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Tunnelling in urban areas in soft soil conditions has risks of negative
impacts on nearby existing buildings. When buildings are in/on
influence zones induced by tunnelling, they can be damaged in the case
of without any mitigating methods applied. This paper summarizes and
presents a three category classification of mitigating effects induced by
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tunneling including methods in tunnel design and tunnelling process,
and soil improvement methods, as well as reinforcement for buildings.
On the basis of the study, designers and engineers can obtain suitable
solutions for their safe tunnel projects.
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Thi céng hdm trong diéu kién dia chdt ddt yéu tai cdc do thi cé thé ddn dén
cdc dnh hwdng tiéu cuc dén cdc cong trinh hién hivu ldn cdn. Trong truwong
hop cdc cong trinh ndm trong vung dnh hwéng ma khéng cé cdc bién phdp

Chap nhan dang 31/12/2020  gjgm thiéu, cdc cong trinh ndy cé thé bi hw hdng va phd hiy. Bai bdo phdn

Tir khoa:

Cong trinh hién hitu,
Gidi phap,

Thi cong ham,

Vung dnh hudng,
Xt ly dat yéu.

tich, tbng hop va dé xudt ba hwéng gidi phdp giam thiéu dnh hwéng cua thi
céng hdm bao gém cdc gidi phdp ap dung trong qud trinh thiét ké'va thi céng
hdm, cdc bién phdp gia cd nén ddt yéu xung quanh va cdc bién phdp tdng
cwong khd ndng chiu lwc ctia cdc céng trinh hién hivu. Trén co sé cdc gidi
phdp nay, cdc nha thiét ké cdc ki sw sé lwa chon gidi phdp phtt hop nhdm
ddm bdo an toan qud trinh thi cong, tiét kiém chi phi va giam thiéu tdc dong

ctia qud trinh thi céng hdm dén méi trwong xung quanbh.

© 2020 Trwong Dai hoc M6 - Dia chit. T4t ca cac quyén dwoc bao dam.

1. Mé& dau

Trong nhirng ndm gan day, trwdc yéu cau clia
cudc séng va sy phat trién kinh té xa hoi, sw mo
ctra va hdi nhap, van dé tic nghén giao thong ngay
cang tré nén nhirc nhdi trong cac khu dé thi tai Ha
Néi va Thanh phé H6 Chi Minh. Do khéng gian trén
bé mit tai cac thanh ph6 ngay cang tré nén han
ché, viéc phat trién khong gian ngdm bao goém cac
tuyén tau dién ngdm metro, cdc hdm giao thong,...
tré thanh mot van dé tit yéu. Thi cong ham s
dung may dao ham c6 khién dao (TBMs) 1a mot
cong nghé thi cong phd bién khi xdy dung cong
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trinh ngdm trong cac d6 thi & cac nwéc trén thé
gi¢i véi cac wu diém thi cong an toan, co gii hda
cao va toc do thi cong nhanh. Pac biét khi thiét ké
va thi cong him trong dat véi do sdu hAm nam
néng sé gitp giam khoi lwong thi cong va tiét kiém
thoi gian di chuyén tir trén bé mat xudng khu vure
dwong ray khi tuyén hdm dwgc dwa vao hoat
déng. Tuy nhién, viéc thi cong ham véi dé siu
néng trong diéu kién dat yéu sé phai doi mit voi
nhiéu van dé kho khan trong qua trinh thi cong
anh hwdng dén hé théng cong trinh ngdm tién ich
hién hiru va cic cong rinh 1an cin bao gom cac vin
dé vé 6n dinh, lin bé mat va tac dong dén hé moéng
cong trinh. Pac biét, khi thi cong hdm trong diéu
kién dat yéu tai cac thanh phé noi cé nhiéu di tich
lich st va vin héa, van dé ddm bao an toan cho cac
cong trinh lan cin va trén bé mat l1a hét sirc quan
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trong. Cac dy an trén thé gi¢i da ghi nhan nhiéu sy
c6 gy sip do cac cong trinh trén bé mat nhw dw
an thi cong him tai Munich, Pirc, tai San Paolo,
Brazil (Burland va nnk, 2001)...

Bai bao tong hop va dé xuit phan loai cac bién
phép gidm thiéu d&nh hwdng cia qué trinh thi cong
cong trinh ngdm dén cac cong trinh lan cin bao
gom cac giai phap tir giai doan thiét ké dén giai
doan thi céng cling nhw mot s6 gidi phap ting
cwong va gia co kha nang chiu lwc cia cic cong
trinh hién htru.

