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B KHAI THAC LO THIEN

Nghién ciru lwa chon phwong phap khoan no
min hop ly cho cac mo than 19 thién vang Quang
Ninh cua TKV

>> ThS. Lé Viét Phuong, ThS. Phi Trung Kién, TS. Lé Pirc Phuong, ThS. Pham Xuén Trang
Cong ty CP Tu van dau tu mo va cong nghi¢p - Vinacomin

Tém tit: Bai bao trinh bay vé nghién ctru lya chon phu’ong phap khoan nd min hop ly cho
cac mo than 19 thién vung Quang Ninh ctia TKV. Két qua nghlen ctru cho thay, cac mo than
16 thién Coc Sdu-Déo Nai va Bac Bang Danh stir dung cdc mdy khoan xoay cau chay dién
c6 duong kinh 16 khoan d = 250 mm ddi v6i khu vuc trén cao va céc may khoan xoay cau
hoac dap day thuy luc ¢6 d = 230250 mm d6i véi khu vuce day mo; con mo Cao Son st
dung cac may khoan xoay ciu chay dién c6 d =250 mm d6i voi khu vue trén cao va dat da
c6 <13, va céc may khoan xoay cau hodc dap day thuy luc ¢6 d = 230+300 mm d6i voi
khu vuc day mo va khu viye dat da co f> 13 1a hop ly, Ngoai ra, cac mo can sir dung mang
no tam giac déu voéi viéc ' nap thudc phan doan hoac két hop phan doan véi lién tuc dé nang
cao chat luong dap vo dat da.

Abstract: This article presents TKV's research on choosing appropriate drilling and blasting
methods for open-pit coal mines in the Quang Ninh region. Research results show that Coc
Sau-Deo Nai and Bac Bang Danh open-pit coal mines use electric rotary ball drills with d =
250 mm for elevated areas and rotary ball drills or bottom dams. hydraulic has d = 230+250
mm for mine bottom area; Cao Son mine uses electric rotary drilling machines with d = 250
mm for high areas and rock with f < 13, and rotary drilling machines or hydraulic bottom
dams with d = 230300 mm for mine bottom areas and rock areas f> 13 is reasonable. In
addition, mines need to use equilateral triangle blasting networks with fractional loading or
a combination of fractional and continuous to improve rock crushing quality.

1. Pit van dé Trong cong tac khoan nd min thi viéc lua

Céac mo than 10 thién ving Quang Ninh
cua Tap doan Cong nghlep Than - Khoang
san Viét Nam (TKV) co tudi tho con lai tir
15+20 nam nira va tiép tuc dong gop san
lugng than tr 30+35% tong san luong cua
toan nganh than trong nhiéu nam téi. Khoéi
luong dat da boc tr 125140 triéu m’/ndm,
trong do ty 1€ dat da pha1 lam toi trude
khi xuc boc bang khoan né min chiém tur
85+90%, khi cang xudng sau thi ty 1é nay
s€ cang lon. bé nang cao hiéu qua cong tac
khoan n6 min, gop phan nang cao hiéu qua
khai thac cho cac Cong ty quan ly va khai
thac cac mo, ngoai viéc lya chon céc chi tiéu
va thong sb khoan nd, con can phai nghlen
ctru lya chon phuong phép khoan n6 min
hop 1y cho cac mo.

2. Lya chon phwong phap khoan 16 min

chon phuong phdp khoan, duong kinh 16
khoan phu hop voi diéu kién tu nhién, tinh
chat coly cua dat da va cac day chuyén dong
bd th1et bi (BPBTB) duogc st dung la yéu to
quyet dinh téi hi€u qua cua cong tac khoan
nd min.

bo tao kh01 ciia dit da co anh hudng
rat nhiéu dén viéc lua chon dudng kinh 16
khoan. Ap dung 16 khoan duong kinh 16n khi
gap khu vuc da niit né khdi 16n s& mo rong
dugc mang luéi 16 khoan, nhung kha ning
sinh da qua co cung rat cao do viéc bo tri
thudc nd dung vao vi tri cac khéi da 16n 1a
kho thyce hién duge. Trong khi viéc ap dung
lo khoan du:ong kinh nho d01 voi khu vyce
dat d4 ntt né khoi 16n s& cho két qua tbt hon.

Theo GS. TSKH. N. IA Repin nén chon
duong kinh 18 khoan theo do tao khdi cua
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dat da va yéu cau tac dong cua nd min dén
mirc pha kh01 da ra ¢& yéu cau theo quan hé
nhu dugc thé hién o bang 1.

Theo Vién sy H. B Menhicov viéc lya

chon phuong phap khoan, loai may khoan
(duO’ng kinh 16 khoan) can dua vao do kién
cd cuia dat da va loai da mo xem bang 2.

Bang 1. Quan hé ciia dwong kinh 16 khoan theo dg tao khoi ciia dit dd

TT | 6 tao khéi (cap nirt nd) Yéu cau tac dong nd dén muc | Duong kinh 10 khoan
pha khéi d4 ra c¢& yéu cau d, mm
1| Khéi nho (I-I1) Téch cho hon 4 ma khong cdn 250320
pha v&
2 | Khéi trung binh (III) Eﬁgﬂcac hon d toi thi¢u ra hai 190+250
3 | Khbi lén (IV-V) Pha cac cuc d4 khdi 16n <150
Bdng 2. Lwa chon mdy khoan theo dj bén nén
Phuong phap Loai may | Puodngkinh 16 PR
TT Kkhoan Kkhoan khoan d, mm Dat dd can khoan | 6 , MPa
CBIII-200 200 ba cting, kha kién c6 | 60+120
1 | Khoan xoay cau | CBIII-250 250 ba cting, kién c6 80+130
CBIII-320 320 ba rat cling 120+160
2 | Khoan xoan CBP-200 200 ba mém trung binh | 20+60
3 | Khoan dap xoay | CbY-160 160 D3 cting, mal mon | 10180

Tir bang 2 cho thdy kha ning khoan da
cung cua may khoan dap xoay, dong thoi
cung cho thay han che cua may khoan xoay
cau c6 d < 250 mm ddi voi dat da c6 cuong
do khang nén dn >130 Mpa. My khoan xoay
cau c¢6 d =250 mm c6 thé khoan duoc dat da
€O n > 140 Mpa, nhung khi d6 nang suét
khoan giam di gan 2 1an so voi dat da co 8y
<120 Mpa Tém lai, véi may khoan C'BIII-
250 chi nén khoan dit da c6 &, = 80+120
Mpa la hi¢u qua nhat.

Theo Vién sy V.V Rjevxki, viéc lya chon
may khoan can dva trén co s¢ moi lién két
cong nghe va to chirc cua céc qua trinh
khoan va n6 min voi cOng tac xuc boc van
chuyen khi dat dugc chat luong yéu cau dap
v dat da véi chi phi nho nhat. Viéc Iya chon
may khoan va kiéu may khoan phai can cu
vao ddc tinh cong nghé¢ cua dat da mo (muc
do kho khoan, khé n6 min, kho pha v3, noi
chung 13 mirc d6 kho khai thac cua dat da),
dung tich gau xtic (quy mo cta cong tdc mo)

va to chirc cong tac khoan.

Vié€c lya chon may khoan dugc thuc hién
gian tlep qua kich thude ¢& hat dat da trung
binh véi cac thong s6 lam viéc cua cac thi€t
bi khai thac trong day chuyén PBTB va
duoc thé hién qua cong thirc:

dw <0,75VE

Trong d6: E — dung tich gau xuc ciia may
Xuc tay gau, m?.

