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Hoan thanh nhanh hon 1.800 km dudng cao téc va nhiing khé khan huy déng
nguén vén xa hoi hoa dat ra

Speeding completion of 1800 kms of highways and difficulties in mobilization of the
socialzed capital arise
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va xac dinh ap luc dung dich guong dao

khi thi cong tuyén ham metro s6 3 Nhon - Ga Ha Noi

B TS. VU MINH NGAN®; TS. NGUYEN PHI HUNG
Trudng Dai hoc Mé - Bia chat
Email: “vuminhngan@humg.edu.vn

TOM TAT: Ha N&i da va dang trién khai tuyén metro
s& 3 Nhén - Ga Ha N&i, mét frong 8 tuyén metro
theo quy hoach phat trién hé théng metro cda Thi
d6. Phan ngdm clia tuyén metro sé 3 nay di qua khu
vyc déng dan cu, nhiéu céng trinh lich st va cé diéu
kien dia chat dat yéu nén ridi ro mat én dinh trong
qua trinh thi cdng hdm can dugc xem xét va phan
tich. Bai bao trinh bay cac co ché mat én dinh xay ra
khi thi cdng hdm trong diéu kién dat yéu va phuong
phap xac dinh ap luc guong dao phu hgp khi thi cong
ham trong dat yéu. Trén co s& sé liéu thiét ké du an,
cac tac gid phan tich va tinh toan ap luc can thiét khi
thi cdng ham va dua ra ap luc dung dich tai guong
dao phu hop déi véi doan tuyén di ngdm tai du an
metro s& 3 Nhdn - Ga Ha Nbi. Két qua cla bai bao 1a
s6 liéu tham khao d6i véi don vi thiét ké va nha thau
khi thi cong tuyén ham.

TU KHOA: On dinh, thi cong ham, tuyén metro s6 3
Ha N&i, ap luc dung dich, may dao ham.

ABSTRACT: The Hanoi metroline No.3 Nhon - Hanoi
station project, one of eight metrolines in Hanoi
metroline development plan has been carried out.
The underground part of the project is located below
a density urban area with historical buildings and soft
soil conditions, thus there is a risk of instability when
tunnelling. The paper presents instability theories
and methods to determine appropriate supporting
pressures applied on tunnelling face when tunnelling
in soft soils. Based on the project documents, the
recommmended supporting pressures are derived for
a part of the tunnel alignment in Hanoi metroline
No.3 project. The results obtained in the paper
are references for engineers and contractors when
tunnelling in the near future.

KEYWORDS: Stability, tunnelling, Hanoi metroline
No.3, soft soil, supporting pressure, TBM.

1.DAT VAN DPE
TP. Ha Noi da va dang trién khai xay dung cac tuyén
metro nham gidm bt stic ép vé mat do giao thong, nhu cau

di lai clla ngudi dan va 6 nhiém moi trudng. Tuyén metro sé 3
Nhén - Ga Ha Noi da trién khai, hoan thanh thi céng phan trén
cao va chuan bi céng tac thi cdng phan ham ngam. Do diéu
kién dia chat dat yéu, cdng nghé thi cong dao ham cé khién
dao (TBMs) cu thé la may dao ham can bang &p luc dat (EPB
TBMs) sé dugc st dung trong thi cong. Cu thé, hai may dao
ham EPB da dugc nha thiu Ghella (Y) 13p dat va sén sang cho
cong tac thi cong. Do phan ngam cla tuyén s6 3 Nhén - Ga
Ha Néi nam dudi khu vuc dong dan cu, ¢é nhiéu cong trinh
quan trong ctia thanh phé lai qua khu vuc cé dia chat dat yéu,
cong tac ddm bao 6n dinh trong qua trinh thi cdng khéng chi
déi vé6i cong tac thi cong tuyén ham ma con doi véi cac cong
trinh [an can dugc coi nhu mét phan quan trong ctia du an.
N&i dung bai bdo dua ra mét s6 ly thuyét phan tich én
dinh dang dugc iing dung trong thiét ké va nghién ctu, déng
thoi phan tich, dua ra kién nghi vé ap luc guong dao cho mét
doan tuyén ham trén tuyén metro s6 3 Nhén - Ga Ha Noi.

2.CO SO LY THUYET PHAN TiCH ON DINH KHI THI
CONG HAM METRO TRONG DIEU KIEN DAT YEU

V6i mdy dao ham can bang ap luc dat (EPB) dugc
st dung tai du an metro s6 3 tai Ha No6i (Hinh 2.1), dung
dich chéng tai mat guong dao dé dam bao trang thai 6n
dinh trong thi cong c6 thé la bentonite hodc cac hoa chat
chuyén dung nhu polymer hodc bot nhya. Vé ban chat,
dung dich gitt 8n dinh thdm thau vao méi trudng dat phia
trudc guang dao, sau do tao ra do cuing theo thiét ké dé
b6 phan cat may dao ham co thé dao dat va van chuyén
ra ngoai qua hé théng van chuyén bang bang tai hoac hé
théng xe goong van chuyén.

