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MON - 29 OCT 2018 WED - 31 OCT 2018 FRI - 02 NOV 2018
Short Courses Opening Ceremony Keynote Lectures
Workshap Keynote Lectures Concurrent Sessions
ISRM Board Meeting & Dinner ~ Concurrent Sessions Closing Ceremony

- Exhibition & Poster Display  Exhibition & Poster Display

Welcome Reception Tear Down/Ship Out

TUE-30 OCT 2018 THU - 01 NOV 2018 SAT - 03 NOV 2018
Short Courses Keynote Lectures Technical Visits (Half-Day)
Workshops cmwmsasm

Regional Council Meetings Exhibition & Poster Display
ISRM Commission Meetings ~ Symposium Banquet

ISRM Council Meeting

ISRM Council Reception

\;ARMSM

290CT-03 NOV
SUNTEC, Singapor
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TR EmT B MAERAS 2 T A F B £ 14 Bc(Rock property and rock mass
characterization) ~ £ % % # & (Rock dynamics) ~ # # 1 #2(Mining engineering) ~ # % "k 3g ik
X (Rock tunnel and caverns) - #k & 2= #i- fo KX 3+ 2 /2 (Numerical modelling and design
methodologies) £ # 1 42 ¢ 7k 5 £ F{rk *& 7= (Environmental impact and risk assessment in
rock engineering) ~ JL3#-2% & {- % P|(Site investigation and monitoring) ~ K FHfe & £ 1 427
fv $#(Smart technologies in mining and rock engineering) CPFAEEFIREECENFAY
(Special rock engineering projects and case studies) ~ # % 4 §/1 425 3374f 32 (New frontiers in
rock mechanics/engineering) % w",glii:L #2(Rock Slopes) | #1178 4 %E v hed 395 0 B8 Tk en
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AARE A Rd < gRIFAOR 7 F’“‘d i’f—*ﬁi%f% AIRE A LAMUvEEBRAEAEF LG K

i—ﬁ§g¢ﬁwo

o g ER
AE A € A RATEFT 23X (107 2930p )E % 7 =P Pﬁwﬁj_(Short Courses) » # 1 42 & 3%
# F % (Rock Tunnelling) ~ 4 F& ™ £ F 4 § hff £ (The integration of structural
geology and apphed rock mechanics) ~ ZL# :#5% (In-Situ Rock Testing) ~ a2 i* &4+ T £ F ik
R ¥ % it x 2R F 7 (Underground Rock Caverns for Hydrocarbons with Focus on LNG)% 3+
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Registration: 07:30 - 18:00 (Level 3)
ARMS10 OPENING CEREMONY & KEYNOTE §: 08:30 - 10:30 (Summit 2)

Keynote 1: "Mining Rock Mechanics in China"
Manchao HE, China Universify of Mining and Technology (Beijjing), China

Keynote 2: "Key Complex Process Couplings and Challenges in the Effective Recovery of Deep Geothermal Energy”™
Derek ELSWORTH, Pennsyivania Stale University, USA

Keynote 3: "Eurocode 7: Genesis, Development and Implications for Rock Engineering”
John HARRISON, University of Toronto, Canada

POSTER SESSION 1 & AM Break: 10:30 - 11:00 (Summit 1)

Autheors Set Up Posters: From 08:30am; Must Complete by 10am
o o o . ] ) . A Rock Property and Rock Mass E Mumerical Modelling_and Design
G: Site Investigation and Monitoring I Special Applications and Case Studies CRaeiT R Methodologiis—
3 2 . H: Smari Technologies in Mining and 5 F: Environment impact and Risk
ST Rock Engineering SN L T i Assessment in Rock Engineering
ORAL SESSIONS: 11:00 - 12:30 (Level 3 Meeting Rooms)
Summit 2 MR325 MR324 MR326
A1 Rock Property and Rock Mass - : e > : E1: Numerical Modeliing and Design
Characterization L ICRatE By £ MHNG.f iHie s Methodologies