Qua trinh nghlen ctu ly thuyet va thuc
té san xuét, cac nha khoa hoc mo Lién bang
Nga (LB Nga) di chi ra rang: Trong diéu
kién cac mo 16 thién cua LB Nga truong
hop su dung may xuc tay gau co dung tich
gau E =48 m’ két hop v6i 6 t6 ¢6 tai trong
q=27+75 tan, khi dat d4 c6 d6 no trung binh
va dé& nd thi kich thudc hop 1y cia c& hat dat
da trung binh c6 thé dugc xac dinh theo cong
thirc:

d, ~(015+023/E,m
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Tri so nhé tuong ung voi dat da dé no
con tri s6 1on ‘tuong (g voi dat da co do n6
trung binh. Tat nhién, tir day co thé suy rong
ra doi voi dat da khé nd thi can pha1 tang tri
sO kich thuge cuc trung binh vi khi d6 chi
phi khoan nd tang nhanh hon chi phi xtc.

DPéi véi may xuc thuy lve, kich thude
trung binh t6i vu cta cd hat dat d4 nd min
theo dung tich gau xic dugc xac dinh theo
cong thuc:

d, =(0,171+0183%E , m

Theo GS. TSKH. L.I Gluxkin, tir két qua
cong tac thuc nghlem trén mot s6 mo khai
thac 10 thién cua LB Nga da xay du’ng mdi
quan h¢ gitra duong kinh 16 khoan va kich
thuge cd hat cua dat da no min ddi voi 3 loai
dat da: Nat né nhleu dé nd (kich thudc trung
binh cua khdi dén 0,5 m); nut né trung binh
(kich thuéce trung bmh ctia khoi tir 0,5+1,2
m) it ntt ne, kho nd (kich thudc trung b1nh
ctia khdi >1,2 m) xem hinh 1.
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Hinh 1. Quan hé giira dwong kinh cé hat
ciia dit dd né min véi dwong kinh 16 khoan:
Duong kinh cé hat lon nhdt
Duong kinh cd hat trung binh
1, 2, 3 - Vi dat da khé, trung binh va dé né min

Phuong phap Loai da

khoan

Pudmg kinh 16 khoan, mm
25 51 76 102127 132 200230251 311 38l

) Rén chac
bip dinh
Mém

Rén chic
Dap day
Mém

Ran chac

Xoay cau oL
; 4 | Mém

. Rin chic
Xoadn

Mém

Hinh 2. Pham vi dp dung cdc phwong phap
khoan hop ly cho mo 1§ thién

Ng0a1 ra, theo cac nha khoa hoc Thuy
Dién, viéc Iya chon phuong phap va duong
kinh 16 khoan phu thudc vao diéu kién dat
da nhu duoc trinh bay ¢ hinh 2. Tt hinh 2
cho thay

- P6i voi phu’orng phéap khoan dap xoay
(dap dlnh) c6 thé ap dung cho tit ca cac loai
dat da co do kién cb khac nhau véi duong
kinh lo khoan d = 25+255 mm.

- Béi voi phuong phap khoan dap - xoay
(dap day) ciing c6 thé ap dung cho tat ca
cac loai dat da c6 do kién cb khac nhau voi
duodng kinh 16 khoan d = 89+252 mm.

- Péi véi phuong phap khoan xoay cau,
khi cac loai dit da c6 do kién c6 trung binh
chi nén ap dung dudng kinh 16 khoan d >
200 mm, con khi dat da co do kién ¢ cao thi

can ding duong kinh 16 khoan d > 250 mm
moi hop 1y.

Sau khi da lya chon phuong phéap khoan
va pham vi duong kinh 10 khoan, dé lya
chon loai may khoan ta can so sanh chi phi
glor may va gia thanh khoan n 1 m3 dat da
cua tu:ng loai. Khi do, y nghla quyét dinh 1a
nang suat may khoan, gia thanh khoan va ca
do tin cdy cua may.

Céac nha khoa hoc moé trong va ngoai
nude da nghién clru va tr thyc té san xudt
cho thay, chi phi ctia may khoan xoay cau
chay dién (loai may CBIII-250) thdp hon
mdy khoan thuy luc. Tuy nhién, trong diéu
kién khi hau nang 1am mua nhleu nhu ¢ Viét
Nam, khi khai thac & cac ting duéi sdu thi
may khoan thuy luc co dong nén phu hop
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v6i diéu kién lam vigc hon.

Dya vao két qua nghlen ctru ¢ trén cho
thay, dé¢ phu hop véi phuorng hudéng va
cuong do khai thac ctia cdc md than 19 thién
16n vung Quang Ninh, PBTB duogc lya chon

phu hop voi diéu kién san trang, tinh chat
co 1y cua dat ¢a mo, quy md san lugng mo,
phuong phép khoan va duong kinh 16 khoan
lya chon doi véi cac mo xem bang 4.

Bing 4. Phuwong phdp khoan va dwong kinh 16 khoan ciia cdc mé than 1§ thién

San lugng Phan loai dat da Chon may khoan

Ténmo | dat b : ; i mé
én mo a 3oc, Khé khoan | Khé né Phuong phap d mm Loai may

tr.m’/n khoan : khoan
CaoSon | 50+55 Kho Kho | DaPddy:xoay| y3g. 54 | Thuy lye:
cau xoay cau
Cac Sau‘— 35-40 Trung nlnh Trung b,1nh bap dagl; X0aY | 530.950 Thuy ll_{c;
béo Nai + kho +kho cau Xo0ay cau
Bac Bang 40+45 Trung binh | Trung binh bap da?/ > xody 230250 Thuy 11_{0;
Danh cau xo0ay cau

Nhitng may khoan ke trén 1a loai phd bién
va thong dung trén thé glorl ddng thoi ciing
da va dang st dung nhi€u ¢ Viét Nam. Cac
Cong ty c6 thé tham khao va lya chon phu
thudc vao tinh chét co 1y dat da va diéu kién
ky thudt cua mo minh.

3. Lua chgn phuong phap no min

3.1. Lya chon logi thuéc né thich hgp

Mobi 10a1 dat da c6 nhiing dac tinh khac
nhau, yéu cau c6 ché do dat luc phu hop
nham tao diéu kién thuan loi nhat cho qua
trinh pha huy: Pit da kién cd, climg, gion,
lién khéi, dang xung phu hop la lyc 16n -
tac dung nhanh (ttrong g voi thudc nd co
cong suat 16n) con dat ¢4 mém, dai, niit né
thi nguoc lai dang xung phu hop la luc nho
hon nhu:ng tac dung kéo dai (twong ung vai
thudc n6 dang hat cong suit trung binh va
dudi trung binh).

De tiét kiém nang luong nd va dam bao
chat lu(rng dép vo thi can can ctr vao tinh
chat cua dat da dé chon loai thuc n6 cho
phu h0’p Vi dat da kién cd, nut né it (nhom
IV va V theo do nd) can chon thudc nd ¢o
cong suét cao. Trong dit da mem dai, nirt né
(nhém I) nén chon loai thuoc nd c6 cong suit
thdp va trung binh. Voi dat da trung binh va
trén trung binh (nhom II'va III) nén uu ti€n
chon thudc nd cong suat trung binh.

Hién nay trén thé gidi co rat nhiéu loai

thudc nd khac nhau duoc s dung trong
nganh mo 19 thién. Tuy nhién, & Vigt Nam
chi c6 mot sd loai thuoc nd duge st dung
trong nganh mo do Tong cong ty Cong
nghi¢p Hoa chat mo - Vinacomin va do Bo
Quoc phong san xuat. Chang c6 gia ca va
céc tinh nang ky thuat khac nhau.

