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Tunnel-pile interaction is a key concern in geotechnical research due to
the significant impact of tunnelling on the stress and deformation of the
soil, as well as on surface structures. Tunnel excavation, especially at
shallow depths, often causes ground settlement or heave, which affects the
stability of existing structures and their pile foundations. Research on
tunnel-pile interaction is conducted through analytical, numerical, and
experimental methods. In analytical approaches, a two-step procedure is
commonly applied: first, the ground displacement without piles is
determined, followed by the analysis of the pile response. Experimental
methods include physical modeling under 1g and centrifuge conditions, as
well as full-scale prototypes. Full-scale models and field measurements
provide real data on pile and soil deformation, which are essential for
validating numerical and analytical models. Numerical modeling is
widely used due to its ability to fully simulate the tunnelling process using
a shield machine and the complex tunnel-pile interactions. It provides a
balance between cost, accuracy, and flexibility, making it a powerful tool
in both research and design. This paper reviews existing research methods
and identifies potential research directions to enhance the accuracy of
analysis and design of pile foundation structures.
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Twong tdc giita dwong hdm va coc la mdt chu dé quan trong trong nghién
cteu dia ky thudt, do dnh hwdng Ién ctia viéc dao hdm dén trang thdi trng
sudt va bién dang ctia ddt ciing nhw cdc cdng trinh trén mdt ddat. Pao hdm
thwong gdy lin hodc ddy tréi bé mdt ddt, ddc biét khi hdm & do sGu nhd, dnh
hwéng dén sw 6n dinh ctia cong trinh bé mat va két cdu méng coc ctia chiing.
Nghién ctru twong tdc dwong hdm - coc dwoc thuc hién théng qua cdc
phwong phdp gidi tich, mé hinh sé va thwc nghiém. Quy trinh hai bwéc
thudomg duwoc dp dung trong phwong phdp gidi tich: xdc dinh chuyén vi dat
khong 6 coc, sau dé phan tich trng xtr cua coc. Phwong phdp thuc nghiem
bao gom mé hinh vt ly (1g va ly tam] trong phong thi nghlem va mé hinh
nguyén mdu. Gan d‘ay, mé hinh s6 dworc st dung réng rdi vi khd nang mé
phong toan dién qua trinh dao ham bdng may khién dao va twong tdc phu’c
tap giita khéi ddt va két cdu. Phwong phap nay tao ra sw cdn bdng giiva chi
phi, d6 chinh xdc va tinh linh hoat, khién né tré thanh mot céng cu manh mé
trong cd nghzen ctru va thiét ké. Bai bdo téng hop cdc phmmg phdp nghlen
ctru hién co, d‘ong thoi néu ra cdc hu'o'ng nghlen cwu tiém nang nham cdi
thién do chinh xdc trong phdn tich va thiét ké két cdu méng cia cdc cong
trinh bé mdt chju dnh hwong ctia dwong hdam.
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1. M¢é dau

Suw twong tac gitra coc va dwong ham la mot
chu dé quan trong ctia nghién ctru dia ki thuét do
su gia tdng nhanh chéng cua ha ting ngim & do
thi, dac biét & cac do thi 1on. Hoat dong xay dung
ham, dan t&i sy thay d6i trang thai va phan bé lai
trang thai rng suit cua dat da xung quanh dwong
hadm (Lim va nnk,, 2023). Sw thay d6i &ng sut
kém theo su dich chuyén ctia dit da xung quanh
dwong hdm va gy lun/day tr6éi bé mat dat, dac
biét anh hwdng dén cic cong trinh trén bé mat
cling nhw két ciu mong ctia ching, Twong tac gitra
két ciu coc va dwong hdm phu thudc vao rat nhiéu
yéu to nhu tinh chat co ly ctia dat, cac tham so cta
coc, vi tri twong quan gitta dwdrng hAm (Rehman
va nnk., 2024; Kong va nnk., 2021) va cong nghé
thi cong dwong ham (Zhou va nnk.,, 2024).

C6 nhiéu nghién ctru vé van dé twong tac gitra
coc va duwong hdm st dung cic phwong phap sé,
phuwong phap giai tich, phwong phap nghién ctru
thwc nghiém va do dac hién trwong. Khi st dung
phwong phap s6 dé nghién clru twong tac giira
dwong ham - dit - coc, cac phwong phap phan ti
hitu han (FEM) va sai phan hitu han (FDM) dwoc
st dung rong rai. Cac mo hinh don gian héa nhw
M6 hinh 10 xo Winkler, phwong phap phan t bién
(BEM) thwong dworc str dung trong phwong phap
giai tich (Abd-Elhamed, 2021; Li va nnk, 2023;
Zhang va nnk, 2019; Zhang va nnk., 2018). Cac md
hinh thyc nghiém véi quy mé 16n va nhé (Lim va
nnk., 2023) dwoc xay dung dé mé phong cac diéu
kién thuec té, cac két qua thu dwoc tir mo hinh c6
thé dwoc str dung dé kiém chirng cdc mé hinh s6
hoac mé hinh giai tich. Po dac hién trwong tai cac
cong trinh thuc té thudong dugc st dung dé danh
gia anh hwdng cua viéc xay dung dwong hAm dén
céng trinh hodc ngwoc lai, cac két qua thuong
dwoc str dung dé€ danh gia anh hwdng, tac dong
qua lai gitra dwong him va coéng trinh trong diéu
kién thuc té gidm sat, danh gia ri ro,... O Viét
Nam, cac nghién ctru chti yéu st dung mo hinh s6
dé danh giad anh hwéng cia viéc thi cong dwong
h&m dén lin bé mat tai khu vire c6 cong trinh trén
bé mit va moéng clia chiing (Nguyén & Nguyén,
2012; Lé, 2019; Do va nnk., 2021).

