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Tém tit: Mot trong nhiing nhiém vu quan trong khai thac mo da vat liéu xay dung (VLXD)
1a lya chon h¢ thong khai thac (HTKT) phu hop vi viée Iya chon sai co thé phat sinh nhiéu
van dé trong qué trinh khai thac, din dén cac khoan phi phét sinh cho chit mo hodc c6 thé 1a
nguyén nhan mat an toan cho nguoi lao dong, giam ning suat lao dong, anh hudng 1au dai
td1 toan b thoi gian ton tai cia mo tham chi mot s6 mé can phai diéu chinh thiét ké. Trén co
sO phan tinh toan di¢n cac yéu td anh huong dén viéc lya chon HTKT cho khu 2 mé d4 Lam
Son nhu: didu kién dia hinh, diéu kién dia chat, goc ddc sudn nui, yéu cau vé san lugng, von
dau tu, ... nghién ctru di dé xuit 02 phuong an HTKT c6 thé ap dung cho mo, thong qua
viéc danh gia cac chi tiéu kinh té—k¥y thuat ciia 02 phuong an dé xuit, nhém nghién ctru da
lra chon dugc HTKT hop 1y cho mé dam bao hai hoa giita cac tiéu chi vé an toan—moi
truong, dung k¥ thuat, c6 hiéu qua kinh té va pht hop véi thuc té san xuat. Phuong an dugc
chon dem lai hiéu qua hon cho khu 2 mé d4 Lam Son qua mdt loat chi s6 nhu: chi phi khai
thac thap hon, lgi nhuan dong nhiéu hon 2,5 ty dong va thoi gian thu hoi von nhanh hon 6
thang mic du vén dau tu nhiéu hon 2,5 ty dong.

Tiur khoa: Lam Son; HE théng khai thac; Pa voi; Dia hinh phrc tap; An toan lao dong; Hi¢u
qua kinh te.

1. Mé diu

Thanh Hoa c6 trir luong da voi 1on (khoang 29,1 ty m?) [1], véi chat lwong tét, pht hop
lam vét liéu xay dung thong thuong va san xut xi mang. P4 voi 1a ngudn nguyén liéu khong
thé thiéu trong san Xuat Xi mang, giao thong, xay dung, .... Trong nhiing nam gan day, dudi
ap luc phat trién kinh té cta tinh, cta cac dia phuong lan cén, cling nhu nhu cau da voi ngay
cang 16n, tinh Thanh Héa di diy manh viéc cip phép khai thic cic mo da VLXD thong
thudng c6 quy m6 vira va nh6. Hoat dong khai thac da VLXD trong nhimg nam gan day tai
tinh Thanh Hoa da gép phan nang cao doi séng nguoi céng nhan, tao viéc lam 6 6n dinh cho
hang nghin lao dong, phat trién kinh té—xa hoi cua dia phuong, cung cap nguyén lidu cho cac
nganh kinh té khac nhu xay dung, giao thong,.... Bén canh nhitng mit tich cuc ké trén, hoat
dong khai thac d& VLXD trén dia ban tinh Thanh Hoéa con tdn tai mot sé han ché sau: Cac mé
da VLXD duoc cip phép cé dién tich va cong suét nho; Phén 16n cac mo khai thac khong
dung thlet ké dugc phé duyét dan den hién tuong mét tang, tao thanh mang truot (khau suot)
gdy mét an toan lao dong; Mot sé mo ap dung HTKT khong hop ly, cac thong s6 hé thong
khai thac chua phu hop véi thiét bi mo, quy chuén, tiéu chuan k¥ thuat an toan, ... gdy anh
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hudng x4u toi méi truong, tiém 4n nhitng rui ro mat an toan lao dong trong qua trinh hoat
dong...[2].

Hinh 1. Mot s6 dang m6 d4 véi c6 cau tric phan 16p phirc tap dién hinh tinh Thanh Hoéa: (a) M6 da
voi tai xa Phu Nghiém, huyén Quan Hoa4; (b) Mo dé4 cia Cong ty Minh Huong, xa Dong Nam, huyén
Pong Son; (c) Mo da nai Vuc xa BPong Vinh va phudng An Hung (TP.Thanh Hoéa, tinh Thanh Hoa);
(d) Khu 2 mé da Lam Son, xa Ha Vinh, huyén Ha Trung.

Dé xay ra nhitng hiu qua trén, mot phan do cac doanh nghiép dugc cap phép khai thac
khong dung thiét ké duoc phé duyét, theo kiéu an x6i “dé& lam, kho bo”, ... nguyén nhan khéc
1a trong qua trinh thiét ké chua dua ra HTKT hop 1y, phu hop véi diéu kién dia hinh, dia chit,
cong suat mo.

Hién nay, viéc Iya chon HTKT cho cac mé d4 VLXD van chu yéu dua vao kinh nghiém
cua nguoi thiét ké, can ctr vao diéu kién dia hinh, tai liéu dia chit m6 ma don vi tu van s& dua
ra cac phuong an mé mé va HTKT s& ap dung cho mo. Nhu vay, viéc Iya chon HTKT van
chwra phan tich cu thé cac chi tiéu kinh t&, mirc ddu tu, quy mé khai thac, ciing nhu cac van dé
lién quan t&i an toan trong qua trinh khai thac.

