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TOM TAT

Xu huéng méi trong thiét ké duong ham 1a téi wu hinh dang mat cat ngang dé nang cao hé sé st dung dién
tich va giam noi luc trong két ciu chéng. Puong ham véi mat cat ngang hinh béan chir nhat ¢ hai duong
xe duoc phat trién theo xu hudng nay. Mot duong ham c6 hai lan xe con cé wu diém 1am giam pham vi anh
huéng dén dat d4 xung quanh va cac cong trinh trén bé mat so v6i phuong an hai dwong ham tron don. Uu
diém nay c6 ¥ nghia 16n, nhét 1a trong cac khu vuc d6 thi lon véi nhidu cong trinh trén bé mat ciing nhu
cac cong trinh dudi mat dat. Lan bé mat khi thi cong cac duong him cé mit cit ngang hinh béan chir nhat
da duoc mot sb tac gia nghién cau bang phuong phép giai tich, phuong phap sb véi mo hinh 2D va 3D.
Véi phuong phap 2D, d¢é md phong qua trinh dao, trong nghién ctru nay phuong phap duong dac tinh
(CCM) dugc su dung thong qua hé s6 giam ung suat, A. Két qua vé 1Gn bé mit thu duoc tr md hinh 2D
duoc so sanh véi két qua thu duoc tir do dac hién truong. Két qua cho thiy, khong thé ap dung mot hé sb
giam ung suit, A dé thu duoc mot pheu 1Un vira dung vé hinh dang va vira dang vé gia tri 1an bé mat 16n
Nhét Smax. Dé thu dugc hinh dang ph&u lin ding véi thyuc té thi hé sé giam tng suat phai 16n hon (19%) so
v6i hé sé giam tng suat, A (17,5%) dé thu dwoc d6 1an 16n nhét phi hop véi thyc té.

Tir khoa: duong ham ban chir nhat; 1an bé mat; phuwong phéap duong dic tinh

1. D3t van dé

Sy phat trién nhanh chéng cua cac do thi 16n dan t6i sy gia ting cac cong trinh ha tang ky thuat nhu
duong giao thdng, nha ¢. Tuy nhién, khong gian bé mit rat han ché, do vay su phat trién khong gian ngam
la giai phép tat yéu dé giai quyét vin dé nay. Phuong phap sir dung may khoan hiam (TBM-Tunnel Boring
Machine) dugc su dung rong réi khi xay dung cac tuyén duong ham {trong d0 thi vi phuong phap nay it dnh
huéng dén dat da xung quanh va it anh hudng dén céc cong trinh bé mat, dac biét 1a trong cac truong hop
duong ham nam néng. Hinh dang mit cit ngang phd bién cua duong ham 14 hinh tron, tuy nhién dang mat
cit ngang nay c6 nhuoc diém la hé sé sir dung dién tich nho. Tai Viét Nam, cac tuyén duong him dang
dugc thiét ké va xay dung déu c6 céu hinh 14 hai duong ham don c6 mat cat ngang hinh tron.

Puong ham c6 mit cat ngang hinh béan chit nhat 1a sy két hop uu diém cua hinh tron (ing suét trong két
c4u chdng nho) va hinh chir nhat (hé sb sir dung mat cat ngang I6n). Hinh dang nay tré thanh mot phuong
an mai trong thiét ké cac tuyén duong ham & céc thanh phd noi c6 mat do cac cong trinh ngam l6n. Puong
ham c6 mat cit ngang hinh béan chir nhat duoc st dung chi yéu & Trung Qudc tai cac tuyén dudng hiam sb
3, Ning Ba va tuyén duong ham s6 9, Hang Chau.