Muc tiéu cta bai bdo nay la tong hop, hé
théng hdéa cac phwong phap nghién ctiru va cac
hwéng nghién clru trong twong tac giita dwong

haAm va méng coc, déng thoi chi ra cac xu hwdng
nghién cru tiém nang trong twong lai.

2. Cac phwong phap nghién ciru twong tac
dwong ham - coc

2.1. Phwong phdp gidi tich

Phwong phdp nghién ctu hai giai doan
thwong dugc st dung dé nghién ctru twong tac
gitra dwong hdm - coc. Quy trinh bao gom hai bwéc
nhw sau (Franza va nnk., 2017; Basile, 2014):

- Xac dinh chuyén vi dit khi dao him trong
trwedng hop khdng cé coc va cac cong trinh trén bé
mat. Chuyén vi ctia dit c6 thé dwoc xac dinh theo
cac cong thirc thue nghiém, giai tich hoic két qua
thu dworc tir cdc mo hinh s6 2D, 3D.

- Phén tich ndi lwc va chuyén vi cta coc, trén
co's¢ chuyén vi dit xung quanh coc da tinh toan &
bwéc mot.

N&i lwc va chuyén vi cia coc c6 thé dworc xac
dinh théng qua cac mé hinh nhw: M6 hinh 16 xo
Winkler hoac mé hinh lién tuc.

2.1.1. Phwrong phdp phdn tir bién (mé hinh lién tuc)

Trong phwong phap nay, coc dwgc dinh nghia
la mot dam dan hoi va méi treong dat duoc coi la
dan hoi lién tuc (Poulos va Davis, 1980). Coc duoc
chia thanh nhiéu phan tt, chuyén vi clia méi phan
tl coc phu thudc vao dd clirng chéng udn cla coc
va trng suit theo phwong ngang do twong tc gitra
coc va dit, chuyén vi cia dit trong trudng hop
khong c6 coc. Trong trang thai dan hoi, chuyén vi
gia ting cua dat tai phin ti thir i, Apy; c6 thé xac
dinh nhw sau (Poulos, 1989):

Iij
e Ap;+ASe (1)

Aps; = =iy

Trong d6: Ap;- (rng sudt twong tac gitra coc-
dat gia tang; AS,;- chuyén vi do anh hwdng yéu td
bén ngoai (do dao ham) gia ting tai phan tir 7; I;;-
hé s6 anh hwdng chuyén vi cia phén tir i do phan
tl j; kg;j - d6 clrng clia dat ctia phan tir i do phan
tirj.

Tl phwong trinh tinh toan chuyén vi gia ting
clia coc va cua dat, va diéu kién cin bang chuyén
vi theo phuwong thang ding, c6 thé xac dinh dugrc
Urng suat gia ting ctia coc - dat xung quanh. Két qua
13 c6 thé xac dinh chuyén vi ctia coc & moi nut ciia
phén tt.

2.1.2. M6 hinh lo xo Winkler
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Trong phwong phap nay, dat dwoc mé phong
1a mot loat cac 10 xo dan hoi, do cirng cda cac 10 xo
nay dic trung béi mé dun phan lwc nén (Hinh 1).
Coc dwgec mo phong 1a phan tir dam lién két voi
cac 10 xo tai cac nut, chuyén vi cia dat nén do anh
hwdng ctia cong tac dao ham dworc coi la tai trong
bén ngoai tac dung 1én phéan tir dim. Phwong trinh
can bang véi mot coc don c6 dang (Poulos va
Davis, 1974, 1980):

d*y
B2+ k() = ke yo®) ()

Trong d6: E, I - M6 dun dan hoi va mé dun
chéng udn mat cat ca coc; y(z) - chuyén vi cia
coc tai do sdu z; k, - M6 dun phan luwc nén theo
phwong ngang; y,(z) - chuyén vi cia dat do viéc
dao ham tai d6 sau z.

Vesi¢ (1961) nghién ciru mot dam ngang vo
han trén nén dan hoéi va so sanh véi nhitng két qua
thu dwoc tir ly thuyét phan lwc nén, da xac dinh
dwoc méi quan hé gitra mo6 dun phan lwc nén k,
vGi cac tham s6 M6 dun dan héi (E;)va hé s6
Poisson vg) cia dat nhw sau:

_ _065E 12 dpEg 3)
dp(1-v§) \ Eplp
Trong do: d,, - dwong kinh cta coc; Ep,- mo
dun dan héi vat liéu lam coc; I, - m6 men quan
tinh ctia coc.
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Hinh 1. M6 hinh lo xo Winkler a) twong tdc
giita dworng hdm va coc don (Franza va nnk.,
2017) b) coc va ddt (Magade va Ingle, 2019).

b€ gidi phwong trinh trén cin xac dinh
chuyén vi ctia dit do anh hwdng ctia céng tic xay
dung dwong ham va cac diéu kién bién cla coc,
trong do6 c6 hai diéu kién bién tai dau coc (tw do -

xoay tw do va c6 dinh - khong xoay) va hai diéu
kién bién tai miii coc (tw do - khong chuyén vi,
xoay tw do va c6 dinh - khong chuyén vi, khong
xoay) (Poulos va Davis, 1974). Két qua nhan dwoc
tr phwong trinh (2) 1a chuyén vi ctia coc tai y(z) tir
do6 sé xac dinh dwoc ndi lyc sinh ra trong coc.
Theo Randolph va Wroth (1978) khi xem xét
chuyén vi theo phwong thang ding (doc truc), thi
dat xung quanh coc c6 thé dwoc bidu dién thong
qua cac 10 xo tiép tuyén, do clrng cia 10 xo nay, k,
duoc xac dinh theo céng thirc (4-a). Bén canh dé,
miii coc dwgc mo ta nhw la mot dia tron cirng tac
dung lén nén dan hoi dong nhat véi do cing, ky,
(cong thirc 4-b) (Randolph va Wroth, 1979):

21Gg

k, = ln(%) (4-a)
_ dpEs
= ) ()

Trong d6: Gs- M6 dun trwot cla dat; r;,- ban
kinh anh hwéng cta coc; 1y - ban kinh cta coc; vy, -
hé sd Poisson cta vat liéu lam coc.

