TAP CHi KHOA HQC VA CONG NGHE QUI, TAP 03, SO 04, 2025

DANH GIA DO ON DINH BUGNG LO CHONG GIU BANG TO HOP NEO-
LUGI THEP- BE TONG PHUN TAI DU AN GIENG BUNG MAO KHE

D6 Xuan Huynh'’, Pham Quang Thanh?!
1Trwong Pai hoc Cong nghiép Quang Ninh

KHOA HOC TRAI PAT VA MO

*Email: huynh.xd42@gmail.com

TOM TAT

Trong diéu kién khai thac than hdm 16 ngay cang xudng sau, ap luc mé gia téng, viéc lua chon gidi
phap chéng gid hiéu quéd nham dam bdo én dinh duong 10 1a yéu céu cép thiét. Chéng gii¥ bang té hop
Neo - Luéi thép - Bé tong phun (N-L-B) dang tirmg bude duroc nghién ciu va ap dung tai mét sé mé than
& Viét Nam, song viéc danh gigd mirc do 6n dinh cda duong 16 chéng gii? theo cong nghé nay van con han
ché. Bai bao trinh bay két qua danh gia do én dinh cua duong |6 chéng gii bang t6 hop N-L-B tai dw an
Giéng dimg Mao Khé théng qua phuong phédp mé phéng sé két hop véi theo ddi dich dong bién 10 tai
hién tromg. Md hinh sé duoc xay dung bang phdn mém FLAC3D dé phan tich va so sanh chuyén vij
bién |0 giita phuong én chéng bang vi thép va phuong én chéng bang té hop N-L-B. Bdng thoi, cong tac
quan trdc dich déng bién o duoc thuc hién trong thoi gian 90 ngay bang cac thiét bj trdc dia chuyén
dung. Két qua nghién ciu cho thdy, t6 hop N-L-B [am gidm rd rét chuyén vij tai noc va héng 10, cac gia trj
dich dong thuc té déu ndm trong gi6i han cho phép va cé xu huéng én dinh theo théi gian, khdng dinh

hiéu qua va tinh phu hop cda gidi phap chdng gii¥ nay trong diéu kién dia chat nghién ciu.
Ttr khoa: Té hop N-L-B, dé 6n dinh khéi da, do dich dong dwong 10, &p luc dat da.

1. DAT VAN BE

Ngay nay, chdng gitr dwdng 16 bang td hop
Neo - Lwoi thép - Bé tdbng phun (N-L-B ) ngay
cang tré nén phd bién trén thé gidi bdi mot sé
wu diém ndi troi cha nd 1a: gia thanh thap, thi
c6ng nhanh, dd 6n dinh dang tin cay. Tuy nhién
& nuoc ta, mot sb md than khi dao xubng sau,
ap lwc mé 16N, viéc ap dung t6 hop nay van chi
yéu mang tinh th& nghiém, it dwoc ap dung
rong. Cé nhiéu nguyén nhan dan dén thuyc trang
nay nhw: doi hdi quy trinh thi cdng chat ché, yéu
cau co su theo dbi giam sat dich ddng thuwong
xuyén, théi quen st dung vi chdng thép, chua
c6 giai phap nhan biét va khac phuc kip thoi
nhirng vi tri kém hiéu qua... D& khéc phuc van
dé nay, trng buéc dua td hop N-L-B ngay cang
tré nén phd bién hon, phat huy tét hiéu qua tiém
tang cta né thi viéc nghién clru gidi phap dé
danh gia do 6n dinh dwong 16 chdng gitk bang td
hop N-L-B 1& mét cong doan rat quan trong,
mang nhiéu y nghia thyc tién. Giai phap phan
tich dich déng la mét hwdng nghién ctru cé
nhiéu trién vong phat trién trong twong lai.

