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LOI NOI PAU

Néi tié'p thanh cong cua Hoi nghi khoa hoc VietGeo cac nam truoc, Hoi nghi khoa hoc
toan quoc VietGeo 2023 “Pia chdt cong trinh - Dia ky thudt va Méi triong phuc vu phat trién
bén vitng” dwoc 16 chire tai Truong Pai hoc Khoa hoc - Pai hoc Hué (lan thir 2) trong cdc ngay
28 va 29 thang 9 nam 2023. Hoi nghi do Truong Dai hoc Khoa hoc - Pai hoc Hué va Héi Pia
chat cong trinh va M6i truong Viét Nam dong chii tri, cac don vi phéi hop t6 chire la Hi Pia
chat thuy van Viét Nam, Hoi Cong nghé Khoan - Khai thac Viét Nam, Truong Pai hoc Mo - Dia
chat, T ruong Pai hoc Bach khoa - Pai hoc Qu(fc gia Thanh phé Ho6 Chi Minh, T ruong Pai hoc
Giao thong Van tai.

Ban Té chirc Hoi nghi da nhan dwoc 125 bai bdo cua cdc nha khoa hoc trong ca nuwoc gui
dén tham gia Hpi nghi. Theo két qua déanh gid ciia cdc phan bién, Ban Khoa hoc da xem xét, lua
chon 93 bai bdo c¢6 chat heong tot dé dang trong Ky yéu Hoi nghi do Nha Xudt ban Khoa hoc va
Ky thudt xuat ban. Cac bai bao khoa hoc trinh bay nhitng két qua nghién curu maoi theo cac chu
dé ciia Hoi nghi, bao gom:

- Dia chdt cong trinh - Dia ky thudt va Pia chat thuy van;

- Ky thudt xay dung va vat lieu moi;

- Tai bién dia chdt va cong nghé quan trdc - canh bdo sém;

- Tai nguyén - Méi truong va chuyén doi so;

- Cong nghé khoan - khai thac.

Héi nghi khoa hoc toan quéc VietGeo 2023 lan ndy khéng chi la dién dan dé cdc nha khoa
hoc chia sé, thao ludn nhitng két qua nghién ciru méi vé cdc chii dé néu trén ma con la dip dé
cdc 16 chire, cd nhdan gdp g6, trao doi, ky két hop tdc nham néng cao hiéu qua hoat dong khoa
hoc va cong nghé trong cdc linh viec chuyén mon.

Trong qua trinh chuan bi t6 chirc Hoi nghi, Ban T 6 chirc di nhdn dwoc sw hé tro ca vé tinh
than va vat chat cia: T ruong Pai hoc Khoa hoc - Pai hoc Hué, Héi Pia chat cong trinh va Moi
truong Viet Nam, Hoi Dia chat thuy van Viet Nam, Hoi Cong nghé Khoan - Khai thac Viét Nam,
Truong Pai hoc Mo - Dia chat, Ty ruwong Pai hoc Bach khoa - Dai hoc Quéc gia Thanh phé Ho Chi
Minh, Truong Pai hoc Giao thong Van tai, Cong ty TNHH XNK Phu Thanh Phat, Cong ty TNHH
Nam Mién Trung, Trung tam Nghién ciru Pia ky thudt, Céng ty C6 phan Khoa hoc Céng nghé Bdch
khoa Thanh phé Ho Chi Minh, Cong ty TNHH Premium Silica Hué, Cong ty C6 phan tw van dia chat
CT Pa Nang, Cong ty CP Pdu tw phat trién GMC ... Ban T6 chire Hpi nghi xin giti i cdc t6 chike,
cd nhdn 1oi cam on chdn thanh vé suw ing ho, gitip do quy bau dé. Ban To chire Hoi nghi ciing xin
chan thanh cam on cac nha khoa hoc dé viét bai tham gia Hoi nghi, cam on cdc tinh nguyén vién va
ddac biét cam on cac thanh vién Ban Khoa hoc, Ban Thw ky, nhitng nguoi da lam viéc rat nhiét tinh
VOi trach nhiém cao, dam bao cho sy thanh cong cua Hoi nghi.

Ban Té chirc Hoi nghi VietGeo 2023 xin chan thanh cam on Nha xudt ban Khoa hoc va Ky
thudt da givip dé xudt ban cuon Ky yéu Hpi nghi. Do thoi gian tuyén chon, bién tdp va in an han ché
nén cuén Ky yéu chdc chén khéng tranh khéi thiéu sot, chiing t6i mong dwoc ban doc lirong thir.

BAN TO CHUC HOI NGHI



_ LOICAM ON CUA HIEU TRUONG
TRUONG PAI HQC KHOA HQC - PAI HQC HUE

Nhdm ting cuong trao doi kinh nghiém va cdc két qua nghién citu khoa hoc véi
nhitng nha khoa hoc trén toan quéc, Truong Dai hoc Khoa hoc - Dai hoc Hué phéi hop
véi Hoi Pia chat cong trinh va Moi truong Viét Nam déng 16 chirc Hoi nghi Khoa hoc
toan quéc “Pia chat cong trinh - Pia ky thudt va Méi truong phuc vu phdt trién bén viing
- VietGeo 2023 vao ngay 28 va 29/9/2023 tai Truong Pai hoc Khoa hoc - Pai hoc Hué.

Trén cuong vi Hiéu truong cua Truong Pai hoc Khoa hoc, thay mat Ban Giam
hiéu Nha truong, ching téi hoan nghénh va cam on cdc don vi dong t6 chire Hoi nghi,
doi ngii cac nha nghién cuu, nha khoa hoc, cac nha lanh dao va cac chuyén gia, nhitng
nguoi sé tham gia va tgo nén sy thanh cong cho Hoi nghi nay. Voi nhitng dong gop quy
bdu ciia quy vi, t6i ky vong va tin rang Héi nghi Khoa hoc lan nay sé hién thuc héa cdc
muc tiéu ma Ban To chire dd dé ra.

