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TOM TAT

Viéc thi cong hdm bdng céng nghé khién dao sé xudt hién bién
dang bé mdt ddt trong qud trinh thi céng. Vi diéu kién han ché vé
khéng gian thi céng va bdo vé cong trinh kién tric ¢d Nha hdt Thanh
phd cdn ddm bdo yéu cdu ky thudt va lic vdn hanh khai thdc. Tai
nghién cttu nay, tdc gid nghién cttu céng nghé Jet-Grouting (coc Xi
mdng-ddt phut vira dp lwc cao) gia cé ddt nén xung quanh hdm tai vi
tri khé khdn trén dé€ gidm lin bé mdt ddt va céng trinh Nha hdt.
Phwong phdp phdn ti hitu han (PTHH) dwoc st dung dé ddnh gid do
lin bé mdt ddt nén. Tir két qud tinh todn bdng phwong phdp PTHH dua
ra quan hé gitra ddc truwng théng sé ctia coc XM-D (Jet-Grouting) véi do
lin bé mdt ddt nén trén hdm va géc Nha hdt tai vi tri nguy hiém nhdt,
trong diéu kién dé lin mdt ddt cho phép nhé hon 10mm.

ABSTRACT

Due to tunneling with tunnel boring machine the surface
settlerment will appear. With the restriction on construstion site and
have to protection of ancient architicture Opera House building, the
tunnel have to be placed ensure technical requirements and
operating. In this study, the authors use the Jet-Grouting (Cement
piles-high pressure grouting) for reinforcement of surrounding
ground tunnels going through the restriction site to reduce surface
settlerment and Opera House building. The finite element method
(FEM) will be used to evaluate the surface settlerment. From the
results calculated by the finite element method will make the
relationship between the characteristic parameters of the pile Jet-
Grouting with the surface settlerment above the tunnel and the most
dangerous locations Opeara House building corner’s, with a
maximum allowable surface settlement of 10mm.

1. Datvan dé

V&i vi thé trung tdm tai chinh va van héa

Viéc thi cong bang khién dao it nhiéu dan dén
lin bé mat dit tai khu vuc. Trong khi d6 tim
tuyén chi cich mép Nha Hat Thanh Pho

cda ca nwéce va trong khu viee TP. H6 Chi Minh
(TP.HCM) dwoc xem ndng déng bic nhit ca
nuwdc va khu viee ASEAN. V&i sy phat trién qua
néng vé dan sé nén tinh trang ket xe gi¢ cao
diém ngay cang I&n. Nhitng nam 90 cua thé ky
truwéc TP.HCM da bat dau nghién ctru xay dung
hé théng DPuong sit d6 thi (DSDT). Trén thé
giGi, tai cac thanh phé 16n viéc xdy duwng metro
hau nhw dwéi long dit dé ciing 1a tiéu chi cia
TP.HCM. D0 sdu trung binh -12 + -25m theo
cao do dinh ray va duogc thi cong bang TBM.

(NHTP) dwéi 10m tai vi tri nguy hiém nhit
cach tim hdm 9,14m. NHTP dwgc ngwoi Phap
x4y dung hon 100 ndm véi méng nha hat bang
coc clr (25 cay/m2) Bén canh d¢, véi nghia lich
st va kién tric nén viéc bdo vé tdoa nha gidm
thiéu lin bé mit trong diéu kién cho phép bé
hon 10mm (Attewell, 1986) duwgc xem la wu
tién hang diu can gidi quyét gap trudc khi thi

céng tuyén ham.
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2. Tuyén metro sé 1 Tp. HCM

