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GIAl PHAP CHO QUA TRINH KHOI TAO VA CHAY THU TBM AP DUNG
TAI DU AN METRO LINE 3 HA NOI

1. Pit van aé

NGUYEN VAN QUANG!?; VO NHAT LUANS;
PO NGQC THAI4; PAO QUANG HUY!

Solution for the launching and initial drive of TBM applied at hanoi
metro line 3 project

Abstract: The TBM tunneling method, employed by tunneling complexes,
represents a contemporary and secure approach with minimal impact on
the surrounding environment, making it particularly well-suited for urban
tunnel construction. Notably, TBM technology has found successful
implementation in both the Ho Chi Minh City and Hanoi Metro lines. The
TBM tunnel construction process adheres to a cyclic pattern encompassing
sequential phases of excavation, soil transportation, and segment erection.
However, it's crucial to distinguish the TBM's lauching and initial drive
from its main drive. This article delves into the strategies aimed at
facilitating the initialization and trial training stages of the Metro Line 3
Hanoi project's TBM. The application of "soft eye™ solutions, coupled with
soil reinforcement at the break in and break out of the TBM, along with the
utilization of a thrust frame, emerges as an effective method for the initial
setup of the TBM.

Key words: TBM, launching, initial drive, soft eye, jet-grouting

Tuyén Metro line 3 Ha Noi c6 chiéu dai toan

Hién nay tai Ha Noi va thanh phé H6 Chi Minh
dang tién hanh xay dung céc tuyén tau dién ngam
nham giai quyét tinh trang giao théng qué tai. Tai
Ha Noi dang tién hanh 1am tudng vay cho cac nha
ga ngam va chuan bj cac thiét bi dé 1am cac doan
di ngdm cho tuyén s6 3 (Nhon- ga Ha Noi). Tai tat
ca cac tuyén ngdm ¢ hai thanh phé déu ap dung
cdng nghé dao ham tién tién TBM nham dam bao
an toan va giam thiéu anh huong cho cac cong trinh
bé mit.

! Truong DH Céng Nghé GTVT;
2Cong ty CP FECON;

3 Céng ty CP DTXD va PTNNL sdu;
4 Triwong DH Mo Dja Chat

Email: quangnv@utt.edu.vn

tuyén 1a 12.5 km, trong d6 c6 8.5 km di trén cao va
4.0 km di ngam. Phan di ngam bat dau tir nha ga
S9 (Ga Kim M4). Tai day hai may TBM da duoc
ha xudng ban day nha ga va da hoan thién qua trinh
lap dat, chuan bi cho cong tac dao ham. May TBM
s& bat dau dao tir ga S9 dén ga S10 (Ga Cét Linh).
Tai Ga S10, toan bo hé théng cia may TBM s&
dugc truot dén vi tri khai tao mai va lap lai qua
trinh dé dao sang nha ga S11 (Ga Vian Miéu) va
S12 (Ga Ha Noi). Trong qua trinh dio hdm bang
TBM, giai doan khai tao va chay thir 1a giai doan
dic biét, gdm nhiéu cong tac co yéu cau dic biét so
véi giai doan van hanh chinh cia may TBM. Trinh
tu co ban cua gia doan khai tao va dao thur duoc ap
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dung tai du 4n Metro line 3 Ha Noi duoc thé hién
trong hinh 1.

14000

14000 ‘
Budc 3: TBM dao trong khdi Jet & trang thai mo (ap
suat budng dao bang &p sué khi quyén)

14000

Budc 2: Cat tudng vy bang dau cit cia TBM

14000

Budc 4: TBM dao trong dat ty nhién & ché do kin (st
dung &p lec dat)

Hinh 1. Trinh tu dao khoi tao va dao thir cia may TBM

Trong qué trinh khoi tao cia mdy TBM, co
nhiéu van dé can cha y dé dam bao an toan cho qua
trinh dao ham. Trong bai b4o nay nhom tac gia s&
trinh bay ba giai phap chinh hé trg cho qua trinh
khoi tao caa may TBM: giai phap “méit mém” cho
tam tuong vay; gia cd nén dat tai diém ra va vao
nha ga caia may TBM va giai phap khung day.

