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Tom tit:

Trong viéc xay dung cac c¢ong trinh bang phuong phap dao 14p tai cac thanh phd 1on, mét trong nhitng
thach thirc 16n nhat 12 bao vé cac cong trinh ngam hién hitu khoi tac dong tiéu cuc tir qua trinh thi cong
phia trén. Viéc giam tai trong do hoat dong dao dat phia trén c6 thé dan dén ang xtr khéng mong muébn va
gay hong cac cong trinh ngam, dic biét 1a nhitng cdng trinh yéu cau tinh an toan cao nhu dudng ham TBM.
Bai bao dé xuit mot phuong phap don gian dé danh gia anh hudng cua cac tham sb hd dao khi thi cong
toan chiéu dai tai chuyén vi truc cua dudng ham TBM c6 thi cdng hd méng phia trén. Trudc hét, xac dinh
g suét thay dbi khi dao dat tai mat phang tim ham, sau do, xac dinh bién dang cia dudng ham bing
phuong phap giai tich. Két qua giai tich dugc so sénh véi md hinh 3D, cho thay su chénh léch nho. Tir dé,
str dung phuong phép phan tich nay danh gia anh huong caa cac théng sb hd dao dén bién dang cua duong
ham hién hitu.

Tir khda: Buong ham hién hitu; HS dao toan chiéu dai, Him TBM; Chuyén vi ctia him; Phuong phép gidi
tich.

Abstract:

In constructing structures using excavation methods in large cities, one of the greatest challenges is
protecting existing underground structures from adverse impacts during the construction process. Reducing
the load due to the excavation activities above can lead to undesired behaviors and potential damage to
underground structures, especially those requiring high safety standards, such as TBM tunnels. This article
proposes a simple method to assess the influence of excavation parameters when constructing the full-
length tunnel axis displacement of TBM tunnels during upper-level excavation pit construction. Initially,
stress changes are determined when excavating soil at the tunnel face, and then tunnel deformation is
determined using analytical methods. The analytical results were also compared with the results from a 3D
model, yielding minor discrepancies. Thus, this analytical method allows for the assessment of the influence
of excavation parameters on the deformation of existing tunnels.
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1. Giéi thigu
Hién nay, cac tuyén duong sat d6 thi dau tién da
duoc dua vao van hanh khai thac tai Ha Noi va
Thanh phé H6 Chi Minh. Va theo quy hoach,
hé théng tau dién ngam c6 thé kéo dai hang tram
km tai cac thanh phé ndy. Khi xay dung hé
thng tau dién ngam nay, s& khong tranh khoi
cac qué trinh thi céng nhitng cdng trinh giao cit
khac mirc vai cac két cau hién hitu, cu thé, nhu
hé thdng cac hd dao phia trén duong ham TBM
(Tunnel Boring Machine) hién httu. Khi thi
cdng cac hé dao phia trén dudng ham, su thay
ddi tai trong do d& tai co thé gay ra cac anh
hudng dang ké dén duong ham ngam, tham chi,
c6 thé gay hong hoc. Mot vi du dién hinh dugc
ghi nhan tai du an Pachio ¢ Pai Loan [1], viéc
xay dung mot tda nha gan d6 gy hu hai vo ham
TBM. Do dé, viéc danh gia ang xur ctia vo ham
khi c6 thay ddi tai trong phia trén 12 rat can thiét,
dic biét, trong bdi canh cua cac do thi hién nay.
Ung xir cia dudng ham hién hitu bén dudi
duoc nhiéu nha nghién ciu quan tam, tiép can
bang cac phuong phap khac nhau, nhu quan tric
[2], m6 hinh vat Iy [3], [4], phwong phap phan
tu hiru han [5], [6], [7], [8], [9] va phuong phap
giai tich [10], [11], [12], [13].

Trong cac phuong phap nay, giai tich la
hudng tiép can nhanh va ton it chi phi dé co thé
du doan duoc bién dang cua duong hiam chiu
tac dong cua viéc dao dat ¢ trén. Pay ciing duoc
xem 1a mot hudng tiép can phi hop trong giai
doan dau cua qua trinh thiét ké va xay dung cac
du 4n. Trong c4c nghién ctru da cong bd, dudng
ham trong khéi dia tang duoc quy vé bai toan
dam trén nén dan hdi, md hinh dam su dung
dam Euler-Bernoulli hoic dam Timoshenko
lien tuc, trén md hinh nén Winkler hoic
Pasternak.