Lunch Buffet: 12.30 - 13:30 (Nicoll)
ORAL SESSIONS: 13:30 - 15:30 (Level 3 Meeting Rooms)
Summit 2 MR325 MR324 MR326

A2 Rock Property and Rock Mass J: New Frontiers in Rock
Characterization Mechanics/Engineering

G1. Site investigation and Monitoring C2: Mining Engineering

PM Break: 15:30 - 16:00 {Summit 1)
ORAL SESSIONS: 16:00 - 18:00 (Level 3 Meeting Rooms)

Summit 2 MR325 MR324 MR326
A3 Rock Property and Rock Mass E: Environmental Impact and Risk . o T :
S D1: Rock Tunnel and Caverns Assessment in Rock Enginesring 11: Special Applications and Case Studies
WELCOME RECEPTION & STUDENT NIGHT: 18:00 - 21:00 (Summit 1)
"Ticketed Event - 1 Ticket Admits ONE Person Onily"
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Thursday, 01 November 2018
Registration: 08:00 - 17:00 (Level 3)

PLENARIES: ROCHA MEDAL & YOUNG RESEARCHERS: 08:30 - 10:15 (Summit 2)

Rocha Medal Award & Lecture: "The Design and Behaviour of Crush Pillars on the Merensky Reef”
Michael DU PLESSIS, University of Pretoria, South Africa

Young Researcher Plenary Session

Zhihong ZHAQ, Tainghua University, China

"Joint Trace Detection in Digital Images"
Andreas BUYER, Graz University of Technology, Austria

"Properties of Large-scale Geological Features and Seismic Responses Affecting_Strainburst Potential in Deep Underground Mines”
Audrey GOULET, Université | aval Canads

POSTER SESSION 2 & AM Break: 10:15 - 10:45 (Summit 1)
A’ Rock Property and Rock Mass

. J: New Fronfiers in Rock : ; : .
Characterization e GG ‘ IMechanics/Engineering L= Nl Loniieenag

E. Mumerical Modeliing and Design Methodologies
ORAL SESSIONS: 10:45 - 12:30 (Level 3 Meeting Rooms)

Summit 2 MR325 MR324 MR326
A4 Rock Property and Rock Mass _ = e ZEn e 2 5 H1: Smart Technalogies in Mining and
Bharacienroion G2 Site Investigation and Monitoring C3: Mining Engineering = T Engin—eering
Lunch Buffet: 12.30 - 13:30 (Nicoll)
ORAL SESSIONS: 13:30 - 15:30 (Level 3 Meeting Rooms)
Summit 2 MR325 MR324 MR326
A5 Rock Property and Rock Mass ; i : e : . .
Ch Al ol D2: Rock Tunnel and Caverns ECE: Early Career Forum K. Rock Siopes
PM Break: 15:30 - 16:00 (Summit 1)
ORAL SESSIONS: 16:00 - 18:00 (Level 3 Meeting Rooms)
Summit 2 MR325 MR324 MR326
Af: Rock Property and Rock Mass : . - . . - : E2: Numerical Modeliing and Design
Characterization £ Hok Dyirniies ECE Sy € e bopan Methodologies

ROCK BOWL: 17:30 - 18:30 (Nicoll)
SYMPO SIUM BANQUET: 18:30 - 21:00 (Micoll)

"Ticketed Event - 1 Ticket Admits ONE Person Oniy"

Registration: 08:00 - 16:00 (Level 3)
PLENARIES: ISRM FRANKLIN AWARD & KEYNOTES: 08:30 - 10:15 (Summit 2)
ISRM Franklin Award & Lecture:

Hide YASUHARA, Ehime University, Japan

Keynote 4: "Rock Fracturing by Low Power Microwave Treatments — Observation, Mechanism and Application”
Jian ZHAQ, Monash University, Australia

Keynote 5: "The Roles of Higher-Frequency Waves in "Unexpected” Problems of Earthquakes™
Koji UENISHI, The University of Tokyo, Japan

AM Break: 10:15 - 10:45 (Summit 1)
ORAL SESSIONS: 10:45 - 12:30 (Level 3 Meeting Rooms)

