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TOM TAT

Thi cong ga ngdm trong diéu kign da thi co muc neéc ngdm cao
dat ra nhieu thach thirc vé an dinh he dao va an toan ket cau khi
ap dung cang nghé top-down. Bai bao trinh bay danh gia ddng
thiri dn dinh dia ky thuat va ngi lyc ket céu coa ga ngdm Sl
thang qua ma hinh phan tich lien hop d&t-két céu co xet dén diéu
kien dia chat, tai trong thi cong, ap lvc neac ngdm va trinh tu
thi cong theo giai doan. Hai kich ban myc nwdc ngdm. gém myc
nuac ty nhign va ha dén cao da day, duvoc so sanh dé xac dinh
anh huang dén dn dinh day, chuyén vi tuing vay va ndi luc trong
heé san-tueng. Ket qua cho thdy muc nirde ngdm cao lam giam he
sd an toan bang day, tang chuyén vi ngang va gia tang ma-men
udin trong céc ban san, dic bigt & san day, trong khi bign phap ha
nuac giop cai thign ri rét dn dinh va giam ndi lrc ket cdu. Nghién
ctru cung cép co si cho thigt k& va kiem soat nuac ngdm trong
céc du &n tuong tu.

Tir khéa: Ha dao sau; dn dinh dia ki thuat; ni lyc két céu; thi
cang top-down; muc nuréc ngdm.

ABSTRACT

The construction of underground stations in urban areas

1.DAT VAN PE

Trong nhiing nam gan day, hé théng dudng sat do thi dang
dugc phat trién manh tai cac thanh phé 16n nhdm gidm un tic giao
théng va nang cao nang luc van tai hanh khach. Phan I6n cac nha ga
trung tam dugc bo tri ngam trong khu vuc dé thi mat dé xay dung
cao, khéng gian thi cong han ché va diéu kién dia chat-thay vén
phc tap. Trong boi canh dé, phuong phép thi cdng top-down dugc
ap dung rong rai nhd uu diém gidm chiém dung mat bang, han ché
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with high groundwater levels poses significant challenges to
excavation stability and structural safety when using the top-
down method. This study provides an integrated assessment of
geotechnical stability and structural internal forces for Station
Sl using a coupled soil-structure numerical model that accounts
for geological conditions, construction loads. groundwater
pressure and staged construction sequences. Two groundwater
scenarios, including the natural level and a lowered level to the
base slab. were compared to evaluate their effects on basal
stability, diaphragm wall displacement and internal forces within
the slab-wall system. The results show that high groundwater
levels considerably reduce basal safety factors, increase
lateral wall deformation and amplity bending moments in
structural slabs, particularly in the base slab, whereas lowering
groundwater levels significantly improves stability and reduces
structural demand. The findings offer practical guidance for
groundwater control and structural design optimization for
underground stations constructed under similar geotechnical
and hydrogeological conditions.

Keywaords: Deep excavation; geotechnical stability; structural
internal forces; top-down construction; groundwater level.

anh hudng giao thong bé mat, tan dung céac ban san nhu hé chéng
tam va tdng do ciing téng thé cla hé tudng vay-san, ti d6 kiém soat
chuyén vi va Iin nén hiéu qua hon so véi nhiéu phuang an dao mé
truyén thong. Tuy nhién, d6i véi cac hé dao sau trong dat bao hoa
nudc, muc nudc ngdm cao cé thé gady mat 6n dinh day hé dao, gia
tang ap luc tham va luc ddy ndi, déng thai lam tang chuyén vi tudng
vay va noi luc trong hé két cdu chéng dé, tiém &n nguy co mat an
toan trong thi céng cling nhu khai thac lau dai [1].
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Hinh 1. Khung phan tich lién hgp dat-két cdu trong thi cong top-down

Nhi€éu nghién ctu trudc day da tap trung danh gia ung x
cla hé dao sau va hé tudng vay thdng qua quan trac thuc dia hoac
mo phoéng s6, trong d6 céc chi tiéu thudng ducc xem xét bao gém
chuyén vi ngang tudng, 1tn bé mat, mé-men udn tudng va luc trong
hé chéng. Cac két qué cho thdy cong nghé top-down c6 kha nang
gidm bién dang dang ké nha sy tham gia s6m clia cac ban san nhu
cac tang chéng cung. Bén canh dé, cac nghién ctu dia ky thuat
clng chira rang trong diéu kién nén bao hoa, hién tugng bung day,
x6i ngam va pha hoai thay luc do dong tham hudng lén la nhimng co
ché& mat 6n dinh quan trong, dac biét khi chénh léch cot nudc gitia
trong va ngoai hé dao I6n [2]. Cac gidi phap nhu ha muc nuéc ngam,
tang chiéu sau ngam tudng vay hodc gia c6 nén dat thudng duoc dé
xudt nham cai thién hé sé an toan va han ché rui ro thi céng.