Trong bai b4o nay, nhém tac gia cung cap
mot hudng tiép can giai tich, véi duong ham
dugc s dung dam Euler-Bernoulli, nén dét si
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dung mé hinh nén Winkler. Két qua giai tich
duoc so sanh véi md hinh 3D bang phan mém
phan tr hitu han dua trén sé liéu cua tuyén
duong sat d6 thi s6 1 Thanh phd H6 Chi Minh.

2. Phwong phap giai tich

Mot s gia thiét khi tiép can bang phuong phap
giai tich: Mbi truong dit duoc xem la moi
truong dan hoi tuyén tinh, dang hudng va dong
nhat; duong ham duoc xem nhu dam trén nén
dan hoi (bai toan 1D, khong xem xét téi bién
dang bén trong tiét dién) vai chiéu dai vo tan.
2.1. Tai trong tac dung Ién truc dwdng ham
Sau khi dao hé mong, ap luc d& tai p(x)huéng
1én dugc tao ra trén day hé mong. p(x)la sy
thay d6i bang trong luong dat dao trén mot don
vi dién tich. Véi trudng hop dao hé méng toan
chiéu dai, bai toan moi truong 3D trg thanh bai
toan bién dang phang vai luc phan bé déu p,
trong doan 2a (a - chiéu rong hé mong), tuong
ng véi diéu kién bién:

P [¥<a

0, |x>0 @)

p(x)=
Bai toan ap luc phan b déu dit trén bé mit ban
khong gian vo tan da duoc Sneddon dung bién
d6i Fourrier dua ra 101 giai vao nam 1951 [14],
v6i thanh phan ang suét thang ding duoc xéac
dinh theo cbng thuc:

(x+aj [x—aj
arctan| —— |—arctan| ——
P : : (2)

Tu = (x+a)z ~ (x-a)z
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(x+a)2+z2 (x—a)2+z2

Trong bai todn nay anh huong cua duong ham
t6i ung suat phat sinh, cling nhu cac @ng suat
doc va &ng suét cit bén trong dudng ham duoc
bo qua. Khi d6, tng suat theo phuong thang
dung tai do sdu H, gay ra boi tai trong phan bd
dit tai day hd dao v6i huéng tir dudi 1én dugc
xac dinh theo céng thac sau:
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x+a X-a
arctan —arctan
[ HO ] [ H HO ]

. (x+a)(H-H,) ~ (x-a)(H-H,)
(x+a)z+(H—H0)z (x—a)2+(H—H0)z

_ 7oHo
.0, =

Trong do, 7, la trong lugng riéng cua lép dat
trong hé dao, H, la khoang céch tir day hé dao
t6i mat dat, H 1a khoang céch tir tim ham hién
hitu t6i mat dat.

2.2. Phwong trinh bién dang cia ham
DPuong ham hién hitu duoc xem xét dudi dang
dam Euler-Bernoulli nam trén mé hinh nén dan
hdi mot hé s6 Winkler. Phuong trinh vi phan
cta dam trén nén dan hoi duoc thé hién:

d“w(x)

eq dX4

El +KDw(x) = Do, (x) (4)
Trong d6, D 1a dudng kinh ngoai cia ham hién

hitu, E 1amd dun dan hdi cua vat ligu ham, 1,

la md men quan tinh trong duong ctia ham hién

Hém hién hitu, EI

hitu ké dén anh huong caa méi ndi doc ham, K
la hé s6 nén ctia mdi trudng dat xung quanh vo
ham, w(x) 1a chuyén vi cua truc duong ham,

o, (x) 1a Gng sudt tac dung lén ham theo

phuong thang ding. Nghiém thuan nhat cua
phuong trinh (4) cé dang sau:

w(x)=e"*(C,cos fx+C,sinpx) khi x>0 (5)

Trong do: 4_, KD
\/4Eleq

Pé phan tich tic dong cua viéc dao phia trén
v6i duong ham bén dudi, dau tién, can xem xét
dén ung xur cia duong ham dudi tai trong tap
trung trén nén Winkler. Tong tng suat thang
dung P, duoc don gian hoa dé tac dung Ién truc
trung hoa cua dudng ham, va sau do, ¢ thé tac
dung tryc tiép 1én mong duéi dang tai trong tap
trung, nhu minh hoa trén Hinh 1.