Summit 2 MR325 MR324 MR326
AT Rock Property and Rock Mass = o e : H2: Smart Technologies in Mining and
v D3 Rock Tunnel and Caverns G3: Site Investigation and Monitoring T e e e

Rock Engineering

Lunch Buffet: 12.30 - 13:30 (Nicoll}

ORAL SESSIONS: 13:30 - 15:30 (Level 3 Meeting Rooms)
Summit 2 MR325 MR324

MR326

> Numericall m o
12: Special Applications and Case Studies D4 Rock Tunnel and Caverns B3 Rock Dynamics 2 T rf]ilt|r::;%dgil}g1igsand HEs

PM Break: 15:30 - 16:00 (Summit 1)
Poster Teardown: From 16:00, Latest by 18:00
KEYNOTES, ROCK BOWL PRIZE FRESENTATION & CLOSING: 16:00 - 18:00 (Summit 2)

Keynote 6: "Rock Mechanics Developments in Singapore”
Zhiye ZHAQ, Nanyang Technological Universify, Singagore

Keynote 7T: "Failure of Anisotropic Rocks such as Shales, and Implications for Borehole Stability™
Rebert ZIMMERMAN, /mpenial Colfege London, United Kingdom

AWARD PRESENTATIONS & ARMS10 CLOSING CEREMONY
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A. | 7B B Hc(Rock property and rock mass characterization) | 41
B. | # F# 4 & (Rock dynamics) 19
C. | ## 1 42(Mining engineering) 19
D. | # % "% foiF % (Rock tunnel and caverns) 27
. #ic B 2 # fr X 3 > i (Numerical modelling and design 20

" | methodologies)
. #F AR kBB E ok % =% (Environmental impact and risk ;
' assessment in rock engineering)
G. | mHFH & fr ¥ pI(Site investigation and monitoring) 19
H FHhicE £ 1429 fF s F(Smart technologies in mining and .
" | rock engineering)
. IR £ 142 % % fo % 6|# 7 (Special rock engineering projects »
' and case studies)
| A 7+ 4 B /a1 2 8 & 5 4 ¥ (New frontiers in rock ;
' mechanics/engineering)
K. | #4121 #2(Rock Slopes) 7
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B4 £ ¢ % Laddu Bhagya Jayasinghe# % [ # 7 Rpl5I 53 & R hB & Rt
(Propagation and Attenuation Characteristics of Ground Vibration from Rock Blasting)(2018)

BI5S p A% ¢ ¥ Xuepeng Zhang# % T4 g8 R5l&E £ 3¢ Tawarayamai i X 2R 2 777 |
(Investigation on Seismic Damages of Tawarayama Tunnel Considering Ground Deformation Due to
Earthquake)(2018)

I~ fRRULH
A= PR 3t e 450 L 420 - (Keynotes) ~ * § i i (Lecture) ~ § & £ § F i #(Young
researchers) ~ v Ef 3F £ (Oral Presentation)¥? ;& 38 2 24 (Poster Presentation) » H i 4g 4 it £ 347
FINIBEIER o S HFBETRARE AAF LT L 5% 0 AR M £ BWP 40 5 ¢
5.1 33w
5.1.1 MeEirig feigi2g & foj v jciF A 3 #% Pt W (Key Complex Process Couplings
and Challenges in the Effective Recovery of Deep Geothermal Energy)(Derek Elsworth, 2018)
3 A Derek Elsworth#td » 2R 7 2 A TV 2 A TR AEFHIr 142 5 ~ # L F &
FAEp Fingfeor TP vk AT %7 2f--k-HR-1 F424 # (THMC-B)
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512 M RFET B 722k~ #F B 2 2 F(Eurocode 7: genesis, development and
implications for rock engineering)(John Harrison, 2018)

i# -+ John Harrison - B A BIRETA ERE - ERAEFHAR AN 2B
%;aa@m’aw#g P R T SRR P AR R B0 R T o AT
T HI Bt &P k3t M AEEN-1997 Geotechnical Design( i€ # - % Eurocode 72 EC7 )
NI - AR E AR T ARRII 2 o A2 w R ECTeng B 2 H ArgR* R
B8 A A A THRIUR ALKt (LSD) v A1 B 7 3 LSDP wdrie ECTY 9% o £ % o
Ft#LSDRE* » E F 1 423K 3R 42 R 48> 2R @wﬁg-T%%ﬁ«wﬂW(ﬁé%mmﬁ)
ottt 2 2 I BRI OE T AR EY > RENZEFE ”'P HFI1feEY
B3 ELSD R R enbg 8 o