Toi ciing tran trong gui loi cam on dén cac thanh vien Ban To chirc Hoi nghi, cdc
co quan hitu quan, cac nha khoa hoc da lam viéc rat nhiét tinh va tam huyét dé to chirc
Hoi nghi thanh cong tron ven.

Xin trdan trong cam on!

HIEU TRUONG

PGS.TS VO THANH TUNG

vi
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P6 Ngoc Thai
Truong DPai hoc Mo - Dia chat
Tac gia chiu trach nhiém: dongocthai@humg.edu.vn

Tém tit

Cong tac xay dung duong ham tau dién ngam do thi dang rat phat trién dé (dap umg nhu cau
cap thiét cua van dé giao thong van tai, ¢ rat nhiéu duong ham db thi bd tri ndm noéng thi cong
trong dat yéu. Cong tac thi cong cac dudng him c6 thé dan t6i nhimg dich chuyén khbi dat da
xung quanh, lun mat dat va tham chi gay sip do, pha huy cac tda nha lan can. Trong nhirng nam
qua, may dao ham co gi6i dugc ap dung thi cong cac duong ham d6 thi trong diéu kién kho khin
nhu diéu kién dja k¥ thuat phirc tap hay trong dat yéu. Pic biét di voi may dao him co gi6i nhu
méy khién dao can bang khi nén, may khién dao can bang ap luc dat hay may khién dao chat
16ng 6 ap ludn dugc phat trién va cai thién vé cong nghé nham nang cao do on dinh khi thi cong
cac duong ham trong céac diéu kién kho khan nhu diéu kién dia cht cong trinh, dia chét thuy van
phuc tap cung cac diéu kién thi cong khé khan. Bai viét trinh bay két qua nghién ctru phuong
phap thi cong, hiéu qua ciia phuong phap va nhiing cai tién ciia phuong phéap thi cong duong
ham tau dién ngam trong diéu kién d6 thi bang may dao ham co gidi.

Tir khéa: dieong ham; phirong phdp dao ham; may ddo ham co giGi; on dinh girong ddo.

1. Pit van dé

Xay dung hé thong duong ham tau dién ngam trong khu vuc d6 thi dang la xu hudng tat yéu
cua nhi€u quoc gia trén the gidi trong do co Viét Nam nham dap tng nhu cau phat trién ha tang
co s& phuc vu kinh té, an ninh, quoc phong. Pay 1a gidi phap toi vu dé st dung quy dat trong do
thi va ddm bdo phat trién bén viing.

_ Trong nhimg ndm qua, may dao ham co gi6i duge sir dung thi cong qéc duong ham trgng
diéu kién xay dung kho khan nhu di€u kién dia ky thuat phuc tap hay dat yéu trong thanh pho vi
phuong phap thi cong bang may dao hdm co gidi c6 thé giam thiéu do lun mat dat hay giam
thiéu nhirng tac dong dén cac cong trinh trén mat dat. Dac biét, d6i voi loai may khién dao nhu
méy khién dao can bang khi nén, may khién dao can bang ap luc dat hay may khién dao chat
long c6 ap ludn dugc cai thién va phat trién vé cong nghé nham nang cao d6 6n dinh khi thi cong
cac duong ham trong dicu ki¢n do thi.

Bing phuong phép nghién ctu 1y thuyét, khao sat thuc té, ung dung cong nghé thi cong,
bai viét trinh bay phuong phép thi cong, hiéu qua cta phuong phap va nhimng cai tién cua
phuong phap thi cong dudng ham tau dién ngdm trong diéu kién d6 thi bang may dao him co
gi6i, chi rd cac tham sé van hanh mdy dao ham c6 anh hudng dén hiéu qua va chat luong xdy
dung cong trinh.

2. Noi dung nghién ciru
2.1. Diéu ki¢n thi cong dwong him tiu dién ngim do thi

Bai toan dit ra ddi voi cac nha quy hoach, thiét ké hé thong cong trinh ngdm thanh phé 1a
yéu cau qua trinh xay dung cong trinh ngdm, phat trién co s ha tang va khéng gian ngdm mot
cach bén vig, cac du an xdy dung phai bao dam chat luong cong trinh, an toan lao dong, hoan
thanh theo tién do va dy toan di duoc phé duyét. Khong gidng nhu cic cong trinh ngam dugc thi
cong tai khu vuc néng thon hay ving doi nui, cac du an xdy dung hé théng dudong ham tau dién
ngam trong thanh phd c6 nhimg dic diém va yéu cau sau:
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- Vi tri bd tri duong ham c6 lién hé chat chd véi muc dich va chuc nang su dung cua cong
trinh, tuy nhién, vi tri bd tri dudng hdm trong thanh phd van bi han ché bsi nhiéu yéu t6 khac
nhu sy ton tai sin ¢ clia cac toa nha trén mat dat, cac cong trinh dudong ham ky thuat hay cac
kién tric ngdm khac;

- Céc duong ham tau dién ngam trong thanh phd thudng duoc b tri tai dd sdu khong 16n,
diéu d6 dan d&én c6 nhimg tic dong ky thuat 1am anh hudng dén cau trac cac 16p dat truc tiép
dudi mat dat. Lép dat truc tiép dudi mat dat, luon duge danh riéng cho hé théng cép thoat nudc
ngam, dién cap va thong tin lién lac ngdm goi chung 1a cac duong ham k¥ thuat. Néu hé théng
dudong ham k¥ thuat di duoc x@y dung trude do thi can xac dinh sy hién dién cia chung, kha
nang s& gay ra nhiing can tro, tiém tang nhig rui ro trong qua trinh thi cong dudng ham tau dién
ngam, do d6 hé thong duong ham k¥ thuat nén dwoc di doi dén vi tri khac;

- Pudng ham tau dién ngam d6 thi duoc thiét ké va thi cong mot cach khoa hoc véi cong
nghé tién tién nhat nhung do vi tri bd tri duong hdm nam néng, thi cong trong dit yéu nén
thuong gay ra cac hién tugng lin mit dat, anh huong dén cac cong trinh xay dyng trén mat dat.

