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NGHIEN CUU XAY DUNG MO HINH PIA CO
DU BAO HIEN TUQNG PHA HUY,
DICH CHUYEN VA BIEN DANG TRONG KHAI THAC THAN
~ VUNG QUANG NINH
NGUYEN QUANG PHICH, PHAM VAN CHUNG
Truong Pai hoc Mo - Pia chat
Tém tit: Cho dén nay, dw bdo ving phd hiy va lin sut, mét logi tai bién dia chat phé bién
trong khai thac ham 10, dwoc trién khai theo hai cdach la thuc nghiém va khao sat hién
twong. Cdc 1y thuyét mang tinh thuc nghiém diea trén co ¢ quan trdc va cdc kinh nghiém tir
nghién ciru phd hiy va lin sut tai hién truong. Mot sé mé hinh thuc nghiém hay gidi tich
dwoc kiém chirng la di tin cdy dé du bdo phd huy va lun sut, chi it la cho mot vung xdc dinh.
Nhiéu mé hinh duoc dp dung co hiéu qua tai cac nuoc khac nhau, dac biét la o chdu Au.
Khao sat hién twong dwa theo cdac nguyén tdc ciia mé hinh vit liéu twong dwong voi cdc dia
tc”ing pha huy va lun sut dwoc miéu ta toan hoc la cac vat liéu Iy tuong, tudn theo cdc dinh
ludt ciia co hoc méi truong lién tuc. Nhwng phwong phdp mé hinh héa bdng vit liéu twong
dirong dén nay co it hiéu qud, co ban la do khé miéu ta dwoc cac dac diém dia chd't phitc
tap cua dia tang doi héi chi phi va thoi gian. Bdi viét tong hop gioi thiéu mot $6 mé hinh
gidi tich va cdac két qua nghién ciru sir dung cdc cong cu so. Cdc két qud nhdn dwoc tir cdc
m6 hinh sé cho thdy ré tinh wu viét ciia cdc phiwong phdp sé.

1. Pit van dé

Khai thac than lam hinh thanh trong long
dat cac khoang trong ngam. Do vay khbi dat da
phia trén c6 thé bi pha huy, bi dich chuyén
xudng phia dudi. Qua trinh pha hiy, dich
chuyén va bién dang dat da nay ciing con dugc
goi 1a hién tuong pha huy, sut lun dat da, mot
dang tai bién dia chat pho bién trong khai thac
ham 10. Qué trinh nay phat trién va dién bién
clng v&i tién trinh khai thac than.

Khi khoang khong gian khai thac con du
nho, néu khong chén 10, phia noc khoang tréng
thuong hinh thanh vom phéd huy (trong thuc té
qué trinh phd huy xdy ra kha phuc tap, phu
thudc vao nhidu yéu t6 khac nhau), nhu trén
hinh 1, véi L 1a chiéu dai 16 khai thac.
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Hinh 1. Hinh thanh vom phé4 hity va dich chuyén cdu trac cua cac 16p da phia trén (cac 16p da
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Tiép tuc khai thac than, khoang khong gian
ngam mo rong, cu thé 1a chiéu dai khai thac L
capg 16n, se‘dan dén hlqp tuong dich chuyen va
bién dang dan cac 16p dat da phia trén vom pha
huy ¢ dang uon va tach 16p (hinh 2).
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Hinh 2. Hién tuong udn va tach 16p cac 16p da

Khi chiéu dai L khai thac du 16n, sut lun c6 thé
xay ra cho dén mit dat. Va qua trinh nay tién
trién tiép tuc cling véi tién trinh khai thac. Mirc
d6 ltn sut trén mat dat (bao gém kich thudc va
hinh dang cua khay, phéu hay bon lun sut) phu
thudc vao chiéu diy cua via than (chiéu cao
khoang tréng), cac tinh chat co hoc va dic diém



vach), chiéu dai 10 khai thic va tién do khai
thac, cling nhu bé mat dia hinh (Hinh 3).
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Hinh 3. Syt lin dén mat dat khi
chiéu dai 10 khai thac L da 16n