2.2. Phwrong phdp str dung mé hinh thwec nghiém

Khi nghién ctru twong tac gitra dworng him va
coc bang mo hinh thuc nghiém, c4c tac gia thwong
str dung cac mo hinh vat ly (Sohaei va nnk., 2020;
Lee va Bassett, 2007; Guo va nnk., 2025; He va
nnk, 2022), md hinh ly tdm (Ng va nnk, 2013,
2014; Soomro va nnk., 2024; Song, 2019), m6 hinh
nguyén mau 1:1 va thuc nghiém hién trwong
(Berthoz va nnk., 2023; Mohamad va nnk., 2022;
Khoo va nnk.,, 2025) (Pang va nnk., 2006; Liu va
nnk., 2014). Cac mo hinh vat Iy dwoc xay dung dé
thwc hién cac thi nghiém khéng cé gia téc trong
trwong nhan tao (1g). Cac mo hinh nay c¢é wu diém
dé thuc hién, chi phi thdp (Momeni va nnk., 2017),
dé kiém soat thong s6 va quan sat truc tiép. Tuy
nhién, do mé hinh thu nho nén &ng suat trong mé
hinh c6 thé khong phan anh chinh xac Gng suit
thuc té va khong mo phong dwoc anh hwdng cta
tai trong thuc té (Viswanadham, 2016; Momeni va
nnk., 2017). D& khic phuc nhugc di€ém ctia mo
hinh vat ly, mo hinh ly tam dwgc str dung, mo hinh
vat ly sé duoc dat trong may ly tAm quay véi toc
do6 cao dé tao ra gia téc trong truedng nhan tao.
Duwéi tc dong cua lyc ly tAm, &ng sudt trong md
hinh thu nhé cé thé phan anh chinh xac so véi
trng suat trong moi trieong thue té (Taylor, 1994;
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Meguid va nnk, 2008; Idinge va nnk, 2011).
Nhuwoc diém ctia m6 hinh ly tAm la chi phi 16n do
phai dau tw cac thiét bi chuyén dung. Mit khac,
viéc 1ap dat va kiém soat mo hinh sé& phitc tap hon.

Cac cam bién thwong dwgc sir dung trong
thuc nghiém hién trrdng va trén mé hinh nguyén
mau dé thu thap cac sé liéu vé ltin mat dat, chuyén
vi ctia coc va dit xung quanh coc, su thay doi noi
lwc ctia coc do c6 sw twong tac véi duwdong ham. Két
qua do dac tir cic cam bién thwong dwoc st dung
dé danh gia anh hudng cta viéc dao duwong ham
dén két cau coc cling nhw d6 6n dinh cta ching.

Mohamad va nnk. (2022) nghién ctru mét mo6
hinh nguyén mau dé danh gia anh hwéng cta viéc
thi cong dwong hdm dén két ciu coc. Ba coc bé
tong cOt thép d6 tai chd véi dwong kinh 500mm
dwoc xay dwng xung quanh khu vuc dwong him
di qua véi chiéu dai coc khac nhau, cac cdm bién
dwoc 13p dit doc theo chiéu dai coc (Hinh 2). Két
qua cho thdy, rng x cla coc thay déi ty thudc
vao vi tri coc so v&i dwong ham, su thay déi 16m
xay ra khi may dao ham di qua vi tri ctia coc.

@ P3 P1 P2
a @ il
60.3NGF : A
" .‘ MG
56.8NGF 1 | t
"~ )
i i
3m I -
48.8NGF ‘ L 215m | sa |
47 0NGF - !
M -
A >
- 0.6D | 0.2D

36.8NGF

B Cim bién do bién dang

I:l Phan khong c6 cot thép coc P3 MS

25.5NGF

Hinh 2. Vi tri giita coc va dwong hdm trong mo
hinh thuwc nghiém ty 1é 1:1 ctia Mohamad va nnk.
(2022).

BS

Trong nghién ctru cia Song (2019), cac coc dwoc
mo phéng bang cac thanh thép dwoc dit vao mo
hinh v&i d6 sdu 140 mm trong diéu kién 1g, tir
trung tAm ra ngoai. Cac coc nay dwoc két ndi voi
b0 truyén tai trong dugc gan trén khung mo hinh
(Hinh 3). Tiép theo, hé thong ki€ém soat do méit thé
tich (VL) va hé thdng cdm bién dwoc lap dit. Trong
do, VL1a ty 1é gitra thé tich dit bi mat khi dao ham,
xac dinh théng qua do 1in bé mat va thé tich mit
cat ngang dwong ham (Peck, 1969). Mot tai trong
c6 dinh 5N tac dung 1én dau coc trong qua trinh
tang toc ly tim 1én 80g. Sau do, cac coc dworc gia tai
tdi tai trong lam viéc (255N véi coc 1 va 4, 370N
v&i coc 2, 3). Bon trueong hop da dworc thue hién:
1) Tai trong coc; 2) Tai trong ¢6 dinh trén nhém
coc, VL=2,2%; 3) Nhom coc khi xem xét do cirng
két ciu (khung thép mod phdéng 5 ting) va
VL=2,2%; 4) Nhom coc khi xem xét do cirng két
cauva VL=3,2%.

