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NGHIÊN CỨU XÁC ĐỊNH PHẠM VI VÙNG ẢNH HƯỞNG
KHI THI CÔNG KHOAN KÍCH NGẦM TRONG ĐIỀU KIỆN ĐẤT YẾU 

TẠI KHU VỰC ĐỒNG BẰNG SÔNG CỬU LONG

ESTIMATING THE INFLUENCE ZONE INDUCED BY PIPEJACKING 
IN THE MEKONG DELTA SOFT SOIL CONDITIONS

Vũ Minh Ngạn, Lại Th anh Nhàn,
Hoàng Đình Phúc, Phạm Đức Th ọ

ABSTRACT:

Cities and provinces in the Mekong Delta area recently have been faced to many climate change problems 
including fl ooding and sea level rising, which lead to disadvantages in travelling and people livings, especially in 
the rainy season. Th us, the drainage system construction becomes an essential solution to solve these problems. 
Pipejacking is one of pipeline construction methods applied commonly in water transmission pipeline projects 
in the Mekong Delta area. However, pipejacking in the urban areas could induce eff ects on existing buildings. 
Th is paper introduces a method for estimating the infl uence zone when pipejacking in the soft  soil conditions 
of the Mekong Delta area. Based on the study results, engineers can easily select the alignment when designing 
water transmission pipeline systems in the Mekong Delta area.

KEYWORDS: pipejacking, MeKong Delta, infl uence zone.

TÓM TẮT:

Các tỉnh và thành phố vùng đồng bằng sông Cửu Long hiện đang phải đối mặt với nhiều vấn đề về biến đổi 
khí hậu như lụt lội và nước biển dâng, gây ảnh hưởng rất lớn đến cuộc sống của dân cư và giao thông, đặc biệt 
vào mùa mưa. Do đó việc xây dựng và nâng cấp các hệ thống thoát nước là một giải pháp tất yếu để giải quyết 
các vấn đề biến đổi khí hậu. Phương pháp khoan kích ngầm là một phương pháp xây dựng công trình đường 
ống ngầm được sử dụng phổ biến tại các vùng đồng bằng châu thổ sông Cửu Long hiện nay. Tuy nhiên, khi 
xây dựng hệ thống đường ống ngầm bằng phương pháp khoan kích ngầm thường gây ra các ảnh hưởng đến 
các công trình lân cận. Bài báo này giới thiệu phương pháp xác định vùng ảnh hưởng khi thi công khoan kích 
ngầm trong điều kiện đất yếu tại vùng đồng bằng sông Cửu Long. Dựa trên các kết quả nghiên cứu này, các kĩ 
sư thiết kế có thể đưa ra các phương án tuyến phù hợp khi thiết kế hệ thống đường ống dẫn nước tại khu vực 
đồng bằng sông Cửu Long.

TỪ KHÓA: Khoan kích ngầm, đồng bằng sông Cửu Long, vùng ảnh hưởng.
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1. INTRODUCTION

Pipejacking recently has been popular in 
underground pipeline construction with small 
diameters ranging from 500 to 5000mm such 
as drainage pipelines and gas pipelines in urban 
areas.  In this technique, the designed pipes are 
pushed by hydraulic jacks in the starting shaft  
through the ground behind the micro tunnel 
boring machine (mTBM) (see Figure 1). Th is 
method has advantages of fl exibility and less 
eff ects on the surrounding environment. 

Th e fi rst pipejacking project in the world is 
the installation of a concrete pipeline under the 
Northern Pacifi c Railroad in the USA in 1896 
(Barbera et al., 1993). In Europe, this technique 
was fi rst used in Vienna in the late of 19th 
century (Stearling,R.L., 2020). In Asia, the 
pipejacking was fi rstly applied in Japan in 1964 with 
a mud-shield” in soft  coastal alluviums. In 1970s, 
Japanese developed this technique with variant 
of machine with support fl uids at the tunnelling 
face.  In Vietnam, this technique was applied in 
the 2000s with a sewerage project in Mekong 
Delta area. Up to now, this pipeline technology 
has been applied in some projects such as 
some water transmission pipeline projects of 
Water Supply Project in Hochiminh city and Yen 
Xa Sewerage System Project in Hanoi. 

However, there are some incidents occured 
in some pipejacking projects leading to damages 
on surface buildings, for example, in NhieuLoc-
Th iNghe project, in Hochiminh city. 

In this paper, some methods of estimating 
infl uence zones induced by pipejacking in Mekong 

Delta area are presented. Based on the results, 
engineers can easily identify potential damaged 
levels and propose solutions for ensuring the safe 
of existing building when pipejacking.