Bai toan xac dinh 1an Khi thi cong cac duong him thuong duoc thyc hién bang cac phuwong phap nhu
phuong phép giai tich va phuong phap s6 (bai toan 2D va 3D). Vi cac bai toan xac dinh lan, 6 10n bé mat
thuong dugc xac dinh theo 10i giai cua Peck (1969)véi duong phéu 1tn ¢é dang dudng Gauss cho cac duong
ham c6 hinh dang tron. Ciing trén co so 10i giai cua Peck (1969) da co nhiéu tac gia xay dung mot loi giai
dé x4c dinh d6 1an bé mat cho cac duong ham ¢ mat cat ngang hinh ban chit nhat nhu Liu va nnk (2018),
Li va nnk, (2023).

Phuong phap sé dé xac dinh d¢ 1Gn bé mat khi thi cong duong ham thudng sir dung cac k§ thuat mo
phong 3D dé c6 thé mé hinh héa day di anh huong cua phuong phép thi cong, qua trinh thi cong va trinh
tu thi cong dén 1an bé mat. Viéc sir dung céc k¥ thuat méd phong trong khong gian ba chiéu nay dam bao
d6 chinh xac cao vé két qua, tuy nhién chiing doi hoi ky thuat cao, nhiéu tham s dau vao va thoi gian md
phong 16n. Phuong phap mé phong trong khong gian hai chidu (2D) don gian hon vé tham sé dau vao va
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qué trinh md phong nhanh hon, phit hop Véi céc nghién ciru tinh todn so bo khi thiét ké du an. BE md phong
hiéu ang 3 chiéu trong khéng gian 2 chidu, mot vai ky thuat dugc st dung nhu sir dung hé s6 mét thé tich
Vi (Volume loss), phwong phap duong dac tinh (CCM Convergence-Confinement Method) va phuong
phap glam cuong d6 cua dét da phia trong duong ham. Cac phuong phap ké trén da sir dung rong rai trong
thiét ké két cau duong ham va sir dung rong rai trong cac duong ham cd hinh dang mit ¢t ngang hinh tron.
Gan day, khi duong ham c6 dang mat cat ngang hinh béan chir nhat dugc sir dung phd bién, cac phuong
phap nay ciing duoc sir dung trong tinh toan thiét ké dang dwong ham c6 mat cat ngang nay. Liu va nnk,
2018 da sir dung hé s6 mat thé tich Vi trong xac dinh do 1an bé mat khi sir dung phuong phap phan tir hitu
han 2 chiéu, FEM dé mo phong hiéu &ng ba chiéu khi thi céng dudng ham c6 mit cat ngang dang bén chix
nhat. Liu va nnk, 2018 da dé xuat gié tri gii han cua hé sé mat thé tich theo dé sdu dé cé thé khdng ché
gia tri 14n bé mit khong vuot qua 30mm. Chua co nghién ctru ndo st dung phuong phap duong dic tinh dé
nghién ciru md phong higu tng 3 chiéu trén mé hinh 2 chiéu khi thiét 1ap mé hinh tinh toan 1an bé mat khi
thi cong duong him ¢ mat cat ngang béan chir nhat. Do d6, trong nghién ctru ndy, dya trén phuong phap
duong dic tinh két hop vai két qua do dac thyc té tai hién truong vé 1un bé mat tai cong trinh cu thé dé xéac
dinh hé s6 giam &g xut (1) trong phuwong phéap duong dac tinh.

2. Co s ly thuyét va phwong phép nghién ciru
2.1. Phwong phdp dwong dac tinh

Hién nay, phuong phép 2D c6 thé duoc st dung dé mo phong hi¢u ung 3D bang phwong phap phan tu
hitu han. R3 rang c6 thé thay phuong phap 3D thuong cho két qua phan tich chinh xac hon do tinh dén
nhiéu tham sb trong qué trinh thi céng duong ham. Tuy nhién, véi mot dy an thi cdng cong trinh ngam véi
chiéu dai 16n va nhidu dang mat cit ngang, dong thoi di qua nhidu diéu kién dia chat khac nhau, thi sir dung
bai toan phan tich hai chidu duogc sir dung rong rai va thuan tién hon do tinh toan thiét ké nhanh chéng.

