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Trong qud trinh khai thdc qudng titan sa khodng sé tao ra cdc khodng tréng,
kich thwéc nhieng khodng tréng nay phu thudc vao quy mé khai thdc va
chiéu cao tdng cdt chira titan. Mt trong vdn dé cdn thiét trong khai thdc
titan sa khodng la ddm bdo bor mé én dinh. Mirc d6 6n dinh bor mé ¢6 quan
hé mdt thiét vai théng s6 hinh hoc bo mé nhw: chiéu cao bo, géc nghiéng bor
va hinh dang bo. Nhw vdy, viéc xdc dinh dwoc cdc thdng sé hinh hoc bor mé
dé dam bdo bo mé 6n dinh theo gid tri nhdt dinh la mét vdn dé can thiét cho
sw ton tai ctia mé. Do d6, bai bdo dé xudt xdy dwng méi quan hé gitva mikc
do én dinh bo mé vai théng s6 hinh hoc bér mé cho mé khai thdc qudng titan

sa khodng khu vyrc Binh Thudn.

© 2017 Trwdong Pai hoc M6 - Pia chit. T4t ca cac quyén dwgc bao dam.

1. M¢& dau

Viét Nam c6 tiém ning l6n vé triv lwong
khodng san titan sa khodng phin b6 chu yéu doc
b¢r bién. Khoang san titan hiu hét ndm trong cac
tAng cat c6 do sau tir bé mat téi 10m dén téi 100m.
Cong nghé khai thac cho quang titan sa khoang
hién nay dang duoc str dung la khai thac bang strc
nudc (be hut két hop véi cac vit xoan tuyén tho),
tao ra cac moong khai thac trong qua trinh khai
thac theo mdt trinh tw nhat dinh. Piéu nay c6 thé
tao ra sut 1& dot ngdt cia bo mo, ddc biét la trong
ting cat dé c6 do dinh két 16n, giy thiét hai vé
nguwoi va cac thiét bi khai thac bo tri & trong
moong khai thac. Van dé cip thiét dit ra la phai

*Tdc gid lién hé
E-mail: thaoquile2008@gmail.com

thiét 1ap moi quan hé gitra cac thong sé6 moong
khai thac nhw: chiéu cao, géc nghiéng b& moong
dam bdo do on dinh cin thiét va dinh hwéng trong
qua trinh khai thac luén luén phai dat dwoc mot
g6c b mong nhat dinh da dat ra.

2. Pac diém quing titan sa khoang khu vwc
Binh Thuin

Titan sa khodng khu vyc Binh Thuin niam
trong khu vuc dia hinh dang d6i ndi ven bién, phan
bd doc theo ven bién tao thanh dai kéo dai. Dac
diém dia hinh 1a nhitng con, go cat c6 kich thwérc
va hinh thai khac nhau. Trén bé mat dia hinh chua
yéu trong cac ciy chong x6i mon, chéng cat bay.
Mang lwéi song sudi it phat trién, chi yéu la cac
ranh xéi thoat nwéc trong mua mua.

Theo danh gia tham do cho thiy trong cac
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tram tich tudi Pleistocen hé ting Phan Thiét ton tai
1 than quang sa khoang titan - zircon phu kin dién
tich tham do. Ranh gidi than quang cong nghiép
khong ré rang khi quan sat mau 16i khoan, ma chi
khoanh dinh chinh x4c dwa vao két qua phéan tich
mau. Cac khoang vat quing sa khoang mau den,
kha tron canh, xdm tan kha dong déu, bé mit hat
quing bi nhiém ban. Thanh phin khodng vat
quang chu yéu la: ilmenit, zircon, rutil, anatas,
leucoxen va monazit.Thin quing phan bo véi
chiéu diy khac nhau, phu thudc vao tirng vi tri,
khoang tir 40m t&i 90m (Hinh 1).

Theo khao sat vé diéu kién dia chat thdy van
khu vurc, thanh phan thach hoc ctia 16p trén 1a cat
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thach anh hat nhé mau x4m, xdm trang dén niu
vang. Lop gitra 1a cat hat nhé 14n bot sét mau nau
dé, dé nhat. Lép dwéi 1a cat hat nhé 14n bot, sét
mau xam, xam vang. Dwa vao diéu kién thanh tao,
thanh phan do hat, dic tinh chira va lwu thong
nuwéc, ching t6i xép 3 16p trén thanh 1 ting chira
nuwée. Nwdce trong ting nay dwoc lwu thong va ton
tai trong cac 16 héng clia cat dwédi dang nwéc
khong ap. Hé s6 thAm 16n nhat 3,23m/ng-d, nho
nhit 0,31m/ng-d, trung binh 1,07m/ng-d. Bé day
tang chira nwéc lém nhat 32,1m, nho nhat 19,32m,
trung binh 25,5m. Ban kinh anh hwdng 1én nhat
98,3m, nho nhit 41,5m, trung binh 68,91m.
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Hinh 1. Mdt cat dia chdt ddc trung tdng qudng titan khu vwe Binh Thudn.

