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Tunneling in urban areas is growing in response to the increased needs
for efficient transportation. Many urban tunnels are constructed in soft
ground at shallow depths. Metro tunnels are usually constructed as twin-
parallel tunnels and their adjacent constructions may lead to surface
deformation, affecting the surface environment and the safety of the
tunnels. Shield tunnelling is a commonly used as construction technique
because it is very effective in reducing ground deformations and thus
damage to urban infrastructure. The paper presents a 3D simulation of
shield tunneling machines via the finite element code Abaqus and analysis
model of ground surface settlements induced by a construction of twin-
parallel tunnels. The results show that ground surface settlements
induced by a construction of the left tunnel causes surface settlements of
about 22+24 mm and after the construction of both tunnels, it will cause
ground subsidence has the greatest value of 33+35 mm.
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Nghién ctru dw bao d6 Ian mat dat khi thi cong hai dwong ham
song song trong do thi bang may khién dao

D06 Ngoc Thai *, Nguyén Dirc Trwong
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THONG TIN BAI BAO TOMTAT

gﬁétr{)nﬁ"w 972020 Cong tdc xdy dung duong ham trong dé thi dang rdt phat trién dé¢ ' ddp ting
han bai 10/9/ nhu cdu cdp thiét ctia vin dé giao thong van tdi. C6 nhiéu dwdng hdm trong
Stra xong 20/01/2021 do thi duoc bo tri ndm nong, thi céng trong ddtyéu. Cac dudmg ham tau dién
Chap nhan dang 12/02/2021 ngam trong dé thi thwong xay dng duoi dang hai dwong hdm song song
Tir khéa: nam gan nhau, nén khi thi cong c6 thé ddn dén hién tuong lin mdt dat, pha
D6 Iin miit dat huy cdc cong trinh trén mgt ddt hodc dnh hwo'ng dén dé 6n dinh ctia chinh
Duone ha ’ cdc dwong ham. May khién dao thu*o'ng dwoc su’ dung dé thi cong du’o'ng
MlT ?{iA Hé ham trong do thj vi cong nghe thi cong 6 thé glam thiéu do lin mdt ddt hay

ayxmencao, - gidm thiéu tdc déng dén cdc cong trinh trén mdt ddt. Bai bdo st dung
Phurong phap phan tir hiru phwong phdp phdn tiv hitu han théng qua phdn mém Abaqus-3D dé mo

han. phdng va phan tich dw bdo do lin mdt dat khi thi cong hai duong hdam song
song. Két qua tinh todn doi véi du'o'ng hdam trong diéu kién phan tich, tac
dong tir cong tdc thi cong duong hdm bén trdi gay ra dé lin mdt ddt cé gid
tri 16m nhdt la 22+24 mm va sau khi thi céng cd hai dwong héim thi gdy ra do
Itin mdt ddt c6 gid tri lém nhdt la 33+35 mm.

© 2021 Trwdng Pai hoc M6 - Dia chit. T4t ca cac quyén dwgc bao dam.

1. Mo dau

Hién nay, & nwéc ta nhu cau xay dung cac
dwong ham tau dién ngdm trong thanh phd la rat
16m, cac thanh pho Ha No6i va H6 Chi Minh dang
bit dAu xay dung hé thong tau dién ngam dé dap
trng nhu ciu phat trién kinh té - xa hi. Thi cong
dwong ham tau dién ngadm trong thanh phé cé
nhirng tic dong giy dich chuyén, sut ldn mat dat
lam &nh hwédng téi d6 6n dinh cia cac cong trinh
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trén mat dit nhw nha ctra, ciu, dwong, cac cong
trinh ha tang ky thuét khac (V6 Trong Hung va
Phung Manh Dic, 2005; Do Ngoc Thai va
Protosenya, 2017). Vi vay cong tac dw bao gia tri
d6 Iun mat dat khi thi cong dwdong ham tau dién
ngam trong thanh phd déng vai tro rit quan
trong. Ngay nay, phwong phép thi cong bang may
khién dao dwoc ap dung rong rai trong xay dwng
cac dwong ham tau dién ngdm thanh pho. Phwong
phép thi cdng bang may khién dao ngoai viéc dam
bao chit lwgng cong trinh, d6 6n dinh cho dwong
ham con gidm thiéu dwoc nhirng &nh hwdng chan
dong, dich chuyén lun mat dit hay bao vé cac
céng trinh xung quanh khu vuc thi cong. May
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khién dao 1a may dao ham co gidi c6 nhiéu chirc
nang tip trung théng nhit nhw: dao tach khéi dat
d4, che chéng bao vé, 1ap dit vé hAm, van chuyén
dat da. May khién dao thich hop cho viéc thi cong
dwong hAm qua vung dat dd mém yéu, phirc tap
c6 nguy co mat 6n dinh cao, dit da c6 kha ning
sut 1& ngay vao trong khong gian cong trinh néu
khéng c6 két cAu chdng gii.