Mat khac, trong thuc hanh thiét ké, bai toan két cau bé tong
c6t thép clia hé san-tudng vay thudng dugc kiém toan riéng ré
théng qua cac té hgp tai trong ULS/SLS, xét dén tai trong dat, nudc,
hoat tai va déng dat. Cach ti€p can nay gidp dam bao kha nang chiu
luc cha két cdu, song chua phan anh day da su tuang tac gidia bién
dang nén dat va ndi luc két cau trong tiing giai doan thi cong. Thuc
té cho thay su thay d6i muc nudc ngdm khong chi anh hudng dén
8n dinh day hé dao ma con lam thay di dang ké phan b6 néi luc,
mo-men udn va yéu cau cot thép trong cac ban san, dac biét di vai
san day chiu luc ddy ndi 16n [3, 4]. Do d6, xu hudng nghién ciu gan
day nhan manh viéc sirdung mé hinh phan tich lién hgp dat-két cau
(soil-structure interaction) nham danh gia déng thai 6n dinh dia ky
thuat va ting xt két cau theo trinh tu thi cdng thuc té [5, 6. Trong hé
so thiét k& ga ngam S11, hé két cau bén trong da dugc mé hinh héa
bang khung 2D va 3D vdi cac t8 hgp tai trong chi tiét, cung cap cd s&
d(r liéu pht hgp cho cac phan tich tich hop dang nay [7].

Mac du vay, cac nghién ctu trudng hop ap dung cach tiép can
lien hgp cho diéu kién dia chat - thay van dac trung cta Viét Nam
van con han ché, dac biét doi véi cac ga ngam thi cong top-down
trong méi trudng muc nudc ngdm cao. Xuat phat ti khoang tréng
do, bai bao nay thuc hién nghién cdu trudng hgp tai Ga Van Miéu
(ga S11) cla tuyén dudng sat d6 thi Ha Néi nham danh gia déng
thdi 6n dinh hé dao va noi luc két cau dudi cac kich ban muc nudc
ngam khac nhau. Cu th€, mot mé hinh mé phéng sé lién hgp dat-
két cau dugc xay dung cé xét dén diéu kién dia chat, ap luc nudc,
tai trong thi cong va trinh tu dao theo giai doan; cac chi tiéu nhu
hé s6 an toan bung day, chuyén vi tudng vay va ndi luc trong hé
san-tudng dugc phan tich va so sanh giia cac trudng hop. Két qua
nghién ctu ky vong cung cap cd s& khoa hoc cho viéc lua chon giai

phap kiém soat nudc ngam va téi uu thiét ké két cau trong thi cong
cac nha ga ngam tuong tu.

2. PHUONG PHAP NGHIEN CUU VA MO HINH PHAN TiCH

2.1. Khung phan tich lién hgp dat-két cau

Nghién ctu ap dung phuong phap phan tich lién hgp dat-két
cdu (soil-structure interaction) nham danh gia déng thai én dinh
dia ky thuat cda hé dao va néi luc trong hé két cdu chéng d6 khi thi
céng top-down. Thay vi tach riéng bai toan dia ky thuat va két cau,
cach ti€p can nay xem xét su tuong tac hai chiéu gilra bién dang nén
dat, ap luc nudc ngam va dé cling cda hé tudng vay-san theo tiing
giai doan thi céng. Quy trinh thuc hién gém: (i) M6 phong dia ky
thuat dé xac dinh chuyén vi va ap luc dat-nudc; (i) sir dung cac tai
trong va phan luc thu dugc cho mé hinh két cau va (iii) so sanh cac
chi tiéu 6n dinh va néi luc gitta cac kich ban muc nuéc ngam.

2.2, Mb hinh tinh toan nén dat va két ciu

M6 hinh dia ky thuat dugc xay dung bang phuong phap phan
td hiru han trong méi trudng bién dang phang (2D plane strain), phu
hagp véi hinh dang kéo dai ciia nha ga ngam. Nén dat dugc chia thanh
nhiéu I6p theo diéu kién dia chat khao sat, méi I6p dugc dac trung bai
céac théng s6 co hoc va thdm nhu dung trong tu nhién, dung trong
bédo hoa, mé-dun bién dang, luc dinh, géc ma sat trong va hé sé tham
theo phuong ngang va phuang ding. Ung x(r dat dugc gia thiét theo
mo6 hinh dan héi-déo Mohr-Coulomb nham mé ta dong thai bién
dang va trang théi pha hoai ct ctia dat trong qua trinh dao.

