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TOM TAT

Dy an Hanoi Metro Pilot Light Line 3 la mot phan cua du 4n metro méi ciia Ha Noi. Cac goi thau xay
dung bao gdm dao ham tuyén doi chay song song vai khoang cach tir 12 dén 35 m. Tuyén ham metro sb 03
dai 2600 m, dugc dao voi tuyén doi c6 dwong kinh 6,3 m. Mac du rat nhiéu cong trinh nghién ctru da dugc
thuc hién dé phét trién cac phuong phap thiét ké vo ham, nhung phan I6n 1a két qua cho ham hinh tron va dao
trong mot loai dat dong nhat. Tir cac két qua khao sat thyuc té, rat hiém khi gap nhitng duong hiam chi dugc
xay bang mot I6p dét dong nhét. Trong hau hét céc truong hop, dia chat tuyén him dao qua thuong gém dat
da nhiéu Iorp co su thay d6i V& cac dac tinh dia co (trong luong thé tich, mo dun dan hoi, lyc dinh va goc ma
sat) d6i voi mdi 16p. Hon nita, ham hinh tron c6 nhuge diém rat 16n 1a ti 1¢ dién tich st dung hiru ich nho, lam
gia tang tiét dién dao. Gan day di c6 nhitng két qua nghién ciru cho cac ham metro véi tiét dién khong phai 1a
hinh tron nham giam tiét dién dao ma van dam bao kha nang chiu lyc. Bai bao trinh bay két qua nghién cau
g xir cuia vo ham metro tiét dién chir nhat cong trong diéu kién dat da phan 16p véi trudng hop nghién cau
thuc té tai tuyen Metro s 3- khu vuc Ha Noi bang phuong phap md hinh s6 thdng qua phan mem Rocscience
-RS2- Phase’. Két qua nghién ciru s& 1a tai lisu bé ich cho cac nha khoa hoc, cac cong ty tu van thiét ké, quan
quan Iy va nha thau trong linh vyc xay dung ham metro.

Tur khda: Ham metro, ham chir nhat cong, phuong phép s6, nhiéu 16p.

1. MO PAU

Theo quy hoach chung xay dung Tha d6 Ha Noi dén nam 2030 va tdm nhin dén nam 2050
dugc phé duyét tai Quyét dinh s6 1259/QD-TTg ngay 26/7/2011, mang ludi duong sat do thi gém 8
tuyén vai tong chiéu dai khoang 318 km. C6 9 tuyén duong dugc quy hoach va phét trién trong quy
hoach néi trén nhu Bang 1.

Céc doan duong ham trong tuyén tau dién Nhon - Cét Linh - Ga Ha Noi duoc thi cong bang
phuong phap sir dung may dao TBM (tuyén s6 3) nhu Hinh 1. Viéc str dung phuong phap thi cong
bing TBM két hop véi vo ham lip ghép dugc danh gia 1a kha thich hop cho khu vie dat nén cua
trung tam Ha Noi cling nhu v6i quy mo thi cdng cac duong ham thuoc tuyén metro Sé 3. Cac duong
ham s& dugc dao va chéng d& ngay bang vo Iap ghép 1am bang bé téng Cot thép dic san, diéu nay s&
lam ting toc do thi cong cac tuyén duong, dong thoi dam bao cac yéu cau vé an toan, ky thuat va

“ Téc gia lién hé, dia chi email: dangvankien@humg.edu.vn
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mdi truong khi thi cdng trong khu vuc trung tam, cac cong trinh van hoa lich sir trén bé mat va tap
trung nhiu dan cu va cac cong trinh quan trong khac. Tai thoi diém hién tai, TBM da duogc dua vao
chuan bi sin sang tai ga S9 - Kim M3 dé thi cong tuyén duong ham thudc tuyén sé 3 vai tong chidu
dai 4,0 km nhu Hinh 2 [1-2, 11].

