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XAY DUNG CONG TRINH NGAM VA MO

NGHIEN CUU XAY DUNG MO HINH
XAC DINH QUY LUAT CHUYEN DICH KHOI DA BIEN
TAI NOC CONG TRINH NGAM THEO THOI GIAN

& danh gia mic d6 6n dinh cla cong trinh
‘F) ngam thwong st dung nhiéu phwong phap

khac nhau, trong d6 c6 phuwong phap dw
bao gia tri chuyen dich bién céng trinh ngam theo
thoi gian. Cho. dén nay, viéc xac dinh mo hinh dw
bao quy luat chuyen dich bién cong trinh ngam
theo thoi gian van chwa dwoc giai quyét vi van dé
nay rat phirc tap va gap rat nhiéu khé khan. Céac
mé hinh 1y thuyét chuyén dich bién céng trinh
ngam da dwoc nhiéu nha khoa hoc nghién ciu,
tuy nhién cac md hinh ly thuyét van chua xét toi
yéu t6 thei gian [1], [2],... Vi vay, cdng tac nghlen
ctru xay dwng mé hinh xac dinh quy luat chuyén
dich khoi da bién cdng trinh ngam tai cac vij tri khac
nhau, trong do c6 vi tri néc, cé y nghia dac biét
quan trong.

1. Thwe nghiém do chuyén dich khéi da bao
quanh céng trinh ngam tai hién trwdng

Pé& nghién cru qua trinh hinh thanh céc vung
bién dang khong dan hoi, dac tinh pha hay cac dat
da do sw anh hudng clia mot sé yéu t6 dia co hoc,
cAu tao anh hwdng, Glusko V.T. va cac cong sy da
lap dat 12 tram do chuyen dich do chuyén dich 16
khoan theo d® sau co lap dat cac thanh chuén do
chuyen dich 16 khoan sau trong cac céng trinh
ngam tai mot s& mé khai thac than ham 16 ving
than Donbass (Ucraina) [3], [4].

Két qua do thuc nghiém chuyén dich dat da
frong cac 16 khoan theo cac thanh chudn dwoc
thirc hién trong nhitng didu kién sau: chiéu sau
cong trinh ngdm H=480-710 m; gdc nghiéng cua
cac I&p da a=8°+50°; chiing loai két cAu chéng gilr
str dung dé chéng gitr dwong 16 SVP17-SVP27; chiéu
cao dwong 16 h=2,4+3,5 m; chiéu rong duwong 10
5=2,85+5,8 m; khoang cach gira hai khung chéng
cha yéu bang 1,0 m, chi cé mét trwon hop n=0,75
m:.gi&i han bén nén cla cac lép dat da R,=26+139
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MPa. Khoang cach vi tri do chuyén dich khéi da
trong cac 16 khoan tinh tir bién céng trinh ngadm
dwoc thwe hién tai cac gia tri nhw sau: L, =0,7; 2,0;
4,0; 6,0; 8,0 m. Khoang thoi gian do chuyén dich:
t=30, 90, 150 210, 270 ngay-dém. Gia tri chuyén
dich ctia khéi da “U” (mm) sau khoang thoi gian
quan sat “t” (ngay-dém) tai néc cdng trinh ngam theo
phwong thang dirng, theo hudng vudng goc véi mat
phan 16p cac |&p da thé hién trén cac Bang 1, Bang 2.

H.1. So @b mé ta céc vi tri quan tréc chuyén
dich ctia khoi da bién tai noc cong trinh ngdm
theo thoi gian: 1 - Két cdu chéng gi céng trinh
ngém; 2 - Céc Iop dét da; 3 - Cac thanh chuén
do chuyen dich 16 khoan; H - Chiéu sau cong
trinh ngam (m) h - Chiéu cao cdng trinh ngam
(m); b - Chiéu réng céng trinh ngdm (m); « -
Goc nghiéng clia céc Iop dat da (do)
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Bang 1. Chuyén dich khéi da bao quanh céng trinh ngdm tai néc theo phuong thang dimng [3], [4]

H, a, SVP, h, b, n, R, L, U, mm/{ngay-dém) sau “t” (ngay-dém)
m do SO m m m MPa m 30 90 150 | 210 270
710 42 27 2,8 5,8 1,0 27 0,7 91 146 226 580 =
26 2,0 53 72 114 243 -
27 4,0 30 43 66 192 -
26 6,0 23 32 47 108 - :
27 8,0 19 23 37 41 - .
800 | 50 i 2,8 4,0 1 32 0,7 96 167 - - -
32 2,0 69 109 B = -
33 3.8 46 102 - - -
33 5,0 16 50 - - -
540 50 27 3,41 4,32 | 0,75 27 0,7 20 33 39 42 51
27 2,0 18 24 33 36 46
27 4,0 10 13 13 il 23
27 6,0 4 4 4 4 4
27 8,0 2 2 2 2 2
540 48 27 2,6 3,05 1,0 28 0,7 26 104 133 -
28 1,5 2 4 18 - -
480 45 17 2,4 2,85 1,0 56 0,7 9 18 = = -
56 2,0 1 4 - - -
56 4,0 - - - i -
56 6,0 : - - - .
56 8,0 ; - 5 . -

2. Mt sb nhan xét

Nhirng két qua do chuyén dich khdi da bao
quanh céng trinh ngdm tai néc theo phwong théng
dirng va theo phwong vuéng goéc vei mat phan lop
cac lop da (Bang 1, Bang 2) cho thay:

» Gia tri chuyén dich cia khdi da “U” (mm) phy
thudc rat Ion vao rat nhiéu yéu t6: cac dac tinh co
ly, cAu truc, céu tao cla kh0| da bao quanh cdng
trinh ngadm; céac dac tinh cau tao cdng trinh ngam;
cac dac tinh két cAu chong gilr; khoang cach tinh
tlr bién cong trinh ngam vao sau phla trong khéi
da; thoi gian quan sat tinh tir thdi diém hinh thanh
cong trinh ngam,...;

» Gia tri chuyén dich cta khéi da “U” (mm) tai
cac diém quan sat phia néc céng trinh ngdm sé bi
bién dbi trong khéng gian va theo thoi gian theo
cdc quy luat phi tuyén;

> Gia tri chuyé&n dich cla khéi da “U” (mm) tay
thudc vao khodng cach diém do tinh tr bién cong
trinh ngam (0,7+8,0 m): gia tri chuyén dich cta khoi
da co gia tri Ion nhét tai nhirng vi tri gan bién céng
trinh ngdm; cling v&i sy chuyén dich vi tri do vao
sau phia trong khdi da, gia tri chuyén dich cta khdi
da sé giam dan;

» Gia tri chuyén dich cta khéi da “U” (mm) sé
tang dan tuy thudc vao khoang thoi gian quan sat
‘" (ngay-dém) so voi thoi diém hinh thanh céng
trinh ngam,;
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> Gia tri chuyén dich ctia khéi da “U” (mm) phu
thudc vao do bén cla khdi da bao quanh: da co dd
bén cang I&n thi gia tri chuyén dich clia khéi da "U”
(mm) sé gidm xudng va nguoc lai;

» Mrc dd chuyén dich cta khdi da “U” (mm)
trén bién cong trinh ngdm phu thudc nhiéu hon vao
do ben ctia khdi da so véi chiing loai, do clrng cla
két cau chong gir cdng trinh ngam. Diéu nay
chieng té: khédi da co vai trd quan trong hon so voi
két cau chdng gitr (sé hiéu cha khung chdng
“SVP”) khi xem xét danh gia chuyén dich bién céng
trinh ngadm, danh gia méc d6 6n dinh cla céng
trinh ngdm trong khéng gian va theo thei gian.

