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1. Mé& dau mat cat ngang hinh tron, xay dung trong khoi dat

Trong linh virc xay dung cdng trinh ngam, vin
dé nghién ctru chdng giir 1a hét sirc quan trong va
luén mang tinh thoi sw (V6 Trong Hung, Phung
Manh Dic 2008, Nguyén Xuan Min 1998). Trén
thé gidi cling nhw trong nwéc vin dé nghién ciu
tinh todn vo chdng nhiéu 16p con chwa nhiéu. Pa
c6 mot soO tac gid dé cip t6i vin dé nay, nhung
chwa dwa ra 101 gidi cé tinh khai quat chung
(Nguyén Quang Phich 2007, Nguyén Xuin Min
1998, Backlasov, Kartoria, 1984, Bulutrev N.S.
1994, Bulutrev, Phochiva, Strensov, 1986). Trong
mot s6 bai toan clia cac tac gid néu trén da nghién
ctru trén co s@ tinh toan vé chong dwong ham cé

“Tdc gid lién hé
E-mail: nguyenduyenphong@humg.edu.vn

da dwoc xem 1a dan hoi dong nhat va ddng hudng.
Tuy nhién, viéc xac dinh trang thai ng suit cia vo
chong dwong hdm nhiéu 16p, xay dwng trong khdoi
da khong dong nhit, khong ding hwéng cho dén
nay van con nhiéu bat cap, chua c6 1oi giai thda
dang. Chinh vi vy, trong bai viét nay nhom tac gia
da xay dung thuat todn md phdng tinh toan vé
chong dwong hdm nhiéu 16p, xay duwng trong khoi
dét da khong dong nhat. O day, khdi dat da khong
dong nhat la do yéu t6 cong nghé tao ra khi thi
cong dwong ham.

Hién nay, mot s6 cac céng trinh ngdm giao
théng & Viét Nam nhw hdm Hai Van, ham beo
Ngang, hdm & Lao Cai, mdt s6 cong trinh thiy dién,
mot s6 giéng dirng & mo than ham 10 viing Quang
Ninh,... da thiét ké v chong cé chiéu day kha lom.
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Chinh diéu d6 1am tang khoi lwong cic cong
tac dao hdm, xtic boc van chuyén va ting chi phi
vat liéu 1am két ciu chéng, dan téi gia thanh mot
mét hdm twong doi cao. Do d6, can thiét phai
nghién ctru tinh toan vo chéng dé lam gidm cac chi
phi dén mitc t8i da ma van dam bao dd bén va tudi
tho 1a viéc lam dap &ng yéu ciu ky thuit va kinh té
trong linh vuc chéng gitt cong trinh ngam.

2. Mo hinh toan hoc

Trén cor s& phan tich cac nghién clru cta cac
tac gida (Backlasov 1.V, Kartoria B.A. 1984;
Buluwtrev N.S. 1994; Bulutrev N.S., Phochiva N.N,,
Strensov E.V. 1986), nhém t4c gia dwa ra mé hinh
tinh todn nhw trén Hinh 1. Trén so d6 cho thiy, dé
nghién cttu vo chong nhiéu 16p da st dung cac
ranh gi¢i cua cac 16p dworc gidi han bédi cac vong
tron déng tAm (tAm 1a goc toa d6 ban dau). So d6
tinh trén Hinh 1 dwoc m6 phong nhw sau:

- Lop bén ngoai 1a vong tron Si, ¢6 chiéu day
vO cung lém (diéu nay c6 dwoc khi cho Ry—0) sé
mo hinh héa khoi da trong trang thai tw nhién, véi
dac tinh bién dang: mé dun bién dang E1, va hé s6
Possion 1 mo hinh h6a khoi dit da & trang thai tw
nhién;

-Caclép Si(i=2, 3,..., NY) sé mo hinh héa ving
dat xay dwng trong khoi dat khong déng nhit;

- Cac 16p tiép theo phia trong Si(j = N'+1,
N*+2..,, N) sé md hinh héa cac 16p vé chong cta
dwong ham.

