. 1936
per limit of the permafrost as of 11 August 1937

! Conversion Table !

m. t. m. ft.

I 1725 L.1 2.80 ~9.20 g

‘ 1.50 k.92 3.00 ) 9.84 ‘

\ . [1.60, 2.2 4,00 13.1-
g 2,00 6.56 4,40 1h.b
- 2,40  7.87 5.20 17.0
2,60 8.54 6,00 19.7
2.75 9.03 8.10 26.6

1 ICK MWNUF/CTRING PLANT (AT OR NEAR NORIL'SK)

Jore::  G. €. 'ukin,

Construction und liehavior of Foundetions and

. Forndation Perrins !'ayers under Small Indusirial Structures

19L0)

in 7ne Region of Dudinka (/lademiya Nauk 5S3R.
1nstituta Merzlotovedenie im. V. A. Obrucheva, Vol. I,.-
Fi. 1 -p. 83 Fig. 2 - p. 34
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Arched Kiln Foundation

BRICK MARUPACTURING PLANT (AT OR NEAR NORIL'SK)

Source: @G. 0. Lukin, Construction and Behaviocr of Foundations and
Foundation Bearing Layers under Small Industrial Structures
in the Region of Dudinka (Akademiya Nauk SSSR. Trudy
Insgimta Merzlotovedenia im. V. A, Obrucheva, Vol. I, 1946);
s 05

PLATE 33
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Pdle 2 Pile 3 Pile 4
1st heat 2nd heat 1st heat 2nd heat lst heat 2nd heat

Fig. 1. Mud-filled “"sacks" produced by Steam Needles in
Permanently Frozen Loam with Ice Inclusions
(Experimental Pile Driving at Dudinkea)

Conversion Table

e, in,
.' 15 5091
pel . 20 7.37

o .25 9.8

A R 30 11.8

”T"“"“*j""'Z‘*’T‘“' YT 32 12,6

o ) 35 13.8

38 15.0_

Lo 15.7

50 19.7

) 55 2.7
60 23.6

65 25.6

67 26.4

73 28,7

79 31.1 .

80 31.5

85 33.5

90 35.4

98 38.6

100 39.4

140 55.1

200 78.8

Fig. 2. Effects of Peat Banks Surrounding Foundation
Piles on Permafrost
Ia. Under east wall b, Open site C. Upper rermafrost limit as of
11 August 1937 d. to the plant's cellar
IIa. Under north wall (opposite kiln arch) b. Onen site o. Upper
permafrost limit as of 11 August 1937 d. To the plant’'s cellar

e o

BRICK MANUFACTYRING PLANT (AT OR NEAR NORIL'SK)
’ Permafrost Preservation Under Foundations
Source: G. 0. Lukin, Construction and Behavior of Foundations and Foundation
Bearing lLayers under Small Industrial Structures in the Region of
Dudinka (Akademjya Nauk SSSR, Trudy Instituta Merzlotovedenis im.
- A. Obrucheva, Vol. I, 1946) Fig. 1 — p. 84; Fig, 2 — p, 87
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Pile 2 Pile 3 Pile 4

lst heat 2nd heat lst heat 2nd heat 1st heat 2nd heat

Coowny oun b
‘ focne | n/m:'.z wcne lf ywmapny Pa vy wporaviu Lgcoe [ songsin

Fig. 1. Mud-filled "sacksg" produced by Steam Needles in -
Permanently Prozen Loam with Ice Inclusions
. (Experimental Pile Driving at Dudinka)

Conversion Table

cm. in,
15 5.91
Y fap gy L mowpy 20 7.87
25 9.84
7 OmNBIMUR NNow adng, 30 11.8
it 32 12,6
3 13.8
38 15.0
40 15.7
50 19.7
:) 55 2.7
60 23.6
65 25.6
~ 2 c8owa 67 26.4
_ 73 8.7
4‘ H WV . R 79 ) 51.1
b y ‘ B 80 31.5
—;—______7 B S N e e B e e = 85 33,5
' 90 35.4
98 38.6
100 39. 4
140 55.1
200 78.8

Fig. 2. Effects of Peat Banks Surrounding Foundation
. Piles on Permafrost .
Ia. Under east wall b, Open site C. Upper permafrost limit as of
11 August 1937 d. to the plant's cellar
IIa. Under north wall (opposite kiln arch) b. Onen site c. Upper
permafrost limit as of 11 August 1937 d. To the plant’'s cellar

RRICK MANUFACTURING PLANT (AT OR NEAR NORIL'SK)

. Permafrost Preservation Under Foundations

) Source: G. ©. Lukin, Construction and Fehavior of Foundations and Foundation
Bearing Layers under Small Industrial Structures in the Region of
Dudinka (Akademiya Nauk SSSR, Trudy Instituta Merzlotovedenis im.
V. A. Obrucheva, Vol. I, 1946) Fig. 1 — p. 8k; Fig, 2 — p. 87

PLATE 40 -125-

b

: - 002-4
Declassified in Part - Sanitizéd Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

‘X:- Moisture# * Temperature: °C Conversion Table

- m. ft.
0.5 1.5

1.0 7.8

‘ 1.5 L.92
2.0 6.56

2.5 8.20

2,0 9.84

- /5.5 11.5

4.0 13.1

4.5 .7

5.0 16.4

Depth in meters

Fig. 1. Bore Hole K-1. Drilled: 11-15 October 1936
1. Heavy loam 2. Light sandy loam. 3. Loessy-silty loam L4, Ice . '
a S
’ Conversion Table

% Moisture# Temperature °C +2 35.6
: +1 33,8
. 0 32,0
) -1 30.2
-2 8.4
=3 ___ 26,6
" 4.8 7
8 N -5 23.0
3 -6 21.2
8 -7 19.4
g -8 17.6
. -9 15.8
- 8 -10 14.0
§ -1 12.2
: -12 10.4
. : -13 8.6
Ce—— _ __Fig. 2. Bore Hole K-2, Drilled: 22 October 1936 —14 6.8
1. Heavy loam 2, loessy-silty loam 3. Ioessy=siltty-sendy —— —15 - 5.0
loam 4. Loessy-silty sand loem with pebbles and gravel -16 3,2
5. Sand ’ : :
#Ratio of moisture loss in.drying to weight of
dry sample ]
BRICK MANUFACTURING PLANT (AT OR NEAR NORIL'SK)
80ils under the Structure. Their Moisture Content and Temperature
- Source: G. 0. Lukin, Construction and Behavior of Foundaetions and
Foundation Bearing Layers under Small Industrial Structures
in the Region of Dudinka (Akademiya Nauk SSSR. Trudy Instituta
Merzlotovedenia im. V. A, Obrucheva, Vol. I, 1946) p. 93
) .
' PLATE L1
-126-
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Depth in meters

Fig. 1. Bore Hole K-1, Drilled: 11-15 October 1936
‘1, Heavy loem 2, Light sandy loam 3. Loéssy-silty loam - 4, Ice

- ~ % Moistures Temperaturs °C Conversion Table
: i n, ft.
= 0.5 I8
2.0 3.28
<9 1.5 k.92
2.0 6.56
2.5 8.20
3.0 9.84
3.5 11.5
4,0 13.1
4.5  1h.T
5.0 16.h4

Conversion Table

BRICK MANUFACTURING PLANT (AT OR NEAR NORIL'SK)
8o0ils under the Structure, Their Moisture Content and Temperature
_ Source: G. 0. Lukin, Conmstruction and Behavior of Foundations and
Foundation Bearing Layers under Small Industrial Structures
in the Region of Dudinka (Akademiya Nauk SSSR. Trudy Instituta
) : . -Merglotovedenia im. V. A. Obrucheva, Vol. I, 1946) p. 93

“PLATE &1

. . L C

% Moistures . _Temperature °C 2 35.6

, g +1 33,8

. o 32.0

! -1 30.2

b ) T B3

=3 26.6

, 4 2.8

H - -5 23.0

S -6 2.2

-8 17.6

8 -10 14.0

§' -1 12,2

, . -12 10.4

S __Fig. 2. -Bore Hole K-2. Drilled: 22 October 19%6 -1k 6.8

1. Heavy loam 2, Loessy-silty loam —J; Loessy-siliy-sandy =15 5.0
— = - " .. joam-l. Loessy=silty sand loam with pebbles and gravel -16 3.2
~—— " #Ratio of mpisture loss in dr to weight of . :
| e sharts arying to vele: o
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% Moisture* Temperature °C © Conversion Table
m, ft.
0.5 %
ONaARCHOC IO . 1.0 3.
4 J . 21020 0 v 50 60% 1 Bon
2.0 6.56
2.5 8.20
3.0 9.84
3.5 11.5
4,0 13.1
4.5 14.7
5.0 16.4
Fig., 1. Bore Hole K-3.. Drilled: 21-26 October 1936 _— .
1. Heavy loam 2, Loessy-silty loam 3, Heavy Sandy loam :
% Moisture * Tempdrature °C g COnv?,‘x;eion 'i.‘;ble
+2 35.6
o] . +1 33'8
8 0 32,0
‘) & . -1 30.2
T 8 -2 a%lé
=3 26.
: 3 a
B -5 23,0
] —6 21,2
" =T = 194
3 -8 17.6
Fig. 2. Bore Hole K-k, Drilled: 27-30 October 1936 -9 15.8

1. Heavy loam 2. Loessy-silty loam 3. Loessy-silty loam -10 .. 14,0 '

-1 12,2
.with pebbles 4, Heavy sandy loam - 12.2
. -3 8.6
; ' , T —1h
* Ratio of moisture loss in drying to weight of —ig 5.2
dry sample., _ - 3.

BRICK MANUFACTURING PLANT (AT OR NEAR NORIL'SK)
Soile under the Structure. Their Moisture Content and Temperature
Source: ©G. 0. Lukin, Construction and Behavior of Foundations and
Foundation Bearing layers under Small Industrial Structures
in the Region of Dudinka (Akademiya Nauk SSSR. Trudy Instituta
‘ Merzlotovedenia im, V. A. Obrucheva, Vol. I, 1946)p. 94 R

J . - PLATE L2

-
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% Moisture* : Temperature °C Conversion Table
B m, ft.
SRaHCHOCTID Lnd B memnepanypbl 0.5 1.8
J 7_10 20 30 Y0 50 60% 10°-9° -8 ~7°~6° ~5°-4°-3° -2* - 1.0 3.28
77 ‘ 1.5 L.g2
2.0 6.56
2.5 8.20
3.0 9.84
3.5 11,5
-~ Lo 13.1
b5 14,7
5.0 16.4

Fig. 1. Bore Hole K=3. Drilled: 21-26 October 1936

- 1. Heavy loam 2. Loessy-silty loam 3. Heavy Sandy loam
% Moisture * Tempdrature °C Conversion Table
TR T oF
-
~ +2 35.6
2 5 % 3
v 1 .
] %r -1 30.2
- =3 - 26,6
4 4 . 24.8
o -5 23.0
A —6 21,2
-7 19.4
N . " -8 17.6
Fig. 2. Bore Hole K-4., Drilled: 27~30 October 1936 -9 15,8
' 1. Heavy loam 2. Loessy-silty loam 3. Loessy-silty loam —10 14,0
. with pebbles L. Heavy sandy loam -11 12,2
—12 10.4
-13 8.6
=14 6.8
* Ratio of moisture loss in drying to weight of —-15 5.0
dry sample. . -16 3.2

PRICK MANUFACTURING PLANT (AT OR NEAR NORIL'SK) )
Soils under the Structure. Their Moisture Content and TPemperature
Source: G. O. Lukin. Construction and Behavior of Foundations and
Foundation Bearing Layers under Small Industrial Structures
in the Region of Dudinka (Akademiya Nauk SSSR. Trudy Instituta
Merzlotovedenia im, V. A. Obrucheve, Vol. I, 1946)p. 94 .

