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NGHIEN CO’U ANH HUONG CUA CHIEU DAY VO HAM
DEN NOI LU'C TRONG VO HAM METRO TIET DIEN
CHU’ NHAT CONG: AP DUNG CHO TUYEN METRO SO 3

DY AN METRO HA NOI

PANG VAN KIEN, NGO DOAN HAO'
NGUYEN HUU SA™

Research on effect of the tunnel lining thickness in the sub-rectangular
internal forces in tunnel lining: A case study the Metro Line 3 project
in Hanoi

Abstract: The Hanoi Metro Pilot Light Line 3 is part of the new metro
tunnel project for Ha Noi city. 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 diameter.
This paper focuses on introducing a numerical analysis and the stability of
sub-rectangular tunnels with different of the tunnel lining thickness.
Choosing appropriate of the tunnel lining thickness for sub-rectangular
section tunnel in weak ground at Hanoi pilot light metro line 03 Section

Nhon- Hanoi Railway station by HRM Method mkes project efficiency.

1. PAT VAN DE

Theo Quy hoach chung xdy dung Thu d6 Ha
N6i dén nam 2030 va tim nhin dén nim 2050
dugc phé duyét tai Quyét dinh sé 1259/QD-TTg
ngdy 26/7/2011, mang ludi duong sit do thi
gdm 8 Tuyén v6i tong chidu dai khoang 318
km, cu thé:

Tuyén s 1: Ngoc Hoi — Yén Vién — Nhu
Quynh, chiéu dai khoang 38,7 Km;

Tuyén s6 2: Noi Bai — Trung tdm thanh phd —
Thuong Pinh, chiéu dai khoang 352 Km, la
Xuong séng cho khu vuc d6 thi hién tai va tuong
lai, két nbi v6i tuyén sb 2A;

Tuyén s6 3: Nhén — Ga Ha Noi — Hoang Mai
chiéu dai khoang 21 Km, sau nam 2020 s& phat
trién tuyén sb 3 toi Son Tay, tong chidu dai du
kién 1a 48 km;

DPai hoc Mé-Dia Chdt

S6 18 Phé Vién, Pirc Thang, Bdc Tie Liém, Ha Néi

™ Truong dai hoc Ba Ria Viing Tau

80 Truwong Céng Pinh, Phuwong 3, Thanh phé Viing
Tau, Ba Ria - Viing Tau

Tuyén s6 4: Dong Anh — Sai Pong — Vinh
Tuy/Hoang Mai — Thanh Xuin — Tu Liém —
Thugng Cat — Mé Linh. Tuyén cé chiéu dai
khoang 53,1 km, c6 dang vong tron, két ndi vai
cac tuyén $6 1, $6 2, s63 vasd 5.

Tuyén s6 5: Nam H6 Tay — Ngoc Khanh —
Lang — Hoa Lac. Chiéu dai khoang 34,5 Km.

Tuyén s6 6: Noi Bai — Khu d6 thi méi phia
Tay Ngoc Hoi, két ndi v6i Tuyén sd 4 tai Co
Nhué va Tuyén s6 7 tai Duong Noi. Chiéu dai
khoang 43 Km.

Tuyén s6 7: Mé Linh — D6 thi méi phia Tay
Nhoén — Van Canh — Duong Noi, két ndi voi
tuyén s6 4 tai doan Pai Mach va Tay Tuu, voi
tuyén s6 6 tai doan Duong Noi. Chiéu dai
khoang 35 Km.