2. PHUONG PHAP NGHIEN CU'U
2.1. Khai quat chung vé d6 6n dinh dwéng 16
On dinh dwong 16 (md) la qua trinh dam
bado d6 bén virng, an toan cho hé théng dwdng
ham, ham 16, 16 cho khéi sap 16, bién dang do
tac dong cla dia chat va khai thac, thwdng st
dung két cAu chdng gitr dé gitr 6n dinh dat da,
gidm (rng suat va nghién clu cac giai phap ky
thuat dé déi pho véi tai trong dong va diéu kién
dia chét phirc tap, nhat 1a & cac khu vuc co da
yéu hodc c6 nguy co méat én dinh.
Cac yéu tb anh hwéng dén sw 6n dinh dwéorng
[6 nhw: Tai trong dong- tai trong dwoc sinh ra to
cac hoat déng khai thac, thi céng dao 16; Dac
diém dia chét; d&c diém két cAu chéng gil [1].
Theo tac gia PGS.TS. V6 Trong Hung va TS
Phung Manh DAac[1], quy luat bién dang, dich
dong cha khéi da xung quanh dwdng 16 theo
thdi gian dwoc khai quat béi biéu dd Hinh 1, voi
hai phwong phap dao 16: Phwong phap khoan
nd min (Knm), phwong phap Com-bai (Com) [1].
Cac giai phap va ky thuat phd bién nham
nang cao do 6n dinh dwong 16 ngay nay thuong
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la: St dung két cAu chdng gil linh hoat: Khao
sat, phan tich bién dang, hw héng tai hién
trwong; Nghién ctu gidi phap chéng gitr mai
phu hop.

ul(mm) g,

Com

Uknm

Ucom

t (h)

Hinh 1. Quy luat bién dang, dich ddéng khéi
da xung quanh dwong 16 theo thoi gian.
Két cu chdng gitr cho dwéng 16, cong trinh

ngam ludn cé sw twong hd Ian nhau, tao thanh
mot hé chiu luc gitra két cAu chdng giti- khdi da.
Sw lam viéc twong hd cha hé nay lam tang dang
ké d6 6n dinh cho dwong 10, gidm dang ké do
dich déng cta khédi da xung quanh dwéng 16 [1].
Tac dung ctia hé nay dwoc mo ta theo bidu dd
hinh 2.

" N)

Pk

0] Ue Uo ljk Uc U(mm)

Hinh 2. Biéu d6 tac dung twong hé dac trwng
gitra két cau chdng giir va khéi da

Méi quan hé gitra (rng suat (P) va chuyén vi
bién 16 (U) dwoc thé hién trén hinh 2, véi duwdng
(1) trong trwdng hop khéng cé sw twong hé két
cAu chéng va khéi da. Puong (2) trong truwdng
hop c6 su twong hd két cdu chéng va khbi da.
Trong d6 cac gia tri: Pk, Uk 1a Ap lwc va bién
dang bién 10 tai thdi diém chdng gitr tdi wu; Ue la
bién dang t&i han dan héi; U.-Bién dang ban
dAu khéi da; Ue-Bién dang t&i han bén khéi da

2.2. Mot sé phwong phap kiém tra do 6n
dinh cua dwong 1o

*  Phuwong phap mé phéng sé: Day la
phuwong phap kha phd bién hién nay dé mo
phdng qua trinh bién dang, dich doéng cua
duwong 6. Nh& ¢6 cac phan mém may tinh duwoc
thiét ké rat tinh vi ma két qua cho ra nhanh
chéng, sat thwc. Cac phan mém thuong dwoc
str dung la. Flac3d. Ansys, PFC,Ude... Trong
doé, FLAC3D duoc xay dung trén nén tang phan
tir hiru han va phwong phap luan la phwong
trinh Mohr- Coulomb [2] d& mang lai nhiéu thanh
cong trong linh vuc nay, cu thé nhuw mé phdng

w
Ry
rad] ot -

Hinh 3. M6 phéng dich déng néc 16 bang
phan mém FLAC3D [3]