2.1. Gi&i thiéu vé dw dn metro sé 1

Tuyén DSDT s6 1 (Bén Thanh - Sudi Tién)
dai 19,7km; trong dé c6 17,1km di trén cao va
2,6km di ngdm. Poan ngam di trong khu vuc
dan cw va mat d0 xay dung cong trinh quan
trong ctia thanh ph6 xem “hinh 1 va hinh 2”
theo Ban Quan ly duwong sat do thi (BQLDSDT).
2.2. Vi tri cong trinh nghién ctru
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Hinh 1. Hwéng tuyén Metro s6 1
(Nguon: Google Earth)
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Hinh 2. Mit cat tai vi tri nghién ctru
(BQLDSDT, 2010)

Nha Hat Thanh Phé nam trong khu vuc
doan tuyén di qua dwoc st dung trong nghién
ctru nay. Khoang cach tir tim him (doan chay
trung tim trén dwéi) dén goc toa nha tai vi tri
nguy hiém nhat1a 9,14.

2.3. Dia chdt cong trinh
bia chit khu vwc nghién ctru dwgc st
dung thong s6 hé khoan U150 theo Bang 1.

Bang 1. Thong so dia chat tai hé khoan U150

Lép1l | Lop2 | Lop3 | Lop4 | Lop5 |Lop6 | Lop 7

Dung trong tw nhién, (Yunsa) KN/m3| 18,5 16,5 20,5 | 20,0 20,0 | 21,0 | 20,5

Dung trong bao hoa (ysat) kKN/m3 19,0 16,5 20,5 | 20,0 20,0 | 21,0 | 20,5

Luc dinh (') kN/m? 10 10 11 0 0 170 | 0

G6c ma sat trong () (do) 25,0 0 28 33 35 0 35

Heé s6 Poisson (L) 0,3 0,3 03 | 03 03 | 03 | 03
Modun dan hoi (E) kN/m?2 10000 | 3000 |17500| 45000 | 60000 {85000|90000

Bé day m 1,00 3,0 9,0 7,0 13,5 16,5 -

2.4. Théng s6 ddu vao

Bdng 2. Théng tin vé hdm va mdy TBM

(Ngudn: BQLDSPT,2010)

Bdng 3. Théng sé khién TBM - méng nha hdt

(Nguon: BQLDSDT, 2010)

Thanh phan Ponvi | Giatri TthAtnlgASfi hKy Ponvi | Véhim Mérll1g’ élhél
Kich thuédc vo him tron Vel leu leu d
- - Loai vat N s Ny
Duong kinh trong mm 6050 lidu - banhoi | Dan hoi
buwong kinh ngoai mm 6650 Do cing EA | kN/m | 1,17E+07 | 1,18E+07
Chiéu day 16p vé ham mm 300 ;};ni%%l EL | kNm/m | 8,78E+04 | 3,53E+05
Kich thuwéc khién dao TBM: T
Chiéu day d 03 06
Duong kinh khién mm 7130 quy dsi m : :
Chiéu dai khién mm 7800 'll“rong W TkNm2/m 79 144
Chibu siu dit him (tir mit dt dén tim him) wong
Chiéu siu dit hAm trén Z m 12,54 H_e S0 v 0,17 0,2
A A 2o 1w - Poisson
Chiéu sau dat ham dwéi Zo m 24,51

(Ngudn: BQL DSDT, 2016)
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— Tai trong (BQL BSPT, 2016)

— Tai trong nha hat gobm 4 tang (bé rong
phwong ngang 30m): 60kN/m2;

— Tai trong cong vién va giao thong trén
bé mat: 10 KN/m2.

— Moéng nha hat coc ctr tram day 0,6 -
0,7m, mit d6 25 cay/1m2 => quy doi Mong nha
hat day 0,6m - vat liéu dan hoi (Theo bang 3);

3. Phwong phap nghién ctiru

3.1. Co’ so ly thuyét

Dua trén két qua nghién ctru tobng quan vé
vin dé lun sut bé mat nén dit trong thi cong
bang may khién dao TBM (Tunnel Boring
Machine). Dya trén co s& duwdng cong (Graus,
1969), (New & O'Reilly, 1982) va (Mair, 1996)
vé do 14n 16n nhat trén bé mét tai dinh ham.

