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Preface

China has a vast extent of area but about three fourths of its land is permannent and sea-
sonal cold area which is mainly in the west. With the policy of the western development, the
Qinghai — Tibetan railway and road engineering, the South to North Water Transfer Project and
large — scale hydropower have built or will build in the permannent and seasonal cold area.
Base on the country$ infrastructural needs, a growing number of buildings built in the perma-
frost region, pile foundation is one of the commonly basis of the building. Because of the ther-
mal sensitivity of frozen ground, soil — pile interaction involves not only calorific interaction but
also mechanics interaction in permafrost. The heal generated by the construction of pile and
climate warming will affect the thermal conditions of frozen ground which can affect the interac-
tion characteristics between pile and frozen soil and ultimately will affect the security of founda-
tions. The research of the interaction between foundations of engineering structures and perma-
frost has important theoretical value and practical engineering significance with the economic
development and regional development in permannent and seasonal cold area.

Pile foundation of cold areas is a comprehensive discipline problem. Including cryopedolo-
gy, heat transfer, foundation engineering and contact mechanics. Based on the background of
pile foundation projects in permafrost regions, mechanism of soil — pile interaction and prediction
model of bearing capacity of pile foundation are investigated from the view of cryopedology, pile
foundation engineering, heat transfer and engineering mechanics by theoretical analysis and nu-
merical calculation. Considering changes in physical and mechanical properties of frozen soil
caused by the temperature change, the affect of the energy exchange of earth — atmosphere sys-
tem to the permafrost layer and the active layer and the pile — soil interaction theory, types of
pile foundation are sorted in permafrost and seansonal regions and the appropriate force model of
piles varying with seasonal changes are given according to the depth of pile embedment and stress
characteristics. Relation formula is set up which is related to the connections among air tempera-
ture, ground surface temperature, active — layer thickness and variation of permafrost thickness
with time. Based on the relation formula , soil — pile analysis models and vertical bearing capaci-
ty formula of single pile in Design Code for Building Foundation ,the connections among air tem-
perature, ground surface temperature, active — layer thickness, variation of permafrost thickness
and bearing capacity of pile foundation are established, which can be applied to predict the
working conditions of pile foundation varying with the air temperature within design working life.
Based on analyzing the thermal perturbation of pile foundation in permafrost regions, the varia-
tion laws of radial temperature field and the thermal perturbation radias of pile foundation caused
by cement hydration heat are studied. Based on the transient temperature field equations, non-
linear transient temperature field equations for piles and forzen soil are respectively obtained.

Considering boundary conditions and freeze — thaw process of transformation, the finite element



model of unsteady temperature field for pile foundation in permafrost region is established. The
model is established to simulate the thermal perturbation of pile foundation caused by cement hy-
dration heat. The variation laws of radial temperature field with time in different depths. The re-
sults show that the hydration heat has significant thermal perturbation and a long time effect on
the thermal stability of pile foundation. Considering the frozen elastic, elastic — plastic and ther-
mal elastic — plastic creep, finite element analysis model of soil — pile interaction is respectively
established. Based on practical engineering, pile displacement variation law of 12 month under
vertical static load is obtained by parametric modeling. By analyzing the distribution law of side
frictional resistance stress, pile displacement and the ratio of lateral resistance, relationships of
pile bearing capacity with pile displacement and equations about pile bearing capacity with dif-
ferent months are obtained. According to the change of work performance of pile caused by creep
effects of frozen soil, permafrost creep constitutive equation is established; Establishing incre-
mental stress — strain relationaship and geometric equation get the thermo - elastic — plastic creep
element equilibruim equation of the frozen foundation. Based on the working characteristics of
the pile — soil interaction, using 3D nonlinear contact element connects the thermo — elastic -
plastic creep nonlinear finite element calculation of the frozen foundation with concrete pile,
which sets up the thermo — elastic — plastic creep nonlinear finite element calculation model of
the pile —soil interaction in frozen soil. Results can provide an important reference to pile foun-
dation theory and design improvement in cold areas.

The book contains 8 chapters. Chapter 1 and Chapter 7 and Chapter 8 are written by Yang
Gengshe and Tang liyun, and other chapters are written by Tang Liyun.

We are grateful to; the National Natural Science Foundation, Science and Technology De-
partment of Shaanxi Province and First Highway Survey and Design Institute Co. , Ltd of China
Communication Construction Company give us the funding and support; First Highway Survey
and Desifn Institute Co. , Ltd of China Communication Construction Company researcher Zhang
Jinzhao and Heilongjiang Academy of Building Research in cold Wang Jiliang researcher pro-
vide us the information and help; Professor Zhao Laishun, Professor Gu Shuancheng and Asso-
ciate Professor Zhang Shuyun of Xian University of Science and Technology apply us care and
support; Teacher Qiu Yue designs the cover; Master Wang guogiang checks the manuscript,
and Xi Jiami, Zhang Huimei, Zhi Bing and Liu Hui take part in the subject.

This book seeks to applyying the mechanism of pile — soil interaction in cold area and the
forecastiong model of pile bearing capacity in practical application. However, the authors”re-
search is just in its primary stage knowledge due to the complexity of the problem and our limit-
ed time and dunding constraints. There must be many issues to be further research and test re-
ritification.

Due to our limited experiences and knowledge, there must be oversights and mistakes in

the book. Any comments both positive and negative will be much appreciated.
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