PLATE 42
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% Moisture* Temperature °C QGonversion Table

Cht. k=8

Enaxcrocmo riemnepamypbl o m. ft.
) i 0 10 20 30 Y0 50 60 70 80 90 100% 18121110 -§°5* -7°-6* 5 Y°-§°-2°~(° G441 0.5 N
@ = 2 .0 5.8
ks s 1.5 4.92
é- 2.0 et
2.9 3.20
5 =0 9.8
'1-5 ‘l.}
ﬁ 4.0 z
3 . 1%.!
8 h.y k.7
5.0 1G4
959
Pig. 1. Bore Hole K-5. Drilled: 31 Oet-5 Nov 19%6
1. Heavy loam 2. Loessy-silty loam 3. Heavy sandy loam
4, Sand
- % Moisture * Temperature °C Conversion Table
x F
o 8naxcwocmb b K-6 measnepamyp bl .
3 10 20 30 U0% ~16°-15 14 AT 12%11*-1)°-g° -§* -7*-£° ~5° -4 +2 7.0
P i +1 4.3
g .| ‘0,2
g -2 8.4
4& -3 26,6
A 4 4.8
-5 23.0
—£ 21.2
iy 4 9.4
3 7.0
-9 15.8
-10 4.0
iy " 12,2
Fig. 2. Bore Hole K-6. Drilled: 9-1k November 1976 12 10k
1. Heavy loam 2, loessy-silty loam 3. Sand _l; B.h
L8

*Ratio of moisture loss in drying to weight of
dry sample.

BRICK MANUF.CTURING PIANT (AT OR NBAR HORTL'SK)
Soils under the Structure. Their Moisture Content and Temperature
Source: G. O. Lukin. Construction and Fehavior of Foundations and
Foundation Fearing Layers under Small Industrial Ctructures
in the Region of Dudinka (Akademiya Nauk SSSR. Trudy Instituta
Merzlotovedenia im. V.A. (brucheva, Vol. I, 10kc)

) Fig. 1 — p. 99; Fig. 2 — p. 96

PLATE 45 ‘
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% Moisture* . Temperature °C
CrY K~d

Qonversion Table

Bnaxcrocmb r emnepamypbl m. ft.
- ) 0 10 20 30 ¥0 50 60 70 80 90 100% ~13°-12° 1110 -§°-8° 7° -f‘ FeYo-go2° {0 Je1%] OTG 175
o S EII T | Y S G 1.0 3.28
§ 1.5 4,92
g 2.0 6.56
2.5 8.20
3 2.0 9.84
5 545 11.5
% 4.0 13,1
a \ 4.5 14.7
Cnbaacuna npobypena 31 X -S-A1-1936a \ \ 5.0 16.4
\ g5 9 b
Big. 1. Bore Hole K-5., Drilled: 31 Oct=5 Nov 1936
1, Heavy loam 2, Loessy-silty loam 3. Heavy sandy loam
4, Sand
% Moisture * Temperature °C Conversion Table
oc ] oF
@ Braxcvocmd ol K-§ mesnepamyp bl
by 0 1€ 20 30 U0% ~167 15714 AFTA20 U 10 gu_§° Fe-fo SO e ge g0 go posqesze +2 5.6
e + T g S aman z
g +1 )3.8 .
) 0 52.0
4 -1 30.2
4'::.7 -2 v 28,4
™ -3 26.6
. a 4 24.8
-5 23,0
- —6 21.2
-8 17.6
-9 | 15.8
. : : , -10 14.0
Fig. 2, Bore Hole K-6. Drilled: 9-1k November 1936 no2e
1. Heavy loam 2, Loessy-silty loam 3. Sand ‘g 13'2
] . -k 6.8
- i -15 5.0
*Re.tkio of moisture loss in drying to weight of 16 “ 2

- d\ry sample.

\ BRICK MANUFACTURING PLANT (AT GR NEAR NORTL'SK)
Soilg under the Structure. Their Moisture Content and Temperature
Source: G. (. Lukin. Construction and Pehavior of Foundations and
oundation Rearing Layers under Small Industrial Structurcs
n the Region of Dudinka (Akademiya Nauk @SSR. Trudy Instituta
Merzlotovedenia im. V.A. Obrucheva, Vol. I 1940)

“) ) Fig. 1 — p. 95; Fig. 2 — p. 96

PLATE 43
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L _ Expelimentpl Seteup'
" - ROW I, Piles located on o '
ROW IXI. Piles locatedy m“tﬁfmm hear the plant .
— & Datum pile b, Moss was remov o s
: ° d ed: 1-10 . C
’ Piles driven on 27 Sep 1936 e, Moss f‘.““m?z?s :{h.) a A

oty

d. Natural conditions left undisturbad as far as possible

Conversion Teble i - | "
m, t. " ) f; ' 3 - o g

- . A} N .

\ \ 0‘5 r&
\ o 1.0 3.28 T
" : L5 ko2 R
2.0 6.56 - T 3
2.5 8.20 . - S LA
& 4
BRICK MANUFACTURING PLANT (AT M
.» OR NEAR NORIL' .
Heaving. of Piles. Experimental Innltiptigxf) 4
Source: G. 0. Lukin, Const ' N o :
. . Tuction and Behavior of Foundat i . ST A
Dearing Layers under Small Industrial Structures in oo Regton of.

Dudinka (Akademiya Nauk sssk ' Co
im, v, A, Obmchen, Vol, I, 19;1:161;?.1;'51“__‘? Mar:lom“nh 2 e =

g

r

" PLATE 44
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D T ——
ROW I. Piles located on a cleared area near the plint o~
0 ROW II. Piles located in the tundra ' .

a. Datum pile b, Moss was removed: 1-10 June 1936;
plles driven on 27 Sep 1936 c. Moss (about 4 in,)

o d. RNatural conditions left undisturbed as far as possible
Conversion Teable
m, 1t.
0.5 1.64
1.0 3.28
105_ h¢92 B
2.0 " 6.56 -
2.5 8.20
»e=l '

BRICK MANUFACTURING PLANT (AT OR NEAR NORIL'SK)
Heaving of Piles. Experimental Investigation

- Source: G. O. Lukin, Construction and Behavior of Foundations and Foundation -
: Bearing Layers upder Small Industrial Structures in the Region of

Dudinka (Akademiya Nauk SSSR. Trudy Instituta Merzlotovedenisa
im. V. A, Obrucheva, Vol. I, 1946) p. 97

Yy PLATE b o
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Readings Taken:

T October 1936
14 October "
31 October "
20 November "
14 December "
28 January 1937

Heaving of Piles:

Pile Heaving (in.)

Q= AN W=

Heaving of Individual Piles, Graphic Representation
a, Length of pile in the active layer
b. Length of pile in the permafrost

LRICK MANUFACTURING PLANT (AT OR NEAR NORIL'SK)
o Heaving of pPiles, Experimental Investigation . <=
) Source: G. O, Lukin, Construction and Behavior of Foundations and Foundation
. Bearing Layers under Small Industrial Structures in the Region of
- Dudirika (Akademiya Nauk 35SR. Trudy Instituta Merzlotovedenia
im. V. . Cbrucheva, Vol. I, 1946) p.. 98 :

PLATE 45 ' . - «150~ —.
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Readings Taken:

7 Qctober 1936

14 October "

31 October "

20 November "

) 14 December "
28 Jamuary 1937

N

Heaving of Piles:
"Pile Heaving (in.) -

1 2,01
2 1.77
3 2,24
L 3.54
5 0.08
6 1.22
T ——
8 .25

R ~ .

Heaving of Individual Piles., Graphic Representation
8. Length of pile in the active layer
b. Length of pile in the permafrost

BRICK MANUFACTURING PLANT (AT OR NEAR NORIL'SK),

_ Heaving of Piles, Experimental Investigation

) ) ] Source: G. O. Lukin, Construction and Behavior-of Foundations and Foundation
e ’ Bearing Layers under Smell Industrial Structures in the Region of
Dudinka (Akademiya Nauk SSSR. Trudy Instltnt.a Merzlotovedenia

im. V. ‘. Obrucheva, Vol. I, 1946) p.

PLATE 45 D , =130-

Deblassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/Oél‘i7 : CIA-RDP81-O1043R003400130002-4

JRS L 770Y



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

e B . - . a -
g ST e AN vethey AN Y s T el o S b ek gy st

CHAPTER IX
NORIL'SK , STRUCTURAL EVOLUTION
I.ocg‘c:lon
Noriltsk is approximately 56 miles east of Dudinka, with thich it is
connected by railroad. In 1953, the settlement of Noril'sk was designated
8 town.
Coordinates
Latitude: 69° 20' N; Longitude: 88° 06!

Physical Characteristics

It was presumed that the brick plant described in the previous chapter was
in or near Norilt'sk; description of the main physicel chiaracteristics of the
Noriltsk reglon 1ls therefore to be found in Chapter VIII, pp.110-111 of thie
report. Additional information is here provided in the following table:

Data on Aversge Monthly Air Temperatures aund Precipltetion
(Year Unspecified)

Month,

m,

Average monthly alr temperature Average month precipitation
°F

m.

Jan
Feb
March
April
May
June
July
August
Sept
Oct
Nov
Dec

—15.7
—10.7
— 2.2
1.2
26.8
42,6
56.3
47.8
36.3
19.8
— k.2
- 902

13
8
7
8

19

53
6k

93
33
28
8
T

.

%NOOO\N\O\HN%%E

°

kS

GOO!—’H&NI\)I\)OOOOO
W W W O =3\

Yearly Average 16.5 Yearly 341
Total

Meximim temperature observed: 27.5°C (81L.5°F)
Minimum temperature observed: -52,0°C (—6L.6°F)
Average duration of frostless period: 113 days
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N . P S

Structural Evolution

1., Wooden Buildings

In 1937, Noril'sk was & wooden settlement, The type of dwellings and the
méthod of their construction were similar to those in Dudinka, Although the
soil conditions in some areas of Noril'sk (higher elevation) differ from
those at Dudinks, nevertheless the depth of thaw under the "Dudinka" type of
buildings appesars to be practically the same in both settlements. This con~-
clusion may be drawn from the results of an investigation undertaken at
Norilisk in September 1936 in comnection with the following:

Wooden Dwelling House. (Conditions under the Building)

Illustyetions: Plate 46

Erecteds 1932

Bite: Very gentle slope to the NE

Btructure: One~-story structure of log cabin type. Longitudinal axis
gg t‘bﬁ: :"b;eucture coincides with the direction of the slope

Construction: The overall dimensions of the house in plan sre 10 x 30.3 m,
(32.8 x 99.4 ft.).

The "plinth® (Plate 46, Fig. 2) is of soil and wood; its
he'ighg 16 0.4-0.5 m, (16-20 in.); it extends along the
walls and tightly seals a low cellar.