Guong quang

Hinh 2. Hé théng khai thdc dp dung cho cdc mé khu vwec Binh Thudn.
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4. Nghién ctru xdy dwng méi quan hé giira
mirc d on dinh bo' mé véi théng sé hinh hoc
bo’ mé cho mé khai thac titan sa khoang khu
virc Binh Thuén

4.1. Phdn tich cdc yéu té anh hwéng dén do 6n
dinh bo’ mo

Khoang san titan sa khoang khu vwc Binh
Thuan ndm trong tAng cat c6 dd bén yéu, chiéu cao
bo mé 1ém nén khi khai thac nguy co xay ra truot
1& rat cao néu khong xac dinh dwoc méi quan hé
goc nghiéng b mo véi chiéu cao bo. Dudi day, tac
gid dwa ra mot s6 cac nhan t6 ma c6 anh hwong
dén do6 6n dinh cia b&r mo trong qua trinh khai
thac cta né. Nhitng nhéin t6 nay c6 thé lam ting
rng suit gy truot hodc 1am gidm do bén cit cla
dat da trong bo' mo. Nhirng nhén té chinh gom:
trang thai (ng suit trong b mé, mue nwdc ngam,
thong s6 hinh hoc b&r md, phwong phép khai thac.

4.1.1. Trang thdi trng sudt trong bor mé

Khi khai thac mé sa khoang titan sé tao ra
khodng trong dé lai bo mo c6 chiéu cao 1én. Trang
thai rng suat nguyén sinh trong b& mo sé bi thay
d6i hinh thanh trang thai &ng suat thi sinh, v&i sw
sudt hién cac ving &rng suit tang cao & chin bo
déc va vung (ng suit gidam & phin phia swon bo
déc (Hinh 3). Nhitng khu vire nay c6 nguy co xay
ra trieot cao nhat trong bo' mé, gobm vung trng suit
giam xudt hién dwdi trang thai ing suat don nén
do6 bén dat da thap, nguy co rat dé xay ra trwot, con
khu vire rng suit tiang cao & chan b ddc, ton tai &
trang thai rng suat khéi, nhung rng suat tp trung
qué cao nén rit dé xay ra truwot & khu vuc nay
trudc.

4.1.2. Nwéc ngdm trong bor mé

Nuéc ngdm duwoc thé hién bang dudng cao
trinh muc nuéc ngdm, & trang thai dia hinh bang
phéng dwong cao trinh c6 xu hwéng ndm ngang.
Nhwng khi mé titan khai thac hinh thanh b doc
thi dwong cao trinh ¢ xu hwéng la mét duwong doc
veé phia khai trwong khai thac (Hinh 4). Khi dang
cao trinh c6 hinh dang nhw vay sé xuat hién ap luc
cla nwéc ngdm tac dung vao bor mo. Khi dé, bor mé
sé tang nguy co xay ra trwot, ap lyc cia nwéc
ngam phu thudc rat Iém vao vao do cao cua cao
trinh mwc nwéc ngdm va do déc dwong cao trinh
murc nwéc ngdm (Jonny Sjoberg, 1996).
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Hinh 3. Phdn bé teng sudt khi hinh thanh bo mé.
Ving 1: ting sudt kéo; Vung 2: tng sudt giam;
Viing 3: trng sudt tdng cao; Viing 4: ting sudt
luén duy tri mikc cao (Jonny Sjéberg, 1996).

Phéu ha thip
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Chén bd

Hinh 4. Hinh dang myc nwéc ngdm hinh thanh
khi mé tién hanh khai thdc.

