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DEDICACE

- PHV SDUHQWYVY HW j WRXWHYV OHV SHUVRQQHV TX
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REMERCIEMENTS

-H WLHQV G DERUG j UHPHUFLHU PRQ GLUHFWHXU GH UHFKHU
JXLGp DX ORQJ GH WWHJISWUR MR YKSSSIRUW  VHV GLUHFWLYH
JUDQGHPHQW FRQWULEXp j O DFKqQYHPHQW GH FH SURMHW

- bLPHUDL UHPHUFLHU OH 3URIHVVHXU OLFKDHO -DPHV HW O
G pYDOXHU PHV WUDYDX[ GH UHFKHUFKH

-H WLHQV DXVVL j UHPHUFLHU OH &561* O ,5667 HW OHV SD
SBRO\WHFKQLTXH SRXU OHXU DLGH ILQDQFLqUH TXL PYD SHUPI

-H UHPHUFLH PDGDPH ODQRQ /DWRXU SRXU VD GLVSRQLELOLI
PDGDPH '"RPLQLTXH 3pSLQ SRXU VD GLVSRQLELOLWpP HW IRX
QpFHVVDLUH SRXWOHVSURMHW GH PD

-H UHPHUFLH pJDOHPHQW OH 3URIHVVHXU 7LNRX %HOHP SRX
/ID5SRQGH DLQVL TXH PDGDPH eGLWK |DIR@WOQOHQBE5SRRYEHVRQ E

-H YRXGUDLY UHPHUFLHU OHV SURIHVVHXUV HW OH SHUVRQQ
SRXU P DYRLU GRQQp O RSSRUWXQLWpPp GH SRXUVXLYUH XQ G
HQULFKLVVDQWH GX SRLQW GH YXH SHUVRQQHO HW SURIHVVI

(QILQ XQ JUDQG PHUFL j WRXV PHV FROOqQJXHV HW DPLV Gl
WRXWHY OHV SHUVRQQHV TXL P RQW VXSSRUWp GH SUqV HW



RESUME

)DFH DX[ GpILV pFRQRPLTXHV HW HQYLURQQHPHQWDX[ OfL
QRYDWULFHV /H UHPEOD\DJH GHV FKDQWLHUV VRXWHUUDLQ
GX¥PLQHUDL HW GH IRXUQLU XQ HVSDFH GH WUDYDLO SOXV Vp
TXDQWLWp GHV UHMHWYVY PLQLHUV QpFHVVDLUHV | GpSRVI
HQYLURQQHPHQWDO GH OfLQGXVWULH PLQLqUH 4XDQG OH
TXDOLWp OD PpWKRGH GH PLQDJH FRXSH HW UHPEODL Gt
FRQVWUXFWLRQ GH SLOLHUV GDOOHV HQ UHPEODL PLQLHU F
FRQVWUXLW °XYUHU VRXV XQ SLOLHU GDOOH HQ UHPEODL F
VRXV OD URFKH PLQpPUDOLVpH GH PDXYDLVH TXDOLWp 8Q L
QpFHVVDLUH GX UHPEODL FLPHQWpP XWLOLVp SRXU FRQVWUX
UpVLVWDQFH UHTXLVH HQWUDLQH GHV GpSHQVHV LQXWLOHV
FRQVpPTXHQW FRPSURPHW OD UHQWDELOLWp GHV RSpUDWL
UpVLVWDQFH QpFHVVDLUH GHVHSLPRAVPTEBHQBHY BRBRKRUBYE
LODWWISEGXHY XQH UXSWXUH GH FHV SLOLHUV SHXWW) EOHVV
GHVVRXV HW SHXW DXVVL HQGRPPDJHU OHV pTXLSHPHQWYV

-XVTXYj FH MRXU OHV VROXWLRQV DQDO\WLTXHV GLVSRQLE
SLOLHUV GDOOHV HQ UHPEODL FLPHQWpP VRQW FHOOHV SURS
PRGHV GH UXSWXUHV PDMHXUV JOLVVHPHQW IOH[LRQ UR\
PTXDWLRQ VSpPpFLILTXH SRXU FIKFRQXEHR &/ VG HRDXSW RO 2QD
PWp GPYHORSSpHV | SDUWLU \G8RW RAM KX @WHH F LV IHP B ®IRIX B DIV p WA
&DFHUHV SRXU O pTXDWLRQ GX PRGH GH UXSWXUH SDU URWLI
SDU PRGpPOLVDW DM Q SEORGHIENMEIOX W LRQV DQDO\WLTXHV H[LV\
OD VWDELOLWp GHV SLOLHUV GDOOHV HQ UHPEODL FLPHQW¢
VROXWLRQV DQDO\WLTXHV H[LVWDQWHY QH SHUPHW SDV GH
OD VWDELOLWp GHV SLOLHUV GDOOHV VXUWRXW SRXU OH P
PWXGHV DSSURIRQGLHY RQW pJDOHPHQW pWp UpDOLVpHV SR
GH UXRWXUMPYHVWLIDWLRQV LQGLYLGXHOOHV GH FKDTXH PR
PYLGHQFH OHV OLPLWDWLRQV GHV V&R®DXQRAREQM DLEDEUMLOC
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VLPXODWLRQV QXPpULTXHV DERDO\WHV RQW pgWxXW@EHOLV
WUDYDX[ VRQW HQFRUH QpFHVVDLUHV SRXU UpYLVHU OHV
GpYHORSSHPHQW GH QRXYHOOHV VROXWLRQV DQDO\WLTXHV
VXQAD VWDELOLWp GHV SLOLHUV GDOOHYV

Mots clés:

3LOLHU GDOOH UHPEODL PLQRPRGHRRGPQEASWIXWIHR ® RXPPH LA KX |
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ABSTRACT

7KH PLQLQJ LQGXVWU\ LV IDFLQJ VHYHUDO FKDOOHQJHV
HQYLURQPHQWDO IURQWYV OLQH EDFNILOO LV RQH RI WKH

FRQWURO LQ XQGHUJURXQG RSHUDWLRQV DQG LQFUHDVH RL
TXDQWLW\ RI PLQH ZDVWH WR GLVSRVH DW WKH VXUIDFH WK
SUDFWLFH PLQH EDFNILOO LV XVHG LQ GLIIHUHQW ZD\V :K
TXDOLW\ DQ XQGIHOKDRIE ERW ERBWRG ,Q VXFK FDVHV FHPH
PDWV PXVW EH EXLOW WR UHSODFH WKH RUH VLOO SLOODUYV
XQGHU D FHPHQWHG EDFNILOO VLOO PDW ZRXOG EH PXFK VD
DVSHFW LV WR GHWHUPLQH WKH QHFHVVDU\ VWUHQJWK IF
RYHUHVWLPDWLRQ RI WKH UHTXLUHG VWUHQJWK LQGXFHV X
H[FHVVLYH XVH Rl FHPHQW DQG FDQ FRQVHTXHQWO\ FRP
RSHUDWLRQV $Q XQGHUHVWLPDWLRQ RI WKH UHTXLUHG V
FRQVHTXHQFHV JLYHQ WKDW D IDLOXUH RI WKHVH VLOO PD)
XQGHU WKH VLOO PDW DQG DOVR GDPDJH WKH HTXLSPHQW

7KH DYDLODEOH D\DADRO HAVIWFIDROD WRIOW WHL RQH FHV VD U\ VW UHQJWK
DUH SURSRVHG E\ OLWFKHOO 7KH ODWWHU FRQVLGHUHG PD
DQG FDYLQJ DQG KDV SURSRVHG D VSHFMKIFVHEKDQ IQRRW HRAU
WKHVH DQDO\WLFDO VROXWLRQV KDYH EHHQ GHYHORSHG DF
XSGDWH KDV EHHQ SURSRVHG E\ &DFHUHV IRU WKH HTXDWL
SURMHFW ZH KDYH ILUVW LQYHVWLJDWHG E\ QXPHULFDO P
DQDO\WLFDO VROXWLRQV IRU WKH DQDO\VLV RBGWKFPW QWK
DSSOLFDWLRQ RI WKH H[LVHAQRWDDODORWE LWR F R BROKFW A Q 8 UGHF
ZD\WKH VWDELOLW\ RI VLOO PDWV HVSHFLDOO\ IRU IOH[XU!
VWXGLHVY KDYH DOVR EHHQ FDUULHG RXW WR LQGLYLGXDOO\
LQYHVWLIJDWLRQV Rl HDFK IDLOXUH PRGH KDYH DOORZHG W
DQDO\WLFDO VROXWLRQV $Q LPSRUWDQW QXPEHU RI QXPHL
DQDO\WHV WR YHULI\ WKH DQDO\WLFDO PRGHOV ORUH ZRUN
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HILVWLQJ DQDO\WLFDO VROXWLRQV DQG IRU WKH GHYHORSPI
IDFWRUV WKDW LQIOXHQFH WKH VWDELOLW\ RI VLOO PDWYV