ba tur 1au, viéc nghién ctru cong ngh¢ khai thac da da dugc cac tac gia nguoi Nga, My,
Australia, Canada... thyc hién. Trong do, cac gia nguoi Nga la mdt trong nhitng nguoi di tién
phong m& dudng cho khoa hoc cong nghé khai thac mo ra doi va phat trién [3-9], véi nhiéu
cong trinh nghién ciru khoa hoc sang tao. Tuy nhién, da phan cac nghién ctru nay déu str dung
mot sb dau hi¢u nhu: vi tri bai thai (bai thai trong, bai thai ngoai, bai thai hon hop), hudng
phat trién cua cong trinh mo theo mit cit dung (xuong sau, khong xudng sau), sd lugng bo
cong tac (mot hodc hai bo cong tac), huong phat trién cta tuyen cong tac trén binh dd (doc,
ngang, ré quat, vanh khuyén), vi tri twong ddi cta tram nghién so voi bién gidéi mo (tram
nghién dat trong md, ngoai mo, dit trén bo mé va tram nghién ty hanh theo may xtc), ....
Nhu vay, cac nghién ctru ndy da xay dung cac mé hinh cong nghé moé phu hop voi diéu kién
dia hinh, dic diém dia chat, thiét bi khai thac mo, noi ma ccac tac gia nghién cru mot cach ti
mi.. Dau hiéu phan loai cong nghé thong qua HTKT chu yeu dua vao ddi tuong xuc boc chinh
trén mo 16 thién 1a dat da thai. Vi hau hét cac mo nay déu c6 16p dat pha day, khéi lwong dét
da boc 1on, bai thai va vi tri cua n6 débng mot vai tro quan trong trong hoat dong khai thac cua
dang moé nay. Vi thé, ma cac phan loai cong nghé khai thac thong qua HTKT cia cac cong
trinh nghién ctru ngoai nude chua du dé co thé ap dung vao cac dang mo da VLXD cua Viét
Nam. Dé c6 thé Iya chon HTKT hop 1y 4p dung cho cic mo dd VLXD c6 diéu kién dja hinh
phuc tap ¢ Viét Nam, can ¢6 nghién ctru lya chon va ké thira nhirng mat dat dugc cua cac
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nghién ctru vé HTKT cua cac tac gia trong nudc va nude ngoai, loai bo nhimg yéu tb khong
phu hop dong thoi bd sung cac yéu t6 con thiéu dé c6 duoc HTKT phu hop dap Gmg yéu cau
phat trién bén virng ngudn ¢4 VLXD & nudc ta hién nay.

O Viét Nam, nganh cong nghiép khai thac noi chung, khai thac d& VLXD noi riéng bat
dau phat trién tir thap nién 60 nhung thuc sy khoi sac khi dt nude budce vao thoi ky d6i moi.
Thoi gian dau, cac mo khai thac d4 khai thac theo kinh nghiém ma chua c6 thiét ké. Xuat phat
tir cac yéu cau ciia thuc té clia san xuét, rit nhidu cac cong trinh nghién ciru vé khai thac mo
noi chung, cong ngh¢ va ky thuat khai thac da VLXD noi riéng da dugc cac nha khoa hoc
trong nudc dua ra, gop phan vao viéc nang cao hiéu qua khai thac d4, giam thiéu cac rui ro
mAt an toan, ciing nhu giam gia thanh khai thac, .... Cac cong trinh nay kha da dang vé sb
lwong ciing nhu khia canh nghién ctru, bao gdm cac bai giang, gi4o trinh, sach tham khao,
sach chuyén khao, cac luan an tién si, luan van thac si va cac dé tai cac cép, L [10-16].

Trong nghién ctru [10], tac gia da trinh bay kha chi tiét cac van dé lién quan t6i cac khau
cong nghé khai thac, cong tac ché bién ciing nhu cac van dé lién quan dén kinh té-t6 chirc
doanh nghiép khai thac da. Tuy nhién, cong trinh chi la sy téng hop, ké thira cac nghién ctru &
nudc ngoai vé linh vuc khai thac ¢4 VLXD ma chwa di sdu nghién ctru, dé xuét cac cong nghé
k¥ thuat méi pht hop véi cac diéu kién khai thac cu thé & Viét Nam.

Trong nghién ctru [11], trén co s& phan tich cac phwong an HTKT c6 thé ap dung cho cac
mo d4 voi diéu kién dia hinh d6i nii, tic gia chi ra: Phuong an HTKT khau tw do, HTKT khiu
theo 16p dumg cét tang nho 1a cac phuong phap ton tai nhiéu rai ro vé an toan cho ngudi lao
dong va khong co kha ning co gidi qua trinh san xuat, khong thé ting ning suat mo khi can
thiét; Phuong an HTKT khau theo 16p bang xtc (gat) chuyén va HTKT khau theo 16p bang
van tai tryc tiép 1a cac phuong an c6 kha nang co gidi cac khau cong nghé ciing nhu an toan
cho ngudi lao dong va co thé ting cong suat khai thac khi can thiét. Tuy nhién, HTKT hop ly
cho cic mo da VLXD c6 diéu kién dia hinh phirc tap van chwa duoc dé cap trong nghién ciru
nay.

Duya trén két qua tong két va danh gia hién trang khai thac da voi xi mang ¢ Mién Bic,
[12] da dua ra bang phan loai HTKT cho cac mo kiéu suon ndi véi 3 nhom chinh (Bang 1)
ciing nhu di xay dung dong bo thiét bi véi 2 nhém mo theo cong suét (cac mo co cong suét
dudi 200.000 m*/ndm va cac mo c6 cong suét trén dudi 1 triéu m*/ndm). Tuy nhién, pham vi
ctia nghién ctru ndy chi giéi han cho cac moé d4 voi xi ming kiéu d6i nai & Mién Bic ma chua
dua ra dugc HTKT hop 1y cho cac mé da VLXD co6 diéu kién dja hinh nti cao, doc dung, di¢n
tich khai thac nhé hep trén toan qudc.

Bang 1. Phan loai HTKT cac mo da voi cia Lé Thi Thu Hoa [12].