Két qua vé do lan, lwc doc truc trong coc va sw
truyén tai gitra cac coc do chuyén vi cia dat sinh
ra trong qua trinh dao hAm dwgc ghi nhan bing hé

Bo lruyén
g!gﬂ dong

= =t =0

Ty mét ‘Mi) hinh coc
the tich
cua ham Ay,
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tﬁllgdﬁn\; ? l
' |

/Khung E

B truyen dong
tuyen tinh

13{\ truyen tai
cho coc

Lo xo nén

Truc truyen ta
luc cho coc

s Cam bién
dich chuyén

s tuyentinh
Cam bién rr Déu ndi

lue bai coc

- g 1T
e s s s 5 8 e Mo hmhg:_l__‘/‘/ Tém gin 16i
\f , = ~—=coc LVDT

Mit truée Mit bén

Hinh 3. M6 hinh ly tdm (Song, 2019).
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théng cadm bién. Két qua cho thay, khi ting tai
trong dau coc thi lwc doc theo chiéu dai coc tang
1én. Tai phan trén cta coc, lwc doc khong thay doi
nhiéu so véi lwe doc tai dau coc. Tai phén gitra va
phan dwédi cla coc, lwc doc giam theo chiéu siu.
Khi ting d6 mat thé tich dat VL, tai trong dau coc
s0 1 giam. Tai trong nay sé truyén sang coc lién ké,
coc sb 2, lam ting tai trong 1én dau coc cling nhw
d6 14n dau coc. Mirc tang tai trong & dau coc c6 xu
hwéng gidm dan tlr coc s6 3 va 4.

2.3. Mé hinh sé

M6 hinh s6 13 phwong phap nghién ctru cha
dao trong linh vy dia ki thuat, trong dé cé cac bai
toan phan tich vé twong tac gitta dwong ham va
coc. So véi cac phwong phap giai tich va phuwong
phap thuc nghiém ching c6 nhiéu wu diém nhu:
(1) c6 thé md phong nhiéu mé hinh bién dang cia
dat khac nhau (MC, HS, HSS, Cam-clay,...) ; (2) ¢
thé mo phong cac twong tac phirc tap gitra dwong
ham va coc (coc don, nhém coc; hinh dang, kich
thuéc va khoang cac dwong him khac nhau); (3)
c6 thé mo phoéng cac giai doan thi cong ctia dwong
ham; (4) nhanh hon va chi phi thip hon. Mac du
c6 nhiéu wu diém, tuy nhién cac mé hinh s6 ciing
c6 mot s6 han ché nhu: can phai hiéu chuin hoac
kiém tra v6i cac dir liéu do dac hién trwong hodc
thwc nhiém; doi héi cac tai nguyén tinh toan 1én
v&i cac mo hinh phire tap.

C6 nhiéu mo hinh s6 khac nhau dugc sit dung
dé nghién ctru twong tac gitra dwdng ham va coc
nhv phwong phap phin t& hitu han (FEM),
phwong phap phin t& roi rac (DEM) (Zhao va
nnk., 2024; Zhu va nnk, 2023; Wang va nnk,

2024; Liu va nnk,, 2022), phwong phap phin ti
bién (BEM) (Surjadinata va nnk., 2006; Stacul va
Squeglia, 2018).

3. Nghién ciru twong tic dwong him va coc

Cac nghién ctru thuong tip trung vao hai doi
twong chinh 1a dwong him va coc, bao gom: dnh
hwdng ctia coc dén rng xtr cia két ciu dwong hdm
(Kong va nnk., 2021; Gao va nnk, 2019; Yang va
nnk., 2022; Prateep Lueprasert, 2017; Ayasrah va
nnk., 2023) va anh huwdng cda thi cong hAm dén
két ciu coc. Khi nghién ctru trng xt ctia két ciu coc
chiu anh hwéng cta cong tac thi cong dwong him
cac yéu t6 thwong dwoc xét dén nhw: 1- vi tri
twong quan giira dwdng hdm va két cdu coc. 2- tinh
chit cua dat xung quanh két ciu coc va duong
ham.

3.1. Vi tri tirong quan giita hdm va két cdu coc

Nhiéu nghién ctru da dwoc thuc hién nham
danh gia anh hwéong cta vi tri twong déi gitra
dudng hdm va coc (Bang 1): dwdmg hAm nam dwéi
miii coc (Jongpradist va nnk., 2013); dwong him
nam ngang véi than coc (Al-Omari va nnk., 2019;
Li vannk,, 2021) va coc ndm gitta hai dwdng him
(Lu va nnk, 2020; Mangi va nnk, 2020;
Phutthananon va nnk., 2023). K&t qua cho thiy
rang vi tri twong ddi gitta hAm va coc yéu t6 quyét
dinh dén mirc d twong tac. Khi dweong hAm nam
ngay bén dwdi hodc gin diu coc (trong pham vi
nho6 hon 1,5+2 lan dwdng kinh hdm), chuyén vi
ngang va noi luc trong coc (dac biét la mémen
uén) ting dang ké (Soomro va nnk., 2017;

Bdng 1. Téng hop cdc nghién ctru vé dnh hwéng cia dao hdm dén coc.