DPé md phong qua trinh dao ham trong bai toén hai chiéu, mot phuong phép thuong duoc st dung la
phuong phap dudng ddc tinh. Phuong phép duong déc tinh (CCM) cho phep thay duoC su tuong tac gitra
khi dat d4 xung quanh dwdng ham va két ciu Chong giit trong qué trinh dao. Biéu hién véi khdi da dan hoi
dugc xay dung trong phuwong phap CCM lan dau dwoc nghién ciu boi Kirsch (1898) dua trén bai toan 16
tron trong khdng gian phang. Sy xuét hién cia ving déo xung quanh dwdng him da dwoc Fenner (1938) dé
XUAt, sau d6 cac tac gia nhu Panet and Guenot (1983), Duncan-Fama (1993), Carranza-Torres va Fairhurst
(2000) phét trién. Phuong phap duong dac tinh (CCM) dugce dat trung boi do hdi tu cua duong ham, do hoi
tu nay phu thudc vao rat nhleu yeu t6 nhu: trudng tng suat ban dau, tinh chat co hoc cuia khéi d4, phuong
phap xay dung, loai két cdu chdng git, dién tich mat cit ngang ham v.v..

Phuong phap CCM bao gém 3 dudng: 1) Puong dic tinh cua khéi dé; 2) Pudng dic tinh cua két cau
chéng va 3) Chuyén vi doc truc. Pudng dic tinh thuong dugc xay dung theo phuong phéap giai tich dwa
vao tinh chat co hoc cua khdi da hodc dua trén két qua do dac d6 hoi tu bién ham tir thuc té. V6i phuong
phép giai tich, duong dic tinh cua khdi da duoc xay dung trén co s& tao mot &p luc gia dinh tir bén trong
trén bién cua duong ham, oy, dugc xac dinh nhu sau (Kabwe va nnk, 2020, Svoboda va Masin, 2010):

or = (1 =MNay 1)
trong do:
— &g suat nguyén sinh; A — hé s6 giam rng suét, gia tri cua thay doi trong khoang tir 0-1.

Trén co sé thay &p luc bén trong hAm o, mot mdi quan hé gitra tng suat va chuyén vi trén bién duong
ham twong ng véi didu kién dit da duoc xéac dinh.

Khi thi cong duong ham, tiy thudc vao khoang cach dén guong ham/ thoi diém lap dung két cau chéng
va mdi twong quan voi dic tinh cua khdi dat ¢a xung quanh duong ham, dudng dic tinh cua két ciu chéng,
gia tri A duoc xac dinh.

Sy phan bd lai tng suat cua khéi dat da xung quanh duong ham kém theo 1 sy bién dang dat da vao bén
trong duong ham. Bién dang nay lan truyen dan dén bé mat dat tao thanh mot phéu 1an. Hinh 2 thé hién
mbi twong quan giira phan luc két cau Chong véi 10n bé mat trén co s¢ phuong phéap duong dac tinh (Hinh
1), trong d6 S; 1a do 1an bé mat 16n nhit twong tng véi hé sb giam tng suat A va Sin 12.d0 1Un bé mat I6n
nhat sau khi lp dat két cau chong va két cau chdng 1am vigc.

Phuong phép nay la phuong phap rat pho bién trong viéc md phong qua trinh dao ham khi xay dung mo
hinh hai chiéu. Su giam tng suat cua khéi dat da xung quanh duong him 14 do do con cua cua khién, khoang
hé gitra dudi khién va kich thuéc bén ngoai cua két ciu chdng (khi thi cong bang phuong phéap khién dao)
hogc do tré trong viéc thi cong két cau chéng tam (khi thi cong bang phuong phap NATM).
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Hinh 1. Phuong phdp duwong dac tinh CCM Hinh 2. Tuong quan gitra 1an bé mat va duong
(Chang va nnk, 2023) dac tinh

