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Abstract: This case of study happened in Hue
City, where a deep hole was required for a pumping
station. The soil at that location is very soft. As the
temporary shoring method for the excavation was
sheet piles walls and braced beams were not
enough, the failure was occurred during the
excavation work, showed by the displacement and
inclination of the sheet piles walls and deformation of
braced beam.

To solve the situation, based on the ideal of shear
key principle, sheet piles and root piles panels
installed perpendicular to hole’s wall to increase the
shear strength of the surrounding soil.

The work was completed successfully with the
assistance of an intensive monitoring program. Through
this paper, the authors want to shear with the colleagues
an experience for excavation work in practice.

Keywords: deep failure hole; shear key panel;
sheet piles panel; root piles panel;, monitoring.

Tém tét: Trwong hop thurc té nay x3dy ra & thanh
phé Hué, noi can thi cong mét hé dao sdu dé xay
dung tram bom. Pét & khu vurc thi céng céng trinh Ia
rat yéu. Hé chéng dé tam la tuong cir thép va hé dam
véng chéng cho céng viéc dao la khéng dd nén sw ¢
da xay ra trong quaé trinh dao. Déu hiéu duoc thé hién
théng qua sw dich chuyén, nghiéng Ién cia tuong ctr
thép va sw bién dang cta hé vang chéng.
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Fig. 1 Original design
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Pé gidi quyét van dé, nguyén ly “khda cét’ gia
cuong da duoc duwra ra théng qua céc két cau tam tao
thanh bang ctr thép va coc ré cay duoc b tri vudng
goc véi thanh hé dao dé téng kha ndng chéng cét cla
nén dét xung quanh h6é dao ma khéng can thiép dén
két cdu chéng dé bén trong.

Qué trinh thi cong hé dao da duoc thuc hién thuén
loi v&i sw hé tro cia mét chuong trinh quan tréc véi
tan suét cao. Théng qua bai viét nay, cac tac gia mudn
cung cac déng nghiép chia sé mét kinh nghiém thuc
té cho linh vurc thi cong hé dao trong nén dat yéu.

Tw khéa: hé dao trwot séu; tdm chbng cat; tém
chéng cét bang ctr thép; tdm chéng cét bang coc ré
cay; quan tréc.

1. Introduction

This is referring to the design of the reinforced
support system for the excavation work of pumping
station No 8, at Hue city of Vietnam.

The initial shoring system for excavation, is sheet
piles and braced beams (see in the figure 1). The
lengths of sheet piles are varied depended on the
excavation depth, with 16 m long at location where
the depth of excavation is 11 m, and 12 m long for
the rest. Two level of bracing are designed.

When the excavated depth reached about 6.5 m
from the ground surface the sheet piles are moved
(see in the figure 2).
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Fig. 2 Original design and Excavated depth at failure
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2. Site condition
2.1 Construction area

The excavation is located at the corner of the To
Huu street and the Phat Lat river. One other side is
Nguyen Lo Trach street and the last is a resident
house. The dimension of excavation is 22 x 27 m of

the total area for the project is about 800 m2.
2.2 Soil condition

At the construction area three boreholes were
carried out. The soft soil is extended down 18 m
deep. The main parameters down to 18 m deep is
shown in table 1.

Table 1. Soil parameters

Parameter Unit Layer Layer Layer Layer
2 3 4

Thickness m 4.2 13.9

Wet dens. kN/m3 18.7 1.71

Dry dens. kN/m?3 14.15 11.69

Cohesion kN/m? 13.0 5.0

Fric. (@) Degree 9053’ 4930’ 13936’

E def. KN/m? 8330 | 1760

modulus

SPT Blows/30 cm 2 1 3

GWL 1.5 m from ground level

3. About solution

The main factor in this design is the limitation of
the remained area around the excavation. As the
remained area is too small, then the idea of the
solution is to create enough strength for the soil
around the excavation.

3.1 Calculation principle

Excavation is a type of slope, the analysis of the
failure of a slope is based on a slip surface where
the shear generated by the slope parameters and
other actions is higher than the shear strength of the
soil material.

To ease the construction work, this design
proposed the idea of only strengthening the ground
around the excavation without interfering with the
existing internal shoring system. The concept of
“shear key panel” is applied (see the figure 3) to
strengthen the excavation wall. Two types of panel
structures are used for “shear key panel”, including:

- The panel of sheet piles;

- The panel of R.C root piles [1].

The “shear key panels”, its will extend across the
slip surface embedded in the better layer and
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increase the stiffness of the excavation wall and to

form a composite retaining wall around the
excavation.
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Fig. 3. The “Shear key panel” concept for slope stability
3.2 Assumptions for “shear key” panel

As mentioned above, there two types of shear
keys in this design, including (see in the figure 4):

- From sheet piles (available at site Larssen IV);

- From root pile (RC pile 130 mm in diameter and
one steel bar 16 mm). The piles are joined by pile
cap.
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Fig. 4 Panel structures by sheet piles and root piles

The parameters of panel for the calculation are
Cross area (A), Moment of inertia (lI). The
determination of A and | is based on assumption that
the panel is working as homogeneous structure
formed by several members (sheet pile, single pile),
then”:

A :ZAxi
X :ZIXi +ZXiZA<i

In which A/Ixi is the area/Moment of inertia of
member number i in axis X; x;is the coordinate of the
member number i related to the center of the system.

The calculation of panel distribution is carried out

with the help of several softwares as 2D Plaxis [2]
and GeoSlope [3].

Calculation model including:

- The original braced system (is kept as the original,
shall be repaired during the 4re-excavation);

- Installed piles at the bottom of excavation;

- The soil in the wall of excavation with shear key
has new parameters as equivalent parameters of
original soil and the shear key material;

- The depth of shear key panel is 18 m.

A result of calculation is shown in figure 5.
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4. Final solution

The final solution is shown in the figure 6 and 7.
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Fig. 6 Distribution of sheet piles and root piles panels
arround the excavation
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Fig. 7 Cross section of the excavation after the
reinforcement

The

excavation completed about 30 days accorded to the

reinfforcement of the soil around the

requirement of the Main contractor.
5. Monitoring program

Five (05) inclinometers and two (02) standpipes were
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installed for the control of the excavation procedure. The

location of monitored points are shown in figure 8.
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Fig. 8 Monitoring lay out (ICL: Inclinometer, SP: Standpipe)

The monitoring frequency was twice a day from
10" March till 28" May 2018 when the bottom slab
was completed.

The work completed successfully without any
problems.
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6. Result of monitoring

The total time of monitoring work is 79 days and
the displacements inwards the excavation in five
inclinometers.

Horizontal displacement (mm)
Side Surface Max. value Max.
’ Predicted

Phat Lat river 20 37/8m (*) 47.4
To Huu street 60 50/6 m 130
Nguyen Lo 40 40/0 m 94
Trach Str.
Resident 40 140/10 m 170
Access road 10 20/10 m

Note: - 37 is the value of horiz. Displacement in mm;
8 m is the depth of max. displacement.

The ground water level is varied in small range
around 1.3 — 1.5 m from ground surface.

7. Conclusion

Result of the shows that this
reinforcement method is not only suitable for
repairing cases, but also for new excavation, in
which the space out of the excavation is narrow.

solution

The solution allows to use simple and small
equipment for the execution.
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The report presented a new alternative for deep
excavation. Although the proposed assumptions for
the explanation of the solution is not yet convincing.
But the monitoring results and reality have proved its
effectiveness.
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