Nhom Phuwong phap khiu Phuong thirc vén tii

. . Van tai tryc tiep bang co gisi
1 Khau theo 16p bang o o
Van tai qua sudn nui (giéng, mang)
. . . Chuyén tai bang nang luong nd min
2 Khau theo 16p ding (khong van tai trén tang) N .
Chuyén tai bang co gidi

3 Khau hdn hop Phéi hop giita hai nhom 1 va 2

Trong nghién ctru [13-16], tac gia da chi ra nhilng mat han ché, chua phu hop cua HTKT
khau theo 16p ding, cit tang nho, chuyen tai bang ning luong chat nd. Qua do, tac gia dé xuét
phuong phap xac dinh cac thong s6 1am viée cia HTKT khau theo 16p dtng, chuyén tai bang
ning luong nd min duéi s hd trg boi phan mém Rocfall. Tuy nhién, nghién ctru ndy méi chi
tap trung xac dinh cac thong s6 HTKT mo da theo tidu chi an toan ma chua dua ra duoc
HTKT hop ly dua trén viéc danh gié toan di¢n céac yéu td anh huong dén viéc lua chon HTKT
cho mo da VLXD.
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Nhu vy, c6 rit nhidu nghién cru khac nhau vé HTKT mo da VLXD trong va ngoai
nuée. Viée lua chon HTKT cho cac mé da VLXD van cha yéu duva vao kinh nghiém cua
nguoi thiét ké, diéu kién dia hinh, tai liéu dia chat tham do ciia mo. Nhu vy, viéc lwa chon
HTKT van chua phén tich cu thé cac chi tiéu kinh té, mirc du tu, quy mo khai thac, cling nhu
cac van d¢ lién quan tdi an toan trong qué trinh khai thac. Ciing nhu, chua c6 cong trinh
nghién ctru ndo dua ra cac tiéu chi cy thé va day du dé 1a co so Iwa chon ding HTKT nham
dam bdo an toan va nang cao hi¢u qua khai thac cho cac mo d4 VLXD phure tap ¢ nudc ta hién
nay. Trudc thyuc té trén, nhom tac gia da tién hanh nghién ctru lva chon HTKT hop 1y cho cac
mo6 d4 VLXD duya trén co s¢ phan tich, danh gia dﬁy du cac yéu td: dia hinh khu mo, diéu kién
dia chit, san lugng da yéu cau, déng b thiét bi ciia mé, céc yéu cAu vé an toan, ... Thong qua
viéc danh gia cac chi tiéu kinh té—k¥ thuat ctia cac phuwong an HTKT dugc dé xuat cho mo,
nghién ctru s& lwa chon duoc HTKT hop 1y cho mo dam bao cac tiéu chi vé an toan, dung ky
thuat va c6 hidu qua kinh té. Két qua ctia nghién ctru duoc ap dung dé lya chon HTKT hop 1y
cho khu 2 mo da vo6i Lam Son.

2. Phuwong phap nghién ciru

Trong phan ndy, tac gia s& tién hanh danh gia tong quan cac yéu td anh hudng dén viéc
lya chon HTKT cho cac mo da VLXD. Trén co s¢ phén tich diéu kién khai thac khu 2 mo da
Lam Son, nhém nghién ciru dé xuit cac phuong an HTKT c6 thé 4p dung theo diéu kién dia
hinh, dia chat khu mé, san lwong moé yéu cau, ... thong qua viéc danh gia bd sung cac chi tiéu
kinh té cua céc phuong &n HTKT co6 thé ap theo diéu kién ké trén, sé lua chon dugc HTKT
hop 1y cho khu 2 mé d4 véi Lam Son dap tng dugc cac tiéu chi dé ra va gop phan phat trién
bén vitng trong khai thac ¢4 VLXD.

2.1. Phdn tich cdc yéu té anh hwdng téi hiéu qua hé thong khai théc

Su thanh cong cua mdt du an khai thdc mo da VLXD 1a viéc lya chon chinh xac HTKT,
viéc lya chon sai s& dan dén hé qua 16n trong qua trinh khai thac nhu: thiéu an toan, ning suat
lao dong kém, anh hudng lau dai tdi toan bd thoi gian cia du an. HTKT mé phu thudc céac yéu
t6 nhu: diéu kién dia hinh, d6 cao va muc do phte tap cua dia hinh, vi tri cia khu md, chiéu
day cac 16p da voi, hé théng nit né, goc cdm cua than khoang, dong b thiét bi mo, quy mé
san lugng, quy md va mirc do dau tu ciia chii doanh nghiép,....

2.1.1. Anh huong cua dia hinh téi vi¢e lya chon HTKT

a. Anh huong cta diéu kién dia hinh dén lya chon hé thong khai thac

Piéu kién dia hinh khu mé 1a mot yéu td quan trong hang dau anh huong dén viéc lua
chon HTKT mé. Cac mo da VLXD & nude ta co diéu kién dia hinh kha da dang va c6 sy sai
khac vé do chénh cao, do doc sudn nui, dién tich dinh ndi, .... Diéu kién dia hinh cu thé 12 d6
chénh cao ctia nai da voi, goc dbc, hinh dang va kich thuéc cuia mo da voi 13 yéu t6 co ban
nhét anh hudng dén viéc lya chon HTKT. Ddi v6i cac moé da VLXD dang ddi nbi, dé tién
hanh khai thac cac mo nay ta can tién hanh khai thac theo cac tang, trinh tu khai thac c6 thé
theo timg mirc khai thac (khai thac theo 16p bang) hodc co thé khai thac dong thoi trén nhidu
murc (khau theo 16 dimg). Do d6, dé khai thac duoc ta can dua thiét bi nhu may khoan, méy
xtc, thiét bi vén tai 1én vi tri khai thac. P chénh cao ctia mo, do ddc cta suon ndi anh
hudng dén viéc 1am dudng dua thiét bi 1én tién hanh khai thac. Vi cac diéu kién dia hinh cu
thé thi theo diéu kién k¥ thuat co thé ap dung cac HTKT twong ng nhu sau:

Ddi véi cdc mé nui cao, dia hinh dbc, dién tich hep: do chiéu cao 16n rat khé dua céc thiét
bi tiép can 1én dinh nui dé bat ngon. Do d6, HTKT phu hop cho cac mé dang nay 1a HTKT cit
tang nho dat d4 sau nd min duoc chuyén tai bang nang luong chit nd hodc HTKT khau theo
16p xién—xtic chuyén (gat chuyén) da sau khi lam toi bang may xiic, hay may gat.
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Ddi véi cae moé nii cao trung binh, dia hinh dbc vira, dién tich trung binh: cén clr vao dac
diém dia hinh cu thé thi HTKT c6 thé duoc st dung cho cac mo nay 1a HTKT hon hop: Phan
phia trén cua mo da lua chon HTKT cit tang nho dat da sau nd min dugc chuyén tai bang
nang luong chat nd; HTKT khau theo 16p xién, xtic chuyén dat da qua suon nui; HTKT 16p
bang xtic chuyén; Phan phia dudi ctia nui d4 thuong ap dung HTKT khiu theo lop bang, da
sau khi duoc 1am toi s& duoc van chuyén truc tiép tir gwong khai thac t6i vi tri ché bién bang
thiét vi van tai.