2.2. Md phéng sé i
2.2.1. Khai quat vé dwong ham ban chi nhat

Puong ham ban chit nhat c6 kinh thudc chiéu rong va chiéu cao bén ngoai vo chéng la11,5m va 6,937m.
Puong ham duogc thi cdng bang phuong phap st dung may khoan ham cén bang &p luc dit EPBM. Kich
thudc cia dau dao 1a 11,83m x 7,27m tuong Gng VéGi chiéu rong va chiéu cao. (Li va nnk, 2022; Wei va
nnk, 2019)
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'Hinh 3. My dao ham EPBM va két cdu chong duong ham ban chi nhat (Zhang va nnk, 2020)
Ket cau chong gitr duong ham duoc lap ghép tr 10 doan (JF1 den JF10) va 1 cot chong bén trong ham
(LZ2). Chiéu day cua vo chong la 0,45m va chiéu day cua cot chong 1a 0,35m. Chiéu réng ctia moi dot ham
1a1,20m.

Poan duong ham dugc thi cong bing méy khién dao hinh dang ban chit nhat c6 chicu dai 163,9 m. D9
sau dat d;t ham tir 10,9m + 11,4m. biéu ki@n dia chat tai khu vuc’nghién ctru duoc ’mé ta trong Bang 1.
buong ham di qua cac dia tang cht yéu la dat pha cét (3), cét vai dat pha cat (4) va dat pha cét (5).
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Bang 1. Bang tinh chdt co Iy ddt da khu vuc nghién ciau (Liu va nnk, 2022)

TT Lép Ky hiéu Ko |y (kN/m¥ | Es(MPa) v C (kPa) o (®)
1 | Lép phu L1 0,50 17,50 3,00 0,33 8,00 15,00
2 | Pétpha cat L2 0,52 19,20 6,00 0,34 4,00 26,00
3 | Pétpha cat L3 0,45 19,20 14,00 0,32 6,00 30,00
4 | Cét véi dat cét L4 0,37 19,70 10,00 0,28 5,00 34,00
5 | Dat pha cat L5 0,52 19,40 15,00 0,31 7,00 24,00
6 | Bunsét L6 0,38 19,90 4,00 0,27 12,00 10,00
7 | Sét L7 0,45 18,20 8,50 0,34 10,00 16,00

2.2.2. Md phong bang phirong phdp phan tir hiru hgn

Phuong phap duong dic tinh CCM duoc ap dung trong phuong phap phan tir hiru han (FEM) bang phan
mém Plaxis 2D. Cac tham s6 vé két cau chéng duong ham va tinh chat co hoc cua dat dwoc thé hién nhu
trong bang va bang. M6 hinh dat tuan theo mé hinh dan hoi tuyén tinh Mohr-Coulomb (MC), do chiing doi
hoi lwong tham s6 dau vao it va don gian dé xac dinh. Mic dui mé hinh dat hoa ciing - Harderning soil (HS)
mo phong chinh xac hon vé lGn bé mat (Celik, 2017; Chen va Peng, 2018; Miliziano va de Lillis, 2019),
tuy nhién do thiéu tham sb vé tinh chat co hoc cua dit vé mé hinh HS, nén trong nghién ctu ndy van sir
dung md hinh MC. Mit khéc, trong cac nghién ctu caa Li va nnk (2022), Li va nnk (2023) Liu va nnk
(2022) dbi vai cong trinh &p dung véi md hinh MC va cho ra cac két qua dam bao do tin cay can thiét.

M® hinh cé chiéu rong 100m x va 30m chiéu cao. Ludi cua md hinh la dang luéi 15 nat, mé hinh bao
gdm hon 50.200 nit va 6.200 phan tir. Két ciu chdng dugc md phong la phan tir dim, tuong tac giira dét
va két cau thong qua mot bé mat, dic trung boi hé s6 giam cuong d6 Rinner S0 VOi dit xung quanh duong
ham. Trong nghién ciru nay, hé 6 Rinner =1, tirc 1a ddc tinh cua 16p nay twong tu nhu dgc tinh cua l6p dat
xung quanh. Diéu kién bién cia mé hinh dwoc mo ta nhu sau: 1) ddy ciia m6 hinh duoc ¢b dinh theo phuong
nam ngang va thang dung; 2) Hai bén ciia md hinh ¢ dinh theo phuong thiang dung; 3) Phan trén cua md
hinh dich chuyén ty do theo 2 phuong.

