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Tom tit:

Sy phét trién cua khdng gian ngam di, dang va s& dan dén sy giao cat khac muc giira cac cong trinh, dic biét
giao cat voi cac tuyén duong ham tau dién ngam hién hitu. Khi thi cong hé méng ngoai viéc phai kiém soét
rai ro cua thi cong, viéc dam bao an toan caa cong trinh ham hién hiru ciing 1a van dé quan trong trong k¥
thuat. Bai bao dya trén du an duong sét do thi tai Thanh phd H6 Chi Minh. Tai day, céng ngam dugc thi cong
phia trén duong ham khién dao hién hitu, giao cat tim tryc voi dudng ham I tryc giao. Trén co s& sir dung
phuong phap phan tir hiru han voi mé hinh phan tich 3D, nhém tac gia danh gia tng xir cia duong ham TBM
(Tunnel Boring Machine) khi thi cong cong dao toan chiéu dai. Két qua phan tich mé hinh, qua trinh thi cong
hé méng gay ra chuyén vi thang dimg 16n hon dang ké so véi chuyén vi ngang caa ham. Két qua md phong
cling 14 co s& dé danh gia bién phap thi cong va co s& phuc vu trong qué trinh quan tric chuyén vi cia dudng
ham hién hiu.

Tir khoa: Puong ham hién hitu; H6 dao toan chiéu dai; Him TBM; Chuyén vi ciia ham; Phuong phép phan
tur hitu han.

Abstract:

The development of underground space has been and will lead to severe intersections between works,
especially intersections with existing subway tunnels. When constructing a foundation pit, in addition to
controlling the risks of construction, ensuring the safety of the existing tunnel is also an important technical
issue. This article is based on the actual project at urban railway project in Ho Chi Minh City. Here, the
underground culvert is constructed above the existing shield tunnel, intersecting the center line with the tunnel
is orthogonal. On the basis of using the finite element method with a 3D analysis model, the authors evaluate
the behavior of a TBM (Tunnel Boring Machine) tunnel when constructing a full-length culvert. According to
the model analysis results, the foundation pit construction process causes a vertical displacement significantly
larger than the horizontal displacement of the tunnel. Simulation results are also the basis for evaluating
construction methods and service facilities in the process of monitoring the displacement of the existing tunnel.

Keywords: Existing tunnel; Full-length excavation; TBM tunnel; Displacement of tunnel; Finite element
method.

1. Giai thi¢u ngay cang phét trién va mé rong, viéc thi céng giao
cat chong lan véi cac cdng trinh hién hiru 1a diéu
kho tranh khoi. Biéu ndy, c6 thé gay ra cac chuyén
vi 1am hu hai nhitng duong ham hién c6. Thuc té,

Déi voi cac thanh phd c6 mat do dan cu 16n, cu dan
dong duc, yéu cau vé phét trién khong gian ngam la
tit yéu. Khi hé thdng giao thong, khdng gian ngam
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diéu nay da xay ra tai tuyén duong him Pachiao Dai
Loan, két cAu vo ham da bi hu hai do viéc dao tang
ham tda nha 1an can [1]. Do do, viéc xac dinh cac
dac diém, thanh phan chuyén vi caa duong ham tau
dién ngam hién hitu trong qua trinh thi cong hé
mang lan can 14 rat quan trong.