2. C4c giai phap dam bao an toan trong qué
trinh khéi tao va chay thir cia mady TBM

2.1 Giai phap “mdt mém” (soft eyes) cho tam
twong vay

Thong thudng may TBM sé& duoc ha xudng va
lip dat tai mot nha ga hoidc hé dich vu dé chuan bi
cho qué trinh dao ham. May TBM sé& thuc hién

cong tac dao toan tuyén dinh sin, di qua cac nha ga
trude khi dén diém cudi dé thao da va di doi. Trong
qua trinh nay, s& phai thuc hién cdng tac cat, phéa
tuong vay caa cac nha ga (hinh 2). C6 hai phuong
phap phd bién dé cat pha twong vay vi tri TBM di
qua la ding khoan r(t 16i két hop bua duc (hinh 3)
hoic bang chinh dau cit cuia may TBM (hinh 4).
Khi &p dung phuong phap thtr 2 (pha tuong vay
bang dau cat caa may TBM) thi giai phap k¥ thuat
“mat mém” (soft eye) duoc ap dung cho nhitng tim
tuong vay tai vi tri mady TBM s€ di qua (hinh 2, cac
vitri1,2, 3,4, 5)[4]
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Hinh 3. Pha tuong vy bang khoan rut 15i va baa duc

Bang cach sir dung bé tong cbt thép thay tinh
GFRP (Glass Fiber Reinforced Polymer) viéc cit
tuong VAy tai vi tri mat mém s& dé dang hon rat
nhiéu do kha ning chdng cat doc truc cua thép
GFPR khi ¢6 luc cit dong nhoé hon nhiéu so Vi
thép thong thuong [3].

Tai du &n Metro line 3 Ha N6i may TBM dugc
ha xudng va lap dat tai nha ga S9. dé bat dau qua
trinh dao ham, tam tuwong Vay tai vi tri dao can duoc
pha bo véi kich thude dung bang kich thudc cua

:

Hinh 4. Pha tudng vay bang dau cat TBM

dau may TBM. Nha ga S9 ciing nhu cic nha ga
khac (S10, S11, S12), twong vay c6 chiéu day 1.2
m nén viéc cat tha cdng bang phuong phap khoan
rut I13i s& doi hoi rat nhiéu cong sirc ciing nhu anh
huong dén tién do. Giai phap mat mém dugc &p
dung sé dam bao an toan va hiéu qua cho qua trinh
khoi tao va cat qua cac nha ga cua tuyén Metro line
3 Ha Noi. Hinh 5 thé hién b tri thép GFPR tai vi
tri ra cuia TBM cho tAm tuong vay nha ga S9.

PIA KY THUAT SO 1 - 2024

59



A

ERRREERIL

)
[) @™
U st

(og-D22 ] N

Mt mém

\YAlternpte
THAY ) I

%

3.540m
")

_4 Zath L
RS % B
@t 7 5 i sg0m
THAY THE| T
|17 / | fstomasgon
‘éﬂ“ /] (A L B.dg{)m
| @24 Z /] -

N N

W 8

-12.090 m
I—

Hinh 5. B tri thép GFRP cho tuong vy tai vi tri khoan TBM tai nha ga S9

Thiét ké ciia thép GFRP cho “mat mém” tai cac
nha ga dugc tudn theo tiéu chuan “Guide for the
Design and Construction of Concrete Reinforced
with FRP Bars” (ACI 440) [1]. Qua trinh cau lap

Long thép nghiéng 0 do

Long thép nghiéng 45 do

long thép c6 thép GFRP ciing dugc Kiém soét chat
ché bang tinh toan (hinh 6) dé dam bao qua trinh
cau lap 1dng thép an toan.

