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NGHIEN CUU XAC PINH PHAM VI VUNG ANH HUONG
KHI THI CONG KHOAN KICH NGAM TRONG DIEU KIEN DAT YEU
TAI KHU VUC PONG BANG SONG CUU LONG

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

Vi Minh Ngan, Lai Thanh Nhan,
Hoang Dinh Phuc, Pham Duc Tho

ABSTRACT:

Cities and provinces in the Mekong Delta area recently have been faced to many climate change problems
including flooding and sea level rising, which lead to disadvantages in travelling and people livings, especially in
the rainy season. Thus, 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 effects on existing buildings.
This paper introduces a method for estimating the influence 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, influence zone.

TOM TAT:

Cac tinh va thanh phé viing dong bang song Ctiu Long hién dang phai d6i mat v6i nhiéu vin dé vé bién ddi
khi hiu nhu lut 16i va nuéc bién dang, gay anh hudng rat 16n dén cudc séng ctia dan cu va giao thong, dic biét
vao mtia mua. Do do viéc xay dung va nang cdp cac hé thong thoat nudc 1a mot giai phap tat yéu dé giai quyét
cac van dé bién déi khi hau. Phuong phap khoan kich ngdm la mét phuong phap xay dung cong trinh duong
ong ngadm dugc st dung pho bién tai cac vung dong bing chau thé séng Ctu Long hién nay. Tuy nhién, khi
x4y dung hé thong dudng 6ng ngdm bing phuong phap khoan kich ngdm thudng gay ra cac anh hudng dén
cac cong trinh l4n cin. Bai bao nay gidi thiéu phuong phap xac dinh viing anh hudng khi thi cong khoan kich
ngam trong diéu kién dit yéu tai viing dong bang song Ctiu Long. Duya trén cac két qua nghién ctiu nay, cac ki
su thiét ké c6 thé dua ra cac phuong an tuyén phu hgp khi thiét ké hé thong duong 6ng dan nudc tai khu vuc
dong bang song Cuiu Long.

TU KHOA: Khoan kich ngdm, dong bing song Ciiu Long, viing dnh hudng.
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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). This
method has advantages of flexibility and less
effects on the surrounding environment.

The first pipejacking project in the world is
the installation of a concrete pipeline under the
Northern Pacific Railroad in the USA in 1896
(Barbera et al., 1993). In Europe, this technique
was first used in Vienna in the late of 19th
century (Stearling,R.L., 2020). In Asia, the
pipejackingwasfirstlyappliedin Japanin 1964 with
a mud-shield” in soft coastal alluviums. In 1970s,
Japanese developed this technique with variant
of machine with support fluids 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-
ThiNghe project, in Hochiminh city.

In this paper, some methods of estimating
influence zones induced by pipejacking in Mekong
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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 effects on nearby
existing buildings. In order to reduce the soil
displacements in pipejacking technique, bentonite
is used for filling 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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Volume loss V.

Point of inflection

Figure 2. Transverse settlement trough due to
pipejacking (Peck, 1969)

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

S =S ex 1
v V,max p[ 212 J ( )

Where S, s the maximum settlement at the

surface directly above the pipeline location and
“i” is the trough width.

The value of Sv;max can be estimated from:

V, =278, . 2,58, .. 2)

Where V_is the volume of settlement trough
per unit pipeline length.

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

nD?

V.=V, (3)

The 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). V_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, V_ equals
volume loss around the pipeline (Cording and
Hansmire,1975). Normally, in pipejacking design,
V. 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=043z +1.1 (4)
i=0.28z,-0.1 (5)

This relationship was also compared by Mair

and for granular soils:

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:

S = \/E V. D*
v =D g

Thus, the transverse settlement curve can be
identified as:
n V. D? —x?
S, = \ﬁ ——exp| —
2 4 21

Nearby buildings also

(6)

(7)

affected by the
horizontal settlement when pipejacking. The
horizontal displacement when pipejacking can be
estimated with the following equation proposed
by O’Reilly and New (1982):

S, =S, = (8)
ZO
The subsurface settlement induced by

pipejacking process also distributes as a Gaussian
curve (Mair etal.,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 coefhicient
K depending on depth as:

i=K(z, -z) )
with the K wvalue is calculated with the
following equation:

B 0.175+0.325(1-2/z,)
- (1 -z/ Z_O)
From Equations 2, 9 and 10, the maximum

(10)

subsurface settlement can be estimated as:

S
4 v _ \ﬁ DV, (11)
D 20.175+0.325(1-2/z,)z,
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Table 1: Typical values of maximum building slope
and settlement for damage risk assessment
(Rankin, 1988)

Maxi-
Risk mum ‘ Description
Category | slope of of risk
building
1 Less than | Less than | Negligible;
1/500 10 superficial
damage unlikely
2 1/500 - 10-50 | Slight; possible
1/200 superficial damage
which is unlikely
to have structural
significance
3 1/200 - 50-75 |Moderate; expected
1/50 superficial damage
and possible
structural damage
to buildings,
possible damage
to relatively rigid
pipelines
4 Greater Greater | High; expected
than 1/50 | than 75 |structural damage
to buildings.
Expected damage
to rigid pipelines,
possible damage to
other pipelines

When assessing the effect of pipejacking on
nearby existing buildings, two parameters that
engineers often consider are the settlement
and the building slope. Table 1 shows the
classification of risk damage assessment
proposed by Rankin (1988). There are four
categories of damage levels based on the
maximumsettlementandtheslopeofthebuilding.
In this study, the maximum settlemet of 10 mm
and the maximum slope of 1/500 of the building
is used to evaluate the affected level of
pipejacking on existing structures.