Tuyén s6 8: C6 Nhué — Vanh Pai 3 — Linh
Nam — Bat Trang — Duong Xa. Chidu dai
khoang 28 Km. Cé 9 tuyén dudong duoc quy
hoach va phat trién trong quy hoach néi trén
nhu Bang 1.
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Céac doan duong ham trong tuyén tau dién
Nhon - Cat Linh - Ga Ha Noi duoc thi cong
bing phuwong phap st dung may dao TBM
(tuyén s6 3) nhu Hinh 1. Viéc st dung phuong
phap thi cong bang TBM két hop voi vo ham
lip ghép dugc danh gia 1a kha thich hop cho khu
vuc dat nén ciia trung tim Ha Noi ciing nhu voi
quy md thi cong cac duong him thudc tuyén
metro s6 3. Cac duong ham s& duge dao va chong
d& ngay bing vo lip ghép lam bing bé tong ct
thép duc sin, didu nay s& lam ting tdc do thi cong
cac tuyén duong, dong thoi dam bao cic yéu cau
vé an toan, k¥ thuat va moi truong khi thi cong
trong khu vuc trung tam, cac cong trinh van hoa
lich str trén bé mit va tap trung nhiéu dan cu va
cac cong trinh quan trong khac. Tai thoi diém hién
tai, TBM da duoc dua vao chuin bi sn sang tai
ga S9 — Kim M3 dé thi cong tuyén duong ham
thudc tuyén sé 3 voi tong chiéu dai 4km nhu
Hinh 2 [1-2, 11]. V6 chdng ham 1 mot phin
quan trong quyét dinh tién do va gia thanh va muc
dd an toan cta du an. Viée lua chon duge chiéu
day vo phi hop véi didu kién dia chat gop phan
nang cao do on dinh cta dudng ham metro dao
trong khu vyc dia chat yéu ciia Ha Noi cling nhu
nang cao duoc tién do thi cong va hiéu qua dau tu
cua du an. Bai bao thé hién cac két qua nghién
ctru anh hudng cua chiéu day vo dén ndi luc trong
két cAu chdng thong qua viéc sir dung phuong
phap phin phi hiru han lyc khang dan  hdi
(Hyperstatic Reaction Method - HRM).

WEST LAKE

Hinh 1: So' d6 cdc nha ga trén cao va tuyén sé
metro 03, dy an duong sdt metro Ha Noi
(Urbanist Hanoi, 2018) [2]

Hinh 2: Mt bang va nha ga tuyén ham metro
$6 3 — du an metro Ha Noi [3-7]

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

Khu vyc dit duong him metro tuyén sb 3
du an metro Ha N§i thudc khu vyc trung tam
Ha Noi ndm trén lwu vuc cua séng Hong, qua
cac tai liéu khdo sat ciing nhu cac mau khoan
thi nghiém, c6 thé két luan khu vuc tir mat dat
dén do sau khoang 50 m 1a dit va duoc chia ra
lam 6 16p dac trung. Dudi do sau 50 m cua
khu vuc trung tdm Ha Noi 1a 16p da gbc bén
virng. Do duong hdm thudc hé théng tau dién
ngﬁm ctia Ha Noi duge thiét ké nim & do siu
dao dong H=10 dén 20 m nén viéc nghién ciru
tdp trung vao cb dinh chidu sdu ham tai H
=15m trong mot loai dat da, chiéu day vé
chdng thay dbi. Cac 16p dat thyc té trong khu
vuc dit tuyén dudng ham metro tuyén sé 3 du
an metro Ha NOi c¢d cac didc tinh duoc xac
dinh thong qua cac thi nghi¢ém nhu Bang 1.
Tréc doc dia chat tuyén metro sb 3 (theo Giao
et al., 2018) [4-5] duoc thé hién trén Hinh 3
va theo (Young-Jin Shin et al., 2019) [7] duoc
thé hién trén Hinh 4 — Hinh 6.

78
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Bang 4.2: Pic tinh dia chét co ban ciia khu vue dit tuyén metro s6 03, Ha Ngi [2]

. Module da : 3 A
Séthe | o WCN | Has§ | Chiduday | Chidusiu | Dung trong R
tu 1o hoi cua cdc Poisson, | cua cac 16 cua cac 16 cua cac 16 Mue nuoe ngam
. ;Op 16p dét, E, ’ P P p °op P op3 trung binh, m
dat H dat (h), m dat, m dat, p, g/cm
MPa
1 9,25 0,41 4,6 4,6 1,75
2 7,68 0,38 1,1 5,7 1,76
3 15,3 0,35 11,8 17,5 1,81
3,0
4 35,02 0,33 12,5 30 1,78
5 53,9 0,32 11,0 41 1,83
6 65 0,3 7,0 48 1,86

|<,_ w Elevated Underground
10

- e
P

Distance (Km)

S E—— T Hinh 5: Trac doc dia chat tuyén metro gitra ga

fine to medium sand mixed gravel

== Vg e St 10 va St 11 (Young-Jin Shin et al., 2019) [7]

29855
550
1 =L
|
I 1 1

Hinh 3: Trdc doc dia chat tuyén metro s6 3
(Theo Giao et al., 2018) [4-5]

Hinh 4: Trdc doc dia chat tuyén metro gitta ga Hinh 6: Trdc doc dia chat tuyén metro gitta ga
St 09 va St 10 (Young-Jin Shin et al., 2019) [7] St 11 va St 12 (Young-Jin Shin et al., 2019) [7]
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3. CAC PAC PIEM CUA PUONG HAM
THUQC HE THONG METRO SO 3, DU AN
METRO HA NOI

Pic diém cua ham cua hé théng tau dién
ngam Ha Noi tai trung tdm Ha Noi: duong ham
tau dién ngam Ha Noi c6 do sau tir 15 - 30m so
voi mit dat. Vo ham duoc 1am bang bé tong cot
thép ldp ghép voi cac dic diém: E; = 35000
MPa; Poisson’s ratio v; = 0,15; chiéu day vé
chdng ham t; = 0,5 m nhu Hinh 7.