Hién nay, c6 nhiéu phwong phap dwbdo dé lun
mat dat, c6 thé ké dén mot s6 phwong phap chinh
nhw: phwong phép phén tich ly thuyét; phwong
phap ban thwc nghiém va phwong phap mé hinh
s0. Tuy nhién, cAc phwong phap déu dic biét cha
trong dén cac yéu t6 anh hwdng dén do lun mét
dat khi thi cong dwong hAm nhw: dic tinh dia ky
thuit khoi dat dd ma dwong ham thi cong qua, cic
thong sé ky thuit dwong hdm va céng nghé thi
cong dwong ham.

2. Phwong phap dw bao d¢ lun mat dat

2.1. Phwrong phdp dw bdo lin mdt ddt khi thi
cong tuyén dworng hdm don

Hién nay c6 nhiéu phwong phap dy bao do lun
bé mat dat, c6 thé ké dén mét s6 phwong phap
chinh nhw: phén tich ly thuyét; ban thwc nghiém
va mo hinh s6. Phwong phap ban thwc nghiém
dwoc cadc nha nghién ctru Peck R.B. (1969) va
Schmidt B. (1974) la nhitng ngu¢i dau tién dé
xudt bang cach do mot s diém tai hién trwong,
két qua thu dwoc la dudi tac dong cia qua trinh
thi cong dwong ham thi trén mat dit sé hinh
thanh phéu ldn (Hinh 1).

Khi thi c6ng dwong hdm trong mai tredng dat
dodng nhit, ddng hudng thi gy ra do ltn trén mat
6 gia tri (Sv) dwoc xac dinh theo cong thire (1),
dwong cong lin bé mat dat dwgc Peck R.B.
(1969) gia dinh c6 dang ham phan phdi chuin
Gauss hay dwong cong phan phoi chuin, véi diém
14n cwc dai (Svmax) Nndm ngay trén truc thing dirng
cta dwong ham:

o—[x?/(212)] (1)

Sv = Sv.max-

Trong do6: Sumax - gia tri dd lin 1én nhit theo
phuwong thing dirng doc truc dwong hAm, m; x -
khodng cach tir truc him theo phwong nam
ngang, m; i - kKhoang cach tir tim dwong hdm dén
diém uén theo phwong ndm ngang, m.

Hinh 1. Hinh dang phéu Iiin trén mdt ddt sau khi thi
cong dwong ham.

Theo O’Reilly va New (1982) gia tri khodng
cach tir tim dwong hdm dén diém udn theo
phwong nam ngang (i) dwoc xac dinh theo cong
thirc:

i = (k) 2)

Trong do: k - tham s chiéu rong phéu lin, phu
thudc vao diéu kién va loai dat ma dwong ham thi
cong qua, vi du doi véi cat trong diéu kién nwérc
ngam thi k = 0,2+0,3 va déi voi dat sét thi k =
0,4+0,7; Zo - chiéu siu bo tri dwong ham, m.

Thé tich (Vs) trén moi don vi chiéu dai dwong
ham dwgc xac dinh theo cong thirc:

<2
W = f_oooo Sv.maxe_[ﬁ] = \/ﬁ i. Sy.max (3)

Luwong mat thé tich dat (V.) 1a ty so gitra thé
tich ctia phéu lun va thé tich dao ly thuyét tinh cho
mot don vi chiéu dai.

V, = (V,/V,).100% (4)
Trong dé: V,, - thé tich dao ly thuyét, m3.

