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Abstract

In this thesisa series okimulatiors have been conductddr recording and studying
thegeomechanicabehaviorof the rock mass surrounding an @reose exploitation is
beingdone bythe Cut and Fill stoping method.

The Cut and HI stopingis acknowledged to be one of thafest anaostly operating
methods apled in undergroundnining, where geological conditions or other factors
and constraints such as increased iigitg due to residential areanining activities
under exiing lakes, seas, etc. require @pplication, to avoid disruptienof the
supernantsof theorebody rocland surface subsidence.@®eding to this method, the
voids created by the extraction dfie orebody are filled hydraulially by a backfill

material which is a mixture ofmill tailings, cemening agentsand water.

In the intial part the theory that linkghe rock mechanicgrincipals tothe behavior b
rock mass in undergrounihining is presentedIn addition,there isan extensive
description of the underground exploitatimyiffilling methods in which, the operational
characteristics and features, areas of applicagoivantages and disadvantages
listed. The subjects thébllow arethe theoretical background and the description of

supporing systemsising shotcrete.

Then a lengthy reference is maaeout thefi zanve s P e t r, eperated mhe e
mining company Hellas Gold SApcatedin NortheastHalkidiki with the use of the
overhandcut and fill stoping methadThe simulation modeldor the study of the
behavior of the rockmassare based othis specific mineFurthermore, in this section
the geologicalparameters and featuresthe mine development arage given, along

with the description afhe designg stage®f thesimulationmodels.

In the practical part of thihesisit is studiedhow the backfill mateal thatreplaces the
orebodyinteracts withthe surrounding rockndit is also presentethe manitude of
the global movementghat are generatad the surroundingeologicalformations.A

number of 12 models were designgaf which were parametriandanequal number

of numerical analysesere conducteébr recording he movements dhe rock mass.

Finally, the results of the stress analysis presented and interpreted, and also

comparisons betweehe simulation modelaremadewith the use of tiales and charts
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contributing toa better study and understanding of theanechanicabehavior ofthe

rock mas surrounding the ore ofixedsulphurouspft he fAMavres Petreso
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(b)  fractured rock in B)
stope periphery
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Stages

\..Stress Analysis

- Groundwater

- Statistics

i Strength Reduction
L Project Summary

Number of Stages
?Stage 1 27 &
‘Stage 2
|Stage 3 | | Editstages
|Stage 4 |

Insert Before

| | o
|Stage 5 8

|stage 6
: age | B Insert After
|Stage 7

:StageB ' X Deletes
|Stage 9
Stage 10

‘Snoouwa\‘m Blw e
[ [

* Inserted stages are shown in
red

1 "B BT > : hy >, A BEC>C

KA s ayes3 (0Usd jgdeatlUsd e€63Uyacg U sayosge

3 U UBBdalelgecddodads Wadlooda
ycUs @63 90U0Ua Metric, stress as MPa. jJgUp
UsUsced oaUs bYyegd "6g dU ecyduises e8oddasi 3

[} o

UsallaUGed. qd Ui @6 Us¥Yeagldd U sayoegelU U a |

Us e83Uyas. Yyy Us

78



KA ‘29¢ o @ jgnalysisY Project SettingsY General

- General General
-~ Stages
- Stress Analysis
- Groundwater Analysis Type: Plane Strain v
- Statistics
Strength Reduction Solver Type: Gaussian Elimination v
- Project Summary
Units: Metric, stress as MPa v

m, MN, MN/m, MPa, MN/m3

]_1"b4,hn‘]5l\'qh ~ V'LB’h v‘ - vy

5222 3st1 Lzmr 9fJA i m3zBrMEdafi@s)
sU Uds utdesegyoaU Uxs ej3ax¥y3 Udd UslioUlied
UsscUaU:

v

Co

1.

2.

3.

4.

o

Uyeldead #allofiied: Udd UsldaUled ~YsUU U:
U0asoafh GUYUse esUd UsaloalUled 295U e63Uy:
"Uys00HUUVU; U UK ywy3U aUyvyusU.

A’ 5 oy BeugdarlésY Add Y Excavationsa Us @ Ullls i gBsyY o ge U
Usd Ggs3sUUddesgeUgoseddoal oagjaxvyd o250 Uess
3160 yalUOdd.

Uyeldead AK3rvUU)seci Bjyasg: zU Uess Uy fh a
Useed GUes UG¥yUU;safh Udd 8 ealUd dU Usi@¥Yoc
GedeUUslesid "6g Us cljab¥86eglds odJBUfs s |
GUeyd UselUUYoaaUglidd ( Uy Uaadeahoy Uses (6
A soy Bogaldaries Y Add Y External
HUyeldeasd :GeBbdosUlechd Uxs UsUGH) v3 Gede UUs
Uds UsallolUle MWUvpf§febeafg Ucilisbsadldddg, Us
eUU0Y2aUgeU (06alU868pscoasUbdpdgdgUseaggUUs
beedUs B HMdk OrewYs Ud § oaUs

A s oy Bowganld:a rAideds Méierial .

