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PREFACE

‘Mountains that moved in the night; landslides that eddied like waterfalls, crevasses that
swallowed houses and camel trains, and villages that were swept away under a rising sea of loose
earth, were a few of the subsidiary occurrences that made the earthquake in Kansu (Gansu) sne of
the most appalling catastrophes in history.” ‘“The area of destruction, 100 by 300 miles in extent,
contains ten large cities, besides numerous villages. In it is the heart of the so-called loess country,
where the soil is a mixture of clay and powdered quartz. A narrower region was comprised in the
landslide district, where the loose earth cascaded down the valleys and buried every object in its
path.” These were described by Mr. Upton Close of International Famine Relief Committee in his
paper entitled ‘Where the Mountains Walked” presented in The National Geographic Magazine
(Vol.XLI, No.5, 1922) of Untied States after his field investigation on the earthquake disasters
caused by the 1920 Haiyuan (It belonged to Gansu province in the 1920s.) 8.5 earthquake. Actually,
due to the large scale of landslides, liquefaction-induced sliding flow of soil deposit and
inhomogeneous seismic subsidence caused by the earthquake on the loess site, the disasters were
extremely serious. The seismic intensity in the epicenter was as high as XII degree and the
meizoseismal area was as large as 20 000 km”. The death toll was claimed over 230 000.

Besides, the 1303 Hongdong 8 earthquake in Shaanxi, the 1556 Huaxian 8 earthquake in Shanxi, the
1927 Gulang 8 earthquake in Gansu, the 1989 Tajik 5.5 earthquake and others with the magnitude over 5 all
caused serious geotechnical disasters in the loess sites. Both post-quake field investigation and laboratory
study have shown that the cause of Jandslides, seismic subsidence and liquefaction was mainly attributed to
the dynamic vulnerability of the porcus and weak cemented Quaternary deposit — loess.

This monograph studied loess tformed since later Pleistocene in Middle and West of China
(especially, that in the Loess Plateau), Middle of Untied State and Russia.With the purpose of
minimizing seismic hazard, the author has being conducted by using various approaches a
systematic research on the loess dynamics and the prevention of seismic disasters due to the failure
of loess during earthquake from the different angles of multidiscipline, in collaboration with his
colleagues in Lanzhou Institute of Seismology, China Seismological Bureau. The main
achievements can be summarized as follows:

(1) On the theory of loess earthquake resistance: The dynamic constitutive model of loess for
irregular seismic loading was established; Manson’s law was proved to be validated to loess under
irregular loading; A quantitative study on the loading effects on the dynamic modulus, deformation,
strength and damping ratio of loess has been presented. Furthermore, the dynamic triaxial test
approach for dynamic modulus, deformation, strength and damping ratio were developed and the
relevant dynamic parameters of loess can be thus provided for engineering purpose in China.

___3_



(2) In the aspect of engineering seismology of loess: Ground motion attenuation law was
established for loess sites; The amplification effects of different topographic units (Yuan, Liang,
Mao and terrace) and different strata conditions on ground motion were assessed; Furthermore,
methodologies by using of shear wave velocity, earth tremor characteristics and strata distribution
were created for estimating amplification factors of ground motion on the loess site and
corresponding formulas were presented,

(3) In the study on mechanism of loess earthquake disasters: The internal and external factors
that caused seismic subsidence of loess were identified based on laboratory tests; An empirical
formula for seismic subsidence coefficient and a quantitative method of predicting subsidence of
loess in Northwest China were proposed; A series of observations have successfully verified the
existence of loess liquefaction and revealed its mechanism based on the studies on soil dynamics,
hydrochemistry, microstructure and field explosion test; The pore water pressure and strain
development models for saturated loess were established; Seismic landslides in loess deposits are
classified and their mechanisms were expounded; The random search methods for the most likely
sliding plane and calculation of seismic safety coefficient of loess slopes in terms of dynamic
strength that can be obtained from irregular seismic loading test were proposed.

(4) In the field of seismic hazard prevention: The quantitative study on the effect of collapsible
treatment of loess ground on the seismic subsidence and liquefaction has been also conducted; The
technique for the seismic compacting treatment of loess ground was developed based on the
theoretical study of the dynamic characteristics of compacted loess; Criteria for taking the measures
in preventing the seismic liquefaction, settlement and collapse of loess soil were recommended for
practical application. Besides, the authors also presented indices and method for the zoning of
seismic landslide, seismic subsidence and liquefaction, developed a GIS system for geotechnical
seismic disasters zoning and applied it in practice.

Undoubtedly, ‘Loess Dynamics’ creates a new and special subject for Soil Dynamics. At the same
time, it enriches the research courses of Soil Dynamics and Geotechnical Earthquake Engineering. As far as
I know, the loess area comprises 6.6% of Chinese territory while the whole area of loess distributed over the
world is about 13 x 10° square kilometers which is by two millions square kilometers larger than the total
area of Europe. Until the publishing of this book, we haven’t had any book available of this kind. Hence,
this monograph will contribute greatly the development of Soil Dynamics and Geotechnical Earthquake
Engineering and seismic hazards prevention and reduction in loess areas as well, Particularly, with the
implementation of ‘Great West Development” strategy in China, this book will play a vital role in practice
for the social and economic development, land use planning, urban development, infrastructure and key
project constructions in loess areas of China.

Xie Lili
Academician of Chinese Academy of Engineering

March 2003
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