2. Cac giai phap Kkhi thiét ké va thi cong him
2.1. Cdc gidi phdp trong qud trinh thiét ké

Vé 6n dinh khi thi céng cong trinh ngam,
nhiéu nha khoa hoc trén thé gi¢i da nghién ciru 6n
dinh ctia thi cdng him trong dt yéu, c6 thé ké dén
cac tac gia Broms va Bennermark (1967), Kimura
va Mair (1981), Leca va Dormieux (1990),
Anagnostou va Kovari (1994), Jancsecz va Steiner
(1994),... Khi thiét ké 6n dinh thi cdng him trong
giai doan tinh toan so bd, tinh todn danh gia day
noi la hét strc quan trong khi thi cdng him dudi
murc nwédc ngdm. Cac tinh toan nay da dwoc dé cap
dén trong mot s6 nghién ctru nhw Bakker (2000),
NEN-EN 1997-1 (1997). Trong nghién ctru vé anh
hwdng ctia chiéu day 16p dat phu dén thi cong ham
(Vii va nnk,, 2015) da dwa ra dwgc méi quan hé
gitra ti s6 chiéu day 1¢p dit phi/dwong kinh hAm
C/ Dva chiéu day vo hAm/dwong kinh hAm d/ Ddé
dam bao him 6n dinh d4y ndi va giai phap str dung
da ballast trong thi cong hAm nhdm giam thiéu
nguy co hAm bi diy noi.

Mot van dé quan trong khi thiét ké thi cong
ham la xac dinh ap lwc dung dich can thiét st dung
tai gwong dao va khoang tréng phia sau may dao
him. Cdc mod hinh thwc nghiém va ban thuc
nghiém dé xuit b&i Anagnostou va Kovari (1994),
Jancsecz va Steiner (1994), Broere (2001) thwong
dwoc str dung phé bién trong tinh todn cho phép
xac dinh 4p luc dung dich nhé nhat. Ap luc dung
dich 1én nhit trong thi cong hAm nham tranh hién
twong day troi véi cdc mé hinh tinh dwoc néu
trong nghién ctru cda Broere (2001) va Vii Minh
Ngan (2016a). Pudng bao ap lyc dung dich véi
cac ti s0 C/D bién thién (Vi va nnk,, 2015) cho
phép céc ki sw co6 thé lwa chon ap luc dung dich
phu hop khi thi cdng hdm trong cac diéu kién dia
chit khac nhau.

Vé vin dé tinh toan thiét ké két cdu vo ham,
cac md hinh thiét ké dé xuit bdi Duddeck va
Erdmann (1985) phé bién 4p dung trong thuc tién
va hudng dan thiét ké ctia ITA-WG2(2000) trong
dé6 twong tac gitra vo hAm va nén dit xung quanh
dwoc thé hién qua cac goi dan hoi. Gan day, caic mo
hinh tinh todn phat trién béi (Oreste 2007), D6
Ngoc Anh va nnk. (2014), Vi va nnk. (2017), Vi
va Broere (2018) cho phép phan tich ndi lwc vo
ham trong cac diéu kién dat dong nhat va khong
dong nhit. Trong nghién ctru vé tac dong cta ap
lwc d4t nén 1én nodi lwe xuat hién trong vé ham, Vi
va nnk. (2017) da dwa ra méi quan hé gitra ti s0
d/D va ti s6 C/D nham dat dworc thiét ké tdi wu dé
dat dwoc giad tri m6 men udn 1én nhit cé gia tri nho
nhat trong tinh todn ndi lwc vo hdm. Nghién ctru
cta Vii va Broere (2018) chi ra néi lwc vé ham sé
tang dan theo thoi gian tir luc chiu tai trong do ap
lwc dung dich phun xung quanh vé hdm tai khoang
trong sau may dao ham va tré nén 6n dinh theo
thoi gian.