Tac gia C/D E/D y/D M4 hinh Ghi chu
Jongpradist, i 0; 0,5; 0,75; 1,25; i A1 x
(2013) 1,5:2; 2,5 3.5 M6 hinh s6
C.W.W. Ng va nnk. 1,5:2,75: 3.7 0,75 1:40.5:1,5 Mo l}lnh ly | Hdm d6i, nhom
(2014) tam coc
Soomro va nnk N ~ | Ham déi, coc
(2017) 1,5; +0,5; 5,5 0,92 - Mo hinh s6 don
Al-Omar va nnk. 0,16; 0,5, N E A1 . ) A1 ~ | Ham don, coc
(2019) 075 2 3 0;0,5;1,0;1,5; 2,0 | -5;+0,5; 5 | M6 hinh so don, nhém coc
Li va nnk. (2021) 1 0,62; 0,92 - M6 hinh s6 HAam don
Ayasrah va nnk. 1,32; 2,41; i ) Mb hinh s8 Ham don, coc
(2023) 3,61 don
Zhao va nnk. N ~ | Baham, coc
(2024) - 1;1,5;2;2,5; 3 - M6 hinh s6 don
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Jongpradist va nnk., 2013), diéu nay ciing twong
tw trong treong hop coc & phia trudc va phia sau
dwong ham (theo phwong doc truc (Lee C., 2012).
Anh hwéng nay giam manh khi khoang cach theo
phurong ngang gitra hdm va coc vweot qua 2,5+3D
(Al-Omari va nnk., 2019). Ngoai ra, coc bé tri theo
phwong ngang truc him chiu tac déng 1ém hon so
voi khi b6 tri doc theo truc hdm, do ving anh
hwdng cua bién dang dat mé réng hon (Al-Omari
vannk, 2019; Tian va nnk., 2025). M6 phong s6 va
thi nghiém ly tAm déu x4ac nhan rang lun va chuyén
vi 16m nhit xay ra khi coc ndam ngay trén him
(Selemetas, 2005; Marshall va Mair, 2011). Cac
nghién ciru cling khuyén nghi duy tri khoang cach
t6i thi€u tir coc dén ham it nhat tir 2D dén 2.5D dé
dam bao an toan két ciu (Su va nnk., 2025).

Ngoai ra, dé gidm thiéu twong tac do thi cong
dwong hdm dén cac céng trinh trén bé mat va két
ciu mong cta chiing, mot két ciu twdng chin bao
vé hodc hang coc cach ly dwoc stv dung (Hinh 4)
(Song, 2019; Huang va nnk., 2022). Bén canh do
con c6 cac phwong phap gia c6 dit xung quanh

Coc
P cach g "
Coc ly Vich Vich
cich e ngan M
ly @ Coc
. ¥ Coc Coc
o ® o

Him Him

Chiéu bing

2 0 e e

Chiéu dimng Chiéu bing Chi¢u diing

() (b}

Hinh 4. So do cdch ly giita hdm va nhém coc (Liva
nnk, 2020).

. T

|
Phun vira Coc ; C;!cndug:
gia co 1 p 2lila Cvé
quanh ham ‘ g
A ~ 1
/( \‘ ,‘/. .\’.‘ L “
x»f_ ‘ z_n‘.‘: : ¥
=t \\"—"’/ 1 Him
Hém trai Hém phai f ‘

(b)

Hinh 5. So d6 phun vira gia cé: a) phun viva quanh
hdm; b) phun vita quanh coc (Li va nnk., 2020).

dwong ham va gia ¢d xung quanh coc, Hinh 5 (Li
va nnk,, 2020; Huang va nnk,, 2021).

Al-Omar va nnk. (2019) da thuc hién cdc mo
phong s6 3 chiéu nghién ciru anh hwéng cla
khoang cach twong déi gitra dwong hdm va coc
theo mat cat ngang (E/D=0; 0,5; 1,0; 1,5; 2,0) va
theo doc truc hdm (Y/D=-5,: + 0,5; +5), cling nhw
do sau dat ham (C/D = 0,16; 0,5; 0,75; 2; 3) dén
rng xtr cda két cdu coc don va nhém coc (3x3)
trong cac loai dat khac nhau (cat, sét). Két qua cho
thdy rang mot vung anh hwéng sé xut hién trong
pham vi bang 2 Ian dwdng kinh him (D) theo
phwong doc truc hAm va theo phwong ngang. Néu
coc nam ngoai pham vi nay thi viéc xay dung
dwong hdm khéng 1am anh hwéng 16m dén két cdu
coc. Bo lan cta dau coc trong pham vi +2D theo
phwong doc truc chiém téi 89% tong do lan cta
coc don va 94% tong do lan ctia nhém coc (coc &
trung tdm). D6 1dn cta dau coc 16m hon (1,27 va
1,42 1an twong (ng véi treong hop coc don va
nhom coc) d6 1dn cuia mét dat khi khéng co coc.

Jongpradist va nnk. (2013) da thwc hién
nghién ctru danh giad anh hwdng cua vi tri twong
déi gitra miii coc va dwong ham dén do lun twong
déi gitra dau coc va Iin bé mat. Vi tri miii coc so v&i
tdm dwong ham trong pham vi +3D dén -1D, dong
thoi khodng cach twong doi theo phwong ngang
thay doi trong pham vi tir 0D dén 3,5D (Hinh 6).
Két qua cho thiy rang ty 1é lun dau coc/lun mit
dat (R>1,6) tang manh khi miii coc trong pham vi
<2D (tinh tir tAim ham) theo phwong thang ding
va <0,75D theo phwong ngang tinh (tinh tir bién

theo thang dung

Mii coc

Khoang cach tir mui coc dén ham

-0.5D 0D 025D 05D 0.75D 1D 15D 2D
Khoang céch tir miii coc dén ham theo phuong ngang

Hinh 6. Cdc trudng hop tinh todn theo Jongpradist
va nnk. (2013)
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dwong ham). Khi miii coc ndm dwéi dwong him
1D, mémen udn lén nhit trong coc gidm manh.

