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6 *u" DI/NG cOHc rniruH rucAut vn mO r.rcHrEru cOu varnlos6r

^1 .,*

TrAn Tudn Minh, D6 Nggc Th5i,

D{ng Trung Thdnh, Nguy6n Duy6n Phong

Trudng Dqi hgc M6-D!a chdt

E-mail : tuan minhh umg@yahoo.com

TOM TAT

Cac ki thuat dieu khi6n bi6n dqng lon cho cdc Clt*vng td du1i sdu trong c1c top d1t dA m)m yeu td

viln dd lon trong c1c hoqt dong khai thitc m6 khong chi d Viet Nam md con O citc nuoc tr1n th| gioi.

Viec khai ddo cdc dwong to d1n d1n sv phdn O6 tai wng su6t trong kh6i d* de xung quanh cdc duong

lo, ddn d\n dQ b1n vtryt qua dQ b1n gioi hqn c1a dilt dA xung quanh. Cdtc pha hIy keo di6n ra xung
quanh duong lo, ddn d6n c6c mitnh vd, n6n bgp (luong td. ThUrc t6, khe ndng mang tdi cIa k1t cau

chOng cAng gi6i hqn nln no tdm cho duvng to b! gidm di6n tich, gay kho khdn cho cong tdc vQn chuy1n

vd cAn thiet phei md rQng dwong Io. Di€u ndy doi h6i phdi ditim ki6m cdc gidi phdp ngdn chdn sV ph6t

tri6n cha bi6n dqng xung quanh duong to, clng nhvtim ki6m cdc gidi phdp ki thuQt de giT 6n dinh cdc

duong to.

De phan tich 6n dinh cdc dwong ld nguvita co thd s* dqng cAc nhom phtrong phap: phuvng ph6p

giditfch, phuvng phap kinh nghiQm vd bdn kinh nghiQm, nhom phuvng phap s6. VOitEi lch vit wu di6m

cIa minh, ngdy nay cdc phtwng phap sd clng ngdy cdng duqc sit dung rQng rdi dO phdn tich co ch1
pha h7y cIa dAt d6 clng nhu k1t cAu ch6ng giT xung quanh cdc dvong td. Ket qud phAn tich bdng c6c
phAn mem so khd trgrc quar1, sinh dQng gilp nguoithiet k6 nhanh chong thay d6icdc di6u kiQn tham s6

dAu vito vd xem x6t dugc bieu hien (l6ng thoi cIa nhi6u yeu t6 trong cdc m6 hinh. Biti bao phdn tlch co
ch1 ngdn chdn bi6n dqng ton xung quanh cdc dwong lo voiviQc sir dqng neo hai m(rc.

Tu khoa: duvng td duai sdu; co cne Oien dqng lon; cdc ki thuat di6u chinh; mo hinh s6.

1. DAT VAN DE theo c6c ctieu kien kho khdn vC tfrOng gio trong c6c

SLr phat tri6n manh m6 cga ndn kinh tO vir xd hOi dudng ld, hC th5ng thong gio c0ng phrlrc tqp, c6c

the gi6i va Vi6t Nam yeu cAu ti6u thU mOt nguOn quqt gio phdi co cOng su6t lcrn, luqng gio y6u cAu

ndng luqng vO cung to ldn. Chinh vi vQy c6c kho6ng tdng l6n. Cong t5c tho6t nucvc c0ng trd n6n ph0c

sdn d n6ng dAn can kiQt vd c6c yOu cAu khai th6c tqp kho khdn, do luu luEng nuoc duoi sAu c0ng

cec ngudn khoang sdn d dudisau td di6u Oit OuOc. tdng l6n. d ViCt Nam, ddc biCt la c6c m6 khu vLrc

HiQn nay, c6c nuoc khai thSc than dd ti6n hdnh c6c H6ng Gai, Qudng Ninh c6c m6 thucrng nam gbn

budc khai thdc dudi sAu, dO sAu khai th6c duoi sdu bi6n, mr,rc nuoc bi6n cao vd hiQn tai nhi6u m6 con

lon hon hdrng 1000 m so vcyi bO mat dAt, nau net ndm duoi cAc moong khai th6c crla c6c md than l0

dO sAu khai th6c ndry drLi6n Bang Nga, Nam Phi, thi6n n6n cOng t6c thodt nudc c0ng nhu ch6ng gi0