Figure 1. Pushing pipes in pipejacking in soft  soils. 
(Stearling, R.L., 2020)

2. DAMAGE RISKS WHEN PIPEJACKING

When using mTBMs to excavate the ground, 
the movement of surrounding soil leads to 
settlements on the surface and eff ects on nearby 
existing buildings. In order to reduce the soil 
displacements in pipejacking technique, bentonite 
is used for fi lling the gap between the pipeline and 
surrounding ground. 

In this paper, the impact of the pipejacking 
process on existing buildings is investigated with 
the case of using shield machine. 

According to a empirical study based on site 
data in Peck (1969), the transverse settlement due 
to pipejacking at the ground surface has a shape 
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Figure 2. Transverse settlement trough due to
pipejacking (Peck, 1969)

as shown in Figure 2 as a Gaussian distribution. 
Th e settlement curve can be estimated as follows:

2

v v,max 2

xS S exp
2i

 
  

 
         (1)

Where Sv,max is the maximum settlement at the 
surface directly above the pipeline location and 
“i” is the trough width.

Th e value of Sv,max can be estimated from:

s v,max v,maxV 2 iS 2.5iS            (2)
Where Vs is the volume of settlement trough 

per unit pipeline length.
For a circular tunnel as a pipeline, Vs is calculated 

via the volume loss VL as the percentage of the 
notional excavated volume (Mair et al., 1993):

2

s L
DV V
4


            (3)

Th e volume loss surrounding the pipeline 
includes loss volumes caused by soil deformations 
due to face support, passage of the tunnelling 
machine and the annular gap grouting (Maidl, 
2012). Vs is less than the volume loss around 
the pipeline when pipejacking in drained 
condition due to dilation and in the case of 
tunnelling in undrained conditions, Vs equals 
volume loss around the pipeline (Cording and 
Hansmire,1975). Normally, in pipejacking design, 
Vs is assumed equal to the volume loss around the 
pipeline.

As Equation 1, the shape of curve is 
determined by the width of the settlement 
trough “i” which depends on the depth of the 

pipeline and soil parameters. O’Reilly and New 
(1982) gave the relationship between the width 
of the settlement trough “i” and the depth of the 
pipeline as follows:

For cohesive soils:  i = 0.43z0 + 1.1     (4)
and for granular soils: i = 0.28z0 – 0.1     (5)
Th is relationship was also compared by Mair 

and Taylor (1999) to the relations for settlement 
trough width and depth of pipeline axis from 
many authors and recommended for practical 
purposes.

From Equations 2 and 3, the maximum 
transverse settlement can be estimated as follows:

2
L

v,max
V DS

2 4i


            (6)

Th us, the transverse settlement curve can be 
identifi ed as:

2 2
L

v 2

V D xS exp
2 4i 2i

  
  

 
         (7)

Nearby buildings also aff ected by the 
horizontal settlement when pipejacking. Th e 
horizontal displacement when pipejacking can be 
estimated with the following equation proposed 
by O’Reilly and New (1982):

h v
0

xS S
z

             (8)

Th e subsurface settlement induced by 
pipejacking process also distributes as a Gaussian 
curve (Mair et al. ,1993) with Equation 1. However,
the width of settlement trough “i" changes with 
the depth of the calculated subsurface settlement 
z and the depth of the pipeline z0 via a coeffi  cient 
K depending on depth as:

i = K(z0 – z)           (9)
with the K value is calculated with the 

following equation:
 

 
0

.0

0.175 0.325 1 z / z
K

1 z / z
 




      (10)

From Equations 2, 9 and 10, the maximum 
subsurface settlement can be estimated as:

 
v,max L

.0 .0

S D.V4K
D 2 0.175 0.325 1 z / z z




 
     (11)
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Table 1: Typical values of maximum building slope 
and settlement for damage risk assessment

(Rankin, 1988)

Risk
Category

Maxi-
mum 

slope of 
building

t Description
of risk

1 Less than 
1/500

Less than 
10

Negligible; 
superfi cial 
damage unlikely

2 1/500 - 
1/200

10-50 Slight; possible 
superfi cial damage 
which is unlikely 
to have structural 
signifi cance

3 1/200 - 
1/50

50-75 Moderate; expected 
superfi cial damage 
and possible 
structural damage 
to buildings, 
possible damage 
to relatively rigid 
pipelines

4 Greater 
than 1/50

Greater 
than 75

High; expected 
structural damage 
to buildings. 
Expected damage 
to rigid pipelines, 
possible damage to 
other pipelines

When assessing the eff ect of pipejacking on 
nearby existing buildings, two parameters that 
engineers oft en consider are the settlement 
and the building slope. Table 1 shows the 
classifi cation of risk damage assessment 
proposed by Rankin (1988). Th ere are four 
categories of damage levels based on the 
maximum settlement  and the slope of the building. 
In this study, the maximum settlemet of 10 mm 
and the maximum slope of 1/500 of the building 
is used to evaluate the aff ected level of 
pipejacking on existing structures. 