Keywords:

6LOO PDEMODANUQEBO QXPHULFDO PRGHOLQJ IDLOXUH PRGH OL)
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WDEOHDX
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J)LIXUH )DFWHXUV GH VpFXULWp QXPpULTXHV HW DQDO\WLT.
JDXFKHFKHOOH QRURDGBHY XGIURQWBIJLH OHV DXWUHV SDUD
OH WDEOHDX

YLIXUH 'LVWULEXWLRQ GH OD FRQWUDLQWH QRUPDOH G|
XQ FKDQWLHU LQFORQHWIBH E REWHQXH SDU OD VLPXOI
DYHF /LPLMWBWBWHDOFXOV RQW pWMN3IDLW\RIDY HRE

N3 fci N3D fly N3D
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LISTE DES SIGLES ET ABREVIATIONS

% /IDUJHXU GX FKDQWLHU >P@

F &RKpVLRQ GX UHPEODL >N3D@

R &RKpPVLRQ j OTLQWHUIDFH PXU SLOLHU GDOOH >N3D
= &RKpPVLRQ GX SLOLHU GDOOH >N3D@

&x &RHIILFLHQW GIXQLIRUPLWp

Cu 3RXUFHQWDJH GHV VROLGHV HQ PDVVH

G eSDLVVHXU GX SLOLHU GDOOH >P@

'0$ 'UDLQDJH PLQLHU DFLGH

'1& 'UDLQDJH QHXWUH FRQWDPLQp

( ORGXOH GH <RXQJ >N3D@

)6 )DFWHXU GH VpFXULWp

) 65000 )DFWHXU GH VpFXULWp DQDO\WLTXH

) 6e s )DFWHXU GH VpFXULWp REWHQX DYHF OD VROXWLRQ
) 60 ( )DFWHXU GH VpFXULWp REWHQX DYHF OD VROXWLRQ
) 60 ) )DFWHXU GH VpFXULWp REWHQX DYHF OD VROXWLRQ
) 6 - )DFWHXU GH VpFXULWp REWHQX DYHF OD VROXWLRQ

)6o s J)DFWHXU GH VpFXULWp REWHQX DYHF OD VROXWLRQ
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%6, ,QGLFH GH UpVLVWDQFH JpRORJLTXH
te +DXWHXU GX FKDQWLHU PLQLHU >P@
+p +DXWHXU GX UHPEODL KXPLGH >P@

&RHIILFLHQW GH SUHVVLRQ GHV WHUUHYV

b &RHIILFLHQW GH SUHVVLRQ GHV WHUUHV j OTpWDW L
/ /IDUJHXU GX SLOLHU GDOOH >P@

Mtotao ODVVH WRWDOH GX UHPEODL >NJ@

Msolides ODVVH GHV VROLGHV >NJ@

0() OpWKRGH GHV pOpPHQWYV ILQLV

% 6XUFKDUJH DSSOLTXpH j OD VXUIDFH VXSpULHXUH G3
5+ SHPEODL K\GUDXOLTXH

53& 5SHPEODL HQ SKkWH FLPHQWp

55 SHPEODL URFKHX]

8&6 5pVLVWDQFH HQ FRPSUHVVLRQ XQLD[LDOH >N3D@
9&5 9HUWLFDO &UDWHU 5HWUHDW

3RLGV GX SLOLKAU GDOOH >N1 P
] 'LVWDQFH YHUWLFDOH HQWUH ORBARPIPHWP@X FKDQW
$QJOH G LQFOLQDLVRQ GX FKDQWLHU >f@

¥ $QJOH GH IULFWLRQ LQWHUQH GX UHPEODL >f@
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$QJOH GH IULFWLRQ LQWHUQH GX SLOLHU GDOOH >f

$QJOH GH IULFWLRQ § LOMUHUNG D OBDAH >pfSAR Q W H

$QJOH GH GLODWDQFH >f@
&RHIILFLHQW GH 3RLVVRQ
3RLGV YROXPLT®H WRWDO >N1 P

SRLGYV YROXPLTXH GX UB®PEODL KXPLGH >N1 P

SBRLGV YROXPLTXH GX@SLOLHU GDOOH >N1 P

BRLGYVY YROXPLTXH GX UH@REODL VXEPHUJp >N1 P

BRLGY YROXPLTXH GX WHPEODL VDWXUp >N1 P

5pVLVWDQFH DX FLVDLOOHPHQW >N3D@

&RQWUDLQWH QRUPDOH GH FRQILQHPHQW ODWpUDO

&RQWUDLQWH QRUPDOH GH FRQILQHPHQW ODWpUDO |

5pVLVWDQFH j OD WUDFWLRQ GX SLOLHU GDOOH >N3

&RQWUDLQWH YHUWLFDOH H[HUFpH SDU OH UHPEODL
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LISTE DES ANNEXES

$QQH[HWBULILFDWLRQ GH 6LJPD :
$QQH[HWPULILFDWLRQ GH /LPLW6WDWH *(2

$QQH[H & ,00XVWUDWLRQV GH FDV GH PRGHV GH UXSWXUHYV



CHAPITRE1 INTRODUCTION

JTH[SORLWDWLRQ PLQLgJUH SURGXLW GYILPSRUWDQWHV TXDQ
IRUPH GH URFKHY VWpPULOHV HW GH UHMHWY GH FRQFHQWUD
GDQV GHV KDOGHV j VWpULOHV WDQGLV TXH OHV UHMHWYV
GpSRVpV GDQV GHV SDUFV j UpVLGXV PLQLHUV FHLQWXUpV S
SRXUUDLHQW QXLUH j OTHQYLURQQHPHQW VJLOV RQW XQ SR
'0$ RX GH GUDLQDJH QHXWUH FRQWDPLQp '1& &HUWDLQHYV
SUREOQPHV GH VWDELOLWp VL HOOHV VRQW PDO FRQOXHV R
'0$ ILJXUH D HW OD UXSWXUH GIXQH GLJXH GH SDUFV j Up

JLIXUH([HPSOHV GJLPSDFW HQYLURQ QHP H@WDLA BHY RILHM HW
E UXSWXUH GH OD GLJXH GIXGHRWHOHBpVLGXV PLQLI

/| XWLOLVDWLRQ GHV UHPEODLY PLQLHUV SHXW FRQVWLWXHL
$XEHUWLQ HW,O VIDJIJLW GITXWLOLVHU XQH SDUWLH GHV UHN
IDEULTXHU GHV UHPEODLY TXL VRQW UHWRXUQpPV VRXV WHL
PLQLHUV SHUPHWWHQW GYDPpOLRUHU OD VWDELOLWpP GX W
PLQHUDL HW GH UpGXLURLQHWDD X BWVG QO XMV BQ FAXLEDO G