Canada, M!, An dQ, Duc vd Trung Qu6c [5]+[12].' c6c dudng lo Ctdc biQt phuc tap vd nguy hi6m. Sr,r

C6c loai ddt de thudng c6 sqr biOn d6i theo CtQ sAu bi6n dQng mqnh vO mdt itia cfr6t d khu vgrc Qudng

vd co sqr bi6n dQng rdt manh, chinh vi vOy, v6n CtO Ninh dd CtuEc mo td trong c6c tiri lieu dia ch6t tiCn

thi6t kC vd lWa chon k6t cdu duEc xem ld kh6c biQt, quan.

kho khdn vd phOc tap. C6c l1i thuyet phdn tich, tinh ViQc khai ddo cdc duong lo dudi s6u cOng co

to6n k6t c6u ch6ng giir c6c duong lo khi khai th6c th6 gap phdi c6c dieu kiOn d6 mtim, d6 co tinh

d mr?c n6ng thi khong con phu hgp cho c6c ctudng trucrng nd khi gdp nuoc ldm tdng 6p h,rc, d6t d6

lo duoi s6u vd khi 6p dr1ng cOng con nhi6u O5t cqp khu vqrc co cdc lyc kiOn tqo ldm thay d6i trqng thdi

[1], [3]+[4]. Vi6c khai th6c xu6ng sAu cOng kdm ung su6t tang 6p h.rc l6n fet c6u ch6ng gi0 c0ng



GflreN ctvu vRrnlo sOl xAv outtc cOttc rniHH ucAtvt vn uO 6

!9c Th6i,

h Phong

ola ch6t

ahoo.com

bong c6c
c tqp, c6c

b y6u cAu

n€n ph0c
s6u cUng

b khu vttc

lu ldm gidm tiet di6n c6c duong lo [1]+[3]. Cac

t frryCt phdn tich dang 6p dUng d ViQt Nam voi

*c su dqng c6c r6t c6u ch6ng gi0 ctOc tap t1l, t3l

-r khung th6p, neo dQc lQp hofc neo co ket hqp

lh bC tong phun dang ddn bgc lO nh0ng h4n ch6,

Cra ilap ring cluEc hiQu qud ch6ng gi0 thWc t0

Erg cac md. Xu hudng thiCt kO t<Ct c6u ch6ng gi0

In co sd t?n dung khd ndng ldm viQc cOa kh6i d6t

- nrng quanh (tucrng tdc kh6i da-ket c6u ch6ng

1jnll2)+l4l ngdy cdng ttuEc ch0 trgng hon d6 duy

li dO 6n Ctinh vdr gidm chi phi gia thdnh xdy dqrng

4cluong lo. Tu duy thi6t kO nay d ViCt Nam-v5n

.tr it duqc quan tdm vd ch0 trgng d6 tan dung

E nang mang tdi crla kh6i d6 xung quanh, di6u

-y (loi h6i phdi c6 c5c nghiOn cu?u vd ph'6n tich

Cry€r' sdu hcvn trong tuong lai gAn cho lTnh vuc

{ rlL?ng m6 Cldm bdo ph6t tri6n b6n v0ng an ninh

-rg luong d6t nuoc.
l{Qn nay c6ng nghQ vd phAn mdm ph6t tri6n,

4 phan m6m s6 ngdy cdng iluEc srit dgrng rQng

- mng lai nh0ng hieu qud cao trong cOng t6c

€ rC c6c cluong lo t7l+[9]. C6c phAn'mbm

4ryen dUng hien nay c6 th6 ituEc chia ra d c6c

-frn phdn tich kh6c nhau nhu: c6c phuong ph6p

fiin tich bi6n dang kh6ng liOn tqc DDA, phAn trl
Ihr han FEM, sai phdn h0u hqn DEM, phAn trlr

lfEn BEM. Lfu di6m cOa nh6m phuong ph6p ndy

E rp hinh duEc s5t vcvi ili6u kien thqc tC, k6 dugc
cnrp luc nhi6u y6u t6 dnfr hudng c0a di6u ki6n itia

O€t Oia cndt tfrrly vdn cOng trinh khu vgrc cOng t6c.

