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M6 phong s6 danh gid anh hwdng cua cdc tham sé hinh hoc téi d6 1un bé mat
khi thi cong hai dwong him Khién dao song song tai Ha N6i

A numerical approach to evaluating the influence of geometric parameters
on surface settlement during the construction of twin shield tunnels in
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TOM TAT

Sw gia tang lwu lwgng giao thong tai cac do thi lon doi hoéi viéc xdy dung hang loai cac hé
thong metro ngdm. Do dé, dw bdo d6 ltin bé mat khi thi cong dwong him metro déng vai
tro quan trong trong viéc t6i wu héa thiét ké va giam thiéu thiét hai cho cic cong trinh
hién httu. Bai bdo st dung md phéng s6 bang phin mém Plaxis 2D d€ phan tich dnh
hwdng cltia cac yéu t6 nhw chiéu sidu diat him, khodng cach gitra hai hAm va dwdong kinh
ham téi d6 lan, véi di liéu dia chat doan ngdm Kim M3 - ga Ha Noi, tuyén metro sé 3.
K&t qua cho thiy, ving anh hwdéng lin dao dong tir 2D-4D, mot s6 treong hop dd lun da
vrgt ngwdng cho phép la 15mm khi V1=1%. Viéc str dung phadn mém gitip xac dinh nhanh
vung ltin nguy hiém va hd tro cho thiét k& quan trac hop ly. Him hdi quy giita d6 ltn va
cac thong s6 hinh hoc cho két qua dang tin ciy, 1a co s& tham khao cho cac trwong hop
thi cong trong dia ting twong tu.
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ABSTRACT

The increasing traffic volume in major urban areas necessitates the construction of
numerous underground metro systems. Therefore, predicting surface settlement during
metro tunnel construction plays a crucial role in optimizing design and minimizing
damage to existing structures. This study employs numerical simulation using Plaxis 2D
software to analyze the effects of various factors such as tunnel depth, spacing between
twin tunnels, and tunnel diameter on ground surface settlement, based on geological
data from the Kim Ma - Hanoi Station underground section of Metro Line 3. The results
show that the settlement influence zone ranges from 2D to 4D, with some cases
exceeding the allowable settlement limit of 15 mm when V1 = 1%. The use of simulation
software allows for the rapid identification of potential settlement zones and supports
reasonable monitoring system design. Regression equations between surface settlement
and geometric parameters yield reliable results, serving as a useful reference for similar
tunneling conditions in comparable geological settings.
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1. Giéi thiéu

Hién nay, Ha N6i va Thanh ph6 H6 Chi Minh
dang trién khai xay dung hé thdng metro nham
gidm ap lwc giao thong trén mit dat. Cong nghé dao
ham bang khién dao (TBM) dwoc lwa chon nho
hiéu qua cao va kha nang han ché tic dong dén méi
trrong xung quanh. Tuy nhién, trong qua trinh thi
cong, van ton tai nhiéu thach thirc, dic biét1a hién
twong lun mat dat - mot yéu té c6 thé anh hwong
nghiém trong dén két ciu va sw an toan cia cic
cong trinh lan can. Do d6, viéc nghién cttru dw doan
mirc d6 lan mat dat va dé xuat cac giai phap, gidm
sat chat ché la rat quan trong.

C6 nhiéu phwong phap duw bao lun mat dat, cé
thé ké dén mét s6 phwong phap chinh nhw phwong
phap phén tich 1y thuyét; phwong phap ban thuc
nghiém va phwong phap mé hinh s6, phwong phap
mo hinh vat 1y, phwong phap hoc may.

S dung md hinh ly tdm [1], [2], cho d6 chinh
Xac cao, tuy nhién diéu kién dia chit thay doi doc
tuyén, viéc sit dung mo hinh vat ly ton kém va
khong mang tinh phé quat. C6 thé st dung khi
dwong hdm TBM di qua cac khu vuec lich str, cong
trinh c6 tinh chit quan trong, yéu cau nghiém ngat
trong vé do lan.

Phuwong phap phén tich ly thuyét dwoc dé xuit
qua mdt sé nghién ctru dién hinh nhw Chow,
Loganathan va Poulos [3], [4]. S& dung phwong
phap giai tich ciing c6 nhirng han ché nhat dinh do
tinh phic tap trong cong thirc, két qua dw bao c6
thé 16n hon so véi thong thwong.