Foundations: Planks (not shown on the drawing)

Floor: Subflooring of 10 cm. (3.9 in.) logs,
T 20 cm. (7.9 in.) layer of dry seoil,

5 cm, (2.0 in,) air space,

5 eme (2.0 in,) boards

Soll and The soll contains high proportion of gravel and pebbles;
permafrost: this particular layer extends to a depth of some 12 m,
- (39 ft.)., The depth of the active layer varies from 1.5

to 2,0 m, (4.9 to 6.6 £t.); moisture content of the active
layer &s determined from samples taken near the walls of
the house varies from T to 126, The temperature of the
permafrost bed was observed with the aid of a test bore
hole located 15 m, (49 ft,) to the north of the house.
In the process of boring, the drill struck an 18 ft. thick

—l}a—
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mass of pure ice; it was buried between the 12 and 17.5 m.
(39 and 5T f£t.) levels., Results of bed temperature observa-
tions are summarized in the table below;

Data on Permafrost Bed Temperature

—n

Readings taken: Readings teken:

?
A3
£

16-20 June 1936 15 December 1936
°C °F °C °F

O = A\ & -

RBREE B o v
GHJIV(D—Q#PF‘E?EREB

10
*12
15
*¥17.5
>0
25

*

WAV £\
l0§§-4§;V)
OO M

—2.T 27.1 —10.1 13.8
_5.)"’ 22'5 21{'03
—6. 20.0 25.9
18.5 26.8
26.4
25.2
24,3
23.4
22.7
22.5

———

22.5

|
+=
L[]

.

A\ O OW O\ =]

|
VI U DWW

LY
*

N N)CD\NEDP‘V)#T\N

.
.

0 10 oW
|

VTR N ML B
RPRBEEE

[
.
*

d
.
=
R
.
o
i

23.0
25.2

R

L]

|
Fu | W
ol w

LE
e
\O +
|

¥Buried ice,

Investigation
and resuylts:

s

FATE

The investigation was undertaken to ascertain the depth of
thaw under the dwelling. (This was assumed to be at its
maximum in September). The position of the upper limit of
the permafrost was determined by sounding and, for the sake
of greater accuracy in view of the gravelly soil, by means
of & trench excavated under the bullding as shown on

Plate 46, Outside the building, 2.5 m. (8.2 ft,) from the
southeastern wall the thaw was 30 cm. (11.8 in,) deeper
than it was at the same distance from the northwestern wall.
The difference was apparently due to an uneven distribution
of snow around the building in the winter. On the 8th of
September, part of the floor was removed. It was found that:

a., Wall foundations consisted of planksj
b. The 2 to 6 in, thick layer of wood shevings and
chips left in the cellar had thawed;
c, The soil in the cellar had not yet started to thaw
(judging by the drawing, the depth of thaw in the
cellar was somehow determined to be 15 cm, or
5.91 in,);
There was humidity in the cellar., Three lower wall
logs around the building as well as the lower part
of the subflooring were almost entirely overgrown
with fungus. The condition of wood under the fungus
was perfect.
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2. First Mesonry Buildings (1937-1945)

] A number of masonry buildings, first in the annals of Norilt!sk, was erected
some time between 1937 and 1945. It was said about them early in 1946:

". « .Their outward appearance indicates as a rule that they are in stable condi-
tion. Observations carried on by the Permafrost Station show that in a number of
cases the permanently frozen condition of the soil under the structure has been
preserved., But there are also many signs that spoil the main picture., Appro-
‘priate data are being collected and studied by the Station . . . ."

3. Structural Appeararce (1958)

The two photographs of Noriltsk (Plate 47) apd the plan of its central part
Shown on Plate 48 appeared in 1957 in a publication commemorating the fortieth
anniversary of the development of Soviet architecture (it is not clear whether
the buildings shown on Plate 47, Fig. 2 were designed or completed in 1948-1949).
The photograph shown on Plate was apparently taken by or given to a correspon-
dent of a Soviet populer magazine who made a trip to Noriltsk by railroad from
Dudinka in 1958, He described Noril'sk in the following words;

", . . Everything astonishes you here by its dimensions.
A large splendidly built multistoried masonry town,
architecturally beautiful, fine school and Technicum
buildings, and such public squares as the October and
that of the Guards. Grandiose mining undertakings,
shops of the concentration plant, metallurgical plants

« o« o All of this is built on permafrosts . . . ."

The difference in appearance hetween the wooden Noriltsk of 1937 and the
masonry Noriltsk of 1948 should be rather marked. Taking for granted that the
photographs are true, the question arises how this structural transformetion
had been achieved. Scanty bits of information on construction by the perma-
frost preservation method at Noril'sk follow:

a. Construction of foundations during the summer is a common
building practice at Dudinks and Noril'sk;

b. "Norms and Technical Conditions,” NiTU-118-54, authorizes work on
foundations in surmer, provided definite measures are taken to ensure stability
of foundations (these "definite measures” may be enumerated in NiTU-118-5k,
unavailable during the preparation of this Report);

ce In bullding the "post" type of concrete or reinforced concrete
foundations, the digging of foundation pits and the use of concrete forms are
being avoided;

d, In the case of individual free-standing post type foundation,
the foundativn pits are drilled (appsrently in winter) by means of pneumatic
drills in the form of narrow shafts with recesses at the bottom, i. e., the
shafts are given the form of the projected foundations. Concrete is poured
in winter into the shaft against the frozen soil. Electric heating is used
in the process., It is said that savings amounting to more than L0% are
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achieved on foundation construction costs by dispensing with the use of concrete
forms, (Note: Loads for which such foundations were designed are not specified;
the method of their construction is undoubtedly economical , but the possibility

of structural defects seems to be greater than when the orthodox method is used).

e. With a view to ensuring the stablility of buildings and reducing
the cost of foundations, factory-precast reinforced concrete piles are used
at Noriltsk, Yakutsk,and other towns, The piles are sunk into the frozen soil
with the aid of steam needles and drilling equipment of the "Uralets" type.

k, Deformed Buildings

8. Norilr'sk Kombinat Bulldings

Some (or all) of the Noril'sk Kombinat builldings were designed by the
method of "gradual thawing of frozen soil under the building", After 10
‘years of operatlon, thaw craters under the large production shops where heat
was involved in technological processes, had reached "considerable" depth.
Uneven settlement of individual structures had become, on the whole, stebilized.
In spite of uneven settlement and tilting of foundations, some buildings had
remained stable; there was no interruption in their operation. (Note: The
implication seems to be that some bulldings in this groupd had not preserved
their stability).

b. Electric Power Station

The Power Station building erected by en unspecified method stood on
coarse-grain soil. Inspection discloged that waeter from a nearby undergroun
water system had penetrated into the foundation area. Uneven thawing of soil
under the foundations was thus speeded up. Uneven settlement of foundations
and tilting exceeding 0.0l followed. This brought sbout & "considerable"
deformation of the building and a temporary shutdown of the turbo-generators.

5. Temporary Instruction on Building Operation
(Buildings erected in the permafrost regions)

Operation of every building erected in the permafrost region is subject
to operational rules; these depend on the method of construction for which
this particular building was designed. Guidance as to the proper operation
of industrial and other buildings is found in the “Temporary Instruction on
Operation of Buildings and Structures Erected on Permanently Frozen Soils at
Noril'sk",

6. Permafrost Inspection (0Office)

Besides issuing the "Temporary Instruction", or possibly contributing to
its issuance, the Noril'sk authorities had also organized what appears to be
an Office of Permafrost Inspection. The duty of inspectors is s continued
supervision over the adherence to all the rules of bullding operation by those
concerned.,
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Note

Recent information shows that the leyout of some parts of Noril'sk was
not altogether well conceived, Presumsbly the planners lost sight of the
direction of prevailing winter winds when some streets were laid out in the
windward part of town. 8treets running at right angles to the direction of
wind at times became impassable because of snow drifts. (Plate 48 a, Fig. 1).
In places, snow fences are used to protect buildings (Plate 48 a, Fig. 2).
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Tumel, Some Peculiarities of the Behavior of Foundation Bearing
Layers under Residential Structures in Northern Districts
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Vilenskily. Designing of Foundations for Uneven Thawing Frozen
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Causes and Methods of Prevention, p. 92
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Fig. 1. Wooden Dwelling House Erected in 1932
A
' Conversion Table
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NORIL 'SK,STRUCTURAL EVOLUTION
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Fig. 1, Monchegorsk Street

Fig. 2. Stalin Prospect (Street), 1948-1949
View from the Square of the Guards

RORIL'SK, STRUCTURAL EVOLUTION
Source: Sovietskaya Arkhitektura, 1917-1957, p. 252

PLATE 47
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Fig. 2. Ogononek, No. 42, October 1958, p. 25
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Fig. 1. Plen of the Central Part of Town
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Fig. 2. The October Square, 1958 )

NORIL'SK, STRUCTURAL EVOLUTION

Source: Fig. 1. Sovietskaya Arkhitektura 1917-1957; p. 252
Fig. 2. Ogononek, No. 42, October 1958, p. 25
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Fig. 1. Snowdrifts in a Street Running at Right Angles
to the Direction of Prevalling Winds.

Protection of Pulldings from Snowdrifts,
Snow Fence in Left Foreground.
(Photograph token in 1957)

RORIL*!*SK, STRUCTURAL EVOLUTION
Source: Arkhitektwra SSSR, No. 1, 1959, p. 15

PLATE L,8a
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. CHAPTER X

YAKUTSK, ITS STRUCTURAL DEVELOPMENT
(Up to 1941)

Coordinates
Iatitude: 62° 00' N.; ILongitude: 129° 4O' E.

Physical Characteristics

Climate: Severe, continental, dry;

Maximum summer temperature (August): about 23°C (T73.4°F)

Average Jamiary temperature: —43.3°C (—45.9°F)
Rain (3 summer months): 100-110 mm, (3.94%-4.23 in,)
Snow: Moderate

Soil and Permafrost:

Yakutsk is situated on the second alluvial terrace of the Lena river

valley., It was founded in 1642, This fact is of importance insofar as the top
soil layer 1s concermed., That layer is called "cultural™ and represents a

\ 300 year accumlation of compost, building trash,and refuse intermixed with
loessy loam, In the oldest part of town its depth is between 1.5-1.75 m.
(up to 5.8 ft.). Its moisture comtent is up to 200% or even more; ice lenses

‘ 10-20 cm, (3.9-7.9 in.) thick are present. The effects of the "cultural" layer

manifest themselves in two respects:

a, The above-permafrost waters circulating through compost contain
considerable amounts of chlorine and sulfate ions in solution; they do not
freeze until their temperature reaches —3 or —4°C (26.6 or 24.8°F); the result,
in combination with other factors, ie thick mud (measures to combat it have been
taken through the years);

b, Heaving of light structures such as fences, gates, porches (in the
newly developed sections of town heaving is hardly observable).

Pernicious effects of the "cultural® layer are somewhat mitigated by
comparatively low summer and fall precipitation.

The "cultural® layer rests on & 1-2 m., (3.3-6.6 £t.) thick layer of loessy
and sandy loams; beneath the latter come beds of homogeneous small-grain sands;
loams become thinner at higher levels, and sands reach ground surface in places.

The thickmess of the active layer is roughly 2 m. (6.6 £t.)
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Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

The thickness of the permefrost bed was apparently never exactly estab-
lished. It is known, however, that in search of drinking water, the digging
of the famous "Shergin Well" or "Shergin Shaft™ was carried in 1837 to a depth
of 116,4 m. (382 £t.). Water had not been found nor was the permafrost bed
pierced; its lower limit, as later extrapoleted, was taken to be at 185 m.
(607 £t.). It has now been established (1958) that the thickmess of the bed
is 200-250 m, (656-820 ft.).

Temperatures of the permafrost bed close to or under bodies of water are
near 32°F, Soil temperatures as observed during 1939 in a former lake (£i11ed
prior to 1811) located within the town limits fluctuated between —5.3 and —T.keC
(22.5 and 18.7°F) at a depth of 8 m, (26.3 ft.). These temperatures proved to
be the same as those in other parts of the bed in Yalutsk or its viecinity.