PEng nh0ng vQy, ch0ng con c6 th6 mO phdng cho

ci cac qu6 trinh thi c6ng, c6c budc thi cOng vd qu6

Hr lap cldt c6c f6t c5u ch6ng gi0 c5c ducrng lo.

2- Ngt DUNG NGHIEN COU

21. Co se $, thuy6t phAn tich neo ngdn k6t

fi voi neo ddi vd cdc k6t cdu ch6ng khdc

fet c6u neo dd duqc s& dr;ng tu lAu d6

dr6ng gi0 c6c dudng ld, n6 c6 uu iti6m la k6t c6u

d6ng chri CtQng, tich hop voi kh6i d6 xung quanh

d tro ra iluqc mOt vung d6t dA duEc gia c6, teng

fln n6n s5 ngdn chdn duqc c6c bi6n dqng cira

did6xung quanh vdo khodng tr6ng b6n trong c6c

Crsng lo t111. Trong c6c cti6u kiOn dia cn6t pnuc

h, dat Cl6 truong nd 6p h,rc cao hoic c6c kh6i de

ts rrrt n6 trung binh hinh thdnh n6n c6c kh5i nem

t+ d6 thi kct c5u ch6ng neo ch6ng gio duqc mO

li rJru trong Hinh H.1.

a) b) c)

H.l. (6c iliiu ki6n tii trong tdi c6c neo trong iliiu ki6n khdi al6

chiu iip ltlc cao:

a) ddt dd trnng nd; b) bidn dang nd dd; ) sdng chdn dbng, nd min [l | ]

Mat khac trong mOi truong d6t de liOn kh6i thi

neo ngSn (1) va bO tOng phun (2) s6 tao ra duqc
ban'dAu mQt vong d6t da ctuEc tdng cudng dO b6n,

viQc ndy ldm gidm 6p luc len k6t c6u ch6ng gi0
c6 Oinn sau ndy cho c6c duong lo (Hinh H.2). Tuy

nhi6n, trdn thgc tO do anh hudng cOa kich thudc
duong hAm, c6ng nghO khai ddo cOng nhu c6c y6u

t6 dia cnAt khu vgrc duong ld, bi6n dqng cria d6t de

khu vr,rc ngay s5t ducrng lo ldm chuy6n vi d6t da

xung quanh Cluong ld tiep tr;c dich chuy6n gAy bi6n

dqng du vd 6p lqrc tiOp tqc tang. O xa cluong lo ddt
d6 khong chiu dnh hudng.cOa c6ng t5c khai Cldo

c6c dudng lo sE d trEng th6i nguy6n sinh, trong

trucrng hEp ndry n6u cti6u ki6n cho phep thi srl dr;ng

th6m c6c neo ddi treo vd gdn k6t gi0a l6p vong
gia p6 b6n trong do hiQu Ong c6c neo ngSn tqo

iluqc vdo vung d6t tt6 khong bi x5o trQn b6n ngodi

se (1+3) khi d6 vung 6p luc tdc dr1ng l6n t<Ct c6u

ch6ng gi0 sau cung 2 vd 44 thtpc tO chi cdn virng

d6t de bix6o trQn gidm b6n 0 gi1a2 virng 1 vd 3.

Do clo fet c6u ch6ng gi0 c6 dinh sau cung 44 sd c6

chiOu ddry gidm cli, tdng hiOu qud kinh tO vd thi cOng

c6c cong trinh ngAm.