Hinh 1. Him trén nén dan hdi chiu tdc dung bai tai trong tap trung.

Str dung diéu kién bién vai truong hop tai trong
tap trung va tim dugc phuong trinh chuyén vi
ctia ham:

w(x) (6)

D gy« .
= me M (cos B|x|+sin |x])

Sau khi c6 dugc chuyén vi caa ham dudi tac
dung cua tai trong tap trung, co thé sir dung két

hién hitu duéi tai trong phan b déu. Nhu thé
hién tai Hinh 2, tai trong ¢(¢)d¢ dat ¢ vi tri &
can cu theo phuong trinh (6) vi phan cua
chuyen vi dw(x)tai mot vi tri x bat ky cua ham
c6 thé duoc xac dinh théng qua dich chuyén
truc toa d6 nhu sau:

\ . X _A(E)D s i 7
qua nay dé suy ra bién dang cua duong ham dw(x)‘gaeqﬂse (cos B|x—&]+sin Bx—&])d& ()
q(EdE
0 : | *

£ ot
. T ‘
|
Z

Hinh 2. Tai trong phan bé tac dung I&n dam.
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Dua vao phuong trinh (7), bién dang va goc
xoay cia dudng ham hién hiru gay ra bai viéc
dao hé méng trong pham vi (x1, X2) dwoc Xac
dinh nhu sau:

W(x)—X2 1($)D e ¥ (cos B|x—¢|+sin B|x— &) dé (8)

8E|eqﬂ
o)== G e Ssna-goe. ©)
Trong do:
o fy WSS

Xét bai toan dao hd mong toan chiéu dai, khi
d6, chuyén vi va goc xoay doc truc dudng ham
duoc xac dinh nhu sau:

W=

a1, ‘ﬂ‘x'ﬁ‘(cosﬂ\x g+sin plx—&])de (10)

q

©

~ [ son(x-£) 72227

92 (¢)D

g A4l 11
i sin 8| §\d§( )

o(x)=
Céc tich phan chap (10) va (11) nham xac dinh
chuyén vi va goc léch dugc thuc hién trong
MATLAB véi khoang lay tich phan du lon.
Dya theo ving anh huéng rd rét khi dao hd
mong, Iy tich phan chuyén vi (10) va géc léch
(11) cua truc dudong ham lay tir -10a t6i 10a.

2.3. Xac dinh cac tham s6

Ung xu bién dang cua duong ham bén dudi bi
anh huong bai su twong tac giira cac dia tang va
kha ning chiu udn cta duong ham. Do d6, viéc
xac dinh cac tham sé lién quan can duoc dic
biét chli y, ching han nhu d6 ciing chéng udn
El, phan anh kha nang chng bién dang cua him
lip ghép va hé sé nén K, xac dinh mirc d6 dich
chuyén cua nén.

P cirng chdng udn twong dwong cia vé ham
metro lap ghép

Do ¢6 cac méi ndi duong ham TBM cach nhau
mot khoang 1+1,5 m theo huéng doc nén ham
khién c6 d6 cing udn téng thé nho hon dang ké
so véi két cAu bé tong lién tuc. Vi vay, mot sd
tac gia da dé xuét khai niém do cang chong udn
tuong duong theo chiéu doc cua ham khién dao.
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Liao [15] két luan rang do cung ubn twong
duong theo chiéu doc cua duong ham dang
khién xap xi 1/5+1/7 so véi do cing ubn caa
duong ham lién tuc, khoang gia tri nay dugc
cho 1a phu hop véi cac két qua thi nghiém. Do
do, do ciing chdng uén twong dwong doc truc
El,, trong bai béo nay cd thé duge xac dinh

nhu sau:

(12)

Trong d6, E, 1a md dun dan hoi cua vat ligu vo
ham, D 1a duong kinh ngodi cua duong ham
TBM, va d 1a dudng kinh trong cua duong ham
TBM.