Hinh 2.1: Mdy dao ham can bang ap luc dat
strdung tai du dn metro s6 3 Nhén - Ga Ha Néi
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D& dadm bao 6n dinh méi trudng dat xung quanh khi
dao ham, gia tri 4p luc dung dich tai guong dao ctia may
dao ham thudng dugc |dy nam trong hai khoang gigi han
trén va dudi dugc xac dinh theo cdc mé hinh thuc nghiém
va cac cdng thic kinh nghiém. Trong d06, diéu kién giGi han
dudi tuong Ung véi diéu kién ap luc dung dich qua nhd,
dat phia trudc guong dao dich chuyén chi déng vai khéi
lugng 16n vao khu vuc buéng dao gay dich chuyén Ién
trong nén dat phia trudc va trén guong dao. Diéu nay cé
thé dan dén sut lun I6n trén mat dat, gdy anh hudng dén
codng trinh lan can (Hinh 2.2). Ngugc lai, diéu kién gidi han
trén tuong Uing vai diéu kién ap luc dung dich s& dung qua
I6n, khéi dat phia trén guong dao bi day troi [én mat dat.
Luc nay, c6 thé xuat hién cac khe nit trong khéi dat bi ddy
tréi, dung dich gilr 6n dinh vi thé sé thoat ra ngoai va gay
giam &p luc chong dét ngoét tai guong dao, dat dao phia
trudc guang dao sé chuyén dich vao trong budng dao va
gay sut 1an I8n trén bé mat (Hinh 2.3). Hién tuong mat 6n
dinh trong thi cong ham da gay sut lin, tao thanh cac hé
tir than tai mot s6 du an ham trén thé giéi nhu & du an
thi cong ham tai Munich (Bdc) nam 1994, Kuala Lumpua
(Malaysia) nam 2014.

K R
T /
. /
/
D May dao ham Dich chuyén
#/ chanén dat

Hinh 2.2: Hién tuong méat 6n dinh chd déng khi ap luc dung dich
tai guong dao qua thap

* f / TR
© /

N v

T My ddo ham % Sé(;hn%hnuéz?

Hinh 2.3: Hién tuong méat 6n dinh bi déng khi ap luc dung dich
tai guong dao qua cao (day troi)

Vi vy, mot trong nhiing nhiém vu quan trong thiét
ké thi cong ham la xéac dinh ap luc dung dich st dung tai
guong dao va khoang tréng phia sau may dao ham thich
hop. Ap luc dung dich nay sé quyét dinh dén su thanh cong
cta du an thi cdng ham va dam bao an toan trong qua trinh
thi cdng vé mat &n dinh ctia nén dat cling nhu d6 lun cda
mat dat trén bé mat va anh hudng dén cac cong trinh lan
can. Hién nay, trong thiét ké thi céng cac tuyén ham, gidi
han dudi tuong tng véi ap luc dung dich nho nhat dugc
tinh todn qua mot s6 mé hinh thuc nghiém va ban thuc
nghiém dé xuat bai cac tac gia Jancsecz and Steiner (1994)
[3], Broere (2001) [2] nhu trén Hinh 2.4.

/2

Theo dé, ap luc dung dich nho nhat dugc tinh nhu sau:
Spin = O KA3Dneff+p U

Vi o, 13 (g sudt hiéu dung theo phuong thing ding
clia dat tai vi tri dat ham, n .= 1,5 la hé sé an toan véi truong
hop pha hoai chi dong va p la ap luc nudc.

Hé s6 K, la hé s6 ap luc dat ba chiéu dugc xac dinh
theo céng thuc:

sinficosf — cos?Btang — Il(—gcosﬁtan(p 2)

K =
A3D sinficosf + tangsinf

Trong dé: hé s6 B dudc xéac dinh theo cac biéu doé va
bang trong Jancsecz, S., & Steiner, W. (1994) [3].

