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Abstract: This paper discusses the issues associated
with the influence of underground mining operations on
sewage pipelines built using the pipe jacking method. At
present, to build sewage pipelines, especially in urban
areas and deep embedment, trenchless technologies are
employed. Mainly in these technologies, pipes are jacked
into a bored tunnel using hydraulic jacks. These methods
are also applied in mining areas.

The aim of this paper is to analyse the influence of
ground deformation, caused by mining operations, on
sewage pipelines built using the pipe jacking method.
The type of pipelines discussed here is built with butted
sections, which cannot compensate the influences of
mining operations in pipe joints if horizontal compression
occursin the near-surfacelayer of soil. Pipelines embedded
in trenches in the mining areas are secured against the
influence of mining operations with expansion joints,
which compensate for ground deformation. Hence, in the
analysis of the influence of soil deformation caused by
mining on sewage pipelines built using jacking method,
special attention was paid to the performance of pipe
joints. Pipelines of the type are subjected to additional
loads and displacements, caused by soil deformations
like horizontal strains, horizontal soil displacements and
surface curvatures. We propose a way to consider the
influence of mining operations on sewage pipelines built
using the pipe jacking method.
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1 Introduction

Trenchless technologies are employed for building sewage
pipelines mainly in urban areas and when they have
to be embedded deep underground. The technologies
offer many advantages such as minimal earthworks and
requiring limited space for their construction [7, 9, 19].
Trenchless technologies are also applied to build sewage
pipelines in mining areas.

The aim of this paper is to analyse the influence of
ground deformation caused by mining on sewage pipelines
built using the pipe jacking method. In mining areas,
such pipelines, unlike pipelines assembled in trenches,
are built of butted segments, which cannot compensate
for deformations of ground in pipe joints. Hence, when
analysing the influence of soil deformations caused by
mining on sewage pipelines built using the pipe jacking
method, special attention was paid to the performance
of pipe joints. In mining areas, these pipelines are
subjected to additional loads and displacements, caused
mainly by the influence of horizontal strains, horizontal
displacements and surface curvatures. We also propose a
method to consider the influence of ground deformations
caused by mining on sewage pipelines built using the pipe
jacking method.

2 Characteristics of Sewage
Pipelines Built Using Pipe Jacking
Method

Building a sewage pipeline using the pipe jacking method is
employed in trenchless technologies: hydraulic jacking and
microtunelling. In the microtunelling technique, pipeline
sections are jacked one by one from the launch shaft into
the tunnel, bored with the cutting head, forming even a
few-hundred-meter-long section leading to the reception
shaft (Fig. 1). The launch shaft has to accommodate all
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Figure 1: Typical microtunelling installation [15].

the necessary equipment. It also has to offer enough room
for the jacked pipes as well as for slurry feed and return.
Through the reception shaft, the boring head is taken to
the surface. To secure walls of the shafts, they can be made
of materials like steel sheet piles or pre-cast reinforced
concrete segments using shaft sinking method. In launch
shafts, the jacking frame has to be assembled. The jacking
pipes for sewage pipelines are most often made of reinforced
concrete, polymer concrete, or polyester resins reinforced
with glass fibre or stoneware [20].

In trenchless technologies employing the pipe jacking
method, pipe joints should transmit longitudinal forces
from one pipe to another without damaging it, keep the
pipeline tight, and prevent their transverse displacement
[14]. In sewage pipelines built using the pipe jacking
method, the pipes are butted, without initial gaps, which
is a characteristic feature of the technique (Fig. 1).

Manholes located every a few dozen meters, at most
up to 100-120 meters, are an indispensable element of
each sewage pipeline [14]. Manholes are built in launch
shafts and reception shafts, as well as in between them,
after completing the pipeline using the pipe jacking
method. Manholes and pipes are connected with tight
connection bells or proper connectors. The connectors
are connected with stub ends, which are permanently
assembled with the manhole base. To assemble manholes
in large diameter pipelines, holes are made on the side or
the top of a pipe. Then, we receive a very long linear object
built of butted pipes (without expansion joints), usually of
significant rigidity.