Phuwong phap st dung hoc may dé phéan tich cac
két qua thu dwoc tir quan tric hién trwong [5], [6],
tr d6 str dung cdc md hinh phu hgp dé€ phan tich
danh gia va dwa ra du bao cho cac dy an cé tinh
twong ty trong twong lai. Phwong phéap c6 thé xem
xét dwoc nhiéu yéu té anh hwdng dén do ldn bé
mit, tuy nhién d€ lam dwoc diéu nay can phai c6
tép dir liéu du 1én, ¢ d6 tin cly cao. Piéu nay chwa
that sw phu hop véi cac khu viee chwa ¢6 cac dw an
thuc té€ hodc c¢6 ngudn dir liéu chwa du tin ciy dé
tham khdo va trién khai.

Phwong phap ban thwc nghiém cho phép thu
dwoc két qua nhanh, don gian [7], [8], [9]. Tuy
nhién cac tham so trong céng thirc thuc nghiém

can phai dwoc khdo sat va danh gia day du tai dwa
trén cac két qua thuc nghiém, gin lién véi dia tAng
khu vuc thi cong dwong ham khién dao. Do d6
thong thwong, cac tham sé trong cong thirc thuc
nghiém cin dugc hiéu chinh qua két qua quan tréc
thwc t€ va mo hinh phén tir hiru han.

Vé&i phuwong phap phén tir hitu han, ciing cho
phép duw doan do Iin bé mit va phan tich twong tac
gitra két cAu ham v&i dia ting xung quanh [10],
[11],[12],[13], [14], [15],[16],[17], [18]. M6 hinh
cling cho phép khao sat dwgc anh hwéng ctia do
lUn téi cac cong trinh 14n cdn dwdérng hdm trong qua
trinh thi cong. Tuy viéc xac dinh cac tham s6 dau
vao ciia mé hinh ciing c6 nhirng van dé khé khan.
Mdc du vay, phwong phap phan t& hitu han dwoc
danh gia cao vé tinh phu hop trong giai doan dau
cta dw an. Qua do, c6 sd liéu dé danh gia dwoc ving
anh hwéng va cac khu vwe cé gia tri do lun 1on,
khuyén cdo déi véi cac cong trinh 1an can.

Phén 1&n cac nghién ctru nay hién tip trung hau
hét vao tuyén metro s 1 cia Tp. H6 Chi Minh, khu
vuc c6 diéu kién dia chit dac thu nhw 16p dit yéu
va muc nwdc ngam cao. Do d6, viéc 4p dung
phwong phap phin t& hiru han dé khdo sat trong
diéu kién dia chat Ha No6i 1a can thiét nham dam
bao do chinh xac trong du bao dd lun va pham vi
anh hwdng. Trong bai bao nay, nhéom tac gia st
dung phin mém phin t& hitru han Plaxis 2D, dé
danh gia anh hwéng cac tham s6 dén do lin bé mat
khi thi cong hai dwong ham khién dao song song
cung do sau v&i diéu kién dia chit tham khao tai
tuyén metro sé 3 Ha Noi.

2. Trworng hop nghién ciru

bia chat st dung trong khao sat cac tham sé
hinh hoc dwgc tham khao tir bao cao dia ky thuat
cua tuyén dwong sit do thi (DSPT) s6 3 Ha Noi
(HN). Tuyén DSDT s6 3, doan Nhon - ga Ha Noi
dwoc khéi cong xay dung tir nam 2009 theo Quyét
dinh s6 1970/QDb-UBND ngay 27/4/2009. Tuyén
c6 chiéu dai 12,5km (8,5km di trén cao va 4km di
ngam). Tuyén c6 12 nha ga: trong dé: 8 ga trén cao
(Nh&n, Minh Khai, Pht Dién, Cau Dién, Lé Dtrc Tho,
PH Quoc gia Ha Noi, Chua Ha, Cau Gidy) va 4 ga
ngam (Kim M3, Cat Linh, Van Miéu, Ga Ha Noi)
[19]. Mt cat dia chit trong bai bao, dwoc chon
gitta ga Kim M3a & ga Cat Linh, khu vuc bat dau
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doan dwong hdm TBM giira 4 nha ga ngam, dwoc
thé hién trong hinh 1.

