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Mo hinh dia co

Bai bdo str dung mé hinh dia co nhdm phdn tl’ch, dw bdo cdc yéu td dnh
hudng dén dich chuyén bién dang ddt dd trong mdi twong quan véi goc doc
via, dd sdu va hé thong khai thdc. M6 hinh s6 dia co cho phép nghlen ciru cdc
bai todn cé tinh dén ddc diém phan I6p (khong d‘ong nhdt, khong ddng
hwéng ctia khéi da] Cdc quy ludt nhan dwoc vé phan bo u'ng sudt, bién dang,
sw phdt trién cua vung phd hily, ciing nhu’ cu’0'ng dé cua chiing phu thudc
vao ddc diém cdu tric, quy ludt thiv tw sap xep gitva cdc lop, hinh dang tlet
dién ngang ctia cdc cong trinh mé. Tte két qud thu nhdn dwoc trén phdn mém
FLAC 2D cho phép dw bdo cdc quy ludt dich chuyén cé thé xdy ra khi khai

thdc than hdm lo & Viét Nam.

© 2017 Trwong Dai hoc M6 - Dia chit. Tat ca cic quyén dugc bdo dam.

1. M dau

Cong tac khai thac mo da gay ra cac tac dong
lém dén bé mat dat do da 14y di mot phan vat chat
tir phan vo trai dat, dan dén su thay ddi trang thai
vat chit hodc trang thai ciu tric ban dau ctia khoi
da va lam mait thé can bang cta tng suit nén ban
dau trong dia ting chira than. Hau qua la khai da
tw nhién roi vao trang thai “mit can bang” tng
suit va sé “tw diéu chinh” dé xac 1p trang thai cAn
bing mdi, trong d6 trang thai cAn bing vé co hoc
c6 y nghia dac biét (Pham Van Chung, 2010). Qua
trinh trén dién ra dw¢i dang phan b lai trang thai
g sudt va kéo theo hién twong dich chuyén va
bién dang dat da cé tinh chit rat da dang, phirc tap
va phu thudc vao rat nhiéu yéu td dia chit, khai
thac, coly da...

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

Trong qua trinh bién dai trén, khéi dit da c6
thé tién dén trang thai 6n dinh hoan toan, hoic
trang thai mit 6n dinh & cdc mirc do khac nhau.
Trang thai mat 6n dinh cAn bang ¢ng suit dich
chuyén khéng dong déu sé giy ra bién dang.
Khoang trong cta dit da do than dwoc khau ra sé
lam mat thé can bang lwc nén cac 16p dit da vach
(n6c 10) sé udn vong va sip d6. Khoang sip dé lon
hay nho tuy thudc vao kich thwéc khoang tréng
khai thac. Sw sp d6 cac 16p dit da vach 1a hién
twong dich chuyén va bién dang dit da mé. Hién
twong nay sé giam din khi dat da 1ap day khoang
trong khai thac va dit da ving tru via 6n dinh hodc
sé lan truyén 1én phia trén va thim chi 1én t&i mat
dat néu dat da yéu va do siu khai thac khong lon.
HAu qua cda sy lan truyén nay sé gy ra bon dich
chuyén trén mat dit hodc xuit hién ting bic, anh
hwdng dén cac cong trinh tuy theo cuwong do bién
dang va dwoc thé hién qua cac hién twong
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dich chuyén pha huy (nén vor d4, sat 16, sap 16...).

Cho dén nay, trong linh vuc co hoc d4, khai
thadc md, da c6 nhiéu phwong phap dwoc rng dung
dé nghién ctru dich chuyén bién dang dat da va da
c6 nhiéu két qua nghién ctru dwoc cong bé trén thé
gi¢i. M6 hinh nghién cru dw bo chiéu cao ving
pha huy, tich 16p di dwoc cac nha khoa hoc
nghién ctru, dién hinh nhw la cic tac gia (Kratzsch,
1983; Mindlin, 1939). Tuy nhién & nwéc ta, trong
linh vic khai thac mé van dén nay van con it dwoc
chd y. Tlr nam 2011 dén nay da c6 mot sé cong
trinh nghién ctru dich chuyén bién dang bang mo
hinh vét liéu twong dwong dwoc cong bo trong
nhiéu tai liéu khac nhau (Nguyén Anh Tudn va
nnk, 2011; Nguyén Anh Tuin va nnk, 2012;
Nguyén Vin Sy va nnk, 2012; Nguyén Tam Son,
2012; Tran Trung Anh, 2012). Tuy nhién, qua cac
tai liéu do6 cho thiy viéc nghién ciru mit nhiéu
cong strc, thie hién trén mo hinh nho, nén hé s6
twong dwong 1on. Nghién ciru mang tinh 1y thuyét,
khong ké dén cac cong trinh da cong b6 ciia nhém
thuc hién dé tai nay, dé dw bao ldn sut cling dwoc
mot s8 chuyén gia thwc hién. (Nguyén Anh Tuin
va nnk, 2011) da st dung chwong trinh Phase2
phén tich ltn sut va qua trinh bién déi co hoc khi
khai thac hon hop ham 10, 16 thién.