Hé sé nén

Viée xac dinh hé s6 mo dun nén dat rat phuac
tap, bi anh huong bai kich thuéc, phan bb ap
luc nén, d6 chat cua dat, chiéu sau 16p dat, diéu
kién thi nghiém hién truong va céac yéu té khac
nén k. P6i voi cac ham khién dao, gia tri md
dun dugc xac dinh theo thuc nghiém trong tai
ligu [16].

1,3E,

[ED’
nD(1-u*)

2
El

€q

K = (13)

Trong d6, Es1a mo dun dan hoi cua dat, p la
hang sé Poisson, D duong kinh ngoai cua
dudng ham, va i hé sé huong cua chiéu sau dat
ham duoc xac dinh bai Yu va cong su [6]:

218 H/D<05 w
7=, 1 H/D>05
17H/D

Véi, H 1 chiéu sau dat ham hién hitu trong bai
bao nay.

3. So sanh

Dé co cac gia tri so sanh véi két qua giai tich
thu dwoc, nhom tac gia xem xét mot vi du vé
mét cdng trinh thuc té tai Thanh phé H6 Chi
Minh va d6i séanh vai két qua tr md hinh 3D
phan tir hitu han (PTHH).
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3.1. Trwong hep nghién cau

Tuyén duong sat do thi s6 1 (Line 1) Thanh phé
Hb Chi Minh ¢ téng chiéu dai 19,7 km, trong
d6, ¢ 2,6 km di ngam. Poan ham ngam gom
hai duong hdm khién dao, dugc thi cdng bang
may dao TBM can bang &p luc dat. S6 lidu dia
chét thuy van st dung trong mé hinh duoc lay
tir cac két qua thi nghiém tai hé khoan U-175
(km 1+553) cach vi tri giao cat khoang 2 m dya
trén phuong doc theo tuyén ham TBM. C4c lép
tai khu vyc giao cat gdm nam 16p dét chinh: Fill
(dat dip), Ac2 (dat sét 2), As1(cat 1), As2 (cét

2), Dc (li tich). Phan bd cua céc 16p dia tang
dugc thé hién trong Hinh 3, him TBM nam
trong 16p 3-Asl. S liéu diéu kién dia chat va
thiy van stir dung theo cac bao cao dia chit cua
tuyén duong sit metro, duoc dan trong Bang 1.
Cac théng sb lién cua vo ham dugc thé hién
trong Bang 2.

Hé dao c6 kich thude twong Gng: Bé rong 2a
= 4,68 m; chiéu sau hé dao: Ho= 1,6 m; hd dao
nam trong 16p dat bé mat Fill, yo = 19 kN/mq.
Gia tri tai trong phan bé déu do qua trinh d& tai
khi dét trong hé dao: p0 = yo *Ho = 30,4 (kPa).

Bang 1. Thong s ky thuat cua cac 16p dat.

] Lép dat
Thoéng so
Fill Ac2 Asl As2 Dc
E (kPa) 10000 3000 12500 37500 136000
v 0,3 0,3 0,3 0,3 0,3
7 (KN/m?) 19 16,5 20,5 20,5 21
Ko 0,577 1 0,5 0,455 1
ysat (KN/m?) 19 16,5 20,5 20,5 21
k (m/s) 1x10° 1x10° 2x10% 2x10° 1x10°8
¢ (kPa) 10 0 0 0 170
¢ (0) 25 24 30 33 0
Bang 2. Thong s ky thuat cua két ciu ham TBM.
Thong s6 V6 ham
DBuong kinh trong ham, Dine (M) 6,1
Chiéu day vé ham (m) 0,3
Vj tri tim ham, H (m) 11
M0 dun dan héi tvong dwong, E* (kPa) 7,2 x 106
Hé sb Poisson, v 0,2a
Trong lugng riéng, y (kN/m?3) 24

(*) Gia tri E trong céc bang la gia tri tuong dwong, thé hién viéc giam d6 cing chéng udn ciia ham khién dao
trong mo hinh.

3.2. Md hinh phan ti hitu han diing mé hinh Mohr-Coulomb, vé him dwoc md
phong dang tim. Phan tir tiép gidp (interface)

Str dung phuong phap phan tir hitu han MIDAS S ' .
duoc stir dung dé€ mé phong tuong tac gitra dat

GTS md hinh qué trinh thi cong, véi cac lop dat
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v6i két cdu tudong chan va ham véi sé giam
cuong do Rinter = 0,67. Kich thugc md hinh
duoc thé hién tai Hinh 3 [7]. Chuyén vi cua truc

duong ham duoc xac dinh bang trung binh téng
cua chuyén vi dinh va day duong ham.