2.1. Diéu kién dia chdt

bia ting tai khu vwc nghién cru gobm nam 1ép
dat chinh cu thé: Lép dip (Backfill): Hon hop
khong dong nhat cat pha, sét pha; GU1s: Dat sét it
déo c6 tron mot it bot hoac sét déo; GU3&4: Dat
hitu co va dit sét; GU5-a: Cat pha hodc cat bot tir
chat vira dén chat; GU5-b: Cat hat vira dén chat;
GU7&8: Soi cat va san rat chat.
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Hinh 1. Mit cit dia ch4t tai KM 19+793 tuyén s6 3 HN.

Thong s6 cwong do cua cac 1ép dat twong ng
st dung trong mo hinh tham khao tir bao cao dia
chit [20], dwgc dan ra trong Bang 1.

Bang 1. Thong s6 k§ thuat cta cac 1op dat.

Lép dat
Thongs6 Back GU GU GU GU GU
fil 1s 3&  5a 5b 7&8
Mohinh MC MC MC MC MC MC
E (kPa) 10000 20000 5000 40000 50000 100000

Lép dat
Thongs6 Back GU GU GU GU GU
fill 1s 3&4 b5a 5b 7&8
\Y 0,3 03 03 03 0,3 0,3
y(kN/m3) 19 185 16 20 205 21
Ko 0,577 0,58 066 044 043 0,36
Ysat 19 185 16 20 205 21
(kN/m3)
c(kPa) 15 10 5 0 0 0
@ () 25 25 20 33 35 40
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2.2. Théng s6 vé hadm

Puwong kinh him (D) dwoc thay doi voi cac gia
tri 1an lwot 1a 5,0 = 8.0m. Do sdu dat ham ciing
dwoc thay doi trong khao sat tir 1 + 4D, véi D 1a
dwong kinh ngoai cia vo hdm st dung theo thong
s6 vo ham tuyén dudng sit do thi s6 3 Ha Nai
(D=6,3m).

V6 dudng hAm dwoc mod phéng bang phan tir
tdm s dung mo hinh vt liéu dan hoi tuyén tinh.
Thong sé tinh todn cia vo ham, trong truedng hop
dién hinh dwgc thé hién trong Bang 2.

Bang 2. Thong s6 ki thuit ctia két cdu hAm TBM.

Théng s6 V6 him
Puong kinh trong hdm, Dine (m) 5,7
Chiéu day vo hdm (m) 0,3
Modul dan hoi, E (kPa) 3,5x107
Hé s6 Possion, v 0,2
Trong lwong riéng, y (kN/m?3) 25

2.3. Phdin trdm mdt mdt thé tich

Sw lin mat dat khi thi c6ng khién dao chu yéu
do mat mat thé tich (volume loss). Khi thi cong dao
dit, ddt xung quanh ham giai phong &ng suit do c6
sw chénh 1éch gitra dién tich gwong dao va dién tich
may khién dao & vé him vinh ciry, cling nhw qua
trinh 1ap v6 hadm vinh citu tré hon. Do d6 xay ra
bién dang hwdng tim va doc may khién dao va vo
ham.

Phan tram thé tich mat matV; 1a ty sé gitra thé
tich dit bi mat xung quanh khoang him (V; so véi
thé tich dwong ham trén mét don vi chiéu dai.
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Tong thé tich bi mit bao gdbm méit mat tai mat
guwong dao (a), mat mat doc theo khién ham (b),
mat mat tai dudi khién (c) va mit mat sau dudi
khién (d) do vira co lai va bién dang cia vo ham.
Dan dén cic doan lun twong tng [21], dugc thé
hién & Bang 3.

Hinh 2. Ldn bé méat doc dwong him khién dao.

Trong bai bao nay, nhém tac gia thong qua khai
bao phan tram thé tich mat mat dé biéu thi qua
trinh mat mat nay. Thong thwong, gia tri hao hut
dao dong tir 0,5% dén 1,5%, tuy thudc vao diéu
kién dia chit va cong nghé thi céng. Khi thi céng
hAm bang cong nghé khién dao, mic hao hut c6 thé
gidm xudng khoang 0,5%. Trén co s& tham khao tir
mot s6 dw an trén thé gidi [22], nhom tac gia lya
chon khdo sat véi mic thé tich mat mat trong
khoang V; = 0,5% dén V; = 1%. Phan tram thé
tich mat mat trong mot s6 dw 4n tham khao dwoc
trinh bay trong Bang 3.

