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Tém tit

Khai thdac 1o thién ¢ Phu Yén, ddc biét la khai thac da lam vdt liéu xdy dung thong
thwong ciing nhie khai thac cdc loai khodng san khdc, doi héi sw quan tam ki heong dén ddc
diém tinh chat co Iy cua dat déa vi né anh hwéng quan trong t6i viéc lira chon cong nghé khai
thac, déng bé thiét bi va cdc thong 56 ctia hé thé’ng khai thac. Qua trinh hoat dong ctia mo 1o
thién, cdc bo doc, swon tang, bo mé va bdi thai dwge hinh thanh. Tiy thudc loai khodng san
dwoe khai thdc, cong nghé - thiét bi khai thac, phirong phdp khai thac, quy mé, céng sudt khai
thac, diéu kién dia chat, dia chat thuy van, ma cdc bo doc, swon ldng bo mé co hinh dang kich
thwée va dé on dinh khdc nhau. Khi mé khai thdc xuong sau chiéu cao bo mo sé tang, dong thoi
ciing lam ting nguy co vé mat on dinh bo- mo. Vi vay, van dé can quan tam la phai dam béo an
toan, hiéu qua khai thac, én dinh cho cdc tcing va bo ding tam thoi hodc bo két thic khi khai
théc xudng sdu cé y nghia quan trong doi véi mé. Nghién civu ddnh gid cdc yéu té anh huwong
dén dé on dinh ciia bo mé va dé xudt cdc giai phdp nham nang cao dé on dinh ciia bo mé la hét
stkc can thiét khi khai théc xuong sdu, gop phan giam thiéu nguy co trieot 16 dam bao dé on dinh
bo mo khi két thiic khai thac.
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Abstract

Open-pit mining in Phu Yen, particularly for contruction materials and other minerals,
requires meticulous attention to the rock mass structure because it significantly influences the
selection of mining technology, equipment synchronization, and the parameters of the mining
system. During the operation of open-pit mines, talus, bench faces, mine slopes, and waste
dumps are formed. Depending on the mining method, scale of operations, duration of the mine
slopes, the physical and mechanical properties of the soil and rock, as well as geological and
hydrogeological conditions, the mine slopes and bench faces exhibit various shapes, sizes, and
stability levels. As the mine delves deeper, the height of the mine slopes increases, consequently
leading to the risk of instability. Therefore, ensuring safety, efficiency in mining, and stability
for the layers and temporary berms or final slopes as mining progresses downward is crucial
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for the mine. Studying and assessing the factors influencing the stability of mine slopes and
proposing solutions to enhance their stability is crucial when mining deeper. This contributes to
minimizing the risk of landslides and ensures the stability of mine walls upon completion of
mining.

Keywords: Open-pit mining; mine slope stability, landslide

1. it van dé

Cong nghi¢p md ndi chung va nganh khai thac 19 thién noi riéng da va dang dong gop
vai tro rat 16n trong qua trinh phat trién kinh té - xa hoi cua tinh. Hoat dong nay, gbp phan
giai quyét nhu cau vé nguén nguyén vat li€u, tao viéc 1am cho lao dong ¢ céc dia phuong
noi ¢6 mo. Tuy nhién, qua trinh khai thac phat sinh cac van dé lién quan dén méi trudng, an
toan lao dong, sat 16 suon téng khai thac, bai thai, su pha v cac hd chua quang dudi,...

Theo bao cao cia UBND tinh Pha Yén s6 29/BC-UBND ngay 25/02/2022, vé cong
tac quan 1y nha nude vé khoang san, tinh hinh hoat dong khoang san trén dia ban tinh Phu
Yén, hién sb gidy phép khai thac khoang san con hiéu luc 14 45 gidy phép (trong d6: 07 gidy
phép cua Bo Tai nguyén va Moi trudng cap va 38 gidy phép do UBND tinh Phu Yén cap).
Nhin chung, cac don vi hoat dong khai thac trén dia ban tinh déu chap hanh nghiém céc noi
dung cta gidy phép dugc cap va cac quy dinh phép luat ¢é lién quan.

On dinh bd mé 1a mot trong nhiing van dé chinh trong khai thac 19 thién hié¢n nay. B9
6n dinh cia bd mo ¢6 lién quan dén an toan mo, bién gidi gidi han va géc dbe by mo, chiéu
sdu gidi han mo 16 thién, khéi lwong dat d4 boc,... Po 6n dinh bd mo ¢6 lién quan truc tiép
va quyét dinh dén cac chi tiéu kinh té k§ thuat cho cic mo 16 thién khai thac xudng sau.

