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LOI NOI PAU

Hoi nghi Toan quéc Khoa hoc Trai dat va Tai nguyén véi Phat trién bén viing (ERSD) duoc
Truong Dai hoc M6 - Bia chat (HUMG) va céac dbi tac to chirc 2 nam mot lan voi myc tiéu tao ra
mot moi truong bd ich dé cac nha chuyén mon trong va ngoai nude tu hoi va gioi thidu nhitng két
qua va huéng méi trong nghién ctu khoa hoc, thao luan vé cac xu thé phét trién, thach thac va
co hoi ddi vai nhiéu linh khac nhau cia Khoa hoc Trai dat, Tai nguyén dia chat, khai thac, ché
bién, sir dung va quan 1y tai nguyén dia chat, bao vé maéi truong va cac nganh khac co lién quan.

Tiép ndi thanh cong cua Hoi nghi 1an thir nhat nam 2018 (ERSD 2018) va lan tht hai nim
2020 (ERSD 2020), Hai nghi Toan quéc Khoa hoc Trai dat va Tai nguyén vai Phét trién bén virng
Ian thir ba (ERSD 2022) duge Trudng Dai hoc M6 - Dia chat (HUMG) ding cai to chic véi su
tham gia ddng t6 chirc cua nhidu co quan quan ly, t6 chirc nghién ctru khoa hoc, dio tao, va doanh
nghiép c6 uy tin trong nuéc géom Tap doan Cong nghiép Than - Khoang san Viét Nam, Tong cuc
Dia chit va Khoéang san Viét Nam, Tong hoi Dia chat Viét Nam, Cuc Po dac, Ban d6 va Thong
tin dia ly Viét Nam, Cuc Ban d6 - B6 Tong tham muu, Hoi Co hoc P4 Viét Nam, Hoi Cong trinh
ngam Viét Nam, Hoi Dia chat Thuy van Viét Nam, Hoi Dia chit Cong trinh va Moi truong Viét
Nam, Hoi Dia chat Kinh té Viét Nam, Hoi Khoa hoc va Cong nghé Mo Viét Nam, Hoi Khoa hoc
Ky thuat Dia vat ly Viét Nam, Hoi K§ thuat N6 min Viét Nam, Hoi Tric dia - Ban do - Vién tham
Viét Nam, Vién Bia chit va Dia vat Iy bién, Vién Khoa hoc va Cong nghé Mo, Truong Dai hoc
Cong nghé DPong Nai, Truong Pai hoc Thu Dau Mot, va vai su tham gia nhiét tinh cua nhiéu t6
chtrc va ca nhén khac.

Céc chu dé chinh cua Hoi nghi 1an nay tap trung vao thao luan cac két qua khoa hoc cong
nghé va hudng nghién citu méi cua Khoa hoc Trai dat va Tai nguyén thién nhién, Khai thac va sir
dung bén viing tai nguyén dia chat, Méi truong va cac linh vuc khoa hoc khac ¢6 lién quan nhu
Co - bién, Xay dung, Cong nghé thdng tin, ... ciing nhu viéc wng dung chiing vao phat trién bén
viing trong nhiéu linh vuc cua khoa hoc cdng nghé, kinh té va xa hoi.

Trong qua trinh té chirc Hoi nghi, Ban T4 chirc d4 nhan duoc sy quan tdm cua dong dao cac
nha khoa hoc, chuyén mén va quan 1y trong va ngoai nuéc. Hon 300 ban thao bao céo khoa hoc
lién quan toi cac chu dé cua Hoi nghi da dugc giri toi Ban bién tap. Trén co so d6, 206 béo cao
c6 chit lugng tét da duoc lwa chon va xuét ban trong Tuyén tap cac bao cdo toan vin cua Hoi
nghi véi cac cha dé khoa hoc sau:

1. Pija chat, Kién tao va bia chdat méi truong

Pia chdt cdng trinh - Hia ky thugt

Pia chdt thiy vin va Tai nguyén nwéc

Tai nguyén dia chdt va quan ly bén viing

Sinh thai méi truong va an toan

Qudn ly tai nguyén va moi truong

Cong nghé mai trong Xur Iy méi truong

Phat trién bén viing khoa hoc cong nghé mé va méi trirong

Nhizng tién bg trong khai thac mé bén viing va c6 trach nhiém
. COng nghé tién tién trong ché bién khoang san va tai ché
. Xay dung cong trinh véi phat trién bén viing
. Dau khi tich hop
. Ky thudt Trdc dia- Bdn do va hé thong théng tin dia ly
. Khoa hoc Co bdn trong linh vuc Khoa hoc Trai dat va Méi truong
. Co khi - Dién - Tu dong hda
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Toan bo thdng tin khoa hoc vé hdi nghi duoc tich hgp vao Website chinh thac caa Hoi nghi
tai dia chi: http://ersd.humg.edu.vn/.

