Solution for the connection point of Hoan Kiem lake station and metro line No.02

Tom tat

Abstract

The paper investigates solutions for the connection point between the
station and the subway line to ensure safety and minimize damage

and construction costs. Typically, the diaphragm wall is usually made

of reinforced concrete, when using construction technology by Tunnel
Boring Machine (TBM) cutting directly through, poses potential risks of
damage to TBM. Creating an opening in the diaphragm wall before the
TBM passes through will cause many other threats. It deals with that
the structure is usually located in the cohesive soil layer and has a small
permeability coefficient, but the groundwater level is high, and the soil
is saturated with water so it can cause local flooding in the station. This
paper introduces the option of glass fiber reinforced concrete for the
station diaphragm, TBM penetrates the diaphragm wall by cutting GFRP
reinforcement (a form of composite material) and crushing the concrete.
This is the solution to speed up construction, the simplest and safest way
to create an opening between the tunnel and the station.

Key words: soft-eye, glass fiber reinforced polyme bar, tunnel boring
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1. Pt van dé

Thuc té xay dwng nha ga H6 Hoan Kiém tai trung tam thanh
phé Ha Nai, noi c6 muc nwéc ngdm cao va cong trinh ndm canh
rat nhidu di tich lich str ctia Tha d6 ciing nhw cac cong trinh
quan trong khac. Nén doi héi ngoai dam bao an toan cho nha
ga H6 Hoan Kiém, thi chung ta ciing cAn dam bao cho cac cong
trinh 1an can. Diém két néi giira nha ga va tuyén tau dién ngadm
¢6 y nghfa vé ciing quan trong, vi né truc tiép anh hudng tdi két
cAu nha ga, cling nhw chuyén vi twong vay.

Bai bao gidi thiéu phwong phap st dung bé téng cbt soi thuy
tinh cho khu vuc “mat mém” - diém két ndi nha ga va tuyén dé
gidi quyét nhitng kho khan trén.

2. DBac diém va vj tri cGia cong trinh

Ngay 23/03/2022, theo chi dao ctia Tha twéng chinh phd vé
vi tri nha ga ngdm C9 Hb Hoan Kiém, Uy ban nhan dan thanh
phé Ha Noi da quyét dinh d& xuat phwong an 1 dé 1am co s&
hoan chinh hd so diéu chinh chi twong dau tw dw an tuyén
dwong st metro Ha Noi (tuyén sé 2). Vi tri nha ga ndm bén
duéi dwong Dinh Tién Hoang, phia trwéc Tdng cong ty Dién luwc
Ha Noi va tru s& Hoi déng nhan dan - Uy ban nhan dan thanh
phd Ha Nai.

Nha ga gébm 4 tAng ngdm. Chiéu dai 202.4m, rong 15m.
Twdng vay day 1.2m, chidéu dai 37m dwoc clu tao bdng bé
cong B25 va cbt thép CB400-V. Nha ga gdm 2 duwdng hdm nam
ngang song song v&i nhau di xuyén qua, dinh dwdng ham & cao
dd -12.7m, dwdng hdm c6 dweng kinh ngoai 5.9m, ndm hoan
toan trong I&p dat dinh (I&p 4: Sét — Sét pha).

3. Sw khac biét giira cot soi thuy tinh va cét thép

GFRP c6 d6 bén kéo gap ddi thép; tuy nhién cudng dd ubn
lai th&p hon, gi¢i han chay th&p hon va mé dun dan hdi thap
hon. Cé nghia 1a GFRP c6 thé chiu dwgc mure tai trong tac dong
I&n hon thép trong cac trworng hep chiu kéo nhw lam cét chiu
lwc phia dwdi ctia ddm chiu udn don gidn hodc 1a cbt chiu luc
phia trén clia ddm console. Tuy nhién. Thép van théng thwdng
s& chiu dwgc mire d6 vong dan héi Ién hon GFRP trude khi xuét
hién bién dang dan hdi hodc bién dang vinh ctru.

