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THONG TIN BAI BAO TOM TAT
Qlﬁq trzr\zf.x. Cong tdc xay dwng du'O'ng hdm dé thi d‘ang rdt phat trién dé ddp ting nhu
Nhén bai 11/10/2018 cdu cdp thiét ctia vdn dé giao thdng vdn tdi, c6 rdt nhiéu duiong ham dé
Chap nhan 06/12/2018 thi b6 tri nam néng thi cong trong dat Yéu. Cong tdc thi cong cdc duong
bang online 28/02/2019 hém c6 thé dén téi nhiing dich chuyen khéi ddt dd xung quanh, lin bé mat
Tir khéa: va thdm chlgay S(_Jp do, phd huy cdc toa nha. Trong nhitng ndm qua, mdy
Pudmg him khoan hdm dwoc ap dung thi cong cdc dwong hdm do thi trong diéu kién
Mav dao him kh khén nhw diéu kién dia ky thudt phikc tap hay trong ddt yeu Bdc biét
(ay dao harl doi voi mdy khoan hédm nhu may khién dao can bdng khi nén, cdn bang
Ap lyc can bang guong dp lwc ddt hay cdn bdng dp luc vita luén dwoc phdt trién va cdi thién ve
}lam_ - cong nghe nhdm ndng cao d6 én dinh khi thi cong cdc dwong hdm trong
On dinh gwrong ham cdc diéu kién khé khdn nhw didu kién dia chdt cong trinh, dia chdt thuy
vdn phikc tap cting cdc diéu kién thi cong khé khan. Vdn dé on dinh gwong
dao la mgt trong nhifng yéu t6 quan trong nhdt trong viéc lua chon
phwong phdp thi cong du'o'ng hdam. Gid tri ap luc duy tri [én mdt guong
dao la thong s6 quan trong, vi st dung cdc gid tri dp lwc khdc nhau khong
phu hop cé thé dan dén sap do hay phd hily gwong ddo. Bai bdo trinh bay
cdc phu'o'ng phdp ddnh gla do on dinh guong dao va bdng phwo'ng phap
glal tich xdc dinh gid tri dp luc guong dao ti thiéu dwa trén nguyén tdc
cdn béng giéi han.
© 2019 Truwong Dai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.
1. Mé dau dwong him d6 thi thi cong bang may khién dao,

phwong phap giir 6n dinh gwong ham, duy tri 4p
lwrc cAn bang gwong hAm rat quan trong, ngoai viéc
dam bao an toan trong qua trinh thi cong thi ching

Xay dung cac dwong ham do thi la gidi phap
hiéu qua giai quyét nhu ciu phat trién ha ting co

s& tai cadc thanh phd. Qua trinh xiy dung cac
dwong ham sé giy tac dong dén khoi dit xung
quanh va cac céng trinh trén mat. Déi véi cac

*Tdc gid lién hé
E - mail: dongocthai@humg. edu. vn

con kiém soat, giam thiéu qua trinh dich chuyén
dat d4, lun trén bé mat. Vi vdy, xac dinh phwong
phép cin bang gwong him va gia tri 4p lwc 1én mat
gwong khi thi céng cac dwomg hdm dd thi bang
may khién dao cé y nghia ratlén.

Trong qué trinh thi céng dwdng him, phia
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trwdc gwong hinh thanh khéi dit da pha hiy cé xu
hwéng truot, sut 1& vao trong gwong ham (Vo
Trong Hung, Phung Manh Dic, 2005; Do Ngoc
Thai, Protosenya, 2017), so d6 khdi dat da sut 1&
vao gwong him dwoc thé hién trong Hinh 1. D6 6n
dinh gwong hdm phu thudc rit nhiéu yéu t6 nhw
déc tinh khoi da dwong ham thi cong qua, vi tri,
kich thwéc dwong hadm, cong nghé thi cong. Hién
nay, thi cong dwong him trong diéu kién dat bao
hoa chi yéu sir dung phwong phap thi cong bang
may khién dao kiéu kin, phwong phap nay cho
phép khong can st dung cac bién phap gitr 6n dinh
trwére khi dao thong thwdng nhw ha muc nwéce
ngam, khoan phut vira hodc déng bang. Ngoai ra
con cho phép ki€ém soat do lun bé mat, han ché cac
rui ro tai gwong dao nho vao sw ton tai lién tuc cia
ap luc chong gitr trén mit gwong (Protosenya, et
al, 2015).