Ban t6 chic xin tran trong cam on Truong Pai hoc Mé - Dia chat, vai tu cach 1a don vi dang
cai t6 chirc Hoi nghi, cting cac don vi dong to chire da hop tac chat ché va gép phan quan trong
vao viéc t6 chirc Hoi nghi ndy. Cam on cac nha khoa hoc va nha chuyén mén di dong gop cac
cong b khoa hoc c6 gi tri cho Hoi nghi. Ban t6 chie cling danh gia cao sy nd luc ciia cac chuyén
gia doc bai di c6 nhiéu nd lyc va dong gop dé nang cao chat luong khoa hoc cua cac bao cao, gop
phan quan trong vao thanh cong caa hoi nghi nay.

Ban t6 chirc mong mudn tiép tuc nhan duoc su hop tac chat ché va gop y chan thanh cua cac
don vi va ¢4 nhan dbi véi viéc chuan bi va to chirc hoi nghi, chét luong béo céo, bién tap, va xuat
ban ky yéu hoi nghi nham nang cao chat lugng cua cac hoi nghi tiép theo, gop phan thic day su
phat trién bén virng cua hoat dong nghién cau khoa hoc va trao d6i hoc thuat thudc cac linh vuc
Khoa hoc Trai dat va Tai nguyén va cac linh vuc khoa hoc khac c6 lién quan.

Ha Noi, thang 11 nd{n 2022
THAY MAT BAN TO CHUC

GS.TS Tran Thanh Hai
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Numerical simulation of a case of bored piles combined with ground
anchor reinforcement for deep excavation

Pham Thi Nhan”
Hanoi University of Mining and Geology

TOM TAT

Ground anchor has many applications in the construction field. It can be widely used throughout the
world for temporary supports or permanently anchored systems, such as: retaining wall stabilization,
slope and landslide stabilization, and lift-up resistance for the structure under the groundwater level. The
two-dimensional finite element PLAXIS software was employed to evaluate the stability of the deep
excavation by incorporating anchor elements and bored piles plate. The present research is a case study
investigating deep excavation to meet all requirements for geotechnical safety such as maximum
displacements and factor of safety. In the numerical analysis, the soil behavior was simulated using the
Mohr-Coulomb model. The plate and node-to-node anchor elements were adopted to model the
diaphragm wall and the anchors, respectively. Based on numerical modelling and computation, the results
revealed that the maximum lateral displacements were felt in a range of 30+36x10-* m and the factor of
safety was 1.64. The maximum horizontal displacement of the slope after reinforcement is smaller than
the limit value of the horizontal displacement. The predicted displacements and computed factors of
safety proved the correctness of the proposed reinforcing solution, combining ground anchors and bored
piles.

Keywords: Bored piles; ground anchor; Finite element analysis; Factor of safety; Deep excavation.

1. Introduction

Recently, accompanied by the speed of urbanization the need for excavation stability is an important
factor in infrastructure development. There are many deep excavation methods, as explained by Chang
(2006), Wang et al. (Wang et al. (2016)[1,2]. For socio-economic development, in the present and future,
Vietnam will have to invest in many new infrastructures such as roads, tunnels, underground parking lots,
and basements of high-rise buildings. Especially with large-scale high-rise buildings, the construction of
excavations to serve the needs of basement is an essential needs [3]. To stabilize the deep excavation, we
have many widespread measures such as: using strips of cement piles, steel piles, reinforced concrete
walls, etc. Depending on the geological conditions, the measures listed above can be used independently
or in combination with other forms of support such as splash systems, ground anchors, and soil nail
systems. When facing changing geological conditions, the bored pile wall solution will be more flexible
in resizing the structure than the solution using steel sheet piles or reinforced concrete walls. Because the
bored pile walls with different large and small diameters can solve the above difficulties in a flexible,
convenient, and highly economical way [4].