Pic diém ndi bac cua phuong phap khai thac 16 thién khi khai thac xudng sau 1a phai
boc di mot lwong 16m dat d4 phu & phia trén va xung quanh than quiang. Nhu vay, cang khai
thac xudng sau khéi lugng dit béc cang 16n. Nhidu mo khi khai thac xudng sau thuong xut
hién cac hién tugng trugt 16 bo mo gay mét an toan cho nguoi va thiét bi lam viéc. Piéu nay
1am thu hep bién gidi khai thac, ting hé sé béc, giam san lugng, tang chi phi san xuat va gia
thanh khai thac,... gdy ton that tai nguyén khoang san va anh huong khong nho t6i hiéu qua
san xudt kinh doanh ctia doanh nghiép.

2. Nhirng yéu t6 anh hwong dén d 6n dinh ciia bo mé
2.1. Anh hwong cua cdc yéu to tw nhién dén dp on dinh ciia bo mé

Cac yéu t6 dia chat nhu diéu kién hinh thanh da, kién tao, phong hoa, su bién chét,. ..
¢ anh huong rat 16n dén do bén vimg cua dit da vi thé chung c6 anh huong tryc tiép dén
d6 6n dinh ctia by mo 19 thién.

D6 6n dinh ciia bd mo bi giam khi dic tinh bén cua d4 bi giam, khi ting goc doc hay
d6 cao ctia bo va khi tang cac tai trong phu 1én bo déc. Tinh chit bén cua da trong khdi phu
thudc vao tinh chit cua khe nit, mic do khe ntt va mirc do nham trén cic mat yéu. Mac
khac, vi tri mat trugt trong bo dbe phu thudc ph'?m 16n vao cac mat yéu (madt via, mat phan
16p, dit gy khe nit kéo dai,...) ¢6 thé nam ddc dung, doc xién hudng vao khai truong khai
thac.

Khi & trang thai nguyén sinh, dat da mo ton tai trong trudng Gng suit nguyén sinh
dudi trang thai cAn bang tmg sudt va it xay ra truot 16 & diéu kién tu nhién. Khi tién hanh
khai thdc mé s& hinh thanh su phan bd tmg suat méi, lam thay ddi trang thai (mg sut trong
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bd mo, pha v trang thai can bang va xay ra hién tuong truot 16.
Céc dang trugt 10 thuong xdy ra trén mo 16 thién bao gdm: trugt theo mat phang, khéi
trugt hinh ném, mat truot dang cong hay cung tron, hién tuong da db (sut 1o dat da).

a. Trieot theo mat phéng; b. Khéi truot hinh ném; c. Mt truot dang cong; d. Sut lo dat dd
Hinh 1. Cdc dang truot 16 thuong xdy ra trén mo 19 thién, bo boc da.
2.2. Anh hwéng ciia cdc yéu té cong nghé dén dé én dinh ciia bo mé

Cong nghé khai thac cia mo 19 thién anh hudng dén d6 6n dinh cia bd mo nhu:
Phuong phéap khoan nd min, chiéu cao ciia by va ting, bo rong mit ting va sb lugng ting
trén bo, do cong cua bd trén binh do, tudi tho va phuong phép khai thac. Khi tang chidu cao
ctia bo thi do 6n dinh cia bo s& giam, vi vay khi ting chiéu cao cta bd can phai giam goc
déc cua no.

Trong thuc té cac mo khai thac 16 thién, hinh dang ctia bo mo co thé 1a bo 161, b 16m,
bo phang hay téng hop cac dang trén. Bién dang bd mo 16 thién phu thudc vao sb tang,
chiéu cao ting, goc nghiéng suon tang va chiéu rong cua nd. Khi mép tang trén va mép tang
dué6i cua mai déc trung v&i mat truot ct qua chan mai dbc thi hé sb du trir 6n dinh cua mai
déc 1a nhu nhau.