Bang 1. Co s& dit liéu mat mat thé tich.

Tai liéu tham Khao Dit %;I‘hé’,tich Loai dwong him
mat mat, V1

Ledesma and Romero (1997)  Clay with some gravel 1.20% Barcelona Subway

Stiff Clay 1.0-2.0% Open faced method
Mair and Taylor (1997) ggirflfdday g:g‘-’/i'S% 21132/([1 faced TBM

Soft clay 1.0-2.0% Closed faced TBM
Macklin and Field (1998) London Clay 2.40% Full face TBM
Nyren (1998) Very Stiff London Clay 1.1-1.8% Jubilee Line Extension, NATM
Sugiyama et al. (1999) Stiff Clay <1.0% Slurry Shield Method
Loganathan et al.(2000) Sand 0.2-0.6% TBM Sydney
Cooper et al. (2002b) Clay 1.3-2.5% Piccadilly Line Tunnels
Wu and Lee (2003) Clay 1-2% Taipei MRT Projects
Coulter and Martin (2006) Glacial moraine 0.35% Excavated using a Jet grout
Hunt (2005) London Clay 1.20%
Tjie-Liong (2005) E(r)szvl\:lzrti)r;leos/\l/av}\,/ater level gg‘;[/g o E}Egm ’?‘i:kg;(? o
ian 2011
Zhangetal. (2011) 0l1d Alluvium 0.1-0.9% Singapore Circle Line tunnels
Wan et al. (2017) London clay 0.80% EPBM London

2.4. M6 hinh phdn ti¢ httu han

Str dung phan mém phan t& hitru han PLAXIS 2D
mob hinh qua trinh thi c6ng dwong ham. Cac 1ép dia
chit st dung mé hinh Mohr-Coulomb, vé ham
dwoc md phong dang tAm (phin ti plate). Phan tir
ti€p gidp (interface) dwoc st dung d€ mo phong
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twong tac gitra dat véi két cdu vo hdm TBM véi s6
giam cwong do Rinter=0,67. Phan bd cac 16p dat &
kich thwéc mé hinh dwoc thé hién trong Hinh .
Kich thwéc phwong ngang cia mo hinh dugc xem
xét du dé khoang cach tir mép dwong hAm TBM t&i
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bién md hinh dam bao 1é6n hon 5D, theo phwong
dirng phu hop véi diéu kién dia chat.

Trong khdo sat nay, khong xem xét dén anh
hwong do thay d6i muwc nwéc ngdm téi do 1tn bé

mat. Hai dworng ham dwoc gia thiét thi cong dong
thoi. Lun bé mat do thi c6ng dwong hAm TBM dwoc
mo ta qua cac giai doan: thiét 14p trang thai ing
suit ban dau, khdi tao khoang dao TBM, lap dit vo
him & khai bdo mit mat thé tich.

5 backfill
— GU1_s
(1+4) Ham TBM
GU3&4
o .@O .(1)) e GU1_s
(2:4)D GU5a
GUS5b
126m GU7&8

Hinh 3. Phan 16p dia tAng cia md hinh & sw thay ddi cac thong s6 khao sat.

2.5. So sanh d¢ Iun theo c6ng thikc thwc nghiém va mé
hinh phdn tir hitu han

Phuwong phéap thwc nghiém pho bién dé dw bao
d6 1in bé mat S khi thi cong TBM la dwa trong thic
cua Peck [8], [9], gia dinh c6 dang ham phan phoi
chuin Gauss. Cong thirc xac dinh do 1dn Smax va
lin bé mat theo phwong trinh (1) sau day:

)2 1\?
(x-3) (x+3)
S=Snmaxl|e 22 +e 22 (1)
Trong dé:
Vl*ﬂ*(g)z -z . A 1.7 , ~
Smax = 5.~ giatri do Iin 16n nhat theo

phwong thing dirng doc dwdng him, m;
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V;- phan tram mat mat thé thich;

D- dwong kinh ham;

i =k * zy - d0 1éch tiéu chuin ctia dwong cong
tinh ltn, con goi la théng s6 bé rong mang lun;

k- tham s6 chiéu rong vung lun, phu thudc vao
diéu kién va loai dit ma dwoc hadm thi cong qua;

Zo- chiéu siu clia tim hdm so v&i mat dat;

k- hé s6 kinh nghiém phu tudc vao tirng loai dat.