3. Xay dwng cac quy luat chuyén dich bién
tai néc cong trinh ngam theo thi gian

Céac quy luat bién déi “U” phy thudc vao nhiéu yéu
t6 thay ddi clia moi trwong khdi da, dic tinh hwdng
xem xét, tinh chét clia két cau chéng gil, cau tao cla
cong trinh ngam, khoang cach tinh tir bién céng trinh
ngam vao sau phla trong khéi da, thoi gian quan sat
tinh tr thdi diém hinh thanh coéng trinh ngadm. Dé
nghién ctru s anh hudng clia dac tinh két cau chong
git, chung téi thay thé yéu t& “sb hiéu cda khung
chéng “SVP” bang gia tri cia "md men chdéng udn
“W,.” ctia mat c&t ngang twong (ng” [3]. Diéu nay cho
phép xét dén do cirng cla ching loai két cAu chéng
gitr st¥ dung trong tirng tredng hop cu thé va co thé
thay thé khung chéng “SVP” bdng nhitng két ciu
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chdng gitr ¢ dac tinh d6 cling “W.” khac. T cac sb
lieu Bang 1, Bang 2, ching téi dé xuét chang loai md
hinh cac quy luat bién ddi chuyén dich “U” tai noc
cdng trinh ngadm phu thudc vao chin bién sb sau:
U=f(t, H, o, W, h, b, n, R, Lb). )

Tuy nhién, céc s liéu Bang 1, Bang 2 cho thay:
mot sb théng sb cd gid tri thay dbi khéng lon hodc
khéng thay ddi. Vi vay khi lwa chon ching loai mo
hinh (1), trong mét sd trwdrng hop, didu kién cu thé,
c6 thé mot sé théng sb, yéu tb sé dwoc loai bo.

Bang 2. Chuyén dijch khéi da bao quanh céng trinh ngam tai néc theo huéng vudng goc véi mat phan

Iop cac lop da [3], [4] -

H, o, SVP, h, b, n, R, Ly, U, mm/(ngay-dém) sau “t" (ngay-dém)
m do S6 m | m m | MPa | m 30 90 | 150 | 210 270
710 42 27 2,8 5,8 1,0 27 0,7 74 157 243 370 -
' 27 2,0 61 111 172 237 -
26 4,0 30 67 103 152 -
26 6,0 18 40 67 98 -
- 26 8,0 8 19 35 63 -
615 22 22 3,0 3.8 1,0 38 0,7 52 88 125 155 240
38 2,0 23 31 48 - 50 62
61 4,0 4 6 7 8 8
61 6,0 0 0 0 0 0
61 8,0 0 0 0 0 0
540 15 17 3,0 4,0 1,0 72 0,7 17 26 40 50 54
72 2,0 2 5 5 6 8
72 4,0 0 0 0 0 0
70 6,0 0 0 0 0 0
70 8,0 0 0 0 0 0
777 8 27 29 4,78 1,0 139 0,7 2 5 8 8 8
139 2,0 2 4 5 5 5
139 4.0 0 0 0 . 0 0
139 6,0 0 0 0 0 0
139 8,0 0 0 0 0 0
685 22 27 3,0 3,8 1,0 67 0,7 3 6 7 11 0
67 25 [ 0 0 0 0 0
67 55 0 0 0 0 0
67 7,5 0 0 0 0 0
67 9,5 0 0 0 0 0
540 48 27 2,6 3,05 1,0 28 0,7 195 495 640 - -
28 2,0 60 338 420 - -
28 4,0 38 152 208 -
28 6,0 12 82 116 - -
41 8,0 4 23 36 - -
328 20 27 3,5 4,7 1,0 89 0,7 4 21 - - -
89 2,0 4 21 - - -
89 4,0 - - - - -
| 480 45 17 2,4 2,85 1,0 56 0,7 6 17
l 56 1,2 2 8
56 2,2 1 1
56 3,3 0 0

Bang 3 md ta sw thay déi “U” theo phuong thang
dtng khi n=0,75+1,0, h=2,4+3,41 m, trong gidi bién
thién: t=30, 90, 150, 210 ngay-dém; H=480:800;
a=42°:45° SVP=17+27; b=2,85+5,8; R,=26+56 MPa;
1.=0,7-8,0 m; SVP17 c6 W=534 cm’; SVP22 cb
W.=81,3 cm®; SVP27 c6 W.=107.,9 cm® [5].

Bang 4 md ta sy thay ddi “U” theo phuwong
vudng goc véi mat phan I&p n=1,0, trong giai bién
thién: t=30, 90, 150, 210 ngay-dém; H=480+800;
0=8°+48°; SVP=17+27; b=2,85+5,8;, h=2,4+-3,5 m;
R,=26+56; L,=0,7+8,0 m; SVP17 cé W,=53,4 cm®;
SVP22 c6 W=81,3 cm?’; SVP27 co W.=107,9 cm?® [5].
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Bang 3. Chuyén djch khéi da bao quanh céng trinh ngadm tai néc theo phuong thang ding

U, 1, H, a, | We, | b, | Rn, |Lp, U, t, H, o, | We, | b, | Ry, | L,
mm | ngd| m d | cm® | m |MPa|m mm|{ngd| m | d |cm’| m |MPa| m
U X1 X2 X3 X4 X5 | X6 |X7 42 210 540 50 [107,9]14,32| 27 | 0,7
91 30 710 42 107,91 5,8 | 27 |0,7 51 270 540 50 [107,9|4,32| 27 | 0,7
146 | 90 710 42 |107,9| 58 | 27 |07 18 30 540 50 (107,9]|4,32| 27 | 2,0
226 | 150 710 42 1107,9| 58 | 27 |07 24 90 540 50 (107,9]14,32| 27 | 2,0
580 | 210 710 42 11079| 58 | 27 |07 33 150 540 50 [107.9(4,32| 27 | 2,0
53 30 710 42 1079 58 | 26 (2,0 36 210 540 50 [107,9(4,32] 27 | 2,0
72 90 710 42 [107,9| 58 | 26 (2,0 46 270 540 50 [107,9]4,32]| 27 | 2,0
114 | 150 710 42 (1079|158 | 26 (2,0 10 30 540 50 (107,9(4,32| 27 | 4,0
243 | 210 710 42 (1079| 58 | 26 (2,0 13 90 540 50 (107,9(4,32| 27 | 4,0
30 30 710 42 11079| 5,8 | 27 |4,0 13 150 540 50 |1107,9(4,32| 27 | 4,0
43 90 710 42 11079 58 | 27 |4,0 17 210 540 50 [107,9]4,32| 27 | 4,0
66 .| 150 710 42 |1079)| 5,8 | 27 |4,0 23 270 540 50 [107,914,32| 27 | 4,0
192 | 210 710 42 11079 58 | 27 |4,0 4 30 540 50 [107,9(4,32| 27 | 6,0
23 30 710 42 |11079(58 | 26 |6,0 4 90 540 50 [107,9|4,32| 27 | 6,0
32 90 710 42 107958 | 26 |6,0 4 150 540 50 [107,9]4,32| 27 | 6,0
47 150 710 42 11079| 58 | 26 |6,0 4 210 540 50 |107,9|4,32| 27 | 6,0
108 | 210 710 42 11079| 58 | 26 |6,0 4 270 540 50 [107,9|4,32| 27 | 6,0
19 30 710 42 |107,9| 58 | 27 |8,0 2 30 540 50 [107,9|4,32| 27 | 8,0
23 20 710 42 |107,9| 58 | 27 |8,0 2 90 540 50 [107,9]432] 27 | 8,0
37 150 710 42 11079 5,8 | 27 (8,0 2 150 540 50 (107,914,332 27 | 8,0
41 210 710 42 11079 58 | 27 (8,0 2 210 540 50 (107,9(4,32| 27 | 8,0
96 30 800 50 |107,9| 40| 32 |0,7 2 270, 540 50 [107,9|4,32| 27 | 8,0
167 | 90 800 50 |107,9| 40| 32 |0,7 26 30 540 48 [107,9|3,05| 28 | 0,7
69 30 | 800 50 [107,9]1 40| 32 |20 104 90 540 48 [107,9|3,05| 28 | 0,7
109 | 90 800 50 |107,9] 40| 32 |2,0 133 | 150 540 | 48 |107,9|3,05| 28 | 0,7
46 | 30 800 50 |107,9]14,0 | 33 |35 2 30 540 | 48 |107,9|3.05| 28 |15
102 | 90 800 50 |107,9]14,0 ] 33 |35 4 20 540 | 48 |107,9|3.05| 28 |15
16 30 800 50 |107,9| 40| 33 |50 18 150 540 48 1107,9|3,05| 28 | 1,5
50 90 800 50 |1107,9| 40 | 33 |50 9 30 480 45 | 534 |2,85| 56 | 0,7
20 30 540 50 (107,9(4,32( 27 |0,7 18 90 480 45 | 534 |1285| 56 | 0,7
33 90 540 50 |1107,914,32| 27 |0,7 1 30 480 45 | 53,4 |2,85] 56 | 2,0
39 150 540 50 |1107,9|4,32| 27 |0,7 4 90 480 45 | 53,4 |2,85] 56 | 2,0
h3.1“' Ngh;']énkhc‘ﬁ’udxa”g dwng c’:jéc mé hinh Us=As ot As /(X1 )+...+ A5 7/(X7). (7)
chuyén djc 0i da bao quanh céng trinh _ (o1 Xp) As2 As7
ngém tai néc theo phuwong thang dirng I Ue = Aeo-® ()™ () (®)
] TLP céc sb Iié:g Béﬂng 3,’ do cé’c thc‘)nr?g ?6 rl n‘ U, :A7‘o-(X1)A7'* .e(Am‘XZJ.(XS)AM."-(XY)AN; 9)
cO gia tri thay doi khpng Ion, chung tdi de xuat md - A his A%
hinh cac quy luat bién ddi chuyén dich “U” tai ndc il = Aol Kn) A X} BT | 7
cbng trinh ngam theo phuong thang ding phu 8 (X )AM (X )Aa; ' i)
thudc vao bay bién sb sau day: <l
_f(t H a, Wc: b Rm Lb) (2) Ago ( )A91 . (X3 )A“
T s6 lidu Bang 3, ching t6i xay dung 64 md = A o |l (11)
hinh hdi quy mé ta mbi quan hé gitra chuyén dich e‘ " ")( ) (X ) ™
khdi da “U” v&i sau bién sb: X1=t; X2=H; X3=q; X4= _A ( )Am, X Yhes 7
W, X5=b; X6=R,; X7=L, nhw sau: i, = 108 ( 4) " (12)
U1=A1_0+A1‘1.X1+..,+A1_7.X7. (3) e(Am5 b ( )Ama (X )Am?
U, ="'\2,o-(x1)ﬁ\2'1 (X5 )A“ ; (4) ‘A (X (X )Ahs
Uz=A3 0+Az1.In(X4)+...+A3 7.In(X7). (5) U, = e A ° ke (13)
U4 =e(A40<A‘,1,X1+ +A4l7,x7); (6) _e(An,s‘Xﬁ)_(XJ 17
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Béng 4. Chuyén dich khéi da bao quanh céng trinh ngam tai noc theo huéng vudng goc véi mét phén
I6p cac lop da