Khi thiét ké ham trong thanh ph6, mét nhiém
vu thiét ké quan trong la xac dinh anh hwéng ctia
thi cong him dén cong trinh hién hitu 14n cin. Cac
nghién ciru vé anh hwdng cua thi cong hAm dén
cong trinh 14n cn c6 thé k€ dén bao gdbm Rankin
(1988), Boscardin va Cording (1989),.. Phwong
phap bién dang t&i han dé xuat bdi Boscardin and
Cording (1989) dworc st dung réng rii, bao gom 4
bwéc sau: dw bao do6 lan tai khu vee khong c6 cong
trinh, xac dinh anh hwéng ctia dich chuyén nén dat
tac dong 1én cong trinh; xac dinh bién dang cta
cong trinh va phan mtrc d6 anh hwéng tac dong
1én cong trinh.

2.2. Cdc gidi phdp trong qua trinh thi cong

Ngay nay, khi thi cong hdm trong méi trueong
dat yéu bang may dao hAm TBM thi c6 hai loai may
dao ham chi yéu la may dao ham st dung dung
dich bun (Slurry Shield, SS) va may dao hdm dang
can bang ap lwc dit (Earth Pressure Balance,
EPB). Cac may dao hdm néi trén dwoc sir dung
trong diéu kién dat yéu khong 6n dinh két hop véi
str dung dung dich tai gwong dao va khoang tréng
phia sau may dao ham.

Hinh 1 m6 ta pham vi &rng dung ciia may dao
ham SS va EPB theo dwong cong cip phdi cla dat
(Maidl, 2012). May dao ham str dung dung dich
bun théng thuwong st dung véi viva bentonite hoac
polymer dwgc phun véi ap luc cao tai gwong dao
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(Maidl, 2012).

hoic khoang tréng phia sau may dao hdm. Cac hén
hop san phdm dao bao gdm dat va dung dich bun
sau do sé dwoc van chuyén va dwoc phan tach dé
tai str dung. May dao him SS thwong dugc st dung
khi thi cong ham trong diéu kién dit hat roi nhw
cat, s6i. May dao ham dang cin bang 4p luc dat
(EPB) thwong tron dat dao véi cac hdéa chat
chuyén dung nhu foam, bun... trong buéng dao dé
tao ra ap lwc chong tai gwong dao. Uu diém cda
may dao ham EPB la khong phai st dung hé thong
phén tach dung dich dao. EPB c6 thé dwoc sir dung
khi thi cong hdm trong hau hét cac loai dia chit.
Tuy nhién, kh6 khan lén nhét khi thi cong him
bing may EPB la viéc kiém soat sw cAn bing 4p luc
gitra hdn hop dat dao va ap luc cla dat va nwéc
xung quanh. Viéc lwa chon loai may thi cong hdm
phu thudc vao cac yéu to sau: loai dat, kich c& hat,
phan b6 thanh phan hat, myc nwéc ngam, do
thdm, ap lwc chong can thiét, d6 mai mon va chiéu
siu dat hAm.

2.2.1. Thiét ké cdc thdng sé ctia mdy dao hdm

T cac phan tich trong Vii va nnk,, (2016a),
gia tri cua lwong dao dw doc theo thadn hdm phu
thudc vao cac thdng s6 ciia may dao hAm nhw kich
thwéc bo phdn dao va hinh dang cta khién dao. Do
dé, viéc han ché thi cong hadm theo dwong cong cd
thé giam lwong dao dw. Ngoai ra mot giai phap
khac l1a gidm sw sai léch gitta bo phan dao va kich
thuéc him thiét ké, tuy nhién giai phap nay la rat
kho vi sé gay khé khan trong qua trinh dao hdm do
tang lyc ma sat gitra thanh may dao ham va dat
xung quanh.

2.2.2. Kiém sodt dp lwc dung dich

Mrétr citA-A
Hinh 2. Gia c6 bé mdt gwong dao khi
thi cong hdm Poggio Orlandi Tunnel
(Lunardi va nnk, 1992).

Cackét qua nghién ctru vé lvgng dao dw trong
Vii va nnk,, (2016a) cho thiy gia tri ap lwc dung
dich st dung tai gwong dao va khoang trong phia
sau may dao ham 1a thong sé chinh quyét dinh gia
tri lwong dao dw (sw sai khac giira tiét dién thi
cong dao ham thuec té va tiét dién ham thiét ké)va
d6 1an trén bé mat. Do vy, bom dung dich v&i ap
lwc cao tai cac vi tri nay c6 thé giam dwoc do lan
trén bé mat. Tuy nhién, cac ki sw can chu y dén
hién twong day troi khi thiét ké thi cong ham st
dung ap lwc dung dich gin gia tri cin trén.
2.2.3. Gia cd bé mdt gwong dao