Trong pham vi bai viét cac tac gia da phan
tich, dw bao két qua dich chuyén, bién dang déi véi
cac mo hinh khai thac 10 cho dai véi cac goc doc
via khac nhau va trén mé hinh khai thac 1o cho dai
& cac mirc d0 sdu khac nhau thdng qua phan mém
FLAC 2D.

2. Phin mém FLAC 2D

FLAC (Fast Lagrangian Analysis of Continua)
dwoc phét trién va duy tri bédi ITASCA. Cac phan
mém FLAC dwoc dua trén phwong phap sai phan
httu han ham hién, qua d6 cho phép mé phdng cac
tinh chit cia cac vatliéu nhw dat, da va cac két cau
xay dwng d€ gidi quyét mot loat cac van dé phirc
tap trong dia ki thudt, cong trinh dan dung va khai
thac mo.

Co s& d€ giai bai toan tong quat vé qua trinh
bién d6i co hoc trong khoi d4 bang phwong phap
giai tich va phwong phap so 1a ly thuyét dong luc
hoc. Diéu kién cAn bang dong hoc & trang thai don
truc doi véi hé c6 mot bac tw do c6 dang:

PM+PC+PK=P(t) (D)

Trong dé6: PM la lwc quan tinh; PC la lwc can

nhét; PK1a lwc khang dan hoi; P(t)- la véc to ngoai

lwc cwdng birc c6 dang 1a mot ham sé cla thoi
gian.

Ngoai lwc P(t) tic dung 1én vat thé c6 thé bao
gom cac loai lwc khac nhau va giy ra trong vat thé
cac ndi luc dwdi dang: lwe khang dan héi, c6 huéng
tac dung nguoc véi hwdng clda chuyén vi, cac luc
can nhét (tit dan), ngwoc vai tde dd chuyén vi, va
lwc quan tinh, hay lwc can gia toc. Nhw vy phwong
trinh (1) 12 phwong trinh chuyén dong biéu dién
sw cAn bang cta tat ca cac luec.

Theo nguyén ly Dalambe (khoi lwgng m giy
ra lwc quan tinh, ty 1 véi gia téc cia nd va hwéng
nguwoc véi gia toc), c6 thé biéu dién ngoai luc &
dang:

P(t) = —maiy () (2)

Trong (2): 1y(t)la gia téc dich chuyén cta
khoi da. Voi

Py =m.ii, Py =m.u, Py = k.u, phuwong
trinh (2) c6 dang:

m.i+m.u+ k.u=—migy(t) 3

Co sé ly thuyét va cac phwong trinh tdng quat
dé giai bai toan nghién ctru cac qua trinh bién doi
co hoc trong khéi da bang phwong phap giai tich
c6 thé tham khao (Mindlin, 1939), d€ giai bang
phwong phap sé c6 thé tham khao (Mindlin,
1948).

Xuit phat tir muc tiéu clia cac bai toan xay
dung mo hinh dia co dw bdo tai bién dia chat - ky
thuat chu yéu bang phwong phap s6 va sir dung
phdn mém FLAC2D, nén dwéi day sé trinh bay
khai quat vé co s ly thuyét cia phwong phap nay.
Trong trwdong hop tong quat va dé giai bai toan
bang phwong phép s8, phwong trinh déng lwc hoc
cta hé co hoc dwoc viét & dang ma tran la:

ou? ou

(] {g} + (O + K10 = o) @)

Trong do: [M], [C], [K] 1an lwotla ma tran khoi
lrgng, ma tran can va ma tran do ctrng; {u}, {du /
ot}, {0uz / ot?} lan lwot 1A véc to dich chuyén
(chuyén vi), véc to toc d6 dich chuyén va véc to gia
toc dich chuyén

{P(t)} 1a véc to lwc (tai trong) va tla thoi gian.

