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NGHIEN CUU PQ ON PINH PUONG LO THUQNG DOC PUNG THI CONG BANG

MAY KHOAN DOA MG RONG RBM

PHAM VAN Vi*, PO NGQC ANH",
PANG VAN KIEN", PO NGOQC THAI"
TRUONG VAN MANH™,

LE TUAN NGOQC™, CAO ANH HAO™

Study on the Stability of the Vertical-Inclined Tunnel Excavated by the
Raise Boring Machine (RBM)

Summary: Around the world, the raise boring method using a raise boring
machine (RBM) has been applied in many fields, including the mining
industry and it has proven its effectiveness. The RBM can be used in various
modes of operation, such as conventional up-reaming of pilot holes, down
boring with a pre-drilled pilot hole, and blind hole boring. The Capabilities
and effectiveness of the RBMs have been proven in implementing projects
worldwide since 1968 to excavate shafts up to 1260m in length, with various
diameters from 0,7m to 7,1m. In this study, the technology and construction
process of the RBMs are also presented. In the next step, the numerical model
was used to evaluate the stability of the rock mass around the vertical-inclined
tunnel when excavated by the drilling and blasting method and the raise
boring method. The numerical results indicated that the rock mass around the
vertical-inclined tunnel excavated by the RBM was much more stable.
Compared to the drilling and blasting method, the tunnels excavated by the
RBM can significantly reduce the number of workers, improve safety, and
enhance work efficiency. Therefore, the development and application of the
RBM technology need to be further researched.

Keywords: Vertical-inclined Tunnel, Raise Boring Machine (RBM)

1. Patvan dé

Tuy theo cac diéu kién cu thé ciia mo, mo co
thé mé via bang giéng dung, giéng nghiéng dé
tiép can va khai thac tai nguyén khoang san. Cac
giéng dung hoic giéng nghiéng duoc xay dung
tir bé mat dén d6 sau thiét ké. Cac duong 10 doc
via, Xuyén via van tai va thong gié dugc xay dung
dé tiép can, khai thac khoang sang. Tuy theo dic
diém phan b cua than khoang sang ma xay dung
nhiéu loai duong 10 thuong c6 d6 déc khac nhau
(nghiéng hodc dung) dé van tai khoang san, 15i

“ Truong Dai hoc M¢ - Dia chét
** Téng cong ty Khoang san - TKV

Email: kienxdn@gmail.com

cho nguoi di lai va thong gio v.v... Cac duong 10
thuong khong thdng truc tiép véi mat dat, khong
gian hep nén céc thiét bi khoan va phuong tién
hd tro bi han ché hoic bi cdm. Do d6, phuong
phap thi cong str dung may khoan doa mo rong
(RBM) da duoc sir dung. Phurong phap RBM phu
hop dé thi cong cac 16 thuong c6 cac goc nghiéng
tir doc dén déc dimng trong céc hoat dong khai
thac dudi long dat. Phuong phap RBM rat quan
trong trong nganh khai thdc mo, va no6 cting dugc
&p dung cho cac cong trinh ngam (CTN) khéc,
chang han nhu duong him dan nudc, giéng trong
cac nha may thuy dién va nha may dién bom tich
ning, giéng gi6 va 15i thoét hiém cho cac dudng
ham cao tdc, duong sit va tau dién ngam, kho
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chtra chét thai hat nhan ngam va cac co sé quan
su (Zhu, 2004; Xu, 2008; Su va Wang, 2010; Guo
va Zhang, 2012; Liu va nnk, 2011; Liu, 2013a, b;
Sun, 2013).

Vao nhitng nam 1950, may khoan giéng va
TBM di duoc st dung dé phé v& dat da. Tuy
nhién, duong kinh cac CTN thuong nho. Vi vay,
can c6 cac phuong phap khac dé doa cac 16 khoan
nay 16n hon t&i bién da dugc thiét ké. Dé dat duoc
muc tiéu nay, may khoan RBM c& 16n, quy trinh
khoan, ph4 da va d6 on dinh caa bién dao trong
qua trinh khoan dugc nghién ctu phat trién (Liu,
2001; Zhang va nnk, 2008, 2010; Liu va nnk,
2011).