513 ¢ RE#HE 4 & (Mining Rock Mechanics in China)(Manchao HE, 2018)
‘)ﬁ%&—*‘Manchao HE > miz® Ml > 2 ? AHE & (CUMTB) &4z 112
I R T RRIERRALL S ERERG AL LT (SR
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514 BHAACEZIFH D BRIV 0T+ (The Roles of Higher-Frequency Waves in
"Unexpected" Problems of Earthquakes)(Koji Uenishi, 2018)

iﬁé&—*ﬁ Koji Uenishi » & % + & 1 F 3ty X 77 ARG R R - AT HRID > #
%ééﬁ%ﬁﬂHT\ﬁﬁﬁﬂﬁﬂ@%’ﬁmﬁqwﬂmﬁw%%&%ﬁ@—ﬁ’ﬂﬂﬁ
EHA AR pr/* PRI P BB E‘Jrﬁi’ﬂ‘ EARINT Sy Lo

B2z ARSI AR AT FPL - HEE I ERTBEAY Flhlms £85 0 ¥
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515 M Sl a2 £ F RS -ER > B34 * (Rock fracturing by low power microwave
treatments — observation, mechanism and application)(Jian Zhao, 2018)

iﬁé&—*ﬁ]ian Zhao > B JIHZE PP A F I A1 R ARk THFAELs <~ FHEFTY
TR o AT dpd) o IR M TR SLA A E Y i M B RS R
%#iﬁ%%%%%ﬁﬁﬁﬁﬁ%wﬁoEﬁﬂﬂﬁéwﬁi%%ﬁﬁ?%ﬁ(&ﬁ%%ﬁ
Efeh B Frpan 4 ) >R A b P LT ITE ATy T® o PR B E
FRET BT 26 227 0F 5 o] F NI RIB F A R o d\pi T OHE T 2
AEVEFPRE BRERECHAEF - ZFERAT ~RFAER - %A ~ A2 A
MRR AL ERRS BRI AT FENS - LR e FRHF SR
BHRET BT S HERG M ML T S E IR FRA AL 455 R
PRI HF AR o Bk EE AT RS ML ELTBM ~ S fral s ¢ oh
B > TR B TS RE L -

5.1.6 3T+ e 7 4 &% E (Rock mechanics developments in Singapore)(Zhiye Zhao, 2018)
/ﬁ’& % Zhiye Zhao AT4cit & (I 1 A F 3 AP 1 2R BB FI 0 5 FIL1 A F e %
F’“‘t‘ WA Es HEy eahd B4 B/ Y kB RERAS IR L4
(DDA) SR B R B BRI ER T O P ek BRI ke
Bt o RFHFIZAINL L F - ML PEE T B iE 2 30& ¢ 'fl [ % B TR ¢ JEiES e
BLIE P ~ AP A KT E o U E "+HT§;F"*F"U;¢§ SR T=Ez xR N4 VAN I RPE 2 1 e R
aHBE T B E B - B EBFF T ¢ 45 (1) =DDA/FEMAg & & {7 fc-k < = F 48
& AT AR B B il %25 4 47 (DDA);(2) 2 p %Kajlmai‘ RN - - k=)
,—NTU/SINTEF(?Kf*)erTU/KTHb T 2 RO R R R R
F 0 RTRE R TiRT Z Aoz B ;14:1 * R S ORIRECR Y N ERE T ()
BNETRAHGIREOPE > ¢ 77 BHIFRNE HALE/cBPE
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517 FREE & R AT g2 2 H54et £ L % F(Failure of Anisotropic Rocks
such as Shales, and Implications for Borehole Stability)(Robert Zimmerman, 2018)