Cong tac khoan nd min tai cac mé d4 khai thac 16 thién c¢6 anh huéng dén do 6n dinh
bd mo. Qua trinh khoan nd min & nhiing tang riéng biét va doi khi ¢ ca mot nhom tang,
trong nhiéu trudng hop pham vi bién gidi nd min trong khdi da xuat hién nhiéu hé théng
khe nit mdéi, dac biét 1a sy mo rong cac khe nit nguyén sinh, khi cac khe nat nay hudéng
vao khong gian khai thac va goc nghiéng khe nit nim trong gidi han a > oy > ¢ (gdc
nghiéng suon tang, goc nghiéng khe nirt va géc ma sat trong b mit khe ntt).

Giira hudéng khe nit, géc nghiéng 18 khoan va géc nghiéng mai doc ¢6 mdi lién hé 1an
nhau. Khi géc nghiéng khe niit hudng vao khong gian khai thac oy < 45° thi géc nghiéng 15
khoan khong anh huong dén géc nghiéng suon ting; Khi géc nghiéng khe nut cim vio
khong gian khai thac mot goc 46 = 70° thi phai sir dung 16 khoan xién, diéu nay cho phép
sau khi nd min géc nghiéng ciia sudn ting song song voi gbc nghiéng cua khe nut; Ld
khoan thing dimg duoc sir dung trong trudng hop goc nghiéng cua khe nut 70 + 90°
3. Mt s giai phap nang cao dd 6n dinh ciia bo' mé

Trén co s phan tich cac yéu t§ anh hudng dén do 6n dinh cua by mo, tiy thude loai
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khoang san duoc khai thac, cong nghé thiét bi khai thac, phuong phap khai thic, cong suat
khai thac, tinh chét co 1y cua dat, ¢ ma lya chon mot hodc két hop dong thoi cac giai phap
sau day:
3.1. Gidi phdp kj thudt cdi tao swon ting khai thdc

a) Giai phap thuc hién trong qua trinh khai thdac

Khoan nd min: 1am toi dt, d¢a bang phuong phap nd min tao bién tai khu vuc két thuc
khai thac, dam bao taluy suon tang theo diing thiét ké khai thac.

Xtc bbc: to chirc giam sat thi cong xuc bdc theo gidi han, goc doc sudn taluy theo
thiét ké, giam sat chit ch& khau xtc boc dbi v6i nhimg khu vue sudn tang sau khi két thuc
khai thac.

Hinh 2. Hinh ddng mdt tang khi két thiic khai thdc Hinh 3. Hmh ddng mdit tang da cdi tao

b) Gidi phdp thuc hién sau khi két thiic khai thac:

Pé giir 6n dinh bd mo khi két thuc khai thac can ap dung dong bd mét sb giai phap
phong chéng can thiét. Diac biét 1a cac mo khai thac 16 thién cé diéu kién phuc tap vé dia
chét, dia chat thuy van, khau ngan thoat nudc la hét strc quan trong, sau do 1a cai tao bo mo
khi két thuc khai thac voi goc nghiéng suon tang hop Iy nhdam dam bao 6n dinh cho bo mo
khi da dung khai théc.

Goc dbc sudn tang khai thac dat o = 45 = 55°, trong khai thac da o = 75 + 85°, sau
khi két thuc khai thdc qua cdc miia mua c6 kha nang hinh thanh cac ranh nudc nho, giy
bién dang bé mit suon téng khai thac. Do d6, khi két thuc khai thac can phai cai tao lai suwon
tang, giam goc dc taluy suon tang. DSi voi bé mat suon tdng bi chia cit boi cac ranh nudc,
tién hanh boi, xén suon ting dam bao tinh 6n dinh. Trong cdy trén sudn tang khi két thuc
khai thic gop phan 6n dinh suon ting.

H‘ nh 4 Hmh dang mat tang khz ket thuc khal thac H‘ nh 5. Hmh dang mat tang da cdi tao
3.2. Giir én dinh cho bé mé, mdi déc
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Khai thac 19 thién 1a hoat dong tiém 4n nhiéu nguy co, dac bi¢t 1a vé sy sat 16 bd mo
va mai déc. Giir 6n dinh cho bod mo, mai dée trong khai thac 1a mgt nhi€ém vu quan trong,
doi hoi su dau tu va ung dung cac giai phap phi hop. Viéc lwa chon giai phap can dya trén
cac yéu té cu thé, tuén thu cac quy dinh an toan va thuong xuyén kiém tra, giam sat dé dam
bao an toan cho ngudi, thiét bj va méi truong xung quanh, cac giai phap cé thé ap dung:

Tao cac dai bao vé trén bd mo nham ngan chan hién tugng tréi 16 dét da tur témg trén
xudng tang dudi lam sat 16 bd mo.