Bang 1. Thong so vat liéu thép thong thuong va thép
polymer

GFRP | Thanh thép van
D6 bén kéo (MPa) >1000 450
Mé dun dan hoi (Suat dan hoi) ~60 190 to 200
(GPa)
D6 bén cat ngang (MPa) 220 300
Cuwong db lien két vai bé tong
(MPa) >20 >12
Bién dang t&i han % 1.5-2% 15%
Khéi lwong riéng (Kg/m?®) 2100 7800

Thép duoc déc trwng béi dd déo cao, c6 nghia la nd sé bién
dang déo trwdc khi dit. So véi thép, GFRP ¢é dac tinh dan hoi

S0 45 - 2022 9



KHOA HOC & CONG NGHE

va khong dé udn, cé nghia 1a né sé
c6 gi¢i han dit gay trwdc gidi han
chay. Khi nay TBM c6 thé d& dang
cat qua GFRP

4. M6 hinh hoa may khién dao di
qua twéong vay

D& nghién ctru d6 6n dinh va an
toan cua twong vay khi may khién
dao di qua nha ga, md phong la
céach tiép can don gian va hiéu qua.
4.1. M6 hinh s6

4.1.1. M6 hinh twong vay nha
ga

Khi thiét 1ap mé hinh phan tich
cho twdng vay, md hinh clu truc
dia chéat thwong duoc str dung dé
phan tich sw bién dang ctia dat nén
va sy twong tac cla dat nén dén
két cdu chéng d&. Hon nira, néu
tap trung vao két ciu twong vay,
thi mé hinh két ciu chiu tai thuwong
duoc st dung dé phan tich lwc/ (rng
suét va bién dang trong twédng vay.
Trong nghién clru nay, trong tam
la xem xét viéc khién dao xuyén
qua twong vay. N&n dat bén ngoai
twérng vay cé thé duwoc bd qua va
twong tac via dat nén va két ciu
c6 thé dwoc don gidn hoa bang
cach st dung phan tt 16 xo dé lién
két dat nén voi két cdu. Bang cach
nay, mo phdng sbé tén it thdi gian
hon. M& hinh s& dwoc phat trién
béng phdn mém ABAQUS.

Trong md hinh nay, twong vay
c6 60 tAm, va cac khop néi gitra
cac tdm, va ban day, duwoc md
phéng bang cach st dung phan tc
tdm 3D. Cac thanh phan nay cla
tworng vay nha ga sé dwoc thé hién
trong Hinh 1. P& mé hinh hoa cac
khép ndi cac tdm twong vay, va
viéc TBM xuyén qua twong vay.

4.1.2. Bidu kién bién

Ngoai trir cac b& mét bén ngoai
cla twong vay dwoc han ché bdi
cac 10 xo nbi dat théng thuwong,
mép dwéi clia twong vay dwoc cb
dinh theo phuwong thdng dirng va
ap lwc dat tac dung va ap lyc nwéc
bén ngoai tac dung I&n bé mét cla
twong vay (Hinh 2). Ngoai ra, do
sy tdn tai cGia ban day (Nam & cao
dod -19.45 nhw thé hién trong Hinh
1), 4p lwc nwéc day lén bé mét bén
ngoai clia ban day, nhw trong hinh
2. Hé sb khang dan hdi don vi clia
16 xo dat dwgre gan gia tri 1.5x107
N/m. Cac 16 xo nbi dat nay duoc
goi la moét loai 16 xo khang, chi cé
thé chiu lwc nén, va khong phai lwc
kéo.
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Hinh 5. M6 hinh héa bé tong va thép cay trudc khi TBM di qua 3

4.1.3. Théng s& mé hinh

Bang 2. Cac thdong s6 dugc sir dung d& mé hinh héa
bé tong, thép cay va GFRP

e Dung trong p | M6 dun dan Heé sb
Vatlieu (KN/m?) hdi E (GPa) | Poisson u
Bé téng 24 30 0.2
Theép cay 785 200 0.3
GFRP
(Aslan) 21 52.5 0.33
TBM 76 200 0.3

Trong mo6 hinh nay, twdng vay va ban day cling nhw cac
d&m san va thanh chéng dwoc mé phéng nhw 1 loai vat liéu
bé téng cbt thép. Cac thong s6 md hinh clia bé tong, cbt thép
dwoc thé hién trong Bang 2.

