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Thi cong céng trinh ngdm (CTN) bédng céng nghé hién dai véi céc may dao hdm ngay cang duoc ap
dung réng réi trén thé gi¢i. Uu diém cta may dao hdm la téc do thi céng nhanh khi khéng gdp cac sw
¢, céng tac chdng gilr duroc thurc hién ngay trong va sau qua trinh tach béc dét da tir guong hdm nén
dam béo dé 6n dinh cho déat da xung quanh duwong hdm. Céc cong tac trong chu ky tir khai dao, van tai
dat da thai va chéng giir 6n dinh cho duong hdm duoc thuc hién bang co gii hoé do dé gidm tbi da sw

hién dién cda con nguoi trong qua trinh dao ham.

Tai Viét Nam, hién nay xu hudng xay dwng cac CTN ngay cang dwoc quan tdm va chu trong, dac
biét Ia trong viéc gidi bai todn ach tac giao théng tai hai thanh phd I6m la Ha Noi va Tp. H6 Chi Minh.
Bén canh dé, cac dw an duong cao téc Bdc Nam véi hang trdm km ham xuyén ndi, céc hdm thuy loi,
quan sw, khai thac mé cing ngay cang dwoc quan tdm va cha y hon. Trong bai bao nhém tac gia gidi
thiéu céng nghé dao hdm bang may khoan hdm (TBM) va xu huéng ap dung thiét bi nay trong xay dung

céc coéng trinh ngdm & Viét Nam.

Twr khéa: may khoan ham, khién dao, cbng nghé hién dai, thiét bi, cac rdi ro.

1. DAT VAN BE

Khac véi viéc thi cong cac cong trinh trén bé
mat khac, thi cong CTN la cong viéc kho khan va
phtrc tap do diéu kién thi cong va khéng gian lam
viéc nhd hep. Su kho khan con xuét phat tir nhirng
rdi ro kho nhan biét tir cac diéu kién dia chat, dia
chét thuy van va thién nhién khac. Chinh vi vay ma
viéc han ché céac rii ro dén mire thadp nhét do tac
doéng cla xay dwng cong trinh ngdm dén con ngudi
trong thi cong, van hanh ciing nhw cac céng trinh
lan can trén bé méat phai dwoc quan tam va chu
trong. Cac may khoan ham (TBM -Tunnel Boring
Machines) ra di tr nhixng ndm gitra cia thé ky 18
khi khai dao dwdng ham qua séng Thames & Anh,
dén dy an dao ham dwdi day bién Manche néi gitra
Anh va Phap v&i cac may dao ham hién dai. Theo
thdi gian nhiéu thé hé may dao ham khac nhau da
ra doi va phat trién. Dén nay, cac may dao ham véi
nhirng c6 may I&n véi dwdng kinh Ién hon 20 m da
dwoc ap dung & ltalia, Trung Quéc, va céac quéc gia
khac. Tai Viét Nam, may dao hAm dwoc ap dung
dau tién khi thi cong ham dan nuwéc tai dy an thuy
dién Pai Ninh ndm 2004. May dao ham dwoc st
dung tai dw an cé dueng kinh 5,8 m ndng 450 tan
do ltalia san xuét.
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Théi gian gan day, sy phat trién manh mé cda
cac do thi & nwéc ta dan dén tinh trang qua tai vé
giao thdng trén mét. Tai hai thanh phé I&n 14 Ha Noi
va Tp. H& Chi Minh da va dang thi cong hé thdng
metro bang cac may dao ham. Tuy nhién, dé nguoi
doc hiéu hon vé cong nghé dao ham tién tién nay,
trong bai béo chia sé, gi¢i thiéu vé cong nghé dao
ham v&i cac may dao hadm TBM va xu hwéng st
dung cac loai may nay vao trong linh virc xay dwng
cac cong trinh ngdm tai Viét Nam.