Structural Development

Building stone and raw materials necessary for the mamufacture of brick
were almost non-existent in the region; but in the vicinity there wes an
abundance of structural timber which could be easily floated down the Lena,
This determined the structural development of Yakutsk primarily as that of a
wooden town. By 1941, there were over 2,000 one-and two-story wooden and only
about 40 masonry bulldings in Yakutek. Description of some of these buildings
follows,

l. Wood Construction

The local timber, mainly larch wood, proved to possess high structural
‘ qualities, under Yakutsk climatic conditions, at any rate. The proof is pro-
owmlilillyg vided b . _/II century fortress tower (on masonry foundations) which survived
into our days, and numerous larch wood buildings which stood for a century.

3 Certain methods of erecting one-and two-story residential, commercial and
government buildings evolved in Yakutsk toward the beginning of the XIX century.
They remsined practically unchanged to our days (1941). The buildings are of
log cebin construction, presumsbly with porches (Plate 49, Fig. 1). The chair
type of foundations predominates (with very few exceptions); they are laid at
about 4 f£t, in the case of private and at 1.5-2 m. (4.9-6.6 ft.) in the case

of government buildings., Floors are usually raised above the ground some
70-100 cm, (28-40 in.) in the case of residential and 20-30 cm. (10-12 in.) in
the case of unheated buildings. In some instences the space under the floor
(the cellar) is filled with soil almost to the subflooring. More often, however,
the cellar is left unfilled and building is surrouunded by a "plinth" of a
construction shown in plate 49, Fig, 2. The airvents in the "plinth" are sealed
tightly in the winter. They are left open through the summer to:

a, reduce cellar dampness;
b. prevent fungus growth.
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The "plinth" is also emptied of sawdust in the summer; experience had
showm that rot may spread from rotting sawdust to the building timber, It should
be noted that this is a XX century practice.

The so-called cold cellars are bullt under warechouses and other non-resi-
dential structures; as a rule, they are flooded with water which freezes in due
time, The warm cellars (for vegetables and other produce) are built in resi-
dential bulldings to this day, usually near the kitchen stoves.

The problem of stove and oven foundations (very troublesome until the early
settlers learned from the local tribesmen how to keep the stoves from sinking
into the ground) does not seem to exist any longer. There is no standard type
of foundation for stoves (1941), but they appear to function successfully on
chair or solid rubble foundations. Cracking of stoves is ascribed for the most
part to overheating and to poor quality of brick.

As far as the deformation of wooden structures is concerned, extensive
study of archive materials has indicated that deformation was due almost
entirely to causes other than the effects of permafrost. This 1s explained by
the fact that under the Yakutsk soil and permefrost conditions and the adopted
method of construction, wooden bulldings are too light to be affected by settle-
ment, and manifestations of bulging force are not great enough to deform them
by heaving.

2. Mssonry Construction

The first one-story masonry structure, the Governor's Office, was erected
in 1707, Showing heavy signs of deformation, it nevertheeless functioned as
Artistg' Home in 194l.

Among other old masonry buildings which still served other than their
original purpose in 194l were:

The Trinity Church, completed after 1715, now the Yakutsk Theater;

The Mother of God Church, brick, erected in 1773, now the
Geological Administration;

The Spassky Monastery, brick, erected in 1786, now the Archives.

Foundation, plinth and wall brickwork of these edifices was strongly
affected by weathering; the thawing of the soil at the base of foundations
was uneven; yet cracks characteristic of settlement or heaving were totally
absent, Observation of these buildings over & period of four years (1936-1939)
yielded the following:

“ W
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Date on Thewing at the Base of the Archives Building

Depth of foundations | Soil temperature at a Depth of
Exposure depth of 6 m. (19.7 f£t.) thaw
Soil Maximim Minimm m, ft.

North 2m. (6.6 £t.) —2.7°C 27.1°F| —6.1°C 2L°F [1.6 5.2
South Well drained sandy
soil —2.0% 28.4°F| —3.6°C 25.5°F 2.45 8.0

Thus the thaw at the south end of the base extended to a depth of 0.45 m.
(1.5 £t.) below the foundation, but there were no settlement or heaving cracks
in the walls of the bullding. The stability and long life of these structures
are ascribed to:

a. Location on well drained elevated sites composed of homogeneous
sands and containing few ice inclusions;

b. The thickness of their walls (up to 50% of the building's
total area).

In the course of the XIX century only a few mesonry buildings were erected
(continuous wall foundations at 6.6 ft.; wall thickness sbout 3.3 ft.); of
those built toward the very end of the century, 5 remained, but only one in
satisfactory condition.

At the begimning of the XX century, interest in masonry construction
increased. Between 1900 and 191k, a total of 15 masonry buildings were erected,
among them: L residential, 5 government, 2 industrial, 4 commercial. Founda-
tions were made stronger and laid deeper; a trend toward the eventual develop-
ment of the permafrost preservation method was beginning to be discernible.
This trend is well illustrated by the construction of:

The Bishop's House, now a Museum

Illustrations: Plate 50
Erecteds 1911

The Soil: The site is characterized as dry. Its geological section
is given as follows:

ft.)
0 ft.)
1 ft.)

loessy loam .60 (2.
.60

0
loessy sand m. (
smell grain sand 35 m, (
heterogenous grain

send over 3.00 m. (9.8 ft.)
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1




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

e e g .-
i M3 A PE § 20 s S a

Soil temperature at & 6 m. (19.7 f£t.) level (four year
observations) fluctuates between —3.6 and —6°C (25.5 and
21,2°F). The greatest depth of thaw at & distance of
3,3 £t. from the south wall is 2.25 m. (7.4 £t.).

Structure: Two-story wall-bearing brick
Heating: Stoves on rubble foundations

Foundatlons: Rubble, on a solid larch wood grillage of 25 x 25 cm.
(9.8 x 9.8 in.) square timbers; the rubble masonry is
reinforced by larch wood timbers as shown on Plate 50, Fig.
Exterior wall foundations are laid at 2,25 m. (7.4 £t.);
interior walls, said to be substantial, rest on foundations
1laid at 2.85m. ( 9.4 ft.) (Note: According to the sketch
foundations are laid at 2.5 m. or 8.2 ft.).

Described as "double and warm" (probebly with insulating
material and air space)

The height of the cellar is 25 em. (9.8 in.); it is venti-
lated through 30 x 15 cm. (11.8 x 5.9 in.) air vents in the
plinth. As is customary throughout Yakutsk, air vents are
opened during the summey and closed in the winter, The
maximm depth of thaw under the structure is estimated to
be 1.7-1.8 m. (5.6-5.9 ft.). Because of the cellar and
despite the fact that the alr vents were kept closed in the
winter and opened In the summer, the permafrost under the
building was preserved. 1939-1940 observations showed that
its upper limit had moved upwards except near the stove
foundations.

Deformation: Small cracks 0.5-1.0 mm, (0.02-0.04 in,) wide near the
windows around the building; cracks in interior walls
near the gtoves. The building is saild to be in satisfactory
condition but is being inspected at regular intervals.

There is no explanation for the strengthening of foundations with
2 rows of larch wood timbers, It is possible that the designer:

(a) sought to reduce the heat eonductivity of foundations;

(b) anticipating possible uneven thawing at the base of founda-
tions, strengthened the latter to take up shearing and bending forces.

World War I and the revolution brought building activities to a
sudden stop.

Mesonry construction was resumed only in 1925. Between 1925 and

1940 the following 13 new such buildings were erected: 1 residential,
1 school, 11 industrial, By 1941, 6 of them were in good order,
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2 were deformed, information is lacking concerning the remaining 5.
The following buildings were erected in this period:
(a) Water pumping station (for industry);

(b) Central Power Station and 2 other buildings by the perma-
frost preservation method.

a, Water Pumping Station

Illustrations: None

Purpose: Water supply for an unspecified fairly large industry
Erected: 1937

Location: Near the Lenas river channel, 30 m. (98 ft.) from the crib
bulkhead strengthening the river bank

Soil and Alluvisl sands of varying coarseness. Soil temperature
permafrost: prior to construction: about —2.5°C (27.5°F)

Structure: Round tower; inside diameter - 10 m. (32.8 f£t.)

Construction: Wall: reinforced concrete; 65 cm. (25.6 in.) thick. The part
T of the wall in the soil is 11 m. (35.1 ft.) deep; it is
sheathed with 15 cm, (5.9 in,) square beams; the part sbove
the ground is 6 m. (19.7 ft.) high; it is surrounded by a
2m. (6.6 £t.) bank of unspecified material (probably soil),

Foundations: Four-tier larch wood grillage, 1 m. (3.3 ft.)
thick; solid reinforced concrete slab, presumably 2 m.
(6.6 £t.) thick

Heating "appliances" (not described) are located 0.5 m,
(1.6 £t.) and 4.5 m. (14.8 ft.) ebove the floor (construc-
tion unspecified),

Operating Heat radiated by the steam lines from the boiler room

conditions: to the tower and water leaks from the settling tank were
affecting the soil temperatures along almost the entire
depth of the structure as well as at the base of founda-
tions; these temperatures were reaching the “positive"
readings (32°F or somewhat above).

Deformation: No signs of deformation were noted after a period of
5 years elther in the tower or in the outside piping
connected with 1t,

1 b8
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b. Central Power Station
(Plates 51-53)

This four-story masonry power station was the first structure to be built
at Yakutsk by the permafrost preservation method (erected in 193%4-1935).,

Construction of Foundations

Type and Depth of Foundations. Foundations consist of individual rein-
forced concrete columns resting on pyramidal reinforced concrete footings. The
columns are 0.5 x 0.5 m. (19.7 x 19.7 in.) in cross section; they are tied with
reinforced concrete wall beams which support reinforced concrete floor slab
and brick penel walls. The footings are laid at a depth of 4.5 m. (14.8 f£t.)
and rest on a one-meter (3.3 ft.) deep two-tier larch wood grillage. Soil
pressure is 3 kg/cm? (6,140 1b/£t2),

Plan of foundations is shown in a diagram on Plate 52, Fig. 1. Section
of an individual foundation is given in a diagram on Plate 52, Fig. 2, (the
diagram suggests that the foundations are laid somewhat deeper than indicated
in the text).

This type of foundation was selected because 1t reduces the danger of
deformation of buildings due to the bulging of the soil when the active (upper)
layer freezes in the fall.,

The foundation columns present a small surface for the formation of
a bond with (freezing with) the soil. The strength of the bond may at times
be sufficient to put part of a columm in tension; the amount of tension depends
on the roughness of the surface of the columns and the structure of the soil.
The bonding of columns with the soil is apparently prevented by facing the
underground parts of colums with iron (probably galvanized iron sheets) and
surrounding them with coarse sand and gravel (to a depth of 2,5 m. - 8.2 ft.
in Yakutsk).

Instructions on Procedure for Building Foundations. Imnstruction on
procedure to be followed in erecting foundations for the Yakutsk- Power Station
were prepared by "LOIS" (possibly Leningrad Branch of the Institute of Communi-
cations). They contained the following points:

1. PFoundations are to be built in the winter so that they may
become anchored in the permafrost in the course of the winter.

2. Footings are to be precast in & temporary enclosure; foundation
excavations are to be prepared 10 days in advance and exposed to natural
freezing.

