KHOA HOC VA CONG NGHE MO

NGHIEN CUU ANH HUGNG CUA CHAN BONG NG MiN
DEN KET CAU CONG TRINH NGAM LAN CAN BANG
PHUONG PHAP B0 BAC HIEN TRUONG VA PHUONG PHAP S0

dén két cAu cong trinh ngdm lan can da duoc

chu y trong th&i gian gén day do sb lwong
cac dudng hdm phai mé rong va dao maéi lién ké voi
cac dwdng hdm da xay dwng ting nhanh dé& dap
trng nhu cau mat dé giao théng tang nhanh.

Co rét nhleu phwong phap dugc st dung
nghién ctu van dé trén nhuw: phwong phap giai
tich, phwong phap nghién ctru trén mé hinh vat ly
twong duwong, phwong phap do dac thyc nghiém
va phu’omg phép mé phéng sé,... Cung voi sy phat
trién clia may tinh dién tc, phwang phap sb ngay
cang tré nén hiéu qué va co dé tin cay cao. Trong
bai bao nay chung toi tr|nh bay két qua nghién ctru
anh hwong chan déng né min dén két ciu cong
trinh ngam l&n can bang phwong phap s va
phuwong phap do dac thwc nghiém. M6 hinh sb
dwgc xay dwng dwa trén phwong phap phan tor
h&ru han bang phadn mém Abaqus. Trong mé hinh,
bién str dung la loai khéng phan xa (Non- Reﬂecting
Boundary Condition-NRBC) dwa trén viéc sir dung
phan ter v6 han (Infinite element - IE) tai bién. Cac
phan con lai cia md hinh st dung phan tt& hiru
han (Finite Element-FE). Két qud mo hinh sb da
duwoc kiém chirng véi két qua do dac thuc nghiém
gop phan thé hién tinh chinh xac ciia mé hinh.

.\. ghién cteu anh hwéng cia chan ddng nd min

1. Gi&i thiéu chung

S dung mé phéng sb d& nghién ctru anh
hwéng cia chan déng nd min dén két cau cau
cong trinh ngdm lan can da dwoc nhidu tac gia trén
thé gi®i quan tdm. Phwong phap do dac thuc
nghiém da dwoc cac tac gia nhw (Zhao, J., Li, HB.,
2000); (Ansell, A., 2004); (Li, X. et al, 2009);
(Nateghi, 2011; Ahmed L, Ansell A., 2011) cac
phwong phap sb da duoc mot s6 tac gia quan tam
nghién ctru nhw (Hao, H.,2002); (Wu, Ch., Lu, Y.
va Hao, H.,2004); (Lu, Y. et al, 2005); (Saian, D.
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and Nordlund, E., 2009); (Muhammad, E. va
Traevor Orr, 2011); (Yang, J., et, 2012); (Lua, W. et
al, 2012); (Xia, X., et al, 2013); (Yang, J., et al,
2012), (Liang, Q et al, 2013), (Xia, X. et al, 2013).
Tai Viét Nam, van dé nay chwa dwoc nghién ctru
nhiéu, két qua dat dwoc con han ché. Mot sb tac
gia nghién ctru bang phwong phap giai tich nhw
Nguyén Van Can, Hoang Thi Hong, Nguyén Xuan
Man. Phwo'ng phap mé phéng s6 méi dwoc mot sb
it tac gia nghién ctu nhw Lé Dinh Tan, Nguyén Hai
Hwng, Nguyén Hiru Thé,.. Tuy nhién cac nghién
clru nay méi chi dé cap den nd min cho mot khéi
thuéc nd tap trung do bom min trén mat dat ma
chwa nghién ctru dén nd min khi dao ham.