Trwong hop bai todn tinh hoc, vi {du/ dt} =0
nén phwong trinh (4) c6 dang don gian:

[K]{u} = {P} (5)

Khi gdp cac bai toan dong lwc hoc, nhat thiét
phai gidi phwong trinh vi phan (5) xét dén tat ca
cac thanh phan lwc cdn (can nhét) va lwc khéi
lwgng (quan tinh).
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Vi tai trong ngoai do dong dat gy ra, c6 thé
viét (5) & dang:

(M1 {55} + [€1{%2) + (K] = 6)

ou? ou? ou?,,

~ My { atf } B [MY]{ atgy} - {Tf}

Trong do6: [Mx] - La ma trdn cot cua khoi
lrong theo phuwong x

[My]- Ma trdn c6t cia khéi lwong theo
phwongy

[Mz]- Ma trdn cOt cia khéi lwong theo
phuong z

ou? ou? ou?
gx | _ . gyl _ . gz
{ oe? } = o) {T} =ty {T}

= u:éz ()
Twong ng Ian lwot v&i cac thanh phan nam
ngang (x), thang dirng (y) va ndm ngang (z) clia gia
téc nén khi c6 tic dong dong dat.

3. Phan tich dich chuyén bién dang véi mé
hinh khéi da dong nhat

Nhitng két qua xay dung mo hinh sé dia co
trong nghién ctru dich chuyén va bién dang dat da
két hop véi viéc ing dung phdn mém FLAC 2D da
dwa dén kha nang ap dung va phat trién cong tac
dw bio dich chuyén bién dang trong khai thac hAm
lo.

Mo than Mao Khé & phia Nam ctia bé than
Quang Ninh trén truc dwong quéc 16 18 tir Ha Noi
di Hon Gai va cach thi trdn Pong Triéu 10 km vé
phia Pong. Vi tri cia mo than Mao Khé rat thuin
tién cho giao thong dwong thuy, dudmng sat va
dwong bo, la ciu ndi gitra Ha Noi va thanh phé Ha
Long. M6 than Mao Khé c6 triv lwong than kha 1ém,
diéu kién kién tao via khong qua phirc tap, khu vuc
tp trung dong dan cw c6 nhiéu tiém nang phat
trién vé cac cac mat kinh té, van hoa, xa hoi. Hién
nay mé Mao Khé tap trung khai thac than & cac via:
via 3,4, 5, 6, 7, 8,9, va via 9b. M@ via vao gitra
rudng than va di 1o doc via da vao 2 canh cta cac
via. Phan chia ruong than thanh tirng cac khu vyc
thuén tién cho viéc van tai than va diéu khién ap
lwec mé. Str dung cong nghé khai thac cot dai theo
phuong, chéng 10 bang gb hodc bang gia thuy luc.
Diéu khién da vach bang pha hoa toan phan. Cac
diéu kién dia chat thé€ ndm via 9b thé hién nhw
Bang 1.

Thuc tién cho thiy, c6 rat nhiéu yéu t§ anh
hwdng dén dich chuyén, bién dang dat da, nhung
bai bao tinh hai trwong hop ap dung via 9b

mo than Mao Khé:
+ Khai thac 10 cho dai véi cac goc dbc via thay
doi;
+ Khai thac 1o cho dai & cac mirc do sdu khac
nhau.
Bdng 1 Diéu kién dia chdt via 9b.

STT Cac théng sb cta 1o Do vi Via than
cho i 9b

1 Mirc khai thac m |-80+-25

2 Chiéu day via m 2.5

3 Go6c doc via do 25-27

4 Chiéu day dat pha m 10

5 Chiéu dall 10 C}LQ theo m 110
hwéng doc

6 Chiéu dai 10 cho theo m 600

phwong

7 Chiéu sau Frung binh m 1380-400

cualo cho

3.1. M6 hinh khai thdc 1o che dai véi cdc géc
ddc via thay ddi

Mat cat dia chat tuyén IV mé than Mao Khé,
dia ting dat da bao gom cac 16p da cat két, bot két,
sét két va than ndm nghiéng v&i cac tham sé co
hoc thé hién nhw Bang 2

Mién khao sat c6 kich thwéc 200m x 100m
(rong x cao). Vi chi nham ruat ra cic nhan dinh
mang tinh chat dinh tinh, nén d€ don gian hon
chiing t6i da chon mo hinh cho khéi da, voi gia
thiét coi méi treong dat da mé la dong nhat va
dang hwéng.

Bdng 2. Cdc tham s6 co hoc str dung cho mé hinh.

