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The paper aims to studying the effect of settlement of the Ho Chi Minh City Tunnel in soft soil
condition on the nearby buildings due to tunneling by the Finite Element Method using Plaxis 3D
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1. Introduction

Nowadays, the population of the Ho Chi Minh City has grown quickly. The
traffic facilities of Ho Chi Minh City therefore have been continually upgraded
but they are still weak and cannot satisfy the traffic needs. Therefore, the city
needs a modern public passenger transport network to ensure that the citizens
can travel quickly, safely and conveniently. Tunneling not only provides high-
speed transportation in rush hours but also carries a large number of
passengers. Besides, it doesn’t cause any pollution so it satisfies the sustainable
long-term development of the Ho Chi Minh City.

This is the first time in Vietnam to build the tunnel. Hence, we are lack of
experience, technology and construction management. Besides, there are many
projects have been built on the ground so the study on the settlement effect of
tunnel construction to nearby buildings in the Ho Chi Minh City is very
essential. The Ho Chi Minh City Tunnel - part of Ben Thanh - Suoi Tien has
been selected for the study of ground surface settlement due to underground
tunnel construction and the effect of settlement on the nearby buildings.

2. Content

2.1. Project description

Fig. 1 describes the cross section of the Ben Thanh - Suoi Tien Tunnel and
the Tunnel balanced construction model by TBM is shown in Fig, 2.
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Fig. 1. Cross section of the Ben Thanh - Suoi Tien Tunnel

Fig. 2. Tunnel balanced construction model by TBM

Construction overview: Ben Thanh - Suoi Tien tunnel route is 19,7 km
long. It includes 2,6 km underground tunnel and 17,1 km rail on ground.

Cross section of tunnel: Rounded tunnel, Diameter (D) = 6,65m and
Thickness (d) = 0,3m.

Tunnel construction method: According to the soft soil condition in Ho
Chi Minh City, it’s believed that the Tunnel Boring Machine (TBM) is the
most suitable method to execute the tunnel.
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2.2. Model of tunnel construction in Plaxis 3D Tunnel

Table 1
Parameters of soil properties
Layer 1 Layer 2 Layer 3 Unit
Organic clay | Clayeysand | Sandy Clay

Layer’s thickness 16.7 16 15 m
Material model MC MC MC -
Natural density Yunsa 15.8 20.2 20.9 kN/m®
Saturation density Y 16.1 20.4 21.02 kN/m®
Elastic module £% 1040 15330 12105 kN/m”
Poisson coefficient v 0.35 0.27 0.32 -
Cohesive force ¢’ 7.3 14.1 80.4 kN/m*
Angel of interior friction ¢’ 5.72 27.58 21.3 0
Permeability k 1.83x10° 0.5x10” 1.36x10° m/s

Plaxis 3D Tunnel program is based on the finite element method. The
program can calculate internal forces, analyze stability and deformation of
geotechnical constructions. Plaxis 3D Tunnel, has simple interface, allows user
to build construction models and provides fairly accurate results.

The soil properties is summarised in Table 1. Model of the tunnel in Plaxis
3D Tunnel is shown in Fig. 3.
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Fig. 3. Model of the tunnel in Plaxis 3D Tunnel
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2.3. Analysis of results

2.3.1 Effect of burial depth on ground settlement

Results of the ground settlement around the tunnel corresponding to the
different burial depths of the tunnel are summarised in Table 2 and Fig. 4.

Table 2
Results of the ground deformation around the tunnel
Burial depth, m
Ground settlement
15 20 25 30
U, cm 9.37 6.33 4.75 2.56
Uy, cm 2.17 1.21 0.79 0.48
80
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Fig. 4. Settlement values corresponding to burial depth

Analysis of the 6.65 m diameter tunnel shows that if the burial depth
increases then the ground surface settlement decreases. The settlement is
negligible when the burial depth reaches a particular value.