3. When an excavation around a foundation is to be filled, the
backfill is to be placed in layers allowing for gradual freezing of each
individual layer.
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4, Wnen foundations are poured in place, the soil is to be exposed
to freezing before the pouring takes place; concrete is to be poured on a deck
composed of larch wocd beams, In case the footings are precast 1ln & temporary
enclosure, they are to be exposed to cold (exposure length unqucified) before
they are lowered into the excavetions and the latter are backfilled.

5. The surface of the columns which is In contact with the active
layer of the soil is to be iron-sheathed and surrounded with coarse sand.

6. If the foundation construction work is not finished by spring,
the excavations are to be filled with soil and left undisturbed until the next
winter; when the excavations are dug agein, they are to be exposed to freezing
before the work on foundations is resumed.

Foundation Building Procedure as Carried Out in Practice. For various
reasons,but primarily because of the shortage of labor and materials, the above
Instructions were followed only in part. The work, it appears, was done in
3 stages:

Stage 1. Pfecasting of the footings was started in the summer in the
immediate vicinity of the future excavations (Plate 53).

Earthwork for the first two foundations wes done at the end of August,
These foundatlons were to be experimental, built under summer conditions. The
experiment seems to have falled. Special wooden huts were bullt to protect
excavations from the sun, but the level of the summer thaw reached a depth of
110 em, (43 in.), Beyond that lay the permafrost, Water was seeping into
excavations; its level was 20-30 cm. (8-12 in.) high overnight. Whenever work
was interrupted, excavations were covered with double covers and a quantity of
moss. Nevertheless, the seepage continued. Finally, the space around the
footings which had already been lowered into excavations was filled with soil
to the entire height of the footings; work was suspended, only water was pumped
out periodically. When work was resumed at a later date, the soil at the base
of the footings became frozen, and the seepage of water ceased.

Excavations for 30 foundations in all were started under summer
-conditions (those could be foundations No. 24 through No. 53, Plate 52, Fig. 1)

, Stage 2. The month of December marked the beginning of the second
stage of construction. During that stage the following was accomplished:

(a) Nineteen footings, some weighing up to 6 tons, were precast
in the central temporary construction enclosure, Heated
concrete was used in the process. After 28 days of hardening,
the footings were lowered into excavations; their temperature
at the time was 10°C (50°F) in the lower part, and 20-22°C
(67-T1.6°F) at a height of one meter (3.3 ft.S
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(b) Foundation for a 750 kw. turbine wag pour=d in place on perma-
frost., The operation required 50 wd (65.4 ya3) of concrete and
was performad under a temporary euclosurs. The concrete was
protected from the effects of perwafrost: on the bottom by
larch wood grillage, 3.3 ft. thick; on the sides by a 20 cm.

(8 in.) lsyer of sawdust and the concrete form. Twn cast-iron
stoves were used to heat the upper surface of the foundation.
On the third day after its cempletion, two Instruments were
placed upcon it for observing its movements.

Stage 3. This stage lasted through the months of March and April.
"I!he following was done in the course of those Z months:

() Twenty-four ‘footings, the heaviest weighing 14 tons, were
poured in place or precast and lowered into their excavations.

(b) All footing columns were pourcd to the level of the ground,
Thig completed the congtructior of foundations.

By this time, temporary enclosures were erected over each foundstion.
They were heated contimuously, but thils seemsd tu have had no effect upon the
temperature of the soil; as no seepage of water wus observed. On the other
shand, the enclosures protected the excavations from the rising heat of the sum,
which did affect the scll tempersture.

The temperature of foundations was maintaived above 32°F for a month
* after théir completion; sxrcavations were thenm Filled.

Foundation Movement Observations. Two inetruments installed on the turbine
foundation (Plate 52, Fig. 1) indicated that the movements of the foundation
due to the effects of permafrost ceased om the 9th of February, when heating of
its enclosure was discontimiecd. With the resumption of heating on the 15th of
March, the movement was observed again.

Foundation and Soil Temperature Observations, Temperature of concrete
at various levels of the foundations and of the s3il in the immediate vicinity
of footings was observed by means of thermocouples (Plate 52, Fig. 2), The
thermccouples were placed in some footings in the morth and south parts of
the structure as well as in a foobting under the beller. In addition to the
thermocouples, a number of mercury thermometers were lowered into the ground
(Plate 52, Fig. 1).

Plotting of temperature readings showed the rate of cooling of concrete
in footings, aud simltaneously the initial rise of temperature of the perma-
frost near them. After six weeks, the temperature curves converged in two
clusters. This indicated that such over-cooling of permafrost as had taken
place in the course of the comstruction of fourdations went into counter-
acting the effects of heat imparted to the scil during that period; the
supper limit of permafrost was znot upset permanently.

~149.
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The curves of the average monthly temperatures as recorded by the thermo-
. couples showed that:

(a) At a depth of 1.5 m. (4.9 ft.), the temperatures followed the
average monthly temperature readings of the air.

(b) At a depth (unspecified) below 4.9 ft., a rise of temperature
was teking place in September when the tempersture of the
outside air was falling to 32°F and lower.

Note: Observations made at the building site led to the conclusions that:

(a) Earthwork preliminary to the construction of foundations
(apparently in the Yakutsk or similar conditions of permafrost)
is best started et the beglaning of the fall. The thawed upper
layer of the soil is then easily removed aund the site drained
(draining method unspecified). The most economical procedure
would be to precast the footinge in sumer, lower them into
excavations in winter, and pour the foundation columns in place
vefore frost subsides. The summwsr building season may thus be
devoted to work on the superstructure,

(b) Spring rains may cause trcuble. Combatting water in the fall

is very difficult, and the state of permafrost will undoubtedly
be upset.

The Yskutsk Central Power Station wes completed during the 1934=1935
building season. Permafrost conditions under the structure must have been
made subject of prolonged observations; not until 1940 were other two building
(type and purpose unspecified) erected by the permafrost preservation method.
In the meantime, study and experience with ventiiated cellars at Yakutsk
seemed to suggest that:

(2) The depth of foundations could be reduced to 3-3.5 m.
(9.8-11.5 ft.);

(b) Cellars need not be higher than 0.5-0.6 m. (1.6-2.0 £t.)

Only one building (type unspecified) was erscted by the permafrost
preservation method in 1941, Then came World War II.

Sources

N. I. Saltykov. Structural Foundations at Yakutsk.
(Akademiya Nauk SSSR. Trudy Institutae Merzlotovedenisa
im, V. A. Obrucheva, Vol. I, 1946) pp. 102-135

V. F. Zhukov. Construction of the Yakutsk TsES Foundations on
Permafrost. Stroiteltnaya Prowmyshlemnostf, No. 5,
March 1937, pp. 12-15
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Fi:. 1. Shops at the Little Market, Lrected in 1831

Yuzmyd non
waska v saceinka

Fig. 2, Typical "Plinth" Construction
Cellar height: 0.8-1,6 ft,

a. Sawdust b, Floor c. Daubing and
fill 4. Subflooring e. Soil
f. Trash

YAKUTSK, ITS STRUCTURAL D:VELOPMENT
Source: N. I. Saltykov. Structural Foundations at Yakutsk (Akademiya
Nauk S553. Trudy Instituta Merzlotovedenia im. V. A. Obrucheva
’ Vol. I, 1946) Fig. 1 — p. 106; Fig. 2 — p. 118 ’

PLATE 49
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Fig. 1. -Shops at the Little Market, Erected in 1831
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Fig. 2. Typical "Plinth" Constructicn
Cellar height: 0.8-1,6 ft.

a. Sawdust b. Floor ¢, Daubing and
£ill d. Subflooring e. Soil
f. Trash

YAKUTSK, ITS STRUCTURAL DEVELOPMENT
Source: N, I. Saltykov. Structural Foundations at Yakutsk (Akademiya
Nauk SSSR. Trudy Institute Merzlotovedenia im. V. A. Obrucheva,
, ‘, Vol, I, 1946) Fig. 1 — p. 106; Fig. 2 — p. 118

PLATE 49
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Fig. 1. The Museum, formerly the Bishop's House, erected in 1911
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Tig. 2. Section Through the Museum Foundations

a. Floor b, Cellar .c. Larchwood beams (9.84 x 9.8L in.)
d. Permanently frozen sand

YAKUTSK, ITS STRUCTURAL DEVELOPMENT
: Source: N. I. Saltykov. _Structural Foundations at Yakutsk (Akademiya
~ Nauk SSSK. Trudy Instituta Merzlotovedenisa im., V.A. Obrucheva, .
: Vol. I, 1946) Fig. 1 — p. 113; Fig. 2 — p. 112 :
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PLATE 5 _152-
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¥ig. 2. Section Through the-Museum Foundatlons

a., Floor b. Cellar c. Larchwood beams (9.84 x 9.84 in,)
d. Permanently frozen sand

YAKUTSK, ITS STRUCTURAL DEVELOPMENT
Source: N. I. Saltykov. Structural Foundations at Yakutsk (Akademiya
. Nauk SSSR. Trudy Instituta Merzlotovedenia im. V.A. Obrucheva,
Vol. I, 1946) Fig. 1 — p. 113; Fig. 2 — p. 112

PLATE 50
- ’ . 2 . -152-

Declassified in Part - Sanitized Copy Approved for Release @ 50—Yr.2014/06/17 : CIA-RDP81-01043R003400130002-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

44444

Personnel Service Annex

The floor rests on columns above the ground.

YAKUTSK, ITS STRUCTURAL DEVELOPMENT (POWER STATION)
. Source: Stroitel'naya Promyshlennost*, No. 5, 1937, p. 12

PLATE 51
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Fig. 1. Rlan of Foundations

Yen mipho mrobova

Fis. 2. Soil Temperature Measurcment
under Foundations by Means of a
Thermocouple

YAKUTSK, ITS STRUCTURAL DEVELOPMLNT ( POWER ST TION)
Source: Siroitel 'naya Prorrwshlcmnost', No. 4, 1957, vp. 12-14
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1. Thermocouple location

2. Mercury thermometer location

3. Foundation movement observation
instrument location

4, Foundations precast near the
excavations

5. Foundations precast in a temporary
enclosure

- 6. Foundations poured in place

Fig. 1. Plan of Foundations
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Fig. 2, So0il Temperature Measurement
under Foundations by Means of a
Thermocouple

Com

YAKUTSK, ITS STRUCTURAL DEVELOPMENT (POWER STATION)
Source: Stroitel'naya Promyshlennos%’ No. 5, 1937, pp. l2-14

PLATE 52
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CHAPTER XI

LARGE-PORE (SANDLESS) CONCRETE AS WALL CONSTRUCTION MATERIAL
IN THE ARCTIC (TIKSI)

Location

Tiksi, Yakutskaya ASSR, a settlement of urban type, is a port on the
Northern Sea Route. Its development was started in 1934.

Coordinates
latitude - T1° 35' N.; Longitude - 128° 56' E,

Climatic Conditions

Long poler nights with low temperatures and smow storms (Plate 56 a).

Building Materials Situation

Brick, small-size concrete blocks and wood served as building materials.
Delivery of brick to this remote place is difficult and expensive; wood as
building material is undesirsble under arctic conditions from the point of
view of fire hazard. There is no rock or slag in the region but there are
unlimited local gravel deposits. These are fouad in mounds varying from 0.2 to
1 m, (8-40 in,) in thickness in the Neyelovo Bay and in the estuary of the
Snezhnaya River.

Construction of a Concrete Plant and Increased Building Activity

In 1956, to relieve the building materials situation by teking advantage
of the local gravel deposits, a small concrete plant was bulilt, Even so modest
a heated plant enabled the builders to make due preparations in the course of
the long polar night for the brief summer building season.