Trong trwomg hop thi cong hdm & ché do dao
m&, cac giai phap gia c6 bé mat gwong dao thuong
dwoc ap dung dé ting do 6n dinh va giam lin bé
mat. Cac giai phap nay thwong dwoc ap dung khi
thi cong ham tai Phap va Y. Neo dat két hop véi soi
thiy tinh thwong dwoc st dung gia c¢6 cho mat
guong dao va cd nén dit xung quanh. Chiéu dai va
pham vi gia c6 dwoc xac dinh dwa theo diéu kién
dia chat va thong s6 dwong ham. Hinh 2 minh hoa
trwdng hop st dung soi thiy tinh d€ gia c6 nén dat
khi thi cong ham Poggio Orlandi Tunnel, Y véi
chiéu dai neo 15 m.

2.2.4. Cdc gidi phdp khi thi céng hdm

Khi thi cong him c6 thé xay ra nhiéu yéu to
gdy mit On dinh cho hdm bao gébm ap lwc dung
dich, quan tric, hanh vi ciia ngudi diéu khién may
dao ham, cong tac van chuyén trong ham,...

Bang 1 thdng ké cac rii ro, nguy hiém tiém 4n
va cac giai phap c6 thé p dung trong khi thi cong
ham. Cac giadi phap nay dwa trén kinh nghiém thi
cong cla cac nha thiu trén thé gidi.
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Bdng 1. Rui ro va cdc gidi phdp trong qud trinh thi cong ham (tdng hop tir tai liéu ciia mét sé dw dn ham).
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3.1. Cdc gidi phdp gia c6 nén ddt yéu

Cac két qua nghién ctru ctia Vii Minh Ngan
(2016a) cho thiy viéc cai thién cac thong so dic
trng cta nén dit nhw géc ma sat trong, luc dinh
don vi... c6 tdc dung lam giam pham vi ving anh
hwdng khi thi cong hdm trong dit (Hinh 3). Viéc
xac dinh cac thong s6 dic trung cta nén dit can
thiét cho phép d6 lun tai vi tri cong trinh hién hitu
c6 thé dat dworc gia tri mong muén cda ki sw.

Trén co s& nay, cac tac gia dé xuit mot so
phwong phap gia cd nén dat sau dé cai thién cac
dac trwng co ly clia nén dat khi thi cong ham:

3.1.1. Bom vira dp luwc cao

Phuwong phap nay bao gbm cac cong nghé
bom vira véi ap luc cao tir phia trong him hoac
trén trén mit dit nham gia cd vung dit xung
quanh dwdmng hAm nhdm cai thién dit va giam
thiéu tac dong dén cac cong trinh 14n cin khi thi
cong him trong diéu kién dat yéu c6 kha nang giy
mat 6n dinh qud trinh thi céng hdm va cac cong

c=0kN/m 2, p=35" E=12000kN/m 2
— — = c=7kN/m*,p=35" E=12000kN/m *
————— c=16kN/m 2, p=35° E=12000kN/m *
c=21kN/m %, =35 £=12000kN/m *
3 L . " L
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 18
x/D

Hinh 3. Anh hwéng ctia luc dinh don vi ¢ dén
pham vi dnh hwéng ctia thi cong hdm (Vi Minh
Ngan, 2016a).

trinh 14n cin. C6 thé ké dén cac cong nghé bom
vira ap luc cao str dung 6ng TAM hodc jetgrouting.
Khi st dung cong nghé 6ng TAM, cac 6ng c6 thé
dwoc khoan tlr phia trén méat dit hodc phia truéc
guwong ham, sau d6 vira véi thanh phan hat tho
dwoc bom vao trwdc roi dén vira thanh phin hat
min. Cong nghé str dung 6ng TAM cho phép bom
vita v&i cac thanh phin cip phéi khac nhau trén
cting mdt hé khoan. Ap lic bom vita trong tridmg
hop nay khéng dwoc vurot qua gia tri ayh, trong
dé6 yh 1a ap lwc dat tai vi tri hé khoan, a 12 hé s6
thwc nghiém véi giad tri =0.3-+3 tuy thudc vao
tirng loai dat (Kolymbas, 2005).