C6 rat nhiéu yéu td tac dong dén qué trinh
pha huy, dich chuyén va bién dang dét da. Cac
yéu t6 anh huong tir diéu kién dia chat vi du
chidu day 16p phii hay chiéu sau khai thac ké tir
mit dat (H), chiéu day khoi d4 (hq) phia trén
khu vyc khai thac (chleu day tang phu), céac
tham sd co hoc cua kh01 da, chiéu day via than,
quing (m), thoi gian ton tai khoang trong (t);
cac yéu t6 anh huong mang tinh cong nghé nhu
thoi gian mot chu ky khai théc, kich thudc
ludng khai thac; ngoai ra con c6 cac yéu td tac
dong didc biét nhu v nd d4, cat chay....Pha hay,
lun sut 1a mdt dang tai bién dia chat do hoat
dong k¥ thuat cia con ngudi gay ra. Pha huy va
lan sut c6 thé giy ra nhiing tic dong 1am hay
hoai céc cong trinh trén mat dat, 1am bién d6i
dia hinh, chéng han nhu tao nén céac thém bac
thuan hodc nghich, trén mat dat va co thé tac
dong lam bién ddi cac hé théng thuy van nhu hd
ao, song ngdi trén miat dat. Vi vdy nghién ciru
du bao dang tai bién dia chat nay da dugc céc
nha khoa hoc k¥ thuat thudc linh vuc khai théac
mé, tric dia mo, dia ky thuat quan tam tur rat
lau. Tuy nhién, do tinh phuc tap cua van dé,
tinh da dang cua cac diéu kién dia chit, nén cho
dén nay hau nhu khong c6 dugc phuong phép
du bao, danh gia, phan tich thong nhat. Cac
phuong phép giai tich, kinh nghiém thuong chi
cht y duoc mot sb yéu té anh hudng co ban va
phai don gian hoa bai toan. V6i su hinh thanh
va phat trién cac phuong phap tinh sb di tao
nén mot cong cu cho phép c¢é thé phan tich, du

béo cho ting truong hop cu thé, chi ¥ duoc
nhiéu yéu t6 anh huong hon.

Nghién ctru dich chuyén dét d4 do khai thac
than cling dugc cdc nha khoa hoc Viét nam
nghién ctru bang phuong phap mé hinh vat liéu
trong dwong va mé hinh s [1,2,3,4]. Dé xay
dung duoc quy luat hay phuong phap nghién
clru phu hop véi cac diéu kién khai thac & nuéc
ta, rit can ting cudng nghién ctu, sy két hop
giita cac nha khoa hoc va phdi hop cac phuong
phép khac nhau. Puong nhién, mirc d¢ chinh
xac ctia két qua phan tich ciing lai phy thudc
nhiéu vao dyu liéu dau vao, hinh thanh cac yéu
ciu méi, chi tiét hon ddi véi cong tac khao sat,
tham do dia chat, dia k¥ thuat.

Bai viét tong hop mot s6 mé hinh giai
tich, du bao hay tinh toan ving pha huy, mo
hinh m3t lan sut, dong thoi gidi thidu kha ning
ap dung phuong phéap sé dé du bao va phan tich
cac qua trinh phé huy, dich chuyén va bién dang
thdng qua mot vai vi du.

2. M hinh giai tich xac dinh chiéu cao ving
pha huy

Cho dén nay c6 kha nhiéu mo hinh dugc de
xuét, phu thudc vao két qua quan trac, nghién
ctru trong diéu kién cu thé, theo quan diém it
nhiéu mang tinh chi quan cta mdi tac gia. Vi
du cdc mo hinh giai tich, dg bao pha huy, lun
sut phd bién cho truong hop khai thac 16 cho
dai, via nam ngang, thuong xuat phat tir so do
phan tich nhu trén hinh 4, v6i L 1a chiéu dai 16
chg, hph 12 chiéu cao ving pha hity, h; 1a chiéu
cao vom sap 16, hs 13 chiéu day ving pha huy do
vong, tach 16p va hy 1a chidu day cac 16p dat da
phia trén viing phé hily cho dén mat dat.