Ngoai ra, viéc md phdéng anh hwéng cla chan
ddong nd min dén két chu cong trinh ngam 1an can
la mot viéc rat phirc tap do lién quan dén bai toan
truyén séng trong moi trieong dat da va nd min trén
gwong hdm. Hau hét cac nghién ctiru méi chi divng
lai & mé hinh sé, viéc kiém chirng mé hinh so sanh
vGi két qua do thuc té hau nhu it dwoc thyc hién.
Hién tai, cong ty CPDT Péo Ca cung v&i tw van
Nippon Koei (Nhat Ban) da thwc hién viéc'nghién
clu m& réong hdm Hai Van tr cudi nam 2014, dén
nay da co ban hoan thanh nghién ctru kha thi va
da dé xuat lén B6 GTVT va Thi twong Chinh pha
vé viéc cho phép trién khai mé rong ham Hai Van,
do vay trong thoi gian ngén sap t6i dw an ham Hai
Van cla VIét nam sé tién hanh mé& réng nén viéc
nghién cru anh hudng clia chan déng nd min dén két
céu dwdng ham lan can Ia rat cin thiét va cip bach.

2. Gi&i thiéu dw an ham Croix-Rousse

2.1. Mé ta dwong ham

Croix-Rousse la mdt dy an ham giao théng d6
thi v&i vi tri, hinh dang, kich thuéc duong ham
dwoc gioi thiéu cu thé trong [2]. Dw an gdm hai
dudrng hdm dao song song trong dé ham cii dwoc
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xay dwng trwéc d6 vai chuc ndm, chéng bang bé
tong lién khdi Khoang cach gira hai truc dudng
ham Ia 42,6 m. Mac dU dw 4n hAm nam hoan toan
dwoi long thanh phé Lyon véi khodng céach trung
binh 100 m nhwng do dao trong da granite ran
ctrng (d6 bén nén Ién hon 120 MPa) nén van lya
chon phwong phap khoan nd mln dé thi cong.

2.2. Cac théng so khoan né min

Phwong phap né min tao bién duoc st dung
khi dao dwong. ham nham han ché chan déng dén
khéi da. Cac 16 min cé dweng kinh 51 mm va 48
mm sau 4,0 m duwgc nap thuoc nd nhi twong loai

Emulsion Reelle. Cac théng sb clia hd chiéu khoan
nd min, trinh tw nd céc 16 min trén gwong duwoc
trinh bay trong [2].

3. Phwong phédp do dac thuc nghiém vén téc
chan déng tai ham Croix-Rousse

Thiét bi do dwoc st dung d& do la loai
Géophone dwoc dat trong VO chéng bé tdng cua
dwéng ham ci, cac théng sb dwoc do gdm van toc
dao dong phan t& I&n nhéat (Peak Particle Velocity-
PPV), chuyén vi va quang phd cta van téc dao
dong phan tir theo ba phwong. Qua trinh do duwgc
tién hanh sau mdi dot nd min nhw trén H.1.

b)

H.1.Két qua do vén téc chén dong cua cam bién C1OO tai PM100: a-- Vén téc chan dong theo phuwong
thang dung; b - Quang phé vén téc theo phuong thang ding; c - Van tbc chén déng theo phuwong ndm
ngang; d - Quang pho vén téc theo phwong nam ngang; e - Vian téc chén déng theo phuong truc hdm;

f- Quang phé vén téc theo phuong truc hdm
4. M hinh s6

Phan tich sé hai chiéu dwoc thwc hién trén mé
hinh phan t& hiru han xay dung trén phan mém
Abaqus phién ban 6.10-2.

4.1.Co s& Iy thuyét cia phwong phéap

Co s& ly thuyét clia phwong phép dwa trén
phwong phap phan t& hitu han da dwgc trinh bay
rat cu thé trong [4]. Phwong trinh ddng hoc co ban
clia phwong phap cé dang:
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M} + [CHot+ [KHul = P} (1)
Trong d6: u- Chuyénvi; U -Vantde, va U - Gia tbc.
Ma tran khdi lwong dwoc tinh toan theo:

M]= j pIN' [NV . (2)

Trong do p - Trong lwong the tich clia vat liéu; [N] -
Ma tran hinh dang cta két cau. )
Ma tran gidm chan [C] tinh cho gidm chan Rayleigh
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dwoec tinh theo cong thive:

[C]=a[m]+BK]. (3)
V6i o va B - Hang sb xac dinh trwdc. Ma tran do
cirng phu thude vao thoi gian va dwoc tinh toan
theo cdng thirc:

= j BTD][BldV . (4)

Trong do [D] va [B] - Ma tran cAu tao va ma tran
ng suat-bién dang twong ng. Cac vecto luc tai
cac nut cla phan t&r do lwc kéo bé mat, [a(t)], va
i thé tich [f(t )] duwgc trnh toan theo céng thirc:

P} j IN] q(t)8+j "ft)v . (5)

Khi do phuong trlnh (1) co thé viét dwsi dang:

M= fre - ©)
Oaay: = |=P() va {i"}=[Clfu}+[K]u}.

Phuwong trinh (1) va (6) c6 thé dwoc giai quyét
bang cach phLPcrng phap explicit (mét trong nhirng
phd bién nhét Ia phuong phap sai phan trung tam)
hodc bang phwong phap implicit-An (thuat toan
Nemark hoac Hubolt). Khi xac dinh dwoc gia toc
cla phéan tir theo biéu thirc (6) ta hoan toan cé thé
tinh dwoc cac thanh phan khac nhw van téc dao
dong, chuyén vj clia phan ti.

4.2. M6 ta kich thwée mé hinh sé

M6 hinh sé duo’c x8y dung dé khao sat anh
huong chan déng nd min khl dao ducrng ham moi
bang phucrng phap khoan nd min dén vo chéng bé
téng cta dwéng ham ci. Kich thuoc clia mé hinh
dwoc thé hién trén H.2. Mé hinh xay dwng bao gébm
ba phan: khdi d4 bao quanh cong trinh rong 160 m,
cao 160 m, vé chéng clia dwong ham cii v&i chidu
day trung binh 0,7 m va phan bién ctia mé hinh
dwoc tao ra tir cac phan tir vé han voi chiéu dai
160 m. Nhw vay kich thwéc mé hinh réng tdng
cong 480 m, cao 320 m. Trén co s& két qua clia
mo hinh dwoc trinh bay trong [2], tac gia tién hanh
xay dwng mé hinh 3D. Theo khao sat trong [3] khi
chiéu dai mé hinh dat 42 m tr& 1&n hoan toan loai
bdé duwoc sw anh hwdng cla chiéu dai mé hinh dén
két qua mé hinh. Trong tredng hop nay tac gia tién
hanh xay dwng mé hinh v&i chiéu dai 102 m (xem
H.3) trong d6 lun bao dam gwong ham dat & gilra
mo hinh, chidu sau 16 min trung binh @& mé phéng
a4,0m.

4.3. Diéu kién bién

St dung bién loai khéng phan xa nhuw trong [2]
va [3]. V&i md hinh 2D, bé mét dat phia trén &
dang tw do, hai bén héng va day mé hinh 1a loai
bién khéng phan xa (H.2). V&i mé hinh 3D, ngoai
bién hai bén va day la loai khong phan xa, bé mat
phfa trén mat trwdc va mat sau dwoc cb dinh (H.3).

H.2. K!Ch thmc phang ctia mé hinh

H.3. M6 hinh 3D voi chiéu dai khac nhau

4.4. Kiém tra sw héi ty cua lwéi

Viéc nghién clru sy hoi tu cha lwdi dwoc tién
hanh trong [3] bang cach thay déi kich thuwéc clia
ledi dong thoi s dung van téc Rayleigh dé so
sanh. Két qua vaéi kich thuwec phan t&r cho khéi da
la 0,5 m lwdi sé hdi tu, kich thwdc cho phan tir vo
bé téng ctia dwérng ham cii 12 0,25 m.

4.5. Ma trdn giam chan

Phuwong phap gidm chén loai Rayleigh v&i cach
tinh cac hé sb a va p nhw the hién trong [2] va [3].