u | t H, | o, | W, h, b, Rn, |Lb, U, | ft H, | a | W, h, b, R, | L,
mm|{ngd| m | @ | cm® | m | m |[MPa|m| [mm|ngd| m |[d6| cm® [ m | m |[MPa|m
U | X1 X2 | X3 X4 X5 | X6 | X7 | X8 51150 | 540 (15| 534 (30| 40 | 72 |2.0
74| 30 | 710 | 42| 1079 |28 | 58 | 27 |07 6 | 210 | 540 | 15| 534 [3.0| 40 | 72 |2.0
157| 90 | 710 | 42| 1079 |28 |58 | 27 |0.7 8 | 270 | 540 | 15| 534 [3.0| 40 | 72 |2.0
243| 150 | 710 | 42 | 1079 [ 28 | 58 | 27 |0.7 2 30 | 777 | 8 | 1079 (29| 4.78 [ 139 |0.7
370| 210 | 710 | 42 | 1079 |28 | 58 | 27 |0.7 5 90 | 777 | 8 | 1079 |29 |478| 139 |0.7
61| 30 | 710 |42 | 1079 28| 58 | 27 |2.0 8 | 150 | 777 | 8 | 107.9 129|478 | 139 (0.7
111| 90 | 710 | 42 | 1079 |28 | 58 | 27 |2.0 8 | 210 | 777 | 8 | 107.9 (29 |478] 139 |0.7
172| 150 | 710 | 42 | 1079 | 2.8 | 58 | 27 |2.0 8 | 270 | 7774 8 | 1079 |29 |4.78 | 139 [0.7
237 210 | 710 | 42 | 107.9 | 28 | 5.8 | 27 [2.0 2 30 | 777 | 8 | 1079 |29 |4.78 | 139 {2.0
30| 30 710 | 42 | 1079 | 28| 58 | 26 [4.0 4 90 |777| 8 | 107.9 (29 |4.78 | 139 |2.0
67| 90 (710 | 42| 1079 (28| 58 | 26 [4.0 5150 | 777 | 8 | 107.9]|2.9|4.78 | 139 |2.0
103| 150 | 710 | 42 | 107.9 | 28 | 58 | 26 [4.0 5210 | 777 | 8 | 107.9| 29| 478|139 |2.0
152 210 | 710 | 42 | 1079 |28 | 58 | 26 |4.0 5 270 | 777 | 8 [ 107929 |4.78 | 139 (2.0
18| 30 | 710 | 42 | 1079 | 28| 58 | 26 |6.0 3 30 |685(22 (1079 |3.0]| 3.8 | 67 |0.7
40| 90 | 710 |42 |11079 |28 | 58 | 26 (6.0 6 90 |685(22 (1079 (30| 3.8 | 67 |0.7
67 | 150 | 710 | 42 [ 107.9 |28 | 58 | 26 |6.0 7 | 150 | 685| 22 {1079 |30 3.8 | 67 |0.7
98 | 210 | 710 | 42 | 1079 | 28| 58 | 26 |6.0 11| 210 | 685 | 22 | 107.9 | 3.0 | 3.8 | 67 |0.7
8 30 710 | 42 | 1079 |28 | 58 | 26 |8.0 195| 30 | 540 |48 | 1079 |26 | 3.05| 28 |0.7
19| 90 | 710 | 42 | 1079 |28 | 58 | 26 |8.0 495 90 | 540 |48 | 1079 |26 |3.05| 28 |0.7
35| 150 | 710 | 42 | 1079 |28 | 58 | 26 |8.0 640| 150 | 540 | 48 | 107.9 | 26 | 3.05| 28 [0.7
63| 210 | 710 | 42 | 1079 |28 | 58 | 26 |8.0 60| 30 |540 | 48 | 1079 |26 | 3.05| 28 |2.0
52| 30 |615| 22| 81.3 [30| 3.8 | 38 |0.7 338 90 | 540 |48 | 107.9 |26 | 3.05| 28 [2.0
88| 90 [615| 22| 813 [ 3.0 3.8 | 38 |0.7 420| 150 | 540 | 48 | 107.9 | 2.6 | 3.05| 28 |2.0
125| 150 [ 615 |22 | 81.3 | 3.0 | 3.8 | 38 |0.7 38| 30 | 540 | 48 | 107926 |3.05| 28 |4.0
155| 210 | 615|122 | 813 | 30| 3.8 | 38 |0.7 152| 90 | 540 |48 | 1079 |26 | 3.05| 28 |4.0
240| 270 | 615|122 | 813 | 30| 3.8 | 38 |0.7 208| 150 | 540 | 48 | 1079 | 26 | 3.05| 28 |4.0
23| 30 |615| 22| 813 [3.0] 3.8 | 38 |2.0 12| 30 | 540 | 48 | 1079 |26 | 3.05| 28 |6.0
31| 90 |615| 22| 813 |3.0| 3.8 | 38 |[2.0 82| 90 | 540 | 48 [ 1079 |26 | 3.05| 28 |6.0
48 | 150 | 615 | 22| 81.3 [3.0| 3.8 | 38 |20 116| 150 | 540 | 48 | 107.9 | 2.6 | 3.05| 28 |6.0
50| 210 | 615 | 22| 813 |3.0| 3.8 | 38 (2.0 4 30 | 540 | 48 [ 1079 |26 | 3.05| 41 |8.0
62| 270 | 615| 22| 813 |3.0| 3.8 | 38 (2.0 23| 90 | 540 |48 | 1079 |26 |3.05| 41 |8.0
4 30 |615( 22| 81.3 [30| 3.8 | 61 |4.0 36| 150 | 540 | 48 | 107.9 | 26 | 3.05| 41 |8.0
6 90 |615( 22| 813 [3.0| 3.8 | 61 |4.0 4 30 | 328201079 |35 | 47 | 89 |0.7
71150 | 615| 22| 813 [3.0| 3.8 | 61 |4.0 21| 90 | 328 |20 (1079 |35| 4.7 | 89 (0.7
8 | 210 |615{ 22| 81.3 [3.0| 3.8 | 61 |4.0 4 30 [328 |20 (1079 |35 47 | 89 |2.0
8 | 270 | 615 |22 | 81.3 |3.0]| 3.8 | 61 |4.0 21| 90 (328 |20 |1079 35| 4.7 | 89 [2.0
17| 30 [540| 15| 534 [ 30| 40 | 72 10.7 6 30 (480 | 45| 534 (24 |285| 56 |0.7
26| 90 |540| 15| 534 |30 40 | 72 |0.7 T 90 (480 | 45| 534 |24 |285| 56 |0.7
40| 150 | 540 | 15| 534 [ 30| 40 | 72 |0.7 480| 150 | 480 | 45| 534 |24 |2.85| 56 |0.7
50| 210 | 540 | 15| 534 | 3.0 4.0 | 72 |0.7 2 30 {480 |45 | 534 |24 |285]| 56 |1.2
54| 270 | 540 | 15| 534 | 3.0| 40 | 72 |0.7 8 90 | 480 (45| 534 |24 |285| 56 |1.2
2 30 |540| 15| 534 [3.0]| 40 | 72 |20 1 30 [480 | 45| 534 |24 |285| 56 [2.2
5 90 | 540 (15| 534 | 3.0| 4.0 | 72 |20 1 90 (48045 | 534 |24 ]|285| 56 |2.2
Uz = A (X)X 007 (14) et e ]
Uy, = A,y o 000 gzl (X YHee (X )7 (15) ® ] gtk (X V(X Ve |
(P XY Aaz (Arg.1-%1) Adez Adea
u, = A€ (X)) : (16) u, Aiso-€ (X)) (Xy) -]; (18)