Hinh 4. So d6 phan tich, du bao ving pha hiy
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Thong sé quan trong duoc chu ¥ dén 13 chiéu cao ving pha huy hph, thuong duge phan ra chléu
cao vung pha hiy do sép 16 h; va chidu cao ving pha huy do udn, tach 16p hs. Trong bang 1 tong
hop va gi6i thiéu mot sé biéu thirc duoc xay dung dé tinh chiéu cao ving pha hiy do sap 16.

Bdng 1. M6 hinh di bdo chiéu cao ving phd hiy [5,6,7]

Tac gia/thoi gian | Biéu thirc xac dinh chiéu cao ving pha huy do sap 1&
Ritter (1879) 12 2
h,=—— hoic h, = L L+2m. ctg(45 (pj
16¢ 8c 2
Kommerell (1912
(1912 h, =100 Az
d
Bierbaumer (1913) Cho khoi da yéu Cho khoi da ciing chic
h = Letge h —ply Higp1g?(45-¢/2)
2 g L +2mitg(45—¢/2)
Protodiakonov (1930) | Cho khoi da yéu Cho khoi da ciing chic
L no L
2t9p 2f
Ximbarevich (1933) Cho khoi da dang hat két dinh Cho khoi da cung chac
o _ L+2mcig(45-¢/2) h - L/2+mitg(45—¢/2)
’ 2tge ’ f
Segal (1934 —
gal (1934) h = 1-2v L_m
4y
Slesarev (1940) Cho khoi d4 yéu Cho khi d4 cimg chic
h = ctgl 45-22 h, = L
AITRS * 16.R,
Pakrovski (1948) 3m
h, =
2(k, -1)
Xutovics (1951) n _ L+2mig(45+4/2)
. 2
Ruppeneit (1954) .
hz:L 2rH _ sinp+1 exp _Sng _
2 R, 2sing
Mohr (1954) v.L
h=———
21—v)
Gmoszynski (1960) H 0,5.L.In (;,H /C)
 1+tgptg?(45—p/2)
Orl
1g6‘)1‘; h - 0,8YH|[L+ 2mf.ctg 45+ p/2)]
Borisov 17.LR
(1962) h, = L
J2yH) —11R?
Dersanov (1962) _
h, = 1-2v L+2m.tg(4 —fj
4y 2
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Salustowicz (1968)

h, = (%jz +[0,5(m—2+(m—1)|;—j2(%j2] _%

Sirokov (1969)

05.L +(KC bl —1}m.tg(45—(pj
R 2

C

h, =
K.t

Sirokov (1973)

h, =O,5(\/L2 —-m? —m) Vi ZéH <1

Jarosz (1977)

3k +1 1
h,=m —. +=
4k -1 2

Arkuszewski (1978)

h =m(4(kr +1)-r(k, - )J

‘ 27(k, —1)

Trong bang 1: L I chiéu rong khai thac hay chiéu dai 16 chg, ¢ hé s6 nén chit da theo Ritter,
vy dung trong ctia ¢4, m chiéu day via than hay quang khai thac, ¢ goc ma sét, Az chiéu cao sap 16
cua 16p da vach truc tiép, kd hé s6 né roi cua da theo Kommerell, H d6 siu khai thac, f hé sb kién c¢d
ctia d4 theo Protodiakonop, v hé sé Poison, Ry, Re @6 bén kéo va d6 bén nén cta khdi da, ke hé sb no
roi theo Pakrovski, m=1/v hiang sé Poisson, p; 4p luc theo phuong thiang dung, K hé sb tap trung
g suét, Kk hé sd suy giam do bén. Cac ky hiéu nay ciing sir dung twong ty cho bang 2.