2. VAN PE TRAO POI

2.1. Bdc diém céng nghé mdy khoan ham

May khoan hdm la may dao ham toan tiét dién,
tach boc dat da bang luc co hoc nhd cac dung cu
nhw dia cat, rdng cat gan trén dau dao, dwoc co
gio¢i hoa cac khau cong nghé khac cta qua trinh
thi cong nhw van chuyén dat da, gia c6 dwong
ham va gwong ham. May khoan hdm c6 thé duoc
chia ra cac loai khac nhau tuy thuéc vao thiét bi
dao pha dat da trén bé mat gwong ham ciing nhw
co ché van chuyén dat da thai va hé théng chéng
gilr dat da trén gwong va phia sau gwong dao.
Théng thuéng, may khoan ham dwoc sir dung cho
cac loai dat da mém yéu (Hinh H.1.a) va khi dao
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ham qua dat da cirng virng (Hinh H.1.b). Khi trén
guong ham tén tai hdn hop ca dat va da thi nguoi
ta st dung loai két hop cda hai loai nay véi dac
diém cla ca cac dia cat va rang cat dao x¢&i dat da
trén guwong.

H.1. May khoan ham (TBM): a - May khoan ham cho dat; b - May
khoan ham cho da

DPudng kinh cia may khoan ham théng thwdng
1,7+16 m (hién nay dwong kinh c6 thé lén dén
22m). Véi cac loai dwdng kinh nhé <(2,5+3,0) m
ngwdi ta cé thé coi la cac may khoan hadm loai nhé
(micro-TBM). Loai nay thwong sir dung cho céac
céng trinh ngadm ha tang ky thuat, cap thoat nwéc,
dworng hdm ky thuat. Hién nay cac hang ché tao
cac may khoan hdm néi tiéng trén thé gidi c6 thé ké
dén nhw: Herrenknecht, Wirth (Cong hoa Lién bang
Durc); Lovat (Canada); Robin (My); E-BERK (Thé
Nhi Ky); Terratec (Australia); SELI Technologies
(Italia); EM, Hoban (Han Quéc); Hitachi Zosen
(Tébng cong ty IHI); Kawasaki, Komatsu (Nhat
Ban); CRCHI, CREG, Lovsuns, LNSS, NHI, STEC,
Tianye Tolian (Trung Quéc).

2.2. Phan loai mdy khoan ham

Céac may khoan hdm dwoc phan chia ra nhiéu
loai dwa vao cac tiéu chi khac nhau nhw thiét bi
dao phéa dat da trén gwong, co cu van chuyén dat
da thai, dwong kich va kich thwéc clia may khoan

ham, co ché chéng giir gwong hAm va xung quanh
dwérng ham & khu vuc dau dao. So dé phan loai
cac may khoan hdm (TBM) c6 thé dwoc md ta nhw
cac hinh bén duwéi.

co khign don.

| Cac may khoan
bim che da

(TBM) _|

chong gilt ao hoe

Cac  khién  duoc

| shéng gii bing khbi
nén.

—| chong giit bing vita
biin.

dp lye dat

ham che dat

H.2a. S¢ d6 phan loai may khoan ham (TBM) [1].
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H.2b S d6 phan loai cdc méay khoan ham [2].

Sw khac nhau cutia hai loai may khoan ham (TBM)
va khién dao (SM -Shield Machines) con thé hién
ngay & phia trén dau cat cta thiét bi. V&i cac SM thi
cac thiét bi cat pha dat da trén dau cét cé dang nhw
Hinh H.3.a phuc vu cho dat va dat mém yéu. Cac
TBM cho d& civng thudng st dung véi céc dia cat
don va déi trén truc dworc gén véi dau cat ctia TBM
dé bao, cat pha da trén gwong dao (Hinh H.3.b).
Truwdng hop guwong dao cé ca dat va da thi sw hdn
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hop clia hai loai thiét bi dao pha dat da trén duoc
thiét ké gan trén bé mat dau dao clia may.
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H.3. Cac dang thiét bi dao cat gan trén dau may khoan ham TBM:
a - (dc thiét bi dao cdt cho dadt; b - Ccdc thiét bi dia cdt cho dd