Dé danh gi4 sy an toan cua cac dudng ham hién
hitu, nhiéu phuong phép da dugc xem xét sir dung
nhu: Phuong phéap phan ti hitu han, mé hinh ly tam,
ciing nhu xay dung 1oi gidi Iy thuyét ké hop voi
quan tric hién truong [2]-[5]. Thong thuong, do han
ché vé thoi gian va ngan séch, viéc tién hanh cac thir
nghiém thuc dia rong réi hoac sur dung may ly tam
dé khao sat anh huong cua thi cong phia trén dén
cac duong ham hién hitu khé duoc trién khai, 10
giai ly thuyét thuong c6 xu huéng danh gia qué cao
chuyén vi cua cac dudong ham. Khi thi cong céng
ngam, ham néng hay c4c tang ham s& lam giam &p
lyc dia tang va gay ra chuyén dong khong ddi xtng
cho duong ham hién hitu khdng chi doc theo hudng
thi cdng ma con ca cac huéng doc cua tuyén ham.
Ung xir ctia ham khién dao phu thudc vao nhiéu yéu
t6 khac nhau, tir 6 cing chdng udn cua ham, dic
diém trang thai ung suat bién dang trang thai ban
dau, vi tri tuong ddi gitra hd dao va ham hién hit,
trinh tu thi cong ciia két cau, thong s6 hé dao,... Vi
vay Viéc danh gia day du anh huong tir thi cong hay

xac dinh tng xir caa ham 1a rat phac tap. Vi vay, dé
¢6 dugc nhimg danh gia tong quan va co sé dé diéu
chinh cac phuong 4n thiét ké va thi cong, viéc su
dung phuong phap mo6 hinh 3D 1a lya chon phu hop
hon ca.

Trong bai bao nay, dua trén cong tac xay dung
cdng ngam bén trén dudng ham tau dién ngam,
chuyén vi caa dudong ham dwoc nghién cau, khi
cong tac dao duoc thyc hién theo toan bo chiéu dai
caa hé mong.

2. Co ché bién dang cia ham do dao hé méng

Trudc khi ddo hé moéng, tuong tac gitta ham va dia
tang d4 on dinh, ham & trang thai can bang lyc nhu
hinh 1a. Khi dao d4t phia trén duong ham, trang thai
{ing suét cua dia tang thay doi, diéu ndy anh huong
dén két cAu him bén dudi. Viéc do tai theo phuong
thang dimng gay ra sy troi 18n cua dat bén dudgi hd
dao va chuyén vi nang I&n cta duong ham bén dudi
do giam &p luc cua dat bén trén. Ung suat ngang
trén ca hai mat cua duong ham duoc ting 1én boi
tac dong ép cua dat. Anh huong cua viéc dd tai dao
1&n &p luc dat bén trén cia dudng ham dugc giam
xudng va mat cit ngang caa duong him c6 dang
hinh elipsoid thing ding “nén ngang va kéo dai
theo phuong thang dung”, nhu hinh 1b.

a) b)

Trang thai cin bang

A-A
DAy trdi ciia nén hé dao Ap lrc dimg gidm
Bién dang ngang
AA Gayra 1mg suaAr bo sung
Tr huwéng lén

Hinh 1. a) Trang théi can bang trudc khi thi cong hé dao;
(b) Trang thai Gng suat bién dang thay do6i khi thi cong ho dao.

3. Gioi thiéu du an

3.1. Théng tin du an

Tuyén dudng sat d6 thi s6 1 (Line 1) Thanh phé Ho
Chi Minh ¢ tong chiéu dai 19,7 km, trong d6 2,6
km di ngdm va 17,1 km di trén cao [6]. Poan him
ngam gom hai duong him khién dao: Ham phia
bong (Eastbound - EB) va phia Tay (Westbound -

WB), duoc thi cong bang méay dio TBM cén bang
&p lyc dat.

Vi tri giao cit cua du an cong ngam thoat nude
va duong ham TBM Line 1 1 tai km 1+555 (theo
ly trinh cua hé thong duong st do thi). Cach khong
xa cac 6ng ham TBM la 16i di bo ngam thudc du an
tuyén s6 1. Tuy nhién, trong bai bao nay, nhom tac
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gia chi tap trung dén Gng xtr cia ham TBM, cu thé,
xem xét anh huong cua duong ham di bo 1én ng
xir cia hai ham TBM dugc xem xét trong bai toan
khéc. Vi tri tuong quan giita cong dao va duong
ham dugc thé hién trong hinh 2.
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Hinh 2. Téng quan vj tri ham TBM hién hitu
va cong ngam.