- Rét nhiéu cac thanh phd c6 gia tri 16n vé& mat lich str nhu ¢6 cac khu di tich lich st, do do
cac di tich khao ¢ c6 thé duge tim théy tai cac 1op dat gr:?m mat dat. Van dé d6 can dugc canh
béo sém va co cac giai phap tim kiém va bao ton;

- Can c6 cac giai phap khao sat va cap nhat day du diéu kién dia chit cong trinh, dia chat
thiy van;

- Cac du an xay dung dudng ham tau dién ngam d6 thi, thong thuong 14 cac du an xay dung
co s& ha tang chién lugc, c6 tim quan trong anh huong dén an ninh chinh tri cua quoc gia. Do do6
dugc Nha nudc va cac to chic tai tro rat quan tdm va co nhimg yéu cau doi hoi rat cao vé chit
luong xay dung cong trinh, chi phi xay dung va tién do thuc hién dy an.

2.2. Phuong phip thi cong dwong him tau dién ngam doé thi bang mdy dio ham co gidi

Trong linh vuc x4y dung cong trinh ngdm, cac phuong phép chinh dé thi cong dudng ham
bao gdm phuong phap dio 10 thién, phuong phap khoan nd min thi cong duong ham thong
thuong hay phuong phap dio ham méi ciia Ao va phuong phap str dung may dao ham co gidi.
Ngay nay, phuong phap thi céng bang may dao ham co gidi duoc ap dung rong rai khi xay dung
cac duong ham tau dién ngdm trong thanh phd. Phuong phap thi cong bang may dio ham co gidi
ngoai viéc dam bao chét lugng cong trinh, sy 6n dinh cao cho duong ham con giam thiéu duoc
nhitng anh hudng chin dong, dich chuyén lan bé mit dat hay bao vé cac cong trinh xung quanh
khu vuc thi cong.

May dao ham co gi6i dugc chia ra:

- Méy dao him (Tunnel Boring Machine - TBM) thuong dugc st dung thi cong trong da
cting. Loai may dao him (Tunnel Boring Machine - TBM) thudng dugc st dung thi cong duong
ham giao thong qua nti hodc dudng ham dan dong thudc nha may thuy dién, v.v...

- M4y khién dao (Shield machines - SM) duoc thiét ké dé str dung thi cong dao him trong
dat da yéu, da d& vo va dic biét 1a trong dat. Loai may khién dao (SM) thuong duoc sir dung thi
cong cac dudong ham trong dat yéu thude khu vuc thanh phd. Trong nghién ciru ndy, tac gia di
sau vao nghién ctiru cong nghé thi cong cia loai may dao ham co gidi: SM - may khién dao, thi
cong dudng ham tau dién ngam trong diéu kién do thi.

May khién dao (SM) 1a may dao ham co gidi ma doan dudng ham tir vi tri dau cat toi vi tri
vo chéng c¢b dinh d3 dugc chéng gilt, bao vé bang vo thép (khién) cua may khién dao
(S. Kanayasu et al, 1995).

My khién dao c6 nhidu chtc ning tip trung théng nhat nhu cong tic khai dao, che chéng
bao v&, lap dat vo ham va van chuyén dat ¢a. May khién dao thich hop cho viéc thi cong duong
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ham qua ving dit ¢4 mém yéu, phtic tap c6 nguy co mét 6n dinh cao, dat d4 c6 kha nang sut 1o
ngay vao khong gian cong trinh néu khong c6 két cau chdng giir. Phan dau cit dugc trang bi hé
théng dia cét c6 nhiém vu khai dao pha v& khoi dat da, phan ké tiép co b tri cac kich day cho
phép dau cit tién vé phia trudc, phan dudi khién cé nhiém vu lip dat vo ham, van chuyén dat da
vé phia sau va dua ra ngoai, bom phut vita lap ddy khoang trong phia sau vo ham. May khién
dao dugc ra doi rat som va duge Mark 1. Brunel sir dung lan dau tién khi xay dung tuyén ham
qua song Thames & London, duong ham hoan thanh vao nam 1843, (Vittorio. G, 2017).

Theo phuong thirc khai dao, dao tach khoi dat da trén guong dao thi may khién dao (SM)
dugc phan ra lam hai nhom:

- May khién dao toan tiét dién (SM-V Shield machines with full-face excavation);

- May khién dao timg phan (SM-T Shield machines with part-face excavation).

May khién dao toan tiét dién guong dao 1a nhitng may c6 bd phan dao 1a mam cit hay banh
cit. May khién dao ting phan guong dao c6 bd phan dao 1 gau xuc, dau dao hay tay cit. Khién
chén 1a v6 thép bao boc kin xung quanh khoang khai ddao. Ngoai ra cic may khién dao con duoc
phan loai boi phuong phap can bang ap luc guwong dao, gitr 6n dinh guong dao thi co cac loai
may khién dao chinh nhu, (Vittorio. G, 2017):

- May khién dao cin bang ap luc khi nén (SM - Face with compressed air);

- May khién dao cén bang ap luc vita hay khién chat long c6 ap (SM - Face with slurry
support);

- May khién dao can bang ap luc dat (SM - Face with earth pressure support EPB).