2.3. Rui ro c6 thé gdp phai trong khi khai dao
ham bang TBM

C6 rat nhiéu rai ro tlr cac yéu td6 khach quan
(diéu kién dia chat khu vuc khai dao dworng ham)
hoadc yéu té6 chd quan trong khi thi cong xay dwng
dwong ham. May khoan hdm thuong dwoc ap
dung cho nhitng khu vuc dia chét it co tinh bién

dong hoac thay ddi lién tuc trén chu tuyén clia cong
trinh, khi diéu kién dia chat thay ddi thi anh hwéng
dén viéc str dung cac loai réng cat khac nhau, diéu
kién thi cong cho tirng loai TBM la khong hiéu qua.
Viéc thdm do dia chat khong dung co thé dan toi
viéc dirng may TBM hoéc viéc lam sap dé guwong
ham ciing nhw khéi d4t da xung quanh céng trinh
ngam (Hinh H.4).

Khi dao ham trong khu vuc cé nwdc ngam thi
sy thay di mwe nwéc ngdm ciing nhu ap lwc cla
nwdc ngdm tac dung dén guwong dao ciing gay
anh hwdng dén hiéu qua thi cong céng trinh ngdm
bang may khoan hdm. Cu thé khi ap lwc chdng git
guong khéng da dé chéng lai ap lwc nuéc & xung
quanh lam cho nwéc bun dét co thé chan ngap vao
trong dwdng ham, yéu t& nwédc ngdm cé tinh &n
mon cung lam mon rang cat, dau cat cling nhuw thiét
bi cla may khoan ham.

Mot yéu té dia chat khac ciing ¢é anh huéng rat
I&n dén hiéu quéa thi cdng cong trinh ngdm bang
cac may khoan ham dé la yéu t6 dat da bi nén ép,
chiu &ng suét trudc. Khi d6, quéa trinh khai dao
dudng ham sé giai phong (ng suét bi nén ép trong
dat da sinh ra mot sé hién twong nhu tréc v&, pha
v& qua c&, cling nhw sap dé dat da vao trong cong
trinh ngdm va budc phai dirng viéc thi cdng dudng
ham lai d& chéng gitr dwerng ham.

CAc rui ro tir cac yéu t6 chi quan cong nghé khi
thi céng hAm bang TBM. Téc d6 thi cong duwong
ham phu thudc vao loai TBM va céc trang thiét bi
phu tro' di kém, cling nhw kha ndng cung tng thiét
bi phu tung thay thé khi hdng héc cta don vi thi
cong. Khi co su thay dbi diéu kién dat da thi ciing
dan dén mrc @6 hao mon réng cat khac nhau, viéc
thay ddi réng cét trén dau cat ciing 1am cham tién
dd dao hdm bang may TBM. Théng thwdng trong
cac da cé do cieng Ion, tinh chiu mai mon cao thi
chi phi rang cét cho dao ham sé I&n hon trong dat

AT T

H.4. Yéu t6 chinh lam cho TBM bi ngting hoat dong do cacvan dé vé diéu tra dia chat (Kovari et al, Tunnels and tunnelling |nternat|onal 9 -1993)
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da mém yéu va thoi gian thay rang cat trong qua
trinh khai d&o ciing phai tang 1én, do dé ma tbc do
dao ham sé bi cham lai. Ngoai ra trong qua trinh
hoat déng con cé thé bi hdng cac bd phan trong
ban than may nhw: B6 phan dau dao, bd phan
nang d& két cAu chéng, bd phan cung cép khi nén,
bd phan xt Iy bui,... s& dan dén budc phai thay thé
ho&c stra chiva ching bang cac thiét bi dw phong.

Khi khai dao va di chuyén TBM c6 thé cac kich
thuy lwc sé ty Ién phan két cidu da chbng gitv &
phia sau ho&c viéc ty 1én dat da dé tao lwc day kich
dau dao tham nhap vao trong dat da hoac dé di
chuyén TBM co6 thé gay ra hién twong pha huy két
céu chdng gir ho&c 1am hw hai hé théng luéi thép,
bé téng phun (néu cd) hodc khdi da xung quanh
dwdng hdm budc phai x ly. Céng tac dap bui, cip

nuwdc, chiéu sang bi hw hdng hodc kém chét lwong
cling lam giam hiéu qua tdc do thi cong hdm bang
cac may TBM.