Céc loai thudc nd dugc st dung pho
bién nhat hién nay 1a: Thuéc nd ANFO roi,
ANFO dong tui, nhii tuong roi, nhi tu’()’ng
quoc phong, v.v... Cac loai thuoc nd nay co
cac uu diém la gia thanh re, chat lucyng t6t
da dugc str dung nhiéu nam, khong gay doc
hai va phu hop véi cac diéu kién dia chét tai
Viét Nam. X

3.2. Lwa chon phwong phdp néo va
phwong ti¢n né

3.2.1. Phu“ongphap no

Phuong phép nd min hi¢u qua nhat hién
nay la n6 min vi sai va cung dang duogc su
dung phd bién trén cac mo than 16 thién
Vung Quang Ninh. Day la phu’orng phap no
min tién tién nhat da duoc ap dung phé bién
0 cac mo 19 thién 16n, né hon hin phuong
phap nd tirc thoi boi nhiing vu diém sau:

- Co6 kha nang dleu khién duoc muc do
dap vo, nang cao hé s st dung hitu ich nang
lugng n6 do tang thoi gian tac dung nd trong
khéi da, mo rong ving dap vd co didu khlen

- C6 thé mé rong mang ludi thong s6 ma
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van dam bao chat luo’ng dap v& do tao thém
dugc bé mat tu do mdi, cac hang trong khong
can ting chi tieu thudc nd, vi vay giam duogc
chi phi khoan né.

- C6 kha nang didu khlen duoc huong
pha da sao cho c6 loi nhat nho Ny d6 vi sai
va thoi gian vi sai thich hop. Diéu nay gop
phan nang cao chat luong dap v0 do loai trir
vung Gmg sudt thap, glam mo chan tang, tang
cuong do dép vo phu gitra cac kh01 da khi
dich chuyén nhd st dung cac so dd vi sai
thich hop.

Quy md nd min ting Ién, g1am chan
dong, giam song dap khong khi va khoang
cach da Vang bay 1a van de hét stic quan
trong ddi voi cac mo ndm gan cac khu dan
cu hodc cac cong trinh cong nghiép.

3.2.2. Phuong tién no

Hién nay trén cac mo than 19 thién vung
Quang Ninh dang sir dung ph6 bién mang
kip vi sai phi dién la hop ly. Tuy nhién, cling
c6 thé dung cac loai phuong tién no nhu:
Mang klp dién vi sai; Hé thong truyén tin
hiéu no. o o

3.3. Lwa chon két cau luong thuoc no (LTN)

Mot trong nhung bién phap nang cao hi¢u
qué st dyng nang luong nod 1a sir dung két
cau LTN phu hop. Trong 16 khoan c6 duong
kinh 16m, viéc st dung LTN phan doan khong
khi da thyc sy phat huy dugc hi€u qua. Tuy
nhién, né chi thich hop khi 16 khoan kho,
mat do nap min cao, tao diéu kién c6 duoc
khoang trong khong khi. Trong thyc té, 16
khoan kho thi vige nap thude hat roi, ré tién,
mat do thap, ngu0’1 ta thién vé su dung cot
thude lién tyc v6i phuong chdm su dung t6i
da chiéu sau 16 khoan dé nap thudc, luc do
ban kinh dap vo s€ dugc md rong.

Thong thuong ngudi ta dung thude co
nang luong cao hon ¢ ph1a dudi cua 10
khoan; con thuoc nd hat ré tién, cong suat
trung b1nh va thap & phan trén. Con trong
truong hop ngugc lai, dat d4 phan trén kién
¢0, phan dudi mém thi hodc la dung thuoc nod
manh phia trén, thudc nd yeu hon nam phia
dudi, hoac dung mat loai thude nd.

Trong diéukién c6 nuge thi lya chon két ciu
phdi hop 2 loai thude nd, thude nd chiu nude

duoc nap hét chidu cao cot nudc, con thude nd
khong chiu nudce duge nap & phan kho.

Can cur dac dlem cau tao, diéu kién tu
nhién va tinh chit co ly cac loal dat da tai
cac mo than 19 thién ving Quang Ninh cua
TKYV, cac thong s6 hé thong khai thac, cac
t6 hop DBTB, kinh nghlem nang cao muc
do dap vo dat da trén thé gidi va dé thuan
11 cho cong tac thi cong khoan, nap min va
nd min, chung t61 dé xuat mot sd so dd nap
thudc min nhu sau:

3.3.1. So' do nap thuéc lién tuc

So do nay dugc &p dung trong truong hop
chiéu cao tdng trung binh h = 15 m, cac 10
khoan ¢6 chi€u cao bua Lb < 7+7,5 m tuy
theo duong kinh 16 khoan d. Str dung thuoc
né6 ANFO thu:ong cho cac khu vyc dat da
khong cd nudc ngam hodc st dung thuoc
nd ANFO thu’orng két hop v6i thude nd nhit
tLrong chiu nuge dbi véi cac khu vuc dat
da co nudc ngam Cac 16 khoan dugc bb tri
theo mang tam giac déu, nap thuoc lién tuc.
Trong cac 10 khoan str dung 02 rn01 nd (01
moi no dat bang vi tri mat tang sau nd min va
01 mdi nd & vi tri 2/3 cot thudc tinh tr dudi
day 1én) dé kich nd luong thube nd. Chi tiét
xem hinh vé 3.

3.3.2. So d6 nap thuéc phdn doan

Péi voi cac khu vue dat da co do khoi
va do kién c¢b 16n, dé nang cao chat lu’ong
dap vO dat ¢4 mot cach dong déu nhét can
giam chiéu cao cOt bua vé gia tri nho nhat
(khoang 20 lan tri s6 duong kinh 15 khoan).
Str dyng bua cat hodc khong khi ¢6 chleu cao
1,5+3,5 m dé phan doan cot thude. So do bo
tri 16 khoan va loai thudc nd sir dung cho dét
da kho va dat da ngdm nude tuong tu nhu
trudng hop so do khoan nd min cau tao cot
thudc lién tuc. Chi tiét xem hinh 4.

3.3.3. So do nap thuéc két hop lién tuc voi
phdn doan

So do nay dugc ap dung trong th:ong
hop chiéu cao tang trung binh h = 15 m, cac
16 khoan ¢6 chiéu cao bua Lb > 7+7,5 m tuy
theo duong kinh 16 khoan d, nhat 14 cic hang
16 khoan phia trong (khi cac hang 10 khoan
¢6 chidu cao bua va chleu cao cot thude khac
nhau); dé dam bao chit luong dap v& dat da
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hang 16 khoan phia trong nap thudc phan
doan xem hinh 5.

ddng déu nhit va giam luong da qua ¢d, can
nap thudc phan doan. Khi d6 c¢6 thé hang 16

khoan phia ngoai nap thudc lién tuc, con cac
a) D)
c 2 A-A c 2 B-B
= — = [ =l — =
: t
4 Ly E A Ly
h i3 Lk h i3 Ly
i b T i [ T
1 Lt /I— % \ L1 LI -
o 3 | a Of 3 1
A4 Lt % [
4 - - - - 4 I 4 R = - 4l = s o R
W[ f W i
S " "
| (—‘ |
| —_ | [RE—
2 - o ==
I ] I ]
T T T L T
. 1 ' 1

Hinh 3. So dé khoan né min nap thuéc lién tuc

a - khu vuec dat da khéng cé nweée ngam b - khu vuc ddt dd ngam nuoc
1 - thuéc né ANFO Ihmmg 2 - bua cdt; 3 - moi né; 4 - day dién; 5 - kip né vi sai phi dién;
6 - thuoe né nhii twong chiu nwée; 7 - dat da ngam nudc.

a) b)
C C 5 B-B
| 4 H,Lh
]_\; [_\IEH tH i
R R B Les
by Ly 28 |h Y 0o |l
L T i I ] ¢Lepal T
I g 7
1 i L ST
o o oM |, |
[ - ] _‘_‘%tiﬁ}_‘_ i ET
We We | b ] f
T et =
| |
L _|C L _lc
I N | =
Al K a A B# [ K a B
1 ] 1 —
T B T

1

Hinh 4. So do khoan né min ngp thuac phdan Joan

a- khu viec dat dd khéng cé nuée ngam b- khu viee dat da ngdm nidc
1 - thude né ANFO thuong; 2 - bua cdt; 3 - moi no; 4 - day dién; 5 - kip né vi sai phi dién;
6 - thuéc né nhii firong chiu nieoe; 7 - dat da ngdm nicoc.
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Hinh 5. So do khoan no min ngp thuoc két hop
a- khu viee ddt da khong c6 nueée ngam b~ khu viee dat dd ngdam nuoc
I - thuée né ANF O thuong; 2 - bua cdt; 3 - moi no; 4 - day dién; 5 - kip né vi sai phi dién;
- thuée né nhii twong chiu nicde; 7 - ddt dd ngam nudre.

