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Der Beitrag beschreibt De-
formationsuntersuchungen an
Schichten in Kohlenminen.
Dazu werden Messeinrich-
tungen beschrieben und die
Deformationsanalysen Kri-
tisch betrachtet.

1 Introduction

In China, coal mine industry plays a
very important role in the national
economy. During the past decades
of years it has been well developing
on scale and technology. Many big
coal mines, more than 3 Mt/year,
were built. Most of them are deeply
underground. For the transport and
ventilation reasons many of large
and deep shafts, more than 8 m in
diameter and more than 400 m in
depth, were constructed. In some
areas certain of them have been
gravely deformed, some were dam-
aged (broken, cracked and inclined).
This has brought a production stop.
It not only and has a huge economic
damage but also a menace to the
mine security.

The shaft deformation monitoring is
a very important work in mine engi-
neering. It should be throughout the
whole mining procedure. It is neces-
sary in the purpose of not only secu-
rity, but also shaft dynamic informa-
tion for their maintenance and rep-
aration. In this field, some people
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had worked some. In URSS and Po-
land, the mining engineers had done
some experiments and established
some methods to measure the inter-
nal stress within the shaft’s wall in
order to understand the stress varia-
tion of the shaft wall during its dry-
ing procedure [1]. Some geometrical
monitoring methods had been also
adopted or developed. In China, a
big research project has been carried
out in Haibei Mine bureau since
1987 by Chinese government. It
includes nine aspects: a subsidence
leveling over whole area’s surface,
pit head leveling, water level obser-
vation, investigation in alluvium,
vertical layer deformation observa-
tion, subsidence observation of in-
dustrial site, relative displacement
observation between the pit head
and the near surface, surface defor-
mation observation and the investi-
gation on damage situation. A com-
prehensive study was realized on the
relation between the shaft damage
and those nine aspects. Some very
important conclusions and valuable
information were obtained. But it
is pity that the deformation of the
shafts damaged had not been mea-
sured directly during the procedure
due to the technical difficulty. This
is why Coal Ministry lanced this pro-
ject. Shandong University of Science
and Technology (SUST) and Yanz-
hou Coal Group Company collabo-
rated with each other to have studied
on this problem. This paper sum-
marizes the research in the group.

It is known that the shaft deforma-
tion comes from many factors, for
example its type, dimension, con-
struction technology, geology and
age. Geologically, The surface in
the area studied is quite even. A
loose stratum of Cenozoic Era,
100 ~ 200 meters thick and almost
horizontal, exists over the coal mea-

sures of Carboniferous Period. With-
in this loose stratum there are several
water-bearing layers and water-divi-
sion layers. The shallow water-bear-
ing layers are supplied with permeat-
ing of the raining water on the sur-
face. Their water levels vary with
seasons. At the bottom of the loose
stratum there is a complex water-
bearing layer of 10~ 20 meters
think and of mixture with putty grav-
el, sand and clay. It is just directly
over the coal measures layer. It is
called “bottom water-bearing layer”.
The water in this water-bearing layer
is the pressured water. Over the bot-
tom water-bearing layer there is a
water-division layer of 50 meters
thick and composed mainly of
clay, which can effectively divide
the water between the shallow and
the bottom.

It has been found that coal mine sur-
face located in this area had subsided
all over. The subsidence every year
is about 35 mm, in some zones about
60 mm. From experience [3, 4], the
main reason for that is the coal ex-
ploitation leads to the water loss of
the bottom water-bearing layer and
then the bottom water-bearing layer
becomes dense. The observation on
water level indicated that the water
level descends in the speed of 8 me-
ters every year. This dense caused
the loose layer to subside. It has
been verified from the investigation
and observation as follows. (1) The
surface of subsidence is correspon-
dent to the zone of the bottom
water-bearing zones; (2) The value
of subsidence is proportional to de-
crease of the water level; (3) The ob-
servation on the layers with the Son-
dex has shown the vertical compres-
sing deformation come from the bot-
tom water-bearing layer.

The loose layer’s subsidence gives
the external wall of the shafts an
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enormous  downward  frictional

force. The force makes the shaft de-

form and damage the wall of it final-

ly. Generally, it occurred about 10

years late after its construction.