i# 7+ Robert Zimmerman » # R iG3+ MZ1 Flap 74 FHR > (T £ 74 FAR
Bk B BT T AL BT 7 S e R - A A
ERHBLPBEP L o P o pf T bt LY B R A A
BB RS A A Bk T o R Bt R P 1¥dgJaegersnEi o HA) > #HPARIT0°X 90°
R AR PR TR RTEEG c Y R AR L FR EFABR S B D K e D
R SEGET o SHT AFHEFZ % BE 7 FRRfo- (FIpE s FIREE AT Y
fdF b 3 £ 41333 % 73] (Ambrose and Zimmerman » ISRM » 2015) » & A3 F kg o B
- f&* N E :‘p—’ﬁ??fz LiE = enied] > % 2 B % ehlekhnitskil — Amadei fE47 0 B H At E A
EE% ek 4 o Mogi-Coulombai 3 & || (Al-Ajmi & Zimmerman > [JIRMMS » 2005) #* »>+“%
BEE TR 556 WO 0K 6 s R o EHEAIT P IR LG ek B et
T LT R AT R k| R J\T?f‘ ¥ (Setiawan and Zimmerman > SPE » 2018) - R ErEL

R LAY o R R WEPHEAIHEA o ¥ B phe R R RE R .



52 % gt
5.2.1 Merensky Reef } i/R @41 88 773K 3+ 4v {7 5 (The design and behaviour of crush pillars on
the Merensky Reef )(Michael du Plessis, 2018)

iﬁé&—*ﬁ Michael du Plessist% 4 » 5 %gif £ f14f 38 787 3 F' AEFHE o LB AR A
B ARGR I R foiT i et d og 2ot ¥ LFEERA L F N RBHF L -
3 PR/ L 4 (crush pillars)k 3 7 Az i ;__:]%9%.1 T Pt F A aE gt 9i2:1
%g%*ﬁ@ﬁv°—“*ﬁ@f BN B MR AR KRB - N EER
FTMEBAEEE ABRAET0N > FlL BT AL ﬁ)ﬂ*iur;ﬂ-.& PPACEB > £ B
TEEORNEE AP mnjﬁiw FHBRAPLGFG NS AFTEEN T RFER ~F 02
e i = LT e %”ﬁ*%@ﬁi‘ﬁf@“ HREAR Y ‘L%#Fj Vo A a4 B
%*ﬁﬁ%*ﬁ#lﬁ&mcﬁ‘*w‘%@ﬁmm%?‘m% PSR IR R

522 #-k-4 F-tF e LEAKEF NEERE L DT E
(Thermal-Hydraulic-Mechanical-Chemical Couplings that Define the Evolution of Flow and
Transport Behavior in Fractured Rocks)(Hide Yasuhara, 2018)
X # Hide Yasuhara > p AEHEAFE1 B Y %2 o Yasuharatf LT 3 1 & 2
A7 4 g‘fﬂfplﬁ_ FIRPEE pIRicE %@] 48 e BN §4L);‘4F5‘Fz,mmlﬁgfrﬁé?]
R T S L*ﬁﬂﬁﬁu’wwéklﬁ%ﬂ%## Fpingt o R BT
fe B w T (blde o = £ > 22FRER e RG> 2L EF ) o b B s RS {4
Ao iR ERAF I TR BT R ’E_m)a PE YR o A E i {eiE S (T
SEFERRA . MASHEME SR s > ¥ d T AN S RA RS R R
FRagl > REE RS BT v PPER JERERE . A - AF R
HA ARG A R k4 B E B R ok A F e B e A o R
N ALAFBRIRERGEET H A R R RS R o B fS 0 BT 48 E THMCHc &
BB DFERIBZ P REF DR -