Quy trinh mé phong trong FEM, dugc thuc hién theo trinh ty nhu sau:

Budc 1: M6 phong trang thai tmg suat ban dau khi chua xay dung trudng ham.

Budc 2: Md phong viée dao dudng ham bang viéc loai bo dat bén trong dudong ham va &p dung hé sé
giam ung suit trén bién duong ham (A).

Budc 3: Kich hoat két cau chong giir duong ham.

Bang 2. Tinh chat ciia vé chong bé tong cot thép

Tham s Ky hiéu Gia tri Don vi
M6 hinh vat liéu Pan hoi tuyén tinh - -
M6 dun dan hoi E 31.000 MPa
Mat do Ye 24 kN/m?®
Chiéu day vo chong thining 0,45 m
Chiéu day cot teotumn 0,35 m
CS-4 CS-3 CS-2 CS-1
CS-5 ° e ©o o
CS-6 °
° o o ° o
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Hinh 4. Mgt car dia chat tuyén ham sé 3 (Li va nnk, 2023)
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3. Két qua va thao luan

Trén co s¢ st dung phuong phép s6 clng vai phuong phap sir dung hé sé giam ng suét tuong tng Vi
phuong phap dudng dac tinh, két qua dugc thé hién tai Hinh 5 ¢mg vai cac truong hop tai vi tri CS6 va vi
tri CS4. Két qua nay duoc so sanh véi so sanh véi két qua do dac tai hién truong.

Hinh 5a cho thay ang véi hé sé giam ang suat, A 1a 17,5%, khi d6 d6 1Gn bé mat 16n nhat twong ng véi
d6 10n tir két qua thuc té do dac tai hién truong 1a 24,2 mm. Tuy nhién, kich thudc cia phéu 1Gn lai nhé hon
S0 V6i kich thude cua phéu ldn trén thuc té. Tai hé s6 giam ung suat, A 1a 19%, kich thudc phéu 1an thu
dugc tir két qua md phong tuong wng véi két qua phéu lan do dac tai hién truong. Tuy nhién, luc nay do
IGn 16n nhét thu dugc tir két qua md phong 1a 27,9 mm tai vi tri truc cua duong ham, két qua nay I6n hon
két qua do thuc té. Biéu ndy c6 thé ly giai nhu sau, khac véi duong ham c6 hinh dang tron, dwdong ham c6
mit cat ngang hinh ban chir nhat cé phan néc véi do cong nho, phia dinh ham gan bang phang. Do d6, dét
da ¢ trén phan néc dudng ham véi mit cat ngang hinh béan chi nhat ¢6 chuyén vi it hon so véi duong ham
c6 mit cat ngang dang tron, véi phan néc him co d6 cong (1/R) 16n hon.

Két qua tuong tu ciing quan sat thay tai vi tri CS4. Do 1Gn bé mat 16n 16n nhét khi 4p dung hé sé giam
g suat A, 17,5% 1a 24,1 mm va phu hop véi két qua do dac vé do 1Gn 16n nhat tai dinh ham. Hinh dang
phéu 1un phi hop vai két qua do dac khi hé s6 giam tng suat, A 1a 19%.

CS4_KQdo hién truong

----- CCM_17.5

Chuyén vi mat dét, mm
Chuyén vi mat dat, mi

\
) i
1
\ I
115 Y/
\) 1
Y ! CS6_KQdo hién trudng
/
N meaa- CCM _17.5
N - ”
CCM_19 'Z\V

Khoang cach tir tryc ctia dwong ham, m Khoang céch tir truc ciia dudng ham, m

ceM_19

Hinh 5. So sanh két qud do lin thuc té va md phong so
a) Mat cat CS6; b) mat cat CS4

C6 thé thay ring, khi str dung phuong phap CCM dé xac dinh do 14n bé mat, dé xac dinh dugc dung do
1Gn bé mit va hinh dang phéu 1dn thi can phai sir dung 2 tham sé khéac nhau vé hé sb giam @ng suat, L. Bé
xéc dinh dng hinh dang thi hé sé giam tng suit can 16n hon (1,5%) so véi hé sé giam wng suat 4p dung
khi x4c dinh do 1Gn bé mat 16n nhét.