e(A143~X‘. ) (X4 )AMA B

%)

= e(Awa.s,X5)_(X6 )A1se (X7 )Awm
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i (Apr1Xy) -
O N T R

e(Aﬂ' 6% ) ; (XT )AW-Y

H

wxﬂ}

(19)

U‘IS = Aﬂs,o-e(Am'1'x1)-(x2 )Amz (XG )AWBE _e(Am.r‘Xv); (20)

Uy =

Uy =

Uy, =

) Le(Azu-XqJ_(X:s )Aza.s
_ VA25‘O i (x1 )A25,1 (X2 )Aza.’z .e(A25_3_X3) ‘
e e

o Azg_o-(x1)A2&1 (X3 )AZ&J _e(AzaA ‘X_,)._

—A29 Qr (X1 )AQQ ' Gies (XB )AZM 'e(p‘zs,q-xq).:‘
= (X5 )Agg,s _e(Azg‘s.xs)_(xT’ )Am

—Aag o* (X1 )A:‘m'1 . (X3 )Aao.a .e,LASM .Xa)’:
- _(Xs )A3u_5 . (XB )Aao_s _e(A30.7~X7)

[ Ao (X, ) o), }
e(A19.3,X3)I(X4)A19.4 -n.(X-,)A'” :
Ao (X ) 2 ¥ (3 Yo |

ﬁm“wxwwxWT}

_ A21,0.(X1 )A“’ _e(Azw‘Xz).(Xs )Az1_3 . :|

\_(X4 )Azm .e(Azm.Xs)-(X‘5 )A215 (x? )AZi 7

[ Agzs (Asp0.X5)
_ Azz.o-(x1) IR,

) _(Xa )A22'3 (Xs )A”“’ _e(Azza-Xs)_(X? )Azz‘r

B A23.0=(X1 )Aza‘1 ehnaXa) ]

(X3 )Azaa (xs )Aza.a ‘e(Am?.Xy)

— Aﬂﬂr.(}‘(><1).‘(‘\2‘H .(XZ)A24‘2 _e(Azqg-Xg).:|.

) (X7 )A24.?

B AZB_D.(Xﬂ)A”-‘_(xz)Azsz plAmsXs) j.

= _(X4 )AQEA ()(5 )Aze.s _e(Aza.s-Xa) ; (X.,, )Azs‘? | )
- _AZT.O'(X1 )Aﬂ1 (X2 )AN‘Z _e‘:Azm-Xa)},

(X4 )Azm (Xs )Azus .e(A27 25

gthzsXs) (XB )Aza‘s (X7 )Aza 7

A31,1

A31.0-(X1)

iy ] }

_e(Asw.s-Xs)_e(AMsAxﬁ)-(XT )AS, ;

Ao (%) ..

mmw}

B e("'\az.s Xs) ) (XG )A32 6 .e(Aaz 7-X7)
(X5 )A33 5 .e(ASE,E -Xs)_e(Aaﬁ.?-x?); (35)

Agao-(X )ASJ‘1

b

(21)

(22)

(23)

24)

(30)

(31)

(34)

U34 - A34_0'e(AM1.X1)' ---e(ASA"a'XH).(x‘l )ASM ) ”'(XT )A34.7 ; (36)
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Uy =

aC
|

U48

U50 =

U, =

Usz -

%™

:(X4 )AMA ]
_ A42,0-(X1

(%)
_memW&Ww%wam&
(Xs )Aems ( X7 )Afm

_ A44,0-(X1 )A44.1 -(Xg)AME _e(A443-X3)_ }

_ABS_O_G(ASS.T'XT)'e(Aasz.xz)_(xs)Aasa_ ‘
:e(A354.X4) (Xs )Aas.s (X7 )A35.7

(Aas1-X1) alAsg2-X3) A
AP gPoue ), (3, Y,

B g( X4 )ASM _e(Aas.s-Xf;) (X5 )ASE s (X7 )Asa 7
A37 5 _e(Aam Xq) _e(AEZ’.Z‘Xz ) ] :l

_(Xa )Azm L

(X )Aa?‘s glharsXa) (X7 )Aam
5 . ,
_AB e(A33-1'x1) e(Aasz-Xz) }

8.0 . .

(%) )

A39.D 2 ( X1 )A39.1 . e(AE‘E 2%2) . _e(AagA Xa) :|

()
_ A40,0 . (X_‘ )A“” 1 _e(A40-2-X2 ) .e(AAtD_'j Xa) i

_()(4 )A40,4 _e(A«m,s-xs) (XG )AAU.E (x7 )Aw.? K]

(X—, )A397

—A41,o-(x1)AM'1 lhn2Xe) glasXs) ]

A42 4

Auzi _e(A‘Q-Z'x?)_e(AdZGXs)}
’

(K)o a0

e(A44_4.X4)_(X5 )A44.5 le{AMB.XB).(X? )AM_7

— A45.O'(X1 ).“\45-1 .(XZ)A4E'2 .e(A453.X3). l
= e(A454.X4)_(X5)A4s.5 (Xa )A45.5 _e(Ansﬁ-Xy) )

- Ao (X )Am '---(Xs)Ada'a' }

e gihund (x 1o |

7

Ao (X1 )Am

-(Xa )A47_3 glAsaXs) }

e(A”'S‘Xf‘) (X )A”-G e(Aam-X?)
A X, j
A A
i ) e R ) N P

A A
U49 :A49Ao-e(Aﬂ"'x‘)....E(A“"'x”.(Xs) s (X?) =

ASO'O_e(-‘:\sn,:-xx)"“e(Aso,a-xa)_(X4 )Aso.a .—
(Ago5-Xs) Asos Assz

78 5D5‘ (XG) .(X7)

) R E:
A51'0_e(A511-X1)_".e(A513.X3)-(X4) 51,1“. I

—(x5 )A51.5 _e(Aﬂ E.Xh).(x7 )A51 7

A52 0 _e(Asz %) » _e(A52_3.X3) ]

(X5 (X, ) g |

(X5 )A‘“ 5 _e(Am s-xs)_(x?, )Aam ’
)

|

(40)

(46)

(47)

- (48)




XAY DUNG CONG TRINH NGAM VA MO

0. = Ass.o’;(x1 )A53_1 _A'e(ASS_Q.xz).me(Aﬂ_s.xﬁ;' | -
06 (%) _
U54 - A54.0'(X1)AM1 efsiaXe) | alAsiaXa) : (56)
; =(X5)A5“5.e("*i”'xﬁ’.(x?)"s"-’ !
U = Aggo-(X, )5 glhesaXe)  glhsse ) 57)
55 (Xs )Ass_s -(Xe )Ass‘s g X0) _,
glhuaa) | glmea) (x Yo
. = Az (X)) (%)™ } (59)
plesl aPem®) (3 )Asr-e gl X2)
Uss = Agao-(X, )1 (X, )0 el X)_ glhor ) (60)