4. Két luén

Tir cée két qua nghién ctru & trén cho thay:

- Cac mo than 19 thién Coc Sau-Deo Nai
va Bic Bang Danh str dung cac may khoan
xoay cau chay dién c6 d = 250 mm ddi véi
khu vyc trén cao va cac may khoan xoay
cau hodc dap day thuy luc c6 d = 230+250
mm dbi voi khu vue day mo. Mo Cao Son
str dung cac may khoan xoay cau chay dién
c6 d =250 mm d6i voi khu vuc trén cao va
dat da c6 £< 13, va cac may khoan xoay ciu
hodc dap day thuy lyc c6 d = 230+300 mm
dbi véi khu vue ddy mo va khu vure dat da co
f>131a hop 1.

- Su dung céc loai thudc nd va phlmng
tién n6 hién c6 trong nuae. Tuy nhién, can
tlep tuc nghlen ctru ché tao cac loai thuoc n6
ré tién hon va giai phap nap thude nd khong
chiu nudc trong cac 10 khoan ¢6 nudc dé
giam chi phi vé thudc no. Dong thot ap dung
mang nd tam giac déu voi viée nap thude
phan doan hodc két hop phan doan véi lién
tuc./.

Tai liéu tham khao

1. Surface drilling and blasting, Tamrock,
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2.Rzhevsky V. V. (1987), Opencast mining
technology and integrated mechannization,
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4. MensnukoB H.B., Mapuenko JI.H.
(1957), Metoapl moBsIIeHUS K03 puireHTa
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Uzn. Urm AH CCCP, Mocksa.

5. Pxesckit B.B. (1978), Ilponeccst
OTKPBITBIX TOPHBIX padboT, Mockaa.
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Nghién ctru anh hwong cua chan dong no min thi
cong dwong lo dén cac két cau cong trinh l1an can

>>Th.S. Pham Ta Phwong, Th.S. Nguyén Viét Hung
Cong ty CP Tu van dau tu moé va cong nghiép - Vinacomin
>> PGS.TS. Pang Van Kién, Truong Dai hoc M¢ - Dia chat

Tém tat Van dé danh gid sy anh hu’O’ng ctia chin dong nd min dao duong 10 méi den két
cAu ton tai 14n can nhu két cau chong cd dinh cta duong 10 cii 1an cén, tuyen 0ng dan, cac
cong trinh dang sir dung trude dé trong 1ong dit, cong trinh bé mat, nén moéng cac cong
trinh mat mo... cé y nghia quan trong trong qua trinh thidt ké quy hoa(;h duong 10 méi. Bai
bao trinh bay huérng nghién ctru méi vé gidi phap lya chon vi tri tuyén duong 16 méi dya
trén viéc danh gid anh hudéng cua chan dong n6 min tir viéc thi cong duong 10 méi tai cac
vi tri khac nhau trong khong g1an kh01 d4a bao quanh dén cac két cau ton tai lan can. Tiéu
chuan danh gia dugc lua chon & day van dé& dam bdo gia tri van téc dao dong phan tir 16n
nha‘g (Peak Particle Velocity-PPV) c6 gia tri nho nhét trong cac phuong 4n va nhé hon tiéu
chuan hién hanh.

Abstract: This paper presents a new solution to to study the effect of blast vibaration at new
tunnel face on lining of an adjacent existing tunnel. By numerical simulation and field data
in-situ, the minimum distace between two tunnels is given to insure the safe of the existing
tunnel lining. The location of the adjacent existing tunnel is fixed, the location of the new
tunnel is moved on a circular. The radial of the circular is the minimum distace between two
tunnels. A comparison the peak particle velocities which are obtained by above numerical
model will give an optimal location of new tunnel in which the the effect of blast vibaration

at new tunnel face on lining of an adjacent existing tunnel is minimal.

1. Pit van dé

Viéc danh gla anh huong cua chin dong
n6 min dén két ciu duong 16 lan can da dugc
nghlen ctru theo hu’ong khéi thude no dat
cung muc voi truc két cau cong trinh ton tai
lan can nhu duong 16 cii lan cén, tuyen ong
nam trong long dat nhu dit bén suon hay
phia trudce guong duong 16 (Hinh 1). Ngoai
ra, mot s tac gia da nghién cru anh huong
ctia chin dong khi nd kh01 thude no dat ngay
trong duong 16 (cac vu no do khung bd,...)
hodc anh hudng cta vy nd trén mat dat den
cac dudng 16 (nd min do bom dan bé mit dén
cac cong su)

Ngoal cac vi tri mo ta trén Hinh 1 thi
vige nghlen clru anh hudng cua chan dong
n6 min dén két cdu duong 10 khi nd min tai
cac vi tri khac trong khong g1an chua dugc
nghlen ctru. Cac nghién ctru van dé trén chu
yéu thyc hién trén mo hinh 2D. Tai day, gan
nhu chua c6 két qua nghién ciru bang mo
hinh 3D.

Hién nay trén the giéi khi nghién ciru
anh hudng cua chan dong ndé min ngudi ta
thuong s dung hai phuong phap chu yéu
gom:

Phuong phdp do dac hién truong, su
dung cac cam bién do van toc dao dong dinh
phan tr (Peak Particle Velocity-PPV); do
gia téc dao dong dinh phan tur (Peak Particle
Acceleration-PPA) va chuyén vi cia cac
phan tir (Displacement ...) theo cac dai tan
s0 khac nhau. Trong cac nghién ctru (Dang
VK, 2013; Pang Van Kién, 2014; Dang
Van Kién; 2016, Pang Van Kién, 2017; F.
L. Pellet, V. K. Dang va n.n.k, 2013); (M.
Keshavarz, VK. Dang va n.n.k, 2013); (Van
Kien DANG, 2013; Van Kien Dang, 2016;
VO Trong Hung, Pang Van Kién va n.n. k
2018). Tac gia sir dung dir li¢u do dac tai ham
Croix-Rousse, Lyon, CH Phap 13 két qua cua
phuong phéap do dac thuc nghiém dé nghlen
cuu dic tinh truyén song, klem chu’ng mod
hinh s6 xay dung dugc. Tir két qua do dac s&
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tién hanh phén tich dir liéu do, xéy dung céc
quy luat vé sy anh hudng cua cac thong s6 co
ly cua kh01 da, ddc tinh va khéi lugng thude
nd 16n nhat dong thoi, khoang cach tur vi tri
n6 min dén vi tri quan sat tir d6 xay dung cac
cong thue kinh nghlem cho phép xéc dinh
khoi luong thuoc n6 16n nhat dong thoi, kh01
luong thuéc nd cho mot chu ky n6é nhiam
dam bao an toan cho vo chdng bé tong cua
duong ham cii (Dang V.K, 2013; Pang Vin
Kién, 2014; Dang Van Kién; 2016 bang
Van Kién, 2017; F. L. Pellet, V. K. Dang va
n.n.k, 2013); (M. Keshavarz, VK. Dang va
n.n.k, 2013); (Van Kien DANG, 2013; Van
Kien Dang, 2016; Vo Trong Hung, Pang
Van Kién va n.n.k, 2018).

Tam khdi
thufc.n

Miit cit

: ngang CT
I . .