A DIRECTION TO NOI Al AIRPORT
|

Note: =Qm=  Elevated station = Elevated section
m@sm  Underground station mmmm Underground section

Hinh 1. So d6 céc nha ga cua du 4n duong sat metro Ha Noi [2]
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Hinh 2. Mt bing va nha ga tuyén him metro s6 3 - du 4n metro Ha Noi [3-7]

Trong hau hét cac truong hop, dia chat tuyén him dao qua thuong gdm dét da nhiéu 16p c6 sy
thay doi vé cac dac tinh dia co (trong luong thé tich, mé dun dan hoi, luc dinh va gbc ma sat) doi
véi moi 16p. Hon nira, hé thong tang chira nude va khai thac nudc ngam caa Ha Noi ¢6 thé dan dén
dat c6 thé bj sut 1Gn bé mat khi dao ham. Do d6, mot nghién ctiru chinh xac vé tng xur cua dudng
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ham chit nhat cong trong diéu Kién dét da phan 16p la can thiét. Bai béo trinh bay két qua nghién
Cuu g Xur cua vo ham metro tiét dién ch}} nhat cong trong djéu kién dat da phan 16p thyc te tai khu
vuc Ha Noi bang phuong phap mé hinh s6 thong qua phan mém Phase 2.

2. CAC PAC PIEM VE DIEU KIEN BIA CHAT, PIA CHAT THUY VAN KHU VUC
PAT PUONG HAM METRO TUYEN SO 3 DU AN METRO HA NOI

Khu vuc dat duong ham metro tuyén s6 3 du 4n metro Ha Noi thude khu vuc trung tam Ha
Noi nam trén luu vuc cua Song H@)ng, qua cac tai li¢u khao sat cling nhu cac mau khoan thi nghiém,
c6 thé két luan khu vuc tir mit dat dén d6 sau khoang 50 m 1a dat va duogc chia ra lam 6 16p dic
trung. Dudi d sau 50 m cua khu vyc trung tim Ha Noi 1a 16p da gbc bén viing. Do dudng him
thudc hé théng tau dién ngﬁm cua Ha No6i duoc thiét ké nam & do sau dao dong H=10 m dén 20 m
nén viéc nghién ctru tap trung vao ¢ dinh chiéu sdu him tai H =15 m trong mot loai dét da, chiéu
day vo chéng thay ddi. Cac 16p dat thuc té trong khu vuc dit tuyén duong ham metro tuyén s 3 du
an metro Ha NOi c6 cac dac tinh duoc xac dinh thong qua cac thi nghiém nhu Bang 1. Tric doc dia
chat tuyén metro s6 3 (theo Giao et al., 2018) [4-5] dugc thé hién trén Hinh 3.

Bang 1. Dic tinh dia chat co ban cua khu vyc dat tuyén metro s 03, Ha Noi [2]

S0 thi tw | Module dan H¢ s0 Chiéu diay | Chiéusiu | Dung trong Mire niré
lop dat hoi ciia cac lop | Poisson, | cuacaclép | cia caclop cia cac lop X
dit, E MPa U dit (h), m dit, m dit, p, g/em® “gt;‘:“h“r‘;“g
1 9,25 0,41 46 4,6 1,75
2 7,68 0,38 1,1 57 1,76
3 15,3 0,35 118 17,5 1,81
4 35,02 0,33 12,5 30 1,78 3,0
5 53,9 0,32 11,0 41 1,83
6 65 0,3 7,0 48 1,86

| < W Elevated Underground E —D]

Elevation (m)

-45 BH7 BH14
BH1 BH2 BH3 BH4 BHS BHE BHB BHS BH10 BH11 BH12 BH13 BH15 BH16 BH17

091 104 091 088 084 144 ol o ore 09 085 o7 1 02 o051 048
Distance (Km)
[EZ55 Layer 1 Filing soil Layer 3 Soft clay Layer 5 Dense to very dense
oo - “ fine to medium sand mixed gravel

Layer 2 Stiff to very stiff ::l 7] Layer 4 Medium to dense silty sand Layer 6 Cabble, gravel
- clay ks 4 Y - mixed sand

Hinh 3. Tric doc dia chét tuyén metro sé 3 (Theo Giao et al., 2018) [4-5]
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3. CAC PAC BPIEM CUA PUONG HAM THUQC HE THONG METRO S0 3,
DU AN METRO HA NOI