Usg = Ay 41X ghsss) (X Y (X )7 (61)
Béng 5. Gié tri cac hé sb cla céc mo hinh bién dang néc céng trinh ngadm

U60 =|: 60
Uss =[

(Asp1.X1)
B M

_gtheoaXq)

e(Aso.a Xg) : (XT )AGUJ

A61.0'

e(A51“!'X1)"'

'e(Am 4Xy) ]

(X5 )Asw.s .(Xﬁ )AG1 & .e(AmJ-X?) ] ;

A
U62 = ABZ_D.e(AEZ'1‘X1)....e(AEZ‘G'XG).(XT) 62.7 <

A
U(_33 =A63.Q'e(A63-1IX1)""e(Ass‘s-XS)'(XG) 63.6 .e(Asa.r-xﬂ; (65)

U

64

= A64.D .

e(A64.1 X4) »

'e(AEA.? Xz) ]

'(XS) " ':I; (62)

(63)

(64)

(66)

Sau khi sir dung chwong trinh xac dinh cac mé
hinh hdi quy bang phuwong phap binh phwong t6i
thiéu, chiing toi xac dinh cac hé so cac mo hinh bién
dang néc cong trinh ngdm theo phuong thdng ding
(3)+(66) thé hién trén Bang 5 Tai day: U, Ri - M6 hinh
bién dang ndc cong trinh ngadm va hé sb twong quan
bdi clia md hinh theo phwong thang ding the “i:

i=1+63.

Ui Aig A1 Ais Ais Aig Ais Aig Aiz R
11 -1736,568 0,387703| -0,221485|-12,077892| 14,903028| 36,957229| 26,64060( -16,2219| 0,716524
2 1,09E-13 0,521495 5,155891| -1,805341 0,774248| 0,967151| 0,130247(-1,02201| 0,917570
3| -3230,001 36,12582| -66,00540| -481,8496 679,6814( 143,40095| 618,9726| -49,8386| 0,734480
41 -11,80104 0,005099 0,004134| -0,098323 0,104363| 0,426176| 0,165275|-0,36238| 0,917589
5| 364,2145| -2051,191| -33436,84| 17526,15| -22102,34| -332,9658|-9948,867|80,83437| 0,711224
6 1,7E-12 0,005099 5,208383| -2,204165 0,859277| 0,835570| 0,130247|-1,02201| 0,912939
71 0,301707 0,521495 0,007808| -2,206347 1,003823| 1,014176]| 0,130247|-1.02201| 0,917570
8 6,37E-16 0,521495 5,158139| -0,038846 0,772801| 0,978628| 0,130247(-1,02201| 0,917570
9 1,39E-12 0,521495 5,155891, -1,805341 0,009993| 0,967151| 0,130247|-1,02201| 0,917570
10| 2,24E-14 0,521495 5,169251| -1,304807 0,748537| 0,249013| 0,130247|-1,02201| 0,917570
11| 1,35E-14 0,521495 4851366 -2,151028 1,817534| 1,076312| 0,027624| -1,02292| 0,917591
12| 2,35E-19 0,521495 2,810742| -4,619024 5,794253| 1,707394| 4,554884|-0,36197| 0,922181
13| 6,304785 0,005099 0,007888| -2,609254 1,091190| 0,883074| 0,130247(-1,02201| 0,912939
14| 3,19E-15 0,005099 5,211126| -0,047428 0,857511| 0,849582| 0,130247(-1,02201| 0,912939
15| 2,88E-11 0,005099 5,208382| -2,204165 0,011090| 0,835570| 0,130247(-1,02201| 0,912939
16| 4,34E-13 0,005099 5,219925| -1,771729 0,837064| 0,215134| 0,130247|-1,02201| 0,912939
17| 2,11E-13 0,005099 4903857 | -2,549852 1,902563| 0,944731| 0,027624|-1,02292| 0,912960
18| 3,67E-18 0,005099 2,863233| -5,017848 5,879283| 1,575813| 4,554884|-0,36197| 0,917573
}:19 0,00057 0,521495 0,007812| -0,047480 1,002177| 1,028228| 0,130248| -1,02201| 0,917570
1220 8,189805 0,521495 0,007808| -2,206347 0,012956| 1,014176| 0,130247| -1,02201| 0,917570
‘i21 0,062043 0,521495 0,007829| -1,682500 0,977483| 0,261153| 0,130247| -1,02201| 0,917570
22| 0,006866 0,521495 0,007347| -2,528349 2,033550| 1,120559( 0,027624| -1,02292| 0,917591
23| 1,42E-12 0,521495 0,004257| -4,837633 5,919407( 1,733030| 4,554884| -0,36197| 0,922181
24| 8,09E-15 0,521495 5,158139| -0,038846 0,009974| 0,978628| 0,130247| -1,02201| 0,917570
25 5,44E-16 0,521495 5,170984| -0,027984 0,747275| 0,251141| 0,130247| -1,02201| 0,917570
26| 2,94E-17 0,521495 4,854044| -0,046285 1,815810( 1,089986( 0,027624|-1,02292| 0,917591
271 4,52E-25 0,521495 2,816491| -0,099390 5,790551| 1,736758| 4,554884|-0,36197| 0,922181
28| 2,63E-13 0,521495 5,169251| -1,304807 0,009661| 0,249013| 0,130247|-1,02201| 0,917570
29| 5,32E-12 0,521495 4,851366| -2,151028 0,023458| 1,076312| 0,027624| -1,02292| 0,841974
30, 4,43E-11 0,521495 2,810742| -4,619024 0,074783| 1,707394| 4,554884 | -0,36197| 0,922181
31| 2,32E-15 0,521495 4,866234| -1,593999 1,788921| 0,277118]| 0,027624| -1,02292| 0,917591
32| 1,44E-20 0,521495 2,834327| -3,735388 5,748863| 0,439603| 4,554884 | -0,36197| 0,922181
33| 2,38E-18 0,521495 2,648798| -4,814969 7,927319| 1,732881| 0,165275| -0,36238| 0,922196
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XAY DUNG CONG TRINH NGAM VA MO

Bang 5. Gié trj cac hé sé cda céc mo hinh bién dang néc cong trinh ngéam (ti€p theo)

Ui Aig A1 Aiz Az Aig Ais Ais Aiz Ri
34| 0,003786( 0,005099 0,007893| -0,056150 1,089243| 0,899692| 0,130247] -1,02201| 0,912939
35| 228,1063| 0,005099| 0,007888| -2,609254 0,014083| 0,883074| 0,130247]|-1,02201| 0,912939
36| 1,590628| 0,005099 0,007906| -2,153124 1,068254| 0,227394| 0,130247|-1,02201| 0,812939
37 0,14348| 0,005099| 0,007426| -2,931256 2,120917| 0,989457| 0,027624|-1,02292| 0,912960
38| 2,98E-11 0,005099 0,004336| -5,240540| 6,006773| 1,601928 4,554884|-0,36197| 0,917573
39| 0,015376] 0,521495| 0,007812 -0,047480| 0,012934| 1,028228| 0,130247 -1,02201| 0917570
40| 0,000519| 0,521495| 0,007833 -0,036088| 0,975954| 0,263903 0,130247| -1,02201| 0,917570
41| 5,19E-06| 0,521495| 0,007352 -0,054409| 2,031663| 1,136662 0,027624|-1,02292| 0,917591
42| 1,52E-18| 0,521495| 0,004266 -0,104104| 5,915797| 1,763841 4,554884|-0,36197| 0,922181
43| 6,35E-15| 0,521495| 5,170984 -0,027984| 0,009645| 0,251141]| 0,130247 -1,02201| 0,917570
44 1,15E-14| 0,521495| 4,854044 -0,046285| 0,023435| 1,089986 0,027624| -1,02292| 0,917591
45| 8,42E-17| 0,521495| 2,816491 -0,099390| 0,074735| 1,736758| 4,554884| -0,36197 0,922181
46| 8,32E-13| 0,521495| 4,866234| -1,593999 0,023088| 0,277118] 0,027624|-1,02292| 0,917591
47| 2,34E-12| 0,521495 2 834327| -3,735388| 0,074197| 0,439603 4,554883|-0,36197| 0,922181
48 1,4E-19] 0,521495| 2,672736| -3,918143 7.881251| 0,446165| 0,165275| -0,36238| 0,922196
49| 0,136094| 0,005099| 0,007895| -0,056150 0,014058| 0,899692| 0,130247|-1.02201| 0,912939
50/ 0,003489| 0,005099| 0,007910| -0,046182 1,066298| 0,230913| 0,130247-1,02201| 0,912939
51| 3,45E-05| 0,005099| 0,007432| -0,063079 2118729 1,008126| 0,027624|-1,02292| 0,912960
52| 1,01E-17 0,005099| 0,004346| -0,112774| 6,002863 1,635305| 4,554884 | -0,36197| 0,917573
53 0,030709| 0,005099| 0,007452| -0,051910 0,027013| 0,258744| 0,027624|-1,02292| 0,912960
54| 2,84E-09 0,005099 0,004379| -0,094657| 0,076937| 0,419714| 4,554884 -0,36197| 0,917573
55| 0,012848| 0,521495| 0,007833| -0,036088 0,012596| 0,263903| 0,130247|-1,02201] 0,917570
56| 0,004138 0,521495| 0,007352| -0,054409| 0,026221 1,136662| 0,027624|-1,02292| 0,917591
57| 4,27E-10] 0,521495| 0,004266| -0,104104 0,076351| 1,763841| 4,554884|-0,36197| 0,922181
58 8,81E-15|. 0,521495| 4,868351 -0,034186| 0,023069| 0,279719| 0,027624 -1,02292| 0,917591
50| 5,48E-17 0,521496| 2,839289| -0,080113 0,074150| 0,445697| 4,554884 | -0,36197 0,922181
60| 2,52E-08| 0,521495| 2,672736| -3,918143 0,101718| 0,446165| 0,165275|-0,36238| 0,922196
|l61 0,116302 0,005099| 0,0079106| -0,046182 0,013762| 0,230913| 0,130247| -1,02200 0,912939
"62 0,036622| 0,005099| 0,007432| -0,063079 0,027345| 1,008126| 0,027624 | -1,02292 0,912960
||63 3,78E-09 0,005099| 0,004346| -0,112774] 0,077475 1,635305| 4,554884 | -0,36197| 0,917573