El) gia dinh

Mﬂcﬂngang héim cil

Phuong phap mé hinh sb dugc xay dung
trén phuong phap phan tir hitu han, sai phan
hiru han, phan tr bién...Cac mo6 hinh s
dugc xay dyng trong diéu kién gan giéng voi
diéu kién thyc t€ cho phep du bao tuong d6i
chinh xéc chan dong gdy ra boi nd min dao
ham. Su két hop cua hai phu:o*ng phép thyc
nghi¢ém va phuong phép s6 bang phan mem
Abaqus s€ dua ra két qua dy bao tuwong dbi
chinh xac anh hu(mg cua chan dong nd min
dén ket ciu chbng cong trinh ngam Thong
qua két qua do dac, céac két qua cua mod hinh
s0 duogc klem churng va dugc str dung du bdo
trong cac diéu kién tuong ty. Ngoai ra, dua
trén mo hinh s6 da duoc kiém chimg chung
ta co thé tién hanh khao sat anh hudng cua

"'Tim khéi thube

Hinh 1. Méi quan hé giiva vi tri khéi no thi cong dwong 6 méi dén két ciu chong ik
duong lo cii trong cdc tru’o’ng hop mo ta khdac nhau: a - Truong hop mé td theo mdt ciit
thiing dieng; b - Truwong hop mé td trén mdt biang
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cac thong sb dau vao nhu: dac tinh co ly cua
dat da, dac tinh éap luc nd cua thudc nd, hé
sO giam chan dén chan dong nd min. Mic du
khi tién hanh m¢ rong ham lanh nan tai du
an ham duong bo qua dé Hai Van c6 st dung
phuong phap do dac hién truong tuy nhién
qua danh gia cho thay cac dir liéu do chua
hoan toan dugc kiém chiig va kho stir dung
dé két hop v61 mo hinh so6.

2. Mjt sb két qua nghién ciru da thyc hi¢n

2.1. Nghten ciu anh huong ciia chan
dpng né min dén két ciu dwong ham ton tai
lan cdn tai dw an dwong lo Croix-Rousse

Viéc khdo sat anh hudng cua khodang cach
gitta hai duong 16 da dugc mot so tac gia
chu y nghién ctru va da c6 nhiing két qua
nhat dinh. Khi nghlen ctru anh huong cua
chan dong no min dén két cau chong c6 dinh
cua duong ham Croix-Rousse, Lyon, Phap.
Puong ham giao thong do thi Croix-Rousse
(Lyon, Phap) nam gitra song Rhone va song
Sabne. Chi€u dai duong ham bang 1757,5 m;
dién tich mat cat ngang bang 84,10 m2 Vi
tri du’orng ham nam & khu vuc rat dong dan
cu, ¢6 nhiéu tda nha nim gan [3]. Tai day co
mot duong ham cii dang vom tuong thang
ton tai nam song song vai duong ham méi.
Khu vuc nghlen ctru chu yéu 1a da gramte
Sau khi xay dyng va kiém chirmg m6 hinh sd,

160 m 160 m

-

Viing chiva cdc phan
i vé han

|

480m

160m

Ving chira cac ph:.'an

! Vimg chita cdc
tir v han

phan tir w6 han

L60m

30m

a)

tac gia Dang Van Kién [3]+[7] da tién hanh
nghlen ctru anh huong cua khoang cach D
glua hai duorng ham dén muc d6 chan dong
cua két cau chong cd dinh cta dudng ham
cti. Kich thuéc mo hinh s6 2 chiéu 2D va ba
chiéu 3D duoc thé hién trén Hinh 2. M6 hinh
vat liéu, mo hinh 4p lyc, diéu kién bién nhu
da chon trong cac phan nghlen cliru trudce
[3]-[7]. Két qua khao sat mdi quan h¢ gilra
khoang cach hai duong_ ham (D) cung muc
dén van toc dao dong phan tor 16n nhat (PPV)
trong két cau chdng cua _dudng ham cii 1an
can trong mo hinh 3D thé hién trén Hinh 2b.

Két qua anh huong cua khoang cach gilta
hai duong ham (D) dén muc do chan dong
trong két cdu chdéng cua duong ham lién
ké lan can (Hinh 3) cho thay: van tbe dao
dong phan tir 16n nhat trong két cau chong
ti 1¢ nghich véi khoang cach glua hai duo’ng
ham Trén co s¢ ti€u chuan vé gia tri van
toc dao dong phan tir 16n nhat cho phép lay
theo céc ti€u chuan Bang 1, Bang 2, Bang 3
cho két cau chong bé tong co dinh la khoang
15 mm/s, ta xdc dinh dugc khoang cach
nho nhit cho phep gura hai duong ham la
Dmin=32,5 m ung voi lugng thudc nd 16n
nhat nd tai du an duong ham Croix-Rousse
da duoc tinh chuyen ra ap luc no 1én bién
duong ham trong mé hinh ap luc nd [3]+[7].

Hinh 2. Kich thuéc mé hinh sé trong nghién ciru: a - M hinh sé 2 chiéu (2D);
b - Mé hinh sé 3 chiéu (3D)
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Hinh 3. Két qud anh hwong ciia khoang cdch giita hai dwong ham (D) dén mirc dp
chin dpng trong két cdu chéng ciia dwong ham lién ké lan cin

Bdng 1.Tiéu chuan GB 6722-2003 cuia Trung Quéc vé an toan cho phép “PPV;,”
ciia két cdu chong bé tong co dinh cia du’ang héam dwéi anh huéng
ciia chin dong no min [4]

Péi twong bio vé Vin toc chin dong no min an toan cho phép (van toc dao
dong 16n nhat), mm/s
<10 Hz 10 Hz<f<50 Hz f>50 Hz
Puong ham thity dién 70~80 80~100 100~150
Puong him giao thong 100~120 120~150 150~200
Puong him mo 50~180 180~250 200~300

Bdng 2. Tiéu chuan Dirc DIN4150 1999-02, phén 3 dp dung
cho két cdu chong dwong ham [4]

Vin téc dao dong 16n nhit (mm/s)
Tan s6 (Hz) 1+10 10+50 50+100 >100
Két cau chong 40 40+80 80+100 Nho nhat 100

Tai Viét nam hién nay dang st dung ap dung Do thi 1 dé xéac dinh muc cho phep
QCVN 01:2019/BCT cua Bo Cong Thuong, cua van téc dao dong phan tir cuc tri & dai
ti 1¢ khoang cach va gia tri van téc dao dong  tan s thap thay cho Bang 4.
phan tir 16n nhat dé dam bao cong trinh an
toan phai théa min yéu ciu trong Bang 4
(QCVN 01:2019/BCT). Ngoai ra cho phép
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Bing 3. So sanh mgt sé tiéu chuén quoc gia va chi déin mirc dj chén dpng tdi bé tong
non va va bé tong cung lién khoi [4]

Tudi bé tong

Nué Ghi chu
YO T 0:3ngay | 3:7ngay | 7-28ngay | >28 ngay tehd
My - 6mm/s 51mm/s -
1520 mm/s | 30+40 mm/s | 70+80 mm/s - <10 Hz
Trung 2025 mm/s | 40+50 mm/s | 80100 mm/s - 10+50 Hz
Quéc | 25+30 mm/s | 5070 mm/s | 100+120 mm/s - >50 Hz
Na Uy 5+50 mm/s 50 mm/s 70mm/s 100 m/s
45 mm/s 50 mm/s 70 mm/s 70 mm/s | Khoang cach 1 m
Phan L Ang c4
T omms | 100mms | 140 mms | 140 mmys | P08 cach 10
- - - 70 mm/s | Khoang cach 1 m
Thuy Pién - - - 134 mm/s nthoang cich10
30 mm/s 30 mm/s - - Néu £ <12 MPa

Bing 4. Vin téc dao dgng cwc tri cho phép (QCVN 01:2019/BCT)

Khoang céach tir vi tri n6 min dén cong

trinh gan nhét

Vin toc dao ddng cuec tri cho phép

Tu 0 dén dudi 92 m 31,75mm/s
T 92 m d&én 1.524 m 25,4 mm/s
1.524 m tré 1én 19 mm/s

»

(L]

=
-

Gidn han cho phép wan toc dao dang phan o cre tiimm/s)