Déi v&i nhirng dworng hadm ndm gan mat dét thi
viéc thi cdng cac duworng hAm bang TBM thuong
gay ra cac bién dang Iin bé mé&t 1am anh hwéng
dén cac cong trinh trén mat. Nhiéu trwong hop viéc
khai dao dwérng hdm con lam hw héng dén cac
cbng trinh trén bé& mat, khi d6 budc phai dirng viéc
khai dao dwdng ham lai dé khac phuc cac sw cbd
sau d6 mai tiép tuc dao duweng hdm. Nhuw vay viéc
khac phuc sw sé& lam gidm tién do thi cdng ciing
nhw tdng thdi gian may chét (khong hoat ddng) clia
may lam gidm hiéu qua thi cong ham.

Trinh d6 van hanh, tay nghé cta ddi tho thi
cOng, phan doan dy doan clia chuyén gia khéng

REQRLE S COMMTIEL G
WO CRE WA d
B () WANABENENT RUTHOR
T ROR R R RELLHRE

H.5. Hinh anh may khoan ham dang st dung tai Viét Nam:
a - Tuyén s6 3 tai Ha Néi; b - May khién dao tuyén so 1 tai Tp. H6 Chi Minh

H. 6. Hinh anh qua trinh I3p dat va thiét bi bén trong May khoan dao tuyén s6 1 tai Tp.Hé Chi Minh: a - Qua trinh 13p dat dau dao;

b - Bén trong may

CONG NGHIEP MO, SO 3 - 2022 §EX
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hop ly cling ton tai rdi ro lam giam hiéu qua thi cong
va can phai cé cac giai phap khéc phuc khi thi cong
cong trinh ngdm bang may khoan ham.

2.4. Ddc trwng cua mdy khoan ham cho duw
an tau dién ngam tai Ha Néi va Tp. H6 Chi Minh

Hién nay tai 2 dy an metro I&n ctia Ha NGi va Tp.
Hb Chi Minh, bao gdm tuyén metro s6 3 Nhén- Ga
Hang C, va tuyén s 1 Bén Thanh- Sudi Tién da va
dang s dung 02 may khoan ham dang khién dao
SM. Khién dao SM cho dw an Bén Thanh-Sudi Tién
(hinh H.5.b) do Nhat san xuét va chuyén giao sang
Viét Nam thi cdng, chiéu dai cia SM 70m, néng 300
tAn dé dao hai dworng ham song song ndi gitra ga
Ba Son va ga Nha hat Tp. H6 Chi Minh, véi téng
chiéu dai méi hAm 781 m. Tai Ha Néi, dw an dudng
sat Nhdn-Ga Hang C6 tuyén sbé 3 doan di ngam
tr khach san Daewoo dén Ga Hang Cé ciing da
tién hanh 13p dat song 02 may dao ham loai SM do
hang Herrenkneckt clia Birc san xuét (hinh H.5a).
May c6 chiéu dai hon 100 m, nang khoang 850 tan
v&i bé phan khién dao phia trwde, dwong kinh cla
khién st dung 1a 6,55 m. Hinh &nh qua trinh 13p
dat dau dao tw giéng xuét phat ga Ba Son va hinh
anh cac thiét bi bén trong té hop khién dao cla
tuyén metro sb 1 Tp. H6 Chi Minh dwoc thé hién
nhw trong Hinh H.6. Loai SM nay dao dwoc trong
cac lop dat da yéu, chira nwdce, kha nang co gidi
hoa toan bd tir cdng tac dao pha dat da dén chéng
gitr gwong hdm va bién ham sau khi khai dao. Tuy
nhién, nhwoc diém I&n nhat ciia cong nghé SM nay
tai Viet Nam hién nay do la gia thanh SM tai Viét

H.7. Hinh anh duéng ham néi giita hai ga Ba Son va Ga Nha Hat I6n tuyén metro s6 1 Tp. Ho Chi Minh

Nam twong dbi dat, s6 lwong céng nhan, kj sw co
tay nghé cao hiéu biét va van hanh loai may nay &
Viét Nam con han ché. Céc giai phap hé tro di kém,
kha nang cung &ng thiét bj vat tw cho loai may nay
con han ché va phu thudc nhiéu tlr nguyén vat liéu
nhap ngoai, Viét Nam chwa tw chd dwgc nén cang
l&m tang chi phi cho loai may dao ham nay.