Luwong mat thé tich 13 do sw khac biét vé thé
tich dao dwong hdm va thé tich hoan thanh sau
khi lip dit vé chdng. DAt xung quanh dwong him
di chuyén dé 1ap day sw mit thé tich nay, cwong
do di chuyén 14p thé tich cling gy ra lwong mat
thé tich, gia tri mat thé tich con phu thudc vao
phwong phap dao, loai dat da ma cong trinh dao
qua va su than trong cia don vi thi cong dwong
ham. M6t phan cta lwgng hao hut thé tich dat
xung quanh hdm sé phat trién 1én dén mat dat va
tao ra phéu lun. Hay néi cach khéc, thé tich phéu
14n trén mat dat twong irng véi lwong mat thé tich
dat xung quanh dwong hAm (Dimmock va Mair,
2008).
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T cac cong thirc (1 + 3) d6 1Gn tai diém batky
trén mat dit dworc xac dinh theo cong thirc:

14 _[+2 2,2
x/ﬁj(.zo e~ [x¥*/(2k2.28)] (5)

Co rat nhiéu cong trinh nghién cru nhw quan
sat thuc dia va kiém tra bang mé hinh s6 dé dw
bao cac gia tri Symax va i trong cic diéu kién thi
cong khac nhau. Cac gia tri d6 phu thudc vao dac
tinh k§ thuat dwong ham, diéu kién dia chit khu
vue xay dwng dudng ham.

Sy =

Phwong phap du bdo Iun mat dat khi thi cong
dwong him tau dién ngdm thanh phd c6 thé st
dung phwong phap giai tich hodc phwong phap
mo hinh s6. D€ dw bio gia tri lan mat dat giy ra tir
cong tac thi cong mot dwong him cu thé co thé két
hop nhiéu phwong phap du bao va so sdnh véi két
qua do dac, quan trac thuc t&€ clia cic cong trinh
c6 diéu kién xiy dwng twong tu.

2.2. Phwrong phdp dw bdo lin mdt ddt khi thi
céng hai dwong hdm song song

Gia tri lan mat dit giy ra bdi cong tac xay dung
dwong hdm don c6 thé dwoc dw bdo bdi cac
phwong trinh cida Peck (1969), O'Reilly va New
(1982) nhung khi thi céng hai dwong hdm song
song thi tdc dong cta cong tac thi cong duwong
ham giy ra hién twong lin mat dat phin bé rong
va lém hon so véi treomg hop mot dwong ham
don duy nhat (Peck, 1969; O'Reilly va New, 1982;
D06 Ngoc Anh, 2016) nhu trén Hinh 2.

Theo Divall S. va Goodey R.J. (2012), do lin
mit dat khi thi cong hai dwong hdm song song
dwoc xac dinh theo cong thirc:

_ _ XA (xa-L)?

Sy =S [exp( _2) + exp( , )]max (6)

2i 2i2

Trong do: L - khodng cach theo phwong ngang
gitra 2 tAim dwong hAm, m; x4 - khodng cach ngang
tir tim dwong hdm dau tién dén diém can tinh lan,
m.

Pé dw bdo do Iun mat dat khi thi cong hai
dwong him song song bang may khién dao trong
diéu kién dia chit tuyén Metro s6 3 doan Nhon -
Ga Ha Noi, Thanh pho Ha Noi, trong nghién ctru
nay st dung phwong phap phan tir hiru han thong
qua phan mém chuyén dung Simulia Abaqus-6.12
dwa trén tiéu chuidn pha huy Mohr-Coulomb,
phin mém cho phép phéan tich cic qua trinh thi
cong tach boc dat da, duy tri ap lwc 6n dinh gwong
dao, cong tac 1ap dung vé hadm va cong tac phut
vira 14p day khoang trong giita bé mat dit da va
vO ham, dong thoi dwa ra cac két qua gia tri ng
sudt va dich chuyén khéi dat da giy ra boi cong
tac thi cong dwong ham.

3. Xay dwng mo hinh sd
3.1. Kich thwé.c mé hinh

Kich thwéc mé hinh c6 anh hwdng dén téc do
tinh todn, d6 chinh xac ctia két qua tinh toan, viing
phan tich dwoc lya chon cé kich thwéc phwong
nam ngang, phuong thing dimg va phuong doc
truc ham, c6 gia tri lan lwot 1a 120x80x100 m.
Puwong hdm c6 dwong kinh D = 6,3 m, d6 sdu dat
dwong hadm H = 20 m, khodng cach tinh tir tAim
hai dwong hdm L = 15 m, vé hdm 1a bé téng cot
thép duic san c6 cac thong so6: chieu day d = 0,3 m,
mo dun dan hoi E, = 25x103 Mpa, hé s6 Poisson
Vo = 0,2. Cac thong s6 co ly khéi dit da tuyén
Metro sd 3 doan Nhon - Ga Ha Néi, Thanh pho Ha
N6i dworc thé hién trong Bang 1.