[

Hinh 2.4: Mé hinh phan tich 6n dinh guong dao médy dao ham TBM

(Broere, 2001[2])
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Hinh 2.5: Mé hinh phan tich day tréi véi ap luc dung dich
tai guong dao (Vi Minh Ngan, 2016[6])

Gidi han trén cda ap luc dung dich tai guong dao trong
thi cong ham tuong ng véi ap luc khi xay ra hién tugng
day tréi v6i cac mé hinh tinh dugc néu trong cac nghién
clu ctia Balthaus (1991) [1], Broere (2001) [2] va Vi Minh
Ngan (2016) [6]. Trén Hinh 2.5, ap luc dung dich I6n nhat tai
dinh ham khi xay ra hién tugng ddy tréi xac dinh theo céng
thuc sau:

i H aD
So,t,max =V (H - §D) +2 5 (C + HKyy'tan(p) - T (3)

Ap luc dung dich I&n nhat tai day mat cdt ham cé gia tri
xac dinh theo cong thuc sau:

T H aD
Sopmax =Y (H - §D) +2 o (c+ HKyy'tanqo) +yrmd + e (4)

Véi: v, - Khéi lugng riéng clia bé tong vé ham; a -
Gradient ap luc thédng ding cla dung dich dugc xac dinh
theo nghién cttu cdia Talmon va Bezuijen (2005) [4].

V6i ap luc nhoé nhat tinh theo céng thirc (1) va (2) va ap
luc 16n nhat tinh theo cong thic (3) va (4), tuy thudc vao
diéu kién thi cong va diéu kién dia chat, nha thau c6 thé
dua ra lva chon ap luc dung dich tai guong dao phu hop.

3. NGHIEN CU'U LUA CHON AP LUC DUNG DICH
GUONG PAO TAI DU AN METRO SO 3 NHON - GA
HA NOI

Tuyén metro s6 3 Nhén - Ga Ha Noi la mét phan cda
hé thong mang lugi dudng sat dé thi Ha Noi bao gém 8
tuyén metro. Téng chiéu dai tuyén tau dién ngam sé 3 la
12,5 km, bao gom 4 km di ngdm tir ga Kim Ma di Ga Ha
No6i va 8,5 km trén cao tir ga Nhén dén ga Kim Ma. Toan
tuyén c6 12 nha ga gém 8 nha ga ndi va 4 nha ga ngam.
Tuyén tau dién nay dugc khai cong xdy dung tir ndam 2010,
tuy nhién dén thang 3/2023, cong tac thi cdng phan ngam
van dang ndm trong giai doan chuan bi trién khai. Doan
tuyén ngam chiéu dai 4 km di dugi khu vyc déng dan cu va
¢6 nhiéu coéng trinh lich st quan trong cda thanh phé nhu
Van Miéu - Quéc Tu Giam. Dac diém dia chat khu vuc doan
di ngam cuia tuyén metro s6 3 Ha Noi bao goém céc 16p dia
chat sau: Tang dat trén cung la I6p dat lap; phia duéi la 16p
dat sét nghéo GU1 véi do day thay déi tir 10 m dén 19 m,

bao gém nhiéu thau kinh cat GU2, GU3, GU4 va dat hitu co
nam trong GU1; ti€p dén la I1&6p dat bot dén cat sét GUS5 co
dé day thay d6i tir 8 m dén 20 m nam & d6 sau tir 12 m dén
32 m, gbm nhiéu thau kinh cat cta cat cap phéi thoé GU6,
I6p dat GU7 co dd day thay d6i tir 8 m dén 14 m ndm & do
sau tlr 26 m dén 45 m, bao gobm cat cap phéi tét va viia dén
cat tho véi soi cudi ti nhd dén vira. Bang 3.1 néu mot s6
théng sé dat tai tuyén metro s6 3 Nhén - Ga Ha Néi, dugc
lay tur tai liéu thiét ké cta du an.

Bdng 3.1. Mt s6'théng sé dia chat
tai du dn Metro s6 3 Nhén - Ga Ha NGi

Dungtrong, Goécma | Lucdinh
Lép dat riéng sattrong | donvic HéséK
(kN/m?3) (fo) (kN/m?)
bat dap 19 - - -
GU1_s 18,5 25 10 0,58
GU3&4 16 20 5 0,66
GU5_a 20 34 0 0,44
GU5_b 20,5 35 0 0,43
GU7&8 21 40 0 0,36

Hinh 3.1 mé ta trac doc va diéu kién dia chat clia doan
tuyén ham c6 ly trinh km21+838 dén km22+038. Cac théng
sO dia chat tuyén ham di qua dugc ldy theo Bdng 3.1.

Do phan tuyén di ngam du an hién chua tién hanh thi
cong nén nghién ctu nay chi ding lai & viéc xac dinh cac
gia tri gi6i han trén va dudi theo dic diém tuyén ham va
diéu kién dia chat.

Kétidc tuyén ham

-50 m

-55m

Ly trinh

Cao a6 mat gét

Cao 40 thiét ké

16.88117.1741 21+838
-1655817.3431 21+858
-15975 [ 7.106] 214878
-15313 [ 7.0991 214898
-14651 [6.893] 214918
-13990 [ 7.376 | 21+938
-13328]7.219] 21+958
126951 6.4621 21+978
122591 6.0741 214998

120441 6.000| 224018
-120201 59901 22+038

[0
o
8.