Déi voi cac mo nai thzip, dja hinh thoai, dién tich 16n: do diéu kién dja hinh thuan lgi cho
viéc lam dudng dwa thiét bi 1én khai thac. Do do, HTKT phu hop cho cac mo co diéu kién dia
hinh nay 1a HTKT lép bang vén chuyén tryc tiép trén tang..

b. Anh hudng cua diéu kién dia hinh dén cong tac mo mo

Dé khai thac cac mo da VLXD dang d6i nui tiry thudc vao phuong thire vén tai da sau nd
min ma can xdy dung tuyén duong van tai truc tiép hodc duong thiét bi tiép can vi tri khai
thac dau tién ctia mo. Céc yéu té dia hinh mé da anh huong rat 16n t6i cac thong sb cua tuyén
dudng van tai trong mo ciing nhu khdi lugng dat da can phai boc, chi phi xay dung co ban,..
DBuong trén mo dugc dac trung boi cac thong s6 chinh nhu: d6 dbc khong ché, chiéu rong,
chiéu dai, s6 1an d6i hudng, ban kinh cong t6i thiéu, doan dai chuyén tiép, tric ngang, .... Cac
thong sb nay chiu anh hudéng 16n boi didu kién dia hinh khu mé nhu sau:

Do ddc khéng ché cua tuyén dudng van moé duoc xac dinh theo diéu kién cong suat dong
co cua b t6 va phai dam bao khéi lwong van chuyén qua hao chinh, dugc tinh theo biéu thirc
sau:

270.N.n
="+ ~®
K, W.L,

Trong d6 N la cong suat dong co, Kw; 1 1a hiéu sudt truyén dong cua dong co
(0,85+0,90); Ky 1a hé s6 bi cua 6 to; W, 1a khéi luong dat da van chuyén qua duong hao, t/ca;
L. 1a khoang cach an toan gitta cac 6 t6 khi chuyén dong, m; , 1 strc can chuyén dong co
ban cua 6 to.

Tuy nhién, trong thuc t& d6 doc khdng ché cua tuyén duong vén tai truc tiép bang 6 to
thuong dugce léy theo 1o = 100%o., theo diéu kién an toan thi i, = 60+80%o. Viéc liya chon gia tri
do dbc cua tuyén duong phu thude rat 16n vao diéu kién dia hinh khu mo, phuwong thirc van
chuyén va su thay d01 gi tri nay s& lam anh hudong dén khdi luong cong tic mé mo ciia mot
HTKT, chiéu dai tuyén dudng van tai, ciing nhu chi phi khai thac cia mo.

Mit khéc, dia hinh khu mo (d6 dbc cta sudn nui) c6 anh hudng rat lon dén tiét dién cling
nhu chiéu cao cta tuyén duodng van tai. Chiéu cao ctia hao ban hoan chinh & mot vi tri bat ki
ctia tuyén duong hao duoc xac dinh theo biéu thirc:

b()
= ,m
Cotgy —Cotga.,

(1)

)

Tiét dién cua hao la:

0,5*b,’ 2

= > 3)
Cotgy —Cotga,

Khéi luong hao chuan bi dang ban hoan chinh dao theo suon nai dugc tinh theo biéu
thirc sau:

Lb’ ;
= ,m’.
2(Cotgy —Cotga.,))

Trong d6 b, 1a chidu rong tuyén dudng hao, m; a, 1a goc nghiéng sudn hao, do; vy 1a goc
nghiéng suon nui, do.

(4)
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Theo biéu thirc (2), A3), @ thi chiu cao, tiét dién ngang, khéi luong dao cua tuyen
duong van tai phu vao diéu kién dia hinh ma cu thé hon la goc nghiéng suon nui.

Nhu vay, diéu kién dia hinh khu mo s& c6 anh hudng dén viéc lua chon HTKT ap dung
cho mo, chi phi m¢ mé cling nhu chi phi khai thac cua cac phuong &n HTKT.

2.1.2. Anh hudng cua dia chét t6i hiéu qua ap dung HTKT 19 thién

Cac mo phan bd khong tap trung ma phan tan theo timg khu vuc trong khu vue dja hinh
c6 ddi niii cao, suon doc dimg, phan cit phirc tap. Trong da voi ton tai nhidu hang hic Karst,
khe nut thudng cdm vudng goc voi mét phan 16p, ton tai nhiéu dut gay; Pa voi thudng phan
16p mong, day trung binh c6 goc cam tir 20-50°;

Tuy vao diéu kién thé nam cua cac 16p da voi, 46 bén cit cla cac mat phan 16p, huong
khai thac thi c6 thé xay ra trugt theo mat phan 16p. Hinh 2 dwa ra mot sb dang mo ciia cac mo
da voi tiry thude vao thé ndm 16p da voi va huéng khai thac nhu sau:

Ranh gii i a) b)

khai th, ¢

Ranh gii i
khai th, ¢

Khai tr- éng
khai th, c Khai tr- éng

khai th, ¢

Ranh gii i c) e Ranh gif i d)

khai th, c ‘%‘% khai th, ¢

T P,
R )
\ Wi\ Khai tr- éng _ Khai tr- éng

\\ R khai th, ¢ \\ khai th, ¢

N

Hinh 2. Mot s6 dang mé cia cac moé da khu vuc Bic Trung Bo: (a) dang mo véi cau trac cac 16p da
vOi cdm nghiéng sau vao phia nui; (b) dang mé véi cau tric cac 16p da voi cam nghiéng vé phia khai
truong; (¢) dang moé véi cu trac cac 16p da voi phan 16p ndm ngang; (d) dang mo véi ciu triic cac 16p
da voi phéan 16p thang dtimg [17].