Céng nghé bom vira ti€p theo dwoc str dung
phd bién trong thi cong him 1a cong nghé
jetgrouting. Quy trinh thi cong ctia cong nghé nay
bao gdm ban dau d4u phut dwoc dwa vao trong dat
b&i may khoan, sau d6 hon hop vira dwgc bom véi
ap lwc cao d€ pha vy lién két va tron véi dat. Thong
thwong, cong nghé c¢6 3 dang diu phut: hé dau
phut don chi bom vira, hé dau phut kép bom vira
va khi nén, hé dau phut tam c4p bom hon hop vita,
khi va nwérc.

Trong thi cong ham, cong nghé bom vira
thwong dwoc ap dung tai cac vi tri khéi tao va
nhan dwong hdm nhuw tai tuyén metro s6 1 TP H6
Chi Minh (Vi, M. N, va Lé, Q. H.,2020), hodc tao ra
vom phia trén dwong hAm nhw tai hAm Galleria
Valsesia Milan, Italia, hAm Aechertunnel, Ao.

3.1.2. Céng nghé tron xi mdng ddt

Cong nghé tron xi ming dat kha phd bién tai
nuwéec ta, va dwoc str dung dung dé ting cwong do
cua dat, giam do lan va gitr 6n dinh cho két ciu.
Trong céng nghé nay, mili khoan dwoc khoan
xubng do sau thiét ké thi quay ngwoc lai va duorc
kéo 1én trén cung lic véi vira xi mang dugc phun
vao nén dAt véi ap luc cao dé tao hon hop dit tron
xi mang. Cong nghé nay da dwoc st dung trong gia
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c6 nén & nhiéu nuwéec trén thé gi¢i nhw Malaysia,
Nhét, Thuy Dién.

3.1.3. Cong nghé déng bdng ddt

Cong nghé déng bang dat dwoc st dung véi
muc dich ting cwong d6 ctia dat va ngin khong
thAm nwdc nham duy tri 6n dinh khi thi cong ham.
Cong nghé nay co6 thé ap dung véi nhiéu loai dit
khac nhau dic biét véi diéu kién dat bao hoa hoan
toan va trong diéu kién thi cong rat khé khan. Uu
diém cta céng nghé 1a cho phép thi céng déng
bing dit theo pham vi mong mudn bang viéc st
dung cac dwong 6ng cé chiéu dai va goc cong da
dang. Tuy nhién gia thanh ctia cdng nghé nay la
cao do phai duy tri dong bang khoi lwgng dat1on
trong mot thoi gian dai va dac biét trong diéu kién
khi hdu néng 4m & nwéc ta. Ngoai ra cdng nghé
nay con cé rii ro gy day troi nén dit do d6 doi hoi
qua trinh gidm sat cin than khi thi cong dong bang
dat. Trong thi cong ham, cong nghé nay da dwoc
st dung & cic nuwéc 6n déi nhw tuyén him
Copenhagen Metro, Pan Mach.

3.2. Cac gidi phap bu Iiin
3.2.1. Bom vira bt ltin

Giai phap bom vira bu lun thuwong dwoc st
dung nham muc dich gidm d6 ltin cong trinh do thi
céng him qua viéc tao ra lin am. Gidi phap bom
bu ltn c6 thé chia ra 1am hai phwong phap bao
gom phwong phap bom bu ldn dwa trén co sé vira
14p day cac khe hé trong dat va phwong phap bom
tao thanh khéi vira trong dat.

Trong giai phap th nhat, vira dwgc bom vao
vi tri gitta cong trinh va hAm (Hinh 4) théng qua
cac dwong 6ng (thwong la 6ng TAM). Khi 4p dung
phwong phap nay, trong qua trinh thi céng, cong

dd 1an sau khi bl ldn

bom viva bl lan A

d8 1in ban d3u

dwtng ham

Hinh 4. Gidi phdp bu ltin cdng trinh.
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tac gidm sat thi cong dwoc tién hanh trén mat dat
déng thoi do do ltn cong trinh va kiém soat qua
trinh bom vira. Gidi phap nay c6 thé thuc hién
dwoc véi nhiéu diéu kién dia chat khac nhau. Thuc
té thi cong tai cac dw 4n hAm trén thé gi¢i cho thay
gidi phdp nay c6 thé str dung trong cac diéu kién
dia chit kho khin cho thi cong hdm nhw dat rat
yéu hodc dit chira nhiéu tap chit hitu co. Giai
phép nay da dwoc rng dung trong thi cong hm tir
nhitng nam 1974 tai Canterbury, Anh sau d6 da
duoc irng dung thanh céng tai cAc dyw an Waterloo
Stations, London, Antwerp Central Station, Jubilee
Line Extension, London and the North-South Line,
Amsterdam.

