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1. Introduction
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3. Concept of C hemo -plasticity

3.1 Coupling between Mass Removal and Plasticity
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4. Approaches to Simulate Crack Propagation

4.1 Mechani sm of Mineral Dissolution Coupled with Volumetric
Strain
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4.3 Hydraulic Pressurizing Mode

! C*(2-.)180.*1)"(1(3!(5)!"  *2.).82!01*16.1D.80)"6.D!18!1!8"+'.10)10?!6."*+!133.02.D!
6:12-.1&).885).1(312-.13'5"DI102"*+](*12-.IR1"8!(3!2-.10)10?"18!8-(R*!"*  1"#$%&JaG!1*D!12!
2-.181/.1 2.1 6:1 11 0-./"01"1 "*3"2)12"*+! 3)(/! 2-.1 0)10?! 1*D! R.1?2.*"*+! 2-.1 0)10?!
85))(5*D"*+8S!c(1(2-.)!'(  1D!"8!0(*8"D.).DSIE-.1102"(*!(3!2-.1&).885).12)1*8/"22.D12(12-.!
)(0?10158.8!D"121*2!D1/1+.1*.1)12-.10)10?12"&! 1*D!-.*0. *+1+.812-.10-/(  T.0-1*'01"
0(5&"™*+1 "1 2-121'(012"(*S! E-.1 82).88! 8212.1*.1)1 2-.10)10?! 2"&! "8! D"33.).*2! 3)(/! 2-.! (*.!
D.80)"6.D! "I 2-.1 &).#"(58! 8.02"(*! "*! 2-.1 3102! 2-12! 2-.! 82).88! *.1)! 2-.1 0)10?! 2"&! "8!
0(/&).88"#.1 ()2-(+(*1":12(1 2-.10)10?! .D+.8S! Z*1 0(*2)1):! 2(! 2-.1 &) .#"(58! 80.*1)"(G! "*!
2-"81018.! 6(2-1 3102()8G! 0-./"01'l 1*D! /.0-1*"01'G! 1).1 .151":1 "/&()21*2S! 450-! 018.! "8!

™2 :12(1(005)!D5 )"*+13'5"D!&).885).1°8212"0a!&5'8.1188"82.D!6:12-.10-./"01":| 1++).88"#.!
3'5"DIO(/&(*.*2S !

U*1()D.)12(1 1#("D!8"*+5'1)"2:11212-.1#.):12"&G!R.10(*8"D.)! 118/1"1)(5*D.D!01#"2:!
"+82.1D! (3! 11 8"+'1 &("*2G! 1*D! 2-.).132.)! 2-.1 82).88! D"82)"652" (*| &122.)*1 12! 2-.| OPIR"&!
85)310.! "8! (621"*.D! "8..1 D.21".D! &1)2! "*I"#$%& JaS! E-.! 82).88! 12! 2-.| 0)1(2'&! "8!
&)(3(5*D":18"+*"3"01*21D5.12(182).8810(*0.%2)12"(*G!1*D!110)10?!.%2.*D8!3)(/!"28!2"&!R-.*!
118533"0".*¥2"1-"+-1" #.'1(3182).881 "*2.#8"2:1"811221"* D1 "I 2-.1/12.)"1'S! 4"*0.12-.10)10?! "8!
1885/.D1*1))(R!.*(5+-11*D!2-.182).88.811212-.1R1"8!1).!1/50-!'.88!"/&()21*210(/&1).D!
2(12-1211212-.12"&G!R.11+1"#135)2-.)1 1D(&2!2-.1.%2.*D.DIV(-*8(*1 1&&)(%"/12"(*I"V(-*8(*G!

L[_KaG!R-"0-11/(5*28!2(12-.10:"*D)"01"101#"2:1.%&1*8"(*1&)(6'./  1(32.*158.D13()!1&".!()!

J!



&".FO*.1/(D."*+!"*1+.(2.0-*"01"&)(6"./8! .%1/&'.8!01*!6.!3(5*D!"*12-.1&1&.)8! (3!

,("*811*D142"(&B(*GIL[[X!)!IN"+(*"11*D!W15D".)(G!L[][aS! !

I"#$%6&7) K&3A+/"3+0'17&43A+4'4A& 3%+37'8+001'+/5'584+"HIAGI3Y%+8Y'B

!

U*12-"811&&)(%"/12"(*1 1" 2-.13".'D8! "*#('#.D! 1).1 1885/.D! 1%"8://.2)"0! 1)(5*D!
2-.10)10?! 2"&! &("+2! R"2-1 11 8/1"1 01#"2:1 1)(5*D! "2G! R-"0-1 8"/&"3".8! (5)! 018.1 2(! 6.! 18!
D"8&'1:.D!I"* I"#$%&LS!4"0.1"21-1816..*ID./(*82)12.D12-1212-.13)1025).12(5+- *.88!(3!8("!
"81*(21133.0D!6:12-"07*.88!(3!2-.18&8.0"/.*  "40-/"D2G!L[|[Kal®'1*.182)1"*1"810(*8"D.).DG!
0(*3™"*+12-1&)(6"./IR"2-"1J  T=!0(*3"+5)12"(*S! E-.! 6(5*D1):! 0(*D"2"(*8! "/&(8.! 2-.!
)1D"1'182).88!11212-.1"+* )16(5*D1):!(3!2-.!D"8?!1 18!0(*821*2! 1*D!5*"3() /G! 1*DIF.)( 11212-.1
92.)*1'16(5*D1):A! |

! Dol DL S0d !t gy 1y, 11 “JLd

(2.1 2-121 (2-.)! 6(5*D1):! O(*D"2"(*8! 2-12! (*.I *()/1":! R(5'D! "/&(8.! (*! 1!
6(5*D1): #1'5.1&)(6'./118!8-(R* "™ I"#$%&LGI?.1F.)(10")05/3.).¥2"1'1 82).88! 121 2-.1
0)10?!310.8G! 1).!"+*(D! "1 2-"81018.16:1 #")25.1 (31 1D(&2"*+! 2-.1 V(-*8(* 1&&)(%"/12" (*G!
2-1211"(R12(158.12-.11%"1'18://.2):13".'D8SIH-".1*(216":12-.1(621"*.D!8('52"(*8!1).1*(2!