Tuyén dudng ham duoc thi cong véi hai
duong him c6 kich thude nhu nhau va co tiét
dién ngang 1a hinh tron bang phwong phap sir
dung may dio TBM theo thiét ké. Cac két ciu
chdng bang bé tong cot thép phan doan s& dugc
tién hanh 1ip dat ngay trong qua trinh dao va thi

cong duong ham. Cac thong sé vo chdng va dét
da dugc thé hién trén Bang 2.

Hinh 7: Mt cdt ngang cia cia dwong ham
metro tuyén 03 Nhon - Ga Ha Néi [12]

Bang 2: Cac thong s6 diu vao cho trudng hop nghién ciru [8-10]

Cic théng so ciia dit dd Ky hiéu Pon vi Gid tri
Trong lugng thé tich Y KN/m’ 19

M6 dun dan hoi E 30000 kN/m’
He¢ s6 Poat-xong v - 0,33
Go6c ma sat trong ) degrees 29,5
Lyc dinh két Cu kPa 0
Heé s6 ap lyc ngang KO - 0,6

D0 sau dat duong him H m 15
Diic tinh vé ham

M6 dun dan hoi E, 35000 MPa
He¢ s6 Poat-xong vl - 0,15
Chiéu day vo t m -
Duong kinh ngoai D m 9,76
Dung trong Y 14,4 KN/m’
Do cimg EA 2,4x10’ kN/m
Do cling khi uén EL 7,2x10° KNm*/m

3. XAC PINH MAT CAT NGANG KHI
SU DUNG TIET PIEN PUONG HAM HIiNH
CHU NHAT CONG CHO PUONG HAM
METRO TUYEN 03 NHON - GA HA NOI

Dya trén TCVN 11793 : 2017 [12], kich
thudc khd him metro 1an d6i nhu Hinh 8.

Phuong phap xac dinh miat cit ngang duong
ham hinh chir nhat cong ta xac duoc cac
thong sd co ban cua dudong ham nhu Bang 3.
. Kich thuéc cua duong ham dugce thé hién
trén Bang 3 va Hinh 9. So dd xac dinh ap
luc 1én dudong ham theo gia thuyét cua

80
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Terzaghi. Sir dung phuwong phap HRM tinh thudc di xac dinh v&i dang vo ham lap ghép
cho truong hop hiam chir nhat cong voi kich  ¢6 chiéu day thay ddi.

Bién sir dyng ciia him metro

/ '/ ! / i
1400 : ot
r A / Y
/ | | =1
lg 2000 \ \
/ ‘ \ | - \
! ! L
/ \ B \
ol y | 1
al s ' §
B
o
o
_
I
J69 1680 | 4000 I 1680 1T6H
|

8880

Hinh 8: Tiét dién sir dung ham metro tiét dién lan déi theo TCVN 11793 : 2017 [12]

Bang 3: Cac thong s hinh hoc clia dwdong him

Chidu rong (B) (m) Chiéu cao duong ham Heé sb; Ry R, R; | Dién tich
' (Hp (m) B/H, (m) | (m) | (m) (m’)
9,70 7,20 1,347 9,95 | 1,00 | 5,35 59,786
7.48

6.20

8.70 ‘

Hinh 9: Kich thuéc cdc dwong ham
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4. KHAO SAT KHI THAY POI CHIEU
DAY VO HAM