Theo phuong phéap can biang ap luc guong dao thi cac loai may khién dao duogc sir dung thi
cong tai mot s6 dudng ham tai nudc Nga duge trinh bay trong bang 1.

Bdng 1. Phuong phdp cin bang dp lic gwong dio dioe dp dung thi cong tai mot s6 ham tai Nea

A 1A Chiéu dai, Nim Phwong phap cin bang ap |Pwong kinh v6 chng,

Tuyen ham (m) xdy dung lye gwong dao Dgoii/Dirong, aM)
Budng ham metro Lyublino tai 1600 | 1988 - 1992 |Khién can bing 4p luc khi nén 6.0/53
Moskva
Puong ham k¥ thuat tai Petersburg 1200 1995-2000 | Khién can bang ap luc dat 3,732
Duong him k¥ thuat tai Moskva 800 1999 - 2000 |Khién can bé‘lng ap luc khi nén 4,24/3,84
Puong tau dién ngdm tai Kazan 1188 2000-2001 | Khién can bang ap luc dét 5,60/5,10
Budng tau dién ngam Butov tai 1900 | 2000-2002 | Khién can bing 4p luc dét 6,0/53
Moskva
Budng ham giao thong Lefortova | 55 | 5001 _2003 |Khién can bing ép luckhinén|  13,75/12,35
tai Moskva
Dudng tau dién ngam Razmyv tai | 1150 | 2002-2003 | Khién can bing ap luc vita 7,1/6,4
Petersburg

Khoang cong tic & phia sau mam cat ludn duy tri 4p luc nham cén bang ap luc nudc ngdm
va 4p lyc dat da dé giir 6n dinh cho guong ddo va giam nhimg dich chuyén lén trén mat dat.
Theo nguyén Iy chdng gitr guong bang phuong phap can bang ap luc guong thi may khién dao
duoc chia ra: khién can bang ap lyc khi nén; khién cén bang ap luc vira hay khién chat long c6
ap va khién can bang ap lyc dat.

- May khién dao cén bang ap luc khi nén: Ap dung d01 v6i dudong ham khi thi cong qua dia
tang c6 chtra nudc ngdm, dé ngan chin khéng cho nuwéc ngdm xam nhap vao budng cong tac, do
d6 budng cong tac ludn duogc duy tri mét ap luc khi nén. Nho ap lyc khi nén ma nude ngam
khong chi bi giir lai ma con bj day sau vao trong dat.
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Hinh 1. So dé lam viéc ciia mdy khién dao chong giiv gwong dao bang khi nén.
1-v6 khién; 2- vo ham, 3- vach ngan va van khoa khi nén; 4- ap suat khi nén.

Pé khong cho nudc ngdm xam nhdp, ap suat khi nén phai bang hoic cao hon ap suit nudc
cao nhit tai mat guong dao. Tai vi tri thép nhét cia mat guong dao co ap suit nude ngﬁm 16n
nhat. Do do, néu ap suat khong khi bén trong duong ham duogc diéu chinh chinh x4c vé6i 4p suit
nudce thue té, thi khong c6 nudc ngam xam nhdp vao khoang trong khai dao. Tuy nhién, trén thuc
té, ap suat khong khi bén trong duong ham van giir nguyén tai bat ky céac vi tri trong khoang khai
dao. Bleu nay c6 nghia 13 ap suat khong khi tai khu vuc dinh cua guong dao cao hon ap suét
nude ngam va do d6 s& 1am cho khong khi thoat ra ngoai khu vue nay. O nhitng khu vurc thi cong
gan mit dit s& co nguy co mit dat bi sup 1in xudng khi cac hat dat tro nén khong 6n dinh do xuét
hién ludng khong khi thoat 1én.

Guong dao  Pudbi khién Vé him |

O
L . R . May nén khi
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Hinh 2. Lwong thit thodt khi nén trong qud trinh céng tdc.

[——

a- thoat khi o mdt gwong dao, b- thoat khi o duoi khién, c- thodt khi qua khe ho (khop noz) trong vo ham;
d- tiéu thu khong khi théng qua thiét bi; e- van chuyén ddt va nuée ra khoi dweong ham bang khi nén.

May khién dao chat long c6 ap hay may khién dao can bang ap lyc vira: loai may khién dao
ap luc vita 4p dung phti hop cho dia tang c6 bé mit guong co thé chong do bang dung dich vira
ap luc, thi cong trong nhimg dia hinh kho khan nhu dat mém c6 nudc ngam, dat dao ra dugc dua
ra ngoai qua ong dan, da cudi, so1 dugce nghién ra va di chuyén ra ngoai qua duong 6 éng. Ap luc
nudc ngam, 4p luc dia ting duoc can bang véi ap luc dung dich vira. Ap luc dung dich vira dugc
duy tri thich hop cho viéc tao 1én mang bun chong d& khdi dat trude guong. Pia cét phia trudc
guong cao boc khdi dat & mit ngoai mang bun. Hon hop bun dat trude guong sau khi dugce tach
béc duoc bom hit dua 1én bé mat dat dé xu 1y.

May khién dao co phuong phap chdng giit gwong bang ap luc vira hay chat long ¢6 ap duogc
phat trién manh m& sau nhitng nam 1960 khi dung dich bentonit dugc gidi thiéu dé str dung nhur
mot chat hd tro tich cuc. Tai Nhat Ban dé phat trién ché tao thanh cong nhing loai may khién
dao chong giir guong bang chat long c6 ap. Trong ky thuat nay, chit 16ng lam bang dung dich
bentonit hodc dat sét duoc st dung dé chdng gitt mat guong dao duong ham. Dung dich chit
1ong c6 ap suét cao dugc bom vao budng khai dao kin phia trude mat guwong dao. Khi chat long
co ap suét di vao khéi dat tai mat guong, mot mang bun dugc hinh thanh rat nhanh.
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Hinh 3. Céu tao mdy khién dao Hinh 4. Cau tao mdy khién ddao can bang dap hee dat.

chit long c6 dp.