Giai phap thi hai 1a tao ra khdi vira trong nén
dat, khéi viralam dat chathon va tao ra lin Am véi
két cau. Thong thwong, giai phdp nay dwoc thuc
hién & phia sau may dao hAm TBM. Giai phap nay
duoc thuc hién tir nhitng nam 1950 va tré nén
pho bién & My. Sau d6 dén nhitng nam 1990, giai
phap nay dwgc str dung & Nhat Ban dé bu lun cho
cac cong trinh bi anh hwdng bdi dong dat. Hién
nay, ly thuyét nghién ciru vé phwong phap nay
chwa dworc phé bién.

3.2.2. Gidi phdp str dung twong vay

Twong vay dwoc xay dwng trong khoang cach
gitta tuyén ham va céng trinh cin bao vé dé giam
thiéu tac déng cda viéc thi cong hdm (hinh 5).

Twong vay trong thi cong him c6 thé c6 nhiéu
dang bao gdbm twdng vay bang thép hinh, hoic
twdng coc vira xi mang, twong coc hang, twong bé
tong hodc twong bang. Bén canh d6, st dung
twong vay cé thé gidm dwoc muc nwéc ngam
trong thi cong.

% O
12 | g Céng trinh
' Lan bé mat o
A\ =
— \‘\ __1_—/ 1 R
C i
|
L Twing vay
b1
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Ham

Hinh 5. Gidm Itin bé mdt bang gidi phdp twong
vdy trong thi céng hdm.
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Hinh 6. Kich ddy két cdu hién hivu (Burland va
nnk, 2001).

4. Cac giai phap gia c6 cac cong trinh hién hiru

Bén canh cac gidi phap vé thiét ké thi cong
ham va méi trweong dat xung quanh, cic giai phap
gia ¢ cong trinh hién hitu thwong dwoc ap dung
dé gidm thiéu tac déng cha thi cong him 1én cac
cong trinh hién hitu va tang cwong kha nang lam
viéc ctia cac cong trinh nay. Cac bién phap c6 thé
str dung bao gom lap dit cAc hé ddm dé, hé thanh
chong, cac kich day gitra cac bd phan céng trinh
(Hinh 6) két hop vi ké hoach quan trac va theo
doi bién dang cong trinh khi thi cong.

5. Kétluin

Khi thi cong hdm trong diéu kién dat yéu tai
cac khu db thi, € dam bao an toan cho qua trinh
thi cong va 6n dinh cic cong trinh hién hitu 1an
cén, cac ky sw cin phai thiét ké va tién hanh thi
cong cac bién phap gidm thiéu tdc dong cua thi
cong ham. Bai bao dé xuit ba hwdng gidi phap bao
gom cic giai phap ap dung trong qua trinh thiét ké
va thi cong ham, cac bién phap gia c¢6 nén dat yéu
xung quanh va cac bién phap tang cwong kha nang
chiu lyc ctia cac cong trinh hién hitu. Nhém giai
phép thir nhit bao gdbm viéc lwa chon cac tis6 d/D
t6i wu trong giai doan thiét ké két hop vai viée st
dung d4 ballast trong thi cong hAm nhdm tranh
hién twong ddy ndi va mat 6n dinh ciing nhw lya
chon cac kich thwéc may dao ham, cac ri ro, cac
gidi phap cu thé trong giai doan thi cong. Nhém
giai phap th hai néu trong bai bio bao gébm cac
bién phap gia c6 nén dit va giam thiéu lin bé mit.
Bén canh dd, bai bao ciing néu dwoc mot s6 bién
phap gia cwong kha nang lam viéc ctia cong trinh
nham han ché huw hong c6 thé xuit hién khi thi
cong ham. Trén co s& cac giai phap nay, cac nha
thiét k&, cac ki sw c¢6 thé dwa ra dwoc lwa chon giai
phéap phtt hgp nham dam bao an toan qua trinh thi

cong, tiét kiém chi phi va gidm thiéu tac dong cia
qud trinh thi céng him dén moéi treong xung
quanh.
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