Cong nghé dao 16 thuong doc dung bang 16
khoan dan trudc duong kinh 16m da timg duoc ap
dung tai Viét Nam. Cong ngh¢ nay duoc ap dung
phd bién trong thi cong cac giéng diéu &p tai cac
cbng trinh thuy dién. Céng nghé da ching to
duogc tinh vu viét khi giai quyét duoc cac van dé
vé an toan trong thi cong, van tai dat da, thong
gi6, va thoat nude. Pac biét sau sy cd tai nan lao
dong trong qua trinh dao 10 thugng tai Cong ty
than Vang Danh xay ra thang 8/2023, viéc ng
dung céac cong ngh¢ dao co gidi hoa trong thi
cong cac duong 10 nghiéng va doc ding cang tro
nén quan trong va can thiét.

Trén thé gioi, cac hé thdng co giéi héa méi
nhu phuong phap khoan cac 16 khoan c6 duong
kinh I6n khi st dung mdy khoan RBM va May
khoan giéng (kiéu chit V) dua vao trong nganh
xay dung va cong nghiép mo da duogc chung
minh 13 an toan va tiét kiém (Robbins, 2000).
RBM c6 cac dang khac nhau bao gdm dang théng
thuong (khoan mili khoan dan trude, sau d6 doa
ma rong tir dudi 18n), khoan tir trén xudng (khoan
miii khoan dan trudc, sau d6 doa tir trén xudng),
khoan doa mé rong dong thoi (méay khoan dit &
day va khoan hudng 1én trén, vat li¢u khoan sé
roi xudng 14 chin va chuyén Ién thang van
chuyén), khoan ngang (khoan theo phuong
ngang) (Breeds va Conway, 1992).

Trong nghién ctru nay, cong nghé va quy trinh
thi céng bang may khoan RBM duoc trinh bay.

Tiép theo, m6 hinh sé duoc sir dung dé danh gia
d6 6n dinh khéi da xung quanh dudng 10 thuong
thang dung khi thi cong bang phuong phap khoan
nd min va phuong phap thi cdng biang may khoan
RBM. Két qua mé hinh s cho thiy khdi da xung
quanh duong 10 khi thi cdng bang may khoan
RBM 6n dinh hon nhiéu khi so sénh véi phuong
phap khoan né min. So vé&i phuong phap khoan
nd min thong thudng, phuong phap thi cong co
gidi hoa cé thé giam dang ké s6 lwong cong nhan,
nang cao d§ an toan trong thi céng, va nang cao
hiéu qua lam viéc. Vi vay, viéc phat trién va ang
dung cong nghé khoan RBM can duoc tiép tuc
nghién ctu.

2. Cong nghé dao 10 thweng déc dieng bang

may khoan doa mé rogng RBM

Phuong phap thi cong bang may sir dung may
khoan doa mé& rong RBM thi cong CTN bang
khoan doa 16 khoan dan huéng da khoan trudc
d6. Déi véi loai may khoan xoay, md men quay
va luc doc truc tdc dung 1én mii khoan (goi la
mili khoan din huéng) doc theo can khoan dé tao
ra 16 khoan dan huéng (Hinh 1a). Quy trinh thi
cong 16 khoan dan huéng bang méay khoan doa
mé rong RBM ciing giéng nhu quy trinh thi cong
bang may khoan thong thuong. Khi 16 khoan dan
huéng khoan téi CTN bén duéi, miii khoan dan
hudng s& duoc thao ra va thay thé bang dau doa
mé rong co duong kinh 16n. Pau doa vira xoay
va dugc kéo vé phia gian khoan théng qua can
khoan, cac dao cit trén dau doa s& khoan cit pha
da dé tao ra CTN co duong kinh theo thiét ké
(Hinh 1b).

Quy trinh khoan bao gom hai budc: khoan dan
hudng va khoan doa ma rong. Trén thyc té, co rat
nhiéu loai may khoan RBM. Vi dy, chling c6 thé
duoc phan loai: loai khung va loai cot theo cu
trdc caa khung khoan; loai xich va loai xi lanh
theo ché do day; loai didu khién bing dong co va
loai diéu khién bang dong co thay luc theo ngudn
dién. Tuy nhién, nhitng cach phéan loai nay khong
dwa trén ban chat cua may khoan doa mé rong
RBM. Trong thyc té, cac may khoan RBM ¢ thé
dugc phén thanh hai loai theo quy trinh doa, tuc
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1a loai doa tir dudi 1én va loai doa tir trén xudng.
Trong phuong phap doa tir trén xudng, dat da thai
sé& roi xudng muc thap hon qua vanh khuyén giira
can khoan va thanh 15 khoan. Dit da bi may cit
pha v& & cac vi tri khac nhau bai dao ct trén dau
doa hdi tu tai tdm cua dau doa va lién tuc bi pha
vd boi cac riang cat khac. Nguoc lai, trong
phuong phap doa tir dudi 18n, dat d4 bi cét thuong
roi xudng do trong luc va hiém khi cét lai nhiéu
lan, vi vay hiéu qua cua né cao hon so Vvoi
phuong phap khoan doa tir trén xubng. Khi thi
cong CTN st dung may khoan doa ma& rong
RBM, cdng nhan van hanh may khoan & tang trén
nén diéu kién 1am viéc an toan hon so mét sd
phuong phap khac nhu phuong phap khoan nd
min thong thuong.