[- khoang cach gitra 2 tim ham.

Hinh 4 chi ra gia tri d6 lin 16n nhat khi thay doi
dwong kinh duwgc xac dinh theo hai phwong phap.
Gia tri khao sat: dd sdu ham z, = 16 m, khoang cach
gitra hai hdm d = 12,6 m va dwong kinh ham thay
dé6i tir 5 dén 8 m.
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Dwong kinh hdm (m)

507 -4.90 55 6.0 6.5 7.0 7.5 8.0
~
—~ ~
6 -
530~ _ 7.10
~
-~ ~
- -7.80
.
8 770 T

E ?~ -9.70

= -8.50 ~

= ~
-10 = ~

m)% ~

= .

g 1040

<G§ ~

= ~ -12.80
-12 ~

~
~
~
“~ -13.60
e
-14
—=+ -Cong thive thire nghiém PTHH

-16

Hinh 4. Biéu d6 so sanh d6 lan tir cdng thirc thwe nghiém va mo6 hinh phin mém.

Biéu d6 cho thay su twong dong twong ddi gitra
két qua tinh do lun tir cong thirc thyc nghiém va
md hinh phdn mém. Ca hai phwong phap déu thé
hién xu hwéng bién déi gan nhw dong nhét, cho
thiy tinh hop Iy va do tin ciy ctia mo hinh tinh toan
dwoc st dung. Tuy nhién, két qua so sanh cho thay,
gia tri do6 lun theo cong thirc thye nghiém lén hon
so v&i két qua trén phan mém PLAXIS. Vi viy can
xem xét nhiéu yéu té dé diéu chinh cac thong s6
céng thirc thwe nghiém cho phtu hgp véi diéu kién
ap dung tai cac dy an & Viét Nam.

3. Khao sat anh hwéng ctia cac tham s6

Trong bai bao nay sé danh gia sy anh hwéng cia
cac tinh chait hinh hoc cia hAm dén do lun bé mat
nhw do sdu him trong khoang 5 + 25m, duwong
kinh ham trong khodng 5+ 8m va khoang cach gitra
hai him tir 2,0D+4D (D la dwong kinh ham).

3.1. Anh huéng ctia dé sdu ddt hdm

Khi do sau ting dat hAm H = (1 + 4)D, d6 ldn
16n nhat (Smax) trén bé mat gidm dan, thé hién
trong Hinh 5. Ty 1€ gitta H/D canglén, gia tri Smax
ciia bé mat cang bé. Tuy nhién, viéc chon dé siu
quéa 1én sé gap khé khan trong thi cong, vi viy can
cin doi gitra hiéu qua giam lan va kha nang thi
cong.

5 10 15 20 25 30 35
-5
Do sdu dat ham (m)
-7.08 h
7 783 75 &
& -
902 . °
-9 o
L
11017 y = 0.0001x3 - 0.0229x? + 0.9245x - 17.451
11 e R*=10.9904
—12.35. ”
L 4
-13 —
£
g
e
-15 R ettt Rttt Rttt ittt ittt ittt
P . -1653
g -17.00 _f'.ﬁz_.
E 17.46 =
-17 = P
= -~
@ -
-19 195 y = -0.0016x3 + 0.066x2 - 0.4844x - 20.433
2049 R?*=0.9838
. '
21.22
21 A
@ VL=0.5% VL =1.0% === Gioihan
3 = - Poly.(VL=0.5%) === Poly.(VL=1.0%)

Hinh 5. Biéu d6 quan hé giita d6 14n mat dat va suw thay d6i chiéu sdu dat him.
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Tl s6 liéu tinh todn bang mo hinh, thiét l1ap
quan hé giita Smax va chiéu su diat hdm thé hién
qua cac dwong Poly nhuw trong Hinh 3. Phwong
trinh thé hién m6i quan hé gitra d6 sdu dat ham va
d6 lan Max bé mét khi VI=0.5% & V1=1% lan lwot
qua phwong trinh (2),(3):

y, = —0.0001x3 — 0.0229x2 + 0.9245x @)
—17.451

y, = —0.0016x3 + 0.066x2 — 0.4844x 3)

— 20.433

Phuwong trinh thé hién méi quan hé nay la dang
ham da thirc bic ba, v&i hé s6 xac dinh lan lwot 1a
R2=0.9904 va R2= 0.9838 twong &rng véi treong
hop V; = 0,5% & 1%, thé hién mirc d6 phu hop tét
ctiia ham hoi quy.