Theo két qua thu duoc tir phuong phap HRM
sau khi thay d6i chiéu day vo ham véi gia tri
ban dau 1a t = 0,35m, md men va luc doc 16n nhét
trong vo chdng déu tang khi cho dén khi chidu day
vo dat t= 0,45m thi md men bat dau gidm (Hinh
10a), trong khi lyc doc 16n nhit trong vo giam khi
chiéu day vo dat t= 0,4m (Hinh 12), gia tri mo
men nho nhat trong v6 chdng thay doi co quy luat
khong 15 rang (Hinh 10.b). Luc cét 16n nhat trong
v chdng ting nhanh theo chiéu day vo cho dén
khi chiéu day vo dat t=0,45m thi gia tri gia ting
nho lai (Hinh 11). Gia tri chuyén vi hudng kinh
16n nhit (Upa,) gidm déan khi tang chidu day vo
nhu Hinh 12. Ngoai ra mdt két ludn quan trong
duoc it ra tir quy luat thay d6i mé men 16n nhét
trong vo chong cho thay chidu day hop 1y khi str
dung tiét dién ham hinh chit nhat cong véi loai vo
chdng lap ghép cho tuyén metro s 3 13 0,5m. Gia
tri chidu day trén vira dap ung yéu ciu vé kha
ning mang tai ciing nhu chi phi vat liéu ché tao.

Mé men lén nhat (MN.m)

35
0 01 0.2 0.3 0.4 0.5 0.6
Chidu day vd (m)

a)

M6 men nho nhat (MN.m)

Chiéu day vo (m)

b)
b) M6 men nhé nhat
Hinh 10: Su thay d6i ciia mé men lém nhat va

a) M6 men 16n nhét

nhé nhat trong vo khi thay déi chiéu day vo

0.96

0955

095

0.945

094

0935

Lure cat lén nhat (MN)

093

0.925
0 0.1 0.2 03 04 05 0.6 0.7

Chigu day vo chdng (m)

Hinh 11: Sy thay déi ciia lyc cat 16n nhat
trong vo chong

1.504
1.502

[N
.
o
% in

496

1.494

=
B
o
=

1.49

Lyc doc lén nhat (MN)

1.488
1.486

1.484
0 0.1 0.2 03 04 0.5 0.6 07

Chiu day v (m)

Hinh 12: Sy thay déi cuia lyc doc Ién nhat
trong vo chong

0 0.1 0.2 03 04 05 0.6 0.7

Chigu day v chéng (m)

Hinh 13: Quan hé giita chuyén vi tai noc va
swon dwong ham theo do sau bo tri dwong ham
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5. KET LUAN

Bai bao da tong hop cac két qua nghién ctru
chinh vé két cAu ham metro ciing nhu phuong
phép tinh toan hAm metro va ap dung phuong
phap HRM cho mét truong hop cu thé him
metro tai tuyén metro sé 3 du 4n metro Ha
Noi. Két qua nghién ctru cho phép rit ra céac
két luan sau:

- Céc phuong phap tinh him metro tiét dién
khong tron nhu tiét dién hinh chit nhat cong ,
hinh méng nguya, hinh elip...chua dugc cha y
nghién curu nhiéu tai Viét Nam va cac nudc trén
thé gi6i do tinh phtrc tap va khong thé tién hanh
bang phwong phép giai tich;

- Viéc str dung phuwong phép phan tir hitu han
trong nghién ctru 1 phuong phap khang dan hoi
cho phép tinh toan nhanh tiét dién ham metro
chir nhat cong;

- Bang phuong phap HRM sau khi thay doi
chiéu day vo ham véi gid tri ban ban dau 1a t =
0,35m, md men va luc doc 16n nhét trong vo
chdng déu ting khi cho dén khi chiéu day vo dat
t= 0,45m thi md men bat dau giam, trong khi
luc doc 16n nhit trong vo giam khi chidu day vo
dat t= 0,4m, gid tri md6 men nho nhét trong vo
chdng thay doi c6 quy luat khong 16 rang. Luc
cit 16n nhat trong vo chdng ting nhanh theo
chiéu diay vo cho dén khi chidu day vo dat
t=0,45m thi gid tri gia tang nho lai. Gia tri
chuyén vi hudng kinh 16n nhat (umax) giam dan
khi ting chidu day vo. Ngoai ra mot két ludn
quan trong duoc rit ra tir quy ludt thay d6i mo
men 16n nhat trong vo chdng cho thay chiéu day
hop 1y khi sir dung tiét dién him hinh chir nhat
cong voi loai vo chéng lip ghép cho tuyén
metro s6 3 1a 0,5m. Gia tri chiéu day trén vira
dap g yéu cau vé kha ning mang tai cling nhu
chi phi vat lidu ché tao.

- Bai bao mai tap trung khdo sat ndi luc
trong vo chéng him theo chiéu day vo ham

trong moi trudng dat da dong nhit, can tién
hanh khao sat theo khi thay d6i chiéu day vo
ham ciing nhu dic tinh dat da xung quanh him
theo moi trudong phan 16p dé c6 nhitng danh
gia day du hon.
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