4.6. M6 hmh ap lwec n6é min

Ap lwc ndé min 1a mét ham theo thoi gian voi
bién do tinh toan trong [2] va [3] la Pg=7,478 GPa.
Ham ap lyc c6 dang tam giac voi du’o’ng giam ap
lwc c6 dd dbc 16n ng vai thude nd nhi twong
dwoc sir dung tai dw &an. M6 hinh ap Iyc Ia tai trong
phan bd déu theo thai gian.
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4.7. M6 hinh vét liéu

Khéi da xung quanh dwéng hdm Croix-Rousse la
da granite va gneis [1]. Khéi da dwoc gia dinh 1a vat
liéu dan hdi déo cung vé&i quéa trinh tang (ng suét-
bién dang tuan theo md hinh Mohr-Coulomb. Vo
chéng bé téng dwdng hdm dwo'c md phéng str dung
mé hinh pha hly déo. Céac théng sé dong clia da va
bé tdng str dung cho mé hinh bao gém mé dun dan
hdi, hé sb Poisson, mat dd, dd bén nén, do bén kéo,
goéc dan né, lwc dinh két dwoc thé hién trén Bang 1.

Béng 1. Céc théng sé dong ctia khéi da va vé
chéng bé téng cho mé hinh phén tich

o i p Gia tri Bon
e Pa |[Vobétong| Vi

Trong lwong thé tich | 2650 2400 | kg/m®
M6 dun dan hoi déng | 60,0 35,00 GPa
Hé so Poisson 0,25 0,200 -
Goc ma sat trong 53,99 - PO
Goc dan n& 4,00 - Po
Lwc dinh két 23 v MPa
Do bén nén 120 35,00 MPa
D6 bén kéo 5,70 2,90 “MPa

5. So sanh két qua mé hinh sé v&i phwong
phap do dac thwe nghiém

5.1. Diém quan sat-

V6&i mé hinh 3D, diém quan sat trén vo chéng
bé toéng cla du’cyng ham cii dwoc Iwa chon la diém
nguy hiém nhét gan v&i guong thi cong cla ham
m&i. Diém nay ndm & trung diém cla chiéu dai v

23

chéng theo phuong doc truc hdm va ciing la diém
déi dién voi tam clia gwong nd nhu H.5.

5.2. Chon hé sé giam chan cho mé hinh

D&i véi cac vat lieu dia chat (vi du nhw dét,
da...) thwong hé sb gidm chan thay déi trong
khoang 2 % dén 5 %, gia tri nay v&i hé thdng két
cAu cong trinh 1a tir 2 % dén 10 %. Viéc khao sat
anh hwéng clia hé sé gidm chan cGa da dén két
qua md hinh da duwoc tién hanh trén md hinh 2D
béng cach thay dbi gia tri giam chan Gng voi 4
trwérng hop: bang 3 %, bang 4 %, béng 5 %, va
bang 6 % cho da trén mé hinh 2D, v&i vo chdng bé
téng chon ¢b dinh béng 4 %. Theo két qua clia mé
hinh 2D h& sé giam chan hop ly cho khéi da 1a 5
%, cho vo bé tdng la 4 % nhw trong [3].

H.5. Biém quan sét trong mé hinh
tai v6 bé téng cta duwdng hdm ci
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H.7. So séanh vén téc dao déng phan ti theo phuwong théqg dieng (V4)
theo hai phuong phép do dac va mé hinh sé 3 chiéu 3D

5.3. So sdnh két qua mé hinh v6i phurong phép
do dac thwc nghiém

Sau khi tién hanh chay véi m6 hinh s hai chidu
2D va mé hinh sb ba chiéu 3D ta thu duoc gia tri
van téc dao déng phan tlr 1&n nhét, gla tbc dao
déng phan tr 16n nhét, u=ng suét va bién dang tai
cac diém bat ky trong vé chong Két qua so sanh
gid tri van tbc dao dong phan tlr I&n nhét theo
phuwong thang ding gitka mé hinh sé va két qua do
dac thure nghiém trong khoang thei gian t=0,2 s véi
mé hinh 2D va t=0,25 s v&i mo hinh 3D duoc thé
hién trén H.6 va H.7.