This shaft’s deformation is usually

during its whole life. Some features

on deformation are summarized as
follows:

@ Damages come from vertical
compression. It is a horizontal cir-
cle rupture with some cracks and
located on the boundary of the
loose layer and the bedrock.

® The deformation is well propor-
tional to their external frictional
force, speed and the surface subsi-
dence.

e The subsidence and speed present
a temperature effect. When the
shaft expansion occurs due to tem-
perature increase, the possibility
of their damage would increases.

e® Mechanically, the damage is
caused by their vertical bend, pre-
cisely the bend shearing stress and
bend tensile stress. They damage
the shaft with a shearing rupture
and a tensile rupture.

2 Deformation Monitoring
Theory and Method

Until now, a whole and systematic
theory on the shaft deformation
monitoring has not formed yet.
The effective and practical monitor-
ing method has not been established.
Following the methods used, there
are two monitoring methods used of-
ten. Based on the rock mechanics a
method of observing the mechanical
parameters was established. Based
on the engineering surveying a meth-
od of geometrical deformation sur-
vey was found. Those methods could
be divided into direct and indirect,
manual and automatic.

2.1 Mechanical Monitoring
Method

The deformation is well related to
the distribution of stress. From the
deformation observation of the
wall surface and the distribution of
the additional stresses, the shaft
situation could be well known and
the deformation of the whole shaft
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could be also derived inversely. A
practical method is called “hole de-
formation monitoring method”. On
the object studied some holes are
made following some principles.
When the object deforms the holes
deforms too. From the deformation
observation of the holes, the defor-
mation of the whole object could
be derived. Because the deformation
of the holes is usually very small, the
precise sensors for observation are
indispensable. There are also some
things should be well considered in
order to assure the observation cor-
rect. Firstly is the selection of the
sensors following the physical and
mechanical characteristics of the ob-
ject studied. Then is the matching
problem, disturbing to the original
stress field by the installation of
the sensors. Third is the type selec-
tion and model selection of sensors
following the problem. Forth is the
coupling problem between the sen-
sors and the object in order to assure
the observational correctness and re-
liability. It mainly deal with the per-
formance of the daub (modulus of
elasticity and density) and the instal-
lation technology.

2.2 Geometrical Monitoring
Method

In addition to the indirect measure-
ments mentioned above, some direct
measuring methods are also studied
on the shaft deformation monitoring.
Those methods could be divided into
two groups: partial deformation
monitoring and whole deformation
monitoring.

For the partial deformation monitor-
ing method, some vertical and hori-
zontal base lines of 10 ~ 20 meters
long are installed on the wall of
the shaft. Their length could be mea-
sured with steel tape and other pre-
cise distance instruments. For the
whole  deformation  monitoring
method, one or two temporary
plumbing lines are hung in the shaft
as the base datum lines for distance
measurement. The equipment and
the points installed on the wall or
the equipment could be measured
with instruments. The datum lines
are served for the whole shaft.

The two methods described above
have some virtues and defects in
practice. In the first one the observa-
tions could be automatically con-
trolled by the computer. It can
work with high effect and without
any occupation of shaft. This method
marks out the developing direction
in the future. At present, there are
some problems to be solved.
Theoretical Problem: An inverse
analysis theory is used to derive
the deformation of the whole shaft
from the deformation on the holes.
The solution of the inverse analysis
is very variable from an assumption
to another. The determination of the
boundary conditions and the selec-
tion of the models are very important
and difficult.

Technical Problems: The matching
and coupling in the installation tech-
nology are two very difficult prob-
lems. The electronic and magnetic
interference of the electrical power
cables to the deformation monitoring
system (sensors and wires) installed
in the shaft should be resisted in or-
der to get a real electronic deforma-
tion signal. But it is very difficult. In
addition, the system must have a
good quality for a long term because
the deformation monitoring work
should be carried out for a long pe-
riod (15 years at least). The other im-
portant problem is that it could not
carried out geometrical deformation
measurement, such as inclination
and bending of the whole shaft,
which are exactly the key factors
for shaft damage in the case we
face with.

In the second method the geometri-
cal deformation measurement of the
whole shaft could be realized, but it
should occupy the shaft. The defor-
mation measurement could not be
carried out frequently.