When the construction site is large and the stratigraphic conditions are suitable with good soil layers,
using ground anchors to strengthen for deep excavation is considered the optimal solution. Due to the
unobstructed excavation space, the use of ground anchors will allow maximum cost savings and speed up
construction progress. Therefore, with the conditions of stratigraphy and construction site permitting, the
solution of bored piles combined with ground anchoring is one of the effective and highly economical
solutions in the construction of deep excavations. In there, finite element analysis plays an important role
in the design of excavations in urban environments because of the necessity of ensuring the protection of
adjacent buildings. to simulate the case study, a finite element based computer program Plaxis 2d version
2010 was used. The soil was modeled as Mohr-coulomb model while the elastic perfectly-plastic was
chosen to model for design of the diaphragm wall and the supports (Vermer and Brinkgreeve (2002) [5].

* Corresponding Author
Email: phamthinhan@humg.edu.vn
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In this case study, the excavation has been reinforced by a 19m- bored piles wall accompanied by two
rows of ground anchor (4m bonded and 11m unbonded length for the rows and both are anchored in the
sand layer). The working between bored pile wall and earth anchor to reinforce deep excavation was
simulated in each excavation stage. The constant surface load value is 20 KN/m.

In the geological conditions of the research problem, these factors such as the maximum displacement
values, safety factor, and maximum bending moment in the wall will be considered. These are also the
main steps when conducting the audit design of the stabilization plan for the deep excavation.

2. Material and methods

Ground anchored walls, also referred to as “tieback walls”, can be a better method when a structure,
sensitive to soil movement, exists near the excavation walls (Lazarte et al., 2015)[6]. This method
involves the use of prestressed grouted ground anchors as structural elements that transmit applied tensile
loads into the ground. The basic components of a grouted ground anchor, including the anchor head, the
unbonded length, and the bond length

For the purpose of illustrating and better understanding, a typical 9.4 m high Ground anchored wall
with vertical face and horizontal backfill is considered for the present study (Fig.1).

oat

Al

Fig.1. Cross section of anchored slope model

To observe the load transfer mechanisms in the anchored soil slope as failure was approached, a
surcharge loading was incrementally applied on the top of the slope. The surcharge applied is caused by a
vehicle load. Each vehicle weighs 15 tons on average, the maximum number of vehicles that can be
arranged on the width of the road pavement is 2 vehicles. So the surcharge load per unit area g = 2x15t =
30t/30 m?=1t/m? =10 kN/m?. If 2 is considered to be the Factor of Safety, the surcharge load per unit
area is calculated by 20 kN/m?.

Table 2 summarises the geometric configuration and other design details of the anchored wall. The
plate and node-to-node anchor elements were adopted to model the diaphragm wall and the anchors,
respectively

Numerical simulations of the anchored slope are performed considering Mohr Coulomb (MC) model,
and the observations are made regarding global stability, displacements of the excavation base, lateral
deformations and axial forces in the nails after each construction stage. Given below is the brief
description of various parameters required in MC-model, which was used to simulate the anchored slope.
Primary objective of the study being to bring out the implications of the use of soil models, typical values
of the different soil model parameters used in the study are summarised in table 1 and table 2.

Table 1. Soil geotechnical parameters

Parameters Name Unit fill sand loam
Material type - - Drained Drained Drained
Elastic modulus E KN/m? 3000 25000 20000
. Yusat | KN/ m? 13 14 14
Unit weight Y| KN/ 17 17 18
Cohesion C kPa 1 1 8
Internal friction angle ¢ ° 30 34 29
Poison’s ratio of soil \% - 0.3 0.3 0.33
Dilatancy angle v 0 4 0
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Table 2. Bored pile and ground anchor parameters

Ground anchor
Material type Geogrid Elastic
Normal stiffness EA 1.0E+05 KN/m
Length L 10 m
Anchor inclination o 15 0
Material type anchor Elastic
Normal stiffness EA 2.0E+05 KN/m
Length L 10 m
Main parameters of bored pile
Normal stiffness EA 2.5E+06 KN/m
Bending stiffness El 1.67E+05 kNmZ/m
Facing thickness d 1.0 m
Poisson's ratio 0.15

The following anchor pattern were carried out to review the effect of ground anchor Structures on
deformation of excavations (Fig. 2)

N AN AN AV AN AN AVAV AV AV VAV V1 Wiy
dEdAEMAEIE AN Ap
N LT o gpvar.

