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TOM TAT

Khi khai théc via than cé da vach co ban cing viing, da véch truec tiép khi sdp dé khéng du dé Iap
day khodng tréng da khai thac khién cho da véch co ban bj treo trén dién rong, da vach co ban chiu
téi trong cua I6p da phia trén dé nén xuéng, & xung quanh bién khodng tréng khai thac xuét hién tap
trung (rng suét rat Ién va tré thanh diém yéu. Khi khodng trong khai théc téng 1én, tng suét tang vuot
qua gi6i han chiu luc cla khéi dé véch co bén, xay ra pha hdy gion, géy ra hién tuong sdp dé dot ngot
v6i quy mé cure I6n tao ra “chdn dong md”. Bai bao str dung phédn mém Flac3D va céac diéu kién co
hoc da ctia mé than Vang Danh dé xay dung mé hinh nghién ctru qué trinh hinh thanh chan déng mé
khi d6 day vach co ban ciing viing khac nhau. Két qua cho thdy, chdn dong mé chi xay ra khi d6 day
cla da vach co ban cirng vikng <15 m, khi 3 ving pha hay (vang 1, Il va Ill) & néc Io chg lién théng voi
nhau, ltic nay toan bé khbi da vach co ban nguyén khéi sép db vao khoadng tréng da khai thac gay ra
chén déng mé. D6 day cla dé véach co bén ti 1é nghich véi thoi diém xdy ra chdn dong mé va ti 1é thuén

véi cuong do chan déng nhé.

T khéa: Vach co bén cuing vikng, chan déng mé, tng suét tap trung, via than.

1. DAT VAN BE

Khi khai thac than bang phwong phap ham 10,
c6 rat nhiéu yéu td &nh hwdng dén qua trinh hinh
thanh chan déng moé nhw: do sau khai thac, Tinh
chéat va dic trwng clia da vach, da tru va via than,
cau tao dia chat, yéu td vé ky thuat khai thac...
trong d6 yéu tb da vach dong vai trd quyét dinh
t&i sw 6n dinh va an toan khai thac [2, 3, 4]. Déi
v&i cac via than cé da vach cirng vibng, qua trinh
pha hay va sap db da vach mang nhirng dac thu
rat khac so véi da vach mém yéu: 1. Dac diém co
hoc: Da vach cirng c6 cuwdng dd nén cao, mo-dun
dan héi I&én, kha nang chiu lwc tét, do d6 khi khai
thac vach bi treo gilr trén dién tich I&n ma chuwa
sap ngay. 2. Co ché sap db: Khi vwot qua gidi
han chiu Iyc (do chiéu dai 16 cho tang, ap lwc tw
tang trén dé xubng), da vach bi gay gap gion theo
co ché pha hiy gion, tao thanh cac khdi I&n sap
xudng, xay ra dot ngodt, gdy chan déng manh, c6
strc tan pha cao. Pay dwoc coi la mét trong
nhirng tham hoa ddng lwc dién hinh trong khai
thac than, de doa truc tiép dén hoat dong san
xuét, sy an toan ctia con ngudi va tai san ctia mé
than. Ngoai ra, con gay ra sut lin bé mét, c6 thé

gay dich chuyén va anh huwéng dén ciu tric cong
trinh trén mét dat.

& Viét Nam nam 2012, khi khai thac via 18
Héng Thai, da vach clirng virng bi treo trén dién
rong lam gia tang ap lwc mé gay dd 16 cho. Tai
cac mdé cd da vach bén vikng, khé sap db dién
hinh nhw tai cac via 46 khu Trang Khé, via 47 khu
Héng Thai- Coéng ty than Héng Thaéi, via 5, 7, 8
Céng ty than Nam Mau, via 5 khu Canh Ga -
Céng ty than Vang Danh, via 4 khu Khe Chubi -
Cong ty 91... Khi khai thac 16 che tai cac via than
trén, phai thwdng xuyén dirng san xuét dé cing
cb va ludn tiém &n kha nang da vach sap dé dot
ngot trén dién rong, nguy co xay ra “chan dong
md&” trong qua trinh khai thac [1]

