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TOM TAT

Xu thé chung trén thé gici la nghién ciru dp dung cac két cdu giam nhe, gia cé tich cuc thay thé
céc két cau ndng né, thu déng. Tai tat cd cac mé hdm Io trong nganh than Viét nam thoi gian qua da
ap dung chéng 1o bang vi neo bé téng cét thép va chét déo cdt thép két hop véi bé téng phun hodc
Iuéi thép dat nhiéu thanh cong, néng téc dé dao va gidm dau tw cho céng trinh dao 1o da va dang
duoc quan tdm nghién ctru. Bai bdo nay tap trung vao nghién ciru neo 6ng cé ranh hé. Céu tao,
nguyén ly lam viéc va diéu kién &p dung neo éng cé rénh hé da duoc nghién ctru. Trong nghién ctru
da str dung moé hinh s6 dé kiém tra, danh gié kha ndng lam viéc ctua neo 6ng c¢é rdnh hé ciing nhw
6n dinh khéi d& xung quanh duong 0. Két qué cho thay, neo éng c6 ranh hé lam viéc hiéu qué khi
duroc thi cong chéng git cho céc duong 16 da. Cac wu diém néi tréi clia neo bng Ia chiu luc ngay sau

khi I3p dat, chiu luc toan than, don gidn vé két cau va céng nghé I3p dat.
Tir khéa: neo 6ng c6 ranh hé, duong 16 da, mé hinh s

1. DAT VAN PE

Thi céng cac dwong 10, dwdng ham trong da la
cong viéc nang nhoc va véat va béi vi nguoi the 16
phai lam viéc trong diéu kién néng 4m va cé nhiéu
khi déc hai, bui da sinh ra tir cac dot nd min hoac
bdc xtc, van chuyén. Cac yéu td nay la nhirng
nguyén nhan co ban lam gidm nang suét lao dong
trong dao chéng 1o.

Nhirng ndm gan day trong Tap doan Céng
nghiép Than - Khoang san Viét Nam da nghién
ctru ap dung céac tién bo ky thuat trong dao chdng
|6 nham nang cao téc d6 dao 16 va giam gia thanh
xay dwng, cai thién diéu kién lao doéng cho tho
dao lo.

Xu thé chung trén thé giéi hién nay 1a nghién ctu
ap dung cac két ciu gidm nhe, gia cb tich cuc thay
thé cac két cAu nang né, thu dong. Trong mot thoi
gian dai, két cAu neo da dwoc sir dung véi muc dich
chéng gil» va gia cwéng cho cac cong trinh ngam
trong xay dwng cling nhw trong mo [5-11]. Theo tinh
chét co hoc cuia chung, két cAu neo duoc phan ra
lam nhiéu loai khac nhau trong dé c6 neo ma sat
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(neo 6ng). Phan tich tinh toan neo éng hé ciing nhw
kha nang lam viéc clia chung da dwoc nghién clru
bang phwong phap gidi tich [5,11], phwong phap
thwe nghiém [10], va phuong phéap s6 [7, 9]. Ngoai
ra, con nghién ctru st dung cac bién phap khac
nhau dé tdng cwdng kha nang lam viéc clia neo
cling nhw tang thdi gian lam viéc cla neo [8].Tai tat
ca cac md ham 16 trong nganh than Viét nam thoi
gian qua da ap dung chdng 16 bang vi neo bé téng
cbt thép va chat déo cbt thép két hop véi bé tong
phun hodc lwéi thép dat nhiéu thanh cong nang toc
dd dao va gidm dau tw cho cong trinh dao 16 da va
dang dwoc quan tdm nghién clru.

2. PHUONG PHAP VA NOI DUNG
NGHIEN cUrU

2.1. Phan loai neo éng

Hién nay trong Iinh virc xay dwng mé va cbéng
trinh ngdm, cé ba loai neo 6ng dwoc s dung
réng rai:

e Neo 6ng 6 van kin (oval shaped friction pipe
anchor)
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e Neo 6ng c6 ranh hé (split-set-anchor)

e Neo 6ng phdng (swellex rock bolt)

Neo éng 6 van kin dwoc phat minh vao nam
1971. Than neo la mét éng thép duoc ép tir bng
tron thanh hinh 6 van va lam viéc theo nguyén
ly ma sat (Hinh 1a). Khi 4n neo vao 16 khoan, c6
duweng kinh nhdé hon truc dai ctia éng 6 van, gitra
thanh 6ng va 16 khoan cé tac dong twong hd: 16
khoan nén ép éng neo trong gi¢i han dan héi va do
vay tao ra phan lyc tir 6ng neo Ién thanh 16 khoan.
Nho dé lwe ma sat gitra neo va 16 khoan dwgc hinh
thanh va tao ra kha nang mang tai ctia neo.