- May khién dao can bang ap luc dat: Dat duoc dao bai dau cit caa khién s& duge sir dung dé
gia ) guong dao. Chét tao bot dugc bom vao trude dau cit 1am cho dat két dinh lai dam bao
kiém soat chinh xé4c ap lyc can bang guong dao. Dit sau khi tach boc ra s& theo rinh dao cit tién
vao khoang cong tac. Khi ap luc trong khoang cong tac di 1on dé chéng lai 4p luc dia ting va ap
luc nude ngdm thi mit guong dao sé giit duoc 6n dinh ma khéng bi sut 16. Yéu cau can giir cho
luong dét trong mang xoan vit tai va lugng dat trong khoang cong tac can bang v6i luong dat dao
ra khi tién vao trong khoang cong tac. Dat dao ra dugc van chuyén trong mang xoan vit tai &
phia sau khoang cong tac theo cira xa duoc dwa ra ngoai. Khién cén bang ap luc dat thich hop
voi cac dia tﬁng dét sét, dat co thanh phﬁn dinh két, v.v... déng thoi bao vé cd hi€u qua su on
dinh bé mat guong dao, giam dugc do lun bé mat, trong khi thi cong dé dang thao tac va c6 tinh
an toan cao. Khi thi cong qua céac téng dét cat, soi, can tron thém dung dich vita, phu gia, v.v...
dé cai tién dic tinh cta khoi dat sau khi do ra, nhu ting tinh luu dong, 1ip day khoang cong tac
1am 6n dinh bé mit guong dao.

Pudi khién duoc thiét ké bo tri 16 phut vita sau vo ham, lap day khoang tréng giita vo ham
va bé mit 16p dat da trong may khién chéng gitr gwong dao bang ap luc dit (EPB) 1a mot cai tién
so voi khién chng giit guong dao bang chat 1ong c6 ap. Hé thong nay co cac tinh ning sau:

- C6 thé dugc sir dung ddi vai diéu kién khéi dat c6 ham luong phu sa 16n;

- O nhitng khu vuc thi céng gan mit dat, khong c6 ludng khong khi thoat 1én gy mat on
dinh cho khéi dat gin bé mat;

- Pao tach khdi dat bang co gidi dam bao hiéu suit tt hon va co thé tiép can v6i mat guong
dao diéu nay doi khi can duoc thyc hién dé loai bo nhiing su ¢b trong thi cong;

- Cong nghé nay khong yéu cau chéng giit guong dao bang khi nén hoic chat 1ong co6 ap. Sir
dung chinh khéi dat dugc tach boc bang banh cit dé phuc vu nhu mot phuong tién dé chong giir
guong dao.

Trinh ty thi cong duong ham bang may khién dao can bang ap luc dat (EPB) trong dét yéu thé
hién qua so d nhu trén hinh 5, (Tran Quy Pirc, 2018).

Cong tac Thi cong khong gian | | Kiém tra rap Van chuyén Dio ham, vin
R = . e - o an - | TR C e o Pl
chuan bi 1ap rap khién dao khién dao phién vé him chuyen dat
_ _Y
Hoan Thi cong vo ham lan Thi cong lép Phut vira sau Lap rap vo
i - i g - e i -—] - = 5 |--— <
thién 2 (néu co) cach nuoe vo ham ham

Hinh 5. Trinh tie thi cong dwong ham bang mdy khién dao can bang dp lec dat.
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Gia tri ap lyc duy tri 1én mit guong dao duogc st dung thi céng cac duong ham tai Nhat Ban
theo S. Kanayasu, et al, 1995 dugc thé hi¢n trong bang 2.

Bdng 2. Phwong phdp xdc dinh dp lwc girong dao khi thi cong cdc dwong ham tai Nhdt Ban

Puwong kinh . 2k cr . s - < 3
him (m) Loai dat Gia tri ap luc duy tri 1én mit gwong dao
1. Sir dung mdy khién ddo cdin bang dp lyc dat
7,45 Dat phu sa Ap luc dat tac dung 1én bé mit guong dao
8.21 Dét cat, dit dinh AQ luc (1at tac dung 1én bé mat guong dao + ap luc
nuéc ngam + 20 kPa
5.54 Cat hat min Ap luc dat tac dung 1én bé mit guong dao + ap luc
nugc ngam + gié tri 4p lyc diéu chinh
L, or ake 1 Ap luc dit tac dung 1én bé mat guong dao + gia tri
4,93 bat cat, dat dinh 4p Iuc didu chinh (30 + 50) kPa
2.48 S6i, d gbc, dat dinh AR luc Clat tac dung 1én bé mat guong dao + ap luc
nudc ngam
7.78 Soi, dét dinh AQ luc dat tac dung 1€n bé mat gwong dao + ap luc
nudc
7,35 Dbat phu sa mém Ap lyc dat tic dung 1én bé mit guong dao + 10 kPa
5,86 bat dinh két mém Ap luc dat tac dung 1én bé mit guong dao + 20 kPa
2. Sir dung may khién dao chat long cé dp
6,63 Soi Ap luc nudc + (10 + 20) kPa
7,04 Dit dinh Ap lyc dat tic dung 1én bé mit guong ddo
A o1 A L1 Ap luc dat tic dung 1én bé mit guong dao + ap luc
6,84 bat dinh mém, dat phu sa nudc + gid tri ap luc diéu chinh (20 kPa)
7,45 Dat roi, soi, dat dinh Ap Iuc nudce + 30 kPa
10 Dat rdi, s6i, dat dinh Ap lyc nuée + (40 + 80) kPa
Ao e 2k 4 Ap luc dat tac dung 1én bé mit guong dao + ap luc
10,85 Dat r6i, dat dinh nudc + gid tri ap luc diéu chinh (20 kPa)
7,25 Cat, soi, dat dinh mém Ap Iuc nudce + 30 kPa