Ho dao

55 m

Hinh 3. Kich thuéc va phan 16p dia tang cua md hinh 3D.

3.3. Két qua phan tich

Chuyén vi cua truc dudong ham duoc thé hién tai
Hinh 4, gia tri chuyén vi Ién nhét caa truc duong
ham theo phuong phap giai tich 1a 4,6 mm, theo
phuong phap PTHH tuong ung 4,4 mm. Goc léch
doc truc dudng ham duoc thé hién tai Hinh 5, gia

6

——— Giai tich

— A— - PTHH

5

Chuyén vi, mm

-1 . 1
40 20 20

Khoang cach tir tim ho dao, m

40 60

Hinh 4. Chuyén vi cua truc duong ham.

3.4. Thao luan

Gia tri chuyén vi cua truc duong ham theo
phuong phap giai tich 16n hon theo phuong
phap PTHH gan 4.3%, va ving bién dang theo
giai tich I6n hon PTHH. Vung anh huong tac
dong téi chuyén vi cua truc dudong ham trong
pham vi cach tim hb dao khoang 40 m (~10 lan
bé rong hé dao) sang mdi bén, néu vuot qua 40
m thi gié tri chuyén vi khong con dang ké. Goc
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tri 16n nhét ciia goc léch theo phuong phap giai
tich twong tng 0,165 %o, Va phuong phéap phan tir
hitu han 13 0,178%o. Diém udn twong tng voéi
phuong phap giai tich tai vi tri cach tim hé dao
khoang 16 m, trong khi v&i phuong phap PTHH
la gan 10 m.

Guii tich
- A~ PTHH

0.2

Do 1éch, %o

(I
LR
I | I !

Mép phai hd dao

Mép trii ho dio —
0.3

-60 -40 -20 0 20

Khoang cach tir tim hé dao, m

40 60

Hinh 5. Géc léch cua truc duong ham.

léch doc truc dudng ham theo hai phwong phép
gan bang nhau, léch chi khoang 1%. Biém udn
theo hai phurong phap léch nhau gan 40%, vi tri
diém udn theo phuong phap giai tich cach tim
hd dao xa hon phuong phap PTHH. Tur phan
tich cac két qua trén, nhan thiy rang, két qua
giai tich cho mutc d6 an toan cao hon vé mit
chuyén vi, viéc nay c6 thé duoc ly giai do
nhitng nguyén nhan sau: (i) md hinh nén dat
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chua xem xét tdi tinh tuwong tac truot vai nhau
(md hinh nén hai hé sd); (ii) anh huéng cua cac
l6p dat khac nhau chua dugc xem xét trong mo
hinh x4c dinh hé sé nén.

4. Anh hwéng ciia kich thwéc hinh hec hd dao
4.1. Anh hwéng caa chiéu réng hd dao

Céc thdng sb dia chat nén, do ciing cua ham,
chiéu sau dit ham duoc liy nhu thuc nghiém
trén, chiéu sau H = 1,6 m, khao sét véi chiéu
rong hé dao thay déi 2a=2m, 4m, 6 m.

6

Chuyén vi, mm

I L
-20 0 20

Khoang cach tir tim hé dao, m

Qo 40 60
Hinh 6. Chuyén vi cua truc duong ham thay ddi

theo chiéu rong hé dao.

D6 1ch, %o

20

0
Khoang cach tir tim hé dao, m

-60 -‘i(] =20 60
Hinh 7. B¢ léch cua truc duong ham thay doi

theo chiéu rong hé dao.

Hinh 6 va 7 cho thay chuyén vi téi da va do léch
ctia duong ham ting gan nhu tuyén tinh khi gia
tri chiéu rong hd dao twrong wng véi kich thudc
thyuc té. Cu thé, khi tang chiéu rong gap doi, gia
tri chuyén vi cuc dai va do léch cuc dai co
khoang ting twong ung. Vi tri diém udn cua
duong cong chuyén vi va do léch gan nhu
khong doi.