Pic diém cta hAm cua hé théng tau dién ngam Ha Noéi tai trung tam Ha Noi: duong ham tau
dién ngdm Ha Noi co d6 sau tir 15 - 30m so voi mat dat. Vo ham dugc lam bang bé tong cbt thép
lap ghep v6i cac dac diém: md dun dan hdi E, = 35000 MPa; Hé sb Poisson v, = 0,15; chiéu day vo
chéng ham d; = 0,5 m. Tuyén duong ham duoc thi cong véi hai duong ham c6 kich thude nhu nhau
va co tiét dién ngang la hinh tron bang phuong phép st dung mdy dao TBM theo thiét ké. Cac két
céu chéng bang bé tong cot thép phén doan s& dugc tién hanh lap dat ngay trong qua trinh dao va thi
cong dudng ham. Cac thong sd vo chdng cua duong hdm va dit da dugc thé hién trén Bang 2 va
Béng 3.

Bang 2. Cac thong sb dau vao cho trudng hop nghién ciu [8-10]

Cic thong sb ciia vé him Ky hi¢u Pon vi Gia tri
Mo dun dan hoi E, MPa 35000
Hé s6 Poisson Vi - 0,15
Chiéu day vo t m -
Puong kinh ngoai D m 9,76
Dung trong Y kN/m® 14,4
Do cling Ea kN/m 2,4x10’
D6 ctng khi uén = kNm?/m 7,2x10°
Bdng 3. Céc thong sé dau vao caa céc I6p dt da cho truong hop nghién cau [8-10]
Lép dat Chiéu | Khéilwgng | Young's Hé sé Gocma | Luwcdinh | HE s6 4p
day, thé tich, modulu, | Poisson, | sattrong, ket, lue
H(mM) | pkgm?) | E(MPa) mn ¢ | C(kpa) | ngang,
Ko
Dit phu 6,5 1900 - 0,3 23 - 0,47
Lép 1: GU3&4 55 2000 8 0,3 20 5 0,66
Lép 2: GUL sl 2,5 1850 12 0,3 25 10 0,58
Lép 3: GUL_s2 2,5 1900 50 0,3 25 25 0,58
Lép 4: GU5a 10,5 2000 55 0,3 34 25 0,44
Lép 5: GU7&8 72,5 2100 75 0,5 38 25 0,36

3.1. Xdc dinh mit cit ngang khi sir dung tiét dién dwong ham hinh chir nhat cong cho dudng
ham metro tuyén 03 Nhon - ga Ha Ngi