3.2. Piéu kién dia chat du an

Theo két qua khao sat dia chét tir du 4n dudng sat
d6 thi s6 1 Bén Thanh — Sudi Tién, myc nuéc ngam
tai khu vuc giao cit dao dong tir 2,2 m dén 2,8 m
dudi mat dat. S liéu dia chét thay vin duoc sir dung
trong mo hinh duoc ldy tir cac két qua thi nghiém
tai hd khoan U-175 (km 1+553) c4ch vi tri giao cit
khoang 2 m dua trén phuong doc theo tuyén ham
TBM. Qua phan tich, cac I6p dat duoc chia thanh
ba loai co ban: Dét dip, dat bdi, dat 1 tich. Chi tiét
hon, cac 16p tai khu vuc giao cit gém niam lop dat
chinh: Fill, AC2, AS1, AS2, DC. Sy phan bé cua
céc 16p dugc thé hién trong hinh 3, ham TBM nam
trong 16p 3-ASL.

4. Chi tiét md hinh

4.1. M6 hinh tinh toan va gia thiét co ban
Kich thudc mo6 hinh duogc xac dinh dya trén cac
huéng dan cua CIRIA C760 [7] va khuyén céo
trong cac nghién ctru trude [5], phuong doc theo
hudng thi cong cong hop duoc xac dinh 1a 86 m,
doc theo chiéu dai ham TBM va I6i di b6 1a 120 m,
chiéu sau md hinh dya trén pham vi anh huong va
chiéu sau 16 khoan, dwoc md hinh 13 55 m. Kich
thudc mo hinh va vi tri twong quan giira cac cong
trinh va cac I6p dét dugc thé hién trong hinh 3.

55m

Hinh 3. Kich thuéc mo hinh 3D.

4.2. M hinh phan tir hiru han

Str dung phurong phép phan tir hiru han dwa trén nén
tang phan mém MIDAS GTS, véi cac 1op dat st
dung mé hinh Mohr-Coulomb Véi loai phan ti

Hexadetrol, vo ham dwoc md phong dang tim day
(plate) [8]. S6 liéu diéu kién dia chat va thay van st
dung theo cac béo cao dia chat cua tuyén duong sit
Metro, duoc dan ra trong Error! Reference source
not found.. Thong sd, dic tinh két cu duogc sir
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dung theo Bang 2. Muc nudc thi cong dugc gia dinh
tai mat dat tu nhién. Thong s6 ky thuat cua cac 16p
dat va md hinh vat liéu ding trong mé phong tinh
toan, ciing nhu thong s ki thuat cia vo him dugc
tham khao tir “Technical design: Geotechnical
interpretative (Bored tunnel) — Revision C” va
“Ground Movement Analysis Report - TBM
Tunnel Section” [9] va cac bao k¥ thuat khac lién
quan. Thong sé d6 cang caa ham khién dao dugc
xac dinh dya trén so sénh tinh toan ly thuyét va két
qua thi nghiém két ciu vo ham, str dung hé sé giam
0,185 tham khao theo tai liéu [10] va két qua thi
nghiém. Phan tu tiép giap (interface) duoc st dung
dé md phong tuong tac giita dat voi két cau tuong
chan va ham. Hé sé giam cudng do dugc chon
1a R;,rer = 0,67. CAc cOng tac thi cong bao gom:
Doéng coc van thép, lap dat hé khung chdng, dao dét,
thi cong bé tong 16t va két cau vinh citu, lap dat, rat
bo hé thdng khung chéng va coc van, hoan tra mat
bang. Két cau chéng d& va kich thuéc hd dao dugc
thé hién trong hinh 4.

Bang 1. Thong s ky thuat cia cac 1op dat.