If twin tunnels are constructed alternately, the ground surface settlement on
the 2™ tunnel is greater than the 1* one. After construction of two tunnels, the
center line of settlement groove on the ground between the two tunnels is not
symmetric. The deeper the tunnel is, the fewer tunnels settlement is. When the
burial depth is 30 m, two tunnels bear forces independently and sunk relatively
evenly.

When the bottom of the tunnel is placed at the depth of 15 m of soft soil
area, the value of displacement and deformation is relatively large. The largest
vertical settlement is above and below the tunnel.
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2.3.2 Case study of the distance between two tunnels
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Fig. 5. Effect of distance between two tunnels on largest ground deformation
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Fig. 6. Ground settlement for single tunnel and twin tunnel at a depth of 15m
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Building the 2™ tunnel effects increases the stress on the 1% tunnel.
According to the Fig. 6, it’s clear that the 2™ tunnel has a large effect on
ground settlement which leads to the whole settlement of twin tunnels greater
than single tunnel.

According to the Fig. 5, it’s clear that the further the distance between two
tunnels is, the less the largest settlement is. When the ratio of X/2R reaches a
particular value, the effect of each tunnel on the other one is negligible. In this
case, the settlement line is unaltered when X/2R > 3.

Vertical settlement of ground due to metro construction can cause danger to
nearby buildings. Therefore, this analysis can be applied to find the optimum
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distance between tunnels in order to satisfy both economical and technical
purposes.

2.3.3 Effect of metro construction on nearby buildings

Ground settlement causes deformation of buildings which are located in
affected settlement zone. The degree of settlement effect depends on the
ground settlement and the shape, size, position, and condition of building.

Buildings located on the center area of deformation zone are affected
heavily by the ground settlement. Therefore, buildings’ deformations develop
primarily from the roots to the low floors of the buildings.

The primary affects of vertical settlement on buildings are bending and
angularity. Horizontal deformations only effect on buildings’ structure through
force of friction at buildings’ bottom and sides of foundation. In general,
effectiveness of horizontal deformation is much less than vertical one.

2.3.4 Reasonable burial depth for minimizing the effect of Ben Thanh -

Suoi Tien tunnel construction on nearby buildings

There are many methods to assess the ground settlement affecting on
houses such as methods of Prof Wahls (1981), and Prof Attewell (1986). [1]

According to Attwell’s research, destruction of structures on the ground is
divided into 4 groups depending on the inclination and ground settlement as
shown in Table 3.

Table 3
Destruction grouping of structures on the ground

Type Ground settlemept .
Max settlement, mm Inclination, mm/m
Negligible 0-50 0-5
Medium 50-75 5-20
Much >75 >20

This paper focuses on the influence of vertical settlement, the most
influence factor to nearby buildings.

Table 4
Ground settlement. Burial depth: 15m, distance between 2 tunnels: Sm to 30m

Distance, m 5 10 20 25 30
Settlement, mm | 96.89 | 85.54 | 83.85 | 82.36 | 81.24

Table 5
Ground settlement. Burial depth: 20m to 40m. Distance between 2 tunnels: Sm.

Burial depth, m 20 25 30 40
Settlement, mm | 65.34 | 48.99 | 27.15 | 24.51
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According to the comparison of the above tables against the Attewell’s
table, if the burial depth is 15m then the degree of ground settlement is
significant. Therefore, it is needed to take measures to minimise the damage
that may occur to the nearby buildings.

If the burial depth is deeper than 20m then the degree of ground settlement
is medium and it does not cause serious impact on the nearby buildings.

3. Conclusions

Metro tunnel construction causes the change of stress state and natural
deformation of land. Therefore, it creates fading deformation field around the
land masses.

Reasonable burial depth for Ben Thanh — Suoi Tien tunnel is from 15m to
20m (about 2D to 3D where D is tunnel’s diameter)

Vertical settlement badly effects on nearby buildings. The damage degree
depends on the structure condition and factors of ground deformation field. It
sometimes requires measures to protect nearby buildings.