Dua trén TCVN 11793 : 2017 [12], kich thudc khdé hdm metro lan dbi nhu Hinh 5. Phuong
phap xac dinh mit cit ngang duong ham hinh chit nhat cong ta xac dugc cac thong s6 co ban cua
duong ham nhu Bang 4. Buong ham metro v&i tiét dién ngang hinh tron ¢6 wu diém 1a do 6n dinh
cua két ciu VO chéng duong ham 16n, dé thi cong bang co gidi (khién dao) nén duoc su dung nhleu
trong thyc té. Tuy nhién, hé so sir dung tiét dién tiét dién ngang (ty so gilra phan dién tich thyc té st
dung va dién tich dao) cua tiét dién trén nho. Ngoai ra, d& dam bao yéu ciu c6 hai lan dudong ham
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metro chay ngugc chidu nhau trén cling mét tuyén, phuong an hai duong ham dao song song thudng
dugce str dung (vi du: du én Nhén - ga Ha Noi, du én Bén Thanh - Sudi Tién va nhiéu du an khéac
trén thé gioi). Didu nay lam ting khdi lwong dao va chdng giit cac duong ham. Dé khic phuc cac
nhugc diém cia phuong an sir dung dudong ham tiét dién tron, duong ham tiét dién ngang hinh chit
nhat cong (két hop gitra hinh tron va hinh chi nhét “sub-rectangular”) da va dang duoc chi ¥ nghién
clru va lya chon sur dung. Loai hinh tiét dién nay cho phép nang cao hé s6 str dung hiru ich di¢n tich
tiét dién ngang so voi duong ham hinh tron, dong thoi tranh duge sy tap trung tmg suat & bon goc so
voi tiét dién hinh chit nhat. Mat khac, tiét dién chir nhat cong ciing thich hop khi thiét ké hai lan
duong tau chay trong cung mot duong ham nho giam chi phi dao va chéng gitr duong ham do giam
tong khéi lugng ddo. Ngoai ra, tiét dién hinh chir nhat cong cing phu hop dé ap dung cho 16i vao
metro, duong danh cho nguoi di b dudi long dat. Mic du o nhiéu wu diém trong su dung da dugc
chi ra nhung dén nay cac két qua nghién ctru tinh toan do 6 6n dinh cua vo chong lap ghep tur cac cau
kién bé tong dic san bén trong dudng ham tiét dién hinh chit nhat cong con rat han ché va méi chu
yéu dimg lai & cac két qua thuc nghiém trong phong thi nghiém trén m6 hinh kich thude thuc hodc
md hinh thu nho, chua c6 phuong phép tinh toan ly thuyét hoan chinh dwoc dé xuit. Cac chi dan
thiét ké trong cac bo tiéu chudn thiét ké chuyén nganh & cac nuge trén thé gi6i cho loai hinh vé
chdng nay ciing chua dugc dé cap. Do do6, viéc nghién ctru, d& xuit mot phuong phap tinh méi cho
két cau vo chdng lap ghép bén trong cac dudng ham metro tiét dién ngang hinh chit nhat cong bang
phuong phap s6 nhim muc dich tinh toan, t&i wu hoa cac thong s6 mit cit ngang trong qua trinh
thiét ké duong ham metro tiét dién cong, dic biét 1a trong diéu kién dia chat phan 16p nhu Ha Noi va
TP. H6 Chi Minh. Kich thudc ciia duong hiam dugc thé hién trén Bang 3 va Hinh 6.

Bién sit dyng clia him metro
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Hinh 5. Tiét dién sir dung him metro tiét dién lan doi Hinh 6. Kich thudc duong ham tiét dién
theo TCVN 11793 : 2017 [12] hinh chit nhat cong

Bang 4. C4c thong sb hinh hoc cta duong ham

Chiéu cao dwong ham R, R, R; Dién tich

Chiéu rong (B) (m) (Hy) (m) (m) (m) (m) (m?)

Heé sb; B/H;

9,70 7,20 1,347 9,95 1,00 5,35 59,786

So d6 xdc dinh ap luc 1én duong ham theo gia thuyét ctia Terzaghi. Sir dung phuong phap s6
thong qua phan mém Phase2 tinh cho truong hop ham chir nhét cong v6i kich thuge da xac dinh voi
dang vé ham lap ghép c6 chi¢u day thay doi.
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3.2. Khio sat wng xir co hoc cia vé ham khi him dao trong diéu ki¢n phan Iép bang mo
hinh s6

Céc nghién ciru truée day da phan nghién ciru cho truong hop him dao trong 1 16p dat da
dong nhat va dang huéng. Trong nghién ciru nay nhom téc gia tién hanh nghién ctu tng xir co hoc
cta vo ham khi ham dao trong diéu kién phan I6p thong qua phan mém Rocscience -RS2- Phase?
software. Dé danh gia d6 dich chuyén khéi d4 xung quanh ham metro va vé ham bé bdng Iap ghép
khi o trang thai lam viéc dugc gid dinh la mét lop vo lien khéi co chleu day 50 cm, ta su dung
phwong phép sb thong qua phuong phap phan tir hitu han bang phan mém chuyén dung Rocscience
-RS2- Phase2. Phan mém Phase2 ban quyén c6 kha ndng mo6 phong qua trinh khai dao dat da va lap
dung két cau chéng gitt ham metro véi cac loai két cau chong giir 1a dién hinh 1a bé téng phun
(Shotcrete) va neo da (Rockbolt) vai mé hinh Fully Bonded, neo cép (Cable bolt) véi mé hinh Plain
Stran Cable. Phan mém ciing chi ra mirc 6 6n dinh cua vo ham théng qua hé s6 bén (Strength
factor), ving déo Xuét hién xung quanh duong 10 cling nhu gié tri ndi luc 16n nhét dat dugc trong hé
thdng két cau chdng gilr duorng ham gom m6 men Ién nhat trong vo bé tong Iip ghép, bé tong phun,
khung thép, mé men udn va luc doc xuét hién 16n nhét trong thanh neo (néu c6 sir dung). M6 hinh
pha hay vat liéu sir dung dé mod phong trong nghién ctru voi dit da, bé tong vo ham duogc gia dinh
tuén theo md hinh déo Mohr - Coulomb.