V,frg dl d,
dt.* 9a
cu,in6 boi

n6 ogao bm

V'bs t6t & bi

xio h6'tr giio bh

H.2. Dic iliim m6 t6 vi vtng gia cd neo ngin kdt hop neo ddi vdi

kit <du khdc trong thrrc t6:
1- cdc neo ngdn mk bAn dfti; 2 - ldp bA t1ng phun rhdng tom; 3 - cdc neo

ddi neo giu vdo ving ddt dd cung vttng; 4A - ldp vi kdt criu chdng giu sou

citng bAn trong [1 1 ]
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o6.tndy rO hi6u qud cOa viQc neo kct hEp vOi cilctet c6u khdc. Ch0ng ta xudt ph6t tu dudng cong ddc
tinh ct6t de (GRC) voi c6c dd c6t ket co th6 cluEc x6y dsrng bdng viQc srl Jqng ldi gidi dan h6i - Oteo udi 

"icc6ng trinh ngAm co mat c6t ngang dqng trdn vdi trucrng ong rudt d xa vo crlng tI phAn b6 aeu oang viCc
s& dung c6c c6ng th0c (11+1t4) nhu dd duEc bi6t d6n bdi Carranza-Torres vd Fairhurst (2000) 1sl,lz1:

( csr-roo )

*o =*91r)
D- Pi ,.Jt' - *uor- ,rf,

t,,=&*4
ffibo"t m;

P,"' =:(t - JC t6s, I' 16' "

pi' =( ,,* - jr)*uo",
\ mi)

c,s1-100

S=e

a :0.65- fgq)
(200)

u", -(oo - 
p,\^

' \2G,^ )
E,-u,. =4.i

E,, :1000C(o",XO[#)

Rot =Re'('E 
-J4)

K.,_l+sinr/
' | - sinty

ult 2G,. 
= 

K, -r * z ( Ro,)*'*t * ,l-2v .r_( ^r\'R oo-pi' K,tr K,+l[n ) a(so_f")"'[n J

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(10)

(1 1)

(12)

-lX*'+ C+r+lt (*, *')'[?) - [? )"' .,]
(13)

(14)

Cni tiet c5c tham s6 trong c6c c6ng thuc tu 1t; ACn (4) c6 tn6 tnam khdo trong tdi tiQu [5].

E.l r-na,n rraurEb ira oar ^ ^A^^
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I

I

)

fLl\
P'

2.3. Duong ilic tinh XCt cau ch6ng gi|r cho

* khung th6P

Gia tn 6p hlc ldn nh6t (P"'"') b6n v0ng tir c5c

Urng thep va ctQ cr?ng vfrng ean h6i (K") crla mQt

ilrd't g hAm tron voi c6c khung th6p dugc tinh to6n

On gLn tu c6c phuong trinh sau khi thay th6 6nh

irltng c0a t6m chen 95 tsl' [7]:

theo chi6u dqc trUc (m).

2.6. HiQu quit X6t n cia cdc he ket cdu

ch6ng giu

khi s?p d6 dugc tinh to6n nhu sau [5]' [7]:

py --umK, Q5)

D6 lua chqn k6t c6u PhSP

ndy nguoita s[Y dung he cong

eat tinn r6t c5u ch6ng g 6 cho

116 tfr6ng k6t c5u ch6ng t6 hqp kh6c nhau (Hinh

(15)

I ,sR2

d.. E,A,

drr ctdn n6i cOa theP (MPa)

2.1. Dueng dic tinh cia bG t6ng Phun

cth hoi (K") [5], [7]:

t (n -r-)'ln*=9-ttlt t (7\rs 2l R' 
-l

r- =. E", , n'.(!-:")' ,, (18)
^'-(t-ut-u )n (t-zv,)n' +(n-t.)'

Arsng ham (m)'
Zi. Oueng ilflc tinh X6t cdu ch6ng gi0 cho

c* nq
- C; iniet ting c6c neo ctuqc l5p dat truc ti6p

(22)

(23)

(24)

(1e)

- lo rA'

(20)
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H.3). Vi du mO hinh thi6t tC tLpa chon k6t c6u ch6ngtrong phAn m6m Rocsupport 3.0 (hinh H.a).