508mm's

Tan sd chan déng nd min. Hz

[
20 30 50

10023

Do thi 1: Mirc cho phép ciia vin toc dao dpng phin tir cuc tri & ddi tin
so thap (QCVN 01:2019/BCT)
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2.2 Két qua nghzen ctru anh hwong cia
chin dong né min dén két ciu dwong ham ton
tgi ldn cdn tgi dy dn mo'rong ham Hai Vin

Tai Viét Nam, nha thau khi thi cong cac du
an nhu ham duong sit Uong Bi ham dudng
bd qua deo Ca (Tong cong ty Song Da), du
an mo rong him Hai Van (Cong ty CP Beo
Ca) khong c6 thiét bi do chuyén dung nén
khi pha1 giam sat chan dong thuong thué mot
don vi tha ba. Hién tai ¢ Viét Nam, Hoi Ky
thuat nd min dang co thiét bi nay. Tai ham
Hai Van va C6 M3, Hoi di tién hanh sir dung
thlet bi do Minimate Plus cta hang Instantel
dé tién hanh do chan dong ham duorng sat
nham dleu chinh luong thudc nd 16m nhat
cho m01 lan n6 min nham giam thleu chan
dong dén vo chdng bé tong, han ché cac vét

Khéi da

Khoi d4 giita hai dwon ham

i

Puong ham ldnh nan Gueng him dao mé réng

D

nit xuét hién trong vo khi tién hanh nd min
dao ham. Tai day ciing dd sir dung QCVN
01:2019/BCT cua By Cong Thuong dé danh
gia chan dong cho vo chong ctia ham dudng
sat va két qua lavo chéng an toan. Tuy nhién
viéc danh g1a chan dong tai dy 4n nay moi
dung lai & viéc do dac va so sanh két qua do
v6i cac tiéu chuan quy pham hi¢n hanh cua
Viét Nam. V61 nhugc diém la chi ¢ két qua
do méi co thé danh gia duoc chén dong trong
khi viéc do dac thuong xuyén la rat kho nén
viéc phat trién cac mo hinh s6 dé danh gia
chan dong trong cac diéu kién tuong duong
13 hét st can thlet So do nghlen ctru va ket
qua mo hinh s6 chan dong nd min him mo
rong den v6 chéng bé tong ctia hdm cii 1an
can thé hién trén Hinh 5 va Hinh 6.

Khuwe
né min f‘l'

’

) N

Khoéi dd

H

.
ARIAIAATIA A LA A A A A A AT A I AL AT AL AT A A A A A A A AT A A A A A A A AL AT A A A A A A AL A LA A A A A A A A AA S TA R AL A AR A R AR AR LR AR R R AR AR

Cam bien
phia sau

Dudng ham chinh

-------------------------------------------------------

Khéi da

Khoi dé

Cam bién

phia truéc V6 chong

------------------------------------------------------

Khoi da

Hinh 5. So do nghién cveu sy dnh huong cia chin dong 1o min tai guong hém ldnh nan dén vé chong
bé tong ciia dwong hiam chinh theo phuong doc truc ham tai dir dn him dwong bj qua déo Héi Vin

16

v =-0,0002x + 0,0237x* - 0,9252x + 15,4487

R2=0,999

PPV(theo phuong thing dimg (m m/s)
(=) (=

0 5 10 15 20
Khoang cach tir grrong ham dén diém quan sét trude grong ham méi D (m)

M

25 30 35 40 45 50

Hinh 6. Méi qmmgmagmtnPPVvakhoangcach tinh twguvngduongham dén cdc diém khdo sit
(H). (Puong mau xanh la dudng gan diing; duwong mau den la do thi phuong trinh thu dupc)
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2.3 Mjt sé két qua nghién ciru khdc co
chii y dén vi tri cua duwong ham maoi

Ngoa1 cac ket qua di trinh bay & trén, mot
s tac giada tién hanh nghlen ctru anh huong
cua chan dong n6 min dén ket céu du:ong
ham l4n can khi hai duong ham ¢ hai mirc
khac nhau nhu nghién ctru cua Hua-bing
Zhao (2015) (Hinh 7). Tuy nhién, day cling
chi 1a mot trudng hop nghién ctru cy thé khi
duodng ham cii ndm & ph1a trén cua duong
ham dang dao. Tac gia VO Trong Hung da
tién hanh nghién ciru anh huzong cuia nd min
tai guong duong ham dén két cau chong phia
sau guong dudng ham tir d6 di dua ra mot sd
cong thirc cho phép dinh hudng tinh ap lyuc
1én két cau chong [1].

3. Pé xuit huéng nghién ciru méi dua
trén vi¢c khao sat twong quan vi tri hai
duong him

Viéc nghién clru anh huong cta khoang
cach gnra hai duong ham den mtrc d6 chan
dong cua két cau chong c¢b dinh ctia duodng
ham cii tir cong tdc n6 min tr dudng ham
mdi cho thay:

> Két qua nghién ctru vé linh vuc nay Van
con chua nhiéu. Céc ket qué nghién ctru van
mang tinh dinh tinh tong thé, minh hoa cho
nhiing truong hop rleng cua thuc té da dang;

> Céc nghién ctru chu yeu bang phuong
phap thuc nghi€ém, cho nén két qua nghién
ctru van chi mang tinh dinh lugng luong cuc
b9, cho dudng ham cy thé, trong nhimg diéu
klen riéng. Nhitng két qua nghién ctru nay

rat kho c6 thé sir dung cho nhiéu truong hop
da dang phire tap trén thuc té;

> Cac nghién ctru bang phuong phap so
chu yeu st dung cac mo hinh 2D. Vi Vay két
qua giai bai toan tac dong khong gian (tac
dong khoi) phtre tap cta qua trinh truyen
song trong khdi da va su tac dong cua song
no tu duong ham dang thi cong dén két cau
chbng gitr cua cac duong ham, duong ham
lan can van chua du do tin cay.

> Cac nghién ctru st dung m6 hinh 3D
trong qua trinh g1a1 quyét bai toan trén day
van chua dugc su dung nhiéu. Mic di mé
hinh 3D rat phic tap, chua dugc nghién ciru
nhiéu trén thuc té. Tuy nhién néu st dung
mo hinh nay s& cho phep giai quyet nhiéu
van dé thiét ké, thi cong duong ham hitu
dung trén thuc té;

> Két qua nghién ctru van chi tién hanh
cho nhiing truong hgp déic biét, cho nhung
vi tri duong ham dac biét trong khong gian:
hai duong ham nidm cung muc; hai duong
ham nam ¢ khac mrc nhung trén mot mat
phang thang dung. DAy 1 nhiing tuong hop
riéng, dac biét khong thuong xuyen xay ra
trén thyc té. Ngoai hai truong hop nay, vi tri
twong hd gitta hai duong ham rat da dang,
phong phu va phu:c tap trén thuc té. Vi vay
nhimng két qua nghién ctru da c6 cho hai
truong hop riéng trén day khong thé sir dung
dugc cho nhung truong hop khiéc;

> Nhu Vay, vigc nghién clru tong thé anh
huong cua vi tri dudng ham dén mirc d chan

2801

1

Vién toc dao dong cua phan tir
theo phirong thing ditng. mm/s

1604 1 - Phuong phap thyc nghlem
{ 2 - Phuong phap mé hinh s6 ‘a
140 T T T T 1
0 1 2 3 4 _5 6 7 8

Khoang cach tir gwong ham deén vi tri do D, m

Hinh 7. Két qud nghién cvvu ciia Hua-bing Zhao (2015) [9]
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dong cua ket ciu duong ham cta duong ham
lan can hau nhu chua duoc giai quyét tong
thé, mang tinh dinh luong. Nhitng két qua
nghlen cuu dinh tinh cho ting trudng hop
rleng trong mo6 hinh 2D, 3D chua thé cho
ngum thiét ké, thi cong nhung co s¢ ly luan
¢0 do tin cay cao dé co thé str dung trén thuc
té.