. With the plant in operation, the "Tiksistroy" collective organized the
production of large-pore concrete wall blocks and started the comnstruction of
two-story, eight-apartment residential structures, the Radio Center wing and
State Bank branch.

Large-pore concrete walls both poured-in-place and composed of blocks are
shown under erection in photographs on Plates 54, 55.

Components and Equipment of the Plant

A diagram of the plant in plan and section is shown on Plate 56, The
main units and equipment of the plant are:
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Concrete mimer ingtellation (capaelty: 250 litevs o 0.35 M)
Beller end puamp roems (large-pore coucrete walls penrsd-la-piaca;
Fleld laboratory

Reinforcement shop

Heatad shop for winter grevel sifting 2nd weshilng (to be built
Two gteam chembers

Send, gravel,and cement bins

Steam coll for heatlng gravel and sand

Nerrow geuge tracks with turmtebles

Trucks and 2 winch

Cazeclty and Production of the Plant

The capecity of the plant, dependsnt on the capecliy of 1ts steam chambers
amounts to 15.12 m3 (19.8 yd3) per day or 378 md (4Sk yd3) per month of comerst
1tems,

The plant produces:
l. large-pore councrete

2. large-pore conecrete blocks (for walls
£2 %
3., Ordinary conerete structirzl members

1. Date on lerge-Pore (Sazndlzss) Concrete

Cementi Cowposition Cement per t | Volums Weignt 'Concrete!
by Volume Conerete of Concrete Obtained:
¥ark | Cement | Gravel | Gravel Coaraeness|Unit - Mserk |
.t
]

@, vg/m’{1b/yd~ kg/m? |1b/T%7 |
|

1

85 | 143
85 | 143
110 | 186
110 | 186
130 | 219
150 | 253

1,815 13 115
1,620 101 15
1,895 118 25
1,695 105 25
1,900 118 35
1,950 12 50
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2. Productlon Process of Large~Pore Concrete Wall Blocks

large~pore concrete of the composition indicated in the table above is nov
tamped in the block forms, only leveled. The forms are then moved into steam
chambers where the temperature ls maintained at 50-75°C (122-167°F) and where
they remains for 12 hours; upon removal from the steam chambers, the forms are
placed in a cooling chamber where the temperature is kept at 14=16°C
(57.2-60.8°F). After 48 hours in the cooling chamber, the blocks are removed
from the forms and stored or taken directly to the bullding site,

~157-
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Dimensions of the blocks are:

150 x 70 x 60 cm. €59.1 x 27.6 x 83.6 in.)
75 x T0 x 60 cm. (29.5 x 27.6 x 23.6 in.)

3. Production of Ordinary Concrete Structural Menbers

Construction of a standard two-story, eight-apartment residence requires
600 large-pore concrete blocks (total volume: 375 md or 490 ya>). Thus, the
output of the plant supplemented by that of the yard (which can function only
during the summer) may provide sufficient large~pore wall material for build-
ing 10-12 such residences per year. This being unnecessary, a part of the
productive capacity of the plant is being used fcr the manufacture of structural
menbers of ordinary concrete. These members are precast (amd it is assumed
reinforced) concrete beams, columns,and floor slabs.

Note

1. Iarge-pore concrete (poured-ia-place or in the form of precast blocks)
may allegedly be used with success as wall material ayy place in the Arctic
wherever gravel deposits exist.

2, The greater part of walls 1s apparently bullt of blocks rather than
poured in place., The Arctic bullding season is very brief; pouring in place
under winter conditions is particularly difficult and quite costly.

De Large-pore concrete requires less cement than ordinary or slag
concrete., After setting, forms can be easily remcved without demage to its
surface, Its rough surface forms a strong bond with stucco (composition
unspecified).

4, Walls of large-pore concrete are stroang euough for the thick ‘walls
of a small building,fdurable, firesresistint,and byscomparison with brick and
ordinary concrete walls 20-30% cheaper.

5 Substitution of somewhat thicker iarge-pore concrete walls for brick
walls requires no modification of standard brick building foundations or
overall dimensions. Thus the use of standard prefabricated structural details
is not precluded. (This seems to imply that furring is omitted).

6. In the climate of Tikei, the heat conductivity of a large-pore outside
wall 70-75 cm. (27.6+29.5 in.) thick corresponds to that of a five stretcher
brick wall [64 cm. or 25.2 in.]. (Dimensions of a brick are: 250 x 120 x 65 mm.
or 9.84 x 4,72 x 2.56 in.; GOST=530-54),

T. The question of possible wall deformaticn due to the effects ol
permafrost is not mentioned in the account.

Sources
Beton i Zhelezobeton, No. 9, 1957, pp. 348-351

Bol'shays Sovietskaya Entsiklopediya, Vol. 42, p. 4ok
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Pouring of Lerge-Pore Concrete Wells

LARGE-PORE (SANDLESS) CONCRETE AS WALL CORSTRUCTION MATERIAL
IN THE ARCTIC (TIKSI)
Source: Beton 1-Zhelezobeton, No. 9, 1957, p. 350

PLATE 54
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Erection of Large-Pore Concrete Block Walls

LARGE-PORE (SANDLESS) CONCRETE AS WALL CORSTRUCTION MATERIAL IN THE
ARCTIC (TIKSI)
Source: Beton i Zhelezobeton, No. 9, 1957, p. 350

PLATE 55

aSSI ied in Part - Sanitized Co rove for Release 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

o e ey

\ e em s cne e 5 L Lla

-, g+ -
I P . .

= LA
- 5
) ' Plen and Section of the Plant Menufacturing —
Large-Pore Concrete Wall Blocks - .
1. Concrete mixer installation 6. Gravel storage
2, Steam chambers . 7. Sand storage _ _
N i Boiler room . 8. Steam coil for heating
- . Field laboratory - gravel and sand
5. Cement storage 9. Winch /
. - « - -
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- ) LiRGE-PORE (5/NDLEGS) CONCRETE AS WALL CONSTRUCTION MATERIAL
’ IN THE ARCTIC (TIKSI)
Source: leton i Zhelezobeton, No. 9, 1957, p. 349

) L C PATE 56
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Plan and Section of the Plant Manufacturing
Large~Pore Concrete Wall Blocks

1. Concrete mixer installation 6. Gravel storage

2. Steam chambers 7. Sand storage

3. Boiler room 8. Steam coil for heating

4, Field laboratory gravel and sand ;

5. Cement storage 9. Winch G s

LARGE-PORE (S/NDLESS) CONCRETE AS WALL CONSTRUCTION MATERIAL
. IN THE ARCTIC (TIKSI)
Source: Eeton 1 Zhelezobeton, No. 9, 1957, p. 349

PLATE 56 -
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Snowdrift on Iee Side of a Bullding Erected
at Right Angles to Prevailing Wind

(The building iz premumbly of wood)

LARGE-PORE (SANDIESS) CONCRETE AS WALL CORSTRUCTION
MATERIAL IN THE ARCTIC

Source: Arkhitekturs S88SR, Ne. 1, 1959, p. 15
Plate 56 &
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CHAPTER XII

FOUNDATION DESIGN; GOLD ORE CONCENTRATION
PLANT (TRANSBAIKAL REGION)

Location
Southern part of the Transbaikal region.
Coordinates
The coordinates of the Southern part of the region are roughly:
Latitudes 51° 30' N — 54° 00' N
Longitude: 104* OOt E — 112° 00t E
Problem
Design of foundations for a gold ore concentration plant built on unevenly
thawing permafrost to cope with unequal settlement of the individual sections
of the plant.
Structure
Four-unit composite structure, presumebly frame, shown on sketch in plan
and section on Plate 57, Fig. 1. The structure is 54 m. (177 ft. ) long and,
by estimate, 315 ft. wide; it has three settlement jJoints.

Method of Construction

The structure is designed for the gradusl thawing of soil under its founda-
tions. This method was selected because the plant:

has large dimensions,
handles heavy working loads, and
employs a wet technologlesl process.

Soil _ w

The plant stands on a soil, typical of this particular locality, of the
following composition:

a. Sand-pebble with small admixture of clay;

b. Loam and gravel conglomerate eluvium (it could be alluvium) H
consists mainly of sand ‘end silt with pebble and boulder inclusions;

¢. Grano-diorite eluvium represented by weathered rock.

Permafrost

Permafrost bed thickness in the region varies from 10 to 30 m. (32-99 ft. )
Its temperature is near 0°C (32°F).

«163=
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A, (Calculation of Foundation Settlement and Tilt Angles

1, Basis of the Method

It appears that in calculating foundations for gold processing plants B
insufficient consideration was given until recently to uneven settlement of
buildings due to: o

a. Probable uneven thawing of soil;
b. Effects of the industryts wet process on soil conditions.

This led to considersble deformation of buildings, which were even put out of
commission at times,

Calculation of foundations by the method here proposed would presumebly

ensure: ", , . stability of foundations in the soil affected by water from
the plant . . ." :

In the designer's opinion, the proposed method could be adopted as standard
and applied to calculation of concentration plant foundations throughout the
Transbalkal region because:

a. Geological conditions differ little;
b. Plant output is agproximately the same;
c. FEquipment and grouping of plant sections are similar.

The method 1s based on:

8. Technical and geological investigations;
b. Results of calculations by means of formulas that foilow,

2. The Formulas

Formulas and equations for determining the settlement of foundetions on
thawing soils may be found in meny learned works on the subject. But all
these formulas, it is said, either do not take into account the uneven thawing
of soil and consequently the uneven settlement of foundations, or are so
cumbersome that their use would take excessive time, The formulas here prc-
posed, as presented in their final form:

8. Eliminste the above two drawbacks;

b. Make 1t easy to determine the magnitude of foundation settlement 3
angles of tilting, and the bending moments in columns at their base;

c. Are derived in line with NiTU-118-54 and the basic equations of
Saltykov (N. I. Saltykov. "Brief Instructions on Design of Foundations Iaid
on a Thawing layer by Calculation of the Magnitude of their Settlement and the
Reaction of the Thawing Layer on the Foundation Footing", Academy of Sciences,

-] 6l
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Notation Table for Pressure and Settlement Formulas

Synbol Dimensions Parameter

Settlement of the point corresponding to the center
of gravity of the foundation

Width of foundation footing
Area of foundation footing

Area of plastic deformation under foundation
footing

Thickness of thawed layer of base under
compression

Load on footing
Pressure on soll under foundation footings
Pressure on soil during plastic deformations

Vertical earth pressure in middle of base
layer under compression

Moments of inertia of foundation area with
regpect to.X and.yaxes

Coefficient -of thawing of layer
(determined experimentally)

Coefficient of compressibility of layer under
effect of external load (determined
experimentally)

Dimengionless coefficient for layer of soil
at a depth z=Z h‘.

Dimengionless coefficient for layer of soil
immediately under foundation Pooting.
(w,, and @y, , are selected from Teble 1,

NiTU-118-54)
Coordinates in plane of foundation footing

Tangent of angle formed by thaw crater curve
and x-x“axis

Tangent of angle formed by thaw crater curve
and Y-y axis
degrees Angle of foundation tilt along axis x-x -
degrees  Angle of foundation tilt along axis y-y
«165-
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Thege formulas are:

1. Determining the settlement 'S, of foundation on unevenly thawing soil:

So__:F/’io(A+06,) - ba(‘;)-ti “C‘)z;.f)(Fpl Gt~ N) (1)

™

2, Determining the tilt angle of foundations along X and y axes:
Jg K(A +aéy) _baX (0)2; "C(Jz;_]) F;;[ épl (2.)
J
(]

e (A+ad,)=bay (wei -waia ) Fot St (3)
e

tanot=

tang=

3. Determining pressure ‘on soil teking into account the t1lt at any
point of the footing:

g, = So=h (A*as )-xtana -y 1ang - (43_

x,

balw,, - ws.,)

The meaning of symbols is given in the table opposite.