Uyeldead EFUUllgvg dhko#ZlUOYSde Uase UgURh 6y a
G0 6} AlGegd UegO0U8BUGUdd UspgyggdUoatdBre 00Uy

79



4am " owlfe. v vd U3 Udy) dbdeadd, UdiU U0 acealUlnyeselll g ¢
aeUYyYlGeUUsd GeUlavYGUdaUs 25 fhyeiaes
A ooy Boganldari esStage. Add VY

5223 3st1vzmr o] L1 Ort )] zZwy ?IRRPAORRM, A O d

(Meshing)
g U fRelUB@3hoeecd uUdesegyoal Usg ~eoayoeUU
GUescUarvs. ¢ UsUlsaUGaU UgUe o2a30U0U0s

GoUsaysUes sadtd Uvs e6jyars3 Udd UestoaUlied o
“eayoeUUs(.

1. poUoa} sUes 8adlid e6j ax¥) a0l
3

Pdicewfo f DUsE r et i
“"ayoeUUcd e 646ieU0 3U dejyategel Usd
Ul  seoy MeghU:Y Setup

Mesh Setup ?7 a X
Mesh and Discretization Settings
Mesh Type: Graded v
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Field Stress Properties
Field Stress Type: | Gravity v
Use actual ground surface || Use effective stressratio || Use variable stress ratio
Cancel
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0.027
Total Stress Ratio (horiz/vert in plane): 0.75
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Define Material Properties

» I

[0 1. MeraAAsupa

O 5. ABoyopwaon

[ 2. Zrpipa Mappdpou
[0 4. Biotmkog - App. Mvedoog

[E 6. Texrovikog AppiBoAmg
7. Nakid experaAAeuon

1. MeTaAAsupa

T

Name: | 1. MeraAAeupa l Material Color: I:E
Initial Element Loading:  |Field Stress &Body Force v Uit Weight: (MN/m3): 0.028
Elastic Properties
Elastic Type: [Isotopic v | Poisson's Ratio: 0.35
Young's Modulus (MPa): [ Young's Modulus (resid) (MPa): 20000
E1 (MPa): 20000 | E2(MPa): 20000 | Ez (MPa): 20000
vi2: 0.2 | viz 0.2 | viz: 0.2
Strength Parameters

Failure Criterion: IGeneraIized Hoek-Brown vl Material Type:

Intact Comp. Strength (MPa):

Dilation Parameter:

Usaoayd

mb Parameter (peak): 2.15893 | mb Parameter (resid): 2.15893
s Parameter (peak): 0.00073 | s Parameter (resid): 0.00073
a Parameter (peak): 0.51595 | & Parameter (resid): 0.51595
[Jstage Properties [ oatum Dependent Unsaturated Shear Strength
e 3 Define Factors... Define Properties. .. Phi b: 0| Air Entry (MPa): 0
Copy To... Statistics... Show only properties used in model | OK I I Cancel
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bes] Materials

1. MeTraAAezupa

2. Zrpwpa Mapudpou

3. KaoAivng

4. BIoTMKOG - Au@iBoAmkog MNveloiog
5. AiBoyopwan

6. TekToVIKOG Ap@iBoAiTng
7. Nalia ekperaAAeuon
Material 8

Material 9

Material 10

Material 11

Material 12

Material 13
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Excavate
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This stage only
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Define Liner Properties ¢ “
[ Liner 1 tinarl
Name: | Liner 1 Color: | NN v Liner Type: | Standard Beam v
Elastic Properties Geometry
Young's Modulus (MPa): 30000 (®) Thickness (m): 0.1
Poisson's Ratio: 0.2 () Area (m2):
Strength Parameters ——
Material Type: (®) Elastic () Plastic [Jindude weightin Analysis
35
5 ["]Pre-Tensioning
[]sliding Gap
[ stage Liner Properties
Beam Element Formulation: | Timoshenko v
Copy To... [¥] show only properties used in model | 6K \ Cancel
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Liner Property:

M Liner 1

["] composite Liner

Staging
Install at stage:

[IRemove at stage:
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FEQAOTIKOZ AEIKTHZ ANTOXHZ ZE
PHIMATQMENOYZ BPAXOYZ
gloek and Marinos, 2000)

ao1{éuevol oTnV ep@avion Tng Bpaxoualag
(Treprypa@r] SOUNG Kal KATAoTaoN ETTIPAVEIAS
QOUVEXEIWV) EKTINAOTE TN péon Tipn Tou GSI,
XWPIG UTTOXPEWTIKA pEYAAN akpifeia. To va