M6t s trwerng hop 16 cho ¢é “vach gid”, 16p
nay mong rat dé sap dé ngay khi 16 tran do khau
guong, trén I&p vach giad la da vach twong dbi
crng virng kho sap db. Khi khai thac, dat da cla
Iép vach gid sap dd khong da 1ap day khoang
tréng khai thac, 16 cho bi “réng” ndc va vach truc
tiép treo dai cling tiém an kha nang da vach sap
dd dot ngdt trén dién rong va nguy co xay ra
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“ch&n déng ma”. Trudng hop nay c6 nhiéu & mé
Mao Khé, dac trung la via 9; ngoai ra con xuét
hién cuc bé & mét sé khu vire via than khu Hong
Thai, cac via than 15, 17 md Quang Hanh va mot
s6 khu vuc cia mé Khe Cham, Dwong Huy [1].
O nuwéc ta, sb lwong via than cé da vach cirng
virng kho sap db chiém 25% trir lwong cla cac
via than, s6 106 cho cé da vach kho sap db 1a 150
16 chg, chiém ti 1& 20,7% tdng sb 16 cho thudc
TKV — khai thac giai doan 2021 + 2025 [1].
Bang 1. Tong hop sé lwong cac 16 cho
goéc thoai dén nghiéng cé da vach khé sap
d6 tai cac mé than ham 16 cta TKV - khai
thac giai doan 2021 + 2025 [1]

S6 lwong 16 cho
T Tén mo co da vécr] khé
sap do
1 Udng Bi 24
2 Vang Danh 13
3 Ha Lam 11
4 Hon Gai 12
5 Nui Béo 15
6 Quang Hanh 11
7 Duwong Huy 32
8 Théng Nhét 4
9 Ha Long 9
10 Méng Dwong 19
Toan TKV 150
Vich sap d8

trung binh
69%

S

Hinh 1. Biéu d6 ty lé cac loai da vach theo
trir lwong cha cac via than géc thoai dén
nghiéng & cac mé ham 16 thudc TKV - khai
thac giai doan 2021 + 2025[1]

Véch kha sap dé

Vach mém yéu * 259

(dé sap da)
6%

Két qua thdng ké cho thay, sb lwong 16 cho
hay via than cé da vach cirng virng chiém ti 1&
khéng I&n nhwng nhirng thiét hai gay ra cda nd la
rat I&n. D&c biét khi d6 sau khai thac ngay cang
gia ting, diéu kién dia chat ngay cang phirc tap
khién cho cwérng do va tan suét xay ra cac vu tai
nan do chan déng mé ciing ngay moét gia tang.

Vi vay, viéc nghién cltru qua trinh hinh thanh
chén déng mo rat can thiét, né vira la co sé& duw
bao, vira la can ctr dé lwa chon dwoc gidi phap
phong ngtra chan dong mé hop ly. Trong bai bao
nay, ching téi chi d& cap dén anh hwéng do day
clia vach co ban cirng virng dén qua trinh hinh
thanh chan déng mé khi tién hanh khai thac.

2. CO' CHE HINH THANH CHAN PONG MO
TRONG DIEU KIEN DA VACH CUNG VNG

a. Tich tu teng suat

Khi khai thac than lam pha v& trang thai can
bang (rng suét nguyén sinh, da vach ctrng khéng
sap xudng ma bij treo lo’ I(rng va chiu toan bd phan
d4at da phia trén dé& nén xudng, dan dén hinh
thanh ving (rng suét tap trung.

b. Tdng irng suét tai cdc diém yéu

Tai xung quanh bién cla khu vic khoang
trbng da khai thac hoac nhirng vi tri khdi da cé
khuyét tat 1a noi (rng suét tap trung I&n va sé tré
thanh diém yéu. Khi (rng suat vuot qua gidi han
chiu lwc clia khéi da— xay ra pha hiy dét ngét —
gidi phong nang lwong va gay ra chan dong ma.

c. Sw sup dé dét ngét cua da vdach

Néu da vach bj n&t hodc méat 6n dinh do
khodng trdng khai thac mé& rong, (rng suat gia
tang va sau thoi gian dai chiu tai — sap dé dot
ngdt — chan déng manh kém theo tiéng né, rung
l&c lon.