3.2. Nghién ctu xdy dwng cdc mé hinh U, = A, 6% (X, ). (X (73)
chuyén djch khéi dé bao quanh céng trinh 60 ’
ngam tai néc theo phwong vuéng goc véi mat L = B () ™ P, )A” LX) (74)
phén lop cac lop da Ags Roz (AssXe)

Tir cac s6 lisu Bang 4, do thong s6 “n” c6 gid tri U, = Age- (X )1 (Xp )7 7 ‘: (75)
thay dbi khong lon, chung tdi d& xuét mo hinh cac (xd)A“ ....(Xa)AM |
quy luat bién doi chuyen dich “U” tai néc cbng trinh A A -
ngam theo phuong thang dieng phu thude vao tam [ Ag o (X ) (X5) -e“\'f“'x*'w
bién sb sau day: U, = ( )Ags ( )Ag_a 76)

U=f(t, H, o, We, b, h, Ry, L) (67) i

T s6 lieu Bang 4, ching téi xay dwng 84 mé | Avoo- (X )Am (X )Aw ‘
hinh hdi quy mé ta moi quan hé gitra chuyen dich Uy = (BisXe) (X Y05 (X AMJ' (77)
khéi da “U” voi bay bién sb: X1=t; X2=H; X3=q,; L® (%)™ - (Xs)
X4=W.; X5=h; X6=b; X7=Ry; X8=L, nhu sau: i = KiK. 78)

U1=Aq oA 1. X+ A X ) " _e(A1°'E'X°)-(X7)Am (%, s

(68
U, = Ay (X)) (6, Y2 ()™ (X )5 (69)
U3=A3.0+A3.1.|n(X1)+...+A3_a.|n(X3); (70)
U4 = e(A4.U+A4.1'X1‘*'—"+A4,B'xﬁ); (71)
Us=As o+As 1/(X1)+...+As5.8/(Xs). (72)
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Uy = Ao (X ) (X)€% (X, )05 (79)

U13 = A13‘0_(X1)A131

= (Arg1%1) olPAa2-Xz) Avas
U, A, g% gl (X Yo

()

e(Ama-X;a)-

(80)

(Xg) 25 (81)
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—A _e(A15.1—X1)_ X A5z _e(Am,a-X;).
Us=| ™. ( f\) . (82)
(X)) (X )™
U= A15'U_e(Aia.1-X1).(x2)Amz‘(Xa)Aws_a. ' (83)
16 3
_e(Aiﬁ“'X")_(Xs )Awe‘s (Xa )Am,a

=2 AT 7.0 'e(AﬁA . (x2 )A”'z e (X4‘)h17.4 'v
_e(Aﬂ.s-Xs)_(Xa )AWE (Xs )Aw.s !
Ao o0 (X, ) (X))

Ug=| . (85)
18 7e(A1”'5'XE).(X? )A187 (Xg )Aws.a ]

Ug =A19_0.e(’\19*‘x".()(2)A‘” ----(Xa)%ﬁ .e‘A“g?'X”.(Xﬂ)A“ : (86)
Uy = Aggear™) (X, )2 (X, )7 e, (87)
L =g () 0% (X 5[] (88)
’ A (X Azz 1 e(AQZQ.XQ) X Azz3 .
u, = 22-(%4) : ( Aa) ; (89)
e(A224 Xy) (Xs) 225 ( ) 228
U = A (X065, (X, .. (X, ) (90)
Aot (BoszXz) Azas Az
e ;
U24 p:m}(( ) ) Aoz 15243 ) ( ) ; (91)
_e 255 (X) (XB)
Azs.u-(x1 )A25.1_e(A2572,X2)- . (92)
7(x3 )Aga.a (Xs )Azss .e(Azw.X,)'(xa ‘)Azs‘a '
U, = A%_O-()Q)AW .emmz.xz)_(xs)%ss ....(X,)A” &= (93)
U <[ A (X)L 06) e -
27 ’
e (X, 7 (X, )
A28 o (X1 )Azan (xz )Aza.z -e(AZE‘SAXE )

U =| ; (95)
P LX) e (XY (X

|: e ( )A291 (x )Azgz .e(AZQ'S'XS).(X‘t)AZQ'“‘
(Xs

Paas e(Azss Xs) (X7 )Am,r (Xa )Azas

Asm Aoz (Aao.a,xa) 7
300 2) & f " (97)
Asoa Aaos e(A307 X5) (X )Aao.a ’
8 |

Uys =

; (96)

Aaﬂ X )A:«nz e(A3,3.X3)
2

u,, = Az ! } (98)

L(X4)A""‘ ....()(8 Jare glhare X
U, = _Asz_o-(x1 )Am ....(X3 )A323 _e(Am.xJ).:l; -
7e(A32'5 X< (X, )Asm (%, )Am
] {A%(& Yo (X ) g, } (100)
33 (X5)A335 .E(Aaa's‘xa).(XT)A”’ .(XB )A“B )

i Ay 1 Az L (Ags-Xs)

U =] B 0K 0 0 )
=(X5) 34.5 (xﬁ) 346 .e(A“"X”.(XE) 34,i

Ags.1 Ags.3 35424

u,, =| Ao (X)) B o)
(Xs )Aass . (X7 )Aas,? .e(Ass.a-Xa) |
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Sau khi str dung chwong trinh xac dgnh cac mo
hinh hdi quy bang phuong phap binh phuong téi
thiéu, chang tdi xac dinh dwoc cac gia tri cac hé sb
clia cac moé hinh bién dang néc cong trinh ngam
theo phwong vudng géc véi mat phan I6p dat da
trong cac mé hinh (68)=(152) thé hién trén Bang 6.
Tai day: U; - M6 hinh bién dang néc cong trinh
ngam theo phuwong vudng géc voi mat phan l&p
dat d4 the “"; R - Hé sb twong quan bdi cua mo
hinh bién dang néc coéng trinh ngadm theo phuwong
vudng goc véi mat phan lop dat da tha “i; i=1+84.