Thi céng dudng ham tau dién ngam trong thanh phd c6 nhing tic dong gay dich chuyén, sut
lan bé mat dat gdy anh hudng t6i do on dinh cua cac cong trinh trén mat dét. Du bao trang thai ung
suat xung quanh dudng ham, gié tri dich chuyén bién dang khéi dat da xung quanh dudng ham, gia
tri 6 lun mat dat vi vay dong vai tro rat quan trong. Phuong phap ban thuc nghiém dwoc cac nha
nghién ctru R.B. Peck, (1969) va Schmidt, (1974) dé xuat bang cach do mot sb diém tai hién
trudng, két qua thu dugc 1a dudi tac dong ciia cong tac thi cong duong ham thi trén mat dat s& hinh
thanh vang lan c6 dang ham phén phéi chuan Gauss. Phuong phap du bao ltn bé mit khi thi cong
dudng ham tau dién ngam thanh phd con c6 thé sir dung phuong phép gidi tich hoic phuong phap
mo hinh sd. Dé du bao gia tri lan mit dat gay ra tir cong tac thi cong mot dudong ham cu the c6 thé
két hop nhiéu phuong phap du bao va dugc so sanh voi két qua do dac, quan tric thuc te cua cac
cong trinh c6 diéu kién xay dung tuong tir. Trong bang 3 thé hién két qua do dac, quan tric thuc té
gid tri [in mat dat gay ra boi cong tac xdy dung duong ham trén thé giGi.

Bdng 3. Két qua do dac, quan trdc thic té gid tri lim mat dat (Vittorio. G, 2017)

Puong | Chiéu sdubd tri | Gia trilin | Kiéu may khién dao; loai dit

T Duong him kinh, m| dwong him, m | m3t dit, mm duong ham thi cong qua

Duong ham duong st tai thanh Khién ap luc dét; dat sét va

! phd Barcelona, Tdy Ban Nha 11,2 30 >0 cat.

) Duong har~n thoat nudc ¢ Sudden 143 9.12 43,0 K~h1eh can hang ap luc dat; cat
Valley, My bédo hoa nudc.

3 Puong ham tau dién ngam duong 9.38 15.50 18,0 Khién ap luc dat; cat va dat

s6 1 & Madrid, Tay Ban Nha sét.
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T Puonge him Puong | Chiéu sdubé tri | Gid trilin | Kiéu may khién dao; loai dat
g kinh, m| dwong ham, m | mitdat, mm | dwong ham thi cong qua

Puong ham tau dién ngdm s 2 & Khién ap luc dat; dat sét va

4 Madrid, Tay Ban Nha 9,38 17,00 212 cat.

5 Dufmg ham 6 t6 6 Val-de Marne, 3.35 7.75 53 K’hlen can bang ap luc vira; soi
Phap cat.

6 Duong hal’fl' tau dién ngflm sO 2 tai 1.2 24,50 17.9 Kl}len c,an bang ap luc vira; dat
Thuong Hai, Trung Quoc mun, cat pha.

7 Puong ha’m tau dién ngam D tai 6.27 16,40 13,5 K’hler.l can bang ap luc vira; cat
Lyon, Phap sét min.

Theo két qua do dac quan tric thyc té, gia tri lin mat dat gay ra boi cong tac xdy dung
duong ham trén bang 3 cho thay, ddi v6i cac duong ham thi cong trong diéu kién thanh phd thi
phuong phép thi céng phd bién 1a sir dung may khién dao can bang ap luc dit va may khién
dao can bang ap luc vira. Cac dudng ham co kich thudce 16n (dudng kinh 16n hon 9 m) thi gia
tri lan mat dat c6 gia trj 1on hon 17 mm. Cac dudng ham c6 kich thude nhé (duong kinh nho
hon 4 m) thi gia tri lan mat dat ¢ gia tri nho tir 5 dén 6 mm. Puong ham co kich thude trung
binh nhu dudng ham tau dién ngam D tai Lyon, Phap c6 dudng kinh 6,27 m va d6 sau thi cong
16,4 m; st dung khién can bang ap luc vira trong diéu kién thi cong cat sét min thi két qua do
dac, quan trac gia tri lan mat dat 1a 13,5 mm. Nhu vay, gia tri [an mat dat phu thudc vao kich
thudc duong ham, vi tri thi cong dudng ham, diéu kién thi cong qua nhu 16p dat sét, dat min
hay cat pha, v.v... va phuong phap thi cong str dung loai may khién dao cén bang ap luc 1én
guong dao duong ham.

2.3. Co s6' Iira chon mdy diao ham

Trong linh vyc thi cong dudng ham tau dién ngdm d6 thi c6 diéu kién thi cong qua dat yéu,
cac loai may khién dao SM (Shield Tunnelling) dugc ap dung rong rai la SM EPB (Mdy khién
dao duoc hd tro can bang ap luc dit) va SM Foam va Slurry (May khién dao chéng d& mit
guong bang chat 16ng c6 4p) nhu trén hinh 6. Pham vi 4p dung cta cac loai may khién dao dudng
ham cho cac loai dat c6 ¢ hat khac nhau va cho hé s6 thAm cua dat khac nhau dugc thé hién 1an
luot trong hinh 6.a, va hinh 6.b, (Vittorio. G, 2017).

- May khién dao chét 1ong ¢ ap (SM Slurry) c¢é diéu kién thi cong ly tuong trong cac loai
dat chira hat roi d& dang tach ra & bé mat. May (SM Slurry) thuong dugc ap dung cho dja chit 1a
ct, phan trim dat sét thap, ddc biét hiéu qua véi dia chét cat dudi myc nude ngam.