Chiéu cao ving pha huy do tach 16p hs ciing dugc nhiéu nha nghién ciru dé xuat cac mo hinh
dé dy bao, tinh toan khac nhau. Can ké dén 1a céc tac gid Saulstowicz,1968; Gajoch and

Piechota,1973; Jarosz, 1977; Arkuszewski, 1978; Kendorski, Roosendaal and Bai, 1995; Das, 2000;
Heasley, 2004; Palchik, 2005, Gajoch va Piechota 1973; Arkuszewski 1973 [5,6,7]. Trong bang 2 néu

mot vai vi du dién hinh.

Bang 2. M6 hinh dy bdo vung pha hiy do tach lop [5,6,7]

Tac gia Biéu thirc xac dinh chiéu cao viing phé hily do téch 16p
Kendorski, h 100g

Roosendaal & Bai s T A

(1995) R

C; va C,—caché s6 phu thudc nhom da

a, b- nira chiéu rong va chiéu cao cua ellip phé hiy,
o — gbc nghiéng mat truot

Nhom khéi da D06 bén nén don truc | Hé s6
(MPa) C3 Cs
Da cling va bén chic | >40 1,2 2
D4 bén trung binh 20 — 40 1,6 3,6
Pa mém yéu <20 3,1 5
Arkuszewski (1973 2 2
(1973) h =2 (L+giga) (a/zb) tg’a+l] g
b - (a/b)tg’a] 2

Heasley
(2004)

(hs) dao dong trong khoang 42g-60g (trung binh 50g), g 1a chiéu day khai

thac
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3. M6 hinh du bido hinh dang mat lin sut
MO hinh dyu bao hinh dang mat Iun sut cta
cac diém trén mat dat thuong duoc st dung la
phuong phap tich phan hinh hoc. Chiéu sau lan
sut tai mot diém bat ky W(Xp Yo ) cua khay,
phéu hay bdn 1an syt trén mit dat c6 dang [5]:

W(Xp,Yp) = a-m-ff(p(x —X,,Y—Yy,)dxdy - 1)
p
v6i diéu kién rang budc 1a [5]
[ Jolx y)xdy=1 - )

Trong cac biéu thirc trén: a 1 tham s6 ltn sut,
gia tri cua no phu thudc vao phuong phap khai thac
va phuong phap chén lap khoang tréng sau khai
thac; m 1a chiéu day 16p than, quing duoc khai
thac; ¢ 1a ham anh hudng, vai gia tri phu thugc vao
phuong phap tinh toan va cac yéu t6 dugc chu y dén
trong tinh toan. Mot s6 ham anh huong duoc ap
dung nhiéu trudc ddy va hién tai dugc gidi thiéu
trong bang 3.

4. Phan tich qua trinh pha hiiy, hin sut bang
phwong phap s6

Maic du cac mo hinh dia co hoc dugc gidi
thiéu trong cac Bang 1, 2 va 3 mai chi 1a céc
mo6 hinh ap dung cho truong hop khai thac cac
via nam ngang, nhung da cho thiy tinh phtre tap
ciia van dé du bao phay huy, dich chuyén va
bién dang cua khéi dat da. Tuy cdc mo hinh
dugc xay dung véi cac 1ap luan 1y thuyét kha

chit ch&, két hop v6i nhidu két qua quan tric,
song dau sao it nhidu van mang tinh chii quan,
don gian héa bai toan, chang han khong chii y
bé mat dia hinh, cac dic diém vé cu trac dia
chét....Cac thi nghiém trén mo hinh vat liéu
tuong duong cling khong thé chu y duge nhiéu
yéu t6 anh hudng. Chiang han, chi véi cac
khung mé hinh don gian khong thé chu y duoc
yéu t6 dia hinh, ma phai thi nghiém véi kich
thudc mo hinh du lon.