Matdo| Modun | Mo dun | Gécma |Lwc dinh
p nénthé | trwotG |sattrong| kétC

(k/m3)|tichK(Pa)| (Pa) [0) (Pa)

2200 | 0,788.10° |0,484.10°0 30 |2,51.106

Lo khai thac dwoc khéo sat véi cac thong so:
chiéu dai 80 m, chiéu cao 3 m. Hé thdng khai thac
1a 10 cho dai, pha héa toan phén. Cac 16 chg dwoc
khdo sat c6 cac goc déc thay doi. Do tién hanh co
dinh diém duwéi cta 16 chg, nén khi thay d6i goc
ddc via, diém ranh gidi trén cia lo cho sé cang gan
mat dat. Trén hinh 2 thé hién tip hop cac két qua
phén tich do lan trén mit dat, dwoc biéu thi qua
sw bién hinh cia lwéi sai phan do anh hwéng khai
thac cac via than hodc quang v&i cac goc doc via
khac nhau.
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Hinh 1. Sor db bai todn khai thdc lo cho dai.

Hinh 2. a) Sw phu thugc ctia bién d¢ ltin va hinh
dang bon dich chuyén; b) Sw phdt trién ctia viing
phd hiy (mau tim) vao géc déc ctia Io cho.

Tlr két qua thuc nghiém cho phép rit ra cac
két luan:

- Khi d6 sau khai thac cang gan mat dat, mic
dd lun sut sé cang tang;

- Khi g6c doc via ting thi hinh dang bé mat cia
bon dich chuyén sé mit dan tinh ddi xirng; diém
lGn cwe dai sé chuyén dich vé phia ranh gigi trén
cta lo cho hodc vé dau trén cda than quang.

- Vung pha huy dit da phat trién chu yéu &
phia trén néc 10 che, c6 chiéu cao va hinh dang phu
thudc vao thé nam cua via va khoadng cach twong
d6i cia khu vuc khodng tréng khai thac dén mat
dat;

Trong trueomg hop nay, trén bé mit dat c6 thé
xudt hién cic ving pha huiy & 1an cin 16 via do qua
trinh ltn; bién dang téng thé giy ra pha huy kéo,
xudt hién & ving bién trén ctiia mién nghién ctru.
Vi tri va quy mo ctia hai viing nay cling thay dai tuy
thudc do ddc cta via (than quing) va khodng cach
vung khai thac dén mat dit.

3.2. M6 hinh khai thadc Io cho dai véi do sdu
khdc nhau

Cling v&i cac div liéu vao nhw trweong hop 1,
trong trwong hop nay, chi xay dung mo hinh khai
thac 10 cho dai, nam ngang c6 chiéu dai theo ddcla
80m, & cac dd siu khac nhau tir 45m dén 300m,
tinh tir mat dit dén ndc hay vach 1o khai thac. Cac
két qua phan tich cho phép nhan dwgc dwong do
l4n, twong rng véi cac dd sau trén Hinh 3.

Bdng 3. S6'liéu vé d6 dich chuyén va dé Iin sut

16m nhdt.
Do sdu khai | Dich chuyén | D3 1dn 16n | Tinh chat
thac (m) |16n nhit (m)| nhit (m) | cohoc

45 1.786 0.390 |propdens
75 1.815 0.270 12(1)1(()
90 1.824 0.245 0_73869
105 1.844 0.230 shear
120 1.865 0.220 | 0.484e9
135 1.883 0210 |fric30coh
150 1.907 0204 | >°1e6
165 1.922 0.203
180 1.940 0.212
210 1.957 0.216
300 2.017 0.219
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Hinh 3. Pwong cong lin chiu dnh hwéng ctia d sdu khai thdc, véi mé hinh khéi da déng nhdt.

~ \ N
P siu khai thic 7Sm- :
O S
- \ i
\ ~—

. 1A\ i\ S —
—Dé shu Khai thac 120m— —

\

Hinh 4. Sy phdt trién ctia viing phd hily xung quanh 1o khai thdc, phu thudc dé sdu khai thdc, véi md
hinh khéi dd dong nhdt.
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Két qua phan tich cho thay:

Lun sut trén mat dit ban dau gidam dan theo
d6 siu va ké tir do sau nhat dinh lai ting theo d6
sau; Khi khai thac gan mat dit dwong cong lun ¢
gia tri bién thién 16n, nén thwong c6 dang nhon
hon. Khai thiac xudng siu, ving ldn sut trén mat
dat phat trién rong thém nén do cong giam dén, do
vay kha nang giy nghiéng, truot, sup dé cac cong
trinh kién tric cé thé cang giam.