May khoan RBM di thay doi hoan toan diéu
kién lam viéc trong thi cdng CTN, c6ng nhan van
hanh may khoan dugc an toan do lam viéc céch
xa bé mat guong thi cong. Tat ca cac quy trinh
khoan déu dat duoc nhd may khoan RBM, tao
nén tang tot cho cong nghé khoan tu dong va

khong nguoi lai. Theo quy trinh khoan cua may

khoan RBM thong thuong, mot loat cac van dé

Vvé co hoc da can duoc quan tm, bao gom do n

dinh cua thanh 18 khoan, twong tac giita can

khoan va d4, kiém soat quy dao khoan cua 16

khoan dan huéng, v.v... (James, 1997).

2.1. Khoan ddn huéng
Khoan dan huéng la qué trinh khoan mot 16

dan hudng c6 duong kinh nho doc theo truc cua

CTN (Hinh 1). Céc yéu cau sau phai duoc thoa

mén ddi véi 15 dan hudng trong cong nghé khoan

RBM:

- Truc caa 15 khoan din huéng cang thang
cang tét va do cong cia n6 khong duoc thay
doi qua lon;

- Khoang cach tbi da tir truc cua 16 khoan dan
hudng dén truc cua CTN phai duoc gir trong
giai han ky thuat cho phép, tirc 1a d6 Iéch cua
15 khoan dan huéng 1a nho nhit;

- Trong qué trinh khoan, phai tranh xay ra su
cb va 16 khoan dan trudc dd hoan thanh phai
on dinh.

=

""" 2) Khoan din huéng

m m
| 1

gl
il Manh v& cia da
RETS | MRt On dinh giéng
Ll bRl : s
=
o0
b)Kﬁoandoaméréng.

Hinh 1. Thi cdng cong trinh ngam stz dung may khoan RBM

2.2. Khoan doa mg rgng

Khi miii khoan din hudng xuyén qua khéi dé toi
CTN bén duéi thi dau doa duoc Iap vao, thay thé
cho miii khoan din huéng. Pau doa dugc quay

va kéo Ién phia trén vé phia bo phan gian khoan
dé dao duong 10 t6i tiét dien bang duong kinh caa
dau doa mé rong. Khi doa ngugc mé rong tir dudi
1én, dau doa dugc diéu khién chuyén dong quay
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thong qua can khoan. Pau doa dugc diéu khién
dé nghién nét khéi da tiép xuc véi rang cit duoc
gan trén dao cat, da thai s& roi xuéng CTN bén
dudi va dugc xuc boc ra bén ngoai (Hinh 1b). Céc
thong s6 ki thuat chinh cua dao cit bao gom
chiéu dai duong sinh, goc con, duong kinh cua
dau 16n, khoang cach gitta cac ring cat trong mot
hang va khoang céach gitra cac hang, v.v. Cac
thong sé ring cat bao gom hinh dang va duong
kinh cua rang cat, v.v... Trong qué trinh doa

nguoc cua may khoan doa mo rong RBM, dau
doa tac dung mét lec nhat dinh 1én dao cit theo
huéng khoan cho dén khi dao cit ép vao da va
pha v& da khi vuot qué gisi han 1am viéc dan hoi
cta da (Hinh 2). Vi viy, co ché pha da cua dao
cit, kha nang khoan da, két cau va hinh dang cua
dao cit, vat liéu va két cAu cua rang cat, kha ning
chéng mai mon, cach b tri dao ct trén dau doa
dé dap ng viéc pha v& da hiéu qua can duoc
nghién cu.