Thong Lép dat
s0 Filll AC2 AS1 AS2 DC
v 0,3 03 03 03 03
y

() 19 165 205 205 21

Ko 0,577 1 0,5 0,455 1

Vsat
(kN/m?) 19 165 20,5 205 21
k (m/s) 1x10% 1x10° 2x10° 2x10° 1x10°
c(kPa) 10 0 0 0 170

0 25 24 30 33 0

Bang 2. Thong sé ky thuat cua két cdu ham TBM.

Thong s6 Vé ham
E* (kPa) 7,2x10°
v 0,2
v (KN/m3) 24
Chiéu day (m) 0,3

(*) Gié trj E trong bang 1 gia tri twong duong, thé

Thong Lép dat hién viéc giam do cang chdng udn cia ham khién
$0 Fill AC2 AS1 AS2 DC dao trong md hinh.
E (kPa) 10000 3000 12500 37500 136000
: 3
: Thanh chéng 1200 | o
l . ‘ Cao d0 hién hiru
“— — Z — — '
12,40 } ['; : l
Két cAu 40 dm‘mg“' i l
i +0,80 i
- : L S | i X W ST EL | x T l +0’13
CiwrLasen IV, b.|_‘ _468 __L
T L=4m | B 536 | T

Hinh 4. Kich thuéc hd dao toan khoi.

5. Két qua va thao luan

Chuyén vi thang dting ciia him duoc ciu thanh tir
chuyén vi thang dting do udn doc ham va chuyén vi

boi udn trong mit cit ngang cua ham. Hinh 5 thé
hién céc thanh phan ciu thanh cta chuyén vi nay.
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Hinh 5. Chuyén vi ciia dudng ham.

Trong do, D, (longitudinal displacement of tunnel
cross section) la chuyén vi thang dung cua truc
duong ham khi udn doc; Dt 1a chuyén vi cua dinh
ham; Db 1a chuyén vi cua day ham; D,
(convergence of tunnel cross section) chuyén vi
thang ding khi uén trong mat cat ngang cia duong
ham duoc cau thanh tir hai thanh phan; D,
(displacement of tunnel crown) chuyén vi un dinh
ham; D, (Displacement of tunnel invert) chuyén
vi ubn day ham; D, D, lan luot la chuyén vi
ngang cua hong bén trai va bén phai trong mit cét
ngang cia tiét dién. Trong bai bao nay dé don gian
héa phan tich xem hai gia tri D, va D, 1a bang
nhau. Chuyén vi thang ding cua truc dudng ham
khi chiu uén:

Dy = (Dy + Dp)/2 1)

Téng chuyén vi thang dang caa dinh va day khi uén
trong mit cit tiét dién ham:

D¢y = D¢t + Dep = Dy — Dy (2)

Téng chuyén vi ngang cua hdng bén tréi va bén phai
khi udn trong mat cit tiét dién dam (vé gia tri tuyét
dbi):

Dep = D¢y + Dey 3)

5.1. Chuyén vi thang ding cta hai ham khién
dao

Két qua md hinh cho thay chuyén vi thang ding cia
hai ham TBM, thu dugc dbi xung qua truc cbng
ngam, chuyén vi nho dan khi cach xa tim dao.
Chuyén vi I6n nhat cia dinh ham 5,7 mm (hinh 6).
Chuyén vi tai ngoai cling -0,25 mm, diéu nay thé
hién kich thuéc mé hinh anh huong dén két qua
chuyén vi, tuy nhién, mic do anh hudng nay tuong
déi nho.

DISPLACEMENT
T2, mm
+5.69277e+000
1.0%
+5.19720e+000

+4.70162e+000

+4.20605€-+000
+3.71048e+000
+3.21490e+000
+2.71933e+000
+2.223766-+000
"+1.72819e+000

44.2%
-2.54106e-001

Hinh 6. Chuyén vi thang dimg hai duong ham.

Gi4 tri chuyén vi thang dung cuc dai ciia day ham
va dinh ham thu duoc tir mo hinh lan lugt ~5,7 mm
va 3,13 mm, cac gia tri nay nho hon gia tri gigi han
15 mm cho phép cua két cau ham khién dao [11].