Vi vay, mot so dinh hudng co ban sau day
duogc dé Xuat dé c6 thé tién hanh nghién ctru,
giai quyét timg budc van dé& “nghién ciu
anh huong cua vi tri va khoang cach gitra
hai dudng ham den muc d§ chén dong cua
két cdu chong ¢b dinh cua duong ham cll tur
cong tac nd min tu duong ham méi”

> Xay dyng cdc mo hinh 2D, 3D co ban
dé giai quyét bai toan;

> So sanh két qua md hinh hoa trén cac
mo hinh 2D, 3D véi cac két qua nghlen cuu
thue té, két qua nghién ctru ly thuyet cua cac
tac gia khac trén the g101 dé vi chinh, hoan
thién dan va de xudt cac mé hinh 2D, 3D cho
bai toan truyen song trong mo hmh phing
(2D) va md hinh khoi (3D);

> St dung cac m6 hinh 2D, 3D de giai
quyét tung 16p bai toan, timg 16p van dé cua
linh vuc nghlen clru anh huong cua vi tri va
khoang céach glu’a hai du’ong ham dén muc
dd chan dong cua két cau chong c¢b dinh cia
duong ham cll tr cong tac n6 min tr duong
ham magi”

> Pé xuat mot s6 mo hinh mang tinh tong
quat cta vi tri tuong hd gitra hai duong ham
gan nhau (mot dudng ham ci ton tai trude
do, mot duong ham m&i dang thi cong)

> Pé xuat dinh hlrong nghién cuu cho
tung nhom bai toan riéng 1€, chiu sy anh
huong ctia mot sb yéu té anh huong co ban.
Tim quy luét dinh lwong cta sy anh huong
n6 min tir dwong him méi dén duong ham
cti cho timg nhom bai toan riéng 1¢;

> Giai quyét mot s6 nhom bai todn quy
hoach vi tri hai duong ham gan nhau (mot
cli, mot méi) dé co thé tim ra quy luan anh
huong dinh tinh cta cac vi tri khac nhau
trong khong gian

> Su dung cdc quy luat dinh luong anh
huong méi tim duoc dé co thé giai quyét mot

s6 van dé co ban nhat cho viéc quy hoach,
thi cong, chdng gitt,... hai duong ham gan
nhau, c6 danh huong lan nhu & muc do cao
khi tlen hanh n6 min & du:ong ham méi.

bé thuc hién nhu:ng y tuong trén day mat
so nhom Van dé riéng vamQt so y tuong duoc
dé xuat dé giai quyét vin dé “nghién ctru anh
hudng cta khoang cach glua hai duong ham
dén murc d6 chan dong cua két cau chong cb
dinh cua duong ham cii tir cong tac nd min
tr duong ham méi” nhu sau:

> Pé Xuat phuorng an co so thir nhat Hai
duong ham dong murc trén mat phang nam
ngang. Tai day, dai lugng “vén toc dao dong
phan tir an toan “PPVat” trong két cau chong
bé tong c¢b dinh ciia dudng hém cl lan can”
duoc sir dung 1am tiéu chi dé 0 sanh gitra
cac giai phap nghién curu. T két qua ngh1en
cuu su thay d6i khoang cach “D” gitra hai
duong ham 14an can khi nd min & duong ham
moi tac dong 1én duong ham cii s& xac dinh
dugc gia tri khoang cach glO’l han “Dmin”
cho phép két cau chéng giit duong him ct
van hanh an toan, khong chiu anh huéng xau
tir vu n6 min tur duong ham moi;

> Puong haim méi co thé h duge bd tri
nam trén mot dudng tron co ban kinh 1a
“Dmin” Khoang cach toi thiéu gitra hai
dudng ham méi va cii da xac dinh & trén. Tai
dy, tdm “duong tron quy hoach” céc vi tri
duong ham quanh dudng ham cii 1a 1a tam
cua duong ham cli (Hinh 8.a). Nhu vay, neu
lay duong ham cii lam tam (truc duong ham)
thi cac phudng an can xem xét s& nam trén
mot duong tron (mdt tron) cach tdm (tryc
duong ham) mot khoang bang “Dmin”. Nhu
vay, s& cO vo sO phuong an quy hoach vi tri
cho duong hdm méi trén “duong tron quy
hoach” vi tri duong ham m&i. Viéc nghién
ctru sy anh hudng cua cic vi tri méi s€ cho
ta nhitng s liéu dé co thé giai quyet bai toan
quy hoach dudng ham, tim ra vi tri duong
ham mai ¢6 kha nang gy nén sy anh huéng
it nhat 1én duong ham cii;

> Do ¢6 tinh d6i Xung khong gian cua bai
toan, cho nén ta chi can xét sy bten ddi vi tri
cua duong ham méi trén mot phan tu duong
tron hay (00<¢<900) (Hinh 8.b). Tai day, ¢
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giai doan dau tién chi nén xem xét mot sO vi
tri mang tinh dic thu du sé liéu dé tim quy
luét dinh luong thuc nghiém cho sy tac dong
cua vu nd min ¢ duong ham moi tac dong
lén duong ham cii trong khoang bién thién:
00<p<900;

> Pai luong dugc dua vao dé 1am tiéu chi
so sanh gilra cac giai phap nghién ctru la van
toc dao dong phan tir an toan “PPVat” trong
ket céu chong bé tong b dinh cta dudng
ham cii 1an can. Cac gia tri van toc dao dong
phan tr an toan “PPVat” do anh huong cua
chan dong nd min trong ket cau chéng bé
tong cua duong ham cit lién k& cho cac vi
tri khac nhau s€ ¢6 gia tri khac nhau tLIO’ng
g véi goc “¢” cu thé. Két qua ching ta c6
thé xay dung duge mot ham sé thé hién méi
quan h¢ gitra gia tri “PPVat” vdi goc “o”:

PPV,=F(9). (1)

Trong do: ¢ - Goc hop boi tam dudng ham
cli va vi tri duong ham mai trén cung tron;

Trén co s& cac nghlen cuu trén, dinh
huéng maéi nghién ctru anh hudng cua chan
dong no min khi dao dudng ham moi dén két
céu chdng c6 dinh ciia duong ham cii 1an can
theo trinh tu nhu sau:

>Bude 1 - Nghlen ctru khi hai duong ham
cing muc nham xic dinh khoang cach tbi

thleu cho phép gitra hai duong, ham (Dmin)
van dam bao an toan cho cho két cdu chong
bé tong cua dudng ham cii 1an can;

> Budce 2 - Nghién cau khi du:ong ham
mai tai ndm vi tri dién hinh (¢=0°; ¢=22,5°
©0=45% ©=67,5% o= 900) (Xem H.5). Nhu
vay, anh huong cua vi tri duO’ng ham moi
dén muc do chan dong cua ket cau chbng bé
tong du:ong ham cti dugc nghién ctru theo
nam vi tri dién hinh ctia duong him méi nhu
sau:

+ Vitri 1 - Duong ham moi nam & vi tri
cung muc voi duong ham cli ((p 0°);

+ Vi tri 2 - Duong ham moi nam O vi tri
khac mutrc voi duong ham cli ((p =22,5%);

+ Vitri 3 - Buong ham moi ndm & vi tri
khac mutc voi duong ham cli ((p—45°)

+ Vi tri 4 - Duong ham md&i nam & vi tri
khac muc voi duong ham cli ((p 67,5°;

+ Vitri 5 - Duong ham méi ndm & vj tri
phia trén dudng ham cii (¢= 90°);

> Budc 3 - Trén co s& cac két qua nghién
ctru xac dinh “PPVat” cho tl‘rng tru:b'ng hop
ddc bi¢t ¢ bude 2, chung ta s€ c6 cac ket qua
“PPVat.i” cho tung truong h0“p vi tri cu the
cua duong ham tuong ung voi tung goc “oi”
cu thé. Tai day, i=1+5 - Cac truong hop quy
hoach vi tri ctia dudng ham;

Hinh 8. So do nghlen citu anh huong ciia vi tri dwong ham mdi dén mirc d¢ chéin dng
ciia két cdu chong cé dmh ciia dwong ham lan cin
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> Budc 4 - Xay dung quy luat thyc nghiém
PPVa=F(o) trong khoang bién thién cua g(’)c
“0”: 0°<0=<90°. Quy luat thyc nghiém nay
s€ cho phep nghlen ctru ¢ dang tong quat s&
duoc tién hanh v6i vi tri duong ham la bat ky
(0°<p<90°) (Hinh 9.b). Két qua nghlen clru s€
cho phép tim ra quy luat tir 46 c6 the tim ra
vi tri t0t nhét cia duong him mdi nham glam
thleu t01 da anh huong cua chan dong n6 min
dén két cAu duong him lan can (H1nh 9).