Deformed mesh

Extreme total displacement 58.72*10 m
(displacements scaled up 50.00 times)

Fig. 2 Mesh of numerical model

As mentioned earlier, the bored piles wall is simulated as a plane strain problem and long- term
behavior is simulated using drained analysis conditions. 15-noded triangular elements are used for
generating finite element mesh of appropriate density. Coarse mesh density is adopted globally, which is
refined to fine density in the vicinity of the anchor-reinforced slope (Fig. 2). Mesh boundaries are placed
far enough to minimize the influence of mesh boundaries on the results of the numerical simulation
(Briaud and Lim Y.,1997)[7]. Fig.1 showed the simulated anchor-reinforced slope with excavation, and
anchor dimensions, and various parameters including in situ soil properties, mesh boundaries and fixity
conditions.

2.1. General Procedure for Numerical Simulation

All calculation phases are defined as Plastic calculations using Staged construction as Loading input
and standard settings for all other parameters. Material properties, geometry of the bored piles wall
(including anchors and facing elements layout), boundary conditions are defined in the input program.
The general steps in the numerical simulation of the anchor-reinforced slope are listed below:

Stage 1: After Installing a bored pile excavating and removing the first layer of soil to the depth of -2.1
m, activating a surcharge load of 20 kN/m?;

Stage 2: Installation the first row of anchor at an altitude of -2.1 m;
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Deformed mesh Deformed mesh
Extreme total displacement 85.00%10 > m Extreme total displacement 85.37%10 3 m
(displacements scaled up 50.00 times) (displacements scaled up 50.00 times)

Stage 3: Excavating and removing the second layer of soil to the depth of -4.6m and -7.1m.
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Deformed mesh Deformed mesh
Extreme total displacement 102.35%10 F m Extreme total displacement 121.54%10 % m
(displacements scaled up 50.00 times) (displacements scaled up 20.00 times)

Stage 4: Installation the second row of soil nail at an altitude of -5.1 m
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Stage 5: Excavating and removing the second layer of soil to the depth of -9.4 m.

3. Result and discussion

By using Plaxis software the results of stability analysis of anchor-reinforced slope were presented
with special attention paid to lateral displacements and overall Factor of Safety (FS). The results of a
factor of safety proved that the proposed solutions give a satisfying FS of about 1.64. So the case study
and the solution proposed could be considered safe from a geotechnical point of view.
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General | parameters Multipbers | preview |

Show Incremental multiphers-
@ Input values Mdisp: 0.0000
" Reached values Mioada:

i
EI :E :E'

Hortzoatal displacements (Ux)
Extreme Ux 47.62°10° T m

Fig.3. Overall stability analysis result and distribution of lateral displacement of the excavation

3.1 Variation of FS with construction stage

Based on the reduced c and ¢ parameters of the soil, the factor of safety (FS) in the currently used
model can be computed according Eq. 1, which is proposed in the calculation window of PLAXIS. While
calculating FS using the finite element-strength reduction method, the entire slope, from top to bottom of
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excavation which involves all elements to be in a plastic state. The principal described above is the
proncipal definition for ¢ - ¢ reduction method.

In this report, construction progressed incrementally in a top-down manner by repeating two steps of
construction. The first step began with soil being excavated to a depth of 2.1m. Step no 2 consisted of
installing the anchor and pre-stress. Steps 1 and 2 were repeated until the full excavation depth (9.4m)
was attained. The typical relationship between the excavation stage and calculated FS is presented in
Fig.4. The tension forces of the anchor at the final construction stage are presented in Fig.5.

\ Node-to-node Node X Y F
Anchor [m] [m] [m] [kN/m]
\ 1 3521 55,000 35.900 3 218.076

The factor of safety (FS)

5906 44.370 33.050 218.076
) ) 0 . - 2 3323 55.000 32.900 249.664
Construction volume ( 4558 49.200 31.350 249,664
Fig4. Trend of FS with construction volume Fig5. Tension forces of anchor

The development of Fs factor with construction stages is shown in fig 4. The anchor force can be
viewed by double-clicking the anchor, the anchor force is shown in fig 5 which is bigger than the
specified pre-stress force. Looking at the graph in Fig.3, it is clear that the FS experienced a downward
trend. In the second stage, The FS is close to 3.5, then the FS decreases to about 3 and 2.2 at the end of
the third and fourth stage. At the fifth stage, the FS factor equals 1.64. This result shows that the
combination of bored piles with ground anchors provides an appreciable stabilizing effect.