Bdng 1. Théng sé co ly khéi ddt dd str dung trong mé hinh.

STT | Lépdat | Chiéu Dung Trong Hé~s6 Mo Hé so G6c | Goéc | Luc
da day | trongtw | lwong 1o dun | Poisson, | ma | gidn | dinh
nhién, bao hoa, | rong, dan \Y sat nd, | kétc
Yunsat Ysat e hoi, E trong, | ¥ | (MPa)
(kN/m3) | (kN/m3) (MPa) e® | O
1 Sét mém 5 19 - - 10 0,35 12 0 0,25
2 Cat 7 19,3 20 0,2 15 0,35 18 0 0,30
3 Sét 21 20 21 0,4 20 0,32 30 0 0,30
4 ba goc - 22 22,5 0,4 80 0,3 35 0 -
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Khoang céch ngang truc gitra hai duong ham, m
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Hinh 2. Dy bdo dich chuyén liin mdt ddt khi thi céng hai dwong hdm song song.
(Theo Divall S. va Goodey RJ. 2012).

3.2. Diéu kién bién ngang, thang ding bang khong; ng suit tiép,
phép tuyén dé tu do. Bién phia bé mit dé tw do
cho phép chuyén vi thdng ding va chuyén vi
ngang. Diéu kién bién va vi tri cac 1¢p dit da nhw
trén cac Hinh 3, 4.

Bién trai va bién phai cia mé hinh chon loai c6
dinh c6 (rng suat tiép va chuyén vi ngang tai bién
bang khong; (rng suit phap va chuyén vi thing
ding dé ty do. Bién day ctia mo hinh c6 chuyén vi

-tudo
o t=0
Ux=0
uz=0 o =tudo
=0
! T =twdo
ux=0 o
y u;=0 G =tudo

Hinh 3. DBiéu kién bién bai todn.
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L&p sét mém
Lop cat

Lop sét

Lép da goc

Hinh 4. Vi tri cdc I6p ddt da.

3.3. Ap lwc 1én gwong dao

(' bai toan nay, sit dung ap lwc 1én gwong dao
c6 gia tri phan b6 tuyén tinh tang theo do siu cua
guwong dao: Fg= 150 kPa + AF.Hguong kPa, trong do:
AF - gia tri ap lyc gwong tiang tuyén tinh theo do
sdu tir dinh hdm dén day ham, AF = 12 kPa/m;

Hgrong — d0 sau guong dao, tai dinh gwong: Hgrong
= 0 m, tai ddy gwong dao: Hguong = 6,3 m. (Hinh 5).

3.4. Két qud tinh todn

Két qua mo phong lun méat dat gy ra bdi cong
téc thi cong dwong hdm dwoc thé hién trén Hinh

' -

Hinh 5. Duy tri dp luc Ién gwong dao dwong hdam.
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u, uz
+3.7908-02
+3.270e-02
+2.751e-02
+2.231e-02
+1.711e-02
+1.192e-02
+6.724e-03
+1.529e-03
-3E67e-03
-8.862e-03
-1.406e-02
-1.925e-02
-2.445e-02
-2.96de-02
-3.484e-02

Y CODB: Job-Bao0l.0db  Abaqus/Standard 6.12- "16:48 SE Asia Standard Tirme 2021

Step: Step-3
Increment 2: Step Tirme = 1.000

z x Prirmary Var: U, U2

a) Sau khi thi céng duong ham bén trdi.

u, uz
+3.994e-02
+3487e-02
+2.981e-02
+247de-02
+1.968e-02
+1462e-02
+3,552-03
+4 488e-03
-5.763e-04
-5.640e-03
-1.0708-02
-1.577e-02
-2.083e-02
-Z.590e-02
-3.096e-02
-3.602e-02