Following the author’s experience
and researches, two methods should
be used at the same time in order to
complement each other and to per-
fect the first method, especially in
the case that not enough experience
could be referred. A part of this pa-
per is to present the monitoring sys-
tem was developed by our research

group.
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3 Shaft Deformation
Monitoring System

Under the so bad conditions within
the shaft, it is very difficult to estab-
lish a geometrical deformation mon-
itoring system with good perfor-
mance, good reliability and conveni-
ence of maintaining. This is why
there is not any ripped technique
yet until present. The system should
be able to measure the deformation
of the shaft as a whole object. The
vertical deformation, inclination de-
formation and bending deformation
should be directly or indirectly mea-
sured. It should be served for long-
term, and permits to be repaired
and replaced without any influence
on the measurements. From the limit
strength of cement construction, the
measurement precision is 1 mm for
vertical and 10 mm for horizontal.
And also a computing and analysis
program should be developed for
the deformation data processing
and deformation analysis.

3.1 A System with Inverse
Plummet

The deformation monitoring system
with inverse plummet is presented in
Fig. 1. The upper part is a float with a
floating force of 45 kg. A stainless
invar wire is hung within the shaft
along the wall. One end of it is con-
nected with the float located on the
top of the shaft and the other end
connected with the fixed point in
the level of bedrock. Certain special
points, a stainless steel plate of a
forced centering system for the mea-
suring instruments, are installed near
the invar wire along the wall. On the
wire some observational marking
blocks are fixed near and over the
plates. The stainless invar wire is 1
mm in diameter and its the tempera-
ture expansion coefficient is
1.2 x 107, One instrument CG-3A
is used to measure the horizontal co-
ordinates (X, y) and another SCG-2 is
used to measure the vertical coordi-
nate (z). The number of the stainless
invar wires in one shaft is about
3~6.
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3.2 Measurement Realization

In practical observation, two mea-
suring techniques have been used.
One is by the instruments CG-3A
and SCG-2, another is by a photo-
grammetric system DCRPS (Digital
Close Range Photogrammetry Sys-
tem). For the first the measurements
are directly the coordinates of the
points. For the second is to take three
photos on every point and then re-

store the model in the computer
and measure the model instead of
measurement on site. This is a
time saving and holographic method.
The coordinate of the points could be
measured on the restored model by
computer. The most important ad-
vantage of this technique is that
the measurements could be realized
in any time and for every point with
the photos. And we could remeasure
all with the photos from the begin-
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Tab. 1: Coordinate Measurements of A Wire

ning to the end if necessary. The
measurement should be carried out

Date X(mm Y(mm Z(mm . X
) =) ) every month during the first two
97.7.5 25255 3.180 48.099 years, every two months during the
97.8.4 25.475 3.305 49.038 second two years. Of cause it also
9795 24125 3.330 45.857 depends how active the shaft is.
97.10.3 26.635 3.370 47.282
97.11.5 25.080 3.450 45.809 4 Deformation Analysis
7.12. 25.490 3.61 45.11 . .
o7.12.3 549 0 5110 Two corrections should be taken into
98.1.5 25.185 3.160 47.097 account for the measurements, index
98.2.5 25.810 3785 46.749 errors and temperature correction.
And then the coordinates obtained
should be reduced to the same coor-
dinate system by a coordinate orien-
Tab. 2: tation and coordinate transformation.
This procedure is very similar to the
Date X(mm) Y (mm) Z(mm) orientation with double plummets in
9775 24.245 25.585 46.078 a shaft. In order to analyze the defor-
mation pattern, the deformation is
97.8.4 24.760 25.540 47.116 d . . K
ecomposed into five sub-patterns:
97.9.3 23.960 25.550 46.570 horizontal displacement, inclination
97.10.3 24.290 25.535 46.120 deformation, vertical deformation,
bending deformation and radial de-
97.11.7 24.730 25.280 45.126 .
formation. There are some mathema-
97.12.3 24.260 24.675 45.166 tical models being correspondent to
98.1.5 24310 25.075 45.857 those sub—patterns. Based on the pat—
P 5743 55373 15573 tern recognition theory and method,
- i : i the shaft’s deformation behavior
could be characterized through the
Tab. 3: Vertical Stress from A Wire and Other Observations
Date Stress A-A, A-As Ar-As A-Aj Temp. Water Level Month
(32.6M) (35.9M) (59.5M) (128.0M) ™M)
97.7.5 e (2-1) -99 —6.6 —4.7 —6.6 26.1 61.67 1
97.8.4 & (3-1) —13.1 —8.8 —6.9 -9.0 30.0 61.68 2
97.9.5 g (4-1) — 114 -73 —43 —-7.0 26.0 61.87 3
97.10.3 e (5-1) —10.0 —42 —-38 —-55 23.5 61.85 4
97.11.5 & (6-1) —-7.0 -29 —1.8 —34 16.0 62.00 5
97.12.3 e (7-1) —-7.1 -29 — 1.8 —-34 15.5 62.14 6
98.1.5 & (8-1) -9.2 —4.4 —4.4 —-5.6 18.8 62.10 7
98.2.5 g (9-1) —83 —43 —-59 —6.1 18.0 61.68 8
Tab. 4: Plan Coordinate Correlation Coefficients
Point Pxy Pxr Pxm Pxw pyr Prm Prw Ptm pPrw Pmw
A 0.042 —0.162 0.255 —0.283 0.763 —0.615 —0.811 —0.820 —0.670 0.470
Ay 0.410 —0.239 0.337 —-0.192 —0.554 0.610 0.000 —0.820 —0.670 0.470
Az —0.392 —0.018 —0.133 0.000 —0.463 0.271 0.144 —0.820 —0.670 0.470
B 0.289 —0.554 0.745 0.366 0.571 —0.000 —0.433 —0.820 —0.670 0.470
By —0.654 —0.011 0.295 0.013 —0.006 0.263 —0.082 —0.820 —0.670 0.470
Bs —0.054 —0.068 0.431 0.397 —0.463 0.148 0.397 —0.820 —0.670 0.470
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Tab. 5: Vertical Coordinate Coefficients