53 + £ 31 R
531 2 ¢ eh#E R KX D SEME % f- DEM £ # 7 & jZ (Thermally-induced
Microcracking in Granites: Insights from SEM Observation and DEM Modeling) (Zhihong
Zhao, 2018)

i# +#-4 Zhihong Zhao > * l??],ﬂ FAFI AR ADPFIR ARFTTHEE TP K-
A H- g (THMC) Hbr > 2 & ¥ 30FA P T 142 4ol e £ k5 2 T P AR g2 B
foi TREA o AL HRP F M A RN S RL IR TE £ TR R U R
Bk 0 B T A (SEM) fritic 2472 (DEM) WMok 27 1 &% 5
ﬁ’wﬁfmm§?4§ﬁﬁiéwwm%# SEMj. % frDEMBRIST LA 41+ b iE
QR R P B R R IR G o B BRILE T B BB S W#WW&J
SRR TP BN SRS LN VL S R L TN P Y-
{ﬂﬁﬁ%@ﬁ@&%ﬁéiwﬁwﬁﬁﬁ&%ﬁﬁ%ﬁﬁﬂ’mé%%%ﬁﬁ%ﬁ%ﬂﬁo
EF R A BRI RIS B SR (T T R R IR R
MORLE A A 2 R A Pl g MRS g R R AR Y AREA RS R ol TR o
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532 2 A FHEkfryr REROHBERERFRE T 5% R¥ F 4 (Properties of
Large-scale Geological Features and Seismic Responses Affecting Strainburst Potential in
Deep Underground Mines)(Audrey Goulet, 2018)
iﬁé&—*ﬁ Audrey Goulet* 2+ » £ 3 f: ~ B L > 2240 £ < 4 5.4 chlaRonde#in 1 £ £ F

BEFFY c AH2 DA ERFHEANERFFY B THIFNFE S %‘H’ A fetp b A1 £ o
Strainburstdp cHE_h 8] # BF 2 0 3 FemEe A4 R AT pI 7 E RS B R R
BTG BEL AT 2R BAN c FTAHEH A PRR THE Gl 3

2 AL BRRFORBEr BEREL . AF TR LaRonde* T #HH 1F 5 2 6] » T & T
WP RERERF T SRR M A Sl o B H T SRR B 0 5 AR
R fRL LA PG F R 8 AL RS 5 R R h R
5-07£0.5 0 T EEAE R AES I S8MZ 5 A BHRF LB F A AP ERIFE SN o

TEER RAFARE L
5.4.1 1 * 33+ £ 47 $ Goldcorp Eleonored iy F 4 FHRFH- 4 Hf /F"& (Contributions to
Geomechanical Stope Optimization at the Goldcorp Eleonore Mine Using Statistical Analysis)
(Sebastien Guidoa and Martin Grenon, 2018)
A Y d 4o £ < A 5 ehSebastien Guidoa% Martin Grenon#13F % o 3 FhF 1Lt A4 % £
z ﬁ‘ FAEREHRITEY B o Ra o BHFIER T FF (DAeil R AR ) B A
W fEE F 4 o 287 7 11 Goldcorp Eleonore# 35 X & > 4 %5 - B d 2014#77 32016 11
3 @%%LIOSIE%F&;‘?—@:%F AR P FRNS0F BEE TRTER R AE e T
FHE LG BB BRI BEEREDTRES bl b LAY fF
(MLR) ~ = A @fEw fF{ri & A B4Ew fF (PCLR) « 2FF § 457 i st poprz 2 8
ko T BETEG BA EEEF R

542 4 FRFAE T B TRF A2k 7 3 48 4 3% (Failure of Undercut Slope due to
Groundwater Seepage Studied by Physical Models)(K. Fang et al., 2018)

Apyd 23 EK Fang® A L& o f1* PRI FRPH RS  0 BA
HIRA F’“i’z’iﬁﬁ_" Ko a2 KA d R DR R R R R o AT g i
HETHEAPE G G RE2 BEROFZ > SERCPBHRNAT 0 2 TRBRT A
ﬂmﬁ T e A TERZRE Z10% ) 17 5 AR AT G P * BRI L T

Z %fﬁ*"%%@? o BB 11;»— F R z\,ﬂfrzbrﬁ:@i @RS B, R e
@ﬂfr;;,g;,ﬁ@ﬁ_d R A ﬂfr:,upﬁ KR A g o plth s LA A TE IR K /;r_,lc@[&
?Mﬂﬁ@'oﬁﬁ*%f&mwﬁﬁia4£EW&ELwiw@mk Piﬁm@*%