Ao
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3. Sample Calculations

Bunker Section: Settlement and Tilt Angles of Foundations;
Bending Moments in Colums at the Base

Reference is made to Plate 57, Figs. 1 and 2.
a. The Data

(1) Foundation bearing layer (frozen grano-diorites) is of uniform
composition for the entire depth of thaw f, = 1,000 cm. = 32.8 £t.);

(2) Foundations are laid at 500 cm. (16.4 ft.);
(3) Average foundation pressure on soil — 3 kg/cm? (6,130 1b/£t2)
(%) Angle between the thaw crater curve under foundations with:

. x-x axis = 15° (tana = K ,see Table I, page 169)
“.y-yaxis = 5° (tang = m. see table I, page 169)

(Note: Contour of the thaw crater curve is calculated on the basis of plant
operating conditions);

(5) The dimensionless coefficientw,is given as 1.12 in NiTU-118-5k4 tables
for these particular conditions which are:

— 221000cm. 2%32.8 f1.
‘ T hy=1000 cm.= 32-8.5{.,' . 2Z;= BOOcmm = 9354Ft =6.7

(6) Maximum bending moment of the column at its base is calculated by
the formmla: M :__'jEJo?

max L,

where: - £ = 165,000 kg/cm? (2,350,000 1b/in2);

J =Tox (03  21.6x (43.3)3 _ 188 x (10)7 1ok
12 12 ‘

for 7O x 110 cm. columm.

(7) For additional calculation date refer to Colurm 1, Table I, page 169.
b. Calculations

Soil lsyer being homogeneous, coefficlent w,, =0

Because of small pressure on soil (6,130 1b/ft?), Fp is taken = 0.

This simplifies the formulas which now assume the following form:

So= Fho(A*aj;rj*bame.' (l')
tana=K(A+ady) (21)
1ang=m(A+ad,) (3")
-,Sa—h.(A+a6v)-xtano¢;—yten/5’ ,
¢ bawy; (h )

«l67-
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Substituting numerical values we obtain:
_ 145 x 32.8 (0.003 + 0.006 x 2.2) + 9.8% x (2.92 x 106) x 882,000 x 1.12 _ o 7253t.
145

So

tan o = 0.2679 (0.003 + 0.006 x 2,2) = 0,0043; = 15!

tan 4 = 0.0875 (0.003 + 0,006 x 2.2) = 0,00141; 3= 5'
&y 0.725 - %2.8 (0.00% + 0.006 x 2.2) - 14,8 x 0,004% - 9.84 x 0,00141 _
9.84 x (2.92 x 10-6) x 1.12
2 0.725 = 0.628 - 0.076 = 0.016 ., 3 600 1b/ft2
3,22 x 105 '

s

2 0.725 = 0.628 + 0.076 + 0.016 _ g 400 1b/£t2
3,22 x 100

&, =3:800 + 8,400 . 6,000 1v/£t2
2

Smox

~

Moa,=  2EJ2 - 3 % 2,350,000 x 188,000 x 0,0043 . 802,000 £t-1b.
™ L 591

\

The settlement and tilt angles of Poundations for the other three sectlons
of the plant are calculated in the seme manner with the aid of Teble I. Results
of calcilations are summarized in Table II, page 170.

These results suggest that:

(1) A considerable difference in the amount of settlement between
varfous sections of a building occurs vhenever the building extends over an
ares with varying composition of soil;

(2) Settlement and tilt angles of foundations on coarse grain
goils are negligible;

(3) 1In the case of clayey gsoils the settlement of foundations is

the greatest., and the tilt angles become excessive.

Foundation tilt up to 0.006 has no adverse effect on the operation of

crane runways in the shops; a tilt of 0.01, however, makes the operation of
cranes impossible, and it becomes necesshyy to adjust the crane runways.
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TABIE I

AUXTILIARY DATA FOR DETERMINING SETTLEMENT OF FOUNDATIONS
(Coefficients are presumably reproduced from NiTU-~118-5k4)

Number of Foundation 2
Parameter Symbol [ Dimension

cm,
Width b R
£t

Cll.
Length

Foundation cm@
area
£42

Load on m,tons
foundations - @
kips

Vertical kg/cm®
soil - e -
pressure 1b/£t2

Soil volure m.t. /m3
weight -
1b/£t7

Depth of
thaw

Tangent of

angle of

thew .crater
curve '

+80il com-
pressibility
coefficient

Soil thaw
coefficient

Coefficient
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TABLE II

TABLIE OF SETTLEMENTS, TILT ANGLES, AND BENDING MOMENTS OF THE FOUNDATIONS

T

[ Wumber of Foundation

2

3

Parameter - 18ion

Dimensions
in plan:

Footings

300x450

9.84x14 .8

200%250

6.56x2. 50

_ Columhs

TOox110

270&3&-301}

LoxT0

2 » m ™ @ o

15.7x27.6

- - e 2 e @ @ o

19, Tx23.6

Settlement
of
foundations

22.1

8.7

ke.2

16.6

Settlement
difference
between 2
adjoining
bullding
sections.

8.9

- W m e M wm W W o

3¢5

Lokl

17.4

w w s » o m

L R R R

6.85

Tan,of
foundation
tilt angles

0.0043

0,00141

0.0089 > 0.006

0.0029

Pressure
on soil

2,92

2.98

L T T S ]

6,090

Bending

moment
at hase of
colum

5,960 -
110

802,000

Soil under
footings

Avere.ge/
soil
moisture

Grano«-
diorite
eluvium

A

18%
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B. Notes on Comstruction
(settlement Joints and Foundations)

1, Settlement Joints

Experience gained in constructing industrial plant foundations on perma-
frost indicates that, in case of uneven settlement, buildings can be made
sufficiently stable by:

a. Reinforced concrete columns on individual footings for structures
vhere a dry technological process is employed;

b. Coluwrms on contimous footings for structures with a wet techuno-
logical process,

The concentration plant in question is designed for the gradual thawing of
goil under its foundations and may be said to employ both dry and wet processes;
its various foundations rest on solls of varying composition and moisture
content, These conditions confront the designer with a problem of:

a. Determining the optimm length of continuous footings. This is
done by means of preliminary calculations of the ccntour of the thaw crater
curve under the structure.

b. Appropriate locstion of settlement joints. The allowable maximmm
distance between the settlement joints for construction on thawed soils is
determined by the "Technical Norms™, When viewed in the light of the actual
geological conditions under which this particular concentration pla.nt operates,
the question of allowable distance involves two factors:

(l) The difference in the settlement between two adjoining
sectiqns of the building;

(2) The degree of foundation tilt determined by the allowable
degree of tilt for the superstructure.

Consideration of the above factors resulted in the adoption of 3 main
settlement joints (Plate 57, Fig. 1), constructed in the form of paired columns
(not shown in the sketch) on different foundations.

2. Foundations

(a) Bunker Section

(1) Foundations may have individusl footings;

(2) Concentration of load in the section requires closer spacing
of foundations; continuous footings are advisable in order to glve uniform
settlement of this ‘sections

{(3) 1If tilt angle equals 5' (tanc = 0,001k < 0.006), the footings
of the section mey be continuous.

“1TL-
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b. Crushing Sectlon

Foundations of the crushing rsection support- the combined load of the crane
runways, walls,and the roof, The tilt angle, cbtained by calculation, with
respect to x-x axis &= 8' (tana= 0.001«-13 and ensures normal operation of
crane runways. Foundations may be designed in the form of columns on individual
footings, but after settlement the line of footings camnot be expected to be
straight. The colums therefore must have some arrangements allowing for
speedy adjustment of runways.

¢. Concentration Section

Wall foundations for this section are envisaged 'in the form of individual
columns on continucus footings. Transverse footings mey also be continuous;
these footings are to be jJoined at the cormers with the longitudinal ones of
the section. Such a design is suggested by:

(1) The speeded up uneven thawing of soil under foundations due to
the wet process employed in the section;

(2) Tilt angle which cannot be taken up by ap individual foundation
(tan & = 0,0089 > 0,006); this angle would be partially counteracted by a
continuous footing., Unless a contimuous footing is adopted, the considerable
difference in settlement of columms supporting the monitor would:

b) Admit rain and snow to the section.

2&3 Disrupt proper ventilation of the section;

d. Flotation and Filtration Section

Penetration of water into the soil and the subsequent uneven thawing under
foundations is just as probable here as in the concentration section. But the
soil conditions and the values of foundation tilt angles obtained by calcula-
tioh for this section make it feasible to construct foundations in the form
of columns on individual footings. :

Note

Penetration of water into the soil from the Concentration and Flotation
Sections appears to be taken for granted. It would seem that an adequately
designed drainage system and duly insulsted floors could remedy the situation.

Source
F. P. Vilenskiy. Design of Building Foundations for Umeven Thawing of

Frozen Soils. Stroiteltnaya Promyshlennost®
No. 4, 1958, pp. 14-1T.

. 5 s
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CHAPTER XIII
KOLYMA REGION, CONSTRUCTION TREND (1957)
Iocation
Presumably along the course of the Kolyma River.
Coordinates
Very roughtly, the coordinates of the Kolyme River are:

Lower course: 66°N; 151°E.
Mouth: 69° 30'N; 162°E.

Construction Trend

Among the structures erected in the Kolyma region, there are some 2.3 story
masonry buildings, presumably residential and public. As regards the method,
the construction in the region appears to be carried on by the "Dalr'stroy”
organization along the following lines:

a. Without considering the permanently frozen state of the soil 34.2%
b. Allowing for a gradual thawing of soil 55.T%
c. Permafrost preservation method . T.66

The above percentages appear to be incomplete, but they clearly indicate
that in this region, the principal method of construction allows for subsequent
thawing of soil under foundations, With reference to the percentages cilted, a
member of the "Foundation Bearing Iayers and Underground Comstruction Institute"
of the Academy of Sciences had stated that:

", ... These figures provide convincing evidence as regards the
progressiveness and correctness of construction trend in the
Xolyma region .... experience here gained suggests that in
designing foundations for residential and public buildings, the
method of preservation of the permafrost at the base of founda-
tions should be considered in extreme cases only when applica-
tion of other methods would be irrational™.

The method of "subsequent thawing" involves:
a. Pre-construction preparation of the site (in this region, a widely
used method of thawing sites having coarse-grained soils is to
flood them with river water. See Chapter V, page85 of this report);

Reinforcement of foundations;

Reinforcement of walls between the stories, presumably by means
of reinforced girts.

1Tk

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043ROO340013002-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/17 : CIA-RDP81-01043R003400130002-4

The advantages of this method over the permafrost preservation method are
said to be:

a. Living conditions are healthier on the first floor;

b. Residents are spared the need to observe the sti:ict operational
rules that are required in the case of structures erected by the
permafrost preservation method;

Construction costs are lower.
Note

The Kolyme River is some 1,600 miles long. The fact that "the subsequent
thawing ot soil under foundations" method is preferred to the permafrost preserva-
tion method along its course suggests among other things that, for the most part,
physical characteristics of the region favor comstructlon by that particular
method. Only long-term stability of buildings thus erected mey prove that this
trend is "progressive and correct®.