/D IDORQ GJDSSOLTXHU OHV UHPEODLV GpSHQG GH OD PpWK
PSRQWHYV VRQW GH PDXYDLVH TXDOLWp RQ SHXW XWLOLVH
GHVFHO GR@WUKDQG.BFRWRDPQEBD FRQVWUXFWLRQ GH SLOLHUV
FLPHQWpP HVW QpFHVVDLUH SRXU IRXUQLU XQ HVSDFH GH W
°XYUHQW VRXV FHV SLOLHUV DUWLILFLHOV HQ UHPEODL F
DGpTXDWHPHQW OD UpVLVWDQFH PLQLPDOH UHTXLVH GHV Ul
GHV SLOLHUV GDOOHV 8QH VXUHVWLPDWLRQ GH OD UpVLVW
GHV GpSHQVHV DGGLWLRQQHOOHV LQXWLOHV GXHV | OfX\
FRPSURPHWWUH OD UHQWDELOLWp GHV RSpUDWLRQV PLQLq
UHQWDEOH HW FUpHUDLW GHV HPSORLV VL OD FRQFHSWLRQ
F{Wp XQH VRXV HVWLPDWLRQ GH OD UpVLVWDQFH UHTXLVH ¢
HQFRUH SOXV JUDYHV HW LQDWWHQGXHV SXLVTX XQH U>
OTHR@®BDJIJHPHQW GHV pTXLSHPHQWY j GHV EOHVVXUHV HW P
VRXV OHV SLOLHUV GDOOHV HQ UHPEODL FLPHQWp

-XVTXYTj FH MRXU OHV VHXOHV VROXWLRQV DQDO\WLTXHV GL
UHTXLVH GHV SLOLHUV GDOOHV HQ UHPEODL FLPHQWp VRQW
PLVHV | MRXU RQW pWp UDSSRUWpPHY GDQV ORL.OLWWpUDW >
'f{DLOOHXUV RQ FRQVWDWH TXH OHV VROXWLRQV DQDO\WLT>
SUDWLTXH SUREDEOHPHQW j FDXVH GH SOXVLHXUV K\SRWKQ)

'DQV FH SURMHW GH UHFKHUFKH OHV PRGQOHV GH OLWFKHO
PRGPOLVDWLRQV QXPpULTXHV RQW pWp HIIHFWXpHV GBWQV
FRQGLWLRQV GH YDOLGLWpP GHV VROXWLRQV DQDO\WLTXHV
HQ UHPEODL FLPHQWpP QRQ UHQIRUFpV 3RXU DWWHLQGUH F
UpDOLVpPY HQ LQYHVWLJIXDQW OHV PpFDQLVPHV GH UXSWXUH
GHV FKDUJHPHQWY HW GHV SURSULpWpPV JpRWHFKQLTXHV GH'

/IH PpPRLUH FRKECRAUWHJHY /H SUpVHQW FKDSLWUH HVW XQH
UHFKHWFKKDSLWUH FHRRISRKWHGX OLWWpUDWXUH LQFOXDQW
UHPEODLV CCHQY WWWSHYV FRXUDPPHQW XWLOLVpV HW OHXUV FD
SUpVHQWH DXVVL O DSSOLFDWLRQ GHV UHPEODLYV PLQLHUV C
SRXU OD FRQFHSWLRQ GHV UHPEODLY VHORQ GLIIpPUHQWYV F



SRXU HVWLPHU OHV FRQWUDLQWHY GDQV OHV FKDQWLHUV U
SOXVLHXUV VpULHV GH PRGpOLVDWLRQV QXPpULTXHV SRXU
PRGqOHV GH OLWFKHOO 'HV FRQFOXVLRQV HW TXHOT)
WUDYDX[ VRQW GRQQpHY DX FKDSLWUH



CHAPITRE 2 REVUE DE LITTERATURE

/IH UHPEODL PLQLHU SHUPHW GH PD[LPLVHU OD UpFXSpUDWL

GLOXWLRQ GX PLQHUDL GIDPpOLRUHU OHV FRQGLWLRQV GH

XQ HVSDFH GH WUDYDLO SOXV VpFXULWDLUH SRXU OHV WUD

)yDO&. HW %HOHP ‘X F{Wp HQYLURQQHPHQWDO OH UHPE

XQH VROXWLRQ SRVVLEOH SRXU DWWpQXHU OHV HIITHWV Qp.

UpGXFWLRQ VLIQLILFDWLYH GHV TXDQWLWpV GH UHMHWYV PL¢
$XEHWWLQ HARIUD HW %BRIHHUDDIIRXD HW

&H FKDSLWUH FRPPHQFH SDU XQH SUpVHQWDWLRQ GHV UHPI
PLQHV (QVXLWH FHUWDLQHV PpWKRGHV GH PLQDJH HPSOR)
SRXU LOOXVWUHU OHV DSSOLFDWLRQV OHV U{OHV DLQVL TX
VROXWLRQV DQDO\WLTXHV GpYHORSSpHV SRXU HVWLPHU OD
HVWLPHU OHV FRQWUDLQWHY GDQV OHV FNDQWLHUYV UHPEOD

2.1 Remblais miniers

8Q UHPEODL PLQLHU HVW XQ PDWpULDX FRPSRVp SULQFLSDO
XWLOLVp SRXU FRPEOHU GHV YLGHV VRXWHUUDLQV 3RXU OD
UHPSOLU GHV FKDQWLHUV 'DQV FHUWDLQV FDV SDUWLFXOI
FRPEOHU GHV YLGHV WHOV TXH GHV JDOHULHV GHV FKHPL
ORUVTXH OYfH[SORLWDWLRQ GH OD PLQH HVW FRPSOpWpH

/JHV UHPEODLV PLQLHUV VRQW JpQpUDOHPHQ®HSUPISDX pGX OI
HW GX PDWpULDX GH VROLGH ILIJXUH



JLIXUH,OOXVWUDWLRQ GH OD UHFHWWH JpQpUDOH G

/THDX GH PpODQJH SHXW SURYHQLU GIfXQH HDX GHOWRELQH\
ODF ULYLqUH HWF /D SDUWLH VROLGH GX UHPEODL HVW
FRQFHQWUDWHXU RX GH URFKHV VWpULOHV 3RXU OD SOXS
FRPPH DJHQW OLDQW 'DQV FHUWDLQHY PLQHV GHV ODLWLHL
GH OD IXPpH GH VLOLFH VRQW DMRYWIW BRIX W HIP GG WHH ¢
LPSRUGMXQWHPEOD\DJH VRXWHUUDLQ WHO TXH PRQWUp VXU

T0%
60% 1 0O Québec
0% 1 0O Autres régions
40% 1
30% +—
200 4+—
10% +—
0% T I |
Liants Préparation Mise en place Autres

JLIXUH3RXUFHQWDJH GHV FREWAMEHR/SPR P BRRMOQGHHVYHPEOD\D
DLOOHXUV GYDS@lgY %YHQ]J]DD]RXD HW



/IHV UHPEODLVY RQW XQ FRPSRUWHPHQW FRPSOH&§H HW pYROX
. HVLPRDO HW /IDFTXLVLWLRQ GH OD UpVLVWDQFH PpFDQLTXF
SOXVLHXUV IDFWHXUV WHOV OHV LQJUpGLHQWYV FKLPLTXHYV
JUDQXORPpWULH HW OD GHQVLWpPp GHV VROLGHV OD TXDQ)\
FRQVROLGDWLRQ HW OH WHPSV GH FXUH

$X &DQDGD OHV SULQFLSDX[ UHPEODLV XWLOLVpV GDQV OH\
QRQ OH UHPEODL K\GUDXOLTXH FLPHQWpP RX QRQal HW OH

2.1.1 Types de remblais miniers communément utilisés

2.1.1.1 Remblai hydraulique

8Q UHPEODL K\GUDXOLTXH HVW FRPSRVp GJHDX HW GH UHMH
SDUWLH GHV SDUWLEXOHV ILQHV 'X VDEOH SRXUUDLW rW
K\GUDXOLTXHV HW PpFDQLTXHV 'pSHQGDPPHQW VL XQ OLDQ
RX QRQ RQ SHXW DYRLU XQ UHPEODL K\GUDXOLTXH FLPHQWp
FRQWLH GONWQVROLGHY WA\SLTXHPHQW HQWUHI HW3RWYQ @DV
HWKRPDV 6LYDNXWDQ HWQD HW %HOHP 3DU UDSSRUW j

HQ SKkWH XQ UHPEODL K\GUDXOLTXH FRQWLHQW PRLQV

GIK\GURF\FORQDJH HVW VRXYHQW XWLOLVpH SRXU pOLPLQH!
GH PRLQV GHLJXUWH I THQOQYHPHQW GH OD IUDFWLRQ |
SURSULpWpPV PpEDQLTXHV HW K\GUDXOLTXHV SHUPpPDELOLWp
6LYDNXJDQ HBDQNLQGHE HWXUH PRQWUH XQH FRXUEH GH

GIXQ UHPEODL K\GUDXOLTXH 2Q YRLW TXH OHV UHPEODLYV

GRQW OH FRHIILFLHQW 'GIRQLHRWPHBPpEZHQWHQW UHVSHFWL"
GHV JUDLQV FRUUHW SR QGH QWNVWRL@WH DXWRX&. GH 5DQNLQH!

