INZYNIERIRA
NN =]=]RN[=F

CZASDPISMO POLSKIEGD TOWRRZYSTWA
PRZEROBKI KOPALIN

TOM 1, NR 2{46) 2020, LIPIEC ~GRUDZIEN =~

\* LAl YIS IE LRIV e ]
SV A

N\ &N‘AELENiE WZBOGAV
QLOGIA ZWILZAnys

ORRAILOW POy,

5 ©
<
[Ty

=
o
—
1
L
Z
o
%

N
<Ov
\‘\\ VS‘&"{L

onNgTAO R
Toioy 1yana 3N e
MAELTaTS onzZMN Lo e
‘AV'/V 074 VMhZE“':Z W9
el ETEpTas !
f"/ l'“:l.f,"'.:lﬂl‘..!-" ,
S’NZJA [ Anwias N3 £

-

QWO gt

JOURNAL OF THE POLISH
MINERAL ENGINEERING SOCIETY

VOL. 1,NO. 2(46) 2020, JULY — DECEMBER

A R




'Stgbility of Deep Undergmund Mme Drift through
Complex Geolngy Cﬂndltions in Quang Ninh C:oal
Area | =

ﬂmlg VAN KIEN"‘_’ v TR(JNG HLW(‘"' Du NGOCANH"“ Da NGOC THAI“‘
DmVANCHf” : i _

Y Hanod Univmu'y of Mining and Geology, Hanol, Vietnany, email: dmgvnnkkn@hung.edum W“Pdﬂnﬂ@humg.mm‘
m@mﬂnm dongocthai@humg eduvn; daovanchi@humgeduvn

shmission date: 06-03-2020 | Review date: 22.09.2020

— =  Abstract . ' -
The stability ﬂj" dezp nﬂdﬂfmnuu‘ milne dfifu Is pivotal to sustainable, safe mining in nﬂdnzmmd :m! mhm ’Hm main nﬁjaﬂw af
this research is to determine the stability and drifiing safely isues in 500-m-deep deep underground mine drift through complex geolo-
in the Quang Ninh coal area. The laboratory experimentation and field measurements were used to analyze the large deformations
and failire characteristics of the surrounding rock, the influence factors of safe excavation and stability of deep underground mine
drift, and to study the stability control countermensures. This study also shows the main factors influcncing e stability and drifiing
safety irchade complex geology zones, high in situ stress, poor mechanical properties and engineering performance of the argillaceous
rock mass. According to the field study, the groutability of cement-matrix materials tn the argillaceous rock In the complex geology
'_ﬁﬁe{‘tﬁ% extremely poor, and deformations and ﬁm‘uﬂ' of the surrounding rock were characterized by dramatic initiel deformation, |
 GE7i 1t 2 H mgwdﬁp;mmm overall bﬁrﬁ;&&-: :

raction of these, which makes s;:p;iuzt design for a drifta
:haﬁ:nglng task [1-3]. Pud_tctian an&nr :m!uation of sup-

: ﬁpﬂim and engineﬁing ju;igm:n: of th
drift construction. {ften, the estimates mh

ysis and good rock support design in deep underground drift
excavations, especially in difficult and complex ground condi-

- ions. The main ground behaviour types in deep underground
drifi excavations can be classified as follow considering the;
rock mass type, the stress conduion, the prﬁmunf wuer.

condition of major geological structures, time. :
Extreme ground behavicur in high stress rock masses iuch

ht key block analysls, : ‘
. 'The stablluy of undcrgmm! mine drifi i mainly gov-

| mtd by three factors: the quality of the rock muass, the
‘ sltu rock stresses and the stze and geometry of the excava-
ax squeezing ground conditlons t encountered in 4 range of | umL “Ihe essential ditference between rock at depth and md.
derground projects mining applications. The occurrence hf i mpu tha: surface 1s an increase in the in sttu rock stresses. :
such ground behaviour types aze difficult to predict, and spe- \ it “ hlgh stresses can lead to twa consequences in nndergmumi

cﬁi design and construction measures and support require- | mine drifi: large deformations In soft and weak rock mass
is must be considered 1o contral them as follow: . and sudden failure in hard and massive rock mas ¢ 1o
'ﬂﬂl’trﬂt 6o universal standard analyses for determin- ||| | mass response 1s mainly stress-driven, and conv
: mg ground support requirements in deep underground mine |
drﬁ‘r ‘because each design & specific to the circumstances
im ground conditions, the ;:uujn:t related