3.2 Variation of horizontal deformations with construction stage

The profiles of horizontal deformations of the excavation faces obtained from the Plaxis analysis are plotted
in Figure 6.
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20 ——
15 =
10

2 4 6 8 10
The excavation deepth/ m

Horizontal deformation/
10-3m

Bending moments
Extreme bending moment 169.96 khim/m

Fig6. Relationship between horizontal deformation and Fig7. Slope’s face bending moment
the excavation depth distribution

According to (Peck, 1969) [8], to restrain the strain level of the backfill and to maintain the stability of the
retaining wall the wall displacements should be smaller than the value at the failure. The value at the failure is
considered less that H/60 where H is the wall height. For the factor of safety higher than 2 the value becomes
H/150-200.

From Fig.6, the maximum horizontal displacement of slope after reinforcement is Ux = 36.02*10° m = 3.6
cm. With the maximum of excavation depth, the limit value of the horizontal displacement [Ux] = H/200 =
9.4/200 = 4.7cm. This result proves that in the construction of deep excavation, the anchors combined with
ground anchors will help to limit the amount of horizontal movement of the ground.

Additional calculations were performed to verify bending moment distributions in the slopes’ face (concrete
1000mm layers). The example results for facing slope was shown in Figure 6. The extreme bending moments
showed acceptable values about 169.96 kNm/m.

4. Conclusion
In the present study, the stability of a typical anchor-reinforced slope has been examined using the
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conventional FHWA procedure and via numerical simulations.

The factor of safety (FS) is changed during excavation progress. If the design of anchors combined
with bored piles is reasonable, the factor of safety will gradually decrease from the first excavation phase
and closer to the stability criterion of 1.64 at the last stage. But vice versa, horizontal deformations of the
excavation faces have experienced an increasing trend toward the end of excavation progress.

The maximum horizontal displacement of the slope after reinforcement is smaller than the limit value
of the horizontal displacement. This illustrates that in an anchor-reinforced excavation, the combination
of bored pile and ground anchors will help limit the amount of horizontal ground movement.

The predicted displacements and computed factors of safety proved the correctness of the proposed
reinforcing the solution, combining ground anchors and bored piles.
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TOM TAT
M6 phong s bai toan 6n dinh hé dao sau két hop tudng
coc khoan nhoi

Pham Thi Nhan* )
Truong Dai hoc Mo - Dja chat

Viéc str dung Neo dat duoc st dung rong rai trong linh vuc xay dung. Neo dét c6 thé duoc sur dung voi
muc dich chong gilt tam thoi hodc la on dinh vinh ctru, chang han nhu: 6n dinh tuong chan, on dinh mai
doc va truot |6 dat, va chong lai ap luc day ndi cua nude ngam Ién két cau.

Phan mém PLAXIS phan tir hitu han hai chiéu duoc sir dung dé thuc hign nghién ciru danh gid do 6n dinh
cua hd dao sdu sir dung neo dat két hop tuong coc khoan nhdi. Véi nghién ctu nay hé dao sau can dap
g duoc cac yéu cau vé an toan dia ky thuat nhu chuyén vi tdi da va hé s6 an toan FOS. Trong bai toan
mo phong, st dung tiéu chuin bén Mohr-Coulomb. Cac phan tir neo la anchor, bau neo sir dung geogrid
va phan ti plate sir dung m6 phong twdng coc khoan nhdi. Dya trén két qua mo hinh sb va phan tich, két
qua cho thay rang dich chuyen ngang tdi da trong pham vi 30+36x10° 3 mva hé sb an toan la 1,64. Vi gia
tri chuyén vi ngang 16n nhat cua mai dbc sau khi gia cé dam bao nho hon gié tri gioi han cua chuyén vi
ngang. Nhu vy véi gia chuyén vi kiém todn va cac hé sé an toan tai phase dao cudi da chirng minh tinh
dung dan cua giai phap gia cé dugc dé xuit 1a két hop gitra neo dat va tuong coc khoan nhdi.

Tir khod: Coc khoan nhdi; neo dat; phan tir hiru han; hé s6 an toan; hé dao sau.
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