Tw két qua thu dwoc khi so sanh. van tbc dao
doéng phan t& I&n nhét ciia mé hinh sé 2D va 3D
(H.6, H.7) cho thay gia tri van téc dao dong phan
tr 16n thay ddi lién tuc theo thoi gian, vj tri cac
diém dat cuc tri cla biéu dd trang v&i vi tri cla
cac dot nd trén gwcrng ham. Két qua bién d6 cha
van téc dao ddng phan ti I&n nhat trong mé hinh
2D la Ién hon so v&i mé hinh 3D. Ngoai ra, qua
so sanh van téc dao déng phan t&r I&n nhat theo
hai phuwong phap do dac thwc nghiém va mé
hinh s6, dang biéu d& va diém dat gia tri van téc
dao dobng phan ttr 1&n nhat theo hai phwong
phap la chap nhan dwoc.

4. Két ludn

Cac két qua trong bai bao nay cho phép rit ra
mot sb két luan dwoc rit ra sau day:

% Viéc nghlen ctru anh hwéng cua chan dong
né min dén két cu céng trinh ngam Ian can khi
dao ham bang phuwong phap khoan nd min ddn
thoi bang hai phuong phap do dac thyc nghiém va
md hinh s chua dwoc tién hanh nhidu trén thé
givi cling nhw tai Viét Nam do sy phtrc tap cla bai
toan truyen song,

% Két qua mé hinh sé 2 chidu 2D va 3 chidu 3D
cho thay bién do ctia van téc dao déng phan & 16n
nhét trong mé hinh 2D Ia I&n hon so véi mé hinh

3D. Nguyén nhan.la do v&i mé hinh 3D, méi trwcrng
xung quanh & dang khéi nén nang lwgng nd min bi
hap thu mét phan trong khi v&i mé hinh 2D, moi
trwong la mat phang nén phan nang lwong b| tiéu
ton 1a khéng dang ké;
< Qua so sanh két qua van toc dao ddng phan

tr I&n nhét gitta hai phwong phap mé phong s6
va phwong phap do dac hién trwo’ng cho thay S
sai khac gira bién do va dang biéu dé cla van téc
dao dong phan tlr I&n nhéat gitra hai phwong phap
la co thé chép nhan duoc, didu nay cho thay cac
s6 lieu dau vao cing nhw mé hinh sé xay dwng 13
dang tin cay;

~ % C6 thé str dung md hinh sé da xay dung trong
nghién cleu nay cho cac nghién clru tiép theo CO diéu
kién twong tw nhw danh gla chén dong khi nd min
d&o ham tai dy an ham Cb Ma hoac ham Hai Van.0l
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SUMMARY

On the basis of geological marble deposit
models and combined with advanced
computer simulation methods, the development
of a reliable geometric model of the available
and recoverable rock blocks will be achieved.
This geometric model was be achieved by
the database of the open-pit marble Thung
Khudc, modelling of the rock mass and
discontinuity structure, and modelling the
geomechanical rock mass behaviour. These
technigues will allow the prediction of the
most cost effective and safe quarry layouts
that will lead to maximum block recovery of
such sizes and quality that the market
demands.
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SUMMARY

The application of in-situ measurement
method and numerical method to study the
effect of blast vibration on surrounding
structures (rock mass, existing tunnels,
buildings,...) extended in recent years.
Although many well documented numerical
results exist in literature concerning this
problem, but the result of the research on
the effect of blasting at tunnel face on the
vibration of existing adjacent tunnel by
above methods still not clear. This paper
investigates the effects of blast vibration at a
newly excavated tunnel of the Croix-Rousse
tunnel project, Lyon, France on the concrete
lining systems of a adjacent existing tunnel
by using numerical model based on vibration
recordings. Numerical simulations were
carried out with Abaqgus/explicit model using
coupled finite-infinite elements and Non-
Reflecting Boundaries Conditions (NRBCs).
Comparison of results obtained with above
methods in order to validate the accurate
numerical models shows that the accuracy
of numerical models.