* Phwong phap ndi soi 16 khoan: Nhor cé sw
phat trién manh mé vé céng nghé hinh anh, hién
nay, cac camera siéu nhé da dwgc (rng dung
vao viéc kiém tra sy dich dong ctia khdi da ndm
sau trong noc va héng duwdng 10, nhd camera cé
dd cao ma chiung ta c6 thé kiém tra duwoc sw
phat sinh cac khe nit, doc theo céc 16 khoan.
Hinh 4 dwdi day thé hién trang thai cGa céc 16
khoan th&r nghiém tai mét vi tri trong dwéng 16
xuyén via Tay Nam | m&c -230 mé than Mao
Khé, v&i 3 vi tri 16 khoan cé chiéu sau 2,2m &
néc va hai bén héng cda duwdng 10.

18 khoan d42

1,0-13m

Hinh 4. M6 phéng phwong phap néi soi 16
khoan
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* Phwong phap do dich chuyén vi bién lo:
Phwong phap nay phd bién hién nay, si dung
cac may moc thiét bi trac dia, theo ddi thwong
xuyén s dich chuyén cla bién 10, tr cac sb liéu
thdng ké co6 thé danh gia dwoc d6 6n dinh cla
duwong 16. M6t sb loai may trac dia thwong duoc
str dung dé do chuyén vj cia bién 16 la may toan
dac dién tt, kinh vi con quay [4] (Hinh 5)

Hinh 5. Hinh anh may tréc dac (a- Kinh vi con
guay; b- toan dac dién ttr)
2.3 Ap dung phwong phap do dich déng dé
danh gia do 6n dinh dwong 16 chdng bang to
hop N-L-B tai dw an giéng dirng Mao Khé
Danh gia d6 6n dinh cta duwdng 16 chéng
bang t6 hop N-L-B tai dy an giéng dirng Mao
Khé dwoc tién hanh trén doan 16 th& nghiém,
doan 10-11 16 Xuyén via TNI mirc -230 (Hinh 6),
c6 chiéu dai 75,8m, dao qua da cat két xen lan
bot két f=4-6, chdéng gitr bang t6 hop N-L-B
(Hinh 7).

Lo xuyén via Téy Nem | mife -230, L=522m

Hinh 6. Vi tri thir nghiém chéng giir bang té
hop N-L-B.

Danh gia d6 4n dinh ctia doan 16 thir nghiém
nay da dwoc tién hanh theo hai phwong phap:
Phwong phap mé phéng sé, st¢ dung phan mém
mo phéng FLAC3D, dé so sanh do dich chuyén

bién 16 trwdc va sau khi chéng gitr bang té hop
N-L-B; Phwong phap do chuyén vi bién 16 bang
may tréc dac, theo ddi chuyén vi cla cac diém
trong th&i gian 90 ngay dinh ky 7, 30, 90 ngay
trén cac méc dwoc danh dau trén bién 10.
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Hinh 7. Tiét dién ngang doan 16 thir nghiém
chéng giir biang t6 hop N-L-B

Céc thong sb thiét ké thi cong cta t6 hop
nhuv sau:

Neo chét déo cbt thép sirc mang tai P=24
Tan/ neo; chiéu dai Ln=1,5m, khodng céach neo
al=1m, khodng cach vong neo a2=1,0m, thép
neo D22, ren ddu neo M20, chat déo neo loai
CK2850.

Bé téng phun Mac 250, d& c& hat I&n nhét
Dmax=1,0cm, cat cé Modun dd I&n 2,55. Xi mang
Hoang thach PC40, phu gia déng crng nhanh
SK 2401 va SK D54-AF

Lwéi thép kich thwéce tdm 1,2x2,0m, kich
thwéc mét 6 vudng 100x100, dwdng kinh soi
thép 5mm, thép mac CV240T. Két ciu N-L-B
chéng gt dwérng 16 dac trwng dwoc thé hién tai
hinh 8

(100*100) :
BT phun M25|

Hinh 8. Két cau chéng gitr dworng 16 bing té
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3. KET QUA THU NGHIEM
3.1. Phéan tich dé 6n dinh dwong Io bdng mo
phong sé str dung phan mém FLAC3D

* Xay dwng md hinh: M6 hinh dwgc xay dwng
trén co s& tiét dién dwong 16 trén Hinh 8.