Caclép Si(i=2, 3,..., N) twong trng ¢6 ban kinh
lan lwot 1a R(i = 1,..., N). Vat liéu trong mdi 16p c6
ddc tinh riéng va bién dang khong giéng nhau.
Trong trweong hop tdng quat, dic tinh bién dang
caalop thiriséla Ej, w(i=1,..., N), trong do: E;, p; -
lan lwot la mé dun bién dang va hé s6 Possion cta
16p thit i. Cac 16p dwoc xem xét 1a cing bién dang
va c6 dwong tiép xuc gitra hai 16p ké nhau la Li(i =
1,.., N-1). Trén cac dwong tiép xuc Li(i = 1,...,, N-1)
thod man diéu kién lién tuc cia chuyén vi va tng
suit.

Vong bién bén ngoai Lo va bén trong Ly chiu
tac déng truec ti€p cluia cac tc dong bén ngoai. Tac
dong dén cac 16p Si(i = 1, 2,..,N*) trong trang thai
tw nhién, thuong sinh ra tir quy trinh cong nghé
dao hdm va dwoc mé phong bédi cac thanh phan
Urng suit ban dau:

cO0=60= yHa" (/1=1,2,.,N) (1)

Trong do: o - hé s6 diéu chinh tinh todn lap

dung két ciu chdng tré tir bién ham voi khéi dat
da bién dang khong tuyén tinh dén thoi diém lap
dung két cdu chdng (Bulutrev N.S. 1994).
U'ng suit tng (Nguyen Duyen Phong, 2016)
trong mdi 16p Si(i=1, 2,..., N) c6 dang:
o) i) 5 SO 2)

i,N +1
Trong (2): cM® - &rng suit bo sung 16p thir i
voi(i=1,2, .., N); § ky hiéu tit ca cac thanh phan
ung sudt; 8,m dwoc xac dinh nhu sau:
1, khi n<m
"""{0, khi n>m
Odayn=1,2,.,N;m=1,2,..,N.
Nhw vay trong (2) rng suit téng bao gom rng
suit b6 sung va irng suat ban du.
biéu kién gi¢i han trén bién tiép xdc Li(i=1,
2,..., N) trng suit va chuyén dich dugc c6 dang tong
quat nhu sau:
GO0 Z 60O ) GO0y —u (4
Trong (4): Anm(n=1,2,..,N;m=1,2,.,N)va
duorc xac dinh bang biéu thirc:
{1, khi n=m

(3)

(5)

n,m

0, khi n#m

Trén hinh 2 biéu dién ¢ng suit bs sung theo
phwong ban kinh twong Ung véi ap luc
p=0"P=c"Y " Pua vao ky hiéu qi:ki‘N*GEO)('),

chon ra hai 16p vo chéng tw do 14n cin c6 chi s6
twong inglaivai+1 (i=1,.., N-1) va bién tiép xic
Li (Hinh 2).

T nghién cru sw can bang cta hé, c6 thé
chon ra tic dong dé thay thé, loai bo di 16p nao dé
bang ap luc phap tuyén. Chang han, trén bién Li4
ap luc tc dong pi1 c6 thé md phong tac dong cla
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Hinh 1. So d tinh todn vé chéng dwong hdm
nhiéu I6p, xdy dung trong khéi dédt dd khéng dong
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Ry

Hinh 2. So do tinh todn twong tdc gitva cdc I6p
lan can.

16p loai bd Si(i = 1,..., i-1); tdc dong 16p loai bd phia
trong Sj(j = i+1,..., N) dwoc mo phong bang 4p luc
phan bd déu pj.1 trén bién L.

Ap dung cac két qua nghién ciru (Nguyen
Duyen Phong 2016, Bulutrev N.S., Phochiva N.N,,
Strensov E.V. 1986), sé xac dinh dich chuyén trén
bién L1 cda l&p thit i caa Si(i=1,..., N) chiu tai (p-
1+q,-.1), séla:

Pi Riz'( pi-1+qi-1) R, R

RIZI_R2 "

