
xAY oU[G c0ilG Tniu ncflm un m6

NGHGil Ctfii XAc oNH QUY tUAr

cHUvCh olcr HH6l od Bt€N T0l HONo, NCN i
cONG TniNH ttgfi'n rHco rHol olRN :

vO rnguo nuruc
Trudng D?i hoc M6-Dia chAt

Emait : votrongh u ng@kh aaxay d u ng. ed u. v n

1r. 6 denn gi6 muc d9 6n dinh cia cong trlnh

'u lfl:l fl r'. ?;i'JJ'J lii5H"J^% i',;,!
b6o gi5 trg chuy6n dich bi6n c6ng trinh ng6m theo
thdi gian.

Cho den nay, viCc x6c dlnh mO hinh du beo
quy ludt cnuy6n Oich bi6n c6ng trinh ngAm.theo
ti,oi gian v5n chua duoc gidi quy6t vi vAn de ndy
r6t phuc tap vdr g{p rdt nhi6u kh6 khdn.

Cac mo hinh lli thuy6t chuy6n dich bi6n c6ng
trinh ngAm da duoc nhi6u nh2r khoa trgc nghi6n
ct?u, tuy nhi6n c6c m6 hinh lii thuy€t ven chua x6t
t6i y6u t6 thoi gian l1l,l2),

irong [6] m6i chi x6c dinh quy.luat chuy6n dich
tn6i Oa OiCn tai n6c c6ng. trinh ngdm. Vi vay, c6ng
tac nghiGn cuu xdy dr;ng m6 hinh xec dinh quy

luat chuy6n dich kh6i d6 bi6n tai cec vi trl h6ng.
n6n c6ng trinh ng6m c6 1i' nghia alac biCt quan

trqng d6 hinh thdnh c6c quy luQt chuyen dich trCn

toan b9 bi6n c6ng trinh ng6m. Tu d6y c6 th6 x5c
dinh mirc aO 6n Ointr cho c6ng trinh ngAm d nh0ng
thdi di6m thi c6ng, srl dung kh6c nhau.

1. Thr3c nghiQm do chuy6n dlch kh6i d6 bao
quanh c6ng trinh ngim tqi hien trulng

D6 nghi6n c0u qu5 tr)nh hinh thdnh c6c ving
bi6n dqng kh6ng dan hdi, dic tinh.phe. hty cac dat
cl6 do sy dnh nudng coa m6t s6 y6u t6 dia co hqc,

c6u tao 6nh hudng, Glusko V.T. vd c6c cOng sir dd
Ep d|t 2 trqm do chuy6n dich do chuy6n drch 16

khoan theo d6 sAu co l5p dit c6c thanh chuAn do

chuy6n dich 16 khoan s6u trong c6c c6ng trinh
ngim tei mOt s6 m6 khai thdc than hAm ld ving
than Donbass (Ucraina) [3], [4].

K6t qu6 do thuc nghiCm chuyan dich dAt da
trong cec 16 khoan theo cac thanh chuan duqc
thu; hiCn trong nhcrng di6u ki6n sau: chi6u sAu

c6ng trinh ng6m H=480+710 m: g6c nghiOng cia
cdc lop d5 q=8'*50': ch0ng r6q1 kdt c5u ch6ng
gii? sir dung de chdng giu duong ld

SVP17-SVP27; chi6u cao duong ld h=2,4+3,5 m;

chi6u r6ng duong lo b=2.85,5.8 n: xhodng c6ch
giira hai khung ch6ng chu y6u bdng 1.0 m, chi co
m6t tr,rong hop n=0,75 m: gioi hqn b6n nen crla

c5c l6p dat dd R"=26+139 MPa.
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H.1. So d6 mo 6 cec vi tri quan trdc chuyln
dlch cla kh6i de bi6.n tai noc.cong trinh ngAm

theo thoi gian: 1 - K6t cAu ch6ng gifu cong trinh
ngdm; 2 - Cec np dil de; 3 - Citc thanh chudn
d-o chuy6n dlch 16 khoan; H - Chi6u seu c6ng
trinh ngAm @): h - Chieu cao c1ng trinh ngem
(m): b - Chi6u r|ng c\ng trinh ngAm (m): a -
Goc nghidng cla cdc l6P det dd (d0)
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BAng 2. Chuy,n dich kh6i dA bao quanh c6ng trinh ngdm tai h1ng hu1ng xu6ng phia dud t3l, t4l ;