Céc tham sb co hoc dwoc xay dung trén co
s& thi nghiém thuwc té: Lop da: f=4-6, cuwong db
khang nén trung binh ¢,=50,2 kN/cm?; cwd'ng do
khang kéo trung binh 6x=50,2 kN/cm?; Lwc dinh
két don vi c= 20,2 kN/cm2; G6c ma sét trong ¢
=350; trong lwong thé tich v0=2,62 Tan/m3,

M6 hinh tinh toan dwoc xay dwng trén hai
phuwong an: Chéng bang vi thép (Phuong an 1)
va bang t6 hop N-L-B (Phwong an 2). Can cl
vao két qua mé phdng cé thé danh gia dwoc do
on cha duong 10.

Két qua moé phdéng dwong 16 chéng bang vi
thép (Hinh 9, hinh 10).

FLACID 3.00

Step 9109 Model Perspective
21:42:35 Sun Nov 30 2028

X 1.139+000 3

Y: 8.000e-001 Y: 0.000
Z: 0.000e+000 Z. 0.000
Dist: 5.590a+001 Mag.: 108
Incremants: Ang.: 22800
Move: 2.224e+000

Rot.: 10,000

Hinh 9. Chuyén vi nén va néc 16 khi chéng
bang vi thép

L ACID 3.00

Stap 9109 Modal Parspactiva
21:43:48 Sun Nev 30 2025
Cantar: Raotation:
2: 1.128a+000 x: 0.000
: 8.000e-001 Y: 0.000
Z: 0.000e+000 Z: 0.000
Dist: 5 590e+001 Mag.: 1.95
Incraments: Ang.: 22.500
Movae: 2.2248+000
Rat,: 10,000
Contour of X-Displacement
Magfse = 1.0008+000
-2 0342e-002 to -2 0000e-002
-2 0000e-002 te -1 .5000e-002
-1.5000e-002 te -1.0000e-002
-1.00008-002 to -5.0000e-003
-6.0000e-003 to 0.00008+000
0.00008+000 to 5.00008-003
8.0000e-003 to  1.0000a-002
1.0000e-002 to  1.5000s-002
0000=-002

Hinh 10. Chuyén vi héng 16 khi chéng bing
vi chéng thép
Két qua mé phdng dwdng 16 chéng bang Té
hop N-L-B (Hinh 11, hinh 12)

FLACID 3.00

Step 11804 Model Perspective
22:22:52 Thu Nov 27 2025

-w

Hinh 11. Chuyén vi néc 16 khi chdng bang t6
hop N-L-B

L ACIID 3. 00
Step 11204 Model Pars
22:24 46 Thu Nov 27 2028

E

5

- 359.793
0.000
. 259.751
301
: 226800

Center-

X: 3. 207w-001
¥: 6.016e-001
Z. 2.022e-001
Dist. 5 500001

N<X

i

Increments:
Move: 2.224a+000
Rot. 10000

< of X-Displ

Magfac = 1. o
 ©053e-003

10 -8 0000e-003
-

88
b

OCOO0e 003
>000w « 000
OOO®-00 3

205k

i

E

§85883588
aokuN

o
Intecsml = 1 Oe-003

Hinh 12. Chuyén vi héng 16 khi chéng bang
t6 hop N-L-B
T két qué mo phéng cho thay chuyén vi cuc
dai clia cac phwong an nhw sau:

Bang 1: Chuyén vi cwc dai cha bién 1o

Chuyén vi I6n Phwong | Phwong an
nhat Umax (mm) anl 2
Noc 10 199,3 170,0
Nén 1o 150,0 150,0
Hoéng 10 203,4 56,0