4.2. Anh hwéng caa chiéu sau hé dao

Cac thdng sb dia chat nén, do ciing cua ham,
chiéu sau dit hdm duoc lay nhu thyc nghiém
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trén, chiéu rong hé dao 2a = 4 m, khao sat voi
chiéu sau hd dao thay d6iH=1m, 2m, 3 m.

8

s [ = 3 m
- == H=2m

H=1m | |

Chuyén vi, mm

-20 0 20 40 60

Khoang cich tir tim hé dao, m

-60 -40

Hinh 8. Chuyén vi cua truc duong ham thay ddi
theo chiéu sau hd dao.

Do léch, %o

0
Khoang cach tir tim hé dao, m

-60 -40 -20 20 40 60

Hinh 9. P léch cua truc dudong ham thay doi theo
chiéu rong hé dao.

Hinh 8 va 9 cho thay chuyén vi ti da va do léch
cta dudng ham tang gan nhu tuyén tinh khi gia
tri chiéu rong hd dao tuong ung véi kich thudc
thuc té. Cu thé, khi chiéu su hé dao thay doi,
tr 1 m thanh 2 m va 3 m, gia tri chuyén vi cuc
dai da tang twong tng la 104% va 212% so voi
chuyén vi tai khoang sau H = 1 m. B¢ léch ¢
mtc ting twong ung khi thay d6i chiéu sau hd
dao. Trong khi d6, vi tri diém udn cua duong
cong chuyén vi va do léch gan nhu khong doi.

5. Két luan
Viéc tiép can giai tich xac dinh chuyén vi cua
truc dwong ham khi thi céng hé moéng cong
ngam toan chiéu dai 1a mot bai toan co y nghia
thuc té dé dua ra cac danh gia ban dau va kiém
soat trong qué trinh thi céng cong ngam.

Céch tiép can giai tich gidp qua trinh xéac
dinh chuyén vi va do6 léch cua truc duong ham
dién ra don gian, nhanh gon, khong can st dung
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nhiéu cong cu phic tap nhu phuong phap phan
tr hitu han. Ngoai ra, két qua phan tich theo
phuong phap giai tich thu dugc mang tinh an
toan hon phuong phap phan tir hitu han, vi chua
xét duoc hét cac yéu té anh huong téi két qua
nhu d6 ciing nén, md hinh nén hai hé sb.

Cac thdng s6 dao nhu chiéu rong va chiéu
sau cua hd dao cé anh huong 16n dén tng xu
ctiia duong ham. Diéu nay cho thiy khi c6 yéu
cau vé dién tich dao can phai can nhic lya chon
cac thong sb chiéu rong, chiéu sau pho hop dé
han ché t6i da nhimg tac dong tiéu cuc dén ham.

Tai liéu tham khao

[1] C. -T. Chang, C. -W. Sun, S. W. Duann, and R.
N. Hwang, “Response of a Taipei rapid transit
system (TRTS) tunnel to adjacent excavation,”
Tunn. Undergr. Space Technol., vol. 16, no. 3,
pp. 151-158, Jul. 2001, doi: 10.1016/S0886-
7798(01)00049-9.

[2] Z. Yang and X. Wang, “Influence of metro
tunnel excavation on deformation of existing
pedestrian underpass in Changzhou railway
station platform,” IEEE Access, vol. 8, pp.
55860-55871, 2020. doi: 10.1109/ACCESS.20
20.2981343.

[3] C. W.W.Ng., S. Jiangwei, and Y. Hong, “Three-
dimensional centrifuge modelling of basement
excavation effects on an existing tunnel in dry
sand,” Can. Geotech. J., vol. 50, vo. 8, pp. 874-
888, 2013, doi: 10.1139/cgj-2012-0423.

[4] X. Huang, H. Huang, and D. Zhang, “Centrifuge
modelling of deep excavation over existing
tunnels,” Proc. ICE - Geotech. Eng., vol. 167,
no. 1, pp. 3-18, 2014, doi: 10.1680/geng.11.0
0045.

[5] N. V. Hing, N. T. Tam, “Anh huéng cua qua
trinh thi céng céng ngam véi phan doan thi
cong khac nhau 1én duong ham hién hitu,” TC
GTVT, s6 thang 10/2022, tr. 30-34, 2022.