(p| pll qll)R R
R2 R2

(1-2w)

ui\'-m: ZG

P i_(Filllegll) 1R (6)
( Pi-Pia i 1) RRY,
FRASLLELEL L L
Riz-l_Riz
Ap dung biéu thitc (6) véi chi y rang:
P=q=pv=gyv=0 (7)
Tl hai diéu kién (4) c6 chu y dén (6) va (7)
cho thay: bién dang cta hai 16p 14n cin S; va Siq
trén dudng tiép xic L; 1a bang nhau, do d6 c6 thé
viét:

(1-2p;)

ui\Li :2_Gi

p|R| (p| 1+0; 1)R
R2 -R?
2C;i (p| pll qll)Rll
#R
R -R;
P.aR%i-(Pi+a) R
1-2u,
1 ( MH»I) Rz R|2+1
(p|+l p| q )R|+1
R?*-R?

i+1

(1-2,) R+

(8)

1 R +

dat ci:RR—‘ (i=L..., N-1) ;thaycivao (8)tacé:

i-1

PiC; ( Py + 0 1) ( pi 'pi-l'qi-l)
1-2n =
(1-2p) 1-¢? ' 1-¢?

pi+lciz+l_( p; +0; ) 4

(1-2w;,,) 2
_ i 1_Ci+1 (9)
Gi+1 (p|+1 p| q|) i+1
l C|+1
hay:
Lz{z(l uH-l)CH-l p|+1 (1 2“|+1 +C|+1)( )} =
Gi+1 (1 |+1)

- %{(1-2&% 6P 2014)(Prs + )

G G,
G (1 )G (1241, 4C
Gi+1(l |2+l) ( H’H—l) |+1p|+1 GHl(l I2+1)( Wi+ I+1)><
x( pi+qi) [ +C, )p. & (1 1) (PatGis)

Cudi cung bleu thirc cd the Vlet dwdi dang:

G (1-Ci2+1) 2 2
Pia= L 2 ?ll (1_02) (1-2Ci i )+ Pi-
2(1-w,,)C0
+l 2C H|+1+C|+1

G (1'Ci2+1 ) 1-p)

o 12c W, +¢ q-
) e, 2, (10

G,
i G, (1'Ci2+1 ) (T
G

i (1'Ci2)(1'ui+1)0i2+1 A
Biéu thirc (10) c6 thé viét rut gon dwdi dang:
P =K P +Ki 1.1 P +Q (11)
trong (11) cac ky hiéu dwoc xac dinh nhu sau:
1-2¢, +C
i L 2 ( " )+1 2C Hiv +C|+1 ’
2(l-l’ti+1)ci+l (tvi
} (L-p;)
&( -Hi+1)0i2+1
1-2¢%,+¢2 G, (16h)@w)
Qi — G l“l|+(2:| qi_;ﬂ ( - 1) H - G- (12)
2w, G (1'Ci )(1'Hi+1)ci+1
G 1c -c?
ST 1,
O day: i+
Biéu thirc (11) véi =1 dwoc viét dudi dang:
P, =Ky P+ Ko Py +Q (13)
Néu chu y dén (7) thi (13) bién doi thanh:
p2:K1,1p1+Q1=M2p1+L2 (14)

ii-1 7

i+1
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trong (14): Mo=Ki1; L=Q (15)
St dung biéu thirc (14), (15) dwa vao biéu
thirc (11), cho i = 2 ta nhan dwoc két qua:
P3=K,, P, +K,, P +Q, = (16)
=K,, ( M, p,+L, ) +K, 1 P +Q, =M, p +L,
M, =K,,M, +K,,;
trong (16): ’ 22 2t
L =KL, +Q,.
Lam twong tw nhw trén sé cho ta lan lwot cac
pi(i = 3, 4,...N-1), nhu sau:
P, = Ks,a P; + Ka,z P, +Q, = K3,3 (M3 P+ Lz)+
18
+K3‘2(M2pl+L1)+Q2=M4p1+L4 (18)

trong (18): My =HKssMs + Ko M (19)
Ly =Kgsls + Kyl + Q.
Cac biéu thirc (13)+(19) c6 thé viet dudi dang
tébng quat, cho phép biéu thi tit ca gia tri 4n s6
chwa biét p; thong qua p1 nhw sau:

(17)

b, =M,p, +L,, (i=2,...N) (20)
Trong (20):
i—1
Mi: Ki—l,jM j ;
& (21)

i-1
Lizz;‘ K1 M;+Q.,.
J=

DEy dén (15) va (12), dwa (21) vao (20); chu
y dén gia tri M; Li(i = 2,...,, N) va trong (20) cho i =
N, ta nhan duorc:

pv= Mypi+ Ly (22)
Mat khac, trén co sé (15) co:
Py=My p+L,=0 (23)

Twr d6 nhan dwoc: p, =—

Ly 24
M, (24)

Thay thé (24) vao (20) cho phép chiing ta tinh
toan tat ca cac gia tri 4n sé pi(i = 2,..., N).