Long thép nghiéng 90 do

Hinh 6. Kiém tra 1ong thép trong qua trinh cau lap tai cAc vi tri khéc nhau

2.2 Giai phap gia c6 nén dit tai dau ra va vao
cia may TBM tai vi tri cac nha ga

Nhu chiing ta d4 biét ¢6 hai loai may TBM dugc
st dung dé dao ham trong déat yéu la: TBM can
bang &p lyc dét (Earth pressure balanced (EPB)) va
TBM can bang ap luc vira (Slurry type). May TBM

EPB chuyén dat dao duoc thanh dang bun long va
giit n6 lai trong budn dao bang ap luc dé giir on
dinh guong dao trudc dau cit. Vé co ban may EPB
c6 dau cit dé pha dat da, mot hé thdng tron dé tron
dat dao dugc vai cac thanh phan phuy gia (cha yéu
1a betonite) dé chuyén vé dang bun l6ng c6 &p suit,
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mot hé théng iy dat va bo phan kiém soat ap luc
guong sao cho ap luc ndy 6n dinh trong qua trinh
dao.

Trong qua trinh khai tao, khi dau cat TBM vira
cit xong tudng vay va di vao méi truong dat phia
ngoai nha ga (hinh 7) 4p luc guong chwa thé dugc
duy tri, budng dao chi duoc lap day mot phan. Lac

nay may TBM dang lam viéc ¢ trang thai mo (ap
suit budng dao bang ap suat khi quyén). Néu
khong cd bién phap xir Iy dét truéc, sé co rat nhiéu
rai ro ¢ thé xay ra: dit va nudc ngam cd thé bi day
vao trong khoang dao; c6 thé gay sut Iin cuc bod
trén mit dat; mat 6n dinh guong ham cd thé xay ra
dan toi sut 1Gn dién rong [2].

Phia nha ga

Hinh 7. Guong ham trong qué trinh khoi tao cia may TBM

Nham dam bao qué trinh chay khai tao cua may
TBM ¢ trang thai mo duoc an toan, diém ra cua
TBM can dugc gia cb. Viéc nay s& dam bao sy 6n
dinh cua mit gwong hé dao va ngin chin nuéc
ngam khi may TBM vira khoan pha tudng vay
xong. Tai du &n Metro line 3, phuong phap khoan
phut vita (Jet Grouting) duoc &p dung. Khéi gia ¢b
dugc thiét ké dé che phii hoan toan duong ham va
dam bao toan bo phan khién chin caa TBM nam

Khéi gia cb
1 A, 2 3 4 5
™)
1200 &
=

14893

trong khéi gia cé trude khi dao vao dat tu nhién.
Theo thiét ké, pham vi caa khéi gia ¢ 1a khoang
14.9 m trong khi d6 tong chiéu dai cua khién chén
TBM va dau cit 1a 10.0m. Khéi gia cb duoc thi
cdng bang céng nghé khoan phut vira duong kinh
I6n (BDJ-big diameter jet grouting) vai duong
kinh cta coc 1a 3.0m, cudng do thiét ké 12 3000 kPa
(cuong do nén mot truc ng hong).

=g

Khéigia ¢d

3673 10020 1200_

Hinh 8. Kich thudc khdi gia c¢b bang phuong phap JG tai nha ga S9
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Cac coc vira duoc thiét ké chong vao nhau 0.5m
(hinh 9) dé dam bao rang khéi gia ¢ kin nudc hoan
toan. Buong kinh caa khién TBM la 6.3m, trong
khi d6 duong kinh bao cua khéi gia cb 1a 10.3m