Hoan thién hé thong thoat nude trén cac ting va xung quanh mé nhiam muc dich ngan
chédn sy bao mon, x0i 16 cia cadc dong nudc mat lam pha vd bo mo va lam yéu do bén viing
clia dit da.

Goc nghiéng ctia bo mé phai duge tinh toan sao cho phii hop vai tinh chat co ly ciia
dat da mo, diéu kién dia chat thuy van, chiu sau khai thac va thoi gian phuc vu ctia bd mo.
Néu bd moé nim trong khu vuc co ciu tao dia chét phurc tap va bi anh hudng nhiéu cia nude
mat, thi géc nghiéng ctia bod mo giam 30 + 40% so vdi cac gia tri trong bang 1.

Bing 1. Géc nghiéng va chiéu sdu mé phu thudc vao dé cirng ciia dat, dd

Dic tinh ca Do cimg Goc ngl‘liéng Goc nghiéng ctia b (d6) khi chiéu cao (m)
‘Bét a .(f) suon tang,
(d0) 90 180 240 300
R4t cung 15+20 75 + 85 60 ~ 68 57+65 | 53+60 | 48 +45
Cung va hoi cung 8+ 14 65 +175 50 + 60 48 - 57 | 45+ 53 48 +42
Cung trung binh 3+7 55+ 65 43 =50 41 + 48 39 +45 36 +43
H . X \
ormemva 1+2 40 + 55 30+43 | 28+41 | 26+39 | 24+38
mem

Giam tai trong khdi ddy (phan trén cua bd mo) va lam tang trong lwong khdi d& (phan
dudi cia bo) bang cach sir dung bd mo 16i. Trong truong hop khin cip bd mé cé nguy co
trugt 10, can nhanh chéng xtc bdc dat d4 tang trén ciing d6 xudng chan cua cac tang dudi
cling, nham giam lyc day va tang luc giir ctia bo.

Dbi voi nhitng suon doc dit da mém, co thé dung phuong phap ké da dé bao vé suon
dbc khoi bi phé huy cua nudc mat, nudc ngém va cac tac dong cua ngoai luc khac hodc
ding phuong phép xay tudng chin ¢ chan sudn déc dé han ché sy sut 16 cia dat da trong
suon doc.

1 i Igi'
Tuo'ug. Chm_‘df'

7

£/’ Géc nghiéng sudn ting e

. -

Hinh 6. Béc bo toan bé phan khéong én dinh  Hinh 7. Bio vé bo mé bang twong chdn & chdn
co nguy co truot lo mdi doc
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3.3. Lam thoii cdc bii thai va swon dbc

Trong khai thac mo 19 thién, bai thai 1a mot thanh phan tat yéu quan trong. Bai thai la
noi chita dat da béc trong qua trinh 1dy khoang san. Khéi lwong cua béi thai phu thudc vao
san lugng ctia mo va mdi quan hé gitra khdi lwong dat da phai boc va khdi lwong khoang
san khai thac duoc thong qua hé s béc. Hé sd boc cang 16n dong nghia véi khdi lugng dat
da phai boc cling 16n va hi¢u qua cua phuong phap khai thac 19 thién bi giam di.

Pé 1am thoai sudn dbc cac bai thai tién hanh lam thoai tir trén xudng va tir dudi 1én.
Céac thiét bi dé thuc hién cong viéc nay la may ui hoac may xuc. Ngoai viéc lam thoai suon
cac bii thai ¢ trén, dé dam bao 6n dinh lau dai cho cac suon dbc trong khu vire mo, can phai
tao cac bac thang ddi vai cac suon doc co do dbc 16n va kém 6n dinh.