Hinh 2. Cdu tgo ciia dau doa mé réng: a) dau doa; b) dia cat

3. Sir dung mo hinh sé dé danh gia do on dinh
dwong 10 khi thi cong bing RBM
3.1. Md hinh sé cho dwong 16 thwong thing
ding

Phan nay duoc thyc hién dé danh gia muc do
anh huong cia phuong phép thi cong dén do on
dinh cua khdi da xung quanh dudng 10 thuong
thang dung tai mo Vi K&m, cu thé 12 so sanh anh
huong ciia phuong phap khoan né min voi
phuong phap thi cong bang may khoan doa mo
rong RBM. Hinh 3 gi6i thiéu mé hinh s 2D dién
hinh trong diéu kién bién bién dang phing duoc
thyc hién trén phuong phap phan tar hiru han
(FEM), sir dung phan mém Phase 2 cho trudng
hop dudng 16 thugng thang dng tiét dien tron co
duong kinh 1,4 m, va tiét dién chir nhat cé kinh
thudéc 4,0 m x 2,5 m, khi chiu tai trong tinh véi
gia thiét rang ung xtr khdi da 1a dan hoi.

Mo hinh c6 kich thudc theo ca hai phuong
30,8 m va bién mo hinh duoc ¢6 dinh theo tat ca
cac phuong. M6 hinh bao gdm 11864 phan tir va
6061 nut cho mo hinh dudng ham tiét dién hinh
tron (Hinh 3); 6194 phan tir va 3183 ndt cho md
hinh dwong ham tiét dién hinh chit nhat (Hinh 4).
Mt cit nghién ctru trong trudng hop ndy nam &
d6 sdu 108 m (vi tri gitta 1o thuong dung), da co
khéi luong thé tich 12 0,026 MN/m?® va c6 cuong
d6 chiu nén don truc 12 70 MPa, khi d4 c6 chi s6
RMR = 45 thudc nhom da chét lwong trung binh.
M6 phong sé dudng 16 thuong cho hai truong
hop: (1) thi céng bang phuong phap khoan nd
min va phuong phép thi cong bang may st dung
méy khoan RBM cho duong 16 thuong tiét dién
tron, (2) thi cdng bang phwong phap khoan nd
min va thi cong bang may khoan RBM sau d6 m&
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rong bang khoan nd min cho dudng 10 thuong tiét
dién chir nhat.
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Hinh 3. M6 hinh sé cho I6 thwong dimg tiét dién tron dwong kinh 1,4 m

3.2. So sanh két qud sé giita phwong phdp
khoan né min va phwong phdp RBM

Hinh 5 thé hién gia tri chuyén vi xung quanh
duong 10 bang ca hai phuong phap khoan né min
va phuong phap RBM. Két qua cho thay chuyén
vi 16n nhat trén bién duong 10 thi cong bang
phuong phap khoan né min la 0,00034 m (Hinh
5a) Ion hon 70% so véi chuyén vi 16n nhat trén
bién duong 10 thi cong bing may khoan RBM
0,0002 m (Hinh 5b). Hinh 6 cho thay hé s do
bén cua khdi da xung quanh duong 10 tiét dién
tron, véi ca hai phuong phép thi cong thi hé s6 do
bén cua khéi da ¢ bién duong 10 1a 1,26 va cang
xa duong ham hé s6 d6 bén khéi da sé tang 1én.

Khi cach xa bién ham 1,6 m thi hé s6 d6 bén ting
lén 2,53 (Hinh 6a) voi thi cong bang phuong
phap khoan né min va ting 1én 2,84 dbi véi thi
cdng bang may RBM (Hinh 6b). Két qua trong
Hinh 6 ciing cho thdy khdi da xung quanh dudng
10 duoc thi cdng biang may khoan RBM 6n dinh
hon khéi d4 xung quanh dudng 10 thi cdng bang
phuong phap khoan nd min. Luu ¥, trong mo
phong sb, bién dudng 10 thé hién 1a bién thiét ké,
con trong thyc té thi cong bang phuong phép
khoan né min thi bién dudng 10 s& gb ghé khdng
tron gy bat lgi hon nita vé 6n dinh khdi d4 xung
quanh duong 10.
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a) b)
Hinh 5. Chuyén vi xung quanh 6 thwong ding tiét dién tron
a) Phirong phdp khoan né min; b) Phirong phdp khoan RBM
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a)

Hinh 7 va 8 trinh bay céc két qua md phong sé
cho dudng ham tiét dién hinh chit nhat. Chuyén
vi 16n nhét trén bién 10 thi cong bang phuong
phap khoan né min Ién hon thi cong bang may
khoan RBM sau d6 mé rong bang khoan né min