C6 thé thiy gia tri do 1un, khi mat mat thé tich
1a V; = 1%, thi d6 lin bé mat Smax c6 thé 16n hon
gia tri do 1an cho phép 15mm [18] dwoc s& dung
v&i cac cong trinh ngdm & Viét Nam.

3.2. Anh huéng ctia dwong kinh dwong hdm

Khi thay d6i dwong kinh ham tir 5 + 8m, d6 lin
c6 xu hwdng ting dan khi dwong kinh mé rong, sw
thay déi dwoc thé hién trong Hinh . D6 déc cla
dwong cong kha déu, phan anh sw gia tang 6n dinh

cta do lan theo kich thwéc ciia hdm. PO lun trong
trwong hop V; = 1%, tang nhanh hon so véiV; =
0.5% thé hién qua do déc dwong xu hwéng 16m.
Phan 16n cac gia tri d6 1an 16n nhat khi V; = 1%
vwot qua gia tri ldn tuyét doi gidi han cho phép
[18].

T k€t qua mo hinh, thiét 14p méi quan hé gitra
dwong kinh hdm va do lun bé mat, két qua dwoc
chi ra trong Hinh 1a cac ham da thirc bac 2 (Poly
Vi = 0.5% & 1% ), lan lwot 1a phuwong trinh (4) &
(5):

y; = —0.2279x% 4+ 0.3266x — 0.8479 (4)

y, = —0.5687x2 + 1.5037x — 44102 (5)

Véi ty 16 phan tram phwong sai R2 cac moi quan
hé nay lan lwotla ~1 & 0.9995 véi cac treong hop
thé tich mit matV; = 0,5% & V; = 1%. Cho thiy
suw phu tot ctia ham hoi quy, c¢6 thé st dung du bao
d6 Iin bé mat trong khoang khao sat.

3.3. Anh huémg khodng cdch gitka hai hdm

Hinh, Hinh thé hién gia tri 1an bé mat khi thay
dé6i khodng cach gitra hai hAm twong &ng cac gia tri
2 +4D . Két qud khdo sat lun bé mat déi vaéi
trwong hop V; =0.5% &V; = 1% cho két qua
twong dong nhau.
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Hinh 6. Biéu d6 quan hé gitra d6 1dn mit dit va dwong kinh dwdong ham.
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Khi khodng cach gitta hai hdm ting lén, sw
twong tac va dnh hwéng 1an nhau gitra hai ham
giam di, dan dén do6 lun bé mat ciing giam. Khi
khoang cach 2 hAm gidm, phéu lun hinh thanh sau
va hep hon. Phéu lin mé rong khi khodng cach hai
ham ting, ngoai ra gia tri d6 lun tai truc d6i xtng  Hinh 7, Hinh 8.
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gitta 2 hdm dia nhdé hon gid tri lin cwc dai
(S<Smax). Khoang cach hai hdm cang 1én, gia tri
1éch gitra d6 lun tai tim 2 hdm va tai truc doi xirng
cang tang, hinh dang phéu lin chuyén tirng dudng
cong mot diém udn sang dwong cong ba diém uon,
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Hinh 7. Bi€u d6 quan hé giitra d6 lin mat d4t va khodng cach gitra hai hAm tuyén déi voi tredrng hop thé tich mit

mat V, = 0.5%.
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Hinh 8. Biéu d6 quan hé gitra d6 1dn mit dit va khoadng cach giira hai hAm tuyén déi véi tredmg hop thé tich mat

mat v, = 1%.

Khi thay d6i khoang cach giita 2 hadm tir (2 +
4)D tng véi treong hop V; = 0,5% do 1un cuc dai
bé mat gidm 31,6%. Twong tw, ng véi V, = 0,5%,
d6 1an cwc dai bé méat giam 32,6%. Qua do6 thi cling
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thay, d6 lun bé mét cyc dai gidm nhanh khi khoang
cach thay déi tir 2 + 3D, thay ddi rat nho tir 3,5 +
4D. Ngoai ra, khi khoang cach giira hai hdm ting,
khu vyc anh hudng caa lun bé mit cang dwoc mé
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rong, tuy nhién c6 thé thay tir khodng 35 + 40m tir
truc d6i xirng hai hdm, sw khac 1in bé mat khi thay
d6i khoang cach hai tim hdm khong dang ké. Do do,
dé han ché do lan bé mat, viéc lwva chon khoang
cach gitra hai hdm 16n hon la hop 1y, nhwng cling
cAn can nhic vé mat kinh té va khong gian xay
dung.