4. Két luan

Trén co so nghién ctu sir dung phuong phap 56, két hop vai két qua do dac hién truong cua mot cong
trinh cu thé da rut ra duoc mot s6 két luan sau:

C6 thé &p dung phwong phap dudng dac tinh (CCM) véi hé sb giam wng suat A dé xac dinh d6 1Gn bé
mit. Vi diéu kién dia ki thuat tai khu virc nghién ciru, dé thu dugc hinh dang phéu lin twong ng véi thuc
té do dac, hé s giam ng suét, A 4p dung 13 19%, trong khi d6, dé thu dugc do 1an I6n nhat phu hop voéi
két qua do dac, thi hé sb giam ung suit, A 1a 17,5%.

Puong dic tinh cua khéi da c6 thé dugc xay dung bang cac phuong phap giai tich, cac phuong phap s6
ket hop véi cac két qua do dac hién truong. Phuong phap duong dac tinh thuong ap dung trong khi dat da
ran cung, tuy nhién ciing c6 thé dwoc st dung dé mo phong anh huong qua trinh dao véi khdng gian ba
chiéu trong khong gian hai chiéu, ngay ca véi dit da yéu.

Hé s6 giam &ng suat, A ap dung trong md phong 2D nén dugc xac dinh bing céc két qua do dac thuc té
hoidc xac dinh tir cac md phong 3D. Trong cac nghién ciu sip toi, nghién ciru qua trinh dao chdng cho
duong ham béan chix nhat trong khong gian ba chiéu s& duoc thuc hién véi cac tham sé thuc té khi thi cong.

Loi cam on
Nghién ciru nay duoc tai trg boi Truong Pai hoc M6 - Dia chit Ha Noi theo dé tai T23-44. Téac gia thu

hai duoc tai trg boi Chuong trinh hoc bdng sau tién si ciia Quy ddi méi sang tao Vingroup (VINIF), ma sb
VINIF.2023.STS.15.648. Xin chan thanh cam on su ho tro nay.
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ABSTRACT
Research on surface settlement due to tunneling
with a quasi-rectangular cross-sectional shape
using the convergence-confinement method

Nguyen Tai Tien!, Pham Van Vi! Vu Ngoc Tuan
'Hanoi University of Mining and Geology
2A27 Construction Consulting Joint Stock Company

Recent trends in tunnel design focus on optimizing the cross-sectional shape to enhance the space
utilization coefficient and reduce internal forces in the lining. A tunnel with a quasi-rectangular cross-
section and two lanes is being developed according to this trend. Such a tunnel reduces the impact on the
surrounding ground and surface structures compared to the option of two circular tunnels. This advantage
is significant, especially in large urban areas with many surface and underground structures. Surface
settlement during the construction of tunnels with a quasi-rectangular cross-section has been studied by
several authors using analytical methods and numerical methods with 2D and 3D models. In the 2D method,
to simulate the excavation process, this study employs the Convergence-Confinement Method (CCM)
through the stress reduction coefficient, A. The surface settlement results obtained from the 2D model are
compared with field measurements. The results indicate that a single stress reduction coefficient, A, cannot
achieve a settlement trough that is both accurate in shape and maximum surface settlement value (Smax).
To obtain a settlement trough shape consistent with reality, the stress reduction coefficient must be larger
(19%) than the stress reduction coefficient, A (17,5%), to achieve a maximum settlement value matching
the results from field measurements.

Keywords: quasi-rectangular tunnel; settlement; convergence-confinement method
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