PR ERHFEEARARERTRAPEE c FREFET  BNARF > R T A T
%;*IFLd WHRERD FERGRE T L o

o
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543 ¥ g R %A Tawarayama'%kig » & B3k 7 (Investigation on Seismic Damages of
Tawarayama Tunnel Considering Ground Deformation Due to Earthquake)(Xuepeng
Zhanga et al., 2018)
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544 {3 ERBRPEPF ARERTERIEFTEI T K HER(A Proposal of the Design
Consideration in Construction and Operation of Direct Nuclear Waste Disposal Facilities)
(Hisashi Hayashia et al., 2018)
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545 FEH EH LA ¥ R F i@ 50 (Numerical Simulation of Instability and
Seismic Events in Deep Level Hard Rock Mines)(F. Reusch et al.,2018)
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54.6 7 %K £ B H f2 83~ g (Discrete Element Modeling of Thermal Cracking of
Rock Salt with Interbedded Layers)(Wenjing Li and Chunhe Yang, 2018)
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Equilibrium Slope Stability Analysis for Anisotropic and Faulted Rock Masses in Australian
Coal and Iron Ore Mines)(Neil Bar and Alison McQuillan, 2018)

AT g d B 415 Neil Barz Alison McQuillan% 3 4 o 287 3 35 11 B+ I I oy )k
RIS FH ALY 5 RN S ST FREP RO HY o Y o gt
FeRP ERADEHEITZFRFE BHEFEETHE HYBHE  SLBHL
Jegr 2 W5 enT B IIRK A SEd KA o B A HIHE ik B b B 0 13 IE SRR
TG A FE R BRI nE TG TR - FE R FH R P ST E 0 T
DIEFERREMR AT R AR AR AF T TR X BHR TR FH L 2 1
#eih%k 617 3 (FoS) 2D{r3D1& - fimd > 2 B 17 o

13



2D LEA Result: Slip surface with FoS=0.446
(Janbu Corrected); sliding on apparent dip of
modelled geological fault

®112 Slide2018 (2D1&'IL f=) ffh i # & (Janbu Corrected FoS = 0.446 )

53.8 #+ 48 & iv* T A - PFCi #-:54~ #% # 3 (A Preliminary Study on the PFC Modelling
of Rock under Thermal-Mechanical Coupling)(% Z %% £ > 2018)

AR AERIFRET A IR KRP AT ALPLERRE B2
B SRl M ASALEREFEL ERF A B3 o RE 2 T AR F L2
BALe® (72 W et 2 o R EWMS AR T AR L DL 2T o E s &
fhae o @ AR H phiuR s R ~ R4 m}ifrﬁh‘fs—ﬁﬂk’ FEvg By Moo a0 FRIEUERR
R B LI G B4 Fletd 2 H R R FEHR - 4&R% 4 3% (T 0 A 2)dPFCHA]
ﬁﬁdﬁ%wﬁﬁ*zﬁ%wﬁ%¢o

AT EH AR e Al 7 ARSI AR (2 LT AL T
22a) > FiE- ke RicE CEARME @ AT= 80-300°C) % > % B &3 £42:18250C
P 2 BRI R AR LR AR e APFCHCE P > i A AT= 300CF~» 7 §
FARRAR  b# - 4 Tl enlim? > 2O FPFCHAIL § 1T BB KT L BTN
L EORESER D LR EREFA hfer B3 o6 0 2 REEZFORS B
OB o R PR R SRR fode ke B B 4t i

14



on-Yee Yang ?, Chi-Jet Chen and Jia-Wei Jhanga?!
[ A

, Taiwan, 2 Tamk , Taiwan, Correspc

Abstract. Deep geological repositories are a feasible and reliable way to dispose of spent nuclear fuel, and the mechanical and therrm
properties of the host rock are key factors in their long-term safety. The mechanical properties of rock, including uniaxial compressive
strength, tension strength and elastic modulus are thermally-dependent - for example, the uniaxial compressive strength of rock will decrease
with increasing temperature, as a result of thermally-induced cracks between mineral particles. However, thermally-induced cracks and the
micro-mechanisms of rock damage are difficult to observe by experiments. We therefore used uniaxial compressive strength test and Brazilian disk
PFC models with heterogeneous thermal expansion properties to reveal the micro-mechanisms of rock damage induced by thermal heating.