*) Xay dung mé hinh, diéu Kién bién va truong wng suat ban dau

Kich thudc ving mo hinh héa 2D: Vung anh husng sang bén trai, bén phai va phia duéi duong
16 trong tang da goc dugc chon bang bang 30 lan chiéu rong ham metro (theo kinh nghi¢m) nham
dam bao mé hinh diéu kién thuc té va dam bao do chinh xac cua md hinh sd.

Diéu kién bién: Canh thing dung bén trai, bén phai bién vung anh huong cho phép dich chuyén
theo phwong thing ding, khdng cho phép dich Chuyen theo phuong ngang. Canh nim ngang dudi
day bién ving anh huong khéng cho phép dich chuyén theo phuong thang dung va phuong ngang.
Canh nam ngang phia trén bién ving anh huéng dé tu do, cho phép dich chuyén theo phuong dimng
va phurong ngang.

*) Cong tac khai dao ham metro va lap dat vo ham trong mo hinh s, cac giai doan tinh todn
mo phong duogc thé hién trong Bang 5 dudi day.

Bang 5. Cac giai doan md phong trong tinh toan két cau chéng duong 10

Giai doan Cong viéc

Giai doan 1 Xay dung diéu kién bién, trudng tng suat ban dau.

Giam mé dun dan hoi cua khdi d4 phia trong bién hdm metro dé chu y dén

Giai doan 2 bién dang xung quanh dudng ham sau khi dao va 1ap dung vo ham bé tong

*) Pic tinh dat d4 va cac thong s6 dau vao

Dbi twong nghién ctu 13 vo hAm metro tiét dién chir nhat cong dao qua dat da véi cac trudng
hop khac nhau c6 cac dic tinh co 1y da khac nhau tai tuyén metro s6 03 cua Ha Noi nhu Bang 3.
Nghién ctru duoc tién hanh dya trén viéc md phong ham metro tiét dién chir nhat cong trong 03
truong hop nhu Bang 6 dudi day. Xuat phat tir diéu kién dia chat thyc té tai tuyén ham metro s6 03
V6i cac 1op dat da co bé mat phan 16p udn luon nhu Hinh 3, duong him dao ¢ do sdu 20-30 m s& co
3 mat cat ngang twong mg nhu 3 mé hinh trén Hinh 7 khi cat qua 1 16p, 2 16p va 3 16p tuong Gng.
Két qua gia tri noi luc trong vo chdng tir ba mo hinh duoc thé hién trén Hinh 8 + Hinh 11.
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a) Mo hinh1l b) M6 hinh 2 ¢) M6 hinh 3

Hinh 7. M6 hinh nghién ciru anh huong ciia phan 16p trong tinh toan vo ham metro chit nhat cong

Bdng 6. Cac truong hop md phong trong nghién cau

M6 hinh 1 Mb hinh 2 M0 hinh 3
Hﬁ;n dao trong 1 16p dat duy | Ham dao trong hai 16p : Ham do trong 3 16p :
nhat: GU7&8 GUS5a Backfill (cc 16p yéu phia trén)

GU7&8 dén 23,5 m GUS5a dén d6 sdu 21 m
GU7&8 dén d6 sau 26 m

D0 sau tir bé mit dat dén D0 sau tir bé mt dén dinh | DO sau tir bé mét dén dinh ham:
dinh ham: 20 m ham: 20 m 20m
K=0,6 K=0,6 K=0,6
Do sdu myc nuwéc ngam: 5 m | Po sdu myc nuwdc ngam: 5 m | P9 sdu myc nuwdc ngam: 5 m
Chiéu day vo chong 40 cm, | Chiéu day vo chong 40 cm, | Chiéu day vo chéng 40 cm, ché
ché tao tur bé tbng C35 ché tao tir bé tbng C35 tao tur bé tong C35
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Hinh 11. Biéu db luc doc trong v6 him metro chit nhat cong cho cac trudng hop khac nhau