4.1.3. Théng s6 hinh hoc bor mé

Cac thong s6 quan trong cta hinh hoc bor mé
gay ra mit 6n dinh b&r moé gébm chiéu cao va goc
nghiéng b& mo. Nhin chung, dé 6n dinh bo mé
gidm khi ting chiéu cao bo mo. Piéu nay dworc ly
giai khi chiéu cao bor ddc ting, thi luc cit bén trong
chan b¢r déc ting do ting thém trong lwong khéi
trwot. Luc cdt con lién quan téi goc nghiéng bor
mo. Khi géc nghiéng bdr mé ting, luc cit ting so
v6i ap luc (hay lwc cit 16m hon lwc ma sat). Diéu
nay 1a nguyén nhin lam gidm d6 6n dinh cda bo
moong.

4.1.4. Phwong phdp khai thdc

Mo khai thac titan sa khoang khu vuc Binh
Thuén st dung cong nghé khai thic, tuyén bang
strc nuwée, cu thé 1a beé hit va cac cum tuyén vit
xoan. Khoang tréng khai thac dich chuyén dan
theo hwdng beé hit, con cat thai sé dwoc do thai lai
phia sau. Trong hoat dong khai thac titan c6 hai
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van dé ton tai anh hwdng dén 6n dinh bo moong
la st dung nguén nwéc ngdm phuc vu cho khai
thac va khong dam bao goc bo mé theo thiét ké
ban dau khi khai théac. Viéc khai thac titan c6 nhu
ciu qué lém vé nwdc ngdm do cdng suit khai thac
quéa 16m sé tao ra phéu ha thAp muc nuwérc ngadm cé
do6 chénh cao 1én va déc vé phia bor moong. Tir d9,
tao ra ap luc nwéc ngdm lén tac dong vao bo mo
nhwr mdt luc gay trueot. Con viéc khai thac khéng
dam bao duy tri géc nghiéng bo mo theo thiét ké
cling sé lam tang lyc giy trwot va lam mat 6n dinh
b& moong dan téi tao ra khéi trwot vao khai
treong.

4.2. Phwong phdp ddnh gid én dinh bor mé

Cac phwong phap dwa trén ly thuyét cAn bang
giéi han dung cho danh gia 6n dinh bo déc da
dwoc str dung tir lau. Phwong phap nay ap dung
phd bién cho danh gia mat trwot dang cat tron. D6
1a dang trwot pho bién trong dit c6 do bén trung
binh va yéu va rat pht hop véi tinh chat co ly mo
quang titan sa khoang & khu vuc Binh Thuan. Ban
chat cia phwong phap danh gia nay dwa trén viéc
gid dinh mat trwot, sau do6 tién hanh chia khoi
treot thanh cac khéi thang ding (Hinh 5).

Dbé danh gid dwa ra mirc d6 O6n dinh nhit dinh
cho b md, st dung phuwong phap ly thuyét can
bing gid¢i han tién hanh so sanh theo phwong trinh
can bang mo6 men (1) hoic phwong trinh can bang
Iwc (2). V&i phuwong trinh can bing m6 men nham
muc dich so sanh gitta m6 men gitr va m6 men gay
trwot, con phwong trinh can bang lwc nham muc
dich so sanh gitra Iuc gitr va lwc giy trueot ton tai
trong khoi trrot.

Phuong trinh (1) tinh toan do 6n dinh theo
phuwong trinh cAn bang mé men (Krahn, 2004).

Ea

Hinh 5. Thé hién hinh dang mdt trwot va cdc lwc
tdc dung lén cdc khéi (Krahn, 2004)

_ D (' R+(N-up)tge) .
D Wx—> Nf +> Dd (1)
Phwong trinh (2) tinh todn d6 6n dinh theo
phwong trinh cin bang luc ngang (Krahn, 2004).

n:Z(C'ﬂCOSa+(N —up)tgpcosa) 2

D Nsina-) Dcosw

Trong do:

¢’ - cwong d6 luc dinh két cua dat da.

- gbc ndi ma sat cta dat da.

u- 4p lwc nwéc ngdm ctia moi khéi truot.

N- lic phap tuyén & day mdi khéi truot.

W- trong lwong mdi khéi truot.

D- lwc tir bén ngoai, (* phu thudc vao huwéng
lwc bén ngoai).

B, R, x, f, d, w - twong tng chiéu rong khéi, ban
kinh mat trwot, canh tay don cia W, N va D.

a. - goc nghiéng clia ddy moi khéi truot.

Do c6 sw khac nhau vé phwong trinh cAn bang
(lwc hodc mémen) va st dung thanh phan luc
twong ho tir cac khéi bén canh (lwc phép E va luc
tiép X) 1én khéi dang xét. Tlr d6, hinh thanh mot s6
phwong phap danh gia khic nhau thé hién cu thé
trong Bang 1.