Based on the mineral compositions of granite, heterogeneous models contained four particle types with different thermal expansion properties
(quartz, potassium feldspar, plagioclase, and biotite). A series of heating simulations (temperature increment: AT = 80 — 300 °C) showed that
thermally-induced cracks occurred when the temperature increment exceeded 250 °C, and that the main crack type was tension crack. In
homogeneous PFC models no thermally-induced cracking occurred even at AT = 300 °C. In simulations of thermal-mechanical coupling, the
heterogeneous PFC models have the advantage of revealing differences in radius expansion of various mineral particles with increasing
temperature, resulting in the additional and uneven distribution of contact force, stress concentration between different particles and b(f/

breaking, and it lead to decreases in uniaxial compressive strength, elastic modulus and initial crack stress.

Mineral compositions and the mechanical and thermal properties of host rock / Numerical simulations.
Table 1 Mineral volume content, coefficients of thermal expansion and

corresponding particle numbers in UCS and Brazilian disk models.
3 Volume Cocfficient of thermal expansion  Parficle numbersin  Particle numbers in . .
Mineral s i COS model Brasilian disk madel Table 3 Microscopic parameters for PFC models.
Quartz 35 243 2100 687 Items Unit Value
Potassium feldspar 45 8.7 2700 883 Unit weight kg/m? 2600
Plagioclasc 15 14.1 900 294 Porosity % 0.60
Biotile 5 3.0 300 99 Uniaxial compressive strength MPa 138
X . Total . 6000 1963 Indirect tensile strength MPa 7
Table 2 Physical and mechanical properties of tested rock. R e, 50
Input Unit Value
— - Poisson rati 0.15
Unit weight, p kg/m® 2600.0 olsson rate
Elasticity, E. GPa 51 Thermal conductivity Wikg-°C 2.50
Ratio ntjshear Io. m_mnal stiffness of particle, ke'ka 0.208 Specific heat Tkg=C 200
Coefficient of friction, p 0.2 . i
Parallcl bond radius multiplior, & 1.0 Coefficient of thermal expansion e 10x10°%
Parallel bond modulus, E, GPa 51
Ratio of parallel bond shear to normal stiffness, k/Kap 0.208
Parallel bond normal strength, &, MPa 138
Parallel bond shear strength, o, MPa 117.3

Effects of heterogeneity in thermal expansion properties.

Lo 23 1
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400 °C

Normal crack: 35
Shear crack: 0
200 °C

(a)

Thormal s (189
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Fig. 1. Heterogeneous PFC models of (a) UCS by
and (b) Brazilian test. {c) Particle colors are R
blue: biotite particle (BP), light blue:

potassium feldspar particle (PF), yellow:
plagioclase particle (PL) and red: quartz

Fig. 2. Simulated thermal strain vs
time steps at temperature increments
of AT = 50 °C for (a) UCS test model

Fig. 3. Development of thermally-induced
cracks in the heterogeneous madels (AT =
50-300 °C): (a) UCS test model and (b)

/

particle (QP). and (b) Brazilian test model. Brazilian test model.
/ Thermal-mechanical coupling using UCS test models.
CHEE . R . -
5 om s s » om — %
Temperature inersment (°C) Temperature increment (°C) Temperature increment (°C)

Fig. 4. Simulation results for temperature increment vs (a) UCS/UCS,r—q, (b) E/E 47 - and (c) o/UCS

10% Asian Rock Mechanics Symposium

B3 #4443 T44 g8 7% T 4 £ PFCE % #H# 7 | (A Preliminary Study on the PFC
Modelling of Rock under Thermal-Mechanical Coupling)
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