Neo éng cé ranh h& la phat minh cia héng
Ingersoll-Rand cia My vao nam 1973 va dwa vao
ap dung nam 1976 tai cac mé kim loai mau sau
nhiéu lan thr nghiém. Tinh dén n&m 1980 da cé
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5 triéu neo dwoc st dung va hang nam tiéu thu
khoang 3,5 triéu neo.

Than neo éng la éng tron co6 ranh hé va lam
viéc theo nguyén ly ma sat do dwdng kich cta than
neo I&n hon dwong kinh cda 16 khoan (Hinh 1b)

Neo 6ng phdng la san phadm cla hang Atlas
Copco AB, Thuy Dién dwoc phat trién vao nhirng
nam 1982 va dwoc dwa vao sir dung réng rai
trén thé gi¢i vao ndm 1986. Neo dng phéng ciing
lam viéc theo nguyén Iy ma sat. Than neo ban
dau cé dang hinh tron dwoc ép bep dé giam
dwong kinh. Sau khi dwoc 4n vao 16 khoan than
neo dwoc bom phdng Ién bang nuéc véi ap luc
cao (ap lwc bom tir 24 dén 30 MPa (240-300 bar)
va kha nang mang tai ctia neo khoang 10 dén 30
Tan/m (Hinh 1c).

=Df2

c)

Hinh 1. Ba loai neo dng phd bién trén thé gigi [2,4]

So v&i cac loai vi neo khac (neo co hoc, neo
dinh két) cling nhw cac két cdu chdng truyén thdng
thi cac loai neo 6ng cé kha nang gia cb khéi da tich
cwe va co rat nhiéu wu diém:

- Neo 6ng c6 c4u tao don gian;

- Co thé gay ap luc thich ting véi mbi loai dat da

- Téang kha nang mang tai va han ché bién dang
clia khdi & nho tao ra ap lwc bén trong khéi da;

- C6 thé dich chuyén cung khéi da mang déc
diém nhw mot két cAu chéng linh hoat;

- Kha ndng mang tai cGa neo 6ng cé thé ting
theo thoi gian do bién dang clia khéi da gay twong
tac nén ép vadi than neo;

- Neo bng lam viéc ngay sau khi I&p dat;

- Gidm cwong do lao dong cho tho 10 thi cong vi
trong lwong clia thanh neo rat nho;
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- Chi phi thp hon so v&i neo co hoc va neo
dinh két;

Trong ba loai neo ké trén, neo éng cé ranh hé
c6 nhiéu wu diém ndi troi:

- CAu tao don gian va dé ché tao nhét;

- Kha nang chju tai tét hon neo éng 6 van kin vi
dién tiép xuc v&i thanh 16 khoan 1&n hon;

- Chi phi vat liéu thAp nhét;

- Khéng doi héi trang thiét bi dac biét khi thi
cong nhw neo 6ng phong.

2.2. Cau tao cuia neo 6ng c6 ranh h&

Neo 6ng hé la loai vi neo éng thép gébm hai bod
phan: éng thép va dé d&

Ong thép s dung loai thép day 2,5 = 2,75 mm
cudn thanh. Chiéu doc thanh éng cé khe hé 8 + 12
mm. Dau 6ng dap thanh hinh nén cut. Bubi éng
dwoc han mot day hinh tron dwéng kinh 8 mm dé
dé tAm dém. TAm dém bang thép A3 day 4,5 mm
hinh vuéng.

2.3. Nguyén ly lam viéc va dac tinh lwc hoc

Neo &ng c6 ranh hé 13 loai vi neo 6ng thép co6
wu diém két hop lwc tap trung & diém mut va toan
than nén phat huy dwoc day dd nguyén ly tac dung
cua vi neo khi cong tac hinh thanh dwdng dac tinh

Bang 1. Tinh nang ky thuat clia neo 6ng ¢6 ranh hé GKQ - A (Trung Quéc) [1]

&ng lwc dan hdi lam cho bé mat 16 khoan c6 &ng
lwc nén theo dwdng kinh.