In static strength calculations for sewage pipelines
built using the pipe jacking method, there are two stages
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of pipe performance: implementation and operation. At
the implementation stage it is necessary to consider the
transverse and longitudinal loads acting on pipeline.
Longitudinal loads, acting along the pipeline axis, result
from the pipe jacking force on the soil and an additional
influence of, for example, steering the jacking process [2,
18, 20]. The value of the maximum jacking force F . can
be calculated from the following equation [8, 14]:

Fo. = [G / “"‘j A %)
’Yb Go

where: A . - smallest surface transmitting the jacking
force, o - biggest stress at the edge of a jacking pipe, o,
— evenly distributed stress for axial influence of jacking
force, 0, — compressive strength of a jacking pipe in the
longitudinal direction, y, - safety factor.

The ratio of stresses (rm/o0 is determined based on the
knowledge of load eccentricity caused by the jacking force
[8] if the resultant force is outside the kernel of a cross-
section.

3 Influence of Mining Soil
Deformations on Sewage Pipelines
Built With Jacking Method

To calculate the soil load for sewage pipelines built
using the pipe jacking method, Terzaghi’s theory and
it’s modified versions are applied [21]. Vertical soil load
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p,.on the top of pipes is determined with the following
dependence [3, 8, 17]:

D =XYh )

where:  — soil arching factor, y — volumetric weight of soil,
h - depth of pipe embedding.

Lateral earth pressure p, on a pipe of low
deformability is determined with the equation

pr=xXYhK 3

where K is earth pressure coefficient.

Transverse influence of mining operations on a
pipeline is observed from changes in ground pressure.
The changes are caused by horizontal ground strains,
characterised by the coefficient K, in equation (3). The
value of the coefficient significantly changes, which has to
be considered in static calculations [10, 13]. For the pipes
that can be classified as flexible, additionally, passive
earth pressure is considered [14]. The passive ground
pressure changes due to the influence of loosening strains
[5, 10, 13]. Horizontal strains cause a decrease in the
horizontal load on pipes in the loosened soil zone, and an
increase in the horizontal load on pipes in the compacted
soil zone.

Longitudinal, in relation to the pipeline, horizontal
strains in the near-surface soil layer result in longitudinal
forces acting on its external surface and longitudinal pipe
movements. Figure 2 shows the performance of jacking
pipeline joints in mining areas when pipes can freely move
in tight connection bells of manholes or where expansion
joints are present in the stub ends of manholes. If there are
no such expansion joints, the base of a manhole may be
damaged, and the displacements of pipes will be smaller.

During horizontal soil loosening, which constitutes
the first stage of mining influence on a pipeline, the pipes
extend (case 2 in Fig. 2; case 2 in Fig. 3). The extension
may be uneven along the considered pipeline section
due to random dispersion of the values of deformation
indicators. The extreme value Al __ of the extension for
a single joint in a pipe section of length [, subjected to
the influence of horizontal strains ¢, can be written as
Al =¢el[l+nM ()], with probability specified by
coefficient of tolerance n, where M (/) is the coefficient
of variation of horizontal strains for a section of length
[ [4, 6, 11]. For example, the value of Al = 38,7 mm is
determined with probability of 0.95 (n = 1.645 for normal
distribution) for horizontal soil strains of average
value € = 9.0 mm, pipes of length of | = 2.0 m and the
coefficient of variation of horizontal strains for tension
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M, (I=2m)=M,(I,)\JI,/] =0,2,252=0.7 [1, 10, 13],
where [ is the length of a standard measuring base.

Extension in each pipe joint occurs if the value of
tangent forces is greater than resistance forces in a seal
in a joint. The force P, necessary to extend a single pipe
joint can be determined based on tests conducted for each
pipe diameter and type of sealing. The tests can be limited
to seals of the same cross-section dimensions, applied
for different diameters, but within a specific range (e.g.
DN800, DN900, DN1000). Then, it is enough to determine
the force per length unit of a seal of a given diameter. The
resistance force of a pipe joint when pipes are displaced
can be calculated from the equation

P =nD,u (4)

where: D, - diameter at the contact between a seal and
sliding element of a joint, u — resistance force of a seal per
length unit, determined in tests.