2.7. M6 hinh ph6n tich sii hiQu qud gia c6 neo

duei s6u t6n

I
I

A

-€

6
s;

I
I
I

c
'a

'E

E

H.4. vidu 
'6 

hil;;ilffi, r,e',osr tilphdn mdm
Rocsup

Mdt quan 0i6m thj6t,kf OaV nay cOng dangduEc quan tAm vd trd thd ii6l .nuan thiCt kecOa LiOn Bang Nga. Th
ch6ns neo coi fi"cn e" i8l

giir

ddt s6u hcrn) duEc ldp

duons ro hoic sau lr61m0rt#::fi,flfllili;
:lg 0,1H (H ta dQ sAu dft duong rjtinr,'ti, b6 mdtdat).

s6 tet cdu ch6ng neo
om sQp 06 tac dqng t6n

n 1 m6t ddi duong ld p"b,

c6ng th0c sau [12]:

H.3.Oinh nghia thidt k6'kdt c6l chong theoh€ sdan todn SF
tukdl1#a.6

P"n = f,Brhrn (26)

lo ld set k6t, bOt k6t, o^
lcrp ndy td t6p cat k6t'
phqc vu c0a duong lo ld
lo ld H=-100 m so voi di
vung co pha hriy ki6n tac
l6p c51 tet va O.6t t<Ct tro n6n m6m yi5u, co bi6u hien
cOa ddt dd m6m yeu. Cdc dqc tinh ;;;;" tdp d6tdd c0ng nhu c6c tinh ch6t ccr tyi tr6n Ot mat cacphdn lop dd cdt t<Ct va bQt ket uj Oa 

""n 
kgp duEc

3-f":lq trolo Bdno 1. cac th6ns s6 eac tinhbon tr6n oc mat pnan iop ojija-,;;;i il;; ;";ndy duEc xdc dinh theo ti6u chudn OC"n cria Bartonvd Bandis, 1990. Do.di6u kiQn thgrc te iat ru.r0 JC

If:.dih,",rc th6ns s5 nay khi pnai ram thi nshiQm
cdt trdn b6 mat phang 

-vd 
cit ph6n bQc n6n trong

nghi6n cuu ndy khong di s6u vlo vi6c x6c dinh cdctham s6 tr6n md cfri cndp nJran d Oirg drh tinh cdctham s6 cOa ti6u chu6n brOn tr6n b6;;i phAn topnay d6 tinh to5n, c5c tha n,6 oen A; ;b mft phdn
lop c0ng duoc m6 td nhu trong edng l.

,. ,8, t? chi6u rQng duong to duoc xdc dinh theotinh todn, hon chi6u c"o ui,ng oai aa ii pha hiry 
.

duoc tinh th'eo c6ng thuc sau [1 2]l: 
-- -

h" = krnBp

,__ 
O. ull 

1",I te s6 d,uEc xdc dinh tneo cac ffitra phqr. thu6c vdo dac di6m c6u tiuc Aat oa
Chidu ddi neo muc tr6n ir"",Jpjl"duoc xecdinh bdng c6ng sau [12]: ' ' ka

6ng sd {tdt dii ciit kdt vi b6t kdt

z

+

Trong h.rong thd tich ddt

dii

Ed bdn kdo cia khdidii

Lrrc dfnh kdt cta khdi dit

Gdc ma s;it trong c0a

khdidii

MN/m3

MPa

MPa

00

0,26

0,5

1

25

o,.

c

I

0,27

0,7

L

35(28)
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bc loP

E mat
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5 oac
Fuong
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3. KET QUA VA THAo LUAN

Quan s5t k6t qud Ong su6t keo tr6n Hinh H.6
vd H.7 tndy rang r?ng su5t k6o d hai b6n vai phia
n6c duong lo thay Ct6i trong trudng hop 6p dung
gidi phap srl dgrng neo mang sau do d0ng th6m
neo c6p ddi d muc hai. CU th6 khi dirng 03 neo c6p
drii Ong sudt k6o tuong ung 0,25 Mpa;0,22 Mpa;
0,13 MPa; 0,10 MPa. Khi s& dung 06 neo c6p ddi
0,14 MPa; 0,12.MPa va 0,13 MPa; 0,12 Mpa. Dieu
ndy ch0ng td rdng khi srl dqng b6 sung th6m c5c
neo c6p dai thi ung sudt k6o tr6n bien ducrng lo s6
gidm, d5t d6 duoc gia c6 c0ng v0ng, 6n dinh hcyn
t0c la ducrng lo sE 6n dinh hon.