Sources

M, F. Kiselev, Construction on Permafrost.
Stroitel'nayes Promyshlennost', No. 12, 1957, p. 25
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CHAPTER XIV
ANADYR't, DEFORMATION OF BUILDINGS (1937)
Location

Anadyr!' settlement, ddministrative center of the Chukotskiy National
District, is located on the shore of Anadyr' Bay (Bering Sea).

Coordinates
latitude:; 64° 45'N; Longitude: 177° 35' E.
Climete
Aversge yearly air temperature: -7.8° (18°F)
Days with temperature below 32°F: 270 or more
Summer precipitation: 123.5 mm, éh.9 in,)
Winter precipitation: 66.5 mm. (2.6 in.)
Wind: Southerly winds presursbly predominate in the winter; they
cause considerable shifting of snow.

Soil and Permafrost

Soil composition and permafrost bed temperatures are similar to those of
Dudinka (Ch. VI.),

Building Deformation (about 1957)

Signs of deformation were observed in all buildings (construction unspecified).
A1l heated buildings (in most cases their long dimension runs north and south)
leaned, in general, toward the northeast; unheated buildings (warehouses) toward
the nérth. :

It was observed that the active layer was deeper near the north waells than
near the south. This was ascribed to too much trampling along the north walls
over a natural layer of peat; but it would seem to be more correct to assume that
the difference in the depth of thaw was caused by uneven distribution of snow
around the buildings,

Other capses of deformation: careless construction and operation.
Sources
V. F. Tumel. Some Peculiarities of the Behavior of Foundation Bases under
Residential Structures in Northern Districts of the

Permafrost Region (Akademiis Nauk SSSR. Trudy Instituta
Merzlotovedenia im, V. A. Obrucheva, Vol. I, 1946, p. 22)

«1T6=
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CONCLUSION

Feasibllity of construction of heated wooden and masonry structures on
permafrost was, under certain circumstaices ,- demonstrated by engineers of
Tmperial Russia., The Bishop's House (now a museuin),erected at Yakutsk in 1911
(Chapter X),could even be rightfully regarded as & harbinger of structures to
be built leter by the permafrost preservation method. Their work and investi-
gations in the domain of permafrost, interrupted by World War I and the Revolution
were resumed by Soviet engineers, presumably sbout the time the First Five<Year
Plan went into effect.

The preceding chapters,to some degree, traced the evolution of construc-
tion of residential and industrial structures on permafrost. Along with it,
some light was thrown on the problems the Soviet engineers had faced, the
methods they had used, and certain results they bad achieved.

Their chief problem, of course, was to master the art of building large
heated structures that would be stable on a medium that could easily become
unstable. (The problem may readily be appreciated by those familiar with
construction on temperate zone loess-like solls which settle upon becoming wet).
The wide variety of soil, hydrological, and permafrost conditions complicated
the problem. Under these circumstances, no single method of construction could
be adopted for the permafrost expanse as a whole. Experience taught, on tae
contrary, that the design of a structure had %o be adapted to the physlcal
characteristics of a particular building site if the structure was to be stable.
This experience spurred field, leboratory, and theoretical investigations and
led to the development of the four methods of construction described in
Chapter V.

As regards the proper application of the above methods there seems to be
no unanimity among the Soviet engineers. One of them, obviously not & pro-
ponent of the permafrost preservation method of construction, writes:

W, . .There is an opinion that the permafrost preservation method is
the most rational; but this opinion is totally unfounded. It is observed that
the orgenizations engaged in design display a tendency to epply this method even
to cases where the thawing of soil under the structure results in deformation
quite allowable for the structure in question. This is explained first of all
by the fact that desigaing by this method requires no knowledge of the perma-
frost properties at the site; consequently a designer may avold the trouble of
exploring permafrost and calculating the settlement.of foundations. Moreover,
a1l the responsibility for the condition of the building is placed on tenents,
vhose duty it becomes to maintain the permafrost under foundations . . . But the
type of ceiling with insulating layers, adopted for cellars, does not ensure
healthy living conditions on the first floor in the overwhelming majority of
houses which are being built by the permafrost preservation method, Therefore,
in order to escape the perpetusl cold emanating from the floor, the inhabitants
of the first floor usually violate the operational rules and close the airvents
in the plinth during the winter . . ."* This statement probably reflects the

#M, F. Kiselev, Construction on Permafrost. Stroitel'naya Promyshlemnost?,
No. 12, 1957, p. 25
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true situation; nevertheless the permafrost preservation method has its proper
place in construction (Chapter III, pege 29, Vorkuts Maternity Hospital;

Chapter VIII, Brick Manufacturing Plent at or near Noril 1gk), and its development
may be regarded as one of the achievements of Soviet engineers.

Some of these achlevements as seen through the eyes of a veteran member of
the Permafrost Institute are described as follows:

"In the past quarter of a century considersble success was achieved
in the field of the Soviet science of permafrost, namely:

1. Great areas were explored in the NE of the USSR . . .; Yakutskaya
ASSR. . .; NW of the Siberisn Plgin. . .; the Middle Siberian Plateau. . .
and the BEuropean North of the USSR. . .;

2. Occurrence and extent of permanently frozen strata in those regilons
were investigated, and conditions for construction and operation of build-
ings determined;

%, In a number of districts, methods of construction and operation
ensuring stebility of large masonry structures were developed and well
mastered;

4, Composite maps and monographs were prepared for many districts
and the territory of the USSR as a whole;

5. NiTU-118-54 was compiled;

6. Qualitative physical and mechanical properties of frozen strata
were investigated;

T. A basis for permafrost physics and mechanics was established;

8. New methods of investigation were developed and applied in
practice;

9. The problems of water supply in permafrost regions and utiliza-
tion of under-permafrost water for this purpose were solved . . SR

Points 2 and 3 above, which refer directly to the question of construction,
appear to be in line with the information conteined in this report in Chapter V
(on methods of construction and deformation prevéntion), and in Chapter IX
illustrated with photographs of multistory masonry structures at Noril'sk.

With respect to point 2 it mey be added, however, that any correct determining
of comstruction and operational conditions could apparently be done only after
the lessons had been learned from investigation of mass building deformation
at Vorkuta (Chapter I¥), and presumsbly elsavhere.

*¥A. M. Chekotillo, Izvestiya Akademii Nauk SSSR. Seriya Geograficheskaya,
No. 4%, 1957, pp. 138-139.
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The question now arises;.did the achievements, some apparent from this
report and some just listed, indicate that Soviet englneers had solved the
problem of comstruction on permafrost? The avswer is: not quite — not gquite,as
of 1958, at any rate. The following three considerations are behind this answer.

Consideration 1. As far, for instancesas Norilt'sk multistory masonry struc-
tures are concerned, no information is available on:

a. The micro-climate of the sites on which these buildings are
erected; for all that is known, there may be an outcrop of bedrock there.
(Note; Further development of Vorkuta, for example, is said to be planned in
an ares where foundations can be laid on bedrock);

b. The method of comstruction (permafrost preservation is assumed.)
and structural details.

Without this information it world seem rather risky to speak of the long
term stability of these buildings just on the basis of a few photographs taken
at long range while they were new, Thus, the mere fact of the existence of
these buildings is not taken here as proof positive that the problem had been
solved.

Consideration 2, Having enumerated the above-listed achievements, the
same writer continues in the same article: ". . . In spite of these achieve-
ments of the Soviet science of permafrost, a number of substantial shortcomings
came to light at the Tth Inter-Agency Conference held in Moscow on 19-26 March
1956, Over 300 representatives of 84 organizations engaged in research,
teaching, design and construction participated. It wes noted in the resolution
adopted by the participants that the absence of necessary cqordination and
exchange of information among them:

a. Retarded the development of science of permafrost;
b.. Lowered the level of investigations;
c. Ied to duplication of effort;

d. Hampered large-scale practical application of scientific achieve=
ments of individual organizations;

e. Made the scientific information difficult to obtain.

This situation being intolerable, it was resolved to request the Divisiow
of Geological and Geographic Sciences of the USSR Academy of Sciences to
establish at the Permafrost Institute an inter-agency permafrost coordinating
commission . . . The Ffirst meeting of the Coordinating Commission was held on
1-2 March 1957 . . . Meetings are to be held at least once & year . . . A seven-
man team will carry on the work between plenary sessions . . . The next plenary
session of the Coordinating Commission will be held at the end of 1957 or the
beginning of 1958 to examine and coordinate permafrost invegtigation plans for
1958"*,

¥R, M. Chekotillo. Izvestiya Akademii Nauk SSSR. Seriya Geograficheskaya,
No. 4, 1957, p. 139
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There is no direct reference to construction here, But the very fact of
the creation of the Coordinating Commission as late as 1957 and reasons behind
its creation suggest that, at the time, the problems connected with permafrost
were not exactly on the verge of solution.

Consideration 3, In July 1957, the "NIIOSP" (Research Institute for
Foundation Bearing Iayers and Underground Structures), in the course of its
normel work convoked a conference on construction of foundations on permafrost.
The purpose of the conference was to draw conclusions from practical experience
gained in design and construction, swa up the results of foundation construction
research and experimentation, and indicate the path of further investigation.
The conference was attended by 126 representatives from 52 research, teaching,
and design and comstruction organizations (apparently all of them also repre-
sented in the Coordinating $fommission); 32 papers on theory and practice of
foundation construction on permafrost were read and discussed. NiTU-118-54
mst bave been among the topics considered. One of the participents of the
conference refers to it as follows:

", . NiTU-118-54 goverms construction on permafrost, but there are many
gaps in it, These gaps are characterized by the absence of:

1. Instructions on allowable limits of foundation deformation;

2, Supplementary instructions on measures against foundation
deformation produced by bulging of the scil;

3, Instructions on valculation of the depth of thaw of permafrost
under structures;

4, TInstructions on selection of allowable heat coefficlents for

calculations; ;

5. Indications as to utilization of physical and mechanicel
properties of permafrost in construction of foundations;

6. Rules on observation of building deformation and on changes in
hydrologic and thermal conditions of the permafrost;

7. Rules on maintenance and operation of bulldings.

These gaps may be closed only alter extensive investigation both theoret-
ical and experimental.

In addition to NiTU-118-54, which is a part of the 'Building Norms and
Rules!', new local tethnical instructions have to be prepared because:

a. The exlsting local instructions have becoms to a large degree
obsolete;

b. Permafrost regions differing so widely as to their geographic
and climatic conditions camnot be governed by a single all-Union NiTU . . M
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" . .+ The participants of the conference adopted a resolution requesting
that tht)e Pregidium of the tASiA SgsR! (Ussr Academy of Construction and Archi-
tecture);

8. Direct the Institutes of the Academy of Construction and Archi-
tecture to expand their studies connected with construction on rermafrost;

b. Provide a 'permafrost construction:® laboratory for the Leningrad
Branch of the Academy, and also for the branches planned for Novosibirsk and
Irkutsk; '

¢. Establish laboratory complexes in Vorkuta, Noril'sk, Magadan,
Baley, and Petrovsk-Zabaiksl gk » and organize leboratory complexes and experi-
mental stations at construction sites (Note: either long=-term project or
construction organization sites are prossibly meant) at Bratsk, Yakutsk, and
Chita;

d. Organize a series of competitions for best designed structural
foundations ., . "%

It is presumed that the above three considerations not only throw some
light on activities directly connected with construction on permafrost but
also provide a good basis

If the problem is
1lve it eventually,

*M. F. Kiselev. Construction on Permafrost., Stroitel'nays Promyshlennost’,
No. 12, 1957, pp. 22-23,
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