Ung suat hwdng kinh toan phan trén bién
ngoai L1 va bién trong L; cta 16p thit i xac dinh
nhuw sau:

G'('“_l) ‘ Lia = pi-l-ai,N*+1’YHa*
(i,i) * (25)
O "—‘ =P _Si,N*Jrl’YHa

Trong d6: '™, 6" - tng sudt hwéng kinh
trén bién ngoai Li.1 va bién trong L; ctia 16p thiv i (i
=1,2,..N).

Ung suét tiép trén bién dwoc xac dinh bang
biéu thirc:

2 2
@] _ 2Ca iy S +1G(i,i)

(e} .=

’ e Ciz-l_l ' Ciz-l_l ' (26)
G(i‘i) — 2 G(i,i-l)

0 L 1'Ci2_1 r

trong d6: o{"™?, o’ - (rg sudt tiép tuyén
trén bién ngoai L1 va bién trong L; cia l6ép thir i (i
=1,2,..N).

Tir day, c6 thé xac dinh dwoc (ng sut trong
cac 1ép vo chdng ctia cong trinh ngam, kiém tra do
bén 16p tiép xuc va khd nang mang tai ctia két ciu
cong trinh ngdm bang cdéng thirc (Guidelines on
design of underground excavations and supports

1983):

(in)

ol (ex)

ng) +Ggex) 'Ge

N = bA; M = bA® (27)

Trong (27): A=R,-R =R, [1-%] - chiéu

0
day két ciu chéng, b = 1 m; trong d6 o{"; c{™ -
rng suit bén trong va bén ngoai vé chéng theo

phwong tiép tuyén.
Cudi cuing biéu thirc (27) c6 dang:
2
| 2 e
N ='E R2 o+ Rg o b(Ro'Ri)
YRt VRe
0 0
2
| 2 MR
=" 7 o~ 2 o b(Ro'Ri)2
12| REY R
RO RO
3R 3R
2 2
N 4Ry Rg b(l_&j_ 4,Ry b Ry
2 R URJ) 2 |,R
R02 Ry
R? LEE © QR i
=g | ey
-5 ’ */(28)
0

Kha nidng mang tai dwoc danh gia bang biéu
thirc:
IN|< NS (29)
trong (29): N - lwc phap tuyén tinh toan, xac
dinh tir bi€u thiec (28); NS - giéi han kha nang
mang tai theo hwdng ban kinh ctia mit cat két cu
chdng, dwoc xac dinh nhw sau:
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2e M R
NS =kR Ab|1-=—2 |: k=1 e, =|—| - do
’ [ Aj s e ‘N‘

léch tim theo lwc doc N.

3. Thuit toan tinh toan

Ap dung cac két qua trinh bay trén day nhém
tac gia da xac dinh trang thai ng suat-bién dang
cda két cau cong trinh ngdm nhiéu 1ép, xay dung
trong khéi da khong dong nhat theo thuit toan
gom 7 bwéc nhw sau:

Buwéc 1. Cho thong s6 dau vao, gom: N* - s6
16p, mo hinh hoa cong nghé dit da khong dong
nhat; N - tong quat s6 16p, mé hinh héa hé thong
"v6 chéng nhiéu 16p-khai dat", 1a sé nguyén; Ri(i =
1,.., N) - ban kinh caclép két cdu chéng (m); Ey, pa-
dac tinh bién dang khoi dit trong trang thai tuw
nhién-mo6 dun bién dang (MPa) va hé sé Possion
phu hop; E;, 4(i = 2,.., N) - m6 dun bién dang
(MPa) va hé s6 Possion ctia vt liéu tirng 16p két
ciu chong, m6 hinh hda quy trinh cong nghé xay
dung him trong dat da khéng déng nhit (i = 2,
3,.., N*) va két ciu chdng (i = N'+1, N'+2,..., N); y -
trong lwong riéng trung binh cia da (MN/m3); H -
chiéu sau dit hAm (m); I, - khoang cach tré 1ap
dung két cu chdng tir gwong ham (m);