3000 mm Diameter jet-Grouting
Ct bom vira ap cao 3000 mm

250 mm_Diameter drilling BN -1
Khoan duéng kinh 250 mm

Hinh 9. B4 tri hinh hoc cac coc vira

Budc dao ban dau cia may TBM thi van dé
nuéc ngadm phai dic biét dwoc quan tam. May
TBM s& dao trong khdi gia cd, 1a vat liéu c6 thé
ngin nudc va bao cao khao sat dia chat tai nha ga
S9 cho thiy muc nudc ngim nam dudi cao do day
ciia dudng ham nén du tinh duong ham s& duogc
dao trong diéu kién hoan toan khd rao. Tuy nhién
trong moi diéu kién thi s& can bién phap bd sung
dé kiém tra nugc ngam trude guong dao trude khi
tién hanh qué trinh khoi tao cia may TBM. Hai
mii khoan tham do s& duoc thuc hién, dd sau cua
miii khoan s& di dé dam bao vuot qua chiéu day
trong vay (1.2m) va khao sat duoc nudc ngam

(hinh 10), diéu nay dam bao may TBM s& nam
hoan toan trong mdi truong nén 6n dinh trong qua
trinh khai tao.

/
!
|
\
T
k—‘.

|
|
|
|
Hinh 10. B4 tri coc vira theo mit ding

trude guong ham. Hai miii khoan s& dugc thyc hién
cho mot duong ham, moét ¢ phia dudi dinh ham
1.0m va mot ¢ phia trén ¢ay ham 1.0m.
2.3 Giai phap khung diy va gia truot

Trong giai doan dao chinh, may TBM sé& dugc
tién 1én phia trudc nho lyc day tir cac kich thiy huc
V6i diém tua 1a cac dot vo ham da hoan thién truéc
do. Tuy nhién tai giai doan khai tao, khi chua c6
ddt vo ham nao dugc Iép dat trude do, can mot hé
thdng hd trg dé nhan lyc kich, va giai phap khung
kich day duoc dé xuat 1a mot phwong an hiéu qua
cho vin dé nay. So hoa cuia khung kich day va gia
truot duoc thé hién trong hinh 11.
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Hinh 11. Khung kich day va gia trugt cho may TBM trong giai doan khoi tao

Trong qué trinh nay, mot dot ham chuyén doi  dén vi tri bt dau dao. Trong qua trinh ddo thir, cac
bang thép rong 800mm s& duoc két ndi vao khung ~ dbt ham tam s& duoc lap dat (tir 6t -7 dén @6t -1)
day, tiép sau d6 1a hai @bt vé ham ngoai dau tién  (hinh 12) va s& duoc thao d& khi qua trinh dao thir
(46t s6 -7 va dbt sb -6) duoc két ndi vao ddt chuyén  két thuc.
d6i. Nho hé théng hd trg ndy TBM c6 thé tién sat

=

) i

Hinh 12. Cac dt hAm tam trong qua trinh dao thir

Luc kich ddy tir may TBM 1én khung ddy dwoc  (hinh 13). T4t ca cac chi tiét lién quan dén két ciu
thiét ké 1a 7700 kN. Khung day thiét ké bang thép  khung day déu dugc kiém toan truéc khi qua trinh
hinh va duoc lién két voi san nha ga bang bulong  dao thir bt dau (hinh 14).
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Hinh 13. Thiét ké khung day

Mo hinh khung day

Phan bé luc kich 1én khung déy

Hinh 14. Kiém toan khung day trong qué trinh dao thir cia TBM

2.4 Qua trinh chay thw

Qua trinh dao thir 1a qué trinh dé kiém tra cac
thong s6 cia may TBM ciing nhu diéu kién dia
chat, nwdc ngam va cac van dé lién quan dén phu
gia cai tao dat...Chinh vi vay qua trinh van hanh
thir cia may TBM sé& duoc kiém soat nghiém ngit,
van tdc dao cua may TBM trong giai doan dao thir
la 15-20 mm/phut (trong khi giai doan dao chinh
thizc van tbc may TBM theo thiét ké c6 thé dat
60mm/pht). T4t ca cac thdng sé ciia may TBM s&
dugc kiém tra lién tuc, cic van dé bat thuong s&
dugc théng bao va cé cac hiéu chinh can thiét theo
bién phap thi cong di duoc duyét. Tong luc day
cua may TBM trong giai doan nay sé bi gidi han ¢

muc t6i da 7700 kN (theo luc thiét ké cua khung
day). Trong qua trinh nay dat dao ra va vo ham
dugc van chuyén qua cac 16 mé cua nha ga S9
tuong tu nhu giai doan dao chinh.