3. PHWONG PHAP NGHIEN cUrU
3.1. Thiét 1ap mé hinh

Dé& nghién clru qua trinh hinh thanh chan
dong mo khi khai thac via than cé da vach co ban
crng virng, bai bao st dung phan mém Flac3D
va diéu kién dia co hoc clia khéi da & bang 2 dé
xay dwng moé hinh tinh toan.

M6 hinh dworc thiét 1ap c6 gbc toa dd & goc
trai bén dwdi md hinh, kich thwédc mo hinh theo
phuwong x, y va z 1an luvot 1a 100m, 150m va 55m
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v&i 5 16p dat da. Do md hinh c¢6 kich thuwéc 16n,
dién khai thac rong, d& nang cao téc do tinh toan
ta chia m6 hinh thanh cac lwéi 6 vudng vai kich
thwée cac phan tir 0,5x0,5m, véi kich thwdc nay
khéng &nh huéng nhiéu dén két qua nghién ctru.
Vi via than co6 chiéu day 3 m, dé don gian cho
tinh toan va két qua phan anh dwoc thyc trang,
ta chon chiéu dai tién dod khai thac 1a 5m, chiéu
cao khau 16 cho 3m, dd sau khai thac & muc -
200 m, mé hinh mé phdng thé hién & Hinh 2.

Hinh 2. M6 hinh Flac3d
3.2. Diéu kién bién
Xung quanh mdé hinh theo phwong X va
phuwong Y dwoc cb dinh chat, va chiu tac dung
clia (ng suat theo phuong ngang la ox, oy, mat
dwdi cia md hinh dwoc cd dinh chat khéng cho

phép chuyén vi theo phwong thdng ding. Mat
trén cdia mdé hinh la mat ty do chju tac dung cla
tai trong phan dat da ndm phia trén né (o), cac
gia tri 'ng suét nguyén sinh dwoc xac dinh theo
cbng thire sau:

(ng suét theo phwong thang ding:

GZ=YH;

ng suét theo phwong ndm ngang:

ox=0x =Ko7;

Trong doé:

y- Trong lwong riéng cla dat da, kg/m3;

H- Chiéu sau cla cot dat da tinh tr mat dat
dén bé mat trén cia mo hinh, m;

k- Hé sb ap lwc ngang, k=v/(1-v);

v- Hé sb poat xéng cla da;

o Gia tri (ng suét trong khéi da theo phwong
truc z (théng dirng), MPa;

ox- Gia tri (ng suét trong khéi da theo phuwong
truc x, MPa;

ox- Gid tri (ng suét trong khéi da theo phuwong
trucy, MPa

Bang 2. Cac tham sé co hoc cac I&p da va than sir dung trong mé hinh tinh toan [1]

. Tron Cwong | Cwong Hé sé D6 Géc H§

Chidu Iu’c.yng do d6 | Médun | "FT0| LS | ma | so

Loai da day "9 | khang | khang | danhdi | PS ) sat | kién
the tich - - xbéng ket ;

(m) (kg/m3) kéo nén E (MPa) (MPa) trong co

9 (MPa) | (MPa) H 0 (dd) | ()
Vach 10+30 | 2500 | 2,68 44,0 21778 1032 |03 30 4.4
Vach coban | 10+30 | 2.670 | 6,68 74,0 28778 | 023 |06 33 7.4
Vachtye 1 |2670 |205 213 20763 | 020 |06 |24 2.1

tiep (vach gia)

Than 3 | 165 0.93 22,5 7604 | 033 |02 33 2.3
Tru tryc tiép 20 | 2670 |585 72,8 27.763 023 |06 32 7.3

4. KET QUA VA THAO LUAN

4.1. Qua trinh sap dé da vach véi vach co
ban c6 chiéu day 30m

a) Khai thac dwgc 45m

b) Khai thac duwgrc 50m
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c) Khai thac dwgrc 55m

d) Khai thac dwgrc 60m

e) Khai thac dwoc 65m

g) Khai thac dwgc 75m

Hinh 3. Qua trinh sip d6 da vach khi
vach co ban cirng virng c6 do day 30 m

- Tl hinh vé c6 thé thay dwoc:

Pha hdy da vach & néc 16 chg dwoc chia
thanh 5 vung pha hudy (hinh 3g), viing pha huay
& sat néc 10 chg (vung |), hai ving pha hiy &
phia trén I&p da vach co ban cirng vibng (ving
Il va vung lIl), hai viing pha haly xuét hién & 16p
da vach co ban cirng virng phia trén hai dau
khoang tréng khai thac (ving IV va V).