Qua day thdy rang dang mé hinh 2a véi ciu triic cac 16p da cam nghiéng sau vao nui.
Viéc mat on dinh cia mo dang nay khong phu thuc vao mat phan 16p ma phy thu¢e chu yeu
vao goc cam ciia l6p da voi. Néu cac 16p da voi cam doc qua co thé xay ra trugt theo dang a6
(hinh 3a). Ta thdy rang dang mo hinh 3b 1a /dang mo vei cau truc cac 16p da cam vé phia khai
truong. D6i v6i dang mo nay thi viéc mat on dinh xay ra chii yéu theo mat phan 16p va truot
c6 thé  xay ra khi ma goc nghiéng ctia mit phan 16p nho hon géc nghiéng cua goc bd cong
tac. Cac dang truot c6 thé xay ra 13 truot dang ném (hinh 3b) va truot dang phéng (hinh 3c).
Con d6i véi dang mo hinh 2¢ va hinh 2d véi cac 16p da phan 16p ndm ngang va phan 16p thang
ding. Mit phan 16p khong anh hudng gi dén viéc mét on dinh.
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Hinh 3. Cic dang truot 15 ¢ thé xdy ra trén
cac mé da voi: (a) Truot theo dang db; (b)
Truot theo dang hinh ném; (c¢) Truot theo
dang phing [18].

Do d6 v6i thé nam cua cac 16p dét da anh huong dén viéc lua chon vi tri khai thac, trinh
tur khai thac trén mo. Khi mgt phan 16p ciia d4 voi cdm doc dimg vao khai truong véi goc
nghiéng cua mat phén 16p dao dong trong khoang 500, con goc nghiéng suon tang tir
700—750. Khi d6 cac 16p da voi bi cit chan nén rat nguy hiém xay ra trugt theo mat phan 16p
gy nguy hiém cho nguoi va thiét 1am viéc trén tang va dudi chan tuyén. Lic nay, can lya
chon hudng khai thac ciia cac guong ting nén khau dudi theo cac phan 16p da voi, qua d6 gop
phan khic phuc tinh trang cac 16p d4 voi trugt vao phia khai truong va dat ¢a n6 ra mic do
dap v& kém. Tién hanh khai thac theo mot s6 16p (theo trinh ty 16p ngoai khu trude, 16p
trong khau sau) va phat trién doc theo duong phuong cta 16p sao cho khi mot 1an khau du
chiéu rong dé bé tri mot hang min hop 1y.

2.2. Nghién ciru lya chon hé thong khai théac hop 1y cho khu 2 mé da véi Lam Son

2.2.1. Pic diém dia hinh, dia chat khu vuc nghién ctru [19]

Khu vye nghién ctu 1a khu 2 mé voi Lam Son c¢6 dién tich 6,9 ha thudc xa Ha Vinh,
huyén Ha Trung, tinh Thanh Hoéa, dugc xac dinh trén Hinh 4.

Hinh 4. M5 hinh 3D cua khu 2 mé da v6i Lam Son do v& bang UAV.
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Hinh 5. Mit cit dat trung khu 2 mé d¢a Lam Son.

Khu 2 ndm vé phia Bic khu mé d4 v6i Lam Son c6 dia hinh twong ddi phirc tap thap nhét
12 425 m va cao nhét 1a +200 m, dién tich khoang 6,9 ha. Chiéu dai khu mé 1a 283 m, chiéu
rong khu mo 1a 278 m. B9 dbc tir dinh muc xuéng thé hién Hinh 6.

Dang dia hinh chinh tai khu vuc nay 1a dia hinh nai da 16m chém, bao gém nhiing dinh
nui cao, nhon, sudn ddc xép lién tiép nhau kéo dai theo hudng Tay Bic—Dong Nam, xen giita
cac dinh nui 1a cac khe hém va phéu karst. Cac dinh nti nhon, suon dbe Xép sat bén nhau tao
ra mQt dang dia hinh dac biét hiém tré.

Khu vire nghién ctru bao gdm céc thanh tao dia chét c6 ngudn gdc, thanh phan va phan
bd tir trén xudng nhu sau:

- Cat, bot, sét thudc h¢ dé tir (Q) phan bd & céc thung liing nhé gitra nui, khu vuc c6 dia
hinh triing thudc trung tdm khu tham do va & ven cac chan nui da, chidu day thay doi tir 1,0
dén 5,0m. DAt c6 mau x4m nau, xam den. Trang thai dét b roi, khi gip nudc dé sut lun va
truot 10.

- P4 voi thudc hé ting Pong Giao (T2adg) phan bd trén phan 16n dién tich tham do. Pa
c6 céu tao phan 16p day dén dang khdi, thé nam don nghiéng, thé nam thay doi 210-220° £
45+70° chung tao thanh dai nai cao trung binh. Trang thai cia da kha ran chic, bi nit né
manh, it c6 hang hdc Karst, nhung van dé bj sat 10 theo mat 16p trong qué trinh khai thac sau
nay.

Maic du trong qué trinh tham do khong phét hién duogc hién tugng trugt 1& nao dang ké,
song qua quy md phan bd va dic diém dja chét néu trén cho thy hién tuong sat c6 thé xay ra
trong qua trinh khai thac sau nay. Do tic dong ciia hoat ddng nd min khai thac gay nit né dat
da, cing anh hudng cua trong luc va nuée mua lam giam mirc do lién két cua dat da gy ra
hién tuong trugt 16 bd moong khai thac, hay c6 hién tugng tang 1an cuc bo, dé khic phuc van
dé nay khi khai thac goc déc bo moong phai nhé hon giéi han cho phép.