Ngoai viéc thda man cin bang vé luc va mo
men so v&i phwong phap Bishop va Janbu (Hinh
6) thi phwong phap danh gia Morgentern-Price
con xét méi quan hé luc twong hd theo phwong
trinh (3) ctia (Krahn, 2004).

X=EA.f(x) 3)

Trong do:

f(x) - la mot ham.

A - ti 16 ham dwgc str dung.

E- lwc twong ho phap tuyén ctia moi khéi.

X- lwc twong ho tiép tuyén ctia moi khéi.

Ham f(x) trong phwong phap Morgentern-
Price la mot ham half-sine, (Hinh 7). Ttr hinh vé ta
thay, duwdng cong phia trén 1a mot ham lwc thuc té,
con duwong cong phia dwéila mot ham lwc duoc st
dung. Ti 1€ gitra hai dwong nay la gia tri A.

Nhw vay, st dung phwong phap danh gia
Morgentern-Price cho két qua vé d 6n dinh bo
mo chinh xac hon so véi cac phwong phap Bishop,
Janbu va Spencer.

n

3.3. Xdy dwng méi quan hé giiva dé én dinh bo
moé véi théng s6 bor mé cho cdc mé khu vwc
Binh Thudn.

Do 6n dinh ctia bor moong khai thac phu thudc
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Bdng 1. Cdc phwong phdc ddnh gid str dung cdn bang mé men va luwc, (Krahn, 2004).

Phwong phap danh gia Can bang mémen Can bang luc

Ordinary or Fellennius Co Khong

Bishop’s Simplified Co Khong
Janbu'’s Simplified Khong Co
Spencer Co Co
Morgenstern -Price Co Cé
Corps of Engineers-1 Khéng Co
Corps of Engineers-2 Khong Co
Lowe-Karafiath Khong Co
Junbu Generalized Co Co
Sarma-vertical slices Co Co

Bdng 2. Bdc trung cdc luc twong hé va méi quan hé giiva chiing theo tirng phwong phdp (Krahn, 2004).

(o oas <. Lwctwonghdé | Lwctwong | Str dung E/X va mdi quan hé giira
Phwongphdp danhgia | |0 v ven (B) | hé cit (X) EvaX
Ordinary or Fellennius Khong Khong Khong luc twong hod
Bishop’s Simplified Cé Khong St dung luc E
Janbu's Simplified Co Khong S dung lyc E
Spencer Cé Cé St dung E va X, E/X 1a hang s6
Morgenstern -Price Co Co Bién thién theo ham
Corps of Engineers-1 Co Co b0 nghiéng clia mot dwong tir dinh
Corps of Engineers-2 6 Cé b6 nghiéng cua rr}at dat & dinh moi
manh
Lowe-Karafiath Co Co Trung blP h cua ma;t _dat7 vagoc
nghiéng ddy moi manh
Sarma-vertical slices Co Cé X=C+Etgp
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Hinh 6. Cdn bang vé lwc va mé men giiva
Morgentern - Price va Bishop va Janbu
(Krahn, 2004).

Hinh 7. Ham lyc twong hé half -sine (Krahn,
2004).
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Phirong phap danh gia: Morgenstern-Price
Hirdng tnrot: Phai sang Trai

Mt trrot xay dueng: Tam va Ban kinh
Ap hec mrée ngam: Cao trinh mirc nghm

Phirong phap danh gia- Morgenstern-Price
Hwéng tnrot: Phai sang Trai

Mat trrot xay ding: Tam va Ban kinh
Ap hrc mrée ngam: Cao trinh mec nghm
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Hinh 9. Ddnh gid do 6n dinh bo mé va mdt trwot yéu twong tng vdi géc bor mé 290.

vao yéu td dau vao nhw nwéc ngdm va hinh dang
khéi trwot va lwa chon phwong phap danh gi, xac
dinh nhiéuvi tri mat trwot. Tac gid st dung phin
mém Slope/W ctia hiang Geoslope trg gitp trong
viéc xac dinh d 6n dinh bo moé. Phin mém nay
dwoc viét dua trén co sé ly thuyét vé can bang gioi
han, phu hop véi cac dang truot xay ra khong theo
cdu trac. Trong qua trinh khai thidc quang titan
khu vire Binh Thuén dé lai cic moong khai thac véi

chiéu cao 1én t¢i 90m. Nhw viy, chiéu cao nay la
chiéu cao ma b doc sé c6 nguy co mit 6n dinh cao
nhat. Do d6, viéc xay dwng moi quan hé gitra do 6n
dinh b& mé va thong sé hinh hoc b&r mé ciing
chinh la xay dwng m6i quan hé giira d6 6n dinh can
thiét va goc nghiéng bor mé theo chiéu cao nay. Cac
thong s6 dau vao dwgc dwa vao phdn mém nhw
thong s6 hinh hoc bo mé gom tinh chét co ly dat
da (trong lwgng dit da bo moong, goc ma sat trong
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trong, lwc dinh két) va dwong cao trinh mue nwée
ngiam dwoc thé hién cu thé trong Hinh 8.