The value of longitudinal axial forces affecting a pipe
joint equals the sum of all soil friction forces acting on the
external surface of pipes or shear forces in the soil around
the surface of pipes [16]. For calculations, a lower value
should be assumed, which, for smooth external surface
of pipes, represents friction forces. Then, the value of
longitudinal axial forces N, acting on a pipe joint in the
zone of horizontal soil loosening (tension) equals

N, =1t (5)

where: [ - length of considered pipes, t — tangent force for
a pipe length unit.

The value of force t can be determined on the basis of
tests or, knowing the value of coefficient p of soil friction
on the external surface of the pipes [2] and the average
value of transverse loads on pipes p_, using the equation

t=nD_pup, (6)

where D, is the outside diameter of pipes.

The value of longitudinal forces N, depends on the
depth of embedding, surcharge loads and soil friction on
the external surface of the pipeline. Extensions in all the
joints occur if N, > P . If this condition is not met, every
second or even third joint may extend, especially if they
are short pipes having a smooth outside surface and
relatively shallow pipeline embedment. For example, for
GRP jacking pipes of nominal diameter DN1100, u = 14.1
kN/m and force P =53.1KkN for D= 1.2 m. In turn, the
resultant value of longitudinal axial force N;= 53.1 kN will
occur at the depth of approximately 2.0 m for cohesive



150 — Piotr Kalisz, Magdalena Zieba

§ sciendo

transverse

direction

longitudinal
direction

direction of mining

Figure 2: Performance of a jacking pipeline joint in mining areas.

soils of pipe friction coefficient p = 0.25 and approximately
2.5 m for p = 0.20 (volumetric weight of soil y =18.5 kN/m?,
pipe external diameter D = 1221 mm).

In the second stage of mining influence on a pipeline
built using the jacking method, there is horizontal
compaction of a soil layer, which results in reducing gaps
in the joints that were formed during the first stage (case 3
in Fig. 2; case 3 in Fig. 3). Front surfaces of the pipes return
to their initial butted position, and further horizontal soil
compaction causes longitudinal compression of the pipes.
The maximum value of compressive force N___should not
damage a pipeline, if the pipes can freely slide in tight
connection bells of manholes or when there is a proper
expansion in joints of stub ends of manholes. The Value
of the force does not exceed the maximum jacking force.

After reaching the extreme value of strains for soil
compaction, it loosens again, constituting the next,
the third stage of mining influence on a pipeline. Then
the pipes extend again, which results in expansions in
pipe joints (case 4 in Fig. 3). It is the initial state before
the influence of further mining operations. Hence, to
secure a pipeline built using the pipe jacking method in
mining areas, pipe joints should be longer than standard
ones, similar to the length of joints of pipes embedded in
trenches. Longitudinal, in relation to the pipeline, pipe
joints should be able to compensate relative, extreme
displacements of the pipes, resulting from horizontal
strains of ground [6, 12]:

Al =2¢el[l+nM(])] (7)

£€max

For pipelines of greater diameter, e.g. D = 1 m, surface
curvature of radius R should be considered:

Al =Al

max €max

+Al,. =1Q2e+D/R)1+nM1)) (8)
where coefficient of variation M (/) needs to consider
random dispersion of surface deformation indicators &
and K for sections of length [, equal to the length of pipes.
Pipelines built using the jacking method in mining areas,
which will be subjected to the mining influence once, have
to remain tight in the expansion joints as shown in case 4
in Fig. 3. Hence, they can be shorter.

Due to horizontal soil loosening and compaction,
caused by horizontal strains of ground, distances between
manholes along the axis of a pipeline change. Horizontal
soil compaction (case 3 in Fig. 3) results in shortening the
distances and sliding the ends of pipes into the manholes.
It may lead to damaging the base (tight connection
bells and inverts), which needs to be considered while
designing and assembling sewage pipelines using the
pipe jacking method in mining areas. For the manholes
with stub ends permanently connected with a base, the
joints with pipelines should provide sufficient expansion.
The displacements of the pipe ends near manholes are
permanent after mining (case 4 in Fig. 3). It also should be
considered while designing and building sewage pipelines
using the jacking method. The total displacements of the
pipe ends near the manholes (AL, and AL, ) equals the
total of gaps in given joints of the section. The maximum
value of the total of the displacements can be determined
with the following equation:
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Figure 3: Pipeline section built with the pipe jacking method: 1) initial state, 2) after soil loosening, 3) after soil compaction, 4) pipeline which

was subjected to the mining influence once.