Do Iin cla ciu tric dit xung quanh duong
ham trong bai ndy dwoc phan tich bang phan t
FEM trén théng s0 dia chit tai Bang 1 va
theo“Tinh todn lai do lin cua hdm trong dw an
tuyén ham Italian National Railway bang phuong
phap FEM bao gém bai toan lin bé mét dit nén va
vé d6 6n dinh bé mit khién dao” (Nguyén Pirc
Toan, 2006). Phwong phap FEM sir dung dé mo
phéng lin bé mat khi thi cong him bing may
TBM, phén tich do ltn ctia bé méat dat khi dwoc gia
0 bang Jet-Grouting tao mdt hé khung bao quanh
ham tron. P6 ldn bé mat nén dat dwoc khao sat
theo su thay doi ctia ddc trwng ctia XM-D (Ximang-
bit) gobm: M6 dun dan hoi va bé day twong coc.

3.2. Phwong phdap PTHH

Phin mém Plaxis 2D dwgc st dung mo
phdng lin bé mat nén dwa trén gia tri mat mat
thé tich Vi.(%). M6 hinh Mohr-Culomb dwoc
chon dé md phdong rng xr dit nén, cho bai todn
thoat nwéc (Darin), M6 hinh bai toan theo
“Hinh 3”.

e
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A

Hinh 3. M6 hinh bang Plaxis 2D

Gia tri do lun phu thudc vao gia tri mat
mat thé tich V(%) theo tirng loai dit va cong
nghé thi cong. Déi véi dat cat: 0,5%; dat sét 1%
+ 2% thi cong bang cong nghé gwong kin (New
& O'Reilly 1991). Tham khao dw an Circle Line
- Singapore dia chit twong tw TP.HCM chon V,,
= 1% thién vé an toan.

Téac gia dé xudt gia tri mat mat thé tich Vi, =
1% dam bao an toan.

4. Két qua tinh toan

D€ so sanh cac trwong hop trwdc va sau
khi gia c6 nén, tac gia dé xuat cac trwong hop
dé phan tich d6 lun bé mat dat nén nhw sau:

1. Vi tri khdo sat: Piém A (mat nén dat
trén dinh hdm) va diém B (géc phai nha hat
cach tim hdm 9,14m vi tri nguy hiém nhat);

2. Khi nén chwa gia c6 d6 lun véi treong
hop tai trong bén trén, thi cong hdm duwdi
truwdrc, hAm trén sau;

3. Khi nén dwoc gia c6 phéan tich d6 lun
véi treong hop tai trong bén trén, x 1y nén
bing Jet-Grouting trwéc, ti€p theo thi cong
ham dwdi, sau cung thi cong hdm trén;

4. Khao sat m6i quan hé vé do lan bé
mat S v&i gid tri Modun dan hoi E va bé day &
twong XM-D.

4.1. Két quad tinh todn dé Iin ciia nén
chwa gia cé
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Hinh 4. M5 hinh chuyén vi truong hop
khong gia cb
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=& chua thi cong

—@— thi cdng 2 ham

Diém A Diém B
Hinh 5. Gia trj lan bé mat dat nén 16n nhét
S(mm) tai 2 diém khéo sat
Nhdn xét:

— D6 lun 16m nhat tai 2 diém khao sat khi
thi cong hdm khéng c6 gia c6 nén tiang 1én so v&i
lac chwa thi céng; diém A do6 lan tang tir
14,62mm 1én 38,71mm; diém B do lun tang tir
52,48mm lén 61,04mm.

— Lutc thi cong hdm TBM dat nén bén
dwdi, ngoai viéc chiu tai trong clia toa nha, giao
thong con chiu thém tai trong cta khién dao va
v6é ham, bén canh d6 c6 thém mat mat thé tich
khi dao. Diéu ndy dan dén do ldn bé mait ting
1én 1a diéu hop ly.