Fls. 1. The collapies of deep mﬁ:ry{un& dzift floor st Quang Ninh coaf mine area [1]
Rys. 1. Lawalenic sig glebokicj pudiiemnej satubni w aglehiu weglowym Quang Ninh [1]

Fig. rnw;aa@ﬁ-mram Soak of deep undergruund drift at an; Bi cot mine 1]
Ry 3. Zawalenic sig spagu wiokni ﬁiﬂhﬂ] Impdm Dun!_ R.| [il

- Fig. 4. The failure on right sidewall of de
~ Ryx 4 Awaria na prawej bocene) kiunic 3

and fractured rocks or rockbu
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npiﬂ milainablt ecnnnmic g:moath
_ 'mml ma! tmtput of more than 30 m

5T andergrmm& minz— dﬂﬁ
zmpiﬁx as shown in #igure

table. Especially, the qzu:ry drifts ne rt

: are very unﬂnbk. The instibllﬂy s ;

0
lig.mna can be mnmg:d and more advanced mppm s;rs«
s can be used to control the ground behaviour in under- -
m! excwm-:ms tmder hig}i in-situ sfress cmc!it!ms ’Hse,f

cquent de:per dri}lkng; hales gmu:ing ;ndrmhﬁ
all :oiupm in ;ie;*pet hn}ﬁ. ‘The :ix m-deep




Fig. 10 Durged finies around the deift before posd-grounting
Ryi 10. Ustkodeonc sirely wokil wyrsbida pricd fugnwaniem

Fig. L. Stress around the drill before post-grounting
: F.yi i1 h@gmxnﬁﬁmyudfm
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5. Numerical modelling of the pui«gmulln; to Impmvr |

the stability of the underground mine deift
Numerical simulations were performed uslng the Hnltc:

_ Element Method with the Phase 2.0 software. The 20 model |

was used In this research. Using 210 models permits to wli.

date the mesh and Investigate some parameters of the mod.

el The rock mass was modelled using the elastic perfecily

plastic constitutive model (with a Mohr-Coulomb fatlure

criterton). The parameters of the rock mass see in "l*mblg
Result of numerical simulations of before post-grouting a
after post-grouting are presented from Fig. 10 to Fig. 15. The

model is studied on three stages: stage 1. before post-grout. |

Ing; stage 2- The grouting work has just been completed; stage

3. The grouting work has been completed in Ume, Parameters

of rock mass after being reinforced by grouting using s in.

put ones are friction angle (resid) and coheslon {restd), also |

Young's modulus (E). The cohesion (resid), Youngs modulus
{E) & increased by the post-grouting process, the rock mass
surrounding the drift can be able to carry of self-loading after

- grouting. I i

of the rock mass. The strength factor 1s calculated by nlkvL:l

Maohr-Coulomb fallure criterion) by the induced stress at every

an the strength factor (Sigma 1, S1gma 3and Sigma 2). |

nn.'l'-‘lg m 10 Flg 12 shows the stress and displacement in.

| Fig, 15, Stength Bhctor of v
Ry* 15 wwm,«umm ""'WW ,

palmln!hemesh..n\llﬁ\re: principal stresses have an inﬂuﬂu:c | \‘ \‘ \‘ \' I ”

- the numerical model, the efficiency of grouting sulu.. ‘

Inforcement for deep undergmmd v.inﬁ thmugh cnmplﬂ

aalodcl mnmwnm w &lilnhn .’! L

Ing Is presented in Fig.14 and Fig.15, Strength factor of rock '

. mastat the ol shoulder of drift n stage 2 is mare tlum -
but the strength factor of rock mass on some points at the i
~ left flooe txless than 1.0 (Fig.14). Strength factor of rock mass e

of stage 3 In which the grouting work has been cumplctcd in
me Is higher than stage 2. All of them are higher than 1.0, It

I ﬁ ﬂnucluslum nml Pmlw""

© 'The stability of deep undnmmﬁﬁd mine dxtﬁ during op-

derground coal mines. This work was a case study on the sta.