5.60e-004 1.26e-003] 65.60e-004

AN M|
YYYY

8.40e-004

AAAA 8.40e-004

3

1.33e-003

5.60e-004/ 5.60e-004

a)

b)
Hinh 6. Hé sé dg bén xung quanh 16 thirong dirng tiét dién tron
a) Phwong phdp khoan né min; b) Phwong phdp khoan RBM

1a 66%, cu thé chuyén vi Ion nhat trén bién 10 tiét
dién hinh chix nhat thi cong bang khoan n6é min
va thi cong bang may khoan RBM tuong ung la
0,00133 m (Hinh 7a) va 0,0008 m (Hinh 7b).
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b)

Hinh 7. Chuyén vi xung quanh 16 thwong dimg tiét dién chiz nhat
a) Phirong phdp khoan né min; b) Phirong phdp khoan RBM va mé réng

Tuong ty nhu két trén Hinh 6 cho duong 10
tiét dien tron, hé s6 do bén khéi da xung quanh
duong 10 tiét dién hinh chix nhat thi cong bang
khoan né min kém hon so véi thi céng bang may
khoan RBM (Hinh 8). Hinh 8a cho thiy dudong 10
can phai chéng giit vi trén mat cat ngang tiét dién

hinh chir nhat xuat hién hé sé do bén khdi da 1a
0,95 & cac Vi tri trung diém céc canh. Trong khi
d6, khdi da xung quanh duong 10 tiét dién hinh
chit nhat trong Hinh 8b 6n dinh hon (c6 thé
khdng can chbng gitr) khi c6 hé s6 do bén khdi
da nho nhat 1 1,26.
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a)

b)

Hinh 8. Hé sé dg bén xung quanh 1o thuwong dirng tiét dién chir nhat
a) Phirong phdp khoan né min; b) Phirong phdp khoan RBM va ddo mé réng

Tir céc két qua md phong sé cho hai loai tiét
dién duong 10 Ia hinh tron va hinh chir nhat cho
thay, khéi da xung quanh dwong 10 thi cdng bang
méy khoan RBM 6n dinh hon khi thi cong bang
phuong phap khoan né min.

Khi thi cong duong 10 dbc ding bing phuong
phép khoan nd min cho thay nhiéu han ché nhu:
kém an toan vi thi cong tu duai [én, cdng nhéan
lam viéc truc tiép tai gwong dao, nguy co bi da
roi hodc tut 16 cao; tién do thi cdng cham. Nguoc
lai, khi thi cong duong 16 dc ding bang may
khoan RBM sg& an toan vi cong nhan lam viéc &
duong 10 & muc trén, tién do thi cong rat nhanh.
Trong trudng hop khoan bang may RBM két hop
véi khoan né min ma rong, cong tac khoan no
min tir trén xudng ciing thuan loi hon rat nhiéu
do c6 mat thoang tu do tao ra boi 16 khoan doa
mao rong duong Kinh 16n thi cong trude do.

Dua trén phan tich do on dinh khéi da xung
quanh dudng 10 thuong ddc ding ciing nhu bién
phap thi cdng, tién d6 thi céng va an toan trong
thi c¢éng, viéc st dung may khoan RBM dé thi
cong cac duong 10 thuong dbe ding ndi chung va
duong 10 thuong trong mo quang Vi Kém la
phuong an an toan va hop ly.

4. Két luan

May khoan doa mo rong RBM da dat dugc
nhitng tién bo vuot bac trong vai thap ky qua.
May khoan doa m¢ rong RBM hién da duoc ap
dung cho nhiéu linh vyc, bao gém mo than, nha
may thuy dién, giao thdng van tai, cbng trinh
ngam, codng trinh quan su va cac du 4n ngam
khac, véi duong kinh khoan ting dan. Phuong
phap khoan duong kinh 16n RBM ¢6 muc do co
gioi hoa cao, dang tin cdy, thich hop dé thi cong
cac CTN nghiéng va doc dang. So véi phuong
phap khoan n6 min thong thuong, phwong phap
nay c6 thé giam dang ké sé luong cdng nhan,
nang cao do an toan trong thi céng, néng cao hiéu
qua lam viéc, va 6n dinh khéi d4 xung quanh
duong 10 tét hon. Vi vay, viéc phat trién va tng
dung cong nghé khoan duong kinh 16n RBM can
duoc tiép tuc nghién ciu trong diéu kién mo ham
10 Viét Nam, dac biét trong xu huéng do sau khai
thac tang dan theo thoi gian.
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