Hinh 7 chi ra sy thay doi ciia chuyén vi thang ding
theo phuong doc ham duoc xéac dinh tai vi tri dinh,
day va tim duong ham.
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Hinh 7. Chuyén vi thang ding ham.

Vi gia st bién dang theo mt cat ngang cua duong
ham D= D, tir 6 chuyén vi doc thang ding
duoc xac dinh theo gid tri trung binh caa chuyén vi
doc tai dinh ham va day ham.

Gia tri chuyén vi cuc dai cta tim dudong ham dat
4,4 mm. Tong chuyeén vi thang dung coa dinh va
day ham trong mit cat ngang dugc xac dinh qua
hiéu cua hai chuyén vi thang ding, gia tri I6n nhat

5
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trong ung Dcv = 2,5 mm. Su bién thién cua
chuyén vi thang dting trong mit ct theo chiéu doc
ham duoc chi ra trong hinh 8.

Qua biéu do ta thiy chuyén vi thang ding cua
tim ham va tong chuyén vi thang dimng cia dinh va
day ham trong tiét dién cung dat gié tri I6n nhat tai
vi tri tim hd dao. Tai vi tri tim hé dao ty 1¢ nay dat
gid tri 1on nhat Max (Dcv/DI)=56%.
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Hinh 8. Su thay ddi cua chuyén vi do udn doc va udn theo mat cit ngang theo chiéu doc ham.
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Hinh 9. Bo nghiéng theo phuong doc caa dinh him, ddy ham va tim ham.
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Do nghiéng theo phuong doc cia dinh ham dat cuc
dai+0,026%tai vi tri cach tim h dio 9 m, Po
nghiéng theo phuong doc ciia day ham dat cuc
dai + 0,013% tai vi tri cach tim hd dao 14 m, trong
tw dbi vai truc duong ham do nghiéng theo phuong
doc dat cyc dai + 0,018% tai vi tri cach tim hé dao
12 m (hinh 9), c&c vi tri dat cuc dai nay dugc goi la
diém uén.

5.2. Chuyén vi ngang cia 2 ham TBM

Theo chiéu doc ctiia ham, chuyén vi ngang ctia ham
ciing dat cuc dai tai vi tri giao cat véi tim dudng dao.
Giam dan khi xa dudng ham, chuyén vi ngang gan
nhur bang khong tai cac khi vuc xa tim hd dao
A,~35 m. Két qua ciing cho thdy chuyén vi ngang
phia giira hai ham nho hon chuyén vi ngang phia
ngoai. Piéu ndy cho thiy c6 sy anh huong vé
khoang cach giira hai ham trong truong hop nay.
Chuyén vi ngang caa hai him dugc thé hién trong

e
_l\_/laz;l 3724000

ek

N -3,95e-001

|
7’_Ma>< 5.82e-001
|

(©)

hinh 10 véi cac chuyén vi hudng tir ngoai vao tim
ham c6 gié tri 16n nhat 1,37 mm vé mat do Ion.

Chuyén vi ngang ciia mat cat ngang ham tai mot s6
vi tri: Tim hé dao, vi tri mép h6 dao va vi tri diém
udn doc cua ham (cach tim hé dao 12 m) duoc thé
hién trong hinh 11 (a, b, ¢). Tai vi tri tim hé dao va
mép hd dao gia tri chuyén vi vé do 16n gan bang
nhau 1,37+1,33 mm, tai vi tri mat cét cach tim hd
dao 12 m chuyén vi 16n nhat 0,58 mm.