XAY I]LI'NG_ CONG TRINH NGAM VA MO m

Bang 6. Gia trj cac hé sb ctia cac mé hinh bién dang néc cong trinh ngdm

Aig A1 Az Ais Aig Ais Ais Az Aig R

3075,762|0,317557| -1,130501] -16,26525,278628 | -815,166| 59,33079| -4,01477| -11,1450| 0,704985

191,5120|0,601483| -18,59130| -8,61933(8,835528 | -41,8981| 8,420476| -13,1104| -5,16594| 0,850512
2720,5617(34,44773| -220,2589| -149,484|135,7807 | -675,847|-21,02419| -191,633| -38,1092| 0,738868

167,1578|0,006834 | -0,072575]| -0,88714|0,309544 | -45,6303| 5,723189] -0,24599| -1,70804| 0,828822

24.49x10°[1,435x10°| -3,694x10%| -2,84x10°| 1,36x10"| -2,51x10°| 7,07x10°[-2,58x10"| -4,75x10°| 0,754671

8,71E+83)0,005682| -18,59040| -8,58277(8,869902| -41,9438| 8,422414|-13,0988| -5,16756| 0,723057

2,27E+3710,699363| -0,037712| -8,67507 [10,20223 | -44,6130| 10,66684| -12,3384| -5,22481| 0,851695

2,9E+101]0,635524 | -24,61532| -0,52375[12,60903 | -76,6835| 12,59857| -13,7738| -5,06051| 0,847188

olo|Nlo|lo|b|lw|n| = C

4,86E+910,594883| -17,47501 -8,3407910,107625| -39,1239| 7,809641| -13,0943| -5,16602| 0,848214

—
o

2,84E+84]0,599530( -19,73711] -8,38924 [9,038414| -15,0186| 8,751535| -12,7621| -5,19373| 0,850952

—
—_

4,04E+83|0,601734 | -18,29451]| -8,789108,758193 | -39,7785| 1,870578| -13,1692| -5,16171| 0,850445

12|2,9E+103|0,609483| -27,11932| -17,1217[16,47510( -83,9464 | 15,92129| -0,28625| -5,14471| 0,849831
13[1,92E+84|0,639540( -18,92986 | -8,63940(8,916648 | -41,9684| 8,691413| -13,0871| -1,70779| 0,840395
14[1,33E+38|0,005675| -0,037718]| -8,63909 [10,32799 | -44,6647| 10,67023| -12,3270| -5,22642| 0,851519
15[1,2E+102]0,006045| -24,57200]| -0,52061[12,62130| -76,5052| 12,57762| -13,7469| -5,06313| 0,847004
16| 3,2E+92)0,005641|-17,47771| -8,30552(0,108112| -39,1681| 7,808628| -13,0840| -5,16756| 0,848044
17]11,68E+85|0,005672| -19,73948| -8,35277(9,073541| -15,0366| 8,754526| -12,7502| -5,19538| 0,850773
18]2,37E+84)0,005683| -18,29325| -8,75263 [8,792527 | -39,8232| 1,870939| -13,1577| -5,16332| 0,850260
19]1,8E+104)0,005819| -27,12201| -17,0800(16,50806| -83,9780| 15,91861| -0,28604| -5,14643| 0,849675
20]1,92E+8410,639540 -18,92982| -8,639408,916648 | -41,9684| 8,691413| -13,0871| -1,70778| 0,840040
2118,13E+42|0,627800( -0,051843| -0,56035[15,03619| -84,0184| 15,94913| -13,1848| -5,12487| 0,849490
22| 1,4E+50|0,590126( -0,034861 | -8,30592|0,123868| -41,0347| 9,748845| -12,3493| -5,22268| 0,848829
23|3,65E+35|0,595615| -0,040000| -8,39201(10,57349| -15,9848| 11,12757| -11,8943| -5,25954| 0,852080
246,93E+38|0,599978| -0,036982| -8,89224|10,16875| -41,9087| 2,362131| -12,4295| -5,21812| 0,851614
25(3,27E+36|0,601783| -0,053148| -16,4178|17,82826| -83,9232| 18,38715| -0,26184| -5,23283| 0,851326
26[4,93E+37(0,639008| -0,038500( -8,71443|10,41671| -44,8098| 11,00301| -12,3098| -1,72974| 0,841454
27[5,1E+1100,633955| -22,49626 | -0,48553|0,151011| -69,7857| 11,43570| -13,4925| -5,07045| 0,844200
28|6,9E+105|0,625945| -27,02952| -0,52012|13,06513| -27,6790| 13,14822| -13,4251| . -5,10635| 0,848620
29|2,4E+102|0,636914 | -24,28361| -0,53768 [12,58651| -74,3147| 2,816921| -13,8609| -5,05181| 0,846906
30|5,2E+142|0,684572| -40,38320| -1,08063|24,96889| -159,717| 25,3181|-0,31194| -4,92655| 0,841456
31/4,5E+101|0,673897| -24,77440| -0,51770|12,61152| -76,0948| 12,82433| -13,6462| -1,66987| 0,836312
32[8,06E+92|0,592354 | -18,48740]| -8,10316)0,109775| -13,9723| 8,097456| -12,7686| -5,19235| 0,848504

w
w

1,08E+920,595261| -17,21380| -8,49993|0,106735| -37,1896| 1,738351| -13,1475| -5,16209| 0,848185

34|5,4E+115|0,613717| -24,52530| -15,7988|0,197651| -76,5270| 14,58497 -0,27503| -5,15128] 0,844432
35|6,77E+92|0,632482| -17,79310| -8,3529710,108486| -39,1566| 8,077303| -13,0674| -1,70728| 0,837598
36|7,37E+84)0,599968| -19,37460| -8,5817418,949464 | -14,2375| 1,940175| -12,8442| -5,18780| 0,850871
37|2,3E+104|0,603223 | -28,78450| -16,1633|16,43552| -29,1505| 16,11266| -0,27085| -5,20118| 0,850514
38|4,43E+85|0,638166| -20,09390| -8,4177009,123549| -15,0635| 9,032095| -12,7429| -1,71794| 0,840567
39|2,9E+104|0,610331| -26,63480]| -17,5076|16,38697 | -80,2797| 3,565774| -0,28855| -5,13654| 0,849723
40(5,34E+84(0,639716| -18,62220| -8,81503|8,837176| -39,7781| 1,929985| -13,1484| -1,70617| 0,839958
4114,49E+43]0,005971] -0,051760| -0,565734 (15,04681 | -83,8480| 15,92519| -13,1611| -5,12726| 0,849311
4219,06E+50]0,005611] -0,034880| -8,27159(0,124377| -41,0862| 9,749919| -12,3391| -5,22420| 0,848670
14312,11E+36)0,005648| -0,040010/ -8,35624 (10,61016| -16,0052| 11,13244|-11,8824| -5,26118| 0,851910

-‘;
i

4,08E+39)|0,005680 | -0,036990| -8,85635|10,20442 | -41,9589| 2,362787|-12,4181| -5,21972| 0,851437
| 1,96E+37)0,005754 | -0,053160( -16,3776(17,86238| -83,9608| 18,38604| -0,26164| -5,23459| 0,851179
3,25E+38|0,005408| 0,008252| 2,64359|2,055157| 9,64909| 3,048257(2,244285| 0,15728| 0,841251
|47| 1,4E+59(0,625148]-0,046130]| -0,505810,175923 | -74,4772| 14,13841| -12,8422| -5,13376| 0,845555
4842,96E+40|0,614876] -0,056320] -0,54554|15,54742| -29,9690| 16,67559] -12,5653| -5,18860| 0,850764
4911,56E+45|0,629943| -0,051100] -0,57897|14,99206 | -81,1180| 3,564585] -13,3227| -5,11202| 0,849187
50| 5,2E+48)0,658758] -0,085330( -1,15419| 28,8897 | -171,966| 30,52819|-0,30198| -5,02432| 0,846653
51|7,42E+42)0,667608] -0,052370| -0,55683[15,09646| -83,7534| 16,24269| -13,079| -1,69358| 0,838902

S
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e
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XAY DUNG CONG TRINH NGAM VA MO

Bang 6, Gi4 trj cac hé s6 ctia cac mé hinh bién dang noc cong trinh ngam (tiép theo)