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

The Mekong Delta area is formed from
Pleistocene and Holocene deposits. The deposits
compose clayey soils in very stiff or stiff state
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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. These
deposits comprise bluish grey, yellowish grey
sand, silt, clay and medium sand. The 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. Thus, the stratigraphy of the
Mekong Delta area involves the upper part
of soft soil Holocene with different 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.

= 11°N

SOUTH CHINA SEA

a 0k
e

Figure 3. Geomorphology and Late Holocene evolu-
tion of the Mekong delta (Puchata, 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 often designed
with the depth from 5 to 20m from the surface.
Therefore, the tunnelling work with mTBMs is
carried out in soft soil conditions.
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Figure 4. Pipejacking a pipeline D1500mm cross
Nguyen Van Linh road, Binh Chanh district,
Hochiminh city (Baogiaothong, 2018)

The 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 Thai 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 influenced by the pipeline. In
this study, the theoretical influence zone is
presented as the distance from the tunnel axis to
the surface building (see in Figure 5).

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 Thai south crossing to

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

Layer F 1 2 3
Symbol Fill MH-CV CI-CL S-SM
Bulk density y,, (KN/m?) 18 15 19 18
Dry Density v, (kN/m?) 15 9 15 15
Effective cohesion ¢' (kPa) 0 1 2 2
Effective friction angle @' (degree) 30 27 33 22+ 0.26*x
Undrain shear strength C, (kPa) - 3+1.2%z 13+ 5.3%z -
Undrained deformation modulus E, (MPa) 2 10
Drained deformation modulus E' (MPa) 9 1.7 9 15

The scope of influenced zone is estimated
when the surface settlement reaches the allowable
settlement u_ = 10 mm and allowable slope w___
= 1/500 corresponding with the risk category 1 in
Table 1.

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

-’ \/E vV, D’ -x’
u_ =S ex =, |——F—ex 12
max V,max p[ 212 D) 41 p 212 ( )

The distance x from the building to tunnel axis

corresponding with settlement u__ is:

X = —2i21n[—sumaXJ= —2121{“““14\/5} (13)

V. D*r

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

o~rtano=S' =

Sv max _X2 (14)
——XE€X
i’ Pl

1

_\/EVLDZXeX —x?
2 ap P

Figure 5 presentes a model for identifying

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

X
z building

point assessment

point of inflection

surface settlement trough

Smax

% pipeline

Figure 5. Surface settlement and effects on existing
surface building when pipejacking
Figures 6 shows influence 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 figure that
influence zones corresponding with D = 2 and
3 m are disappeared. This means that settlements
induced by pipejacking with pipeline diameter
D =2 and 3 m in cohesive soils are always smaller
than u_ =10 mm. Meanwhile, the influence

zones corresponding with D = 4 and 5 m clearly

1.5

D=2-allowable settlement 0.01m
— — — -D=3-allowable settlement 0.01m
TR D=4-allowable settlement 0.01m
------------- D=5-allowable settlement 0.01m

C/ID
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015 02 025 03 035 04 045 05
»/M

0 005 0.1

Figure 6. Influence zones when pipejacking
in cohesive soils
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appear in this figure. Area outside the line
corresponds with settlement larger than 10 mm.

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

granular soils are larger.
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Figure 7. Influence zones when pipejacking
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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.

X

L*

ground surface

/— point assessment
T T
‘ \ \

Lp Deep foundation
y L
T — 2o T T T T T & ___-6—?——
T ! omex Umax

subsurface settlement trough

% pipeline

Figure 8. Subsurface settlement induced by pipejacking
and effects on nearby deep foundations
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Figure 9. The scope of influence zones when pipejacking with pipeline diameters D=2.4 m, 3 m, 4 m

at various depths

Figure 9 shows the influence zones induced by
pipejacking at different depths H = 3, 5, 7 and 8
m with various pipeline diameters of 2.4, 3 and
4 m. The lines in these figures show locations that
soil displacements equal 10 mm. The 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 influence 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 influence zone
only appears with a small scope when pipejacking
at the depth of the pipeline H = 4 m. The scope
of influence zone is larger when pipejacking
at the depth H = 3 m in this case. It means that
with the depths H larger than 4m, effects 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 9¢, influence zones are clearer. In the case
of the pipeline diameter of 3m as can be seen in

Figure 9b, influence zone disappears when the

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 influence zone oc-
curs at all depths H of 3, 5, 7 and 8 m. Therefore,
it can be concluded that the scope of influence
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. This paper presents an investigation
on estimating influence zones when pipejacking
in Mekong Delta areas. The scope of influence
zone induced by pipejacking on surface buildings
is derived. The study results shows that the scope
of influence 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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