Két cu

I

o

3
N

Hinh 3.1: Tric doc tuyén tau dién sé6 3 Nhon - Ga Ha NGi
doan di ngdm tirkm21+838 dén km22+038
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Ap dung cadc mé hinh dugc néu trén Hinh 2.4 va Hinh
2.5 véi cac cong thuc (1), (2), (3), (4), ta lan luot xac dinh cac
gia tri ap luc dung dich nhé nhat va I6n nhét tai cac ly trinh
tr km21+858 dén km21+998 vGi cac mat cat co khoang
cach 20 m.

Ap luc guong dao cho doan tuyén cé ly trinh tu
km21+858 dén km21+998 tai du 4n metro s6 3 Nhén - Ga
Ha Noi dugc thé hién nhu trén Hinh 3.2. Hinh 3.2 cho thay
gia tri 4p luc dung dich nho nhat khi thi cong ham nam
khodng 200 kPa, trong khi d6 gia tri 4p luc dung dich 1&n
nhat nam khoang 500 kPa. Biéu nay cho thay khoang cach
ap luc dung dich 16n nhét va nho nhat la kha I6n, 1én dén
hon 300 kPa. VGi d6 sau dat ham nhu trén Hinh 3.7 va két
qua tinh toan ap luc I6n nhat, kha ndng xay ra hién tuong
day tr6i la nh khi thi cdng tuyén ham metro s6 3.

Tuy nhién, dé lya chon &p luc dung dich phu hop la
diéu khong dé dang. Néu st dung ap luc dung dich c6 gia
tri gan véi gia tri ap luc nho nhat dan dén t6c dé thi cong
cham va viéc cét va dao dat la kho khan. Néu ap luc dung
dich 16n, séat véi gia tri I6n nhat thi téc d6 thi cdng nhanh
hon nhung dé dan dén kha nang mat 6n dinh. Theo kinh
nghiém thi cong ham trén thé gidi, ap luc kién nghi s
dung trong qué trinh dao ham thuong dugc lay I16n hon 50
kPa so vai ap luc dung dich nho nhat du doan (Vu va nnk,
2015). Biéu nay ddm bao cho thi cong dugc dé dang hon
va dam bao dugc t6c do thi cdng, dac biét qua cac vung
c6 dia chat dat phc tap. Pudng nét dit trén Hinh 3.2 dua
ra ap luc kién nghi nén st dung trong qua trinh dao ham
tai du an.

600

500\_

400 -

300

p Iuc dung dich (kPa)

a
]
S
=)

100

- &p lut nhd nhat

Km21+858
Km21+878 -
Km21+898 -
Km21+918 -
Km21+938
Km21+958
Km21+978 - 7
Km21+998 -
Km22+018 =

Iy trinh

Hinh 3.2: Tinh toan dung djch guong dao
tai du an metro s6' 3 Nhén - Ga Ha Néi

4, KET LUAN VA KIEN NGHI

Dé giadi quyét cac van dé vé tic nghén giao thong dé
thi va 6 nhiém méi trudng, cac tuyén metro da va dang
dugc trién khai & Ha Noi. Tuyén metro s6 3 Nhén - Ga Ha
Néi cd phan ngam dugc thi cong trong diéu kién dat yéu va
duéi khu vuc dong dan cu, qua trinh thi céng ham phai doi
mat véi nhiéu van dé, trong dé van dé mat 6n dinh c6 thé
gay ra nhiéu hau qua nghiém trong nhu sut 14n 16n, sap d6
céac cong trinh bén trén. Bai bao t8ng hop cac co ché mat

7t

én dinh trong qua trinh thi céng hdm bao gém pha hoai
cht déng do ap luc dung dich qua nhé va pha hoai bi déng
do ap luc dung dich s dung qua |6n tai mat guong dao va
khoang tréng phia sau ctia méay dao ham. Cac tac gia da
phan tich tinh toan ap luc dung dich can thiét dua trén céc
56 liéu thiét ké va khao sat clia du an metro s6 3 Nhén - Ga
Ha No6i va dua ra mot sé két luan nhu sau:

- Véan dé thiét ké va phan tich 6n dinh dong vai tro rat
quan trong trong qua trinh thi céng, cu thé 1a tinh toan ap
luc dung dich st dung nham tranh céc van dé vé day troi
hay sut lin I6n do ap luc dung dich khéng pht hop.

- Chiéu sau thiét ké clia tuyén metro s6 3 la kha I6n, do
vay véi khodng ap luc dung dich s dung tai mat guong
dao I16n, dan dén kho c6 kha nang xay ra day tréi xay ra
trong qua trinh thi cong du an.

- Nghién ctiu da dua ra dugc ap luc kién nghi d6i vai
qua trinh thi céng ham.
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