3. ESTIMATE OF INFLUENCE ZONES IN-
DUCED BY PIPEJACKING IN MEKONG 
DELTA SOFT SOIL CONDITIONS

Th e Mekong Delta area is formed from 
Pleistocene and Holocene deposits. Th e deposits 
compose clayey soils in very stiff  or stiff  state 

and the upper part was hardened with laterite. 
Holocene deposits include alluvial deposits 
distributed along Tien Giang and Hau Giang 
rivers, with the thickness of 10 – 20 m. Th ese 
deposits comprise bluish grey, yellowish grey 
sand, silt, clay and medium sand. Th e late 
Holocene deposits appear in some small 
areas with the thickness of 1 to 7 m. In addition, 
alluvial–marsh disseminated in the low-lying 
Hau Giang river’s land strip contains brownish 
grey, dark-grey clay silt bearing organic matters, 
sometimes peat. Th us, the stratigraphy of the 
Mekong Delta area involves the upper part 
of soft  soil Holocene with diff erent origins 
and the thickness of 20 m or up to 30 m – 40 m 
in some areas and the lower part was Pleistocene 
sediment with composition of stiff –very stiff  clay 
(Nu, N. T., & Son, B. T. ,2021). Figure 3 shows 
the distribution of Holocene deposits in Mekong 
Delta area.

Figure 3. Geomorphology and Late Holocene evolu-
tion of the Mekong delta (Puchała, R., 2014). 

 

Figure 4 shows a pipejacking work for pipeline 
D1500mm cross Nguyen Van Linh road, Binh 
Chanh district, Hochiminh city. In Hochiminh 
city, the pipeline alignment is oft en designed 
with the depth from 5 to 20m from the surface. 
Th erefore, the tunnelling work with mTBMs is 
carried out in soft  soil conditions. 
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Layer  F 1 2 3

Symbol  Fill MH-CV CI-CL S-SM

Bulk density γw (kN/m3) 18 15 19 18

Dry Density γd (kN/m3) 15 9 15 15

Eff ective cohesion c' (kPa) 0 1 2 2

Eff ective friction angle Φ' (degree) 30 27 33 22+ 0.26*x

Undrain shear strength Cu (kPa) - 3+ 1.2*z 13+ 5.3*z -

Undrained deformation modulus Eu (MPa)  2 10  

Drained deformation modulus E' (MPa) 9 1.7 9 15

Table 2. Soil parameters in a pipejacking project in Water Supply Project in Hochiminh city
(Package CW1- 2400mm diameter treated water transmission pipeline from Binh Th ai south crossing to

junction of Dien Bien Phu street and Nguyen Binh Khiem street)

Th e soil parameters shown in Table 2 in this 
calculation are based on a Geological Survey 
report of a pipejacking in Water Supply Project 
in Hochiminh city (Package CW1- 2400mm 
diameter treated water transmission pipeline 
from Binh Th ai south crossing to junction of Dien 
Bien Phu street and Nguyen Binh Khiem street).

When pipejacking closed to existing structures, 
it is necessary to determine the extent to which 
the building is infl uenced by the pipeline. In 
this study, the theoretical infl uence zone is 
presented as the distance from the tunnel axis to 
the surface building (see in Figure 5). 

Figure 4. Pipejacking a pipeline D1500mm cross 
Nguyen Van Linh road, Binh Chanh district,

Hochiminh city (Baogiaothong, 2018)

Th e scope of infl uenced zone is estimated 
when the surface settlement reaches the allowable 
settlement umax = 10 mm and allowable slope ωmax 
= 1/500 corresponding with the risk category 1 in 
Table 1. 

Th e relation between the maximum allowable 
settlement umax and the horizontal distance to 
the tunnel centre line x is given by:

2 2 2
L

max v,max 2 2

x V D xu S exp exp
2i 2 4i 2i

     
    

   
 (12)

Th e distance x from the building to tunnel axis 
corresponding with settlement umax is:

2 2max max
2

v,max L

u u i4 2x 2i ln 2i ln
S V D

   
           

  (13)

Besides the settlement, another necessary 
risk assessment for nearby buildings when 
pipejacking is the slope. Th e slope angle can be 
estimated as the fi rst derivative of the settlement 
trough as follows:

2
v,max

v 2 2

2 2
L

3 2

S xtan S' x exp
i 2i

V D xx exp
2 4i 2i

 
      

 
  

  
 

     (14)

Figure 5 presentes a model for identifying 
the infl uence zone induced by pipejacking with 
nearby existing buildings on the surface. In this 
model, the settlement is calculated at the location 
of the assessing building. Equations 1, 4, 5 and 
13 are applied for determining the settlement. 
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Figure 6. Infl uence zones when pipejacking
in cohesive soils