2.5. Xu hwéng tng dung mdy khoan ham
trong linh vuc xay dwng céng trinh ngam

No6i chung, viéc ap dung cac loai may khoan
ham cho tirng diéu kién cu thé khac nhau tai cac
dw an xay dwng cong trinh ngdm la céng viéc phirc
tap, doi héi phai cé cac diéu tra khao sat dia chat
cling nhw hiéu biét vé trang thiét bi may moc va
pham vi &p dung clia may méc ciing nhw suét dau
tw ban dau rat I6n. Do d6, can phai dwoc chu trong
va tim hiéu chi tiét va thau dao. Theo SIA (198 SIA
Zuerich 2004) kha nang ap dung cla cac may dao
ham loai khién dao trong dat da mém yéu cé thé
dwoc mo ta nhw trong Bang 1.

Trén co s& diéu kién dia chat Tp. H6 Chi Minh,
v&i cac dac tinh ky thuat cia minh, may SM da
dwoc ap dung. Hién tai, tuyén metro s6 1 doan di
ngam néi gitra hai ga Ba Son va Ga Nha Hat Ién
thanh phé da hoan thanh qua trinh dao. Hiéu qua
cla quéa trinh dao ham da dwoc thé hién rd, theo
6ng Nobuyiki Kawwai giam déc dy an téc do dao
ham trung binh ctia dw an la 10 m/ngay [3]. Pwong
hadm sau khi dwoc chdng gitr va 1ap dat thiét bj
chiéu sang dwoc md ta nhw trong Hinh H.7.

sau khi thi céng va 1ap dung két cau chéng.

KMl CONG NGHIEP MO, SO 3 - 2022
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Bang 1. Kha nang ap dung ctia cac loai may dao ham (SIA, 198 SIA Zuerich 2004)

Diéu kién . <
dia chat/dat ba bat
Do bén, tinh 6n | On dinh | Sap d6 tdi bé | Guong  dao | Guong 6n dinh Guong khdng 6n dinh
dinh cla khoi da/ | tdi sap | roi khong on dinh . . .
!Nn cla khoi da/ I > ong on din Thai gian on dinh khong | Chu vibién ham khdng on dinh
dat do nhe o e
chdng trén chu vi ham
Tiu Da Khong du
chudn | Dy bén da/tiéu 0>20, | Su dam béo | Sy dam bdo | DO  bén | DO bén I6n | Khdng dinh két Déo + | Bi phdi
chudn dia chat dugc chu vi|dugc chu vi|lén  hon | hon (ng suat nhayjtron
bién ham | bién hdm g < | (ng sudt | nguyén sinh @m véi
1,50, <0< 20, | 20, <0,/6 nguyén|thing ding nugc
sinh théng | 0,/2>¢>0,/6
ding ¢, >
0/2
Mo ta ddtmém | Nhitng nhan dinh: Sétco két | Sét co két 0 trén + & dudi muc | Sét phi
. | Udcdinh cac diéu kién 6n dinh: xem xét cau ‘ N . nudc ngam gwt GW, | sa- Sét
Phan  loai dat | . o< dic tinh, cic khe nit, v dic diém | <L CH e | (L CH GP.SW, SP
mém USCS/ muc | .« muc nudc A o
o . kién tao . Bén dudi  muc
nuéc ngam gw nlglela-mGg,]\;th nide ngim  qwt
e GM, SM, ML, loai
M PR
phdi tron
TBM khong khién
TBM hodc khién
khéng chong giit
guang
TBM chong gitr
guong bang co
hoc
Phamvi | Khién dao (SM)
ap dung | chdng qilt guong
bdng ¢ hoc
TBM hodc SM 1) 1)
chdng gilt guong
bang khi nén
TBM hodac SM 3) 3)

chdng gilt guong
bang dp luc viia
bun

TBM or SM chong 5) 5)
gilt guong bdng
can bang dp luc
dat

Thich hop - (6 thé I:I Khdng thich hgp I:I
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3. TRAO bOI VA THAO LUAN