Trén Bang 3 la cic s6 liéu vé do dich chuyén
16m nhét cta diém gitra ndc 1o khai thac va d6 lan
16m nhat trén mat dat. Tir Bang 3 thiy rang, cang
khai thac xuéng siu, do dich chuyén 16n nhit cang
tang. V&i cac dir liéu dau vao ciia mo hinh nay, do
ldn gidm dan khi chiéu siu khai thac cang 1ém va
dat cuc tiéu & do sdu khoang 165 m. Khai thac
xudng sau hon thi d6 14n c6 gia ting nhwng khong
dang ké.

Trén Hinh 4 13 hinh anh vé sw xuat hién cta
cac vung pha huy trong khéi da xung quanh khu
vue 10 khai thac, & cac mirc khai thac sau khac
nhau.

Tl cac két qua mé6 phong thu dwoc nhén thiy
cac quy luit vé sw lun sut phat trién & vung pha
huy, khi khai thac & cac do sau khac nhau:

(' d6 sau 45 m, 75 m: viing pha hiy do kéo tap
trung & ndc 1o khai thac va lan dén mat dat; phia
nén 1o xudt hién vung pha hdy do kéo, phu kin
phén da tru via; sat trén dinh hai d4u 1o chg xut
hién viing pha hily do cit. Trong cac trudmg hop
nay khai thiac khéng chi gay tai bién Iin, ma con
gy ca tai bién trut 16

¢ d6 sau 105 m chiu cao viing pha hiy do
kéo va cit & néc 10 ting 1én, nhung pha hily do kéo
& nén 10 giam dan, thay vao d6 xuit hién cac vi tri
khéi da bi pha hiy trén bé mat véi xu thé 10 khai
thac cang siu thi vung pha hiy trén bé mat cé
khoang cach cang xa nhau. O cac dd sau 120 m va
135 m, viing pha hily do kéo phia ndc 1o va dac biét
12 pha huy cat ting, tuy nhién khong xu4t hién pha
huy trén mat dat.

4. Kétluan

Tl cac phin tich két qua thyc nghiém néu
trén cho thiy cd thé sir dung cadc mé hinh dia co dé
dv bao dinh tinh cic quy luét dich chuyén, bién
dang dat da nhuw cAc mé hinh toan hoc va cac so do
dwong cong lan (Kratzsch, 1983; Whittaker va
Reddish, 1989)

M6 hinh dia co cho phép gidi dwoc cac bai
toan c6 tinh dén dic diém bién déng diéu kién dia
chét - khai thac mo6 nhw géc doc via, dé sau khai
thac. Cac quy luat nhan dwoc vé phan bo (rng suét,
bién dang, s phat trién ctia ving pha huy, cling
nhw cwong do cia ching phu thudc rat rd vao
nhirng dic diém nay.

Néi chung, do bién déng vé diéu kién dia chat
va cac tinh chit co'ly cia da nén khong thé c6 dwoc
nhin dinh téng quat vé cac quy luat bién doi co
hoc. P& nhan dwoc cac hinh anh chinh xac vé cac
quy luét bién d6i co hoc trong khoi da véi ciu tric
dia chat phirc tap, nhit thiét phai phan tich cu thé
cho tirng trwong hop, trén cac mo hinh dworc xac
14p cho khéi da twong (g véi ciu truc phén 16p,
cac tham s6 co hoc cua tirng 16p. V&i phwong thire
nay co thé phan tich dwoc kha nang phat trién cac
“diéu kién dia chat” cu thé dan dén “su c6, tai nan”,
thong qua diy c6 thé xac dinh dwoc loai “tai bién
dia chat” ngu nhién xuat hién do yéu t6 nhan sinh.
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ABSTRACT

Research on the influence of the dip and the depth of excavation seam
on surface movement and deformation using geomacherical digital

models

Chung Van Pham 1%, Long Quoc Nguyen 1, Kha Trong Vuong 1, Phich Quang Nguyen 2
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Geomachenical models are able to solve the problems which take into asccount layers’ features such
as heterogeneity and anisotropy of rock. The obtained characteristics like stress distribution,
deformation, the progress of damaged regions, and their intensity depend on structure, arrangement of
layers, and shape of objects. This paper presents the application of geomachenical models on analyzing
and predicting movement and deformation of rock considering the relationship with slope angle and
depth of seams, as well as excavation methods. From the result achieved from the FLAC 2D software, it is
confirmed that geomachenical models can be used to predict the law of movement and deformation in

underground mining in Vietnam.
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