3 LI

#
+.14025¢+000

~49.120126-001
- g et
= 'fz 27299¢-001
; %9, 382960-004
> s aarzse 0t
g srarse001
= ’:-e 856516-001
——-9.13889-001
~ 1 121304000
13703684000

Hinh 11. Chuyén vi ngang cua tiét dién ham tai mot s6 vi tri: (a) tim ho dao;
(b) mép ho dao; (c) cach tim ho dao 12 m (diém uon).
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Hai ham cho két qua chuyén vi ddi xting nhau, gia
tri tuyét ddi cua chuyén vi ngang doc theo chiéu dai
cua phia trong (right spring line) (mép vé ham nam

Excavation
Width b=5,02

0.8

Displacement (mm)

0.6

0.4

0.2

tai doan giira hai ham) va ngoai (left spring line) cua
ham bén trai duoc biéu dién trong hinh 12.

= = == Left spring line Dcl

=== Right spring line Dcr
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-\‘ - - - - - -

60.00
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Hinh 12. Gia tri tuyét ddi cua chuyén vi ngang mép trong va mép ngoai cia duong ham.

Theo hinh 12 chuyén vi ngang cuc dai thu duoc la
Max( D) = 1,37 mm va khoang Max (D) =
1,0 mm. Tong chuyén vi ngang cua hdng bén tréi va
hong bén phai caa ham (vé do Ion) D, = 2,37
mm, gié tri ndy gan twong duong véi tdng chuyén
vi dang cua day va dinh ham trong tiét dién
D., =25 mm. Tir két qua cua hai gia tri tong
chuyén vi trong tiét dién vo ham gan bang nhau,
nhan thiy rang két cau vo ham chiu ap luc gan nhu
d6i xing qua cac truc va bién dang do chju udn la
chinh.

So sénh véi chuyén vi thang dimg boi udn doc
ham tai muc 5.1 vé6i gia tri I6n nhat tai dinh ham va
day ham dat ~5,7 mm + 3,13mm, nhan thay chuyén
vi theo phuong ngang cua tiét dién vo ham (1,3 mm)
nho hon dang ké so véi chuyén vi thang dung.

6. Két luan va kién nghi

Két qua md hinh cho thdy d& tai khi thi cong hd
mang, gay chuyén vi ding caa dinh ham 5,3mm I6n
hon day ham 3,17 mm va hai gia tri nay déu nam
trong giGi han an toan. Chuyén vi thang dtng tim
duong ham 4,4 mm, tong chuyén vi thang dtng cua
dinh va day trong tiét dién 2,5 mm. Céc gi tri nay
dat cuc dai tai vi tri tim hd dao.

Téng chuyén vi ngang caia hong bén trai va héng
bén phai 2,36 mm, gia tri ndy gan bang tong chuyén

vi diing cuia day va dinh trong tiét dién, diéu nay thé
hién két cau chiu bién dang do mé men ubn Ia chinh.

Do nghiéng dinh ham va ddy ham theo phuong
doc twong g +0,026%va +0,013 % do nghiéng
caa tim ham do uén doc ham + 0,018%, khoang
céch giita hai diém udn cua tim ham 24 m.

Kich thuéc mé hinh anh huong téi két qua, trong
bai todn xem xét thi mirc d6 anh huong nay tuong
d6i nho. Sy xuat hién cia duong ham thir hai, anh
huong dén chuyén vi ngang ciia duong ham, diéu
nay thé hién qua sy khéc biét giira chuyén vi ngang
cta ham tai hai vi tri: phia ngoai va giita hai duong
ham. Két qua so sanh trong bai bao co tinh chét
tham khao Véi cac truong hop twong tu, can co
nhimg danh gia cu thé vé mirc 4o anh huong cia
kich thudc m hinh téi két qua chuyén vi caa ham
va anh huong khoang cach hai ham dén chuyén vi
theo phuong ngang.

Phan tich tng x caa ham dua trén phuong phap
phan tir hitu han c6 thé str dung dé trién khai trong
budc dau cua dy an gitp danh gid phuong an thi
c6ng hé dao toan chiéu dai. Ngoai ra ciing can phai
b tri cc thiét bi quan trac hién truong dé kip thoi
phét hién cac diém bt thuong khi thi cong.
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