4. Két luan va Kién nghi

Viéc st dung phan mém phan t& hitu han cho
két qua du bao do 1dn bé mat cia dwong hAim TBM
mot cach nhanh chéng. Dwa vao két qua khao sat
ching ta c6 thé dwa ra danh gid so b, xac dinh
dwoc viung anh hwdng, khu vire lun cé thé gay nguy
hiém cho cong trinh trinh bé mat. Qua phén tich c6
thé thay ving c6 thé gy danh hwdng téi cong trinh
nam trong khoang tr 2D + 4D khi khoang cach
gitra 2 tim him tang, dwa trén két qua nay cho
phép thiét ké pham vi quan tric lin va xac dinh cac
céng trinh trong pham vi can phai theo doi trong
qua trinh thi céng.

Khi khdo sat sw dnh hwdng cta cac yéu td
dwong kinh hdm don, khodng cach hai hAm, chiéu
sdu dat hdm t&i do 1un bé mat, tuy chwa khao sat
dwoc day du cac théng s6 anh hwdng nhung ciling
da hinh thanh dwogc bic tranh so bd vé su thay doi
cda lun bé mat trong cac trwong hop, tir dé cb co
s& dé€ lwa chon, diéu chinh vi tri, khoang cach gitra
hai hdm trén co s ddm bao cac théng s6 hinh hoc
yéu ciu, cling nhw d€ ddm bdo lin bé mit nam
trong cac gia tri cho phép.

Dua trén két qua mo6 phong ctia phdn mém, cé
thé& hinh thanh cac ham hbi quy biéu dién mdi quan
hé gitra gia tri d6 lin bé mat va cac thong s6 thay
d6i nhw dwong kinh hdm, khoang cach giira hai
ham, chiéu siu dat hAm. Gia tri R? tir nhirng biéu
dién nay thé hién dwoc do tin ciy clia cdc ham hoi
quy. Diéu nay c6 thé 1a co s& tham khao, dé xac
dinh gia tri d6 1an bé mat trong cac diéu kién dia
tang twong tu.

Gia tri d6 lun cwc dai trén bé mat thu dwoc tir
mo phéng véi hai trwong hop V=1% &V, =
0.5%, da c6 nhitng khoang gia tri 1é6n hon cac gia
tri cho phép khi thi cong dwong hdm TBM [17]. Véi
cac gia tri nay co6 thé gy nguy hiém cho cic cong
trinh phia trén bén mat dit. Do d6, trong qua trinh
dao ham, phai dy tru cac bién phap phu hop: cai
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tao dat; giai phap chong do, gia c6 phu hop... dé
dam bao an toan cho két ciu khu vuc 1an cin khi
thi cong dwong ham khién dao.

Tuy nhién day 1a cac két qua dw bao dd lin, khi
chwa xét dén sy c6 mit ciia cic cong trinh bén trén
bé mat dit cling nhw cac phu tai khac trén bé mit.
Do dé, tir két qua nay, cin c6 sw danh gia cin than
anh hwdng tdi cac cong trinh bén trén theo két cau
hién trang.

Pong gop cua cac tac gia trong bai bao

Nguyén Vian Hung: Phwong phap, Giam sat,
Phén tich danh gia két qua, Phan héi y kién phan
bién, Viét - ban thido goc. Tran Xuan Thanh:
Phwong phap, Quan ly dit liéu, , Thu thip s6 liéu
dau vao, M6 hinh bai toan, Phin tich dir liéu.
Nguyén Thi Hwong: Thu thap s6 liéu dau vao,
Quan ly dir liéu, Phan tich dir liéu, Chinh stra ban
thao.

Tuyén bd khong xung dot lgii ich va cam két ban
quyén

Nhém téc gia tuyén b6 khéng xuit hién nhirng
xung dot tiém an tir nghién ctiru nay, va cam két bai
bao chwa tirng dwgc cong bo trude day.

Chia sé dir liéu theo yéu cau

Dit liéu sé dwgc cung cip theo yéu ciu.
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