* Két quéd moé phdng cho thay chuyén vi Ién
nhét cia nén 16 la twong dwong nhau, diéu nay
la do c& hai phwong an déu khéng chéng gitr
phan nén 16. Tuy nhién phwong an 2 cé dich vi
khéi da phia néc va hong 16 nhd hon kha nhiéu
so v&i phwong an 1. Nhw vay co thé két luan
rang, chéng 16 theo phwong an 2 thi dwong 16
s& 6n dinh hon phuwong an 1. N6i cach khac, déi
vGi loai khéi da f=4-6 chéng 16 bang t6 hgp N-L-
B sé& 6n dinh hon chéng 16 bang vi chéng thép.
3.2. Phan tich én dinh dwong 16 théng qua
theo dé6i dich déng bién |10

Dé theo dbi qua trinh dich chuyén clia doan
16 thwe nghiém chéng gitr bang t& hop N-L-B,
can st dung mot sé thiét bi chuyén nganh do
dac nhw may toan dac dién tlr, may kinh vi con
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quay dé chuyén méc toa d6 xubng vi tri 6n dinh
cla cac dwong 16 mirc -230 dw an Giéng dirng
Mao Khé. Tl méc toa dd d6 mai co thé dinh ky
trién khai kiém tra dich dong cta dwdng 16 the
nghiém.

So d6 cac diém theo déi dich déng dwoc
danh dau & néc va hong 10, doc theo dudng 16
(Hinh 13)

Thoi gian theo déi dich dong dwoc tién hanh
theo dinh ky va cap nhat sb liéu theo ddi thwong
xuyén, tr dé thédng qua dich dong bién 16 danh
gia dwoc mirc do 6n dinh cla duwong 16. Két qua
cap nhat thé hién dwdi bang 2.

OKS0 IKI1S0 IOK250 IK350 IK450 IKsso OK650 Ix7s0

B ¢ ik T
| [ |
| | |
s L o
A TR P A Y
| d I
| | I
| | 1

T
B
B |
e
' £ |
ool
l;'l
ST = IR
!

- X80

Hinh 13. M6 ta vi tri theo doi dich dong
Bang 2. Cap nhat sw dich dong cac diém do

Cap nhat sau chéng giiv
Vi tri diém (ngay)
do 7 30 90
dx | dy | dx | dy | dx dy
T4 |-1]7]-1] 8 |-1
11IK5,0 P | 3 |-1 |7 |-2 7 -2
IN| 2 |-2 ]| 5 |-3 6 -3
2T | 5| -1 | 7 | -2 7 -2
K150 | 2P | 3 | -1 | 7 | -3 7 -3
2N | 4 | -2 7 | -3 7 -3
3T | 5 |-2| 8 | -3 9 -3
IIK25,0 |3P | 5 | -2 | 7 | -3 8 -4
3N | 4 | -3|5|-4 6 -4
4T | 6 | -2 | 10 | -3 11 -3
K350 4P | 2 | -2 | 3 | 4 3 -4
aN | 33|64l 7 | 4
5T | 6 0 8 |0 9 0
K450 |5P | 3 | -1 | 6 | -1 5 -1
5N | 4 | -2 6 | -2 7 -2

6T | 7 |2 [11]-3] 12 [ -3
K550 (6P | 4 |1 7 (1] 8 | 1
6N | 3|35 [4] 6 |5
7T |4 3[7 4] 8 | 4
nkes,0 [7P | 5 [ 2] 73] 8 | 4
IN[ 4374 8|5
8T | 6 |28 |-3|] 9 | -4
K750 (8P |5 |1 72| 8 | 4
sN [ 4147151715

(dx,dy- dich dong theo phuwong X, Y- mm; T,P,N
ky hiéu diém do tai vach tréi, phai va néc o)

Tw két qua thuc té cho thay, gia tri dich dong
clia cac diém do tang dan theo thoi gian, & ngay
thir 90, gia tri dich dong I&n nhéat & néc 16 theo
phwong thdng ding 1a -5mm & ngay the 90, c6
nghia 1a néc 16 bi IGn xubng tir 1 dén 5mm, hau
hét gia tri dich dong theo phuong X ctia héng 10,
bén trai va bén phai déu mang gia tri dwong,
chirng té toan bé doan dwdng 16 cd hwédng dich
vé bén phai clia dwdng 10, tuy nhién gia tri I6n
nhat chi 1a 12mm, gia tri nay hoan toan nam
trong gi¢i han cho phép cta duwdng 16 chdng gilr
bang neo.