Ké tir khi bat ddu mé 16 cho cho dén khi
khai thac dwoc 45 m chi xuét hién pha hay &
vung |, chinh la pha hady cla |&p da vach gia véi

dd sau pha hay la 1m, da vach co ban cirng
virng khong bi pha hdy. Nhwng khi khai thac
dwoc 50 m thi dd sau pha hiy cta vung | bét
d4au phat trién tang manh va tién sau vao trong
|&p da vach co ban cing virng, dong thoi luc
tai |&'p da vach ndm phia trén vach co ban cing
virng ciing xuét hién hién twong tach 1&p va
pha hdy & hai vi tri vang Il va vang I, hai vang
pha hly nay phat trién rAt manh va gay ra tai
trong I&n tac dung Ién I&6p da vach cirng virng
& phia dw&i né. Khi 16 chg khai thac dwoc 60
m, tai vuing da vach co ban clrng virng & phia
trén hai dau khoang tréng da khai thac (ving IV
va vung V) bat dau bi pha hly va ting nhanh,
khi khai thac dwgrc 65m thi hai ving pha hay
nay phat trién mé& rong va lién théng véi cac
vung pha hay I, Il va lll.

Tuy nhién, qua trinh lién théng nay khdng
gay ra sap dé dot ngdt do khi khai thac duoc
65 m I&p da vach co ban cing vikng & gilra
khoang tréng da khai thac xuét hién (rng xuét
udn va kéo 16n, lam cho dat da & khu vuc nay
bi pha hdy nhanh va sém hon so véi pha hiy
xuét hién & vang IV va V, véi pham vi pha hay
Ién tao ra lwong dat da da lon dé 1ap day
khodang tréng da khai thac, d& toan bo khbi da
vach cirng vibng phia trén no, ngan chan sy
phat trién mé réng ving pha hay va lién théng
gitra vang Il va lll v&i nhau. Con tai vung IV va
V cling xuét hién sw tap trung (rng suét cat I6n,
tuy nhién do d6 day I&ép da vach co ban cirng
vi’ng I&n nén co6 kha nang chéng lai lwc cat tét
hon, can phai lwc cat Ién méi cé thé lam pha
hdy dwoc khdi da clrng virng & hai ving nay.
Diéu nay da khién cho sy pha hly xuét hién &
vung IV va V bi tré hon so véi vang |. Cho nén,
khi vang IV, V pha hdy mé rong va lién théng
véivung |, Il va lll sé khéng xay ra sap db dot
ngdt (chan déng ma).

4.2. Qua trinh sap dé da vach véi vach co
ban c6 chiéu day 10m
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a) Khai thac dwgc 30m

c¢) Khai thac dwgc 40m

d) Khai thac dwgc 45m

g) Khai thac duwgc 65m

i) Khai thac dwgc 70m

Hinh 4. Qua trinh sap d6 da vach khi
vach co ban cing virng c6 d¢ day 10 m

- Tl hinh 4 c6 thé thay duoc:

Ké tiv luc bt dau khai thac cho dén khi tién
do khai thac cua 16 chg khai thac dwgc khodng
30m vung pha pha hly sat néc 16 cho (vung 1)
chi 1a pha hiy cla I&p vach gia cé dd sau bang
1m, con lép da vach co ban cirng virng hau
nhw khoéng bi pha hay. Khi tién dé khai thac dat
35 m thi tai khu vwee vang Il va vung Il I&p da
vach ndm phia trén I1&p da vach co ban bat dau
bi tach I&p va pha hiy, néu tiép tuc khai thac
thi hai viing pha hdy nay phat trién rat nhanh
theo phwong thdng dirng hwéng 1én phia trén,
mot phan phat trién theo phwong ngang, khi
tién do khai thac dat 50 m thi hai viing nay lién
théng véi nhau. Bdng thi luc nay, tai vang IV
va vuing V trong I1&p da vach co ban nam & phia
trén hai diu khoang tréng khai thac bat dau bi
xuét hién sy pha hly va phat trién manh huéng
vé phia vung I, I va lll, ching cé xu hwéng lién
thdng v&i nhau.