/IHV pWXGHV DQWpULHXUHVY RQW PRQWUp TXH OHV UHPEODLYV
HQ FRPSUHVVLRQ VLPSOH VXSpULHXUH | N3D DX ERXW GH



XQ DQJOH GH IURWWHPHQW LQWHUQH YDULDQW HQWUH H\

HW N1 P HWHW YOEHIWHUPpPDELOLWpPHWD ULDQW H

PV HW LQ K 1LFKROVRQ HW :D\PHQW %DWHYV |

‘D\PHQW *ULFH 5DQNLQH HW 6LYDNXJDQ al3RWYLQ
%HOHP

100 T
90
80
70
| Sample No. Db [
6 =
=
E 50
- ™
® 4
30 Grain size: distribution. |
1 for typical hydraulic Gl
20 in Australian mines 8
10
|H
|
0 -
1 10 100 1000 10000

Grain size (microns)

JLIXUH &RXUEH GH JUDQXORPpPWULH W\SLTXH GHV UpVLGXV |
K\GUDXOLTXH GDQV GHV PGLID 5D ML YXNVMWDOLH WLUp]



8QH IRLV IDEULTXp GDQV XQH XVLQH GH UHPEODL HQ VXUI
WUDQVSRUWpP GDQV XQ FKDQWLHU VRXWHUUDLQ j WUDYHUV
SRPSDJH HW GH OD JU&YLWp %HQ]DD]RXD HW

/TIDSSOLFDWLRQ GHV UHPEODLV K\GUDXOLTXHV SRPUHBMWH FF
GH PLVH HQ SODFH XQH WHFKQLTXH SHX FREWHXVH HW XQ
DXVVL FHUWDLQV LQFRQYpPQLHQWY WHOV TXH OD QpFHVVLW|
FDXVH GX ERQ GUDLQDJH GX UHPEODL OfLQFRPSDWLELOLYV
SRWHQWLHO GH OHVVLYDJH GfXQH SDUWLHIGX OLDQW SDU O

2.1.1.2 Remblai rocheux

&H JHQUH GH UHPEODL HVW IDEULTXp j SDUWLU GH URFKHYV
JUDQXORPPWULTXH G pFKDQWLOORQV GH URFKHV VWpULOH
+HUQDQGH] 2Q YRLW TXH OHV GLPHQVLRQV GHV JUDLQ
/D JUDQXORPpPWULH GHV URFKHV VWpULOHV GpSHQGWDLW GH
GHV URFKHV VWpPULOHV HVW JpQpUDOHPHQW VXSpUAaHXU |

/D GHQVLWpP LQ VLWX GHV URFKHV VWpPULOHV XWLOLVpH
JPQPUDOHPHQW HQWUH:LOOHBWY NJaB]DP HRQW PRQWUp TX
SRURVLWp WRWDOH GHV URFKHV VWpULOHV VH VLWXH W\SL
PFKDQWLOORQV GH URFKHV VWpULOHVY RQW PRQWUp TXH OL
u HW FP V *DPDFKHHVVDUG
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8Q UHPEODL URFKHX[ SHXW rWUH FLPHQWpP RX QRQ FLPHQ
GIHPSUXQW +DVVDQL HWRXUFRLEPQWHU FH W\SH GH UHPE
GILQFRUSRUHU XQ FRXOLV GIDJHQW OLDQW DYDQW SHQGD(
XQ FKDQWLHU /fDSSOLFDWLRQ GHV UHPEODLV URFKHX[ UH
H[HPSOH XQH UpVLVWDQFH PpFDQLTXH pOHYpH XQH SUpSDU
SRXU FRQVWUXLUH GHV EDUULFDGHV FRPPH LO VH IDLW KDE
/JHV SULQFLSDX[ GpVDYDQWDJHYV GH OYDSSOLFDWLRQ GHV U
WUDQVSRUW pOHYp GHV PDWpULDX[ j SDUWLU GH OD VXUIDE
SOXSDUW GHV FDV OHV UHPEODLV URFKHX[ VRQW WUDQVSRI
SDU XQ UpVHDX GH WURXV PRQWHULHV HW GH FRQGXLWFE
FRQWU{OpHV SRXU pYLWHU GH EORTXHU OHalV\VWqRHGOIHP WU



2.1.1.3 Remblai en pate cimenté

&H W\SH GH UHPEODL HVW IDEULTXp j SDUWLU GYfHDX GH O
/IDQGULDXOW A*UDELUQQBWUHIXOW  al. +HO)Mm&I® LH MW
*UDELQ¥N\ HW ,0 SHXW FRQWHQLU GHV URFKHV VWRULOHV E

HVLP&DO HW /HV UHPEODLY HQ SKWH FRQWLHQQHQW GHV

HQ PDVVH %HQ4DD]RXD HW /D ILIJXUH SUPVHQWH C
JUDQXORPPWULTXHV W\SLTXHV GH UpVLGXV PLQLHUV XWLOL)
SKWH &HWWH ILIJIXUH PRQWUH TXH OHV UpVLGXV PLQLHUV RQ
OH FRHIILFLHQG®Y GO MDH IRQ®IUWp HW % XVVLqUH /HV ER
UpVLGXV PLQLHUV FRQWLHQQHQW W\SLTXHPHQW PFRQWWH H
HQWUH HW GHV SDUWPFXOHYV LQIPULHXUHYV j
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J)LIXUH &RXUEHYV JUDQXORPPWULTXHYV W\SLTXHV GH UpVLGXV
UPMEODL HQ SNV A XWV UpWH

/D ILIXUH LOOXVWUH XQH SURFpGXUH W\SLTXH GH SUpSIL
UpVLGXV LVVXV GX FRQFHQWUDWHXU VRQW GYDERUJG pSDLV



HQYLURQ (QUXLWH GHV ILOWUHV j GLVTXHV VRQW XWLOL
GH VR QLMW UgH HW 6XEVPTXHPPHQW GX OLDQW HVW DN

HQ PDVVH VHORQ OD UpVLVWDQFH UHTXLVH GX UHPEODL |
SRXU REWHQLU XQ DIIDLVVHPHQW GpVLUp TXL HVW JpQpUDC
OfH[LJHQFH UKpPRORJLTXH GX WUDQVSRUW S D2 D3HWDILBEHO L (
8Q F{QH GYDIIDLVVHPHQW VWDQGDUG DXVVL DSSHOp F{Qt
OfDIIDLVVHPHQW GYXQ UHPEODL FLPHQWp ,0 D XQH KDXWHX
XQ GLDPqQWUH GH FP DX VRPPHW /HV PHVXUHV GH OfDIIDL
pJDOHPHQW rWUH UpDOLVpPHY DYHF XQ SHWLW F{QH GRQW OH
VWDQGDUG /D ILIXUH GpFULW OD SURFpPGXUH j VXLYUH SR
SHWLW F{QH /D SURFpGXUH FRQVLVWH j FRXOHU OH UHPEOD

FRXFKHV SRXU XQ SHWLW F{QH HW DSSOLTXHU FRXSV D
FRXODJH GH FKDTXH FRXFKH B6XEVPTXHPPHQW OH F{QH HVW
PHVXUp
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JLIXUH3URFpGXUBXGRWEYNEUDPV HW DXHSHWQWPF{QH WLU

/IH UHPEODL HQ SkWH FLPHQWp HVW UpFHQW SDU UDSSRUW D
XWLOLVDWLRQ HVW GHYHQXH GH SOXV HQ SOXV UpSDQGXH |
'H 6RX]&®. HW %HOHWIP HW *RGERaAW HW<LOPRB] HW %HOHP