L&p dat phu

Khoi dat da treot
16 vao gwong dao

Hinh 1. So’ do sut 16 ddt dd vao gwong ham.

2. Phwong phap can bang ap lwclén gwong hAm

May khién dao 1a may dao ham co gi¢i c6 nhiéu
chirc nang tip trung thong nhit nhw dao, che
chdng bao vé, 13p dat vé hiAm va van chuyén dat
da. May khién dao thich hop cho viéc thi cong
dwong him qua vung dit dd mém yéu, phirc tap c6
nguy co mit 6n dinh cao, dat da c6 kha nang sut 1o
ngay vao khong gian cong trinh néu khong c6 két
cdu chéng gitt. Phan dau cit trang bi hé thong dia
cat c¢6 nhiém vu pha vé khéi dat d4, phan ké tiép
c6 b tri cac kich d4y cho phép dau cit tién vé phia
truérc, phan dudi khién c6 nhiém vu lap dat vo
ham, vin chuyén dit da vé phia sau va duwa ra
ngoai, bom phut vita 14p day khodng trong phia
sau vo ham.

Khoang c6ng tac & phia sau mam cit ludn duy

tri 4p lwc nham cAn bang 4p lwc nwdc ngdm va ap
lwc dat da dé gitr 6n dinh cho gwong him va giam
nhitng dich chuyén lin trén mat dit. Theo nguyén
ly chdng gitr gwong bang phwong phap can bang
ap luc gwong thi may khién dao dwoc chia ra:
khién cin bang 4p lwc khi nén; khién cin bang ap
lwc vira; khién can bang 4p luc dat.

Khién cdn bdng dp luc khi nén

Khi thi c6ng qua dia ting c6 chira nwéc ngam,
dé ngin chan khéng cho nwéc ngdm xam nhép vao
bubng cong tac, do d6 bubng cong tac ludn dwoc
duy tri mot ap lwc khi nén. Nho ap lwc khi nén ma
nuwéc ngdm khong chi bi gitk lai ma con bi gitr sdu
vao trong dit.

Khién can bdng dp luc vira

Khién dao ap lwc viva 4p dung phu hgp cho dia
tAng c6 bé mit gwong cé thé chéng d& bang dung
dich vitra ap lyc, thi cong trong nhitrng dia hinh khé
khan nhw dwéi cac song ho hodc dwédi ting nwée
ngam, dit dao ra duoc dwa ra ngoai qua 6ng dan,
da cudi, s6i dwoc nghién ra va di chuyén ra ngoai
qua duong 6ng. Ap lwe nwrére ngam, 4p luc dia ting
dwoc can bang véi 4p luc dung dich vita. Ap luc
dung dich vira dwoc duy tri thich hop cho viéc tao
1én mang bun chéng d& khoi dat tredc gwong. Dia
cat phia trwéc gwong cao boc khoi dat & mit ngoai
mang bun. Hon hop bun dit trwdc gwong sau khi
dworc tach boc dwoc bom hut dwa 1én bé mat dat
dé xtr ly.

Khién can bdng dp luc ddt

DAt duoc dao béi dau cat ctia khién sé duorc st
dung dé gia c6 gwong ham. Chit tao bot dwoc bom
vao trudc dau citlam cho dat két dinh lai ddm bao
ki€m soat chinh x4c ap luc can bang gwong ham.
D4t sau khi tach bdc ra sé theo ranh dao cit tién
vao khoang cong tac. Khi ap lyc trong khoang cong
tac da 1on dé chong lai ap lwc dia tAng va ap luc
nuwée ngam thi mat gwong dao sé gitr dwoc 6n dinh
ma khong bi sut 16. Yéu ciu can giit cho lwong dat
trong mang xoan 6c¢ va lwong dait trong khoang
cOng tac can bang v&i lwong dat dao ra khi tién vao
trong khoang cong tic. Pat dao ra dwoc vin
chuyén trong mang xoin 8¢ & phia sau khoang
cong tac theo clra xa dwoc dwa ra ngoai. Khién can
bang 4p luc dat thich hop véi cac dia tAng dat sét,
dat c6 thanh phan dinh két... dong thoi bao vé co
hiéu qua sw n dinh bé mat gwong dao, giam dwoc
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do lun bé mat, trong khi thi cong dé dang thao tac
va co tinh an toan cao. Khi thi cong qua cac ting
dat cat, soi, can tron thém dung dich vira, phu gia...
dé cai tién dic tinh cia khoi dat sau khi dao ra, nhw
tang tinh lwu dong, 1ap day khoang cong taclam 6n
dinh bé mat gwong. Phwong phap can bang ap luc
guwong ham thi cong tai mot s6 dwong ham tai Nga
dworc trinh bay trong Bang 1.