2.2.2. Nghién ctru ap dung hé thong khai thac cho khu 2 mo d4 voi Lam Son

2.2.2.1. Phuong an hé thong khai thac

Khu 2 mo d4 voi Lam Son cach 450 m vao dén khu vuc nghién déap, dau duong két nbi
v6i khu vuc nghién dap 1a +32 m tai vi tri cach cum nghién dap 1a 30 m, dia hinh chénh cao
dén khu vyc dinh cao nhit 1a +200 m, dia hinh twong d6i dbc tir mirc +80 m dén +200 m 1a tir
66-85% (Hinh 5). Do d6 khong thé du chiéu dai, d6 déc dé bd tri tuyén dudng van tai dén
muc cao dugc. Khu 2 dugc giao khai thac dat san lugng khoang 1 tri¢u tan/nam. Do vay, md
Iira chon HTKT hdn hop gdbm HTKT khau theo 16p bang van tai truc tiép phan dudi va HTKT
khau theo 16p bang, xuc (gat) chuyén phan trén. Trén co s¢ nghién ciru dia hinh khu mo, kha
ning ap dung cua HTKT véi kha nang cong suét ciia mo, dé xuat hai mirc ap dung chuyén dbi
HTKT.
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Hinh 6. M6 hinh phan tich d6 dbc, cao do khu 2.

- Phuong n 1: Sir dung HTKT khau theo 16p bang xuc (gat) chuyén tir mirc +170 m dén
mirc +100 m va HTKT khéu theo 16p bang van tai truc tiép tir mirc +100 m dén muirc két thic

khai thac +80 m.

- Phuong an 2: Sur dung HTKT khau theo 16p bing xuc (gat) chuyén tir mtrc +170 m dén
mirc +120 m va HTKT khau theo 16p bang van tai truc tiép tir mirc +120 m dén mirc két thiic

khai thac +80 m.

2.2.2.2. Trinh ty khai thac hai phwong 4an HTKT hén hop
Trinh ty khai thac cia 02 phuong an HTKT cho khu 2 mo6 da Lam Son dugc thé hién tai

Bang 2.

Bang 2. Trinh tu khai thac ctia hai phuong an HTKT cho khu 2 mé da Lam Son.

Trinh ty khai thic theo HTKT hén hop phwong 4n 1

Trinh ty khai thac theo HTKT hén hop phwong an 2

Sau khi hoan thanh cong tac xay dyng co ban, qua
trinh khai thac chia lam 2 giai doan:

— Giai doan 1: Ap dung HTKT khéu theo 16p bang,
xuc (gat) chuyén, d4 voi dugc nd min trén ting, duoc
may xtic (may gat) xuc chuyén d6 xudng bai xtic
+100m. O day may xic s& tién hanh xtc 1én phuong
tién van tai van chuyén vé khu nghién dép.

— Giai doan 2: Sau khi khai thac dén muc +100, mo
4p dung hoan toan HTKT khéu theo 16p bang van tai
truc tiép. Sau khi da v6i dugc pha v&, dugc xtc 1én

phuong tién tién vén tai va trd vé khu nghién dép.

Sau khi hoan thanh cong tac xay dyng co ban, qua
trinh khai thac chia lam 2 giai doan:

— Giai doan 1: Ap dung HTKT khéu theo 16p bang,
xuc (gat) chuyén, da voi duge nd min trén tﬁng, duoc
may xtic (may gat) xuc chuyén d6 xudng bai xtic
+120m. O day may xic s& tién hanh xtc 1én phuong
tién van tai van chuyén vé khu nghién dap.

— Giai doan 2: Sau khi khai thac dén murc +120m, mo
4p dung hoan toan HTKT khéu theo 16p bang van tai
truc tiép. Sau khi da v6i dugc pha v&, dugc xtc 1én

phuong tién tién van tai va tro vé khu nghién dap.

Dé Péanh gia va lwa chon phuong an khai thac hop 1y, tac gia da t1en hanh tinh toan va
danh gia hiéu qua kinh té cac phuong an HTKT theo cac chi tiéu kinh te nhu tong murc dau tu,
gia thanh khai thac, 191 nhuan, gié tri hién tai thuan, thoi gian hoan von,... Day 1a co so quan
trong trong viéc lira chon HTKT hop 1y cho mé. Hiéu qua kinh té cia HTKT khai thac hdn
hop theo phuong an 1 va 2 dugc xéac dinh trong bang tong hop kinh té Bang 3.
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Bing 3. Bang tong hop kinh té k§ thuat phuong an.

Chi tiéu Ponvi Phuwong dn1 Phwong an 2
Téng san lwong da voi nguyén khai 103 tan 4.700 4.700
Téng mirc dau tu 103 dong  76.904.811  79.460.534
Téng doanh thu 106 ddng  459.399 459.399
Tdng chi phi SX—KD 106 dong  432.580 429.634
Gia da voi d/m? 260.000 260.000
Gi4 thanh binh quin d/m? 244.822 243.154
Loi nhuan trude thué 106 dong  26.819 29.766
Loi nhuan rong (Pn) 106 dong  17.294 19.814
Gia tri hién tai thuan (NPV) 106 dong 1.917 2.792
Ty suat hoan v6n ndi bo (IRR) % 15,8% 16,4%
Lai vay ngan hang %/mam 6% 6%
Thoi han hoan vén (T) nim 1,51 1,46

Qua danh gia vé k¥ thuat chon dugc 2 phuwong an phi hgp voi HTKT hdn hop phu hop
v6i diu kién dia hinh, céng suit mo. Qua danh gia vé ky thuat nhan thy phuong an 2 la
phuong an dem lai hi¢u qua hon qua mét loat chi s6. Mac du vbn dau tu nhidu hon 2,5 ty
dong, nhung chi phi khai thac thap hon, dan tdi loi nhuan dong nhiéu hon 2,5 ty déng va thoi
gian thu hoi vén nhanh hon 6 thang.

3. Két qua va thao ludn

Su thanh cong ciia mét du an khai thac mé d4 VLXD 1a viéc lya chon chinh x4c HTKT,
viéc lua chon sai s& dan dén hé qua 16n trong qua trinh khai thac nhu: thiéu an toan, nang suét
lao dong kém, anh hudng l4u dai toi toan bo thoi gian ciia du an. Hién nay c6 rat nhiéu HTKT
khac nhau da duoc nghién ctru trong va ngoai nudce co thé ap dung cho cac moé da VLXD &
nudc ta hién nay. Tuy nhién, chua c6 mot cong trinh nghién ctru nao dua ra cac tiéu chi cu thé
va ddy du dé 1a co so lya chon ding hé thong khai thic nhdm dam bao an toan va nang cao
hi¢u qua khai thac cho cic mo da c6 diéu kién dia hinh nii cao, dc ding, di¢n khai thac nho
hep.