Su ra doi cua cac phuong phap sé dd cho
phép xay dung duoc cac md hinh dia co hoc giai
quyét dugc cac bai toan phuc tap, chu y duoc
nhiéu yéu t6 anh huong, trong khai thac mo va
xay dung cong trinh ngam [8]. Cac phuong phép
nay khong doi hoi chi phi cao nhu thi nghiém mo
hinh vat liéu tuong duong. Puong nhién, kho
khan nhat hién nay 1a phai xac dinh duoc cac
tham sé dau vao cho chinh xéc.

bé thay dugc tinh da nang cua phuong
phap s6, sau day giéi thiéu mot vai két qua
mang tinh md phong, dinh tinh bang md hinh
sO. Hinh 5 1a hinh anh phén tich lun syt bang
phan mém Phase2 cho hai truong hop khai thac
via ndm ngang a) va via doc nghiéng b). Két
qua nhan dugc cho thay, vé mit dinh tinh hoan
toan phu hop véi cac két qua phan tich bang cac
md hinh giai tich trong [5,6,7].

Bdng 3. Cdc ham anh huwéng ciia mét so tac gid trén thé gioi [5,6,7]

Téc gid Dang ham anh hudng Céc tham sb Mo ta
1 1 O : goc anh huong
Bals . 5,| < Htad . A A .
(1032-1933) .1 (1+ tg 25) 12+ H?2 g ;I]éCChleu sau khai
Beyer 31 |2 v,y = Hetgy 1: khoang cich dén
1B X
(1945) —.—2.[1——2j l<r diém khao sat
7 Tg s — B I : Ban kinh dién
Knothe 1 12 B.r. =Hctgp tich anh huéng gi¢i
(1957) —-&Xp| —7T— han
I I

P : gbc pha hity

Kochmanski b] o e
L e o s
271 F(b) "o J ° I: ﬁam ga}r]na
b(H ) - 5-1120lgH A ; bién s6 tich
1+0,672IgH phén
Ehrhardt & 2] I, :tham s6 doc lap
S 46 1 I 0 T
auer (1961) —=eXp —4,6(—
T I g
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a)

b)

Hinh 5. Két qua phan tich dich dong va lan sut khi khai thac than
a) via bang; b) via nghiéng

Trén hinh 6 14 vi du phéan tich bang phan
mém FLAC 2D, cho truong hop khai thac via
dbc bén suon nui. Hinh 6 a) 13 so dd bai toan
hay mé hinh bai toan dia co hoc. Mién duoc xét
1a mat cit ngang qua mot 16 chg khai thac via
than bén suon nui, dugc chia boi ludi sai phan
thanh cac phan tir hay 6 nho. V&i mién duoc xét
du xa so voi kich thudc 10 khai thac, nén tai cac
bién thang dung diéu kién bién dugc chon & day
1a dich chuyén theo phuong ngang bang 0; con
tai bién ngang phia dudi co6 diéu kién bién la

dich chuyén theo phuwong ngang va phuong
thang ding déu bang 0. Khdi da vy quanh va
khéi than duge mod phong 1a méi trudng dan hoi
déo, vai cac tham s co hoc néu trong bang 4.

Hinh 6 b) 1a két qua phan tich dich chuyén
theo phuong thang dung, hinh 6 c) cho thiy
hinh anh dich chuyén 13 Iin syt trén mat dat va
hinh 6 c) la vung ph4 huy do kéo (mau tim) va
do cit (mau d6). Két qua nhan duoc cho thiy rd
nét anh hudng cta bé mat suon déc dén mat lin
sut cling nhu sy hinh thanh ving pha huy.

Bdng 4. Cdc tham s6 co hoc ciia dd va than

Vat liéu Céc tham sb co hoc
Mat |Do bén kéo|M6 dunnén| Mo dun | G6c ma sat | Cuong d6 luc
do don truc | thétichK | truot G trong ¢ dinh két ¢
glem®| o= [MPa] | [10°Pa] | [10° Pa] [d0] [MPa]
D4 (dong nhat hoa)| 2,63 9,1 11,6 8,7 41,3 20,5
Than 1,3 3,2 2,6 1,3 35 14

Hinh 6. Qua trinh pha huy, sut Iin khi khai thac via dé¢ bén suon nui
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5. Két luan

