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Abstract. Shield method construction of coal mine roadway is the future trend of the
development of deep coal mining. The main shaft supporting is the segment. There is
rubber pads between segment and segment. The performance of compression
deformation of rubber pad is essential for the overall stability of lining. Through load
test, displacement of the rubber pad under load, the thrust force law of the rubber pad
deformation, and provide a theoretical basis for the stability analysis of coal mine
tunnel shield construction.

1. Introduction

The deformation of lining segment structure is complicated in shield tunnels of underground
engineering. There are a lot of numerical and experimental studies have been done on it [1-2]. It has
provided a large number of engineering practices for guidance and reference. The rubber pads are
between the segments. The mechanical property of rubber cushion is an important part of the study of
deformation performance of shaft lining structure [3-5]. The research on the rubber pad in the segment
assembly tunnel is of great significance. Its performance affects the stability and durability of the
tunnel support structure indirectly. In view of the existing research ideas and methods, the loading rate
method was used to test the same kind of rubber pad used in the field, and the relationship between the
compressive load and the compressive displacement of the tested specimen was measured. According
to the experimental data, the stress-strain curve of the material is drawn [6-7]. Through the integration
and analysis of the curve, the basic mechanical parameters and the corresponding constitutive
relationship of the segment rubber gasket are obtained. The constitutive relation, this paper analyzed
the determination and calculation of the established project, surrounding rock deformation under the
effect of circumferential segment at the contact surface of the rubber gasket. At home and abroad on
the research on the segment structure considering the rubber pad deformation performance influence at
home and abroad. The research will be little structural analysis provides a theoretical basis and
technology support design and stability of tunnel segment is now backing for the domestic and foreign
deep tunnel construction has a very important theoretical and practical significance [8-10].
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2. Test equipment and test procedure

2.1. Test equipment and principles

The relation between the determination of compressive load and compression displacement by
controlling the frozen soil testing machine loading rate, and obtain its constitutive relationship. The
recoverable deformation amount of rubber cushion material under compressive load is measured in
small load test, and the relation between the compressive load and its compressive displacement is
measured and the curve is drawn, and then turned into the relationship between the stress and the
displacement of the pressure and draw the curve. The load is controlled in the range between 0-12KN.

2.2. Test procedure and method

The rubber pad material (thickness is 2.0 mm) are processed into standard samples. The raw material
is cut into the side length of 50 mm, the stacked thickness is 40mm. They are the 1 standard test pieces.
5 standard specimens are machined in the test processing. They are labeled 1#, 2#, 3#, 4# and 5#. the
pad of raw materials and processed specimen are shown in Figure 1.

(1) Rubber cushion raw material (2) Test specimen after processing;

Fig.1 Rubber raw materials and the test-piece in processing

The compressed deformation test of the specimens was carried out in the order of numbers by using
the test machine of frozen soil pressure.

The first test pressure can make the deformation of 20mm, which is a half of the height of the
specimen. The preliminary estimate of the pressure size is about 9KN, the destruction of a try is
observed at this time; if the specimen is intact, the pressure is continued respectively to 24mm
(10.8KN), 28mm (12.6KN), 32mm (14.4KN)... Until it begins to break, the pressure applied are record
ed at this time.

2.3. Experimental result

In the process of loading, and unloading, the compression displacement is in proportion to the load
proportional loading. Namely the compressive displacement (deformation) increases when loading and
decreases when unloading. When unloading to the initial value, the compression displacement does
not decrease, but there are about 10mm of the irreversible deformation. Through one cyclic loading
can be found second, the load corresponding with the maximum displacement in every test is basically
the same. The resulting irreversible deformation is about 10mm-11mm, the corresponding single
irreversible deformation is about 0.50mm-0.55mm.

3. Fitting equation
The curve of load-displacement is transformed into the stress-displacement formula. Then the
empirical curve formula of the mechanical property test of rubber cushion is as follows:

o = 0.2393Al +0.2693 1)

In action, & is the action stress, | is the compression displacement of the 20 rubber pads.
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The compression amount of the formula (1) is converted into a single rubber pad (1 pieces of 20
pieces) is
o =4.786Al +0.2693 (2)

From the formula (2) we can get the deformation of one rubber pad is

Al =0.209c - 0.056 ©)

4. Example analysis

4.1 Engineering background
The Shenhua Group Taigemiao mine shield construction of long distance mine shaft test project as an
example. By using the shield machine thrust force 10000KN, tunnel lining structure within a radius of

b =3.3m, radius @=3.65m, segment width d =1.5m, thickness h =0.35m, rock pressure P, is15MPa,
segment concrete grade is C40, density is p = 2440kg /m?®. Poisson ratio is «=0.22 , elastic
modulus E;=3.25x10* MPa.

Table 1. Physical and mechanical parameters of rock mass in specifications

Basic Gravimetric Internal - o osive strength  Deformation .
quality densit friction Poisson
ensity ¥ c modulus E ;
grade of . angle ¢ ratiov
rock mass (KN/m*) 9 (MPa) (GPa)
I 526.5 >60 >2.1 >33 <0.2
I ' 60-50 2.1-15 33-20 0.2-0.25
I 26.5-24.5 50-39 1.5-0.7 20-6 0.25-0.3
IV 24.5-22.5 39-27 0.7-0.2 6-1.3 0.3-0.35
\Y <225 <27 <0.2 <13 >0.35

4.2 Deformation of rubber pad

According to the actual engineering background parameters and the existing research results, the
pressure of the rubber pad between the segments is obtained. The deformation of the rubber pad
between the segments is

(10000—5.83n ”2‘1) %107

AIn~n+l = 8Oi 79

-0.27

mm.

In which n is the order number. If n=1,23..... are brought respectively into the formula , the
deformation of every rubber pad can got as follows, 0.2056mm, 0.2045mm,0.2040mm......

5. Conclusion

Using the mechanics theory, combined with the actual technical parameters of shield construction, the
rubber pad compression test is designed and finished. The jack thrust interaction and backfill layer
friction resistance is simulated; compression deformations of rubber pads are measured. The stress-
deformation formula of the rubber pad is obtained and finally draw the following conclusions:
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The rubber pad between the segment rings will produce a certain amount of compression
deformation under the action of the jacking force of the jack. The compression deformation of the
rubber pad between the segment rings is related to jacking force of Jack.
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