Tuyén Metro line 3 Ha Noi s& c6 2 may TBM
thi cdng cung mot 1ac. Chinh vi vay cong tac dao
thir s& can bé tri phd hop, dam bao cac dudng ray
phu trg dugc sir dung mot cach hiéu qua va dam
bao tién do thi cong. Cong tac dao thir cho hai may
TBM tai dy an Metro line 3 Ha N¢i duoc thiét ké
nhu sau:

Budc 1: TBM s6 1 vao vi tri, sin sang cho cong
tac dao thir (hinh 15).
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Hinh 15. TBM s 1 chuan bi cho cong tac dao thir

Budc 2: TBM s6 1 bét dau cong tac dao thir cho
200m dau (hinh 16).

Hinh 16. TBM s6 1 trong qué trinh ddo thir (200m dau)

Budgc 3: TBM s6 1 két thiic qua trinh dao theva  TBM sé 1 dugc thao d& (hinh 17). Lic nay ma sét
dirng lai. Puong ray va hé théng phu trg dugc  giita duong ham va dit xung quanh da du dé thay
chuyén sang cho may TBM s6 2 dé chuan bj qua  thé luc day cia may TBM voi khung day.
trinh dao thir. Khung day va cac d6t ham tam cua

Rail phuc vu

Hinh 17. TBM sb 1 két thuc dao thir, TBM sb 2 chuan bi qua tinh dao thir

Budc 4: TBM 1 bit dau dao & trang thai van  200m dau (hinh 18).
hanh chinh, TBM 2 bét dau qua trinh chay thir

I — —— 05 1
—— 1 T 1 ] [a¥a! — S
Co——— I — folsl e [ e Aw

Hinh 18. TBM s 1 van hanh chinh thirc, TBM s6 2 trong qué trinh chay thir

Budc 5: Két thiic qué trinh dao thir. TBM 2 tam  cac dot ham tam cia TBM 2 duoc thao d&. TBM 1
ding, cac dudng ray phuc vu, hé théng kich ddy va  dang & trong qua trinh dao chinh (hinh 19).
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Hinh 19. Két thic qua trinh ddo thir, hai may TBM bét dau vao giai doan dao chinh
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3. Két luan

Trong qua trinh khoi tao va dao thur cua may
TBM, can c6 cé4c bién phap hd tro can thiét ¢é dam
bao qué trinh hoat dong ban dau cua TBM. Cac
bién phap cho giai doan khoi tao va chay thir: mét
mém, coc vita gia ¢b cho dau ra va dau vao may
TBM tai cac nha ga, khung kich day di duoc ap
dung thanh céng ¢ nhiéu du &n trén thé gigi va
duogc ng dung tai du &n Metro line 3 Ha Noi. Bai
bao da gigi thiéu cac giai phap ciling nhu nhirng yéu
cau trong kiém soéat dé dam bao qua trinh khoi tao
va chay thir TBM an toan va hiéu qua.

LOT CAM ON
Bai bao nay duoc thuc hién dudi su hd tro tai
liéu cua cong ty C6 phan FECON nha thau thyc
hién céng tac van hanh may TBM tai tuyén Metro
line 3- Ha Noi. Cung su hd tro tu van bién phép

Nguoi phan bién: PGS, TS PO NHU TRANG

cia nha thau chinh HGU (Hyundai E&C and
Ghella S.p.A JV)

TAI LIEU THAM KHAO

1. ACI PRC-440.1-15 Guide for the Design
and Construction of Structural Concrete
Reinforced with Fiber-Reinforced Polymer Bars

2. Nicolla Della Valle and ect. TBM SHIELD
MACHINES BREAK IN AND BREAK OUT.
ternational Tunneling Symposium in Turkey:
Challenges of Tunneling (TunnelTurkey, Istanbul)
Istanbul, 02—-03 December 2017.