Nhu vay, trén co s¢ thyc hién cac budce
trén day dé nghlen ctru ¢o tinh tong quat
nhim giai quyet van de ¢ s€ dugc xem xét
nghién ctru voi gia tri bat ky nham muc dich

Hinh 9. Dy kién quan hé giira vi tri ciia du’o’ng ham maoi “¢

tim m01 quan h¢ gitra goc ¢ va mtrc do chan
dong nd min cua két cau chdng cb dinh cua
duong ham cii 1an can.

Bang viéc su dung m6 hinh s6 da xay
dung va kiém chung, tién hanh chay cac mo
hinh khac nhau twong u'ng vO1 moi vi tri, sau
do tlen hanh so sanh gia trj van toc dao dong
phan tr an toan twong (g voi cac truong
hop do. Két qua s€ cho phép ta thiét 1ap dugc
moi quan h¢ gilta van toc dao dong phan tu
16n nhat _trong két cau chong bé tong cua
duong ham cli (PPV) va gbc hop bai vi tri
duong hdm méi va phuong nim ngang du
kién nhu Hinh 9.

PPVat=F(¢)

} } } } —>
0° 22,5° 45° 67,5° 90° ©

b)

“0” va gid tri vdn toc dao dpng

phan tie an toan “PPV” trong két ciu chéong ciia dwong ham cii lan cin

4. Ket ludn

Két qua ngh1en cuu trén day cho phép rut
ra mot s6 két luan sau day:

> Vi tri va khodng cach cta duong ham
méi dao bang khoan nd min ¢6 anh huorng
rat 16n den muc do chan dong cua ket cau
duong ham lan can. Céc nghlen ciru gan day
moi chi tién hanh nghién ctu mot s trudong
hop déc biét nhu hai duong ham cung mirc
hay duong ham cti nam ngay phia dudi hay
phla trén duong ham cii. Do do, viéc chi ra
vi tri duong ham méi trong diéu kién cu the
trong d6 tmg vai vi tri nay anh huéng cia nd

min tai guong duong ham méi dén két cau
chong duong ham cii 14n c4n 1a an toan dén
nay van chua dugc nghién ctru.

Bai bao dé xuat mot hu:ong nghién clru
méi trong d6 ¢d dinh vi tri clia du:orng ham
cii, duong ham méi s& dugc dat tai vi tri bat
ky trén duong tron ¢6 tdm la tam cua duong
ham cii va cach duorng ham cii mot khoang
cach an toan dugc xéac dinh trong truong hop
hai duong ham cung murc. Két qua clia hu:ong
nghién ctru mdéi nady sé€ cho phép dua ra moi

(Xem tiép trang 49)
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Nghién ciru ky thuat rai lwéi tw dong toc do

nhanh trén co s¢ may dao 10 neo

Nguén: HU Chengjun, LI Jie, ZHANG Kun. Research on fast automatic net-laying
technology based on the auxiliary drilling and anchoring integrated machine[J]. Coal
Science and Technology, 2024, 52(9): 102-110.

>> CN. Nguyén Mai Hoa, Cong ty CP Tu van dau tu mo va cong nghiép - Vinacomin (Bién dich)

Tém tat: Chiéu cao tac nghiép rai ludi truyén thong phu thudc nhidu vao lao dong thi cong,
khong chi cudng do lao dong cao, rui ro an toan 1on ma con hi¢u qua thap, tr¢ thanh y€u to
quan trong han ché sy can bang trong khai thac, dao 10. Dé thuc hién rai ludi tiéu chuan hoa
cho robot trong 16 mo than, thong qua dua vao ap dung ky thuat tu dong hoa, thong minh
hoa, hi€u suat rai lu6i duogc cai thign, giam tai trong lao dong ctia cong nhén, tang cuong d6
an toan tac nghiép, tir d6 thic day san xuat mé hiéu qua cao, xanh va bén viing.

Nghlen ctru di ap dung phuong phap két hop mo phong va thir nghiém, dwa vao méi tru:ong
va ddc tinh van hanh dac thu trong 10, co cu bo diédu khién tir xa dugc thlet ké dé hd trg cong
tac rai ludi may dao 10 neo. Két cau nay sir dung canh tay robot c6 khdp ndi bay truc voi tay
kep & phan noc dé dat duoc kha nang dat ludi neo theo nhiéu goc do va do chinh xac cao.
Ngoai ra, cong ngh¢ mo phong may tinh ti€n tién dugc su dung dé phan tich tinh ning dong
lyc hoc, 1ap ké hoach quy dao chuyen dong va dac diém chiu lyc cua canh tay robot, dong
thoi thlet ké cau tric va thudt toan diéu khién cua canh tay robot duoc t6i wu hoa nhiéu lan
dé dam bao su 6n dinh va tin cdy ciia n trong méi truong phirc tap trong 1.

Dong thoi, dé giai quyét van dé diéu khlen chuyén dong cua canh tay robot, bai viét dua ra
1 giai phap diéu chinh tu thich tng, dé canh tay robot co thé tu dong diéu chinh cac thong
s6 chuyén dong theo diéu kién lam viéc thuc té (chang han nhu hinh dang duong 10, vat liéu
ludineo, v.v.).) dé dat dugc cac hoat dong dat ludi chinh xdc va hi¢u qua. Ket qué cho thay:
thiét bi rai ludi tu dong hoa nang cao hiéu suit cOng tac rai ludi, higu suat dugc nang cao
hon20% so v&1 phuong thure rai ludi thu cong truyen thong Thong qua van hanh tu dong,
muc tiéu glam hon 33% nhén sy da dat dugc, gidi quy€t hi¢u qua tinh trang thiéu nhan luc
tai cac mo than. No lam glam dang ké cuong do lao dong cua ngu(n lao dong, glam cac hoat
dong leo nuii kho khian, giam nguy co chan thuzong lién quan dén cong viéc va g1am hon 80%
cuong do lao dong Dong thoi, quy trinh rai lu6i tw dong gitp giam kha nang xdy ra 16i cua
con ngum va cai thién dang ké d6 an toan khi van hanh. Trong twong lai, voi cai tién khong
ngung va ngay cang hoan thién cua cong ngh¢, cong nghé nay du klen s€ dong vai tro quan
trong hon trong viéc xay dung cac moé than thong minh va thac day phat trién san xuit mo
than theo hudng an toan hon, xanh hon va hié¢u qua hon.

Abstract: The traditional net laying operation is highly dependent on manual labor, which
not only has high labor intensity and high safetyrisks, but also has low efficiency, which has
become an important factor restricting the balance of mining and excavation. Therefore,
the core objective of this study is to design and implement a standardized mesh-laying
strategy for underground coal mine robots, which improves the efficiency of mesh-laying
operation, reduces the labor load of workers, enhances the safety of operation through the
introduction of automation and intelligent technology, and then promotes the efficient, green
and sustainable development of coal mine production. In order to realize the above research
objectives, this study adopts a combination of simulation and experimental methods, based
on thespecial environment and operating characteristics of underground, and designs a
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