$55555555555555555555555555%% $9555522222972255%%5555522%%

Hinh 8. Lam thodi tir trén xuéng Hinh 9. Lam thodi tie duoi 1én

Bt tréng cly

Hinh 10. Tao bdc thang lam thoai swon déc

3.4. Giai phap k¥ thuit n dinh bo mé bing ndé min tao bién dé giam nguy co sat 16 bor
mé vao giai doan két thic khai thac

Khi mé khai thac xudng sdu, chiéu cao bd mo s& tang, dong thoi ciing 1am ting nguy
co cao vé mat 6n dinh bd mo. Nhim nang cao do 6n dinh bd mo, ndé min tao bién 1a bién
phap hitu hiéu da dugc ap dung nhiéu trén cac mo 16 thién khai thac vat liéu xdy dung ciing
nhu khai thac cic khoang san khac. Cac thong sb nd min tao bién gdm dudng kinh 16 khoan
bién, duong kinh nap thudc, khoang cach céc 16 khoan bién va cAu tric lugng thudc,...Céc
16 min tao bién trong khai thac 19 thién thuong dugc nd trude tao khe so bd ban dau nhim
han ché tac dung cua séng nd cua cac 16 min pha vo dat da tac dong vao khu vire suon ting,
bd m6 cén bao vé.

Viée xéc dinh diing ap luc nd cua 16 min tao bién phil hop véi khoang cach cac 16 min
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tao bién 1a rat quan trong. Khi 16 min bién dugc nap luong thudc nd qua muc voi khoang
cach hai lugng thubc nd déng thoi canh nhau da xac dinh thi s€ sinh ra song nd manh tac
d6ng vao thanh 15 min lam xuét hién cac khe niit vao trong bo mo, gy mat 6n dinh by mo.
Nguoc lai, néu nap luong thubc nd nhoé so véi khoang céch hai lugng thube nd déng thoi
canh nhau thi s€ khong hinh thanh dugc vét nurt, tao mit tach. Do do, trong cong tac nd min
tao bién trén cac mo 16 thién hién nay phan 10n tinh toan cac thong sb theo cong thirc thuc
nghiém, dé diéu chinh luong thudc nd cin cir vao tinh chat co 1y cia dit d4 nd min, khoang
cach cac 16 min bién va ap luc nd trong 16 khoan sinh ra 1am co so xac dinh loai thude nd,
cdu trac luong thude gitp tinh toan téi uu cac théng sé nd min tao bién.

Pé nb min tao bién dat dugc hiéu qua thi cac 15 min bién phai giam duong kinh 15
khoan, giam khoang cach giita céc 16 khoan va str dung thudc nd nang lugng thip hodc phan
doan thudc nd. Muc dich cua ndé min tao bién la tao ra mot mat tach gitra 2 156 min bién. Mat
tach xay ra phu thudc vao khoang cach cac 16 min bién va ap luc nd tac dong 1én thanh 15
min bién. Didu nay c6 nghia, khi khoang cach cang nho thi bé mat bién cang nhin nhung
chi phi khoan no tao bién s& ting. Do d6, xac dinh khoang cach giira cdc 16 min bién rat
quan trong dam bao khoang cach 16n nhat ma c6 thé xudt hién mat tich nhin dé giam chi
phi san xuat.

_—i = e O
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1. Théi thuéc; 2. Bua cdt; 3. Ddy né,; 4. Phdn bé 16 khoan bién; 5. L6 min.
Hinh 11. So d6 nap thuéc 16 khoan va phdn bé 16 khoan bién
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4. Két luin

On dinh bo mo 1a mét trong nhitng vin dé chinh trong khai thac 16 thién hién nay &
Phu Yén, dac biét 1a khai thac da lam vat li¢u xay dung thong thuong cling nhu khai théac
cac loai khoang san khac. Khi khai thac xubng siu mét trong nhitng vin d& mo can phai
quan tdm 14 phai dam bao an toan, hiéu qua khai thac, vin dé 6n dinh cho cac tang, bo dimg
tam thoi hodc bo két thiic khi khai thac xudng sdu c6 y nghia quan trong d6i voi mo.

Cong tac nd min tao bién tai nhimg noi giap ranh bién gidi két thic khai thac 1a rat
can thiét nham tao diéu kién cho may xuc tao dugc mat suon tang bang phang va giam tac
dung chin dong 1én bd mo, gop phan lam bién gidi moé dam bao do on dinh khi két thic
khai thac.

Bién gigi két thuc khai thac, goc ddc bd mo, chidu sau giéi han mo 16 thién, khdi
luong dit da béc,... ¢o lién quan tryc tiép va quyét dinh dén cac chi tiéu kinh té k¥ thuat
cho cac mo 16 thién khai thac xudng sau. Trén co so phan tich danh gia va dé xuit cac giai
phap dé nang cao do 6n dinh cia bd mé nham khai thac an toan, dam bao cong suat theo
thiét ké va thu hoi tdi da tai nguyén khoang sanQ
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