Nhin chung, cac nghién cttu & trén da danh
gia dwoc anh hwéng cta viéc thi cong mat, hai va
ba duwdmg hdm dén coc don hodc nhém coc bang
md hinh s6 3D. Tuy nhién, cac nghién ctru trén van
chwa danh gia dwoc anh hwéng phirc tap cia hé
théng cong trinh ngdm dén két ciu coc: hé théng
tau dién ngdm khéng chi c6 mot tuyén ham va cé
nhiéu tuyén ham c6 thé nam gan nhau hoic giao
catnhau. Do d6 viéc thi cong cac tuyén duwdng him
nay sé anh hwéng téi moéng coc khong chi mot ma
nhiéu lan tiy thudc vao so lwong dwong ham lan
cén coc, diéu d6 doi héi phai c6 nhitng nghién ctru
dé danh gia mirc dd anh hwdng téi méng coc va
cong trinh trén bé mat.

3.2. Anh hwéng ciia loai ddt

biéu kién dit nén dong vai tro quyét dinh
trong co ché twong tac gitta dwong ham va két ciu
coc, dic biét 1a trong giai doan thi cong dao ham.
Cac biéu hién khac biét ro rét dwoc quan sat thiy
& dat cat va dat sét do sw khac biét vé diéu kién
thoat nwéc, cwdong dd chdng cit va co ché bién
dang.

Viéc dao ham trong dat sét sé xuit hién hién
twong troi ngan han trong diéu kién khong thoat
nuwéc sau dé 1a 1dn cd két dai han, dan dén hién
twong kéo coc xudng dan (dat xung quanh dich
chuyén nhiéu hon coc), tir d6 phat sinh mé men
uén dang ké trong coc (Chen va nnk., 1999).

( dat cat, viéc dao ham gay ra lun tirc thoi do
sw phan bé lai rng suit nhanh chéng trong diéu
kién thoat nwérc, thwong tudn theo duwdng cong
lin dang Gaussian (Attewell va nnk, 1986). Kha
nang chiu tai ctia coc cht yéu dwa vao ma sat thanh
va strc khang miii coc, ¢ thé bi suy gidm do hién
twong giam Gng suat (Poulos va nnk., 2000;
Jacobsz va nnk., 2004). Trong diéu kién dat cat, coc
6 xu hwédng chiu chuyén vi ngang manh khi khién
dao tién dén gin (Jacobsz va nnk, 2004). Nhitng
khac biét ro rét vé rng xt co hoc gitra dat sét va
dat cat cho thiy can phai xem xét ky lwdng loai dat
nén trong thiét ké va danh gia anh hwdéng cia thi
cong ham dén cac két cdu méng lan can.

Ngoai ra, anh hwéng clia nwéc ngim dén
twong tac gitra hdm va két ciu coc cling can phai
dwoc cht y. Theo Su va nnk. (2025), khi dao hdm
bang may khién dao, ltin bé mit 16n nhat trong
diéu kién c6 nwéc ngam sé 16n hon 22% so véi

diéu kién dia ting khé. Bén canh dd, luc doc va
chuyén vi ngang ctia coc tang 1én doc theo chiéu
dai coc tir 16+23% va 15+28% twong tng.

C6 thé thdy rd rang rang diéu kién dia chit
thuc té€ rit phirc tap: Pwong him dao qua moi
trwong dia chat phire tap va bién doi, coc dwoc dat
trong nhiéu 1ép dit khac nhau (cat, sét, sdi cudi, co
vakhong c6 nwéc ngam,...) véi nhirng biéu hién co
hoc khac nhau. Nhitng nghién ctru trén thwong tap
trung vao mot loai dat hodc mot diéu kién cu thé,
chwa phan anh ding diéu kién dit nén, nuwéc
ngam. Do d9, viéc nghién ctru cin tip trung nghién
clru twong tac gitra dwdng hAm va méng coc trong
diéu kién dat phan 16p, c6 nwéc ngdm va khong cd
nuwéc ngam, dic biét trong dat c6 kha nang truong
no.

3.3. Anh hwémg ciia trinh tw thi céng va tham sé
vdn hanh

Khi thi cong cac duwdng ham sé lam thay doi
trang thai &rng suit va chuyén vi cia khéi dat xung
quanbh, tir d6 sé anh hwdng dén cac két ciu xung
quanh. Trinh ty thi c6ng dwong ham trong mai
twong quan vé khoang cach gitra dwong ham véi
coc theo phwong ngang va vi tri cia duwdong him
theo doc truc ctia coc sé anh hwdng 16n dén twong
tac gitra chung (Huang va nnk.,, 2021; Soomro va
nnk., 2020; Soomro, 2025). Cac tham s6 van hanh
ctiia may dao hAm nhu ap lwc bé mit gwong dao,
ap luwc phun vira, téc do dao,... ddng vai tro quan
trong trong viéc kiém soat gia tri mit thé tich (VL)
va lan bé mat (Rong va nnk, 2024), tir d6 anh
hwdng dén twong tac gitta dwong ham va coc
(Broere va Dijkstra, 2008).