H,
m

ct,

d0

710 42

800 50

SVP,
S6

h,
m

b,
m

n,
m

R",
IVIPa

Lb,

m
U, mm/(ngdy-d6m) sau "t" (ngay-dem)

t=90 t=150 t=210
27 2,8 5,1 1,0 36 0,7 27 93 144

?,0 I 23 28
4,0 1 4

36 6,0 2 2 2
58, 8,0 1 2 2

27 2,8 4,0 1 24 0,7 150 265
JO 2,0 24

397
223

39 4,0 1 2
'101 6,0 0 0

800 55 17 3,4 4,0 1 37 0,7 42 105 157 208
37 2,0 42 89 123 147

71 4,0 3 6 o 8

6'15

71 6,0 1 2 2

71 8,0 0 0 I 0 0

22 22 3,0 3,8 53 0,7 15 100

55 2,0 o 15 36

53 4,0 I B 22

6,0 0 2 4 4

8,0 0 0 0

540 50 27 3,41 4,32 0,75 'lo 0,7 oz 76 88
61 2,0 3 9 10 11

frJ 4,0 2 2 2

38 6,0 0 0 2 2

81 8,0 0 0 1 1

540 15 17 3,0 4,0 1 65 0,7 2 5 7 8 o

b5 2,0 1 2 2 2 2

68 4,0 1 2 2 2

777

91 6,0 0 0 0 0 0

91 8,0 0 0 0 0

8 27 ,o 4,78 1 105 0,7 6
105 2,0 1 2 2

139 4,0 0 0 0 0

139 6,0 0 0 0 0

139 8,0 0 0 0 0

22 27 3,0 3,8 JZ 0,7 27 43
52 2,0 0 0 2 2
52 4,0 0 0 0 0 0

6,0 0 0 0 0 0
8,0 0 0 0 0 0

480 30 27 2,8 3,4 I 38 0,7 0 0 28 66 100
28 2,0 0 0 8 20 54
43 4,0 0 0 6 39
43 6,0 0., 0 6 10 13

382
38 8,0 0 0 1 1 10

27 3,5 4,7 1 79 0,7 1 7

79 2,0 0 4
79 4,4 0 0
79 6,0 0 0
79 8,0 0 0

E c0nc IGHTEP M6. sd4 - 2o2o

tillm

t=30 t=270
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Bdng 4. Chuy,n dlch kh6i de bao quanh c6ng trinh ngAm tqi h6ng hu6ng l6n phia ten

U,
mm

t
ng.d

H,
m

ct,

d0
h,
m

b,
m

Lb,

m

U X,I x2 X3 X4 Xt) x7 X8

9 710 42 107 .9 36 0.7
'18 90 107.9 36 0.7

150 42 107.9 36 0.7
43 210 710 42 107.9 z.o 5.1 36 0.7

30 42 '107.9 2.8 37 2.O

14 90 710 42 2.8 5.1 2.0
15 150 710 42 107 .9 5.1 37 2.0

Bdng 5. Chuyln dich kh6i de bao quanh c6ng trinh ng m tai hOng huOng xu6ng phla duoi

mm ng.d
CT,

d0 cm'
h,
m

b,
m

R",
IVIPa

U X1 x2 X3 X4 X5 xt x7 X8
30 710 42 EI 36 o.7

58 710 42 107.9 5.1 36 0.7
oa 710 42 107 .9 5.1 36 0.7
144 710 42 107.9 c. I JO 0.7
8 30 710 42 't07 .9 2.8 5.1 2.0