- May khién dao cén bang ap luc dat (EPB), khi thi cong trong khdi dat c6 phan trim hat min
cao hon (> 10%), hodc khi bun chiém wu thé, s& 1am cho khién dao (EPB) dé& dang kiém so4t ap
luc dat trong budng. Cac loai may khién dao (EPB) dic biét phu hop véi cac loai dét cd két.

Pham vi 4p dung cta cac loai may khién dao thi cong dwdong ham cho cac loai dat co hé sb
thim khic nhau nhu trong hinh 6.b. Xét vé hé s thdm, may khién dao chat long c6 ap
(SM Slurry) s& 1a su Iya chon t6t hon khi hé s6 thdm cua dit 16n hon 107 m/s; trong khi may
khién dio can bang ap luc dit (EPB) c6 thé ap dung duogc khi hé s thim nho hon (Hinh 6.b).
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b) Kha nang thich hop cua may khién
dao dya trén hé so tham cua dat.

a) Kha nang thich hop cua may khién dao dua trén kich
thuwoce hat. Trong do: SM EPB - May khién dao duoc hé tro
cdn bang dp lwc dat; SM Foam va Slurry - Mdy khién dao
chong d& mat gwong bang chdt long cé dp.

Hinh 6. Pham vi dp dung ciia cdc logi mdy dao ham cho cdc logi ddt khdc nhau, (Vittorio. G, 2017).

Panh gia kha ning ap dung hiéu qua ctia may dao ham Ia mét Iya chon kho khin cho cac nha
ky thuat trong giai doan lap ké hoach va thiét ké ban dau ciia mot du an.

Kha ning tng dung may dao ham dé xay dung dudng ham phai dya trén viée danh gia toan
dién nhiéu yéu t6 va tham sd cua duodng ham, dia diém khu vuc thuc hién du 4n bao gém chiéu
dai duong ham, kha ning tiép can hién truong, vi tri va khong gian khu vuc bat dau thi cong
duong ham, kha ning cung cip dién, kinh nghiém tay nghé lao dong, dic tinh cua cac diéu kién
dia chét, dia ky thuat va nuoc ngﬁm.

Nhin chung, viéc 4p dung may dao ham cho mdt du an nhét dinh c6 thé duoc coi 1a kha thi
vé mat ky thuat va kinh té v6i cac didu kién sau:

- Chiéu dai duong ham, kich thudc tiét dién ngang duong him, d6 cong hudng tuyén. Chiéu
dai ti thiéu dién hinh 13 16n hon 4 km, nhung c6 thé nhé hon néu diéu kién thuan loi cho viéc sir
dung may khién dao;

- P9 doc dudng ham thuong nho hon 4%, nhung do dc 16n hon c6 thé duoc xay dung bang
cach st dung thiét bi bd sung dac biét;

- Cac yéu cau vé khong gian thich hop tai khu vuc bat du thi cong dudng him dé khoi
dong, 1ap rap hoan chinh may dao ham, nhung viéc thir nghiém dy phong mot phan c6 thé duoc
dap ung;

- Yéu cau vé khong gian thich hop tai khu vic bét dau thi cong dudng him cho viée lap dit
hé théng bang tai;

-Co nguén dién tur nguén dién ludi hodc tur tram dién doc lap gﬁn khu vuc thi cong;

- Yéu cau c6 kinh nghiém van hanh, thi cong tot vé may dao him v&i tay nghé lao dong dia
phuong.

Viéc sir dung may dao ham dé xay dung dudng him thuong yéu cau sir dung cac chuyén gia
diéu hanh, thg dién va tho co khi ¢6 kinh nghi¢m. Trong mat sb truong hop, nha san Xuét may
dao ham cung cép cac chuyén gia va dao tao cac can bd dia phuong cé thé tham gia thyc hién du
an. Chi phi lién quan dén viéc thué chuyén gia dé dao ham bang phuong phap may dao ham noéi
chung 1a rt 16n. Trong khi d6, chi phi lién quan dén nhén cong xdy dung duong ham bang
phuong phap khoan nd 1a nhé hon rat nhiéu, dic biét 1a ¢ cac nude dang phat trién.

Cic tiéu chi lva chon may diao him: Dé lya chon thiét bj dao dudng ham trong dat yéu cho
phtl hop can phai cin cr vao nhiing tiéu chi can thiét theo khuyén cdo ciia Hiép hoi Cong trinh
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ngdm va Khong gian ngdm thé giéi (The International Tunneling and Underground Space
Association, ITA - AITES) nam 2000.

Viéc lya chon may dao ham phy thudc vao cac yéu té co ban 1a nhu:

- Dic tinh khéi dit duong ham ddo qua;

- Cac thong s6 k¥ thuat cong trinh da thiét ké;

- Yéu cau bao vé mdi trudng xung quanh khu vyc thi cong.

Cu thé, khi lua chon phai chu y dén cac yéu td:

- Loai may dao ham thich hop véi diéu kién dia chat;

- Loai may ddo ham c6 thé sir dung phurong phap phu tro khi can thiét;

- Loai may ddo ham thich hop véi chidu dai, duong cong cua tuyén ham;

- C6 nang lyc thich hop voi nhiing thiét bi, diéu kién dia 1y, moi trudng thi cong;

- bam bao an toan lao dong.

i Pac biét cﬁnq phai thich nghi voi diéu kién dia chét cta toan tuyén ham, dién hinh nhu mot sb

diéu kién tiéu bi€u nhu sau:

- Dat sét yéu c6 tinh luu dong cao;

- Lop cat dé sup 16;

- Lép cat c6 nude ngam;

- Lép dét c6 13n cudi tang 16m;

- Lop dat c6 nhiing vat nhu than cay, v.v...