Khi tién do khai thac dat 55 m, dién tich pha
huay cta cac vung |, II, lIl, IV va V lién thong voi
nhau. Trong khi d6, d6 cao pha hly & vung |
khong 16N, lwong dat da pha hay chwa du dé
l&p day khoang tréng da khai thac, da vach co
ban van & trang thai treo lo Ilrng, méat khac
phan da vach co ban & vung IV va Vv c6 do day
khéng du I&n dé chéng lai tng suét cat xuat
hién & d6 dan dén xuét hién pha hay cat truot
lam lién théng cac vang |, 11, 1ll, IV va V khién
cho toan bd khdi da vach co ban clrng virng
lién khéi chwa bi pha hiy sap db dot ngdt xubng
khodng tréng da khai thac & phia duéi né gay
ra chan dong 16n goi la chin dong mé.

4.3. Phan tich qua trinh hinh thanh chan
ddng mo khi chiéu day da vach co ban cirng
virng thay doi
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Hinh 5. Sip d6 vach khi khai thac dwoc
65m voi vach co ban ¢6 chiéu day 20m

Hinh 6. Sap d6 vach khi khai thac dwoc
65m véi vach co ban cé chiéu day 15m

T hinh 3, hinh 5 va hinh 6 ciing cho thay
biéu hién pha hiy ctia da vach ciing giéng voi
trwdng hop da vach co ban clrng virng co
chiéu day 30 m, trwong hop da vach co ban
cleng virng cé chiéu day 15 m va 20 m ciing
khéng xay ra qua trinh sap dé dot ngét cua da
vach co ban ctirng virng, tirc khéng xay ra chan
dong mo.

Hinh 7. Sap d6 vach khi khai thac duoc
50m véi vach co ban c6 chieu day 7m

Hinh 8. Sip d6 vach khi khai thac dwoc
45m véi vach co ban ¢6 chiéu day Sm

Hinh 9. Sap d6 vach khi khai thac dwoc
40m v6i vach co ban c¢é chiéu day 3m

T hinh 4, 7, 8 va hinh 9 cho thay khi da
vach co ban clirng virng c6 chiéu day 3m, 5m,
7m va 10m déu xay ra qua trinh sap dé dot ngot
cla da vach co ban, thoi diém xay ra sap db
dot ngdt cha da vach co ban lan lwot tai thoi
diém 16 cho khai thac dwoc 55m, 50m, 45m va
40m. Khi chiéu day vach co ban cing virng
nhd thi viing pha hay cta I&p da vach ndm trén
vach co ban cang manh liét va nhanh lién thong
v&i nhau, chiéu cao pha hly cia né ciing rat
I&n, gay ra tai trong I&n dé nén lén vung da
vach co ban.

Khi vach co ban cirng vitng cé chiéu day
I&n quy mé séap db cang Ién do khéi da vach co
ban crng virng nguyén khdi cé kich thwédc va
khéi lwong 16N, gay chan dong cang Ién, mirc
d6 anh hwéng cang lén.

Cé thé thay, khi do day cla I&p da vach co
ban clrng virng I&n vira tdng kha nang khang
cat clia phan da vach co ban cing virng & hai
dau khoang tréng khai thac tai vang IV va Vv,
vira bao vé tét dwoc Iop da vach nam trén no,
diéu nay da han ché duoc sw pha hily mé rong
tai vang Il va vung Ill. Mat khac, tai vung | & vi
tri gitva khodng tréng da khai thac xuét hién
(ng suat kéo ubn Ién vwot qua gidi han bén
ctia khéi da vach khién cho I&p da vach co ban
clrng virng bi pha hily manh va 1ap day khoéng
trbng, tao ra gbi twa d& toan bd khéi vach co
ban cdn lai, ngan chan hién twong pha hdy cla
vung Il va Ill phat trién mé rong va lién thong
v&i nhau vira ngan ngira dwoc khdi da vach co
ban ctrng virng lién khbi xay ra sap db dot ngot
tire 1a khdng xay ra chan dong mé.