Uil Ao Aii Aiz Ais Aia Ais Aig Aiz Aig R

52| 2E+114|0,624921| -24,47760| -0,47691]0,155118| -24,9475 11,86511| -13,111| -5,11439| 0,845257
53|4,5E+111(0,635334 | -22,22170]| -0,49893 0,150923| -67,7184| 2,558700| -13,5816| -5,06214 0,843978
54|6,5E+146(0,697546| -33,28470| -0,8834 0,275213| -131,642| 21,39243|-0,27604| -4,98804 0,834262
55|4,8E+110(0,672102| -22,61020] -0,47803 0,150687 | -69,0502| 11,65558| -13,3444| -1,67302 0,833159
56| 1,7E+93|0,592947|-18,17020] -8,28342 0,108761| -13,2634| 1,799350| -12,8330| -5,18687 0,848469
57|1,2E+1160,607648| -25,96020] -14,8545 0,196532| -26,4934| 14,74522| -0,26016 -5,20381| 0,844885
58(1,35E+94|0,630483| -18,82090| -8,12317 0,110674| -14,0023| 8,373931 -12,7357| -1,71688 0,837963
592 6E+105|0,604379| -28,23910| -16,6109 16,35570| -27,8834| 3,598312|-0,27402| -5,19025 0,850410
60(1,17E+86(0,638500( -19,71760| -8,61684 9,032181| -14,2560| 2,001251| -12,8285 -1,71568| 0,840465
61]2,3E+106|0,646297| -27,10060| -17,7127|16,54495 -80,7597| 3,621860/| -0,29056| -1,70073 0,840016
62| 8,5E+59/0,006010]| -0,046090] -0,50313 0,176212| -74,3547| 14,11873| -12,8223| -5,13608 0,845413
63[1,64E+410,005849]| -0,056240| -0,54281 15,565972| -29,9176| 16,65344 | -12,5456| -5,19076 0,850593
64 |8,55E+45(0,005991 | -0,051020] -0,57591 15,00250| -80,9489]| 3,559066| -13,2986| -5,11445 0,849007
65|3,04E+49(0,006341(-0,085210 -1,14994(28,88014| -171,643| 30,47860 -0,30141| -5,02718| 0,846501
66|4,58E+43|0,006350| -0,052280| -0,55364 15,10802| -83,5737| 16,21751|-13,0540| -1,69435 0,838698
67|6,49E+57|0,005900] -0,049510| -0,48338 0,180282| -26,2122| 14,64462 -12,2035| -5,19447| 0,846238
68[9,77E+61]0,006030] -0,045510| -0,52069 0,175985| -71,9114| 3,159380] -12,9568 -5,12423| 0,845193
69(2,63E+72|0,006680| -0,068090 -0,90890)0,308923 -137,109( 24,95494 | -0,26210| -5,07924| 0,837387
70]7,36E+59|0,006386 | -0,046480| -0,49757]0,176491 -73,8690| 14,38978| -12,6928| -1,69684| 0,834572
71]1,49E+60(0,005924 | -0,048920| -0,50397 10,180238 -25,3939| 3,280249|-12,3841| -5,17959| 0,846048
72[2,77E+67|0,006420| -0,072110] -0,83743|0,304321 -46,3331| 24,91031| -0,23952| -5,18815| 0,839534
73| 9,4E+57|0,006283]| -0,050040] -0,48024)0,180984 -26,1417| 14,94916| -12,1051| -1,71782| 0,835569
74|7.79E+71|0,006472| -0,071790| -0,88389 0,307862| -45,5273| 5,648240| -0,24600 -5,16189| 0,839096
75(2,31E+60|0,006305]| -0,049410| -0,50107 0,180906| -25,2964 | 3,345928| -12,2881 -1,71225| 0,835331
76[1,06E+57|0,613393| -0,049550| -0,48583|0,179974 -26,2481| 14,66268| -12,2203| -5,19233| 0,846374
77(1,61E+61|0,627224 | -0,045550 -0,52341(0,175698| -72,0328| 3,163919 -12,9771| -5,12188| 0,845337
7813,45E+71(0,678126| -0,068090| -0,91189 0,308565| -137,241| 24,98177|-0,26242| -5,07649 0,837453
79(1,07E+59|0,664653| -0,046520] -0,50040 0,176183| -73,9981| 14,41052|-12,7137| -1,69609 0,834737
80(2,5E+115|0,626631]| -24,17650| -0,49235 0,155104 | -24,2354| 2,655751|-13,2322| -5,10383 0,845040
81(7,1E+154|0,673385| -37,07010| -0,87257 0,281637| -46,9144| 21,94066| -0,26759| -5,06489 0,837297
82(3,8E+114|0,663649| -24,63770| -0,47154 0,155083| -24,771s| 12,10500| -12,994| -1,68870 0,834359
83(2,80E+94(0,630990| -18,49090] -8,31012 0,109633| -13,2679| 1,859655|-12,8136| -1,71480 0,837912
84|2,8E+107(0,640891| -28,73950] -16,8329 16,52478| -28,0801| 3,667395|-0,27619 -1,72023| 0,840829

4. Lwa chon mé hinh mé ta chuyén dich khoi
da bién coéng trinh ngam theo thei gian

Sau khi so sanh cac gia tri hé .soO twong quan
béi “Ri" cua 63 mo hinh bién dang noc cong trinh
ngam theo phuong thang ding ther ‘i (Béng 5), ehlng
t6i nhan thay: ba mé hinh “Uss”, “Usg” ; “Ugy” c6 gia tri
hé s6 Rss=Rus= Rs=0,922196 Ién nhéat. Vi vay, chung
t8i chon ba mo hinh bién dang néc cong trinh ngam

theo phwong vudng goc voi mat phan I&ép dat da:

U, = Ao (O (H™ (@)™ | (153)
33 (W )Aga.a .(b)Asz.s .e(AJSG'R")_e(ASSI‘Lh) ’
i Agp 1 Asgz Asss 7
| 3= A48.O'(t) (H) (U') ' , (154)
48 |_(W )AW olhisb) glAusRy) glAmrls)
(A oot glhest) glwsa) |
e )~ . | (185)
_e(Aeo.A—Wc)_(b) 60.5 ‘e(Aaa.aRn)_(Lb) 60.7
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Tai day: Asg=2,38E-18; Ag34=0,521495; Az,=2,648798;
Ay 5=4,814969; Agss=7,927319; Agzs=1,732881; Ags=0,165275;
Ag7=0,36238; Aei=14E-19; Au1=0,521495; Auz=2672736;
Aus=3.918143; Ays=T7,881251; Aygs=0,446165; Augs=0,165275;
As=0,36238; Ago=2,52E-08; Ay1=0,521495; Ax2=2,672736;
Aen=3,918143; Ag;,=0,101718; Agy5=0,446165; Agy=0,165275;
Agp7=0,36238.

Sau khi so sanh cac gia tri hé sb twong quan bai
“R” clia 84 md hinh bién dang néc cong trinh ngam
theo phwong vudng goc voi mat phén Iop dat da thir
‘" (Bang 6), ching t6i nhan thay c6 mé hinh “Ux” co
gia tri hé so twong quan bdi Rz3=0,852080 la Ion nhét.
Vi véy chung téi chon mé hinh bién dang néc cong
trinh ngam theo phwong vudéng goc vai mat phan op
g4t da co dang cu thé sau:

{Az‘c’-(t)“m . () (W)
23~

A A N .(156)
e(Agaj.h)‘(b) 23.6 (Rn) 23.7 (Lb) 238



XAY DUNG CONG TRINH NGAM VA MO

Tai day: A o=3,65E+35; Ay 1=0,505615; Az ,=-0,04;
A23‘3=—8,392008; Aoa4=10,573493; Ay 5=-15,984824:
Aoz 5=11,127567; Ayz 7=-11,89431; Az 5=-5,25954.

5. Két luan

Cac md _hinh (153)+(156) cho phép dw bao gia
tri chuyén dich khéi da tai néc cong trinh ngadm
theo phuong thdng dirng va theo phwong vuéng
goc véi mat phan Iep dat da tiy thudc vao thoi gian
do dac, vi tri do & do sau so véi bién cong trinh
ngam va moét sé dic tinh co ban cla khbi dat da
bao quanh, dac tinh clia cau tao hinh hoc mat cat
ngang cong trinh ngam va dac tinh chiu tai cGa két
cAu chdng gitv.0]
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SUMMARY

| The paper introduces the results of the [|
research to forming the models for predicting
i the displacement of rock blocks at the top of j

f the underground works vertically and |
| perpendicular to the rock layers surface |
| depending on the measurement time and a ||
| other properties of rocks and underground ;
| structures. ;'
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SUMMARY

: The article introduces some issues on the
| state of environmental management for mining |
projects in Vietnam. From here, the authors |

have proposed environmental management
i tools for mining projects in Vietnam.
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