Choosing reasonable burial depth and distance between 2 tunnels both not
only can satisfy the technical requirement but also save the capital on
construction.
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Heyen Anb Tyan, Yan Juk Tinv, Heyen Txanw Jlam
AHAJII3 BIVIUBY IMPOKJIAJKHU TYHEJIIO Y MICTI XOIIUMIH HA CYCIJJHI
crioeyau

B ocTaHHI POKH 3 PO3BUTKOM HOTYXKHHX OOYHCIIOBAIBHHX IHCTPYMEHTIB YHCENbHI METOAU
JIOMIHYBaJl B PO3PaxyHKy IpoOiieM IoBepxHeBoi AedopManii, BUKINKAHAX TYHHEIUPOBAHHEM.
UncesbHI METOAN BUKOPUCTOBYIOTHCS HE TUIBKH IJIs IPOTHO3YBaHHS JedopManii IpyHTY HaBKOJIO
TYHemo, ane i JUIL BChOrO IIpOLeCcy HPOSKTYBaHHS Ta OyJiBHHITBA TyHENB, BKIIOYAIOUH
MOJICIIIOBAHHS TIpOLeCcy BHIMKM 1 OYNIBHHLTBA TyHENi MDK TDYHTOM - OOOJIOHKOIO TyHeIN,
B3a€MHUM BIUIMBOM MDK CYCITHIMH TyHEISMH, IIPOHUKHICTIO 1 yniinsHeHHIM. OHAM 3 HaHOimbII
TOYHUX YHCEIIBHUX METOMIB € MeToja ckiHdeHHuX enemeHTiB (MCE). Merow nanoi pobotu €
JIOCTIMKEHHS] BIUIMBY IpPOKJIAJKH TYHEII0 B clabkoMy rpyHTi B paiioni Xommminy. MCE,
peamizoBanuii B nporpami Plaxis 3D Tunnel, BUKOPHCTOBYETBCS JUIsl HPOTHO3YBAHHS 3MiIIEHHS
TPYHTY 1 aHaNi3y BIUIMBY IIpOLeCy TYHEJIIOBAHHS Ha CyCigHi cropyamu. Pe3ymbraTH IoCHikeHb
JIO3BOJISIIOTh BH3HAYNTU TJMOMHY HPOKJIAJKH TyHeIs 1 BIACTaHb MDK JBOMa TYHEISIMH, SKi
BIJINOBIZIal0Th BUMOTaM Oe31eku OyIiBeb.

KuiouoBi ci1oBa: TyHelb, ClabKHil IPYHT, 0caji, METOJ CKIHICHHHX eIIEMEHTIB.
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ANALYSIS OF THE EFFECT OF THE HO CHI MINH CITY TUNNEL SETTLEMENT
ON THE ADJACENT BUILDINGS

In recent years, with the advent of powerful computing tools, numerical methods have
prevailed to the problem of ground deformation induced by tunneling. Numerical methods are
applied not only to the ground settlement prediction but also to the entire tunnel design procedures,
including simulation of the excavation sequence and placing of the lining, soil - tunnel lining
interaction, effects of nearby tunnels, seepage, and consolidation. One of the more refined
numerical methods is the Finite Element Method (FEM). The paper is aimed at studying the effect
of settlement of the Ho Chi Minh City Tunnel in soft soil condition on the nearby buildings. The
Finite Element Method using Plaxis 3D Tunnel is introduced to predict the ground settlement and
to analyse the settlement effect of the tunnel during construction on the surrounding buildings. The
reasonable depth and distance between the two tunnels can be suggested for satisfy construction
requirements.