Diéu kién bién ctia mé hinh dugc thiét 1ap véi day cé dinh theo
cé hai phuong va bién bén han ché& chuyén vi ngang nham giam
anh hudng bién. Tudng vay dugc moé phdéng bang phan t dam
hodc tam c6 dé cing tuong duang, lién két véi nén dat thong qua
phan t tiép xdc. Ap luc nudc ngdm dugc xét dén théng qua trudng
ap luc 16 rbng va phan tich thdm 6n dinh. Cac chi tiéu dia ky thuat
dugc theo dbi bao gdbm hé s6 an toan 6n dinh day (basal stability
safety factor), chuyén vi ngang dinh tudng, phan bé mé-men trong
tudng va ap luc nudc tham tai day hé dao.

Trinh ty thi cdng top-down dugc méd phong theo tung giai
doan: Thi cong tudng vay, dao dén cao dod ban dinh, d6 san dinh,
ti€p tuc dao va thi cong cac ban san trung gian, sau cing dao dén
day va thi cong san day. Viéc kich hoat hodc vé hiéu héa phan tr dat
va két cau theo tiing budc cho phép phan anh ding qua trinh thay
déi trang thai ing suat - bién dang ca nén dat.

2.3. M6 hinh két cau va cac kich ban tinh toan

Song song vd&i phan tich dia ky thuat, hé két cdu bén trong

ISSN 2734-9888 | 04.2026 XAYDUNG |159



NGHIEN CUU KHOA HOC

nha ga dugc mé hinh héa bang khung bé téng c6t thép gom tudng
vay, san dinh, san trung gian va san day. Cac cau kién dugc gia thiét
lién két ngam hoan toan tai cac nut giao tudng-san nham mé ta co
ché lam viéc dong thai clia hé két cau vinh cliu trong céng nghé
top-down. Mé hinh khung 2D dugc st dung cho tinh toan téng thé
theo phuong ngang, trong khi mé hinh 3D dugc dp dung tai cac vi
tri dac biét nhu khu vuc c6 16 maé hodc khu vuc may dao TBM ra vao.

Tai trong tac dung Ién két cdu bao gém trong luong bén than,
tai trong dat, ap luc nuéc ngam, tai trong thi cdng, hoat tai st dung
va tai trong déng dat gia tinh. Cac t6 hop tai trong dugc xét theo
trang thai gidi han cuc han (ULS) va trang thai gidi han strdung (SLS)
theo hé tiéu chuan chau Au. Két qua tinh toan bao gém mé-men
uén, luc cat, luc doc, kiém tra ing suat bé tdng-cét thép va kiém soat
d6 rong vét nut cha cac ban san. Cach mo hinh héa va kiém toan noi
Iyc nay tuong thich véi hé thong tinh todn da dugc ap dung trong
hé so thiét k& ky thuat clia ga S11. D& danh gid anh hudng clia nudc
ngam, hai kich ban chinh dugc xem xét: (i) Muc nuéc tu nhién va (ii)
ha muc nudc dén cao do day hé dao. Két qua gilta cac trudng hgp
dugc so sanh nham xac dinh tac dong clia nudc ngdm dén 6n dinh
dia ky thuat va nhu cau chiju luc cda két cau.

3. PHAN TiCH, DANH GIA ON PINH GA S11 THI CONG TOP-
DOWN TRONG PIEU KIEN NUGC NGAM CAO

3.1. Gigi thiéeuga S11

Ga Van Miéu (S11) [8] thudc tuyén dudng sat do thi Ha Noi, thi
cong theo cdng nghé dao hé top-down véi hé tudng vay bé tong
c6t thép két hgp cac ban san lam két cdu chéng dé tam va vinh clu.
Khoang céch gilia hai tudng vay thay déi tir 22,5 - 26,5 m, bao gém
san dinh, san trung gian va san day lién két ngam hoan toan vai
tuong, tao thanh hé khung khong gian cé d6 cing I6n.
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Hinh 3. Biéu d6 ap luc nudc cho ga 11

Hai kich ban thay van dugc xem xét: (i) Muc nudc ngam tu
nhién va (i) ha muc nu6c dén dudi cao do san day trong qua trinh
thi cdng, nham danh gia muc d6 anh hudng cdia nudc ngam dén
6n dinh va ndi luc két cau.