Xx )DLEOHV FREWV GTRSpUDWLRQ SDU UDSSRUW DX[ DXWUH)
X 7UDQ\SIRUWWLTXH

X )DLEOH ULVTXHKsIBWH OHD/YWYDIBIU OH GUDLQDJH

X 3RVVLELOLWpPp GIXWLOLVHU GHV UHMHWY VXOIXUHX[ SRXL

3DUPL OHV GpVDYDQWDJHY GH FH W\SH GH UHPEODL ILIJXUHQ

X %HVRLQ GI{XWLOLVDWLRQ GITpTXLSHPHQWY FRQVLGpPUDEQG
Xx 3RVVLELOLWp GH EHVRLQ GH SRPSHV SRXU OH WUDQVSRL



2.1.2 Caractéristiqgues mécaniques des remblais miniers

2.1.2.1 Propriétés mécaniquesles remblais miniers

3RXU OD FRQFHSWLRQ GfXQ V\WWgPH GH UHPEOD\DJH RQ XW
XQLD[LDOHD BRWLVWDQFH BR6GUSARIGWH GH OD IRQFWLRQ GX
SDU H[HPSOH rWUH VXSpULHXUH j 03D ORUVTXH OH UHPEOD
WRLW %HQRED]R XD EHWWHKN LV &BXOWHS pMHUP L Qp HS HU BBILS H
FRPSUHVVLRQ VLPISOW ARQEDWIDEXHIWHH XUV SDUDPqWUHYV WH
WV\SH GH OLDQW X@ L\WOXOIDWHD GHNQHUXWULEXY HW OH W\SH HV
%HQ]D]RXDD HW

/IDILIXUSUpVH@OUHDONDLEQLE WID@FY PpFDQLTXH&H UMRROBLV |
GH FXQRIDFWLRQ GX SR X DAVHRAENI HG G N S®IVDIMVUWPEODLY URF
SKWH HW K\@Q REVHIRWHMA DL JXW A XH OD UpVLVWDQFH 8RB DXJF
SURSRUWLRQ GX2QOREYWUXWLBXWIREDPHVOPRBKHX] SUPpVHQW
JpQpUDOHW QWL DOW D GRHKW PEBHT PINY SDUPL OHW WDIRLLLY QWA SHW
HW 03D 'HV UpVLVWDQFHV 8&6 SOXV IDLEOHV VRQW RE
FLPHQWDpPV PrPH D ¥HFLEQMDWBGN BRXU FH W\BHI GWHL UWPEFDILS !
DWWHILX®pUDOHPBR VER XW &M MRXUV j XQH WHQHXaU HQ FLP
3RXU OHV UHPR@DREUNG $IBWIHWLUTEE D D pV 01X WMDYEH 8&6
HQWUH 03BRXQH WHQHBH)WjG
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J)LIXUH 9DULDWLRQ GH OD UpVLVWDQFH PpFDQLTXH GH UHP
SRXUFHQWDJH GX OLDQW DMRXWp DSUqV MRXUV G|

/D FKLPLH GHV LQJUpPGLHQWY GX UHPEODL PLQLHU MRXH DXV
UpVLVWDQFH PpFDQLTXH /RUVTXJLO V{DJLW GH UHPEODLV |
OfHDX GH PpODQJH HW RX OHV UpVLGXV HW TXTJLO \ D XQH II
VXOIDWLTXH HVW SOXV JUDQG )DOO HW %HQ]D]RXDD &t
OHV VXOIXUHV VIR[\GHQW HQ SUpVHQFH GTR[\JGQH RX GTHDX
IRUWHY SUHVVLRQV LQWHU JUGK XO®mD U P ¥IVVMMD XFH DA pF DEXQ MKW
FLPHQWY ULFKHV HQ FDOFLXP FRPPH OH FLPHQW 23& 2UGLC
UpVLVWDQWY DX[ DWWDTXH\LVXO | DBWDDGH X Q Bb HDQY BV RTODHD \HXA
PDQLIHVWH RQ REVHUYH VRXY M) [ DHRKDKP ERPqQHYV VXLYDQ

x 30XV JUDQGH SRURVLWpD

Xx ILEpUDWLRQ GH FDOFLXP

x &RQVRPPDWLRQ GH OD 3RUWODQGLWH

X 'pPFDOFLILFDWLRQ GHV K\GUDWHYV SUpFLSLWpV DYHF XQH

4XDQG OfHDX GH PpODQJH FRQWLHQW XQH TXDQWLWp H[EHV\
SRXU SDUWLFLSHU j OD FLPHQWDWLRQ H#W. REWBQLDXWQ I +
SKPQRPHPGIBSHOpP © DXWR LIQLWLRQ @ SHXW VXUJLU TXDQG C
VXOIXUHV SHXYHQW SRWHQWLHOOHPHQW HQWUDLQHU XQH FI



] XQH DFFXPXODWLRQ FURLVVDQWH GH FKDOHXU JpQpUDOHP|
GIR[\GDWLRQ GHV VXOIXUHV

(Q FH TXL FRQFHUQH OD UpVLVWDQFH j OD WUDFWLRQ GHV U
SDU H[HPSOH SDU XQ HVVDL EUpVLOLHQ FRPSUHVVLRQ GLDF
OLpH j OD cFREpWRAQDLVVDQW O DQJOH KR QU W WHIR AW HL G
&RXERPDILD HVW ELHQ FRQQX DIXUHH PHXWWN WRPRIQ GB/ W pVLVWI
UpVLVWDQFH j OD WUDFW L © pS/H R WQV®LGHHMOE PRW D EQRH

XQ OHMASYL U@ XHDHU p VLV W D Q FVYQHD. WNWDEMH RIQ FRIFB DBVYHR Q
GH IURWW HPX BIiQP W06 QID QGMVHPRSS/WGEIHG FRXH FHMQ W DD MHEHX QL D Q
IDFWHXU GH UpG X FOMXR} \B\R KB DSBLERIGTK PWLRQ HVW H[SULPpH

5 L rar T amqg %
S Y U g%

2+ 8&6 HVW OD UpVLVWDQFH HQTPRRE®WHGE M LI W WRHFPGTHR W W. Q W |
GpSHQGHQW GX WHPSV GH FXUWWWHWLEB8K SRXUFHQWDJH GX OLI

2.1.2.2 Méthodes de détermination des propriétés mécaniques des remblais miniers

X Essais au laboratoire

3OXVLHXUV HVVDLVY VRQW WHQXV DX ODERUDWRLUH SRXU Gy
HVVDGH FRPSUHVVLRQ XWQIGHLPROMHS UBINY LRWYYV MY LPYpVOEBLHY
FRPSUHVVLRQ GLDPpWUDOH &HV HVVDLV VRQW SDUIRLV Uy
VLPXOHU OHV YLEUDWLRQV HQJHQGUpHY SDU OHV RSpUDWL
SURYRTXHU OD OLTXpIDFWALRQ GX UHPEODL /HURX[ HW

/D ILIXUH SUpVHQWH XQH SKRWR PRQWUDQW XQ HVVDL
pSURXYHWWH GH UHPEODL HQ SKkWH FLPHQWp DSUqV MR X
UpVLVWDQFH HQ FRPSUHVVLRQ VLPSOH 8&6 GX UHPEODL HQ |
SOXV JUDQG VXU O pSURXYHWWH MXVTX j VD UXSWXUH /D Y
PHQp j] OD UXSWXUH GH O pSURXYHWWH UHSUpVHQWH OD Y



REWHQXVY DYHF FHW HVVDL VRQW PRQWUpHYVY GDQV OD ILJXU
PRGXOH GH] $RPXIOVIGHY FRQWUDLQWHYVY HW GpIRUPDWLRQV PHYV.