C6 thé xem xét dich dong tai mot mat cat
dién hinh trén dwong 16 dwéi dang biéu d6 nhw
hinh 14 dwéi day:

10 11K 25,0

it

—@—3TX
—@—3PX
3NX
3TY
0 =—@—3PY
—@—3NY

0 20 40 60 80 100

Hinh 14. Dién bién dich déng tai mat cat
1IK25

Nhin téng quan trén biéu db cho thay, doan
tr ngay bat dau chéng gitr cho dén ngay thir 7
c6 dich ddng I&n nhét, day 1a giai doan ban dau,
ap lwc dwong 10 dwoc gidi phong, hé N-L-B
chwa cé dy *ng lwc nén bién dang I&n nhét.
Sau d6 tbc d6 dich dong gidm dan theo thoi gian
ca phwong X va phwong Y. Phuwong Y mang gia
tri am, chirng t6 toan thé dwong 16 bi nén xubng,
dworng 3NY nam phia dwéi cia 3TY va 3PY,
chirng t ndc 16 bi Itn nhiéu hon, diéu nay hoan
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toan hop ly vi néc 16 ludn cé ap lwc thadng ding
I&n hon hai bén hong 16. Gia tri dich dong ca
theo phwong X va Y déu cé xu huwéng nam
ngang & ngay th& 90 sau khi chéng, chirng té
thdi diém nay, hé N-L-B da phat huy sirc chiu
tai, lam cho dwdng 16 6n dinh tré lai.

Xem xét trang thai dich dong clia toan doan
16 & ngay 90 nhw biéu dd hinh 15 duéi day cd
thé thay gia tri bién dang theo phwong Y luén
am, bién dang theo phwong X luén dwong & tat
ca cac diém do tai néc va hong 6. Nhw vay
dwong 16 ¢6 dau hiéu lun nhe va bién dang léch
vé vach phai. Pay cé thé do sw anh huéng cla
cac qua trinh khai thac & khu vuc lan can.

; —e—TX PX NX
15 —NGAY 90 TY PY NY
U (mm
0 (0\) /\/\ )
5
0
-5
10 [IK
0 20 40 60 80

Hinh 15. Biéu db dich vi bién 16 ngay 90

T biéu d6 c6 thé thay, bién 16 tir 1IKOO dén
lIK 75, dich dong kha ddng déu, bién thién
phwong X <15mm, phwong Y<10mm, cho thay
dwong 16 kha on dinh, rd rang hé N-L-B da lam
cho khéi da dwoc déng nhét hon cho nén,
chuyén vi xung quanh duwong 16 nhd va dong
déu, khong cé sy bién dong dét ngét gibng nhuw
cac duwdng 16 trong da phan 16p, khéng dan dén
sw pha huy, sap 1& cuc bo.
4. KET LUAN VA KIEN NGHI
4.1. Két luan

Trén co s& nghién ciru ly thuyét, mé phéng
sb bang phan mém FLAC3D va két qua theo dbi
dich dong thuc té tai doan 16 thtr nghiém thudc
dw an Giéng dirng Mao Khé, bai bao da danh
gia dwoc mirc dd 6n dinh cta duwong 16 chdng
gitr béng t6 N-L-B.

Két qud mo phdng sb cho thay, trong diéu
kién khéi da co do kién cb f = 4-6, phwong an
chéng gitr bang t& hop N-L-B lam gidm dang ké
chuyén vj bién 16 so v&i phuwong an chdng béng

vi thép. D&c biét, chuyén vi tai néc va héng 16
giam rd rét, trong khi chuyén vi nén 16 gan nhw
khoéng thay déi do khéng ap dung bién phap
chéng gitr nén & ca hai phuvong an. Diéu nay
chirng 16 t& hop N-L-B c6 hiéu qua rd rét trong
viéc gia cwdng khdi da xung quanh dwéng 16 va
nang cao kha nang lam viéc déng thdi cla hé
“két cAu chdng gilr — khéi da”.