Huang va nnk. (2021) nghién ctru &nh hwéng
cua trinh tw thi céng cia dwong him song song
nam ngang dén ltin bé mat va chuyén vi cta coc
don. Két qua thiy rang, néu duwdmg hAm gan coc
dworc thi cong tridre sau d6 thi cong dwong ham &
xa coc thi do Iun 16n nhat cia mat dat cing nhw
chuyén vi (thang dirng va ngang) déu giam.

Soomro va nnk. (2020) nghién ctru anh
hwdng cla trinh tw thi cdng dén lin va co ché
truyén tai trong cta coc don do dnh hwdng cta
trinh ty thi cong hai dwong him song song thang
ding. Soomro (2025) thuc hién nghién ctru danh
gia anh hwéng cia hai dwong hdm song song
thang ding dén nhém coc chiu tai trong ngang
bing moé hinh ly tAm va phan tich ngwoc. Cac
nghién ciru tham s6 dwgc thue hién 6 chi y dén
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trinh tw thi céng ham, hé s6 mit thé tich, cling nhw
d6 sau va vi tri dat hAm. K&t qua cho thay rang viéc
dao hdm bén dwdi trwde sé lam giam dang ké
chuyén vi theo phwong ngang va do nghiéng cta
dai coc. Ngoai ra, két qua con chira, d6 siu va vi tri
cda dwong hdm so véi nhom coc co vai tro quan
trong trong chuyén vi ngang va mémen uén trong
coc.

Qua trinh mo phong viéc thi cong dwdrng ham
bang md hinh s§ va md hinh thwc nghiém chua
bao gbm chi tiét qua trinh thi cong dwong him va
thwong gia dinh 1dn bé mat thong qua gia tri mat
thé tich VL. Do d6, can phai phat trién cic m6 hinh
vat ly va mo hinh s6 d€ mé phdng chinh xac anh
hwdng clia qua trinh dao hdm dén két ciu coc nhu:
mo phoéng chi ti€t qua trinh khién dao lam viéc
trong mé hinh vt ly; két hop gitta mé hinh DEM-
FEM (md hinh phén t& r¢i rac va mo hinh phan ti
hitu han) d€ m6 phéng qua trinh khién dao cat
truc ti€p qua coc trong mo hinh s6; mé phong chi
tiét qua trinh dao véi cic tham s6 ap lwc mat

Coc san cé

Phun vira gia co

Cau c6 sin

i 4

Pai coc gia ¢b
Xay dung két

Pai coc ¢ sin
Coc gia c0

Vo6 ham

Coc ¢6 sdn

Hinh 7. a) gidi phdp gia c6 va khién cdt truec tiép
qua coc (Chen va nnk., 2025) b) gidi phdp coc gia
c6 (Zhang va nnk., 2021).

guong, ap lwc phun vita sau vo va qua trinh dong
clrng cua vita.

3.4. Pwong hdm cat qua coc

Trong qua trinh thiét ké tuyén hAm dwong sat
do thi, don vi thiét ké thuwdong cd gang dwa ra cac
giai phap tuyén him khac nhau dé tranh gap phai
coc trong qua trinh thi céng hadm. Tuy nhién, do
mét do day dic cta cac cong trinh trén bé mat va
hé thdng méng coc clia chiing, viéc thi cong dwong
ham ngay sat hodc tham chi cat truc tiép 1a khong
thé tranh khoi dé dam bao tinh kinh té cling nhw
ky thuét ctia tuyén ham. D€ dam bao an toan khi
thi cong hAm bang may khién dao, motloat cac gidi
phap thwdong dwoce str dung khi di qua khu vire nay
nhuw: gidi phap coc gia c6 (Li va nnk., 2020; Tian va
nnk., 2025), cit truc tiép qua coc (Wang va nnk,,
2023) hodc pha d& cong trinh (Hinh 7). Phwong
phap pha d& cong trinh va giai phap coc gia c6 la
mot trong nhitng gidi phap chinh dé€ x& ly cac
trweong hop xam 14n cda dwong hdm va moéng coc,
tuy nhién phwong 4n may dao ham cit truc tiép
qua coc ngay cang phé bién (Chen va nnk., 2025)
do chting c6 chi phi ré hon va thoi gian thi cong
ngan hon.

Du 4n dwong hdm vinh Hai Chiu, Quang
Chau, Trung Qudc véi dwong kinh khién dao 15,07
m di cit qua 73 coc cia mot trung tAm thwong mai
sdu ting, cac coc c6 dwong kinh tir 0,5 m dén 1,5
m xam nhip vao dwong hdm 7+12 m. Giai phap gia
c6 méng clia toa nha bang cach b sung cac coc gia
c6 dwoc thuc hién theo cac buéc nhw sau: 1) Pha
d& twong, san ting trét va cong tac phong chay; 2)
Sau thi cong twong cach ly tién hanh phun vira gia
co (jet grouting) trong khu vuc 3 mét xung quanh
khién; trudc, sau coc ; 3) Thi cdng coc gia cd; 4)
DPao ho moéng; 5) Thi céng ddm va mii coc gia co
két hop véi tAm dé mong hién hitu; 6) Cat coc (day
cwa) (Chen va nnk, 2025).

D6i véi phwong phap may khién dao cat truc
tiép qua coc, khéng thwc hién bién phap b6 sung
coc cho tda nha ma bang cach gia c6 dit nén phia
duwdi toa nha dé c6 thé dap ng yéu cau chiu tai
sau khi cit coc. Bén canh d6, may dao cin phai
thay d6i cAu hinh cta dau cat (rang cat). Trong qua
trinh cat t6c d6 dao ctia d4u cat phai duy tri & téc
d6 xoay thip, 1+1,3 vong/phut va toc do xam
nhap 3+5 mm/phut (Wang va nnk, 2022; Liu va
nnk, 2025), 0,8 vong/phat va 1mm/phut (Li va
nnk., 2021) dé giam thiéu tic dong dén cong trinh
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trén bé mat. Trong tredng hop v chdng bé téng
c6t thép duc sdn clia dwong ham khong dap tng
yéu ciu chiu tai, c6 thé thay thé bang vé chdng
bang thép. Wang va nnk. (2023) dé xuit mot quy
trinh dao hAm trong qua trinh cat nhém coc cua
nha ga ngam da ton tai trwdc d6 (Hinh 8).