Déc diém két cu clia vi neo 6ng la dng thép mé
swon, duwdng kinh déu nhau, trong qua trinh cuén
6ng da sinh ra mot dw &ng lwc dan hoi kha Ién khi
dwa neo 6ng vao 16 khoan cé dwdng kinh nhé hon
noé 2 + 3 mm nén phat sinh mét lwc hwéng theo
dwong kinh mét cach déu dan, cho nén mat ngoai
vi neo 6ng tiép xuc v&i thanh 16 khoan sinh ra lyc
ma sat. Bén canh dé dé d& sinh ra lwc d& dat da
xung quanh 16 khoan. Vi vay xung quanh vi neo
hinh thanh khu &ng lwc gan nhu hinh tru. Trong
khi I&p vi neo 6ng, neo sé c6 dwoc dw ng lwc dan
hoi tac ddéng manh vao thanh 16 khoan cang lam
tang thém lwc ma sat. D6 1a lwc ¢ dinh ban dau.
Qua thyc nghiém cho thay lwc cd dinh ban dau cla
vi neo 6ng 1a 4 = 6 Tan. Luc c6 dinh thay di theo
chiéu dai &ng thép, chat lwong thép, chat lwong thi
cong Vv.v... cang c6 hiéu qua hon khi dét da xung
quanh bién dang sém.

Tinh nang ky thuat:

- Lwc ban dau 4 - 6 tan;

- Luc thoi ky sau 6 - 8 tan;

- Lwc roi vong dém 12 tén;

- Lwc roi dé 20 tan.

BPuwdng kinh ngoai (mm)

43-0,5

Chiéu day (mm)

2,5

Than vi neo
Loai thép

A3

Khéi lwvong (kg)

3,5

Quy cach (mm)

$8x58,5

Vong dém Loai thep

A3

Khéi lvong (kg)

0,12

Quy cach (mm)

150 x 150

Chidu day (mm)

4,5

Loai thép

A3

Khéi lwvong (kg)

0,65

Téng khéi lvong (kg)

427 Hinh 2. Nguyén ly lam viéc cia neo éng
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2.4. Piéu kién ap dung chdng neo 6ng tai cac
dwong 16 da trong Tap doan Céng nghiép Than
- Khoang san Viét Nam

Trong giai doan th& nghiém nén ap dung chéng
neo dng trong cac diéu kién sau [3]:

- Cac duwong 16 da xay dwng co ban 1 dwdng xe
c6 chiéu rong va chiéu cao dao t6i da 3 m. Pudng
16 c6 dang vom ban nguyét, twéng thang;

- Thoi gian tdn tai clia dwong 16 tr 5 -10 nam,;

- Khéi da c6 mirc dd nirt né trung binh dén lién
khéi va khdi da khéng chira nwérc ngam;

- D6 bén nén don truc trung binh cla da 0,240
Mpa, lwc dinh két ¢ = 4,0 MPa, mirc d6 4n dinh cua
khéi da theo phwong phap cla Bieniawski thudc
loai trung binh x4u dén tét (RMR = 41).

2.5. Thiét ké ho chiéu va thiét 1ap day chuyén
cong nghé thi céng khi dao 16 da chéng bang
neo 6ng c¢6 ranh hé

2.5.1. Thiét ké hé chiéu chéng 16 d4 bang neo
6ng cé6 ranh hé

Muc tiéu hang dau cla cong tac thiét ké két cau
chdng la gitp cho khdi da duy tri va tdng kha ndng
mang tai.

Dé co6 dwoc két cAu chdng hop ly can thiét phai
c6 phuwong phap thiét k& hop ly, phu hop véi cac
co ché twong tac gitra két cdu chéng va khoi da.

CAc tiéu chuan thiét ké can tuan tha:

* Viéc thiét ké neo 6ng phai gira vao kha nang
mang tai - lwc dinh bam cla than neo; khi thiét
ké ban dau cé thé chon gia tri kinh nghiém nhd
nhét do co s ché tao cung cép (vi du neo 6ng cua
Trung Quéc Ia 40kN)

* Chiéu dai va mat dd cta neo éng c6 ranh hé
duoc xac dinh, tinh toan tuy theo so db thiét ké
dwoc chon, cu thé tuy thudc vao thiét ké theo so d6
nguyén ly treo hay theo nguyén Iy ban dam;

* Do khoéng cé dwoc théng tin day da vé dac
diém cAu trac cta khdi da, vi vay can thiét phai lwa
chon hé sé an toan cho hop Iy khi tinh toan.

2.5.2. Quy trinh céng nghé khi dao lo da
chéng bang neo 6ng cé ranh hé

Chu ky dao chéng 16 da bang neo éng duoc tién
hanh theo 4 giai doan:

Giai doan 1: Khoan nd min tién guong, giai
doan nay can thiét phai thwc hién bién phap khoan
nd min tao bién.