- L6p dat phirc tap gom ca dat mém yéu va dat cimg.

3. Két qua va thio luin

May dao ham co gi6i dic biét 1a loai may khién dao dugc sir dung thi céng cac duong ham
trong diéu kién xay dung kho khin nhu diéu kién dia k¥ thuat phirc tap hay dat yéu trong thanh
pho vi phuong phap thi cong bang loai may khién dao c6 thé giam thiéu d6 lin mat dat hay giam
thiéu nhimg tac dong dén cac cong trinh trén miat dat. Khoang cong tac ¢ phia sau mam cit luén
duy tri 4p luc nham can bang ap luc dat da va ap lyc nudc ngam dé giir 6n dinh cho gwong dao
va giam nhiing dich chuyén lin trén mat dat.

Theo nguyén 1y chong giir guong dao bang phuong phap can bang ap lyc guong thi may
khién dao c6 nhimg loai chinh 14 may khién dao can bang ap luc khi nén; may khién dao can
bang &p luc vira va may khién can bang ap luc dat.

May khién dao can bang ap luc dat va may khién dao cén bang ap lyc vira dugc sir dung hiéu
qua khi thi cong cac duong ham tau dién ngam trong di€u ki€n thanh pho.

May khién dao can bang ap lyc khi nén dugc su dung hi¢u qua khi thi cong qua dia ting co
chira nudc ngdm nhu duong ham qua bién, dudi long song ho, v.v...

Cong tac duy tri ap luc trén guong dao dé gitr can bang ap luc guong dao, on dinh guong
dao, kiém soat luong dat da dich chuyén vao trong guong dao, han ché d6 lin mat dat. Gia tri ap
lue can bang guong duge xac dinh phu thuge vao duong kinh, chiéu sau bo tri duong ham va dac
tinh co 1y khoi dat da xung quanh duong ham.

Gia tri ap luc phuyt vira lap de‘}y khoang trdng giita vo ham va bé mat dat da & ciing duoc tinh
toan xac dinh nham nang cao d9 6n dinh cho duong ham va gidm thiéu d6 lun mat dat.

Khi x4y dyng dudmng ham do thi bing may khién dao can khao sat diéu kién dia chét, dia chat
thuy van khu vyce thi cong duong ham dé lya chon phuong phép can bang ap luc guong dao va
gia tri ap lyc duy tri [én guong dao hop 1y.



Chi dé II. KY THUAT XAY DUNG VA VAT LIEU MOI 275

4. Két luan

May dao ham co gidi, dic biét 1a loai may khién dao duoc ché tao san xuét dé thi cong cac
duong ham trong didu kién xay dung khé khan nhu diéu kién dia k¥ thuat phuc tap hay dat yéu
trong thanh phd, c6 kha ning chéng gitr kip thoi khéi dat xung quanh va ngin nudc ngdm xam
nhap vao khoang khai dao, cong tac chéng giir bao vé duoc thuc hién boi 16p vo khién va 16p vo
ham phia sau khién dao.

Cong nghé thi cong dudng hdm bang may dao him co nhimg dic diém ndi bat nhu sau:

- Néng cao ‘téc do dao ham: So vo1 phuong phap khoan n‘é min thi phuong phép thi cong
bang may dao ham c6 toéc do dao c6 thé nhanh hon tir 3 dén 10 lan.

- So v6i cac phuong phap dao h?lm khac thi ddy 1a phuong phap dao ham dam bao d6 bén,
do on dinh cho duong ham la cao nhat.

- Phuong phép thi cong gy anh hudng dén cac cong trinh xung quanh 1 nhé nhat.

- Giam sy phu thudc vao cong nhan, qiéu nay rat gé loi cho nhﬁng quéc gia co su thiéu hut
lao dong nghiém trong ¢ cac nudc phat trién nhu chau Au, Nhat Ban, Uc, v.v...

- V& trinh d0 tay nghé ciia ngudi van hanh: Mic du luong cong nhén giam tir 30 - 40% so voi
phuong phap khac, tuy vy, phuong phap nay lai yéu cau trinh d6 cong nhan, nguoi van hanh 6
mirc cao. Ngoai ra, di kém véi d6 con 1a cac van dé stra chita, bao dudng, phu ting thay thé, v.v..

- Suét dau tu ban dau 16n: So véi cac phuong phap thi cong khac thi suit dau tu ban dau khi
su dung may dao ham lai kha cao, c6 thé 1én dén hang tri¢u do la.

- Khong linh hoat thay d6i hinh dang tiét dién dao: Thuc té, may dao hém chi thi cong dugc
mit cat hinh tron nén thudng dugc sur dung trong thi cong cac cong trinh ngam c6 mit cat hinh
tron nhu: dudng hdm tau dién ngam, dudng ham dan nude, dién cap ngam, v.v..
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Metro tunnel construction in urban areas by tunnelling machines

Do Ngoc Thai
Hanoi University of Mining and Geology
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Abstract

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. The
construction of tunnels in urban areas may cause ground displacement which distort and damage
overlying buildings. In the past fewdecades, tunnel boring machines have been used to drill in
increasingly difficult geotechnical conditions such as soft ground like soft clay. This is
particularly true for mechanised tunnelling and specific boring machines, as, for examples, the
compressed air shield, the earth pressure balanced shield and the slurry shield, have been
developed in the recent decades for managing the instability of the excavation profile in
unfavourable geotechnical and hydrogeological conditions, with challenge external constraints.
This paper presents the research results on new technologies for metro tunnel construction in
urban conditions by tunnelling machines.

Keywords: tunnel, tunnelling methods, tunnelling machines, tunnel face stability.
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