Buérc 2. Xac dinh gia tri diéu chinh - hé so:

I
-13'0
* ¥ R
o =e /o;

E.
Buéc 3. Tinh G, = L i=1,.,N;
2(1+;,Li)
Buwéc 4. Gia str ¢1 = 0, tinh
R, G 1-¢ .

Cy=—= § =—"—-,(i=1,..,N-1);
i Ri & Gi+l 1_Ci2+l ( )

e g 1 khi n=m .
tinh gia tri: 4 = . ; dwa ra gia

' 0, khi n=m

tri tham s8: ¢, =\, \.yHo';
Bwéc 5. Tinh:
1 {(1'2(%2% + Ciz)

Kii = +1-2Ci2ui+ +Ci2+ 5
' 2(1'Hi+1)ci2+1 & ' '

1-2¢iy +¢ | Gy (1'Ci2+1)(1'lvli)
N 201, ' G (167 ) @pyy )7 o
v6ii=1,2,., N
Tinh: K, =- (@-p) ;voii=2,.., N;

& (l'ui+l)ci2+1

Budrc 6. Tinh: p,=-2; tinh: p, = M, p, + L,
M N
voii=23,..,N;
Buéc 7. Xac dinh (g suat ban kinh trén bién
ngoai Li.1 va bién trong L;:

(i,i-1) _ *
r Lia— pi':L-Si,N*JrlyyH(x' .
)

o

il .
o, ‘ L= B -6i,N*+1yH(x .
va ing sudt tiép tuyén trén bién:
2 2
26 i Catl 2 i
LT 2 1% 2" LT
Cia™ Gia™ Cia
Thuét toan gom 7 bwéc trén day 1a co s& dé
14p trinh tinh toan vé chdng dwong him nhiéu lép
mat cat ngang hinh tron, xay dung trong khéi dit
khong dong nhit do cong nghé xay dung tao nén.

0

(i)
Gy

i
) Oy

4. Két luan

- Két qua nhan dworc tir nghién ctru trén day
dwoc st dung dé xac dinh rng suit theo phwong
tiép tuyén va ng suit theo phwong ban kinh véi
quy trinh c6ng nghé dao hAm qua nhiéu 16p dat da
khong d6ng nhit va mé phéng vé chdng bang
nhiéu 16p vong tron déng tdm cho phép danh gia
kha ndng mang tai cia két cdu v chéng cong trinh
ngam.

- Trén co s& nghién ctru nay da dwa ra thuit
toan gbm 7 buwéc lam co s& dé 14p trinh tinh toan
vo chéng dwdmg hdm nhiéu 1ép mat cit ngang
hinh tron, xay dung trong khoi dat khong dong
nhit do cong nghé xiy dung tao nén c6 thé ap
dung dé thiét ké két cdu chong céng trinh ngdm
trong thuc té.
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ABSTRACT

Computational Modeling of Multi-Layer Lining for tunnel in

heterogeneous soils
Phong Duyen Nguyen 1, Thanh Trung Dang 1, Man Xuan Nguyen 1, Pakratrenko A.N.2,
Sammal A.S.3

1 Faculty of Civil Engineering, Hanoi University of Mining and Geology, Vietnam
2 National University of Science and Technology Misis, Russian
3 Tula State University, Russian

The article presents the study results and gives the explairation on prestress condition of multi-layer
lining in order to reinforce circular cross-section tunnels, which built in heterogeneous soils. In this study,
the displacemont of tunnel multi-layer lining and soil mass around the tunnel are- united support system
"multi-layer lining - soil mass". The supporting jackets and surrourding soil mass are considered as the
only in deformable system of " multi-layer lining - soil mass".
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