Két qua theo doi dich déng bién 16 trong thoi
gian 90 ngay cho thay, cac gia tri dich chuyén tai
néc va héng 16 tdng nhanh trong giai doan dau
sau khi dao va chdng git, sau d6 gidm dan va
tién toi trang thai dn dinh. Gia tri dich dong I&n
nhét theo phwong thdng ding tai néc 16 khéng
vuet qua 5 mm va theo phwong ngang tai héng
16 khéng vuot qua 12 mm, déu nam trong gidi
han cho phép dbi v&i dwong 16 chéng gitr bang
neo. Dién bién dich déng déng déu doc theo
toan bd doan 16 thir nghiém cho thay khéi da
xung quanh dwdng |6 dwoc gia cwong tt

Nhw vay, cac két qua nghién clru da khang
dinh rdng phwong phap danh gia dd én dinh
duwong 10 thdng qua phan tich dich déng bién [0
két hop moé phéng sb la phu hop va co do tin
cay cao. Péng thoi, t hop chdng gitr N-L-B voi
cac thong sé thiét k& va thi cong nhw trong
nghién ctu cho thy kha n&ng dam bao 6n dinh
dwdng 16 tét trong diéu kién dia chat cla dy an
Giéng dirng Mao Khé.

4.2. Kién nghi

T céc két qua nghién ciru dat duorc, kién nghi
tiép tuc ap dung phuong phap theo déi dich déng
bién 16 lam co s& danh gia do on dinh cho cac
dwdrng 16 chéng gitr bang t& hop N-L-B, dac biét
dbi véi cac dwong 16 dao trong didu kién ap luc
mé 1on va khdi da co dd kién cb trung binh dén
yéu.

Can mé& réng pham vi nghién ciru va theo dbi
dich déng trong thdi gian dai hon, két hop voi
cac diéu kién dia chat khac nhau va cac théng
sb thiét ké neo khac nhau nham hoan thién co
sé& khoa hoc cho viéc Iwa chon, thiét ké va ap
dung t6 hop chdng gitr N-L-B trong cac mé than
ham 1o.

Ngoai ra, viéc két hop ddéng bo gira cong tac
thiét ké, thi cong, quan trac dich déng va x& ly
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kip thdi cac biéu hién mét 6n dinh cuc bd 1a cAn  toan clia cong nghé chéng git¥ bang té hop N-L-
thiét nham phat huy t6i da hiéu qua va dé an B trong thwc té san xuét.
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ABSTRACT:

As underground coal mining extends to greater depths, increasing ground pressure poses
significant challenges to roadway stability, necessitating the adoption of effective support solutions.
The combined support system consisting of rock bolts, steel mesh and shotcrete (B—-M-S) has
gradually been studied and applied in several underground coal mines in Vietnam; however,
systematic evaluation of roadway stability supported by this system remains limited. This paper
presents an assessment of roadway stability supported by the B—M-S system at the Mao Khe
vertical shaft project using a combination of numerical simulation and in-situ displacement
monitoring. A numerical model was developed with FLAC3D to analyze and compare boundary
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displacements between the steel arch support scheme and the B—-M-S support scheme. In addition,
field measurements of roadway boundary displacements were carried out over a 90-day monitoring
period using surveying instruments. The results show that the B—-M-S support system significantly
reduces roof and sidewall displacements compared with steel arch support. All measured
displacement values remain within allowable limits and tend to stabilize over time, demonstrating the
effectiveness and applicability of the B—M—S support system under the geological conditions of the
Mao Khe project.

Keywords: Rock bolt—-mesh—shotcrete support; roadway stability; boundary displacement; numerical
simulation; underground coal mine
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