Figure 8. Subsurface settlement induced by pipejacking 
and eff ects on nearby deep foundations

Figures 6 shows infl uence zones when 
pipejacking in cohesive soils with various of C/D 
ratios and x/D ratios for pipeline diameters 
of 2, 3, 4, 5 m. It can be seen in this fi gure that 
infl uence zones corresponding with D = 2 and 
3 m are disappeared. Th is means that settlements 
induced by pipejacking with pipeline diameter 
D = 2 and 3 m in cohesive soils are always smaller 
than umax =10 mm. Meanwhile, the infl uence 
zones corresponding with D = 4 and 5 m clearly 

Figure 5. Surface settlement and eff ects on existing 
surface building when pipejacking

Equations 1 and 14 are applied for determining 
the slope angle of the building. According to Vu 
et al. (2015), the infl uence zones of slope angle 
can be neglected when pipejacking, in this study, 
infl uence zones of settlement are taken into 
account.

appear in this fi gure. Area outside the line 
corresponds with settlement larger than 10 mm. 

Figure 7 shows infl uence zones when 
pipejacking in granular soils with pipeline 
diameters D = 2, 3, 4 and 5 m with diff erent C/D 
and x/D ratios in granular soils. In the case of 
D = 2 and 3 m,  infl uence zones appear. Th e 
infl uence zones are larger when pipejacking 
with a larger pipeline  diameter. In comparing 
with the case of pipejacking in cohesive soils, 
infl uence zones induced when pipejacking in 
granular soils are  larger.

Figure 7. Infl uence zones when pipejacking
in granular soils

 

Figure 8 shows a model for assessing the 
impact of pipejacking on nearby deep foundations 
or pile foundation. In this model, the settlement 
is calculated at the tip of the pile/foundation. 
Equations 1, 9, 10, and 13 are applied for 
determining the settlement. 



Hội thảo Khoa học Quốc tế Phát triển Xây dựng bền vững trong điều kiện Biến đổi khí hậu khu vực đồng bằng Sông Cửu Long SCD2021

103

Figure 9 shows the infl uence zones induced by 
pipejacking at diff erent depths H = 3, 5, 7 and 8 
m with various pipeline diameters of 2.4, 3 and 
4 m. Th e lines in these fi gures show locations that 
soil displacements equal 10 mm. Th e inside zones 
correspond with soil displacements larger than 
10 mm and the outside zones correspond with 
soil displacements smaller than 10 mm. Figure 9 
shows that the scope of infl uence zones is larger 
when pipejacking with a larger pipeline diameter. 
It is also seen that impacts of pipejacking on near-
by existing foundations are higher when the work 
is carried out near the surface.

It can be seen in Figure 9a that in the case of 
the pipeline diameter 2.4 m the infl uence zone 
only appears with a small scope when pipejacking 
at the depth of the pipeline H = 4 m. Th e scope 
of infl uence zone is larger when pipejacking 
at the depth H = 3 m in this case. It means that 
with the depths H larger than 4m, eff ects of the 
pipejacking might be neglected in the case of 
pipeline diameter of 2.4 m. 

When pipejacking with larger pipeline 
diameters of 3 and 4 m as can be seen in Figures 
9b and 9c, infl uence zones are clearer. In the case 
of the pipeline diameter of 3m as can be seen in 
Figure 9b, infl uence zone disappears when the 

Figure 9. Th e scope of infl uence zones when pipejacking with pipeline diameters D=2.4 m, 3 m, 4 m
at various depths

a) D = 2.4 m b) D = 3 m c) D = 4 m

pipeline is at the depth H of 8 m. Meanwhile, 
when pipejacking the pipeline diameter of 4m as 
can be seen in Figure 9c, the infl uence zone oc-
curs at all depths H of 3, 5, 7 and 8 m. Th erefore, 
it can be concluded that the scope of infl uence 
zones is larger when pipejacking with a larger 
pipeline diameter.  

4. CONCLUSIONS

Pipejacking recently has been popular in 
underground pipeline construction with small 
diameters ranging from 500 to 5000mm such as 
drainage pipelines and gas pipelines in Mekong 
Delta areas, for example, the Water Supply Project 
in Hochiminh city. When pipejacking in urban 
areas, the construction might create impacts not 
only on surface buildings but also on surrounding 
foundations. Th is paper presents an investigation 
on estimating infl uence zones when pipejacking 
in Mekong Delta areas. Th e scope of infl uence 
zone induced by pipejacking on surface buildings 
is derived. Th e study results shows that the scope 
of infl uence zones is larger when pipejacking 
with a larger pipeline diameter.  It is concluded 
that impacts of pipejacking on nearby existing 
foundations are higher when the pipejacking 
work is carried out with shallow depths.  
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