Y ODB: Job-Bao0Z.0db  Abagus/Standard 6.1 2:07 SE Asia Standard Time 2021

Step: Step-3
Increment 2 Step Time = 1.000

Z X Prirnary War: U, Uz

b) Sau khi thi céng cd hai duwong hdm.
Hinh 6. Két qud mé phdng gid tri ltin mdt dat.
Két qua tinh toan gia tri lin mat dat I1én nhat T két qua phan tich mé hinh s6 thé hién trén
trén mit cit ngang va gia tri ltin mit dat doc truc cac Hinh 7, 8 cho thiy: cong tac thi cong duwong
dwong hdm dwoc thé hién trong cac Hinh 7, 8. ham gay ra lun mat dat, sau khi thi cong dwong
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ham bén trai giy ra ltn méat dat c6 gia tri lén nhit dwong ham thi gy ra 1an mét dat cé gia tri 1on
1a 22+24 mm va tai vi tri gwong dao dat gia tri ldn nhat 1a 33+35 mm va tai vi tri gwong dao dat gia
mat dat la 7+8 mm. Sau khi thi cong tiép dwong tri lun mat datla 11+12 mm.

hdm bén phai tic 1a sau khi thi cong xong hai
Khoang cach tir mdt guong dao, m
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Hudng thi cong dudng him

Hinh 7. Puong cong liin doc truc dwong hdm: 1 - sau khi thi cong dwong hdm bén trdi, 2 - sau khi thi cong cd
hai dwong hdm.
Khoang cach ngang truc duong him, m

(l) 2|0 4‘0 6|0 8|0 1(|}0 120
0
-10
g
g g
& 220 E
plan
: :
g | 5
O I =
A 40 | 415 o
: NS
O O T &

125
y

Hinh 8. Pworng cong ltin Iom nhdt theo phwong ngang truc dwomg hdm: 1 - sau khi thi cong duong hdm bén
trdi, 2 - sau khi thi céng cd hai dwong ham.
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4. Kétluan

Tl két qua phan tich mé hinh s6 cho thay, doi
voi dwong hdm dé thi, cu thé trong diéu kién
tuyén Metro s6 3 doan Nhén - Ga Ha Néi, Thanh
phd Ha Néi khi thi cong dwomng him din dén hién
twong dich chuyén, lin mat dat.

Dai véi duwdng hdm mod phong tinh toan trong
diéu kién & trén, tic dong sau khi thi cong dwong
ham bén trai giy ra lin méit dat c6 gia tri Ién nhit
la 22+24 mm va sau khi thi cong ca hai duwong
ham thi giy ra ldn mét dat c6 gia tri 1én nhit 1a
33+35 mm.

Gia tri két qua phéan tich cho thiy, gia tri lan
mat dat tai vi trf gwong dao c6 gia tri bang
(0,35+0,40) 14n gia tri lun mat dat16n nhat gy ra
bdi cong tac thi céng dwong hdm Syguong =
(0,35+0,40)Sv-max-

Vi tri viing bi anh hwdng lin mat dit theo
chiéu doc dwong hdm & phia trwdc gwong dao la
15 mva gié tri 1in 1é6m nhat dat dworc tai vi tri phia
sau gwong dao la 30 m.

Vi tri viing bi anh hwdng lin mat dit theo
chiéu ngang c6 vi tri sang hai bén t&i 25 m tinh tir
tim ham.

DE gidm thiéu gia tri lin mat dat thi cong tac
quy hoach, thiét ké can bo tri dwong him trong
khu vue c6 diéu kién dia chit, dia chat thiy van
On dinh, thuén lgi cho céng tac thi cong. Cong tac
thi cong vin hanh str dung may khién dao cén
diéu chinh gia tri ap lwc 1én gwong dao phu hop,
khong dé khoi dat da sap dé vao gwong dao sé giy
ra hién twong sut 1in 1én dén mét dit. Cong tac
phut vira 14p day khodng trong sau vo chong c6 y
nghia rat 1ém khong chi ting d6 bén d6 6n dinh
cho duwdrng hAm ma con giam thiéu dang ké gia tri
lin mat dat.

L&i cam on

Nhém tac gid xin givi 1oi cdm on dén Ban Quan
ly Pwong sat do thi Ha Noi do da cung cap cac
thong s6 ki thuat hé théng tuyén dwong sat dé thi
s6 03 tai Thanh phé Ha Néi.

Pong gop cha cac tac gia

Téc gia D6 Ngoc Thai c6 nhiém vu phéan tich

téng hop va gidi quyét bai toan bang phwong

phép phén t hitru han, c6 sw dong gép 65%. Tac

gia Nguyén Dtrc Trudng c6 nhiém vu thu thap s6

liéu dau vao cho bai todn, kiém ra két qua bai

toan, c6 sw dong gop 1a 35%.
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