3. So’ d6 tinh ap lyc 1én gwrong ham

Theo Kartoziya et al., (2003) gia tri ap luc 1én
guwong hdm phu thudc vao cac yéu to sau: chiéu
sdu b6 tri dwong ham; dic tinh co ly khai dat da;
kha nang xuit hién nwéc ngdm hodc ting chira
nuwée. Gia tri 4p lwc 1én gwong ham P, (KN/m?)
dwoc xac dinh theo cong thirc (1):

P=P, +P, (1)

Trong dé: Ps - ap lwc giy 1én boi dat da,
(KN/m2); P, - ap lwc giy lén bdéi nwdc ngam,
(kN/m2).

Theo Broms and Bennermark do 6n dinh
gwong ham duwoc xac dinh qua hé s6 N cong thirc
(2) (Broms and Bennermark, 1967):

N =(q,-07)/C,+(C+R).y/IC, (2

Trong dé: y - dung trong cta dat, (kN/m3); C, -
lwc dinh khong thoat nwéc cda 16p dat, (kN/m2);
qs - ap lwc trén mat dat, (kN/m2), R - ban kinh
dwong hidm, (m); C - chiéu siu xdy dwng dwong
him (m), or 4p luc tic dung lén gwong him,
(kN/m2). Theo kinh nghiém, diéu kién mit 6n dinh

khi N = 6 do d6 diéu kién 6n dinh gwong ham cé
gia tri ap luwc 1én gwong hAm nhé nhat Hinh 2 theo
cong thirc (3) khi N = 6:

o=(C+R).y+q,-N.C, (3)

Phuwong phép cho phép phéan tich d6 6n dinh
cia dit da trén gwong déi véi dwong hAm cé ban
kinh R, (m) khoang cdng tac dwgc duy tri ap luc
can bang trong khoang cach P, (m) tinh tir mat
guong (Hinh 3), (Devis et al.,, 1980).

Trong hai trwong hop Hinh 3a va Hinh 3b
nhom tac gia dwa ra gia tri tinh hé s6 can bang (4),

(5):

N=2+2In[%+l} (4)

N :4In(%+1j (5)

Do 6n dinh, cAn bang gwong him dwoc xac
dinh qua hé s8 cin bang 1a ty s6 gitta tong cac luc
chdng trwot, dich chuyén ctia khéi dat da voi tong
lwc giy trwot, dich chuyén cta khoi dat da vao
guong him (Protosenya, et al., 2015).

Dé khdo sat hé s can bang F ta xét mot dwong
ham c6é dwong kinh D, (m) thi cong dwédi d6 sau H,
(m) tinh tir bé mat dat, phia truwéc gwong hinh
thanh viing dat da dwéi tic dong cua trong luwgng
6 xu huéng truot, dich chuyén vao trong gwong
ham. Phwong phap thi cong st dung t6 hop may
khoan dao, khoang ap luc c6 str dung ap luc 1én
guong q, (kN/m?) (Hinh 4).

Bdng 1. Phwong phdp cdn bing dp luc guong dwoc dp dung thi cong tai mét s6 hdm tai Nga (Suprun, 2013).