C6 thé nhan thay rang, s&r dung may khoan ham
la giai phap hiru ich va cé lgi I&n trong qua trinh thi
coéng xay dwng cac duwdng ham. Dwya vao cac dic
tinh ctia dat da, diéu kién vi tri dw an cling nhw cac
théng sb k§ thuat cia may khoan ham, nang lyc tai
chinh cta nha thiu ciing nhw tdm quan trong ctia
dw an c6 thé 4p dung may khoan ham déi véi cac
dw an xay dung cong trinh ngdm. Dbi véi cac khu
virc dat da cirng virng khéng can chéng gitr guong
cling nhw khong gian phia sau TBM tam thoi thi
c6 thé dung céac loai TBM cho da cirng. Trong didu
kién dat da mém yéu, chira nuwéc nén st dung cac
loai may TBM dang khién dao (SM) cé chéng gil
guwong va dat da sau gwong dao dé tranh sap db
trong va sau qua trinh khai dao dat da. Viéc st
dung khién dao ciing can quan tam dén viéc tinh
toan ap lwc chéng gitr gwong ham, loai hinh khién

TAI LIEU THAM KHAO

can bang ap lwc dat hodc can bang ap lwc viva chat
Idng cho tirng dw an cu thé.

Tai Viét Nam cac may khoan hdm cho céc diéu
kién dia chat yéu, chira nwdc, muc nwéc ngam
cao va véi cac dwdng hdm metro cé chiéu dai lén
nhw Ha N6i va Tp. H& Chi Minh thi cac may khoan
ham dang khién dao SM can bang ap lwc dat/chat
Idng nén dwoc wu tién sir dung. V&i cac dw an ham
xuyén nui trong dat d& clrng virng cé chiéu dai lon
hon 500 m cé thé can nhéc str dung cac may khoan
hadm cho da cirng. V&i cac dwong 16 trong md,
chiéu dai dwong 16 ngén, thoi gian st dung dwong
16 khong lau, viéc 1ap d&t va dua trang thiét bi vao
trong 16 kho khan, phire tap thi khéng nén ap dung
céc loai may khoan ham loai nay. Trong trwéng hop
nay, cac loai may dao 16 dang dao trng phan trén
guwong dao nén dwoc can nhic va ap dung sé cho
két qua tét hon

1. Cimentepe, A.G. (2010). Evaluation of structural analysis method used for the design of TBM segmental
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TECHNOLOGY AND TRENDS IN USING TUNNELING MACHINES
FOR EXCAVATION UNDERGROUND CONSTRUCTIONS IN VIET NAM
Tran Tuan Minh, Dang Trung Thanh, Nguyen Duyen Phong

ABSTRACT

Underground Construction excavation (UC) by modern technologies with Tunneling Machines are

widely applied over the world. The advantages of these machines are high speed excavation without risks
during operating process. Supports are installed immediately during and after the process removing rock
mass and soils from the working surface to ensure the stability of rock mass around tunnels. Works in the
cycle such as excavation, transportation, installation of supports and stabilizing of tunnels are carried by
mechanization, therefore reduced the workers in the tunneling process.

In Vietnam, nowadays UC trends are more considered and attention, especially in Hanoi and Ho Chi
Minh City to solve traffic jam on the streets in the rush hour. In addition, the North-South highway projects
with hundreds of kilometers of tunnels through the mountains, irrigation, military, and mining tunnels have
also received more and more attentions. In this article authors introduce tunneling technology by Tunnel
Boring Machines (TBM) and the application trend of this equipment in the underground construction in
Vietnam.

Keywords: funnel boring machines, shield machines, modern technology, equipment, risks.
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