J)LIXUH 3KRWR G XQ HVVDL GH FRPSUHVVLRQ XQLD[LDOH VX!
FLPHQWp DSUqV MRXUV GH FXUH WLUpH GH %HO

3RXU GpWHUPLQHU OD FRKpVLRQ HW O DQJOH GH IURWWHP
FRPSUHVVLRQ WULD[LDOH VXU OH UHPEODL 'DQV FHV HVVDL)
SDU XQ IOXLGH DYDQW GH OXL DSSOLTXHU OH FKDUJHPHQW
VRXYHQW HIIHFWXp DYHF WURLY SUHVVLRQV GH FRQILQHPF
GPpWHUPLQHU OD FRQGXFWLYLWp K\GUDXOLTXH GX UHPEODL

&ROQFHUQDQW O HVVDL EUpVLOLHQ LO V DJLW G DSSOLTXHL
UHPEODL MXVTX j OD UXSWXUH GDQV OH EXW GH GpWHUPLQF
LPSRUWDQW GDQV OD FRQFHSWLRQ GHV SLOLHUV GDOOHYV FF
OLWFKHOO



X Essais in-situ

/IHV HMVWNMILVSHUPHWWHQW GfYfpYDOXHU OHV SURSULpWpV GH!
SDUDPgWUHYVY GDQV OHV FRQGLWLRQV GH WHUUDLQ &HOD SH
in-situ HW GYRSWLPLVHU OHXU FRQFHSWLRQ ,0 H[LVWH XQH P:
SURSULpWpV GHV UHPEODLV RXn-StR XYDFNDQUHHWGHYFEDED® GW
FHOOXOHV GH SUHVVLRQ WRWDOH HW GHV SLp]RPgQWUHV VR
FRQWUDLQWHY WRWDOHYV HW GHV SUHVVLRQV LQWHUVWLWLEHE
%HOHP HW *UDELQVN\ 7dKRPSVRQ HWODU H[HPSOH OD ILJ
PRQWUH GHV FDJHV JULOODJpHV pTXLSpHV GH VHQVHXUV G
7TKRPSVRIQ HW SRXU PHVXUHU OHV SUHVVLRQV GDQV XQ FKD
SODFpHVY GDQV OH FKDQWLHU YLGH DYDQW VRQ UHPEOD\DJH
PHVXUHU OHV SUHVVLRQV j O LQWpULHXU GX UHPEODL HW
GIDFTXLVLWLRQ

4
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J)LIXUH &DJH JULOODJpH pTXLSpH GH VHQVHXUV D FDJH L
HQ DFLHU E WLUpH GH 7KRPSVRQ HW

/JHV SUHVVLRQV GDQV OH UHPEODL SHXYHQW rWUH GpWHUF
H[HPSOH 5REHUWVRQWWWLOLVp XQ SpQpWURPgWUH G\QDPL"
FRQWUDLQWHY GDQV XQ UHPEODL K\GUDXOLTXH XWLOLVp G
VFKpPD GX SpQpWURPgWUH HVWOPRI@WIUW GHRY DHSRUKUE IRL



DFLHU SURSXOVp j WUDYHUV OH UHPEODL SDU XQ YpULQ K\C
WLJH SHUPHW G DIILFKHU VXU XQH MDXJH GH SUHVVLRQ K\C
UHPEODL UpVLVWDQFH GH SRLQWH J/RUVTXH OH UHPEODL
SpPQPWUDWLRQ HVW UHOLpPH G L UFHFEAHHRMIORD jHBD IF RHQ WRIDQ I V
SREHUWVRQ HW &DROMQSIORIRVp XQH UHODWLRQ UHOLDQW F
IURWWHPHQW LQWHUQH &HWWH UHODWLRQ HVW SUpVHQWQpF
FRQQDLVVDQW O DQJOH GH IURWWHPHQW LQWHUQH GX UHP
FRQW U DV IQWIH YV /D WILMMB@BHR EBWH MHNEDEUPHVSpQpWURP W UH
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JLIXUH 6FKpPD GTXQ SpQpWURPgQWUH HQ F{QH G\QDPLTXH XW
GDQV XQ UHPEODL K\GUDXO&TXH G DSUqV 5REHUW
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JLIXUH &RQWUDLQWH H Il HHRQWV LR/GIF W Ry EAW@MMH GH SRLQWH
GLIIpUHQWY DQJOHV GH |IUSRREWHRNGW HQWHUQH WLU



- QRWHU pJDOHPHQW TXH OHV SURSULpWpV GHV UHPEODLV S
ODERUDWRLUH SHXYHQW rWUH GLIIpUHQWHYV GH FHOOHV G
FRQGLWLRQV GLIIpUHQWHY GH FXUH 3LHUFH

2.1.3 Quelqgues criteres de ruptures utilisés pour les remblais miniers cimentés

8Q FULWqUH GH UXSWXUH RX GH SODVWLFLWp HVW XQH IRUP
WHUPHYV GH FRQWUDLQWHY RX GH GplIRUPDWLRQV OHV pWDMW
AQYHUVHYV VROOLFLWDWLRQV PpFDQLTXHYV

'DQV OD VFLHQFH GH PDWpULDX[ HW GH JpRPDWpPULDX[ LO HJ
OH FULWQUH OH SOXV FRQQX HW DXVVL OH SOXV XWLOLVp
UDLVRQ GH VD VLPSOLFLWp (Q PpFDQLTXH GHV URFKHV OH F
%URZQ 'DQV FH TXL VXLW RQ SUPVHQWH FHV GHX[ FULV
JPRWHFKQLTXH 8Q FULWQUH PXOWLD[LDO GpYHORSSp SDU
ORQWUpPDO VHUD DXVVL SUpVHQWpP TXL SHXW DXVVL rWUH
JpRPDWpPULDX[ FRPPH OHV URFKHV OHV EpWRQV HW OHV UHP

2.1.3.1 Critére de rupture de Mohr-Coulomb

/H FULWQUH GH ORKU &RXORPE GpFULW OH FRPSRUWHPHQW
FULWQUH OD FRQWUDLQWHT EHXBLRDWQ O HP X G\W XPD NLRBIOH H VW
FRQW UDLQWHR DRI F/XQW

IL?2E@&—feb

2«c HWRQW UHVSHFWLYHPHQW OD FRKpVLRQ HW O DQJOH GH

6XU OH SODQ GH ORKU OH FULWQqUH HVW UHSUpVHHW FRPF
O LQWHUVHFWLRQ DYHF O D[H YHUWLFDO GHV FRQWIXHWHV

TRXW pWDW GH FRQWUDLQWHYV HQ GHVVRXV GH FHWWH
SDUDPgWUHV GH ORKU &RXORPE SHXYHQW rWUH REWHQXV SD
GHV HVVDLY GH FRPSUHVVLRQ WULD[LDOH



JLIXUH ,OOXVWUDWLRQ GH O HQYHORSSH GH UXSWXUH GX

'DQV OH SODQ GHV FRQWUDLQWHY SULQFLSDOHV OH FULWq
H[SULPp FRPPH VXLW

&Lt ? —fwES; E §P=21vWES

2¢ HYUHSUpVHQWHQW UHVSHFWLYHPHQW OD FRQWUDLQWH S
PLQHXUH

2.1.3.2 Critére de rupture de Hoek et Brown

/IH FULWgqgUH GH +RHN HW %URZQ OLQBVWHX®OW HPSUMHVVXKRQ
pWDEOLW SRXU FDUDFWpULVHU O pWDW GH UXSWXUH GHV UI
UpVLVWDQFHY GHV PDVVLIV URFKHX[ SDU OD VXLWH +RHN

UpFHPPHQW SRXU GpFULUH OHV UpVLVWHHUENUGHWOUSIRPEWD L'
rWUH H[SULFKXLIPRPPH

0
&L &E&@c-EQ
|

2¢¢ HWUHSUpPVHQWHQW OHV FRQWUDLQWs W\SW LI LLED/Q N W P
FRPSUHVVLRQ VLPSOH G X HPiVépHIVYR QWR BKIN FRWBRWQWHV



4XDQG FH FULWQUH HVW XWLOLVp SRXU GHV W UWRSDHEWN GDQV
VHURQW HQ ORQIFFWLIRXQU GAN SHUWDUEDWIVRQ GEGQBHURBFKED
JPRORGBT XMW RORJLFDO VWUHQJWK LQGH[ HWMGRKR®OP$DVRPWYW
%HOHP
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3RXU XQ UHPEODL HQ SkWH FLPHQWpPp %HOHP D VXJJipl
OIRGLFH GH OD UpVGSIWRQHHY DORHXRIIGHKH SRXU OB I®@MWHXU
YDOHXU GaHW SRXUYDOKHXU GH SRXU