/| hility control of 500 m-deep underground mine drifl in Nam

Mau coal mine, Uong l!g Quang Ninh, The results were based

||| on the analysis of Jong-term engincering practices and a nu-
The criteria to determine whether a drift has mﬂicﬁmi ehe

_ pacity to sustain the external load effects Is the strength Factor il the stabllity control of deep undergronnd mine drift In oth-
' er coul mines with stmilar geological conditions, such as the
 the rock strength (based on fallure criterta, the model used lhc i Mnn Mm, Dong Ri caal mine. Same conclusions and research

nmh.nl model that provide valuable practical guidance for

prm Wq are summarized below:

surmundlng rock mass on A large scale md high un:mvlty tn ;

il Mlnimum ﬁb@q‘nf Punﬂmt!ng and Ppit*ﬁfﬁ“ﬁhg- !‘5*4' ;

lhum btﬁ:ru gmulmu by ﬂwllw holes pmt-gmmlng with nu-:_' i
perfine cement (Stage 2) and Increased 1.5 times higher than
befre grouting by deep holes post.grouting with superfine
~ cement (Stage 3). The mngm factor of rock mass after grout-

shows that the capacity to sustatn the external load effects o
i rm:lc sy nﬂtf grouting is guatantccd hcc Ha 15] L

eration determines the sustainable safety production In une

¢l’mnmlqm and Fallure Characteristics: Enginculm i
pmctlaaw In~sltn indicated that de&nmmlum and fatlure of .
I | ihe su:mumllnu vk of deep umlcmmund mine drilt, obvie
has been Inve:ugmd ‘The result of the numerical model usly Nytﬁmctrlc deformations and fallure, the rebound of

i h roof dlsphccmmu. mmrnll lnouncd n.kfornumns of deep
uc:d in ﬂu: m:k mw mm:undlng thc dm’t Ihe i’rl:unn‘ ‘
gle (re Al &nglnmlng disturbance and water immersion.




geology. Murdmg b mﬂnwmﬁg mﬂkﬂ nmf m;maerh:il -
model, the minimum pmmnrumm range around the
proposed deep uMe!imund opening through complex rock
mass should be l&m'Hmr,lhzuﬁnimmkzﬁrumm# —

range of deep holes post-grouting should be completed to

tmprove the strength and lnuctnts of the 6-8 m-deep sur.

rounding rock mass,
Inﬂuenclng Pactors: The main factors ln&ﬂemng safe
xcavatlon and the stability of deep underground mine drifts

rock -mass, groundwater inrush.

e i're-{‘mming and deep holes post-grouting: The ex-' :

- peﬂnunt&! resulls at Nam Mau coal mine shows that the
jpne-gmuﬁng and deep holes post-grouting with superfine

but also impﬁmcs the bearing load-ability of the rock m.’:ss
gaestlons of coordinated control techniques

. - enclosed support are proposed and ﬂm@d&u&dm&

i sure the drift safety and long-term stability of &eq;&lﬁzr
_include high in situ stress, poor mechanical properties and

eagﬂwtﬁng performance of the argillaceous surrnundlng-.

. of the rock mass. The result of the numerical model show that
 strength factor of rock mass at the roof, shoulder of drifi in
_ stage 7 In which the grouting work has just been cnmpkt:d s
Ing, and prevent the deep complex rock mass. The numerical . more than 1 A, but the strength factor of rock masx on some
model indicated that deep hales post-grouting with superfine

- Cement were able to improve the Intactness of deep rock mass :

ement should be used to block fracture water from seep-

rding io !ht deﬁnmntlans and fii!lm.‘ characteris- -

smmimg mr.k, the factors inﬂuenc]n; the safe

—:zmwﬂim and the stability and geo-hazards encountered,
_coordinated contral techniques, including regional strafare.
Inforcement technique such ﬂ?ﬂ-g!@&sgﬂ'ﬁé an holes .=
~_ post-grouting, primary enhanced contraf measures af the -
- surrounding rock, floor grouting reinforcement tf:ﬁni':p:' ‘

with pressurization and progressive depths, and

ground openings through complex geology.
= The strength factor of rock mass
The criteria to determine whether a drift has m!ﬁcicmt
pacity to sustain the external load effects &s the strength factor

points of the left floor Is less than 1.0. Strength factor of rock

- mass of stage 3 in which the grouting work has been com-
Pleted in time is higher than stage 2. All of them are higher

 than 1.0, It shows that the capaciy to sustain the memﬂ load
effects of rﬁck sz after | gmﬂtﬁlg & gmrmi:e&.




tudent zinx KS‘! of Un&rgmundu&iﬁﬂnlng Constr
; 9lfnrctng ﬁsmace tine In weak rocky soll containing high pressure water In

thorns coal company - Vlnun_mtn The Jimi sudeni :clmt!ﬁu: rt:eurch tnpl:,'!-khbl Uniﬂnif of
!ngy (HUM{;) Hn No! zuw
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: H Lk