Hinh 8 cho thiy chuyén vi tang dan tir mo hinh 1 (Hinh 8a), him dao trong mot l6p dat da dén
md hinh 2 (Hinh 8.b) ham dao trong dét da hai 16p va chuyen vi dat I6n nhat tai Hinh 8c, khi ham
dao trong ba 16p dat da.

Hinh 9, Hinh 10, Hinh 11 thé hién biéu d6 m6 men, luc doc va lyc cat trong v ham metro tiét
dién cong cho cac treong hop khac nhau khi ham dao qua mét, hai va ba 16p dat da. Qua cac biéu
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d6 cho thay sy thay doi 16n noi luc trong vo ham theo hudng cé su gia ting ctia mémen uén ciing
nhu sy giam cua luc doc truc va luc cat khi ting s6 lugng cac 1op dat da.

4. KET QUA VA THAO LUAN

Két qua md hinh & trén cho thay c6 sy thay noi lyc xuat hién trong vo ham chir nhat cong khéac
nhiéu so véi ham hinh tron trong diéu kién twong duong (hdm dao trong mot 16p dat d4). Véi ham
chir nhat cong thi tng xuét tap trung tai bén géc trong khi hinh tron la phan b déu do bién cong
tron. Tuy nhién, ty 1¢ st dung dién tich hitu ich cua ham hinh chit nhat cong 12 16n hon so véi hinh
tron dan dén phan dién tich dao khi thi cong nhé hon. Do vay, véi mot sé tuyén him metro dao
trong khu vyc chat hep caa thanh phd ¢ nhiéu cong trinh bé mat, can dao vai khéi lugng nho nhét
nén sir dung tiét dién hinh chir nhat cong. Mic du vay, tiét dién metro hinh chit nhat cong méi duoc
ch y nghién ctu trong nhimg nim gan day do nhiing tién b trong viéc md phong sé, cac phuong
phép mai trong tinh toan vo him nhu phwong phap khang dan hdi (HRM) trén thé gisi va tai Viét
Nam. Vi cac két qua noi hee thu duoc cho thiy cd su thay ddi Ion vé ndi luc trong vo chdng so véi
cac nghién ciru trude d6 khi md phong ham trong mot 16p dat ¢a ddng nhat [8-10].

Két qua mé hinh ciing cho thiy su gia ting caia mdmen udn ciing nhu sy giam cua luc doc truc
va lyc cit khi ting s6 lwong cac 16p dat. Ngoai ra, tir két qua caa md hinh 16p don va 16p kép 1a rat
gan, diéu nay duoc giai thich 1a do hai 16p GU7 & 8 va GU5a c6 dic tinh kha gan trong khi l6p dét
phti c6 chét lugng kém c6 dac tinh co 1y thap hon.

Ap lyc dét tang manh khi chuyén tir I6p nay sang I6p khéc, chii yéu la khi cac 1op co sy khac
biét 16n vé tinh chat nhu truong hop ciia mo hinh ba 16p gitra 16p dap nén va l16p GU5a. Do d6, &p
luc dat da it quan trong hon trong mé hinh ba 16p. Mol noi gitra cac vat liéu co6 tac dung lam giam
luc cat trén 16p 16t ham nhu thé hién trén dd thi lec cit va dac biét dbi véi md hinh ba 16p.

Do d6, cac mdi ndi gitra cac vat lidu trong dat nhiéu 16p anh huong dén hoat dong cua dudng
ham bang cach tac dong dén su lan truyen cua ap luc dat 1én vo.