Ye va nnk. (2024) nghién ctru bién dang cia
dwong ham di bo khi chiu danh hwéng cta cong tac
thi cong hAm va cit cac coc gia cd clia nén dudng
hdm di bd trén co s& do dac hién truwong va
phwong phap giai tich. Cong nghé khoan phut ép
vira (Jet Grouting) duwgc str dung dé gia co trudce
khi cit coc, vira phun véi ty 18 N/X=1,0 véi ham
lwong xi mang 40% dworc st dung véi ap luc 40
MPa. Cuorng do nén don truc cia dat sau khi gia c6
>1,25 MPa, 16m hon gia tri theo khuyén nghi caa
Wu va nnk. (2022) 1a 1 MPa. Két qua cho thdy, véi
gidi phap thi cong phun ép vira gia c6 dwoc dé
xuit, xao tron dit phia dwadi la khong dang ké va
khong giy bién dang két cdu him di bo phia trén.

Sw phat trién manh mé cua co s& ha ting
ngam nhw dwdng hdm giao thong, dwong ham tién
ich, kéo theo nhiéu nguy co tiém 4n gy hw hai dén
két ciu cong trinh trén bé mat, dic biét trong
treong hop dwdng him cit truc ti€p qua coc. Cac
nghién ctru vé chu dé nay con twong doi han ché,
diéu d6 thac ddy nhu ciu du doan va dé xuit cac
phwong phap gidm thiéu cac tac dong tiéu cuc cia

Chuén bj trude khi cét coc

Gia cuong Téng ap Thay rang
dit nén mit khién cit
v v
Giam sat tu dong trong khi cat coc
L2 v ¥
Chuyén vi cua Chuyén vi ga da Lin bé mit
ham da co co
_"I 1 J
- ' G
Kiém sodt cdc tham s6 trong khi cat coc
1) tée do tién trung binh 2)Lyc day 3) Mé-men x0én
Phén tich sau khi céat coc
v v v
Tham sé dao Cét thép Tuong lé_c gilra Mon ring
hiam cac ham cat

Hinh 8. Quy trinh dao hdm khi cat qua coc
(Wang va nnk.,2023).

viéc thi cong dwong ham dén két cAu nham dam
bdo an toan va giam thiéu chi phi.

4.Kétluan

Twong tac gitra dwong hAm va méng coc cua
cac cong trinh trén bé mit 1 chu dé hap dan dwoc
nhiéu nha khoa hoc trong va ngoai nwéc quan tam.
Cac nghién ctu dwoc thuc hién bang nhiéu
phwong phap khac nhau nhw: phwong phap giai
tich, m6 hinh thwc nghiém, mé hinh so. Mbi
phwong phap déu c6 nhitng wu va nhuwoc diém
riéng, tuy nhién mé phong s6 két hop véi kiém
chimg bang dit liéu hién tromg hién nay dwoc st
dung kha phé bién.

- Cac nghién ctru chu yéu tip trung vao: 1)
anh hwdng cla vi tri twong do6i va khoang cach
gitra dwong hdm va coc; 2) anh hwdng clia trinh tw
thi cong hdm va tham s6 vin hanh ctia may dao
him; 3) anh hwong cta diéu kién dia chit va thay
van; 4) anh hwdng clia viéc dao hAm cit qua coc va
cac bién phap gia c6 nén mong.

- Xu hwéng trong cac nghién ctiru vé twong tac
gitra dwong hdm va méng coc: 1) cac bién phap
giam thiéu anh hwdng cta viéc thi cong him dén
mong coc; 2) sw phirc tap cia hé théng cac duong
him trong d6 thi va anh hwong cia ching dén
mong coc; 3) phat trién cac mo hinh vat ly va mé
hinh s6 @€ mé phong chinh xac twong tac gitra qua
trinh dao dwong ham va két cdu moéng coc; 4) anh
huwdng cua viéc dao him cit qua coc dén két ciu
cong trinh trén bé mat va bién phap daéi pho.

Ngoai ra, sw phat trién nhanh chong cta cac
mo hinh hoc may va tri tué nhan tao doi héi ap
dung cac mé hinh nay trong viéc du bao twong tac
gitra dwong hdm va moéng coc theo thoi gian thue.
Nghién ctru cic m6 hinh diéu khién bang Al két
hop véi tham sé van hanh ciia may dao hAm TBM
va c4c dit liéu tir cac cAm bién gin trong coc, v
chdng dwong hdm, khéi dit xung quanh dé nang
cao kha nang danh gia rdi ro va ra quyét dinh
nham ting do an toan va gidm thiéu chi phi.

L&i cam on
Nghién ctru nay dworc tai trg béi dé tai khoa
hoc cip Bd B2025-MDA-02 cta Bd Gido duc va

Dao tao. Tac gia xin chan thanh cdm on Bo Gido
duc va Dao tao.
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Pong gop cua tac gia

Nguyén Tai Tién - phwong phap luan, nghién
clru tong quan, viét ban thdo bai bao; Pham Van Vi
- doc danh gia va chinh stra.
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