,O HVW j QRWHU TXH OH FULWqQUH GH +RHN %URZQ HVW
HQ FRPSWH OD FRQWUDLQWH SULQFLSDOH LQWHUPpPGLDLUH

2.1.3.3 Critére de rupture MSDP,

- OfeFROH 3RO\WWHFKQLTXH GH ORQWUpDO XQ FULWQUH PXO
FROODERUDWHXUV SRXU GpFULUH OHV GLIIpPUHQWY pWD
GIHQGRPPDJIJHPHQW HWF /HxF B X&HUW LKV WWD 6 SHRO@ 063

Hav $XEHUWLQ HWL /L /IHY. HWHWYV GX WHPSV HW GH
SULV HQ FRQVLGpUDWLRQ @DQV OBH BUWWUH H $XHEXW WWQ HH \M
VXLW

Yag L (4(
2 UHSUpVHQWH OH GHX[LgPH LQYDULDQW GXFWHDRNVNWKULGHYV

VXUIDFH GH UXSWXUHOEBRPWDRW OBIQSUFHPLHU LQYDULDQW G X
FEFDUDFWpULVH OD XQVD® Hp GRM3IBOEVDQIMH rWUH H[SULPpV FRP
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2«/HVW O DQJOH GH I[IURWWHPHQW GX PDWpULDX
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28 HVW OD UpVLVWDQFH HQ FRP%}HVWLRQ Y IDWIS OV DED#AHR B QY p |

HVW O RSpUDWHXU GH ODF&BEXNONYH[SULPp FRPPH VXLW

3RXU FH TXL HVW G&b QU HEYPNHQMWRHO XBHSDUDPQWUH GH IRUPH
HWHVW O DQJOH fG&H"/RGHGpPILQL FRPPH VXLW

2. 3 UHSUPpOH QWUHRLVLgEP X WEQNUIXDNQEHPY ER YW U DLTXNWH V



2.2 Certaines méthodes de minage faisant usage du remblai minier

2.2.1 Coupe et remblai (cut-andill)

/D PPWKRGH GHRKXISGIDHMW @HPEODL 2 LPSOLTXH OYXVDJH GX Ul
FKDQWLHUV DSUQV O H{IWUDFWLRQ GX PLQHUDL / H[SUHVVLR
GIH[FDYDWLRQ FRXSH HVW FRPSOpWp HW VXLYL SDU XQ L
SDVVDJH GYH[FDYDWLRQ 'DQV FH W\SH GH PpWKRGH GH PLQ
JpQpUDO HW RX FRPPH VXSSRUW ORFDO /HV VXSSRUWYV JpC
PSRQWHY OH PDLQWLHQ GH OfDFFqV DX[ FKDQWLHUV WDQG!
XQ HVSDFH RX XQH SODWHIRUPH FAH MXUDY DYDOP Y pVW KRG MW B RY S |
HVW SULVH HQ FRPSWH ORUVTXH OD URFKH HW OH JDVHPHQV
GHV LQFOLQDLVRQVSDXSPDISIBRWAHW jjOTKRULIRQWDOH &HWWH
YDULDQWHY WHOOHV TXH OD PpWKRGH FRXSHOIW B WK®RIH
FRXSH HW UHPEODL GH YV FH®A DHHW ODQRHNK RGW BQRBED +DUWF

2.2.1.1 Coupe et remblaiascendant(overhand cut-and-fill)

/D PPWKRGH FRXSH HW UHPEODL DVFHQGDQW HVW DSSOLFDE
D\DQW XQH pWHQGXH FRQVLGpPUDEOH GDQV OD GLUHFWLRQ Y
SDU WUDQFKHV KRULJRQWDOHYV GH IDoRQ DVFHQGDQWH HW ¢
FLPHQWp / DEDWWDJH GX PLQHUDL SHXW VH IDLUH DX WRLW
RX SDU JDOHULH HW UHPEODL GULIW DQG ILOO VWRSLQJ
PPWKRGH FRXSH HW UHPEODL DVFHQGDQW DYHF DEDWWDJH j
IRUDJH VRQW SHUFpV j OD SRLWULQH SRXU SHUPHWWUH O |
KRULJRQWDOHV VXFFHVVLYHV 3RXU UpFXSpUHU OH PLQHUDI
UDFORLUV VOXVKHU SHXYHQW rWUH XWLOLVpV
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JLIXUH ,O00XVWUDWLRQ GH OD PpWKRGH FRXSH HW UHPEODI
WLUpH GH +DUWPDQ

2.2.1.2 Coupe et remblaidescendantunderhand cut-and-fill)

/IDPpWKRGH © FRXSH HW UHPEODL GHVFHQGDQW 2 HVW XWLC
PDXYDLVH +TXDORIM@: LOOLD®PYV HWEHWWH PpWKRGH UHVWH GLV
SHXW \ DYRLU GH OD /®LODXORIOR G HG SURIFQISWDLUHSRVH VXU O [
WUDQFKHV KRBDIUWQWDBOXHY QLYHDX VXSpUL KXW GHV UGH ED®R D]
FKDTXH FRXSHP ESODLGRE RW@WpP pWKRGH UHTXLHUWGDD @BHVH F

SRXU PDLQWHQLU OD VWDELOLWpP ORUV GMXOH [PV D WHREOC
ILIXUH
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J)LIXUH ,00XVWUDWLRQ G XQ SLOLHU GDOOH VLOO PDW VXS
GHVVRXV GXTXHO HVW VL WPFD Y\@S i COLLHLUF PQ QpKARO L V p

/H IDLW GH WUDYDLOOHU VRXV XQ SLOLHU GDOOH SHUPHW G
QIDFFURLWUH OD VpFXULWp SRXU OHV WUDYDLOOHXUV °XYU
FRQoX /H GpYHORSSHPHQW GH OD WHFKQRORJLH GHV UHPE
SLOLHUV GDOOHV HQ UHPEODL FLPHQWpP SOXW{W TX DYHF ¢
ODUFLQ\VK\Q 3RXU FH TXL HVW GH OD FRQVWUXEWLRQ
UHPEODL FLPHQWpP OH SURFHVVXV HVW DVVH] VLPLODLUH |j
FLPHQWpP GDQV OH FKDQWLHU $SUqV TXH OH FKDQWLHU PLQ]
HQ SODFH DX IRQG GX FKDQWLHU /H UHPEODL FLPHQWp HVW
PpODQJH DSSURSULpPp GHV LQJUpGLHQWYV UpVLGXV HDX OL
WUDQVSRUWpP YHUV OH FKDQWLHU HW FRXOp GDQV OH IRQG
FLPHQWp GXUFLW HW DWWHLQW VD UpVLVWDQFH PpFDQLTX!
SLOLHUV GDOOHV HQ UHPEODL FLPHQWpP SHXYHQW DXVVL rV
FKEOHV G DFLHU GHV ERXORQV HW GHV JpRWH[WLOHV DILQ

'DQV OHV FDV Re GHV UHQIRUFHPHQWY FRPPH GHV DUPD
LOV GHYUDLHQW JpQpuOeDERHIHVEDWUE XL OKV@WLHU H[FDYp D)
GX UHPEODL FLPHQWY SEDI®FWHOQURUFpPV



/JH VHXO PRGQOH DQDO\WLTXH GLVSRQLEOH SRXU OD FRQFH:
QRQHQIRUFp HVW FHOXL GH OLWFKHOO TXL VHUD SUpV
8QH pWXGH GH UHQIRUFHPHQW GH SLOLHIV G DED@MHN OD pPAL® K
'DYLG %HOO /H UHPEODL XWLOLVp HVW XQ UHPEODL HQ SD
SURGXLUH XQH UpVLVWDQFH HQ FRPSUHVVLRQ XQLD[LDOH Gl
PWXGH FRQVLVWDLHQW HQ GHV JpRWH[WLOHV GHV ERXORQ
PRQWUp XQH DPpOLRUDWLRQ FRQVLGPUDEOH GH ODHMVLVWI
DXFXQH UX WY UFHR/QUWISWEB EVORIWW p V

