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construction principles

More than 75% of engineering structures on permafrost in Russia are built according to 
ǘƘŜ έCƛǊǎǘ /ƻƴǎǘǊǳŎǘƛƻƴ tǊƛƴŎƛǇƭŜέΣ ǿƘƛŎƘ ǊŜƭƛŜǎ ƻƴ ǘƘŜ freezing strength(bearing 
capacity) of the frozen ground to support structures.

.ŜŀǊƛƴƎ /ŀǇŀŎƛǘȅ ƻŦ ŀ ά{ǘŀƴŘŀǊŘ CƻǳƴŘŀǘƛƻƴ tƛƭŜέ  ƛƳōŜŘŘŜŘ ƛƴ  ǇŜǊƳŀŦǊƻǎǘ ƛǎ ǳǎŜŘ ƛƴ 
Russia as a primary variable for engineering assessment of the permafrost-affected 
territory





üAccording to Construction Rules and Regulations2.02.04-88, 
the bearing capacity of permafrost soils is estimated from the 
mean decadal values of air and ground temperature, with 
adjustment factors used to account for interannual climatic 
variability. 

üIntensive industrial development of West Siberia began 
during the late 1960s and early 1970s. 

üOur research is driven by the hypothesis that by the year 
2000 the bearing capacity had changed significantly as a result 
of observed climatic change. 





The percent of buildings with deformations in 
some of the Russian northern settlements

Location Population* Buildings with
deformations**, %

Yakutsk 284,000 9

Norilsk 205,000 10

Tiksi 5,600 22

Dikson 600 35

Amderma 500 50

Magadan 99,000 55

Vorkuta 71,000 80

Chita 307,000 60

*Federal Department of Statistics  on 01.01.2009
**Moscow State University of Civil Engineering (2001)
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Changes in permafrost temperature in the eastern part of Norilsk
from 1940 to 2006 year (Ukhova and Grebenets, 2008)



Modeling



R = f(T2)

F

Raf =  f(T1)

Active layer

Permafrost

Fu = Raf +R, where
R  ςnormal stress
Raf  ςshear stress

Fu

GROUND TEMPERATURE

1960
2009 dFu

F = Fu, where 
F is structural load, 
Cǳ ƛǎ άōŜŀǊƛƴƎ ŎŀǇŀŎƛǘȅέ

Fu

F = Fu/k, k-safety coefficient

In Russia (k=0.65-0.95) 
F
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TTOP

analytical solution of heat 
conduction equation

Simple transfer 
functions/parameters to 
account for isolation 
properties of buffer 
layer.

Monthly air temp. and precip

9ǎǘƛƳŀǘŜǎ ƻŦ άŀǾŜǊŀƎŜέ ƎŜƻŎǊȅƻƭƻƎƛŎŀƭ 
parameters (permafrost extent, thickness, 

annual ALT, Annual soil/permafrost 
temperature) which are in equilibrium with 

climate conditions.



Modeled relations between bearing capacity of standard pile 
and permafrost parameters



Model application:
Bearing capacity change 

1960th-2000th

10/01/2009

άΧhƴŜ ƻŦ ǘƘŜ ǇƻǎǎƛōƭŜ ǊŜŀǎƻƴǎ ƻŦ ŘŜŦƻǊƳŀǘƛƻƴǎ
ƻŎŎǳǊǊŜŘ ƛƴ ǘƘŜ ǿŀƭƭ ƻŦ ά!ƎǊƛŎǳƭǘǳǊŜ ƻŦ CŀǊ bƻǊǘƘέ
wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜ ƛǎ ŀƴƻƳŀƭȅ ǿŀǊƳ ǎǳƳƳŜǊ ƻŦ нллфέ
άΧ¢ƘŜ ƛƴǎǘƛǘǳǘŜ ǿŀǎ ōǳƛƭǘ ƛƴ мфурέ
News.NGS24.ru 





Region Location
Bearing capacity of foundations, %

1960th 1970th 1980th 1990th 2000th

West 
Siberia

Salekhard 100 91-103 72-86 81-82 68-70

Nadym 100 96-101 77-91 78-100 64-95

Noviy
Urengoy NA NA 100 97-116 91-96

Noviy Port 100 105-114 86-93 87-92 63-76

Central 
Siberia

Norilsk 100 102-105 88-93 84-92 85-94

Dudinka 100 103-110 93-94 90-94 74-82

East Siberia

Yakutsk 100 91-98 80-92 59-84 54-80

Bilibino NA 100 90-98 97-100 80-91

Tiksi 100 99-100 96-98 95-97 93-96

Anadyr 100 101-104 92-100 75-94 52-84

Chersky 100 100-101 97-98 92-96 76-84

Decadal changes in ground bearing capacity due to observed climate change



Regional scale:
West Siberia
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