4. KET LUAN

Khi khai thac via than c6 da vach co ban
clrng virng, néu chiéu day vach co ban Ién hon
15 m sé& khong xay ra chan dong mé, néu chiéu
day vach co ban nhd hon 15 m sé xay ra chan
dong mo.

Khi d6 day vach co ban nhd thi thdi diém
xay ra chan déong mé sé&m, cé cwdng d6 nhd,
nhwng khi chiéu day vach I&n thoi diém xay ra
mudn hon v&i cwdng dé manh hon.
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Khi khai thac via than cé vach co ban clrng cung la pha hdy phan da vach co ban & phia
virng, chan dong mé dwoc hinh thanh nhw sau: trén hai dau khoang tréng khai thac. Khi cac
dau tién I6p vach gia bi pha hay, sau dé dén vung pha hady lién théng v&i nhau sé xay ra
l&p da vach nam trén I&p vach co ban, cubi chan dong mo.
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ABSTRACT

During the extraction of coal seams with competent and strong main roof strata, the collapse of the
immediate roof is often insufficient to fill the mined-out void, resulting in the main roof being suspended
over a wide area. The suspended main roof bears the overburden pressure from the upper rock layers,
leading to significant stress concentrations around the boundaries of the goaf, which become potential
weak zones. As the void expands, the increasing stress may exceed the strength limit of the main roof
rock mass, causing brittle failure and a sudden, large-scale collapse, known as a mine seismic event.
In this study, FLAC3D software and the mechanical parameters of rock masses at the Vang Danh coal
mine were used to develop a numerical model to investigate the formation mechanism of mine seismic
events under varying thicknesses of strong main roof rock. The results indicate that mine seismicity
occurs primarily when the thickness of the competent main roof is less than 15 meters, and when three
failure zones (Zone |, Il, and Ill) in the roof of the working face become interconnected. At that point,
the entire main roof block collapses into the mined-out area, triggering a mine seismic event.
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Furthermore, the study reveals that the thickness of the main roof is inversely proportional to the onset
time of seismic events, and directly proportional to the intensity of smaller seismic disturbances.

Keywords: Competent main roof, rock burst, stress concentration, coal seam.

REFERENCES

[1]. Pham Duc Thang, et al. (2022). “Research on Selecting Technological Solutions for Controlling
Mine Pressure in Cases of Stable, Hard-to-Collapse Roof Rocks and Weak, Low-Stability Roof
Rocks.” (Code: 073.2021.DT.BO/HPKHCN), Ministry of Industry and Trade.

[2]. Vu Duc Quyet, Vu Ngoc Thuan (2024). Analysis of Influencing Factors and Conditions for the
Occurrence of Rock Bursts, Proceedings of the 8th Scientific and Technological Conference,
Quang Ninh University of Industry.

[3]. Mou Zong long, Dou Lin-ming, Ni Xing hua, Zhang Ming Wei (2010). Research on the Influence of
Roof Strata on Rock Burst Risk, Dai hoc M& Trung Quéc, (1). 41-44.

[4] Zhou Kunpeng, Lu Qingchao, Xu Rui, Xie Yaqging (2008). A Brief Discussion on the Influencing
Factors and Prevention Technologies of Rock Burst. Coal Mine Safety. 94—-96.

[5]. Shi Hong, Jiang Fuxing (2004). Mechanical Analysis of the Fracture Law of Large-Thickness Hard
Overlying Strata in the Mining Area. Journal, 23(18): 3066—-3069.

[6]. Itasca Consulting Group. (2009). FLAC3D Theoretical Manual.

Ngay nhan bai: 07/06/2025;
Ngay nhan bai stra: 24/06/2025;
Ngay chap nhan ding: 27/06/2025.

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL.03, Ne 02, 2025