Giai doan 2: Cay om xGc mdt phan dat da
guwong sau khi nd min

Giai doan 3: Khoan céac 16 neo trong mét vong
va l&p dat neo éng

Giai doan 4: Xuc hét dat da gwong

2.6. M6 phéng sé cho dwong 16 xuyén via
+100 Céng ty than Dwong Huy

Phan nay dugc thwe hién dé danh gia mure do
&nh hwéng cua két ciu chdng neo 6ng c6 ranh hé
dén dd 6n dinh cta khéi da xung quanh dwéng 16
xuyén via mirc +100 tai md than Dwong Huy, cu
thé 1a danh gia d6 n dinh cda khéi da xung quanh
dwdng 16, chuyén vi xung quanh dwéng 16 va phan
bd lwe doc clia két cdu neo éng c6 ranh hé. Hinh 3
trinh bay mé phéng sb 2D dién hinh trong diéu kién
bién bién dang phéng dwoc thyc hién trén phwong
phap phan t& hiru han (FEM), st dung phan mém
Phase 2, khi chiu tai trong tinh v&i gia thiét rang
ng xt& khéi da la dan héi. Pwong 16 twong thang
vom mét tdm co kich thwée chiéu rong x chiéu cao
la 3,0 x 2,75 m. M6 hinh co kich thwéc theo ca hai
phwong 60 m va bién mé hinh dwoc ¢ dinh theo
tat ca cac phwong. M6 hinh bao gém 9535 phan tir
va 4875 nut. Buwong 16 nghién ciu ndm & do sau
150 m, da c6 khdi lwong thé tich la 0,025 MN/m? va
c6 cwdng d6 chiu nén don truc lay trung binh la 70
MPa, khdi da cé chi s6 RMR = 60. M6 hinh khéi da
duwoc gia thiét & mé hinh dan hdi. Puong 16 dwoc
chdng gitr bdng neo 6ng cé ranh hé, sé neo moét

L 7

Hinh 3. M6 hinh s6 cho [0 xuyén via miic +100
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vong l1a 6 neo chiéu dai 1,5 m, bwéc chéng 1 x 1
m. Neo &ng c6 rénh h& v&i kha nang chiu tai trong
kéo I&n nhat 1a 8 TAn va nhivng dac tinh khac dwoc
trinh bay trong Bang 1.

3. KET QUA VA THAO LUAN

Tw Hinh 4 c6 thé thay, hé sb dd bén cla khdi
da xung quanh dwdng 10, v&i ca hai phwong phap
thi cdng chéng bang neo va khéng chéng thi hé sé
dod bén cla khdi da & noc duong 16 1a 1,26, hong
dwong 16 14 0,95 va cang xa dwong hdm hé sb do
bén khdi da sé tang I&én va tdng nhanh hon trong
khéi da xung quanh dwéng 16 dwoc chéng bang
neo &ng c6 ranh hé. Hinh 4 ciing thé hién phan

a) Buong 16 khéng chéng neo

tlr bi pha hdy xung quanh dwdng 10, véi dwong 10
duwoc chdng bang neo dng cé ranh hé thi ving pha
hdy chi xuat hién & nén va hong duong 16 do rng
suét kéo va cat gay ra. Trong khi d6 v&i dudng
I6 khéng chdng, ngoai vung pha hdy xuét hién &
héng va nén dwong 16 thi phan néc duwéng 16 bt
dau xuét hién ving pha hiy do tng suét kéo gay
ra. Tuy két qua nay chwa lam néi bat dwoc vai
trd clia neo 6ng c6 ranh hé do dwoc chdng trong
khéi da twong dbi la cieng viing (RMR =60, f =7),
va chua ké dén cac khe nit trong khdi da nhung
ciing cho thay khdi da xung quanh duwdng 16 dwoc
chéng bang neo éng c6 ranh h& 6n dinh hon khébi
da xung quanh dwéng 16 khéng chéng.

y -1
b) Bwéng 16 ¢6 chéng neo

Hinh 4. Hé s6 d6 bén xung quanh dudng lo

r

a) Buong 16 khong chéng neo

(Y[

,

b) Budng 16 c6 chéng neo

Hinh 5. Phan bé chuyén vi xung quanh dudng 1o
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b) Dang biéu dé

Hinh 6. Phan bé luc doc theo chiéu dai neo dng ¢é ranh hé

Hinh 5 thé hién két qua chuyén vi xung quanh
duwong 16 khéng chéng va cé chdng neo la rat
nhd, chuyén vi I&n nhat xuét hién & ving néc va
nén duwong 16 1an lwot 14 4,9 va 6,65 mm (Hinh
5a) & duong 16 khong chéng va 2,4 va 3,4 mm &
duong 16 duwoc chéng bang neo éng cé ranh hé
(Hinh 5b). Hinh 6 thé& hién phan bd lwc doc doc
theo chiéu dai cla 6 thanh neo éng c6 ranh hé.
Két qua cho thay hai thanh neo & néc hdm (neo
sb 3 va 4) chiju tai nhiéu nhat |a 2,9 tan so véi cac
thanh neo & hai bén héng (neo sb 1, 2 va 5, 6)
chiu tai tlr 2 dén 2,5 tan.