5. KET LUAN

Bai bao da téng hop cac két qua nghién ctru chinh vé két cAu hdm metro cling nhu phuong
phap tinh todn hdm metro va ap dung phuong phap s0, thong qua phan mém Phase 2 cho mét
truong hop cu thé him metro tai tuyén metro s6 3 du an metro Ha Noi. Két qua nghién ciru cho
phép rit ra cac két luan sau:

- Cac phuong phép tinh hdm metro tiét dién khong tron nhu tiét dién hinh chit nhét cong , hinh
mong ngua, hinh elip,...Chua dugc cht y nghién ctru nhicu tai Viét Nam va cac nudc trén the gioi
do tinh phtrc tap va khong thé tién hanh bang phuong phap giai tich;

- Mic du rat nhidu cong trinh nghién ctru di duoc thyuc hién dé phat trién cac phuong phép thiét
ké vo ham hinh tron, nhung c6 thé thay rang hau hét cac phén tich déu duoc tién hanh trong mot
loai dat dong nhat. Trong hau hét cac truong hop thuc té, dia chat tuyén him metro thuong dao qua
thuong gdm dat da nhidu 16p co6 su thay ddi vé cac dic tinh dia co (trong luong thé tich, md dun dan
héi, luc dinh va goc ma sat) ddi voi mdi 16p.

- Bang phuong phap s6 thong qua phan mém Rocscience -RS2- Phase2 software, nhom tac gia
d3 mo phong anh huéng c6 sb luong 16p dit da dén noi luc trong vo chng.
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- Viéc xay dung hé théng tau dién ngdm Ha Noi 1a diéu can thiét dé giam thiéu tinh trang tic

nghén giao thong cua thanh pho va giam luong khi thai carbon dioxide. Bén canh dit pha sét ciia Ha
No1, sy hién dién cta nudc ngam 16n va viée xdy dyng cac cong trinh cao trén bé mit ma céc tinh
toan chay trudc day chua dé cap nhiéu, dic biét 1a diéu kién dia chét thuc té c6 nhiéu 16p dét voi cac
dic tinh khac nhau can duoc nghién clru nhiéu hon.

- Su dich chuyén cua duong ham duoc xac minh ddi voi su thay ddi K gitra 0,1 va 2,5 ciing

nhu sy thay déi do sdu cua nuéc ngdm trong khoang tir 5 m dén 30 m. Theo md phong do sdu cia
duong ham, d6 day toi wu vo ham 1a 40 cm va dd sau toi uvu ciia duwong ham 1a 20 m, ham dét trong
dicu kién dia chat c6 16p dat da on dinh nhat.
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STUDY ON THE BEHAVIOR OF METRO TUNNEL CURVED RECTANGULAR
CROSS SECTION IN HETEROGENEOUS SOIL CONDITION AT HANOI

Dang Van Kien®", Augustin Bracco?, Do Ngoc Anh', Nguyen Tai Tien*!
'Hanoi University of Mining and Geology, 18 Vien street, Duc Thang, Bac Tu Liem, Ha Noi
2Aix-Marseille University, France

ABSTRACT

The Hanoi Metro Pilot Light Line 3 is part of the new metro tunnel project for Hanoi capital. The
construction works in this contract include a twin bored tunnel running parallel, with a distance ranging from
12 to 35 m. The 2.6 km twin tunnels will be bored by two 6.3 m diameters. Even though a lot of works have
been done to develop tunnel lining design methods with circular cross-section tunnel, it can be found that
most of the analyses assumed that the tunnels are excavated in only one homogeneous soil. However, in real
scenarios, it is very rare to meet tunnels built in only one layered soil. In most cases, layered soils are
encountered which induces variations in terms of geomechanical properties (soil unit weight, Young modulus,
cohesion, and friction angle) for each sub-layer. Moreover, the Hanoi aquifer system and groundwater
extraction make the soil subject to land subsidence during tunneling. Therefore, an accurate study of tunnel
behavior is needed. This paper presents the tunnel behavior under static pressure in multi-layered soils in
Hanoi, which is the most accurate representation of Hanoi Metro Pilot Light Line 3 actual soil by numerical
simulation by Rocscience -RS2- Phase? software.

Keywords: Metro tunnel, curved rectangular tunnel, numbered method, layered.
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