Pz122 Pz173 Pzt Pzim Pziw Pz273 Pzt Pz2m Pz2w Pz3r Pz3m Pz3w
0.940 0.751 —0.954 | 0.641 0.576 0.761 —0.941 0.714 0.657 —0.685 0.223 | 0.765
B 0.875 0.832 —0.967 | 0.789 0.644 0.951 —0914 | 0573 0.802 —0.935 0.082 | 0.741
0.664 0.652 —0.835 0.455 0.659 0.685 —0.873 0.800 0.721 —0.306 | —0.108 | 0.427

sub-patterns and could make us well
understand the deformation features.
In order to carry out the influential
pattern analysis, some statistic
mathematics are used to check up
the relations between the deforma-
tion and the external factors (subsi-
dence, subsidence speed, water level
and season etc.) in order to find the
most important factors. The principal
component analysis, regression
analysis, statistic analysis, correla-
tion analysis and model significant
test have been used for the deforma-
tion pattern analysis.

5 Example

Three stainless invar wires have
been installed in the auxiliary shaft
of Tongtan Coal Mine since March
1997, (A, B, C). Three points have
installed for each wire along the
shaft’s wall. Tables 1~ 2 partly
show the coordinate measurements.
Table 3 partly presents the vertical
strains and the other measurements.
The correlation coefficients during
the deformation pattern analysis
are put in table 4 and table 5. During
the deformation pattern analysis, the
linear regression model and statisiti-
cal tests were used to find the shaft
inclination deformation, bending de-
formation and the radial deforma-
tion. The correlation coefficients be-
tween the coordinates were used to
find the shaft radial systematic de-
formation. The following conclu-
sions are obtained:
® The shaft is only of the vertical
compressed deformation pattern
without displacement, inclination,
bending and radial deformation.
@ Vertical compressed deformation
is at an annual average speed-
1.1 x 10~%/year, and correlated
with temperature and water level.
® The vertical compressed deforma-
tion is variable in sine with season
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or temperature. This feature is the
same as that found in the other
mines [3].

® The most dangerous period for
this shaft is during July to Octo-
ber, decreasing of the absolute
value of vertical stress or expand-
ing of the shaft.
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Abstract

This paper presents the re-
search in the fields of the
shaft’s deformation monitor-
ing and deformation pattern
analysis. Some geological rea-
sons of deformation were
studied and analyzed. Based
on the deformation features,
the methods used for the shaft
deformation monitoring and
deformation analysis are
studied. A brief presentation is
made on the methods used to
deformation pattern analysis
in the group. Some useful re-
sults and conclusions are in-
troduced.
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