T cac két qua mo6 phéng sb cho cho thay, khi
da xung quanh dwong 16 dwoc chéng bang neo
bng c6 ranh hé 6n dinh. Dwa trén phan tich chuyén
vi ctia khdi d& xung quanh dwéng 16 xuyén via mirc
+100 va lyc doc trong cac thanh neo 6ng cé ranh
hé cho thay viéc s dung neo éng c6 ranh hé cho
dwdng 16 xuyén via +100 tai mé than Dwong Huy
la phwong an an toan va hop ly.

4. KET LUAN

> Nhirng nam gan day mot sé nuwéc trén thé
gioi nhu My, Thuy Dién, CHLB Burc va dac biét Ia
Trung Quéc da va dang sk dung rong rai vi neo
dng phuc vu chdng 16 da va céng trinh ngam vi cé
cac wu diém:

e Neo 6ng c6 ciu tao don gian, dé 1ap dat, cd
thé ché tao trong nuwéc;

e Neo &ng mang tai ngay sau khi lap dat (hon
han neo dinh két cét thép). Tang kha ndng mang

tai va han ché bién dang ctia khdi da nho tao ra ap
lwc bén trong khbi da;

e Co6 thé dich chuyén cung khéi da do vay co6
dac diém nhw mot két cau linh hoat;

e Gidm nhe cwong d6 cho thg dao 19, the ham
vi trong lwong cla neo nhé 4,27 kG/neo;

e Chi phi cho 1m 16 thdp hon neo dinh két
khoang 30% (neo bé téng cbt thép va neo chat déo
cbt thép) do khong phai st dung cac vat liéu va
thiét bj dat tién;

e Tbc dd dao chéng 16 tang 1&n tir 30 + 40% so
v&i chdng vi truyén théng.

Trong ba loai neo 6ng: Neo 6ng 6 val kin, neo
dng c6 ranh hé, neo dng phdng (Swellex rockbolt)
thi neo 6ng c6 ranh hé dwoc sir dung nhiéu nhat:

> Pham vi ap dung th&r nghiém neo éng cé ranh
hé can dwoc mé rong két hop mua vi neo 6ng
cta Trung Quéc GKQ-A va tién t&i tw ché tao neo
bng trong nwéc vi két ciu clia loai neo nay rat don
gian. Cé nhu vay chung ta méi xay dwng duorc tbc
dd dao chdng 16 nhw dy kién va gidm gia thanh thi
cbéng cdng trinh;

> Dé viéc thir nghiém neo 6ng c6 ranh hé&
thanh céng trong Tap doan Céng nghiép Than -
Khoang san Viét Nam thi cin sé lwong vi tri tht
nghiém va chiéu dai doan 16 da thr nghiém du
Ion: L, = 200m cho mét vi tri @& c6 nhiéu két
qua so sanh, danh gia dé sau thir nghiém c6 thé
xay dwng duoc quy trinh dao chéng 16 da bang
neo éng cho toan nganh O

CONG NGHIEP MO, SO 3 - 2024 [JEI
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THE ABILITY TO EFFECTIVELY USE SPLIT SETS TO SUPPORT ADIT IN THE ROCK MASS/DRIFT
IN THE VIETNAM NATIONAL COAL-MINERAL INDUSTRIES HOLDING CORPORATION LIMITED
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Dao Van Canh
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ABSTRACT

The global trend in mining is to use active structures instead of passive ones. In the Vietnamese coal
industry, underground mines have started using end-anchored or fully bonded structures combined with
shoftcrete or steel mesh, leading to increased excavation speed and cost savings. This has attracted
research attention. This article focuses on the study of split sets, including their structure, working principles,
and application conditions. The study also used numerical modelling to assess the effectiveness of split
sets in stabilising the rock mass around the adit. The results demonstrated that split sets are effective
in supporting the adit in the rock mass, offering immediate bearing force after installation, bearing force
throughout the body, and a simple structure and installation technology.
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