Nghién ciru da phan tich ddy dii céc yéu t6 dnh hudng dén viéc lwa chon HTKT cho céc
mo da nui cao, dia hinh phtrc tap nhu cac diéu kién dia hinh, cac diéu kién dia chat ctia mo,
cac yéu cau vé an toan—moi trudng trong qua trinh khai thac, cac yéu cau vé san lugng mo,
mirc dau tu cua doanh nghiép mo....Qua d6 dua ra cach tinh chon HTKT c6 kha ning ap
dung dya trén dia hinh, céng suit va hiéu qua kinh té dem lai khi 4p dung cac HTKT.

Trén co s¢ phan tinh toan di¢n cac yéu td anh huong dén viéc lya chon HTKT cho khu 2
moé da Lam Son nhu: diéu kién dia hinh, diéu kién dia chét, goc ddc sudn nui, yéu cau vé san
luong, ty sudt dau tu, ... nghién ctru da dé xuét 02 phuong an HTKT c6 thé ap dung cho mo,
thong qua viéc danh gia cac chi tiéu kinh té—k§ thuat cia 02 phuwong an dé xuat, nhom nghién
ctru d3 Iira chon duoc HTKT hop 1y cho mé dam bao hai hoa giira cac tiéu chi vé an toan—mai
truong, ding ky thuat, c6 hiéu qua kinh té va phu hop voi thue té san xuatla phuong an mo
str dung HTKT khau theo 16p bang xuc (gat) chuyén tir mirc +170 m dén mirc +120 m va
HTKT khau theo 16p bang van tai tryc tiép tir mirc +120 m dén mirc két thiic khai thac +80 m
1a phwong an dem lai hiéu qua hon cho khu 2 mé da Lam Son qua mdt loat chi sb. Mic du von
dau tu nhiéu hon 2,5 ty dong, nhung chi phi khai thac thap hon, dan t6i lgi nhuan dong nhiéu
hon 2,5 ty dong va thoi gian thu hdi vén nhanh hon 6 thang.

Phat trién bén vimg nganh céng nghiép khai thac ¢4 VLXD la tat yéu trong bbi canh suy
thoai moi truong nhu hién nay, vi¢c lya chon HTKT cho mé d4 VLXD can hudng tdi dam
bdo hai hoa cac muyc ti€u phat trién bén virng vé kinh té—x3 h§i—méi truong. Tuy nhién, viéc
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lwa chon HTKT cho cac mo da VLXD ¢ nude ta hién nay van chii yéu dwa vao kinh nghiém
ctia don vj thiét ké, diéu kién dia hinh, tai liéu dia chit, mirc d6 dau tu, yéu cau vé san luong
mo, ... ma chua danh gia toan dién 1a co s¢ lya chon dung HTKT nhiam dam bao an toan va
nang cao hiéu qua khai thac cho cac mé da co diéu kién dia hinh ni cao, doc dtng, di¢én khai
thac nhd hep.

4. Két ludn

Mot trong nhiing nhiém vu quan trong khai thac mo d4 VLXD la lya chon HTKT phu
hop vi viéc khong cha ¥ dén van dé nay co thé phat sinh nhiéu van dé trong qua trinh khai
théc, ddn dén cac khoan phi phat sinh cho cht mo hodc ¢6 thé 1a nguyén nhan mét an toan cho
ngudi lao déng, giam ning suit lao dong, anh hudng 1au dai toi toan bo thoi gian ton tai cla
mo. Do do, viéc lya chon HTKT mo6 da VLXD dugc coi la mot quyét dinh chién lugc vé mit
kinh té, k¥ thuét va an toan vi lwa chon phu hop s€ mang lai nhiéu loi nhuén hon va nguoc lai.
Pé lya chon duge HTKT hop 1y cho mo can dya trén cac déac diém cua mo va théa mén muc
tiéu phat trién bén vitng nganh cong nghiép khai thac. Do sy phue tap vé hinh hoc va dia chét
clia cac mo da voi, nén khong thé su r dung mét phuong phap lua chon duy nhét cho tt ca cac
loai hinh mé d4 voi, vi vay trong mdi diéu kién cu thé cua mo can linh hoat va phén tich day
du cac tiéu chi lyu chon HTKT dé dua ra phuong 4 an t6i rru nhat cho mo.

Tuy nhién, trong nghién ciru nay chwa giai quyét duoc bai toan 13 xay dung  bo tiéu chi,
cac yéu td anh huong dén phuong an hé thong khai thac mé da VLXD ciing nhu chwa danh
gia, so sanh dugc muc do quan trong cua tung ti€u chi. Viéc lya chon phuong an HTKT cho
cac mo da voi bang phuong phap dénh gia da tidu chi két hop v6i phuong phéap phén tich thir
bac s€ 1a hudng nghién ctru méi trong tuong lai.

DPong gop cua tac gia: Xay dung y tuong nghién ciu: T.D.B., P.V.V.; Lua chon phuong phap
nghién ctru: T.D.B., V.D.T.; X1y s li¢u: T.D.B., H.D.N., V.D.T.; Viét ban thao bai bdo: T.D.B.,
P.V.V.; Chinh stra bai bao: T.B.B.,P.V.V,, HD.N.
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Loi cam doan: Tap thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru ctia tap thé tac gia,
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Tai liéu tham khao

1. Béo cao diéu chinh, bd sung quy hoach, thim do, khai thac, ché bién d4 lam vat liéu
xdy dung thong thudng tinh Thanh Héa dén nam 2020 do S& Xay Dyng Thanh Hoa
lap.