4.2. Phwong phap mé hinh hoa may khién dao di qua twong
vay

D& mo phdng khién dao di qua twdng vay, ta md phéng
khién dao nhw mét mii khoan cé dwong kinh 5.9m, co
chuyé&n déng quay tron va tinh tién s& nghién bé téng va cét
cbt thép gia cwong tai khu viec “Mat mém” va tr d6 di qua
tam tuwdng vay.

D& md hinh hoa may khién dao di qua tudng vay (bao
gdm ca khu vuc trong va ngoai khién), ngoai cac phan to
bé tdng dwoc dao, cac 16 xo dat & ca 2 mét bén cla bé tong
dwoc dao twong ng véi phan trong va ngoai khién dao déu
dwoc loai bd, do d6 nhan ra tac déng clia sw phat trién tng
suat va bién dang cla twdng vay nhw dwgc minh hoa trong
Hinh 3. Phwong phap mé hinh hoa nay khéng chi cung cap
mot mo hinh twong dwong cla khién dao di qua twdng vay,
ma con cung cap mdt méd hinh it tén kém hon ma khéng can
mo phéng dat xung quanh.

4.3. Phuong phdp mé hinh hoé cho céc méi néi tudng vay

Twéng vay bao gdm céac tdm ciing nhw cac méi ndi gitra
cac thm, nhw trong Hinh 4. Mac du ngudi ta biét rdng cac méi
ndi gitra cac tAm co6 thé anh huéng dang k& dén dd 6n dinh
clia twdng vay, nhwng co rat it nghién ctru v& anh hwéng cia
mé hinh dd cing méi néi twdng vay dén bién dang va trng
suét clia twong vay. Trong bai bao nay, ché do HINGE cua
cac méi ndi trong ABAQUS da dwoc st dung d& mé hinh hoa
cac mdi ndi twdng vay. C6 nhw vay mé hinh méi sat véi tinh
hinh thuc tién.

Hinh 6. Biéu d6 dich chuyén cua
tueng D khi TBM di qua

Hinh 7. @ tang ngugc chiéu kim déng
doc theo chu vi cia “mat mém”

4.3.1. M6 hinh hoa méi ndi twérng vay bén ngoai khu vuc
khién dao di qua

Cac mdi néi bén ngoai khu vuc khién dao di qua dwgc md
phéng voi phan tir két néi HINGE trong ABAQUS. Phan tl
HINGE duwoc st dung dé ndi cac vi tri clia 2 nat (a va b, nhw
trong Hinh 4) va dé gisi han vong quay gitra cac bac tw do
quay cla ching. Kiéu két ndi HINGE ap dé&t cac rang budc
vé dong hoc va s dung cac dinh nghia vé hwéng cuc bd, Ma
sat dang Mohr — Coulomb dwoc xac dinh trudc trong két ndi
HINGE vé méi lién hé giira cac lwc va mémen han ché dong
hoc trong d&u ndi v&i mémen ma séat trong chuyén déng quay
quanh truc HINGE.
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Chuyén dong quay vé 1 hwéng gan nhw 13 duy nhét c6
thé chuyén dong trong két ndi, hiéu (rng ma sat 1a cac thoi
diém dworc tao ra bdi cac dudng tiép tuyén va cac mémen do
céc lyc tiép xuc tao ra.

Trong md hinh nay, yéu cau xac dinh mot hé toa do tru
cuc bd va thiét 1ap hanh vi cta dau ndi va trinh két ndi cho
mdi phan t& HINGE. Khi d8 cirng dan héi clia dau ndi duwoc
dwa ra, sy phan b bién dang va &ng suét ctia cac tAm cua
twong vay co thé dwoc suy ra thong qua md phéng sé. Déi
véi nha ga C9, d6 cing dan hdi cla dau nbi da dwoc dat
thanh 1.7 x 108 N/m.