Nghién clru du bao qua trinh pha huy cling
nhu ltn sut dén mat dat do khai thac mé ham 16
1a van dé rét phirc tap. Cho dén nay d c6 nhiéu
mo hinh giai tich duoc dé xuat. Thi nghiém véi
md hinh vt liu tuong duong cling dugc su
dung 13 cong cu dic luc khi can thiét. Tuy
nhién, vi cdc mo hinh gidi tich dugc xay dung
kho cha ¥ hét duoc cac yéu to anh hudng, tac
dong dén qua trinh pha huy, lan sut, nén khong
thé bao quat dugc bai toan thuc té. Mdi mé hinh
thuong chi ¢6 nghia d6i v6i khu vuc nhét dinh,
trong tng véi cac didu kién dugc nghién ciru,
quan tric khi xdy dung mé hinh.Thi nghiém mo
hinh vét liéu tuong duong, hay md hinh vat ly
1a mot giai phap ho tro dac luc cho cong tac du
bao, song doi hoi nhiéu thoi gian, chi phi va
cong stc, nhung ciing khong thé chu y  duoc
nhiéu yéu t6 anh hudng khac nhau. Céc phuong
phap sb, xay dung theo phuong phap phan tir
hiru han (Phase 2) hodc sai phan hitru han
(FLAC 2D) cho phép 1ap duge cac mod hinh chd
y dugc cac yeu t6 hinh hoc phi tuyen chu y
duoc cac yeu cAu truc dia chét cua khoi da. Két
hop do dac, quan tric véi mé hinh sb chéc chin
s€ dem lai cac hiéu qua du bao hop ly vé céc tai
bién dia chat co thé xay ra trong khai thac ham
10. Puong nhién, dé 4p dung c6 hiéu qua cac
md hinh sd, nhét thiét phai c6 dugc cac dir lidu
khao sat, thim do dia chat, dia k¥ thuat tSt hon,
chinh xac hon.
Loi cam on. Cong trinh dugc hoan thanh voi su
tai trog cua BO Khoa hoc va Cong ngh¢ Viét
Nam, dé tai nghién ctu mi s6 DT.NCCB-
PHUD.2011-G/13. Céac tac gia xin chan thanh
cam on.
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Summary
Investigation on development of geomechanical models for collaps and subsidence pridiction
in underground coal mining in region Quang Ninh
Nguyen Quang Phich, Pham Van Chung
University of Mining and Geology
Until now, the prediction techniques of mining collaps and subsidence, a common form of

geohazards in underground mining, fall

under

two basic categories, empirical and

phenomenological. The empirical theories are principally based on observations and experience
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from field collaps and subsidence studies. Some of the empirical or analytical models have proved
sufficiently reliable for collaps and subsidence prediction, at least for a given region. Many of these
have been successfully applied in a number of countries, especially in Europe. Phenomenological
techniques are based on equivalent material modeling principles where the collapsing and subsiding
strata are mathematically represented as idealized materials that obey the laws of continuum
mechanics. But the equivalent material modeling method has not achieved much success to date,
mainly due to the difficulty of representing complex geologic properties of the strata and also very
costly and time-consuming. The paper presents some analytical or empirical models and some
investigation results by using numerical tools. These results, obtained from the numerical models,
shows obviously the advantages of numerical methods.
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SUMMARY
Research and calculation on the movement and deformation of surface rock
in Khe Cham I1-1V underground coal mine

Nguyen Van Sy, College mines Vietnam-Soviet Friendship
Vu Thanh Lam, Vietnam National Coal - Mineral Industries Group - Vinacomin
Tran Van Thanh, Le Quang Phuc, University of mining and geology

The underground exploitation creates the voids in underground which changes the nature
stress in rock mine, creating some types of vertical deformations: inclined, curved, twisted
displacement and horizontal ones: elasticity and movement. This deformation and displacement can
result in depression, collapse, cracks at surface area. Therefore, to ensure safety when designing the
mining Khe Cham I1-1V under opencast pits the time to identify dangerous deformation of rock is
very important. Therefore, the paper offers the results calculated by the method of research VNIMI
Institute (Russian) which the plausible reference foundation which enables to plan the extracting
schedule, guaranteeing the effective combination between opencast and underground mining in this
area.
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