2. Bao c4o hoat dong khoang san (2013-2019). Téng Cuc dia chit va Khoang san Viét
Nam.

3. ApcentbeB, AWM. Pa3paboTka MecTOpOXIACHUN TBEPIBIX IOJE3HBIX HMCKOMAEMBIX
oTKpBITEIM crioco6om// CI16.: PULL CIIT'TH, 2010, pp. 117.

4. baxenos, I0.M. IIpoexTupoBanue NpeanpUsITUIA IO IPOU3BOJACTBY CTPOUTEIBHBIX
MarepuanoB u u3aenuii / Yueonuk. M.: UsmarensctBo ACB, 2005, pp. 472.

5. Jlurouxuii, JI.H. OpraHuszanusi NpOEKTUPOBAHUS U CTPOUTENBCTBA PYAHBIX H
YroJibHBIX KapbepoB: YueoHoe mocooue/ [I.H. Jluroukwuii, C.1. ®omun// CIII'TU
(TY) um. I'.B. Ilnexanosa, 2010, pp. 86.

6. ®omun, C.W. [Ipon3BOAUTEIHPHOCTh KapbepOB M CIPOC HA MUHEPAIHHOE CHIPHE//
CIIITH (TY), 1999, pp. 169.

7. ®omun, C.W. [Ipon3BOAUTEIHPHOCTh KapbepoOB M CIPOC HA MUHEPAIHHOE CHIPHE//
CII6.: U3a—Bo Tema, 1999, pp. 167.



Tap chi Khi twong Thuy van 2022, 742, 75-86; doi:10.36335/VNJHM.2020(742).75-86 86

8. Pxesckuii, B.B. OTtkpbiTble TOpHBIE pPabOTHL. IIpOM3BOACTBEHHBIE MPOLECCHI:
VYuebnuk mist By308/ B.B. Pxxerckumii// M.: Heapa, Yacte 1985, 1, pp. 509.

9. Pxesckuif, B.B. OtkpeiTbie TOpHbIE paOOTBl. TEeXHONOTHS M KOMIUIEKCHAs
MexaHu3anus: YueOHuk s By3oB/ B.B. Pxesckuii// M.: Henpa, Yacte 1985, 2,
pp-549.

10. Giao, H.S. Ky Thuét khai thac da voi, Nha Xuét ban cong nhan k¥ thuat, 1981.

11. Tuan, N.T. Nghién ctru chon phuong phép khai thac hop 1y cho khoang sang da voi
Vi¢t Nam c6 dia hinh dang nti cao. Luan an phé tién si khoa hoc, Truong Pai hoc
Mo-Dia cht, 1985.

12. Hoa, L.T.T. Phan tich danh gi4 cong nghé khai thac da voi & cac mo dé phia Béic Viét
Nam, Luan van thac si, Truong Pai hoc Mo — Dia chét, 1998.

13. Béo, T.D. Hoan thién céc thong s6 cua hé thdng khai thac khau theo 16p dimg chuyén
tai bang nang luong chat nd & nhimg mo vat liéu xay dung dang dia hinh nii cao.
Luan van thac si, Truong Pai hoc M6 — Dia chét, 2013.

14. Vu, T.; Bao, T.D.; Drebenstedt, C.; Hien, P.; Hoai, N.; Duc, N. Optimisation of
long—term quarry production scheduling under geological uncertainty to supply raw
materials to a cement plant. Trans. Inst. Min. Metall., Sect. A: Min. Technol. 2021.

15. HAH JIMHb BAO. O6ocHOBaHME TapaMEeTPOB TEXHOJIOTHYECKUX CXEM OTKPBITOU
pa3pabOTKU CIIOKHOCTPYKTYPHBIX MECTOPOXKJICHHUIA IIeMEHTHOTO ChIpbs BbeTHama,
JluccepranysiHa COMCKaHHE YYEHOW CTENEeHHW KaHAWJIaTa TEXHUYECKUX Hayk,
Cankr—IlerepOyprckuii ropHsiii yHuBepcutet, 2019.

16. Igorevich, F.S.; Bao, T.D.; Hoan, D.N. Omnpenenenue mnapameTpoB OepM
0€30MacHOCTH Ui TOPHOTEXHMYECKHX YCIOBUH KapbepoB BrerHama. IopHbIit
MH(QOPMALHOHHO—aHAIUTHYCCKUH OrouieTeHb, 2019.

17. Tuan, N.A; Viét, P.V.; Minh, L.D. D& xuit mé hinh khai thac hop 1y cho cac mo d4
voOi tinh Bac Kan. Tap chi Cong nghi¢p Mo 2010, 4, 24-27.

18. Tuén, N.A.; Hiéu, V.D. Kich thudc hinh hoc cac khdi da va nguy co mat on dinh bo
mo va suon dbc. Tap chi Cong nghiép Mo 2016, 2,53-58.

19. Béo cao thim do da voi 1am nguyén liéu san xuit xi mang dén cbt +10m tai xa Ha
Vinh, huyén Ha Trung, tinh Thanh Héa do Cong ty CP Khao sat va Xay dung lap
thang 7 ndm 2015.

Research on selection of reasonable mining system for the zone I1
at Lam Son limestone quarry
Tran Dinh Bao!", Pham Van Viet!, Vu Dinh Trong?, Hoang Dinh Nam!
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phamvanviet@humg.edu.vn; 2021040137@student.humg.edu.vn
2 Quang Ninh University of Industry; trongvu.sme@gmail.com

Abstract: Selection of a reasonable mining system is one of the most important problems in
raw materials quarries. Wrong selction can cause many serious issues such as cost increase,
unsafety, labour efficiency reduction, lowering quarry life, or eventually changing quarry
mining design. This research analyzes completely the influencing fators on mining system
including terrain, geological condtions, hill slope, production requirements, investment
capital to propose two possible mining systems. Also, the economic and technical
comparisons between those two mining systems have been done in detail to select the
optimal one. The chosen method for the Zone II of Lam Son quarry is proven to be more
efficient with lower mining cost, more 2,5 billion VND of profit and a faster time of capital
recovery, etc.

Keywords: Lam Son; Mining system; Limestone quarry; Complex terrain; Labour safety;
Economical efficiency.
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