AL=AL +AL, =g L[l +nM_(L)] )
where: L - distance between manholes, n — coefficient
of tolerance, which depends on the probability that the
values of extreme strains are not exceeded, n = 1.645 for
normal distribution and probability 0.95, M _(L) -
coefficient of variation of strains for soil compaction for
length L.

The total of displacements DL of pipe ends into
manholes, located approximately 50 metres apart, for
average values of horizontal strains of ground of 6.0
mm/m and 9.0 mm/m, will be respectively approximately
0.4mand 0.6 m, assuming M (L) =0.2.

Large-diameter sewage pipelines, built with pipe
jacking method, can be a long section of pipes assembled

without expansion joints, as manholes of a diameter
smaller than the diameter of a given pipeline are installed
on the side or on the top of pipes. In such cases, it is
also necessary to analyse the influence of horizontal soil
displacements on the whole pipeline. Hence, a very long
linear object, built of butted segments, was considered.
It is capable of transmitting significant longitudinal
compressive forces and relatively small tensile forces,
which depend on the value of resistance force P in a pipe
joint. Longitudinal, in relation to the pipeline, object is
subjected to the influence of horizontal soil displacements
u. The displacements cause longitudinal tangent forces on
its external surface. The situation is presented in Fig. 4.
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Figure 4: Linear object consisting of butted segments on mining subsoil, u - soil displacement, u, - object displacement.

The value of compressive forces acting on the pipeline
within the range of main influences, i.e. along the line
segment [-r;r], will change according to the dependence

N = t(x - r) (10)
where x is the distance from the mining edge, and r is
the radius of the range of main influences. The extreme
value of compressive axial forces occurs at the distance
—r from a mining edge, assuming the boundary value of
unit tangent force t on the surface of the whole segment,
affected by soil displacement. The value will be

N, =t-2r) (11)
Jacking pipes can adapt to transmit significant
longitudinal forces, yet the values of longitudinal axial
forces may be much higher than their bearing capacity. A
pipeline built using the jacking method of GRP pipes of
nominal diameter of 1.1 m, embedded at the depth of 4.0
m, will be subjected to longitudinal force of approximately
42,6 MN, once it is within the radius of main influences
of 400 m (p=0.25, y =18.5 kN/m?). The value of the force
exceeds acceptable value of the jacking force for the pipes
of 3.66 MN for the wall thickness of 61 mm.

In mining areas, values of longitudinal forces, acting
on the pipelines built using the jacking method without
expansion joints, can be much higher than acceptable
values of pipe jacking forces. Thus, it is necessary to

divide such pipelines into sections and apply proper
expansions in joints, calculated with equation (9). The
expansions in joints lower the extreme axial forces to the
values acceptable for jacking pipes.

4 Summary

Pipelines built using the jacking method are linear objects
consisting of butted pipe segments. In mining areas,
for pipelines built with the pipe jacking method, the
longitudinal soil deformations are crucial. It refers mainly
to the horizontal strains of ground, and for large-scale
pipelines also to the horizontal displacements and subsoil
curvature.

In mining areas, due to the influence of horizontal
strains and longitudinal soil displacements, it is
necessary to apply proper length of pipe joints and proper
tight connection bells through the walls of manholes. In
large-scale pipelines, expansion joints should be applied,
separating segments of acceptable length, due to the
bearing capacity of the pipes.

If pipelines built using the pipe jacking method are to
be subjected to repetitive mining influences, their joints
should have the same capabilities to compensate subsoil
deformations as the pipelines embedded in trenches, as
they have to interact with deformable subsoil in mining
areas.
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