3.2. Phén tich va danh gia

M6 hinh tinh toan sé ctia céng trinh dugc xay dung dudi dang
mo hinh phan td hitu han ba chiéu (3D finite element model), trong
dé toan bo hé tudng vay, ban san va khoi dat nén xung quanh dugc
roi rac hoa bang lugi phan ti khéng gian. Hinh hoc mé hinh phan
anh day da kich thudc thuc té cia nha ga, bao gobm tudng vay hai
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Hinh 2. Mét bang két cdu ga S11

Diéu kién nén gobm nhiéu I6p dat sét va cat bao hoa nudc véi
hé s6 tham thay d&i theo chiéu sau; muc nudc ngdm tu nhién & cao
d6 néng so véi day hé dao. Tai trong tac dung bao goém trong lugng
ban than két cau, ap luc dat, ap luc nudc ngam, tai trong thi cong,
hoat tai st dung va tai trong dong dat gia tinh. Cac t6 hgp tai trong
va théng s6 vat liéu dugc xac dinh theo hé tiéu chuan chau Auva hé
s thiét ké ky thuat ctia dy an.
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bén, cac ban san trung gian, san day va cac khu vuc ma cuc bo.
Nén dat dugc mé phéng nhu méi trudng lién tuc vai cac 16p dia
chat khac nhau, cho phép xét dén su phan bé ting suat, bién dang
va ap luc nudc 16 réng trong qua trinh dao. Hé két ciu bé téng cot
thép dugc lién két tuong tac vai dat théng qua cac phan ta ti€p xuc
nham mé phong co ché lam viéc déng thdi gilra dat va két cau. Ludi
tinh dugc tinh chinh tai cdc vung quan trong nhu chan tudng va day
hé dao dé tang dé chinh xéac clia két qua. M6 hinh 3D nay cho phép
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déanh gia chi tiét chuyén vi khéng gian clia tudng vay cliing nhu ndi
luc trong hé san - tudng theo tung giai doan thi cong top-down.
b

Hinh 4. M6 hinh 3D ga S11

Két qua mo phong dia ky thuat cho thdy muc nudc ngam co
anh hudng ré rét dén trang thai ting suat va bién dang ctia nén dat.
& kich ban muc nudc tu nhién, ap luc nudc tham hudng 1én lam
giadm Ung suat hiu hiéu tai day h6 dao, dan dén giam hé sé an toan
én dinh day va gia tdng nguy cd bung nén. Béng thai, chuyén vi
ngang cula tudng vay tang dang ké, dic biét tai giai doan dao sau
cudi cung khi hé chéng chua hoan thién.

Ma-men udn ngang, kN-m (SLS - ddc trung)

M@d-men udn doc, kN-m (SLS-ddc trung)

Hinh 5. Noi luc tai mét cdt nguy hi€m theo cac kich ban kiém tra

Su thay déi diéu kién nuéc ngdm dan dén bién thién dang ké
ndi luc trong hé san-tudng. Trong trudng hgp muc nudc cao, mé-men
udn va lyic cat trong cac ban san tang ré rét do tac dong dong thoi clia
ap luc nudc va chuyén vi tudng vay. Noi luc Ién nhat tap trung tai san
day, nai chiu dnh hudng cda luc ddy ndi va phan luc dat nén, véi gia
tri m6-men uén I6n hon dang ké so vdi san trung gian. Xu huéng nay
phu hgp véi két qua kiém toan két cau trong hé sa thiét ké.

So sanh gitta hai kich ban cho thay viéc ha myc nudc giup
gidm dang k& mé-men udn va yéu cau cét thép clia san, déng thai
han ché nguy co nut va thdm nudc trong giai doan khai thac. Diéu
nay chiing té réng kiém soat nudc ngam khéng chi c6 y nghia vé
mat dia ky thuat ma con gop phan t6i uu hoa thiét ké két cau va
giam chi phi gia cudng.

Téng hgp cac két qua cho thay muc nudc ngam la yéu té chi
phéi déng thdi cd 6n dinh hé dao va néi luc két cau. Do d6, viéc phan
tich lién hgp dat-két ciu la can thiét d€ danh gia chinh xac muc do
an toan va lya chon giai phap thi cong pht hgp cho cac ga ngam thi
cong top-down trong diéu kién dia chat-thly van tuong tu.

4, KET LUAN

Bai bao da phat trién mé hinh phan tich lién hop dat-két cau
dé danh gia déng thai 8n dinh hé dao va néi luc két cdu cho ga
ngam thi céng top-down, ap dung cho trudng hgp Ga Van Miéu
(S11). K&t qué cho thdy muc nudc ngdm anh hudng dang ké dén
trang théi lam viéc clia cong trinh: Muc nudc cao lam gidam 6n dinh
déay hé dao, tang chuyén vi tudng vay va gia tdng ndi luc trong cac
ban san, dac biét tai san day. Ha muc nudc ngam gilp cai thién an
toan dia ky thuat va gidm yéu cau chju luc ctia két cau. Phuong phap
dé xudt cung cdp co s& tin cdy cho viéc lua chon giai phap kiém soat
nudc ngam va toi uu thiét ké cac ga ngam trong diéu kién dia chat-
thdy van tuong tu.
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