21 90 710 42 5.'l 37 2.0
150 710 42 107.9 2.8 5.'l 37 2.0

Bdng 6. Chuy,n dlch kh6i dA bao quanh cdng trinh ngdm tai ndn theo phuong thdng dhng

U,
mm ng.d

H,
m

cx,,

d0 cm'
b,
m

Rn,
MPa

L6,

m

U X1 x2 X3 x4 X6
11 30 710 42 107 .9 5.1 28 1.0

z5 90 710 42 107 .9 5.1 28 1.0

73 150 710 42 107.9 5.1 28 1.0

154 210 710 107 .9 5.1 28 'l .0

6 710 42 107.9 30 2.0

17 90 710 42 107 .9 5.1 2.0

69 1s0 710 42 107.9 30 2.0

Bdng 4 m6 td su thay tt6i "U" chuy6n dich kh6i d6
bao quanh c6ng trinh ngam tai h6ng hudng l6n
phla tr6n khi n=0,75+1,0, h-2,4+i,41 m, trong giai

bi6n thi6n: t=30,90, 150,210 ngdryd6m; H=480+800;
u=42+45 ; SYP =17 +27 ; b=2,85+5,8; R,=26+56 l\ilPa;

Ln=0,7+8,0 m; SVP17 c6 W"=53,4 cm3; SVP22 c6
W"=81,e cm3; SVP27 c6 W"=197,9 cm3 151 1c6 142
t6 nEp s6 liCu Lrng voi tung gi6 tri chuy6n dlch "U").

Benq 5 m6 ta sP thay d6i "U" chuy6n dich kh6i
dd bao quanh c6ng trinh ng6m tai h6ng hudng
xu6ng phla dudi khi n=1,0, trong giai biCn thiCn:

t=30, 90, 150, 210 ngdy-d6m; H=480+800;
cr=8'+48"; SV P = 17 =27 ; b=2,85+5,8; h=2,4 +3,5 m ;

R"=26+56; Lo=0,7+8,0 m; SVP17 c6 W"=$J,4 sr0'

SVP22 co W"=8'l ,3 cm3; SVP27 c6 W"= 167,9 
"*s ,U,

(co 182 t6 nqp s6 ticu ung voi tlrng gid tri chuyen
dich'U").

B6ng 6 m6 td sr,r thay d6i "u" chuy6n dich kh6i
d5 bao quanh c6ng trinh ngam tai n6n huong l6n
phia tr6n khi n=1,0, trong gidi bi6n thi6n: t=30, 90,

150, 210 ngdy-d6m; H=480+800; cr=8"+48';
SYP=17 +27 ; b=2,85+5,8; h=2,4+3,5 m; Rn=26 : 56'
Lo=0,7=8.0 m; SVP17 co W.=9f,,4 cm3; SVP22 c6
w.=81,3 cm3; SVP27 co w"=167,9 cm3 1s1 1co st t6
hgp s6 lieu *ng v6i tipng gi5 tri chuy6n dich "U").

3.1 . Nghian c&u xdy dfng cric m6 hinh
chuyin dlch kh6i d.i bao quanh cdng trinh
ngim t1i hdng huotg l6n phia trdn

lt
mm ng.d

H,
m

(x

d0 cm3
h,
m

b,
m

R^,
MPa

Lb

m

U X1 x2 X3 x4 X5 X6 x7 X8

1 90 30 107 .9 4.7 79 2.0
0 30 107.9 4.7 79 4.0
1 90 382 30 107 .9 4.7 79 4.0

0 30 382 30 107 .9 3,s 70 6.0
0 90 382 30 107.9 4.7 79 6.0
0 30 382 30 107 .9 4.7 79 8.0
0 90 382 30 '107.9 79 8.0

U,
mm ng.d

H,
m

CT,

d0
h,
m

b,
m

L5,

m

U x2 X3 x4 x6 x7 X8

4 90 382 30 107-9 4.7 79 2.0
0
0

0

30 30 107.9 4.7 'zo 4.0
90 382 30 107.9 3.5 4.7 79 4.0
30 382 30 107.9 3.5 4.7 79 6.0
90 382 30 107 .9 4.7 79 6.0