— Khi thi c6ng viéc mat mat thé tich va
cong nghé thi cong 1a yéu t6 chinh dan dén do
liin mit nén dat.

— Tuy nhién gia tri 6 1un 16n nhit van 16m
hon d6 Iun cho phép 10mm nén can phai dwa ra
gidi phap xtr ly gia c6 nén trwéc khi thi cong
ham.

4.2. Két qud tinh todn dé Iin ciia nén
dworc gia cé Jet-Grouting

4.2.1. M6 hinh nghién cizu

Nha hat Thanh ph6 dwoc xem nhw biéu
twong Kién truc cta thanh pho, khéng nhirng
c6 gia tri vé nghé thuit ma nd con chirng kién
ca mdt qua trinh lich st bién dong ctia TP.HCM
ngay nay cling nhw P6 thanh Sai Gon xwa. Nén
viéc bao vé cong trinh nay trong qua trinh thi
céng ham dwoc xem 1a giai phap wu tién véi do
lin cho phép nhoé hon 10mm.

Phuwong phap Jet-Grouting dwoc dé xuit
trong thiét ké so bd dang khung xung quanh
ham chiéu dai vung gia c¢6 83,5m di qua vi tri
Nha hat Thanh phd (BQLDSDT, 2010) xem
“hinh 6”.

. .

. .

Hinh 6. M6 hinh gia c8 bang Jet-Grouting

Trong bai nghién ctru nay, cac gia tri dwoc
thay d6i nhw sau:

- Bé day twong XM-D [8] thay do6i nhw sau:
0,5m; 1,0m; 1,5; 2,0m; 2,5m; 3,0m; 3,5m.

- M6 dun dan hoi E thay déi nhw sau:
120MPa; 140MPa; 160MPa; 180MPa (BQL
bSDT); 200MPa.

Cac théng sO con lai dwoc gitt nguyén
trong cac trweong hop thay déi 8 va E 14y theo
Bang 4.

4.2.2. Két qua tinh toan

a) Quan hé E-Svdi 8 c6 dinh

Tinh todn ban dau v&i M6 dun dan hoi
thay do6i [120 +200] MPa v&i chiéu day twong
2,7m (BQL BSDT, 2010) dé khao sat do lun 16n
nhat theo M6 dun dan hoi. Két qua tinh toan

nhu sau:
14
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Hinh 7. Quan hé E-S v6i 6 =2,7m
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Nhdn xét:

Vé&i két qua tinh toan va do thi biéu dién
madi quan hé gitra E-S cho ta thay.

- Tai diém A v&i Vi=1% (mit dat trén néc
ham): Khi gia tri E ting tir 120MPa dén 180MPa
d6é lin bé mit gidm dan tr 11,99mm xudng
9,91mm vwot qua gia tri ldn cho phép 10mm va
giam chdm lai khi E tir [180 + 200] MPa tw
9,91mm xudng 9,7 lmm.

- Tai treorng hop diém B véi Vi=1% khi gia
tri E ting tir [120 + 200] MPa d6 1dn gidm dan
nhwng gia tri cao nhit cta cic trwong hop déu
nhé hon 10mm.

T cac phéan tich cho thdy dé han ché do
lin mat dit 1én nhit nho hon 10mm khi st
dung vita c6 M6 dun dan hoi tir [180 + 200]
MPa. Véi gia tri E = 180 MPa dam bao d6 lun
cho phép 9,91mm < 10mm, gi4 tri E nay tdi wu
nhat thiét ké, khi ting E tir 200MPa tré 1én do
lin gidam dan nhwng lai gdy kho6 khan cho viéc
tao ra vita c6 cwong dd cao giy ton kém thoi
gian va kinh phi thwc hién.

b) Quan hé E-S-8 cho d6 lin bé mat.

bé xac dinh quan hé E-S-§, gia tri Mé dun
dan héi E thay déi trong khoang [120 + 180]
MPa va bé day twong & thay dai tir [0,5 + 3,5]
m. Khdo sat do lin bé mit tai 2 diém A (mat
dit trén dinh ham) va diém B (goc toa nha cach
tim hdm 9,14m).