[6] P. Lou, Y. Li, S. Lu, H. Xiao, and Z. Zhang,
“Deformation and mechanical characteristics
of existing foundation pit and tunnel itself
caused by shield tunnel undercrossing,”
Symmetry, vol. 14, no. 2, 2022, Art. no. 263,
doi: 10.3390/sym14020263.

31

[7]1 N. T. Tam, N. V. Hung, N. V. Bic, va N. A.
Tuan, “Phan tich bién dang caa ham hién hitu
sir dung phuong phap phan tir hitu han khi thi
cong hé dao toan chiéu dai,” TC KHCN GTVT,
tap 12, s6 1, tr. 1-9, 1. 2023, doi: 10.55228/JTS
T.12(1).1-9.

[8] X. Tao, P. Luan, J. Ma, and W. Song, “Influence
of sublevel unloading excavation with deep
consideration of the Superposition effect on
deformation of an existing tunnel under an
intelligent  geotechnical concept,” Wirel.
Commun. Mob. Comput., vol. 2022, Art. no. ,
2022, doi: 10.1155/2022/1400114.

[9] X. Zhao, Z. Li, G. Dai, H. Wang, Z. Yin, and S.
Cao, “Numerical study on the effect of large
deep foundation excavation on underlying
complex intersecting tunnels,” Appl. Sci., vol.

12, no. 9, Art. no. 4530, 2022, doi:
10.3390/app12094530.
[10] J. Liu, C. Shi, M. Lei, C. Cao, and Y. Lin,

“Improved analytical method for evaluating the
responses of shield tunnel to adjacent excavations
and its application,” Tunn. Undergr. Space
Technol., vol. 98, Art. no. 103339, Apr. 2020, doi:
10.1016/j.tust.2020.103339.

[11] T.N. Tam and H. N. Van, “Analytical approach
to determine longitudinal deformation of the
existing precast tunnel during construction of a
full-length excavation pit,” Int. J. Comput. Civ.
Struct. Eng., vol. 20, no.1, pp. 46-56, 2024, doi:
10.22337/2587-9618-2024-20-1-46-56.

[12] Z. Zhang, M. Huang, and W. Wang,
“Evaluation of deformation response for
adjacent tunnels due to soil unloading in
excavation engineering,” Tunn. Undergr.
Space Technol., vol. 38, pp. 244-253, Sep.
2013, doi: 10.1016/j.tust.2013.07.002.

[13] X. Zhuang, X. Ou, J. Yang, and J. Fu,
“Deformation response of an existing tunnel to
upper excavation of foundation pit and
associated dewatering,” Int. J. Geomech., vol.
17, no. 4, Art. no. 04016112, Apr. 2017, doi:
10.1061/(ASCE)GM.1943-5622.000081

[14] A. Verruijt, An introduction to soil dynamics,
Dordrecht, Netherlands: Springer Dordrecht,
2010.


http://dx.doi.org/10.55228/JTST.12(1).1-9
http://dx.doi.org/10.55228/JTST.12(1).1-9
http://dx.doi.org/10.1155/2022/1400114
https://ijccse.iasv.ru/index.php/ijccse/article/view/718
https://ijccse.iasv.ru/index.php/ijccse/article/view/718
https://ijccse.iasv.ru/index.php/ijccse/article/view/718
https://ijccse.iasv.ru/index.php/ijccse/article/view/718

Danh gia anh hwéng cua kich thwée hd méng thi cong toan chidu dai t&i bién dang doc truc ctia dwdng ham...

[15] S. -M. Liao, F.-L. Peng, S. -L. Shen, “Analysis  [16] A. Klar, T. E. B. Vorster, K. Soga, and R. J.

of shearing effect on tunnel induced by load Mair, “Soil — pile interaction due to tunnelling:
transfer along longitudinal direction,”. Tunn. comparison between Winkler and elastic
Undergr. Space Technol., vol. 23, no. 4, pp. continuum solutions,” Geotechnique, vol. 55,
421-430, Jul. 2008, doi: 10.1016/j.tust.2007.0 no. 6, pp. 461-466, Aug. 2005, doi: 10.1680/ge
7.001 0t.2005.55.6.461.

32