4.3.2. M& hinh hoa méi néi twéng vay bén trong khu vuc
khién dao di qua

Déi v&i cac mbi ndi trong ving khién dao di qua, cac phan
t¢ mdé hinh HINGE hoat déng trwéc khi khién dao di qua.
Khi khién dao di qua, cac phan t& HIINGE ngirng hoat dong
béng cach thiét Iap tir khoa “thay dbi md hinh, loai bd” trong
ABAQUS d8 loai bé va ngan ching tham gia vao qua trinh
tinh toan.

5. Phan tich két qua tinh toan
5.1. Chuyén vi ctia tuong véy

Chuyén vi (mm) | Chénh léch (%)
Truac khi TBM 38.3 0
di qua
Sau khi TBM di
qua (RC) 76 98.433
Sau khi TBM di
qua (GFRP) 53 38.381

Chuyén vi I1&n nhat xay ra tai thdi diém khi TBM di qua
tworng vay, tai khu vuc “mat mém” (khu ve cho phép TBM di
qua) cho thy chuyén vi & day la rat Ién. Hinh 6 cho thay cac
dwdng cong chuyén vi theo hwéng do sau tr dinh clia twéng
vay trdc va sau khi TBM di qua. Do TBM cét ngang twéng
vay nén vung “mét mém” cé bién dang thay dbi I&n, bién
dang I&n nhét 14 0.076 (Cét thép) va 0.053mm (GFRP), ndm
& d6 sau khoang 15.7 m tinh tir dinh twong vay. D& so sanh,
sy chuyén vi theo d6 sau trwde khi TBM di qua cling dwoc
dwa ra. Chuyén vi giam dan dén 0 & chan tuwdng vay. Day la
d4u hiéu cho thay vat liéu lam “mat mém” c6 anh hwéng dang
ké dén chuyén vi clia twong vay.

T két qua trén ta thdy voi vat liéu cbt sgi thuy tinh
polymer tai khu virc “mat mém” cho chuyén vi bang nhd hon
30% so v&i vat liéu la cbt thép thong thweng.

5.2. ’'ng suét trong tworng vay

Do sw gidi phong &ng suét gay ra bdi khién dao khi di
qua, c6 nhirng thay déi I&n vé (rng suét trong twérng vay, déc
biét la & khu viec mat mém. Hinh 8 cho thay su phan bd trng
suét chinh 1&n nhat doc theo chu vi clia dwdng hdm giao véi
twédrng vay, sau khi khién dao xuyén qua. 'ng suét chinh cuc
dai dwong la khoang 60—-120°, va (rng suat Ién nhat 1a 1,99
MPa, ndm xung quanh 90°. Didu nay c6 nghfa la (rng suét
dwong (kéo) twong ddi I&n dwoc phan bd & ca hai mat bén
clia dwéerng hdm. Hinh 9 cho thay sw phan bé &ng suét chinh
nhé nhét doc theo chu vi clia dwdng hdm giao véi twdng vay
sau khi khién dao xuyén qua. Png suét chinh téi da va tdi
thiéu (theo do I&n) chi yéu ndm & khodng 30° va 120°. bBiéu
nay c6 nghia la ching dwoc phan bd & ving trén va viing
dwéi clia c& hai mat bén ctia dwdng ham.

Bang 4 tém t&t (rng suét chinh I&n nhét va nhé nhét trong
tworng vay sau khi khién dao di qua dbi véi 2 loai vat liéu lam
tworng vay. So véi ting suét sau khi khién dao di qua “mét
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mém” v&i vat liéu bé téng cbt soi thay tinh polymer, (rng suét
sau khi khién dao di qua “méat mém” lam bang vat liéu bé
téng c6t thép da tang lan lwot la 137.46% va 87.53% dbi voi
&ng suét chinh I&n nhat va nhd nhét. Bidu nay cho thay khi
khién dao di qua twéng vay sé gay ra nhivng thay déi lon déi
véi (rng suét trong twéng vay, déc biét déi véi ting suét kéo
xung quanh dwérng ham, diéu nay gay bét lgi cho twdng vay.
Nhwng déi v&i vat liéu bé tong cbt soi thay tinh polymer sé
cho &ng suét kéo xung quanh dwéng hdm nhé hon, tir d6 an
toan hon.