J!



.%102G! 2-.1 6.*.3"2! 3)(/! 01&25)"*+! &)"*0"&1" "*2.)).'12"(*8-"&8! 6.2R..*! 2-.! #1)"16".8!
"“#(#.D11*DI2-. ")ID"82)"652"(*!11*D!.#('52"(*!"818"+*"3"01*2S

r=>nb

"#$%E&L) @7&43A'-.'AA&'B%-3&11'C-/&'+.4&%'+5-B4"1#' &M4A&/5&5'N-A/1-/'
OBB%-M",+4"-['9(P>="I

E-.1 .I5""6)"5/! .I512"(* 1*D! ?"*./12"0! ).'12"(*8-"&8! 3()! 2-. &'1*.! 82)1"!
1%"8://.2)"01&)(6' ./I"*12-"81018.1"812- .I81/.118IR-12!"8I+"# *I"*I$|*SI" LMG!ES

C!"*.1)"F.D!:".'D!85)310.1"810-(8.*13( )!8"/&"0"2:G!18!8-(R*!"*! I"#$%&B!E.*8".!
82).88! ()! 82)1"*! "81 0(*8"D.).D! *.+12"#.! "I 2-1 &).8.%2! 8:82./G! -.*0.G! 2-.! &)(0.88! (3!
" D"+1821)2813)(/12-. 1X2-1151D)1*21"11"#$%&CB! E-.1'(058!8.+/.*2IN=1D.2.)/"*.812-.!
).'12"(*8-"&16.2R.. ¥l | 11*DI g, 11212-1""2"1'1:" 'D"*+Al , o | I"# (!!——! loyg! (1" 15!

111 tang!!p GIR-.).I 9QIL*DI v 11).1D.%(2.DI"! 1"#$%&LS)!

MK



v

— -
- .
i&de
v af: pa

deg<0

dilatant zone critical-state zone
L | |

| |
B (B, B2) c(c!, c?) A

!
"#3%8&Q @7&43A'-."4AA&'0"/&+%"C&5'F"'&05'0+3514%&11'BYD& T
!

C32.)!1!3.RI01'05'12"(*8G I"8!D.2.)/"*.DI12111#1'5.14).12.)12-1* gy, GI1*DI2-.1"*.!
2-1213.125).85, = B 1"8!8.2118"D.12-.1:".'D!'(058!"* I"#$%&QB19"#.512-1212-.182).88!8212.1(3!
L 111MgI3ORI1212- 1"2.)8.02 (K31 17, 1" #(* #"*+1"¥12-1&)(0.88a!1*D!2-.1: TL%"8GIR-".!
2-121(31 | 11-1812(1).10-1 1, 1 1, I'8..1 I"#$%&AGIR.10(/.I5&!R"2-12- 12R( TF(*.1/(D."118!
8-(R*I"™1 I"#$%6&>SIE-.I"+* ) (*.1"8!*1/.D!10)"2"01' B212.|F(*.G!R"2-"*IR-"0-!2-.182).88!
8212.1(3!1/12.)"1'1"81 1885/.D! /(#"™*+1 L'(*+1 ™1 .C 1"+ "#$%&'QB! U*! 2-.1 D"121*2! F(*.G!
D5)"+! #('52"(*! &)(0.88! R-.).! -1)D.*"*+e8(32.*"*+! /1:! (005)G! 1,1 1*DI 1 51 01* 6.!

0()).'12.D!6:A!

ML



I
! ot tan (=t L)y — (e (IEI 9)1 IS )1y LIHL 1)) AL
R-).! 1'ID.*( 2.812-.1-1)D.*"*+1&1)1/.2.)G!R-"0-!"8!D.3"*.D!18A !
* If the material becomes hardér,! ! (i.e. the yield locus expands);
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5. Preliminary Results

5.1 Preliminary Results from Rem ote Traction Mode
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5.2 Preliminary Results from Hydraulic Pressurizing Mode
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6. Conclusions and Discussion
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7. Future W ork

* To address the concept of geochemo-hydrology and of hydro-geomechanics, and
further perform a conceptual analysis on the coupling mechanisms in order to
propose a model for chemo-hydro-geomechanical coupling in environmentally

enhanced crack propagation.
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* To establish the coupling mechanics between hydraulic and chemo-geomechanical
processes, especially the coupling between the two types of mass removal, i.e.

chemical dissolution and hydro-erosion.
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* To perform a series of experiments that simulate the geo-chemically and erosion
enhanced crack propagation as well as the alteration of overall hydraulic
transmissivity.

* To investigate behaviors of fractures subject to aggressive aqueous environment
under type II (shearing) mode.
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* To further explore the chemo-hydro-geomechanical coupling in a system of fractures#
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