Keywords: Tunnel, soft soil, settlement, Finite Element Method

Heyen Anv Tyan, Yan [Joik Tuns, Heyen Txanv [Jam
AHAJIN3 BJIUAHUA TPOKJIAJKHW TOHHEJIS B TOPOJE XOULIMMHH HA
COCEJHHUE COOPYXXEHUs

B mnocnenHue ronabl ¢ pa3BUTUEM MOIIHBIX BBIYMCIUTEIbHBIX WHCTPYMEHTOB YHCIIEHHBIE
MeTOIbl JOMHHHPOBAIM B pacdyeTe MpoOIeM ITOBEPXHOCTHOH JeOopMalny, BEI3BaHHBIX
TyHHEIUPOBaHUEM. YMCIIEHHbIE METOIbl MCIOJIB3YIOTCS HE TOJBKO [UISl IIPOrHO3MPOBAHUS
nebopManuu TPyHTa BOKPYr TyHHeNs, HO M JUI1 BCEro Ipolecca IPOSKTHPOBAHHSA U
CTPOMUTENLCTBA TYHHEJNIEH, BKIIIOYAsk MOJEIMPOBAHHUE MPOLIECCA BHIEMKH U CTPOUTENLCTBA TYHHENIN
MEXIy TPYHTOM - OOOJOUYKOH TYHHEIH, B3aNMHBIM BIIMSHHEM MEXAY COCEIHHMH TYHHEISMH,
MPOHULIAEMOCTBIO U yIUIOTHEHHEM. OJHUM U3 Haubosee TOUHBIX YHUCIEHHBIX METOJOB SBIISETCS
MeToJl KoHeuHbIX 3yeMeHToB (MKD). Llenbio naHHON paboThl SIBISIETCS MCCISNOBAaHUE BIMSHUS
0CaZloK MpH CTPOHTENbCTBE TOHHeNell B cmabom TpyHTe B palione Xommmuna. MKD,
peanmn3oBaHHbIH B nporpamMme Plaxis 3D Tunnel, ncnons3yercs: Iist IpOrHO3UPOBAHHS CMEIICHHS
IpyHTa M aHalli3a BJIUSHUS Ipollecca TYHHEIMPOBAaHHs Ha COCEIHUE COOpYxKeHus. Pe3ynbTaThl
HCCIIEZIOBAaHUI TO3BOJIIIOT ONPENEIUTh IIyOUHY MPOKJIAJKH TYHHEIS M PACCTOSIHUE MEXKTY IBYMS
TYHHEJISIMH, KOTOPBIE COOTBETCTBYIOT TPEOOBAHHIM 0€30IIaCHOCTH 3IaHHIL.

KiioueBble c10Ba: TyHHENb, C1a0ble TPYHTHI, OCaKH, METOJ KOHEUHBIX DJIEMEHTOB.
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Heyen Awv Tyan, Yawn /Jux Tino, Heyen Txaww Jlam. AHaII3 BIUIUBY MPOKJIATKH
ToHes 10 B MicTi XommMmin Ha cycigni copyau // Omip MarepiaiiB 1 Teopis criopyx. —
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Memoto cmammi € 8ugyeHHs 6HIUGY NPOKAAOKU MYHENI0 6 MSAKUX SPYHMAX Ha
008KOIUWHE OVOI6Nl 34 OONOMO20K MYHENOBAHH MEMOOOM CKIHUEHHUX e/leMEHmMIE 3
suxopucmannam Plaxis 3D.

Ta6un. 3. Im. 6. Bi6miorp. 37 Ha3s.
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The paper aims to studying the effect of settlement of the Ho Chi Minh City Tunnel in
soft soil condition on the nearby buildings due to tunneling by the Finite Element
Method using Plaxis 3D Tunnel.

Table 3. Fig. 6. Ref. 37
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Lenvio cmamovu asnsemcs uzyyenue IUAHUAL NPOKIAOKU TMOHHENA 8 MACKUX NOYBAX
Ha Onuznedcawue 30QHUA C NOMOWDBIO MYHHENUPOBAHUS MeMOOOM KOHEUHbIX
21emenmog ¢ ucnonvsosarnuem Plaxis 3D.

Ta6u. 3. M. 6. bubmmorp. 37 Ha3s.

ABTOp (BU€HA CTyNEeHb, BUeHE 3BAHHS, 10Ca/1a).
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