Téac gia tién hanh danh gid d6 6n dinh bor mé
vGi sy thay d6i mot loat cac thong s6 vé hinh hoc
b&r mé (cu thé 1a gbc bor mo). Mdi mot sy thay doi
vé goc bor mo, tic gid xac dinh dwgc hé s6 6n dinh
b& mé nhat dinh va hinh dang mat trwot yéu nhat
trong b nhw Hinh 9.

Nhuw viy, thong qua xay dung mot s6 mo hinh
b moong trong phan mém Slope/W tir su thay
d6i goc nghiéng bo moong, sé xac dinh dwgc cac
gia tri d6 6n dinh twong ng dworc thé hién cu thé
trong Bang 3. Méi quan hé gitra mirc 46 6n dinh bor
mo va géc nghiéng bo' mé dworc xay dung thé hién
cu thé qua d6 thi Hinh 10 tir cic diém roi rac gitra
hé s6 6n dinh va goc 6n dinh bo mo, st dung
phuong phap quy hoi xay dwng ra phwong trinh n
= 20.990:84 vGi R2=0.998 (trong d6 n -hé s6 6n
dinh bo mé, a - goc nghiéng bo ma).

Bdng 3. Sw thay do6i d6 6n dinh phu thudc vao goc
nghiéng bor mong.

Gocbo | oo | 97 |29 | 31 | 33
moong, do
Hé s6 6n dinh[1.382]1.303[1.23[1.153[1.096

5. Két luan va kién nghi

Khoang san titan sa khoang khu vuc Binh
Thuin c6 tiém nang lén vé trir lwong va ham
lwong. Cac mo titan khu vwe nay thwdong st dung
phwong phap khai thac strc nwdc (cac be hat va
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cac vit xodn tuyén thé dwoc l3p dat tai khai
treong). Khé khan cia mo titan khu vyc Binh
Thuan 1a chiéu cao bér khai thac rat16m, c6 chd dén
90m. Do d6, khé dam bao 6n dinh b mé trong qua
trinh khai thac.

Bai bao xy dwng moi quan hé gitra d6 6n dinh
b mé va théng s6 hinh hoc b mé cho cdc mo khu
vuc Binh Thudn véi sy tro gitp ciia phin mém
Slope/W cuia hing Geoslope. Pay la co sé& cho cac
mo tinh toan lya chon goéc nghiéng bo mo phu hop
v&i chiéu cao borva dd 6n dinh bo mo véi diéu kién
thuc té ctia cdc mé khu vuee nay. Ngoai ra, dé dam
bao mo ludn khai thac theo ding goc nghiéng da
dwoc xac dinh cu thé theo tirng khu vuec trong mé,
mo phai co giai phap khai thac nhw dung sting ban
nuwéce lam sut 16 gwong khai thac cwdng birc dé
luén duy tri goc nghiéng hop ly véi chiéu cao 16n
nhit dinh.
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chiéu cao bo la 90m.
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ABSTRACT

Study on establishing the relationship between the factor of safety
and pit slope geometry parameters for titanium ore mines in Binh
Thuan Provice

Viet Van Pham 1%, Thao Qui Le !, Hoa Thu Thi Le 1
1 Faculty of Mining, Hanoi University of Mining and Geology, Viet Nam

The extraction of titanium ore in the central province of Binh Thuan will create deep pits
in which sizes depend on the production rate of mines and the height of sand-bearing layers.
One of the essential issues in the exploitation of this ore is to ensure a certain slope stability.
Stability factor has a close relation with pit slope geometry parameters, including slope
height, slope angle and slope shape. Thus, determining the parameters to ensure the stability
with a specific value of stability factor is an essential issue for mine existence. The content of

the research is to determine the relationship between the factors of safety and slope
geometry parameters for titanium ore mines in Binh Thuan Province.