0 30 382 30 '107.9 4.7 8.0
0 90 382 107.9 3.5 4.7 8.0

U,
mm

t
ng.d

H,
m

G

do cm3
b,
m

Rn,

MPa
L5

m

U X1 x2 x4 X5 X6 x7

7 210 685 22 1 07.9
1 30 45 53.4 2.85 119

1 90 45 5 3.4 z.6c 0.7

0 30 480 45 2.85 2.0
0 90 480 53.4 2.85 '119 2.O

0 30 480 45 53.4 2.85 150 J.J
0 90 480 45 2.85 150

c0ilG rcrfP u6. sli n - zozo

xnv nIllo com rniw Hciru Yl u6

cm3
R",

I!{ Pa
X5

30
710 5.1

710 5.'l

8 710 c. I

107 .9

t, H,
m

Lb,

m

27 107 .9 2.8
90
150 2.8
210

107 .9

t,

X5 x7

42
30 c. I

30

t,

3.5
30 3.5

4.7

t,
cm3

Rn,

IVIPa

X1

382

0

79
30 79

X3

53 2.0
480 0.7
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45

53.4
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Beng B. Cec hC s6 c1a 10 m6 hinh t6t nhfit cho chuy|n dlch h6ng c6ng trinh ngAm huong xu6ng ducli

Ui /.1i0 Ai.s Ai.o Ar.z Ai.s R;

Ua 7613L2.9 0.018893 0.002185 0.091104 -0.08s66 -s.95782 3.59s 157 -0.08086 -L.60362 0.781403

Uss 7660a795 2.020042 o.tL7 452 0.105100 -0.09010 - 18.3629 ].3.61928 -4.81872 -L.61997 o.777211

Uor 1234.s62 2.OO7081, ?.6331-62 L.7 64562 -6.54245 -15.4507 3.622607 -0.083 -1.6007L 0.777232

1.45E+08 7.077892 0.000354 0.103919 -0.09008 -7a.2578 13.58379 -4.85191 -1.67871 o.77722d.

Usz 864420L 2.022325 0.016438 0.L07739 -0.08919 -s.88994 13.69561 -4.79247 -r.62Lr2 o.777062;

3.3.Nshi^nctbuxeydqngciicm6hinhthrl"i";i=1-64Taidaychilietk65mohinhticu

"niiir 
'iii'i"xiiida '0"" q;anh c6ng trinh bi6u co hQ s6 tuong quan bqi Ri crlra m6 hinh bi6n

ig$i iaiii, huong t1n phia ir1n - 
d?ng n6n c6ng trinh ngAm voi gi6 tri lon nh5t:

Trlr cic s6 liQu Beng 6, do th6ng sO "n" c6 gie tri > UIO hinh "(2)" tuong dLlong v6i "(4)" [6]:

[? ffl lli"JsJljli,:*T3:fl flq U,"l,T""ilT.;ll u, = A,o (X )^ ' (x, r ; (14t

ng|. if,"o phuong t-hjng dLPng phq thuQc viro bdy ;' M6 hinh "(8)" tuong duong v6i "(10)" t61:

bi6n s6 sau d6y: [n^^.rX. to' .{X,lo,. .e'o",- .l
U=f(t, H, n, W", b, Rn, Lb). (13) U, =l ..:".;:." ,,.' .:". l; (ls)
Tu cdrc s6 li6u Bang 6, chtng toi xay dung 64 L(x"I"' '(x,) " .l

mO hinh-h6i quy m6 td m6i quan !e g.iy? cllggi > Ul6 hinh,,(19),'ruong duong vdi "(21)" t61:
dich kh6i d5 U'voi bdy bi6n s6: X1=t; X2=H:

X3=a: X4=W"; X5=b; X6=Rn; X7=Lb c6 dang ho31 u.. = [A,..0 
{ X. )o 

' e'0 " " 1; tf O)
toan gi6ng cac phuong trlnh theo thu tL? tu' "(3)" "'g 

["re-.x 
,.1X0 ]o''" ....tx, ]o .l'

den "(66)" trong [6].
S"', (ni s,l'Ot,;g chuong trinh x6c ttinh c5c m6 > tvl6 hinh "(24)" tuong duong vdi "(26)" t61:

hinh h6i quy bdng phuong phep binh phuong t61 [n..^.rX, )o= .(X. t^ ' ."r.-,r''.1
thi6u, chung t6i xec dinh duEc c6c gi5 tr! cac hQs6 U, =l .^-" , , ,.. ^" 

' .,, .^... i lltl
cia c5c m6 hinh bi6n dang nCn c6ng trinh ngim L"'^""""'(x" ) {x, I 

I

theo phuong hudng 16n phia^ tren. trong c6c m6 > Ivl6 hinh ,,(39),, tuong duong voi "(a1)" t6l:
hinh "(3)'+(66)" [6] th6 hiCn trCn 

. 
Bdng 9: ui - lvl6

hinh bi6n dang n6n c6ng trinh ng6m thu 'i': Ri -He ,, -[A*o 
(X,]o' e' ''' e'Ao/'rd' 1, ,',r,

s6 tuong quan b6i c0a m6 hlnh bi6n dang ncn -,n 
l{xu)o. ....(X.1. I

c6ng trinh ngAm theo phuong huong l6n phla tr6n

Bdng 9. C6c hQ s6 c1a 10 m6 hinh t6t nhfit cho chuy;n dlch n1n cOng trinh ngAm huong l6n tr€n

Ai.o Ar.r Ai.: Ai.+ Ar.o Ai.z R;

U2 2.05E-53 1.86157 -6.8108 ,9.40375 44.141,64 9.456899 -1 .1,2217

Ue 5.61E-28 r.86157 -o.24197 -10.9383 45.26497 9.456899 9.456899 0.891754

Urg 5.61E-28 1.86157 o.022673 -o.24197 -10.9383 9.4s6899 -1 .L2217 0.891579

Uzq 4.aE-l7 1.86157 14.26241, -o.23474 -o.1,4437 44.96236 7 .12211 o.agfi79

Ugg 3.68E-19 1,.86157 0.032911 -0.30852 -12.5392 1,1.O7213 9.456899 7 .1221,7 0.891788

4. L\pa chgn m6 hinh m6 ti chuy6n dich kh6i
cl6 bi6n c6ng trinh ngim theo thdi gian

Sau khi so sanh cec gia tri hC s6 tuong quan

b6i "Ri" cia c6c m6 hinh bi6n dang h6ng, n6n c6ng
trinh ngdm (c5c Bdng.7, 8,9), ch0ng t6i tim ra ba m6

hinh c6 hQ s6 tuong quan bQi l6n nhat:
> [/6 hinh t6t nn6t cfro chuy6n dich hong cong

trinh ngAm hudng lCn trCn:

[J, = g(Ar'o+Arr'xr* +era'xs) (19)

> MO hlnh t6t nh6t cho chuy6n dich hong c6ng

c0lrG r{GHriP m6. sd n - zozo

[m XAY DUilG GoilG TBiIIH MiN VN U6

Air

Uzs

Ui
12.88722 0.891768

o.022673
45.26497

9.456899

trinh ngAm huong xu6ng du6i:
g, = 6(Aro+Afi 

x, 'n"o x.r. (20)

) M0 hinh t6l nh6t cho chuy6n dich n6n c6ng
trinh ngdm hLidng len tr6n:

I n^. ^.rx" ro ' .rX , )o ' e'o'"'"''.
LJ^.=l^-0"''t 't'\2' " l; (21)
'" l" ^ .. '"'.tXu )^ ' ....(X, )"" ]

rai dAy: iac hQ s6 Aro,.A.u cua phuong trinh (19) l6y

theo cic s6 licu tai Bitng 7; cAc h6 s6 Aq.o+Aq a cta
phlrong trinh (20) l5y theo cdc s6 liou tai Bang 8;
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