3. Soft-Eye Design. Design report: Technical
design. Ha Noi pilot light Metro line 2012

4. Soft-Eye: Turnkey solution for efficient
boring of reinforced concrete strutures. Dextra

group

PIA KY THUAT SO 1 - 2024

66



THE LE VIET BAI DANG TREN TAP CHi BIA KY THUAT

Tap chi Dia k§ thuit dugc xuit ban 3 thang/ky, theo Gidy phép hoat dong bio chi sb
1358/GPXB ngay 17-6-1996 ctiia By Van hda va Thong tin.

Tén chi va muc dich ctia Tap chi 1a: Cong bd cac cong trinh nghién ctru khoa hoc, cong
ngheé, phé bién, trao dbi kién thire, tién bod k¥ thuat va kinh nghiém trong céc linh vuc dia chét
cong trinh, co hoc déit - nén mdng, co hoc da, dia k¥ thudt va mdi trudng, cac vin dé dat -
nudc - mdi trudng va con ngudi, gop phin nang cao chit luong céc cong trinh xay dung ha
tang co so, dap tmg nhu cdu cong nghiép héa, hién dai hda dat nude.

Trong thoi gian qua Tap chi di nhin dugc sy dong gop, ung hd nhiét thanh cua nhidu dong
nghiép dong dao ban doc, cac t6 chire, co quan, ban nganh vé bai viét, thong tin va vit chit...
Tap chi mong tiép tuc nhan dugc sy cong tac va ung ho do.

Bai guri dang Tap chi duge danh may vi tinh theo font Unicode Times New Roman, c&
chit 12, in trén kho A4 kém theo dia CD hoic thu dién tu (2 file, 1 file world 2003, 1 file
pdf). Bai viét sir dung tiéng Viét, kém theo tom tit ndi dung bang tiéng Viét va Anh (khong
qué 200 tir). Cong thirc duge viét theo Equation Editor va danh s6 thir ty vé bén phai. Don vi
tinh ciia cac dai lwgng vt Iy phii sir dung don vi theo hé SI. DAu thap phin phii dung
diu phay. Céc ban v& phai theo dung quy dinh v& k¥ thuat, kich thudc khong qua 15 x 20cm.
Céc bai ¢o ban dd ting ving hodc ca nudc can vé theo mau chinh xéc, ding theo quy cach
hién hanh; cic ban v&, biéu bang phai duoc dénh sé thir tw. Dung lwong bai bio khong vuot
qué 8 trang ké ca hinh anh, biéu bang, tai liéu tham khao.

Thir ty sap xép bai bao:

- Tén bai bao (bang tiéng Viét);

- Ho vatén tac gia;

- Dia chi, Tel/Fax; Email;

- Tém tit ndi dung (bang tiéng Viét);

- Tén bai bao va tom tit noi dung bang tiéng Anh;

- Noi dung bai bao. Bai bao can cé dit van dé va két luan;

- Tai li¢u tham khao: dugc danh may lién vai bai va duge ghi theo thur ty ABC. Cac tai li¢u
tham khao trinh bay theo trinh tuy: Tiéng Viét, tiéng Anh, tiéng Latinh, tiéng Nga, tiéng
Trung..., theo thir tu: Tén tac gia, tén tai liéu, nha xuat ban, ndm xudt bin, khong nén qud 10
tai ligu.

Ban Bién tap s& b6 tri iy ¥ kién phan bién trude khi dang. Bai khong dugc ding khong tra
lai ban thao.

Téc gia bai viét phai chiu trach nhiém vé cac théng tin cung cip va dugc biéu 01 cudn tap
chi co bai ding.

Y KIEN DONG GOP, BAI GUI DANG VA BAT MUA TAP CHi XIN LIEN HE THEO BIA CHi SAU:

VIEN PIA KY THUAT
152 phé Lé Duén, quan Déng Pa - Ha Noi
Tel: 024.22141917
Email: viendiakythuat@vusta.vn,; Website: http//www.vgi-vn.vn
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