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Abstract. The aim of this numerical study is to investigate the impact of
anchored diaphragm walls on adjacent buildings during deep excavation
construction, considering five typical geological conditions in big cities of
Vietnam. To achieve this, the behavior of anchored diaphragm walls
systems is simulated using the Plaxis 2D program. By conducting these
analyses, the study seeks to provide important insights into the behavior of
anchored diaphragm walls and their effects on nearby buildings during
deep excavation construction.
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1 Introduction

Currently, the rapid development of deep foundation pit engineering is driven by the
increasing demands and opportunities arising from urbanization and the utilization of urban
underground space[1-3].

By employing information construction technology, it becomes possible to compare
and analyze construction monitoring data with the original design scheme[4-10]. This
allows for the evaluation of the construction's scientificity and the generation of reasonable
recommendations to guide subsequent stages of construction and design, aiming for
dynamic optimization. Deep foundation pit monitoring entails specific timeliness and
accuracy prerequisites [11,12]. Terzaghi's early 20th-century studies focused on the stability
of excavated soil and internal support forces, while Peck[13] introduced the research
methodology for geotechnical engineering monitoring observations.

The stability and structural integrity of neighboring buildings can be directly and
indirectly affected by the presence of anchored diaphragm walls [14, 15]. These effects are
contingent upon multiple factors such as the proximity of the buildings to the diaphragm
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walls, the depth and scale of excavation for the diaphragm walls, the construction
methodology employed, and the properties of the surrounding soil.

2 Analytical model configuration

2.1 Overview of the examined structure

In this study, the analyzed structures are excavations that have a depth of H, ranged
between 8m and 10m (H,- depth of pit). The chosen structural solution for resisting the
deep excavations involved the utilization of diaphragm walls. These diaphragm walls had a
thickness of 0.8m and a height of 23m.

2.2 Initial parameters

We determined the parameters for hardening soil models and opted for ground anchors as
the construction method for basements. The modeling characteristics of diaphragm walls

include the following: EA= 2.304e7 (kN); El=1.23e6 (kNm%*m); w = 19.3 (kN/m/m), Vv =
0.18.
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Fig. 1. The method employed for constructing deep excavations with a depth of H, = 8m involved soil
anchoring.

For the implementation of the anchor method, the anchors are uniformly distributed
along the length of the diaphragm wall, with a spacing of 2m. The anchors have a tensile
strength (EA) of 2.0x10° kN and a prestressed force (p) of 300 kN/m. In the model, the
anchor is represented by a 4-meter geotextile element (fixed section) with a stiffness of
1.91x10° kN/m.

The loadings exerted on the neighboring buildings were evaluated as a surface pressure
of ¢ = 20 kN/m. These loads were positioned at distances from the excavation (f;) equal
(0.5-1.5)H,. The groundwater level was measured to be 6 meters below the ground surface.
The study focused on examining the typical geological conditions found in Hanoi and Ho
Chi Minh City. Further information regarding the soil types can be found in Table 1 [16].

All analyses in this study were conducted using the finite element code Plaxis 2D. The
computational procedure involved the following steps, taking the example of H;=8m with
anchors:

Phase 1: Diaphragm walls activation.
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Phase 2: Excavation, first step, reaching a depth of -4.0m.

Phase 3: Anchor 1 activation at -3.5m and prestressing application.
Phase 4: Groundwater reduction and excavation, reaching a depth of -8.0 m.
Phase 5: Anchor 2 activation at -7.5m and prestressing application

Table 1. Typical soil types in cities of Vietnam

Soil type Main characteristics of soils City
TypeI:
{(0-20Mm) clays and
loams, soft plastic | (p = 4-6%, ¢=5-6 kKN/m?, E=1.1 x 103 kN/m?); Ho Chi
(more 20m) clay | (¢ = 12-16%, =24-28 kN/m?, E=4 = 10° M?nh ci
with a consistency | kN/m? ,SPT =12-30) R
from semi-solid to
refractory

Type II:

(0-207) clays and (p = 4-60, c=5-6 kN/m?, E=1.1 x 103 kiN/m?); .
loams, soft plastic | /" 5350 5480 KN/m2, E=5x 103 | L0 Chi
more 20m sandy kg_;T 2y ’ T ’ Minh ecity
loam (sometimes '
with gravel)

Type III:

sandy loam | (p = 23-26%, ¢=5.4-7.5 kN/m?%, E=(7-9) = 10° | Ho Chi
(sometimes with | kN/m?, SPT =12-30) Minh city
gravel)

Type IV:

(0-10n) sandy

loam plastic and | - (¢ = 7-149, ¢=14-21 kN/m?, E=(7-12) = 103

soft plastic loam | kN/m?);

(10-20m) Sands of Ha Noi
medium  density, | - (¢ = 32-340, F=15-28 x 103 kN/m?, SPT | ° %!
silty and medium | =14-22);

size
more than 20m | -(p=7-110, c=14-18 kN/m?, F=(15-28) x 103

soft plastic loam | kN/m?, SPT =7-11)

Type V:

(O-10)  Sandy | _ (5= 7,148, =14-21 kN/m?, E=(7-12) = 105

oam plastic and 1N/m2):

i 111 )!

soft plastic loam Ha Noi
(10-405) silty | _ 35340, F=(15-50)  10% KN/m?, SPT

Sands from me- ¢ ’ ’

dium density to
dense gravelly

=14-50)

3

Calculated results

After determining the maximum lateral movement of the diaphragm wall and the maximum
subsidence of the surrounding soil due to deep excavation, the following coefficients are
determined:

)]
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f == (2
where

- fw [, are the coefficients of the maximum lateral movement of the diaphragm wall
and the utmost ground settlement adjacent to the excavation compared to the depth
of the excavation;

- u;nax — maximum lateral movement of diaphragm wall

- u;nax — the utmost ground subsidence adjacent to the excavation;

- H,—depth of the excavation;

Table 2. Values of the oefficients f;, f,

) Distance from the pit (f;) Distance from the pit (f;)
Soil |- He PO T | 1 o5 | 1 ] 15
type | (m)

S i

8 * * * * % %
" 8 0.74 0.65 0.56 1.19 1.09 1.03

10 1.00 1.02 0.84 1.70 1.64 1.52
- 8 0.15 0.14 0.14 0.25 0.24 0.24

10 0.22 0.22 0.22 0.26 0.26 0.25
v 8 0.74 0.54 0.55 0.41 0.38 0.36

10 0.92 0.80 0.79 0.51 0.47 0.45
v 8 0.45 0.44 0.41 0.58 0.56 0.55

10 0.85 0.86 0.75 0.75 0.72 0.69

*- stability "diaphragm wall" is not ensured

Comparison coefficients fv and th in type II,
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Comparison coefficients fv and th in type II,
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Fig. 2. Comparison coefficients f, and f;, from L;, Soil type -II

Comparison coefficients fv and th in type III,
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Fig. 3. Comparison coefficients f, and f;, from L, Soil type -I11
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Comparison coefficients fv and th in type IV,
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Fig. 4. Comparison coefficients f, and f; from L;, Soil type -IV

Comparison coefficients fv and fh in type V,
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Comparison coefficients fv and th in type V,
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Fig. 5. Comparison coeflicients f, and f; from L, Soil type -V

4 Conclusions

A series of numerical simulations have been conducted to calculate the impact of deep
excavation on the subsidence of adjacent structures using soil anchors. Five geological
conditions in Vietnamese cities and two depths of diaphragm walls have been analyzed.

As the lateral deflection of the diaphragm wall increases, the subsidence of the surrounding
soil also tends to increase. In other words, there is a positive correlation between the two
factors. When the diaphragm wall experiences greater lateral displacement, it exerts more
pressure on the surrounding soil, causing it to settle or deform.

However, it is important to note that the relationship is not linear or constant. The ratio
between the maximum settlement of the surrounding soil and the maximum lateral
deflection of the diaphragm wall may vary within a range of 0.6 to 1.8 times, depending on
various factors such as soil properties, depth of excavation, and geological conditions. The
specific relationship between lateral displacement and settlement will be influenced by these
factors and may require further analysis to determine the exact correlation in a given
context.
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