Trong Hlnh H.B vd H.9 chi ra hinh dnh c0a v0ng
d6t de ph6 hu! xung quanh Ctuung to trong .02

trudng hop m6i trudng d6t de d6ng nhdt vd ph6n
lcrp khi srl dung mang neo 09 c6i dQc ldp vd mang
neo 09 c6i k6t hop voi 03 va 06 neo c6p ddi. Co
tn6 tndy rang chi6u ddi neo mang tucrng e6i ng5n,
hi6u qud gia c6 cdn chua cldm bdo, neo c6p ddi co
t6c dung nhu treo vd ghim vdm ph6 huf voi ddt de
c0ng v0ng (mdu xanh)xung quanh Cluong lo. Ddc
biet la c6c neo hai b6n vai cluong lo trong cd hai
truong hEp d6t dri d6ng nndt va d6t d6 ph6n tcrp.

4.KET LUAN

Qua phAn tich c6c lyi thuydt c0ng nhu ket qud
m6 hinh phAn tich s6 d tr6n thSy rang. XCt cdu
ch6ng neo co hiQu qud trong viec gia c6 gi0 6n dinh
c6c duong lo. Neo c6 th6 kdt hEp vcyi c6c loai k6t
cdu ch6ng giir kh6c nhau nhu bd tong, khung thep
vd thqrc tO thi neo c6 th6 st} dr,rng f6t nEp gi0a neo
ngSn vd neo ddi nhu trong brii ph6n tich vd mo hinh
s5 d tron.

Mo hinh ph6n tich s6 chi ra reng khi srir dung
neo mang ngin, k6t hop voi neo c6p ddi thi gia
tri r?ng suSt k6o tr6n bien duong lo gidm di duqc
khodng 10+15 %. Di6u ndy tuong Ong gia tridp tuc
d6t da c0ng gidm cti tuong ung. Trong dieu kiQn
dieu kiQn d6t da phdn l6p mdng thi vung ph6 hu!
bdt d6i x0ng, hi6u qud cOa neo mqng nhiOu khi
kh6ng cao. ViQc k6t hqp neo mang vd neo cap ddi
lai kem hi6u qud.

Mo hinh phdn tich s6 cOng nhu phuong phap
dudng ddc tinh kh6i de n6n ilugc 6p dung trong
qu6 trinh phdn tich va thiet ke, dU b6o som 6p tuc
d5t de vd scy bO lrra chon ket c6u ch6ng ban Ctdu

trong phdn tich. CAn thiCt phai c6 sr.r linh hoat, thay
d6i khi cqp nhQt di6u kiQn dia ch6t d tung doqn, khu
vuc dudng lo khai dao trong thUc t6 tr
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STABILIZ ION OF DEEP ROADWAYS IN WEAK ROCKS USING THE SYSTEM OF
TWO.LEVEL ROCK BOLTS

Tran Tuan Minh, Do Ngoc Thai, Dang Trung Thanh, Nguyen Duyen Phong

ABSTRACT
hrge deformation controltechniques for deep roadways in the soft rocks were big problems in mining

a;ynies not only in Viet Nam but also in the other countries in the world. The excavation of roadway leads

D hrgh deviator sfress, which exceeds thd peak strength of shallow surrounding rock and causes lf fo
st33-the post-failure sfage. Tensile faitures then initiate and develop around the roadways, which causes

* fngmentation, ditation and separation of shatlow surrounding rock. ln fact, the capacity of the primary

ryrtsystem is low, which resu/fs in the serious contraction in the full section of roadways. This requires

r.st be found so/ufions to prevent the devetopment of deformation of rock mass around roadways, as

-f as technicalso/ufions to stabilize:for deep roadways'
To stability analysis of roadways can be apptied some methods such as: analytical, experimental and

tE experimental, and numerical methods. Nowadays, with their advantages numerical methods are

dy applied to analyze failure mechanism of rock rnass as well as the design rock suppott in roadways.

IIC resu/fs of numericat modeltings are quite intuitive and lively which help designers quickly change

e1 parameters conditions and can be considered man'y factors in the models. This paper introduces

Vetntion mechanism of targe deformation of rock mass around roadways by using the system of 2-level

dbolfs.
Keyrords: deep roadways; large deformation mechanism; controltechniques; numerical simulation.
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