Tuvén him Chiéu | Nam=xdy | Phwongphép cinbingap |Pudngkinhvd chdng,
Y dai, (m) dung lwc gwong him Dhngodif Dirong, (m)

Puwong hdm metro Lyublino i A A is g .
tai Moskva 1600 [1988 - 1992 |Khién can bang ap lwc khi nén 6,0/5,3
Duong ham Ly thudt il 1,4, 11995 - 2000|Khién can bing 4p luc dat 37/3,2
Petersburg
Ham Ky thuit tai Moskva 800 [1999 - 2000 |Khién cin bang 4p lwc khi nén 4,24/3,84
E;Y;rr‘lg tau dién ngam @i 4469 15000 -2001|Khién can bing &p lwc dt 5,60/5,10
Duong tau dién ngam Butov| ;4 15000 - 2002 |Khién can bing 4p luc dat 6,0/5,3
tai Moskva
]\H/I‘;‘)‘:k%jo thong Lefortovatail ), 15001 -2003|Khién can bing 4p luckhinén|  13,75/12,35
Pwong tau dién ngam i A A vs -
Razmyv tai Petersburg 1100 |2002 - 2003|Khién can bang ap luc vira 7,1/6,4
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Hinh 2. Sor do xdc dinh dp luc Ién gwong hdm
(Broms and Bennermark, 1967).
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Hinh 3. So do xdc dinh dp luc Ién gwong hdm
(Devis et al, 1980); (a) so do tinh doc truc hdm;
(b) so dd tinh ngang truc ham.
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Hinh 4. So do xdc dinh dp lwc Ién gwong hdm
(Protosenya, et al, 2015).

Gia tri hé s6 can bang dwoc xac dinh theo cong
thirc (6):

:rl+rz+cl+c2+P
T

F (6)

Trong do: t; - lwc chdng lai qua trinh trwot, gy
ra trén bé mat bén, (kN/m2); ; - lwc chdng lai qua
trinh trwot, dich chuyén xudng cta khéi da vao
gwong do lwc ma sat trén bé mit (AC) giy ra,
(kN/m2); c; - lwc chéng lai qua trinh trwot, dich
chuyén xuéng cia khoi dat da do lwc dinh bé mat
bén gy ra, (kN/m2); c; - lwc chéng lai qué trinh
trwot, dich chuyén xuéng cta khoi dit da vao
guong do lwc dinh bé mét (AC) gay ra, (KN/m2); P
- lwc ngan can qua trinh trwot, dich chuyén khéi
dat da vao trong guwong do ap lwc 1én gwong q gy
ra, (kN/m2); T - gia tri luc gy ra qua trinh truot,
dich chuyén cua khéi diat did vao gwong ham,
(kN/m2).

Tong trong lwgng khéi da trwot, dich chuyén
xuéng gwong ham W, (kN) xac dinh theo cong
thic (7).

W=y-V 7)
V - thé tich khéi dit da trwot, dich chuyén

xuéng gwong ham (m3); y - dung trong ctia khoi
dat da vung pha hay, (kN/m3) ta c6 (8):

V=l HID?+D| D+2Huig 45— 2|+
12 2

+[D+2.H.tg[45—§ﬂ2} (8)

Trong dé: D - dwong kinh dwong ham, (m); ¢ -
g6c ndi ma sat ctia dat da ving pha hay, (do).

Lwc chéng lai qua trinh trwot, dich chuyén
xudng cta khéi dat da do lwc ma sat trén bé mit
bén gay ra t;, (kN/m?2) (9):

7 =;/-|;-sin(45—?]-cos[%—?)tgasb 9)

Véi Sp - dién tich mat truot xung quanh, (m?)
(10)

D+H -tg(45—%j

005(45 — %) (10)

Luwc chéng lai qua trinh trwot, dich chuyén
xudng ctia khoi dat da vao gwong do lwc ma sat

S,=7-H-
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trén bé mit (AC) gy ra 7z (kN/m?) (11).
7, =W -cos@-tge (1D

Luwc chdng lai qua trinh trwot, dich chuyén
xubng ctia khéi dat da do lwc dinh bé mat bén gay
raci, (kN/m?) (12):

c,=cC-S, ~cos[45 - %j (12)

Trong d6: ¢ - lwc dinh két bé mat cia dit da. Luc
chong lai qua trinh trwot, dich chuyén xuéng cia
khdi dat da vao gwong do luc dinh bé mat (AC) gay
racz (KN/mz2) (13):

_7Z"D2~C

= 13
4.cosd (13)

2

Lwc ngin can qua trinh trwot, dich chuyén

xubng cua khoi dat da vao trong guwong do ap luc
gwong ham g, (kN/m?) giy ra P, (kN/m2) (14):

7-D? » (o]
P— .q-tg?[45-2
4 a-tg [ - (14)

trong do: q - ap lwc tic dung Ién gwong ham,
(KN/m?2).

