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ABSTRACT

The surface subsidence due to coal mining is one of the exogenic geologic hazards de-
veloping in coalmines. There are more and more contradictions between mining and envi-
ronmental protection in the coal-fields of East China, North China and Northwest China,
which are generally located in populous and flourishing cities and nearby regions. In order
to correctly predict the subsidence hazards induced by mining and take comprehensive mea-
sures to handling the relationship between resources exploitation and environmental pro-
tection, it is necessary to study the mechanism, regulation and calculation method of sub-
sidence. The measurements on subsidence in some coalmines covered by thick soil layers
indicate that the ground surface movement and deformation usually show some special phe-
nomena in China in recent years. For example, subsidence factor is on the high side or
even larger then 1. 0, i.e. the maximum subsidence can be near to or larger than the shear
height. The range of subsidence can expand to a large scale. Horizontal movements can be
larger than vertical movements in the boundary of subsidence basin. Angle of maximum
subsidence is near to 90°. Subsidence is violent and concentrating during active period.
Moreover, subsidence can last for longer time etc. These special phenomena pose us a new
research task and make us have to reconsider the function of soil mass deformation in the
process of mining subsidence and to study its mechanism and prediction methods.

On the basis of analysis of measurements and research works of predecessors, the uni-
versal mechanism of soil mass deformation, i.e. water-soil-coupled action mechanism dur-
ing mining subsidence is put forward in this book by means of centrifuge test, high pres-
sure consolidometer test, engineering geological analysis and numerical simulation and so
on. As an example of engineering geological systematic prospecting and prediction
method, soil mass deformation due to thick coal seam mining in a coalmine, Yanzhou min-
ing area is predicted. The main achievements in scientific research in this volume are as
follows ;

(1) In the process of mining subsidence, the coupled action exist among seepage flow
field, stress field, fractured field and deformation field. It can be expressed as the interac-
tion of deformation field and seepage field in soil mass deformation during subsidence, i. e.
water-soil-coupled action. The reason for water-soil-coupled action is the development of
internal strain of soil mass during mining subsidence. The external display of the coupled

action is the production of excess pore pressure and its dissipation in pace with mining and
. V[ .



time. The reconsolidation and expansion are all concerned with time. The variation of
stress field in soil mass also causes the rheologic deformation (secondary consolidation de-
formation).

(2) The centrifuge model tests emphasize the variation of water pore pressure occurs
in soil mass and its effect on soil mass deformation should not be ignored. The centrifuge
tests also show that the pore pressure in soil layers above the mined-out area has a decline
of short duration at first. Then, along with the development of deformation the pore pres-
sure rises again and produces positive excess hydrostatic pressure. The pore pressure in
the central and lower layers above coal pillars is positive also. The excess pore pressure in
central and upper layer above the goaf is increased by a factor of 15%~20% of the geo-
static pressure at the said point. The excess pore pressure in central and lower layers
above the coal pillars is increased by 15% of geostatic pressure. The excess pore pressure
in the lower layers above the goaf and the upper layers above the pillars are relative small.
During the initial stage of mining the excess pore pressure is negative and produces some
expansive deformation. In the condition of the no-drainage of sand layers, the deformation
of soil mass is the comprehensive results of the reconsolidating and the expansive deforma-
tion.

(3) The centrifuge tests indicate that the deformation process of soil mass during min-
ing subsidence can be divided into movement-consolidation process, reconsolidation and
secondary consolidation process.

(4) The analysis of stress and strain of thick unconsolidated layers during mining
progress subsidence shows that the stress path of soil mass varies with the mining and the
relative location to mined-out area.

(5) The high pressure consolidometer tests and triaxial shear tests for the soil sam-
ples collected from thick unconsolidated layers show that the behaviors of consolidation
and secondary consolidation are different from those of shallow soil layers. The secondary
consolidation index varies directly as the pressure in high value; the coefficient of consoli-
dation varies inversely as the pressure. The increment and duration of pressure influences
the rebound and compressive deformation. In the stage of secondary consolidation, after
the unloading of incremental pressure, the residential deformation is small and is tending
towards compressive deformation alternatively. This conveys to us that the subsided de-
formation is difficult to restitute the initial state even though the decompression of incre-
mental pressure.

(8) The structure of soil mass and hydrogeological and engineering geological proper-
ties are the fundamental for the study on deformation mechanism of soil mass during min-
ing subsidence.

(7) Based on the mechanism of soil mass deformation during subsidence, a numerical
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model involving the coupled action of soil and water is set up. The coupled model of Cam-
bridge model and Biot’s theory is introduced to the subsidence-induced deformation calcu-
lation of soil mass. The influence of the properties of soil mass and the variations of under-
ground water level on soil mass deformation is studied with numerical simulation. The de-
formation characteristics of thick unconsolidated soil layers with different structure are
classified and described.

(8) The prediction method based on engineering geological prospecting is suitable to
the subsidence prediction for new mining areas or the mines where no preliminary subsi-
dence research conducted. As an example, the method is applied to the soil mass deforma-
tion due to the mining of thick coal seams at a coalmine in Yanzhou mining area and the

prediction results have been confirmed preliminarily.
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