Ung suét chinh | ng suét chinh
I&n nhat (MPa) | nhd nhat (MPa)
Sau khi TBM di
qua (RC) 2.092 6.509
Sau khi TBM di
qua (GFRP) 0.881 3.471
Sy gia tang 137.46% 87.53%

5.3. M6 men trong tuong vay

Mémen ubn doc . A o
(kNm) Chénh léch (%)
M6 men | M6 men | M6 men | M6 men
duwong am dwong am
TruGckhiTBM | 1990 | 43 0% 0%
di qua
Sau khi TBM di o o
qua (RC) 3648 -67 92% 56%
Sau khi TBM di o o
qua (GFRP) 2447 -50 23% 17%

Pé so sanh, Bang 5 tém tit cac mdémen ubn I&n nhat
trong twdng vay trwdc va sau khi TBM vwot qua twong vay
véi tivng loai vat liéu. Béi véi md men ubn doc, so véi md
men ubn trwéc khi TBM di qua, md men ubn sau khi TBM di
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qua twéng vay lam béng bé tong cbt thép da tang 1an lwot la
92% va 56% dbi véi mé men udn doc cwe dai dwong va am.
Déi v&i tworng vay lam bang bé tdng cbt soi thuy tinh polymer,
mo men udn trwéc khi TBM di qua, mé men ubn sau khi TBM
di qua d tang 1an luot 1a 23% va 17% dbi véi mo men ubn
doc cye dai dwong va am. Két qua chi ra ring TBM di qua
twong vay gay ra nhirng thay ddi Ién vé mémen ubn trong
tworng vay, gay bét loi cho twong vay.

6. Két luan va kién nghi
6.1. Két luan

D& xac dinh duwoc chinh xac vé chuyén vi, mé men, &ng
suét trong twong vay trwéc va sau khi TBM di qua, tac giad
dwa ra mé hinh 3D va phwong phap déc biét d& dwa ra biéu
dd va bang biéu so sanh khi st dung cac loai vat liéu khac
nhau & khu vic “mat mém”. Cac mdi néi twdng vay dwoc mod
phdng bang két ndi HINGE, tuwdng vay twong tac voi dat da
xung quanh dwoc mé phéng véi cac 16 xo dat. TBM dwoc md
phdng nhw mdt mii khoan, s& nghién bé téng va cat cot thép
va tir d6 di qua twong vay.

Theo két qua phan tich, mdmen uédn, (rng suét chinh va
chuyén vi 1a nhirng thay dbi I&n nhét trén twdng vay khi TBM
di qua, nhung véi vat liéu bé tong cbt thép thong thweng sé
cho cac gia tri I&n hon so véi vat liéu bé téng cbt soi thuy
tinh, tr d6 sé& gay nguy hiém va bét loi cho két ciu twong
vay hon.

6.2. Kién nghij

Do d9, tai khu vuc “mé&t mém” ta thay thé cbt thép thong
thworng bang cbt soi thuy tinh polymer d& TBM cé thé dé
dang di qua twdng vay, dam bao an toan cho twdng vay hon.
Thép thong thwdng sé dwoc két ndi véi thép polymer bang
phwong phap néi budc.

Néu dé tich kiém chi phi, nha dau tw van mubn dung cbt
thép théng thwong thi trwéc khi TBM tién hanh khoan vao
tworng vay, ta sé st dung may méc dé& duc bé tong va cat cbt
thép tai khu virc “mét mém” d& TBM co thé dé dang di qua.
Tuy nhién cach nay sé lam tang tdng thdi gian thi céng nha
ga va dwong hdm./.
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