Gia tri luc gy ra qua trinh trwot, dich chuyén
cta khéi dat da vao gwong ham T, (kN/m2) (15):

T=W-sin@=yV.sin@ (15)
Thay vao cong thirc (6) ta c6 (16):

F :{;ﬂl;-sin(45—§)~cos(45—§j-tg¢~sb +

+W -cos@-tgp+c-S, ~cos[45—(§j+ (16)
2 2
+7Z D C+7Z D .q.tgz[45—¢) /;/.V.siné’
4.cos @ 4 2

D& ddm bdo an toan ta c6 hé s6 F = 1 thay vao
cong thirc ta c6 gia tri ap lwc tac dung lén gwong
ham (17):

q :{y.\/.sine—y-zl-sin(45—(§j~cos(45—(zoj-tg(/rsb -

(17)
-W .cos@-tgp—c-S, -Ccos 45—E -

2 2
_z-D C)+ ;%D -tgz(45—(p)
4 2

4-cos@

Ap dung tinh todn cho mot dwong hiam cé
dwong kinh D =7 (m), vi tri xay dung dwéi do sau
H = 20 (m), thi cong trong khoi dat da c6 dung
trong y=19 (kN/m3), ¢ =179 ¢ =21 (kN/m?), 6=
450, Khi ap lwc 1én gwong g = 0 (kN/m2). Thay vao
cong thirc (6) ta c6 hé s6 F =0, 95 < 1, tai gwong
xay ra mat an toan, khoi dat da dich chuyén vao
gwong ham. D€ dam bao an toan ta cin c6 hé s6 F
=1 4p dung cdng thirc (17) suy ra ap luc khéi dat
da tac dung 1én gwong dao g = 150 (kN/m?) =
0,38.y.H (KN/ma2).

4. Két qua va thao luin

Phuwong phap cin bang ap luc 1én guwong, 6n
dinh gwong dao khi thi cong dwdong hdm do thi
duoc st dung rong rai nhw: phwong phap can
bang khi nén, cAn bang ap lwc dit, cAn bang ap luc
vita. Tuy thudc vao dac tinh ki thuit duwong ham,
diéu kién dia chat, dia chit thuy van khu vuc xay
dwng dwong him dé ching ta lwa chon phwong
phap cin bang ap luc 1én gwong phi hop.

Tl cong thirc (17) ta thiy gia tri ap luc cin
bing gwong him dwoc xac dinh phu thudc vao
dwong kinh, chiéu sau bo tri dwong hdm va cac gia
tri dac tinh co ly dat da.

5.Kétludn

Duy tri 4p luc 1én guwong c6 tic dung nham can
bang gitt 6n dinh gwong dao, kiém soat, giam thiéu
d6 dich chuyén khoi dat d4, 1an bé mat. Gia tri ap
lwc cAn bang gwong dwoc xac dinh phu thudc vao
dwong kinh, chiéu sau bo tri dwong hdm va cac gia
dac tinh co ly khoi dit da xung quanh.

Khi xiy dung dwdmg him do thi bing may
khién dao cin khao sat diéu kién dia chit, dia chit
thiy van khu vuc xdy dung duwong ham dé lua
chon phwong phap cin bang gwong va gi tri 4p
lwc 1én gwong phu hop.

Gia tri ap luc 1én gwong dwoc tinh toan, xac
dinh bang cic phwong phap nhw giai tich, thi
nghiém hodc mo6 hinh héa. Trong qua trinh thi
cong thuc té dwoc thir nghiém, diéu chinh gia tri
ap lwc can bang gwong phu hop.
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ABSTRACT

Tunnel face stability analysis in soft ground by shield tunneling

Thai Ngoc Do, Kien Van Dang
Faculty of Civil Engineering, Hanoi University of Mining and Geology, Vietnam

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. The stability of the face is one of the most important factors in selecting the adequate method
of excavation of a tunnel. This face pressure is a critical paramater because the varying pressure can lead
to the total failure and collapse of the face. In this paper aims to offer a guide to the methods for tunnel
face stability assessment in mechanised tunnelling and used analytical calculation methods to determine
the minimum tunnel face pressure are either based on the limit equilibrium methods.