180
16.0
=140
g
uo_jxllﬂ
@ 10.0 =4=120MPa
:’é 80 == 140MPa
E 60 == | 6(MP2
P 180MPa
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Chiéscaytone ()

Hinh 8. Quan hé E-S-5 tai diém A
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Hinh 9. Quan hé E-S-8 tai diém B

Nhdn xét:

Twr két qua tinh va d6 thi thé hién tai 2
diém A, B theo cac trwong hop ting M6 dun
dan héi E va bé day twong & cho thdy mirc do
lun gidm dan va vuot qua do lan cho phép <10
mm.

- Tai diém A, véi gia tri E = [120 + 140]MPa
chiéu day twong & = 3,5m c6 do lun mat dat 1on
nhat Ian lwot 14 9,98mm va 9,49mm nho hon doé
lin cho phép 10mm.

- Tai diém A, v&i gia tri E = 160 MPa chiéu
day twong 8 = 3,0 m c6 do lun mat dit 16n nhat
12 9,99 mm nho hon do ltn cho phép 10mm.

- Tai diém A, v&i gid tri E = 180MPava E =
200MPa chiéu day twong & =2,7m thi ¢6 do lun
mat dat Ian lwot 12 9,91mm va 9,71mm nho hon
do lan cho phép 10mm.

- Tai diém B, v&i moi gia tri E va § d6 14n cho
phép tai ddy dam bao nhé hon do lan cho phép
gia tri 1dn nam trong khodng gidm dan trong
khoang [8,47+5,09]mm.

5. Kétluin va kién nghi

5.1. Két ludn

T cac két qua nghién ctru trén, tac gia rut
ra cac két luan sau:

1. PO lan bé mat phu thudc vao cong nghé
dao ham va viéc kiém soat qud trinh vin hanh
mady dao trong ldc thi cong.

2. Gia tri mat mat thé tich VL = 1% dwoc
xem la gia tri an toan dé kiém soat qué trinh lin
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bé mit do phu thudc vao dia chit va cong nghé
thi cong.

3. Phuong phép gia c6 nén Jet-Grouting phut
hop véi dia chat tai khu viee dw 4n nham gidm do
lun bé mat, khi s dung phwong phap nay ta
nhén thady moi quan hé chit ché gitra M6 dun dan
hoi va bé day twong XM-D.

4. V&i Md dun dan hdi nam trong khoang
[180 + 200] MPa d6 ldn nam trong gi¢i han cho
phép va chiéu day twong & = 2,7 m ddm bao kha
nang chiu lwec, tiét kiém chi phi.

5. Khi M6 dun dan héi 1én hon 180MPa thi
chiéu day twong ting tir 2,7+3,5m chiém nhiéu
dién tich trong diéu kién chat hep va kinh phi thi
cong cao.

5.2. Kién nghi

Tong hop cac nhan xét va qua trinh tinh
toan, d€ ddm bao dd lun cho phép nho hon
10mm thi cdng nghé Jet-Grouting dé giam do
lun bé mat tai khu vwec Nha hat thanh phé la
phwong phap phu hop.

1. Chiéu day twong dwoc kién nghi [2,7 +
3,0] m la t8i wu ddm bao yéu ciu vé do 1in bé mit
cho phép va bao vé cong trinh Nha hat Thanh
phé trong qua trinh thi cong.

2. Md dun dan hoi viva phun ndm trong
khoang [180 + 200] MPa dwoc xem phu hop véi
cac loai thong s6 vira hién nay tai Viét Nam, trén
thé gi¢i M6 dun dan hoi cda vita ph6 bién nhd
hon 500MPa (Tran Nguyén Hoang Hung, 2011).
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