[
)
3
>
83
w ww w
8 2o| £
2l 8 38| =2
emAEEETE eva €0pog TIWY aTrd 33 wg 37 civar W E 5 gg a
P 28 e > w X § (<> IR V]
Mo peaAIoTIKG atré To va dRAwoeTe 6T GSI=35. W w 5 53 23
Znueiveral 61 o Mivakag dev epapuéleral oe Z s 2 = ek o 3
KIVNUOTIKG EAEYXOUEVEG AOTABEIEG. STV 0 3 -1 & o2 E&
TIEPITITWOTN TTOU 01 ACBEVEIG ETTITIESES < 3 3 " 275 2F
ETTPAVEIEGEXOUV HIN EUVOIKO TTPOCAVATOAIGHO ‘3:’ | S 3y gc S .o
o€ OXEON ME TO TTPAVEG EKOKAPIG, TOTE QUTEG [ 8 8 g Ew GE 5_’2‘
kaBopidouv TNV cuuTTEPIPOPA TNG Bpaxdpalag. <Z( E ES g B gg_ g3
H diatunTikh avToxn em@aveiwy oe Bpaxoug & g _° g g g =3 c'Q
TIOU UTIOKEIVTaI OF ££00BEVIoN Adyw C 3 g B cw|l 98 =
BlakUPavong NG TIEPIEKTIKOTNTAG O€ uypacia, W v g' W v =9 | L=<2Z
i IT| LW Z v 39 OF | XO5
gival TepaITépw PEIWPEVN OTAV UTTAPXE! VEPO. 15 '® W @ 3w wog G Yo
Orav, o1 Bpaxdpaleg aviKouV OTIG HETPIEG £WG fE g & SY| <« (] 3 T ggg E @ 5
TITWXEG KATNYOPIES KAl UTTAPXEI VEPO TOTE Wil S 2 re3| & e _§ %5 g g >8%
peTakivoUpaoTe Trpog Ta dé§ia. H udpooTarikn ,‘_( <2 g<g m ¥ 2 ,‘-_7‘- 31‘3 6 g 3
méon 'Aappdvsml uTTOWn PE TNV avaiuon § 8 Ig P 5 sZ2%| cw Bl Cw Y
EVEPYWV TACEWV.
AOMH MEIOYMENH MOIOTHTAAZYNEXEIQN =—>
INTACT OR MASSIVE - Appnkta / /
Bpaxwdn Tepaxn i AoTPWTOG N/A N/A

Bpaxog pe NiyeG QOUVEXEIEG OF
MeyaAn améoTaon

: BLOCKY - Adiar@pakrn Bpaxopala
/¢ %] e TIOAU KaAS aAAnAokAEiBwua Trou
“y ] aToteAeital aTmé KUBIKE TEPAXN

/| opiféueva atré TpeIg opBoywvia
TEUVOUEVEG OIKOYEVEIEG AOUVEXEIWV

=71 VERY BLOCKY- Mepikwg diarapa-

N YHévn Bpaxopalda pe TTOAUTTAEUPT
ywviwdn Tepdxn (blocks) ou
oxnuaridovral arméd T€00ePIS 1
TIEPIOOOTEPEG OIKOYEVEIEG AOUVEXEIWV

SONRN

N\
[a
sy

=~
by

o
Prs,

] BLOCKY/DISTURBED/SEAMY
A MTuXwpévn e ywviwdn Tepayn mmou
& oxnuartidovral amo ToAAéC aAAnAo-
TEPVOMEVEG OIKOYEVEIEG QTUVEXEIWV.
Eppovr) otpwong ) ox1otétnTag

=~
\8
Sl

==r] DISINTEGRATED - loxupd keppari-
| opévn Bpaxopada pe TTwYd aAAnAo-
KAeidwpa Kai pe Tautéxpovn

TIapouUsia ywVvIwdwy Kal arrooTpoy-
YUAWUEVWV TEPAXWV /| /

<—— MEIOYMENO AAAHAOKAEIAQMA TON BPAXQAQN TEMAXQN

GAANG OIKOYEVEIAG QOUVEXEIWV EPTTODIfOVTAG
TNV SNUIOUPYIa YWVIWSWY TEPAXWV

LAMINATED/SHEARED - ®UAAWSNG { 4
77 I} OXIOTOTTOINUEVN KQI TEKTOVIKWG 10
7| darpnpévn acBeviig Bpaxopada. H N/A N/A / /

1 OXIOTOTNTA ETTIKPATET £VAVTI OTTOIACBTIOTE
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