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1. Introduction

Trenchless technologies are mainly used for the construction of underground pipelines at deep depths,
especially in urban areas. The pipe jacking method is a non-stop method in the construction of tunnels and
underground channels.

Although this method has many advantages, there are significant problems in different types of soils that
have highly variable geotechnical properties. In this paper, considering the pipe jacking operation in soft soil
and below the underground water level as an engineering field, the ground deformation in different directions
as well as the ground surface uplift were investigated using numerical simulation. This study has focused on
the factors that mainly affect the displacement of the ground, including the diameter, over burden, grout
injection pressure, excavation face pressure, elastic modulus, friction angle and cohesion. The aim of this
research is to provide a theoretical basis for controlling and reducing the ground deformation during pipe
jacking operations. Numerical simulation was carried out using Plaxis finite element numerical software and
considering a case study. In the following, the effect of each parameter on the ground deformation in three
directions and the estimation of the amount of uplift and their exact location were also investigated. The
relationship of each of the parameters with the lateral ground displacement was estimated and finally the effect
of each of the different factors was measured using sensitivity analysis and the sensitivity index of each was
determined. The results show that the diameter has the most sensitivity and the grout injection pressure have
the least sensitivity compared to other factors in the lateral ground displacement. Therefore, more precision
and accuracy should be used in estimating them in primary studies. The maximum ground surface uplift occurs
about 8 meters (2.4D) ahead of the excavation head and then gradually decreases as it approaches the
excavated site.

2. Methodology
2.1. Case study

Vanjima and et al in 2021 analyzed a study of ground disturbance during pipe jacking operations in a field
and theoretical. Their study was done in a field with seven layers, and the longitudinal profile of the layers and
the pipeline are shown in Fig. 1.
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Fig. 1. The longitudinal profile of the ground and the position of the pipeline and layers

2.2. Plaxis finite element software

In this research, modeling was done using the 3D version of Plaxis finite element software, and the version
used is the 2020 version of the software. One of the advantages of this version of the software is the use of a
series of exploratory boreholes to define soil layering, which allows determining a non-horizontal soil
stratification or a sloping ground surface. Also, this version of the software used fully automatic generation for
finite element meshing.

2.3. Sensitivity analysis

The sensitivity function (Sy), which is a dimensionless quantity, is defined in the form of equation 1, that is,
it will be equal to the ratio of the relative deviation (5, = |AP/P* ) to the relative deviation of the parameter

(617 = |Aak/ak* )

5 |AP/o. AP
Skloy) = p/5a = P /|A0(k/ | = |22
(Xk*

2.2. Boundary conditions

o
pr 1)

In defining the boundary conditions, the bottom of the model was considered as a rigid boundary, i.e., the
displacement in all three directions was considered equal to zero, and the side boundaries were also fixed in
the normal direction. The surface of the model also acts as a free surface to evaluate settlements and uplift
during operations.

2.2. Grout injection pressure

The grout injection pressure behind the thrust pipes is also equal to 50KPa, which increases at the rate of
17 KPa per meter along the diameter. In this way, the slurry injection pressure in the lower part of the thrust
pipes will be 105kPa.

2.2. Excavation face pressure

The excavation face pressure is equal to 116 KPa, which increases at the rate of 15KPa per meter along the
diameter. In this way, the excavation face pressure in the lower part will be 165.5kPa.



Ehsan Taheri and Reza Mohammadpour / J. Civ. Env. Eng. 56 (2026)

3. Results and discussion
3.1. Lateral displacement contour

Fig. 2, 3 shows the longitudinal contour and transverse of the lateral ground displacement (u,, ,u,). The
maximum amount of displacement is: (u,=17.16 mm), (u,=5.5mm)

(*10% m)

Fig. 2. Longitudinal contour of lateral displacement (u,,) of the numerical model
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Fig. 3. transverse contour of lateral displacement (u,,) of the numerical model

3.2. calibration of the model

The comparison of the surface deformation of the ground in the form of transverse and longitudinal profiles
of the measured values and the numerical model is shown in Fig. 4.

E 1 © Measured Value ~+=Numerical Model ©® Measured Value —+—Numerical Model
1
S o0
g o4
1
= 4
2 o
3 B
|
9 =
g
—~ -4
g s ]
1% Z s °
., ;i
2 0
3 % -7
K

0 2 4 6 $ 10 ” " 16 18 20
Cross Section Distance (m)

o>

=25 20 15 -10 5 o 5 10 15 20 25
Distance From Excavation Surface (m)

Fig. 4. Calibration of the model
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3.3. calibration of the model

The relationships of each of the factors in the lateral displacement parallel to the pipeline (u,) as well as
their sensitivity function are given in Table 1.

Table 1. Lateral displacement relationships and sensitivity function of basic factors

Factor (uy) (S:)
Diameter U, = —0.0098 d* + 0.606 ¢ — 0.898 d |-0.029 d? +1.212 d — 0.898] x d
+0.862 ~0,0098 d* + 0.606 4 — 0.898 d + 0.862
— 2 —
over burden U, = —00450° +0.79 0% — 482 0 + 12.378 0135 0% + 1580 — 482| <0

—0.04503 +0.790%2 —4.820 + 12.378

.0044
Grout injection pressure Uy, = —0.0044 G + 4.36 _00044G
—0.0044 G + 4.36
.0582 P
Excavation face pressure Uy, = 0.0582 P — 2.407 70 058
0.0582 P — 2.407
0.041E
Elasti dul U, = —0.041E + 4.232 -
sl Mocits v —0.041E + 4232
0.0095 ¢
icti U, = 0.0095 ¢ + 4.148 St S
Friction angle y ® 00095 ¢ + 4148
Cohesion Uy = 0.0009 C? +0.076 C + 4.15 10.018 € + 0.076| > C

0.0009 C2? +0.076 C + 4.15

3.4. Sensitivity index

Finally, the sensitivity index of the analyzed parameters is given in Fig. 5, which shows the importance of
each factor in the lateral ground displacement.

Sensitivity index comparison among parameters affecting ground deformation

Friction angle [l 0/068
Cohesion NN 1/768
Elastic modulus [N 0/633
Face pressure [N 1/554
Grout pressure [l 0/053
Diameter I 2/214
Overburden |GGG 0/989

0 0/5 1 1/5 2 2/5

Sensitivity index

Fig. 5. Diagram of the sensitivity index of the effective parameters in lateral ground displacement
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According to observations, the order of sensitivity and importance of the analyzed parameters will be as
follows: (D>C>P>0>E> ¢ >G)

4. Conclusions

The effect of each parameter on the ground deformation in three directions, as well as the estimation of the
amount of uplift and their exact location, was investigated. According to the results, the maximum uplift occurs
about 8 meters (2.4 D) ahead of the excavation face, and then the uplift gradually decreases as it approaches
the excavated site. By 3 times the injection pressure of slurry, the lateral displacement (u,) has increased
almost 14 times, and with the increase of 139.2 kPa excavation face pressure, an increase of 351.3% of the
displacement in 1 meter in front of the excavation face will follow. Finally, the results showed that the
sensitivity of the parametersis (D> C>P > 0 > E > ¢ > G) that the diameter has the most sensitivity and the
grout injection pressure have the least sensitivity compared to other factors in the lateral ground displacement
(uy). Therefore, more precision and accuracy should be used in estimating them in primary studies
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