/ID ILIXUBPRQWUH XQ GHVLJQ GH SLOLHU GDOOH UHQIRUFp SD
] OD WUDFWLRQ GHV WXEHV GH GUDLQDJH XQ IHUUDLOODJH
&RORPELH %ULWDQQLTXH ODUFLQ\VK\Q

[7] cemented backfill
backfil

O big O pipe
B weld wire mesh

JLIXUH ,O0XVWUDWLRQ GH VFKpPD GI&I$10OIUHU G\VRAOH UHQI

&HWWH PpWKRGH FRQVLVWH G DERUG j PHWWUH HQ SODFH
WUDYHUVDQW OD ODUJHXU GX FKDQWLHU HW DQFUpV DX[ PX
FKDQWLHU 3DU OD VXLWH XQ IHUUDLOODJH HVW WHQW W@XO\W p
SDU XQ FKEOH PHVVDJHU /H SLOLHU GDOOH HVW IDEULTXp D
OH SLOLHU GDOOH GXUFLW HW DWWHLQW OD UpVLVWDQFH Pp



DXGHVVXV GH FH GHUQLHU SRXU IDFLOLWHU SDU OD VXLWH O
XQH SUHVVLRQ G HDX H[FHVVLYH VXU OH SLOLHU GDOOH $E¢
DINLUPH TXH FH GHVLJQ GH UHQIRUFHPHQW HVW HIILFDFH SR
G DFLHUV HVW RSWLPDOH SRXU DXJPHQWHU OH VXSSRUW H
ODUFLQ\VK\Q D G DLOOHXUV GpYHORSSp XQH IRUPXOH
O HVSDFHPHQW GHV FKEOHV G DFLHU TXL WLHQW FRPSWH GF
FKEOH ODUFLQ\VK\Q D DXVVL GpYHORSSp XQH IRUPXOH
G DUFKH GH 7THBRXIKpYDOXHU OD FRQWUDLQWH YHUWLFDOH \

2.2.1.3 Méthode Avoca

JRUVTXH OD URFKH HW OH JLVHPHQW VRQW GH ERQQH TXDOL
H[WUDLUH OH PLQHUDL 'DQV FHWWH PpWKRGH GHX[ ERXS!
JLVHPHQW (QVXLWH OH PLQHUDL VLWXp HQWUH FHV GHX[ FF
UBPXSpUp GHSXLV OD FRXSH LQARQUWHMUH/IVFIKFRDHG XQ FKD
H[SORLWp SDU OD PpWKRGH $YRFD &HWWH PpWKRGH SURFXL
DX[ PPWKRGHYV FRXSH HW UHPEODL DVFHQGDQW HW GHVFHQG
WHOOH O XWLOLVDWLRQ GH FKDUJHXVH QDYHWWH / LQFRQY
LPSRUWDQWH GX PLQHUDL
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Remblai

Bois de gamissage

JLIXUH &KDQWLHU W\SLTXH H[SORLWp SMHU+ODWPRW®RGH $Y

2.2.2 Chambres ouvertes

&HWWH FODVVH GH PpWKRGHVY GH PLQDJH HVW DXVVL DSSHO
RXYHUWHY VH IDLW ORUVTXH OHV RRGEKUHIH V RQ/WS B8 KAV VL VDAL
JLVHPHQWY GH WRXWHYVY LQFOLQDLVRQV

/I fMXWLOLVDWLRQ GX UHPEODL GDQV FHWWH FDWpJRULH GH F
MRX&YHVW QRWDPPHQW OH FDV GDQV OHV PpWKRGHV 9&5
3LOLHUV SREPMDMOYG VRXV QLYHDX[ DEDWWXV VXEOHYHO
PDJDVLQV VKULQNDJH VWRSLQJ /H UHPEODL PLQLHU GDQ
SLOLHUV PLQpUDOLVpPpYVY ODLVVpV VXU SODFH GDQV OH FKDQW
UpSEEUDWLRQ GX PLQHUDL GDQV OD PLQH /H UHPEODL SHXW
URFKHXVHYV QMW BHORTXEFAWHPHQWYV

3RXU pYLWHU GH ODLVVHU GHV SLOLHUV GH PLQHUDL OH\
FKDQWLHUV SULPDLUHV HW VHFRQGDLUHYV /HV FKDQWLHUYV



FLPHQWp HW SHXYHQW SDU OD VXLWH VHUYLU GH SLOLHU
VHFRQGDLUHMDGMDFHQWYV

Face exposée

/
Remblai g
= Chantier primaire
remblayé

Chantier secondaire
(vide)

JLIXUH ,OOXVWUDWLRQ G XQ FKDQWLHU SULPDLUH UHPEOD\
DGD&SWpPHHOHP HW %HQ]DD]RXD

/IH UHPEODL GX FKDQWLHU SULPDLUH GHYUDLW rWUH DVVH] I
GIXQ FKDQWLHU VHFRQGDLUH DGMDFHQW /D UpVLVWDQFH 8
03D SRXU UHPSOLU XQH IRQFWLRQ GH VXSSRUW ODWpuUDO '
DQDO\WLTXHV SRXYDQW rWUH XWLOLVpV SRXU OD HRBR@WHSWL
SUpVHQWpPV GDQV FH TXL VXLW

2.3 Solutions analytiques pour le design des remblais miniers cimentés

/IHV VROXWLRQV DQDO\WWLTXHV VRQW GHV RXWLOV WUqgV XWL
SOXV DFFHVVLEOHVY HW SHUPHWWHQW j O LQJpQLHXU GH UpD
VXLWH VHURQW SUpVHQWpPV GHV PRGqOHYVY DQDO\WLTXHV Gp
UHTXLVH GHV UHPEODLV FLPHQWpPV H[SRVpV ODWpUDOHPHQ'



IDEULFDWLRQ GHV SLOLHUV GDOOHV 'HV VROXWLRQV DQDO
FKDQWLHUVY UHPEOD\pVY VHURQW DXVVL SUpVHQWPpPHYV

2.3.1 Modeles pour le designG 1 X Q U HimEnRE@Xposé latéralement

'‘DQV FHWWH SDUWLH RQ SUpVHQWH GHV VROXWLRHQWDQDO\
UpVLVWDQFH PLQLPDOH UHTXLVH GX UHPEODL H[SRVp ODWp
FKDQWLHU VHFRQGDLUH

2.3.1.1 Solution analytique de Mitchell elal. (1982)

OLWFKHRIOO HWRQW SURSRVp XQH VROXWLRQ DQDO\WLTXH E
PRGGOH GH EORF FRQILQp $YIQWpUHYWDQBHHFLQLPDOH G
FRPPXQpPHQW HVWLPpH HQ FRPSDUDQW OD UpVLVWDQFH HQ
YHUWLFDOH PD[LPDOH FDOFXOpH SDU OD VR@MOMXVR\U B X0 BRAR
GX EORF FRYIBQN SURERHOO HW

J)LIXUH ,OOXVWUDWLRQ GX PRGqOH @X EORF FRQILQp GI



/JHV SDUDPRWAWHB OXVWUpPV VXUWBBUPVIKQWHQW UHVSHFWLYHF
ODUJHXU HW OD ORQJXHXU.GX WHPEOPW IDHYSDO B PGMW UBIR W W
LQWHUQH GM S HFREMWIOH HQWUH OH SODQ GH JOLVYHPHQW (
HVW OD FRKpPVLRQ j OTLQWHU ID FHD WMDBDIIH SAUH \RHHEPIEXDNDEL X H W
PTXLYDOHQWH GX EORF H[SULPpH SDU OfpTXDWLRQ VXLYDQW

»r |

*UL*F =
6

/IH IDFWHXU GH VpFXULWp )6 SRXU OH GHVLJQ GX UHPEODL
OLWFKIHOO HW

r_1/ E 60 A
| AU A26G; qgb

2« HVVWBRIHGYV YROXRIHXKHWDOD FRKpVLRQ GX UHPEODL

(Q VXSSRMWDIORW /TXHXW c OLWFKHOO HRQWRSRVp OTpTXDWLRQ
DILOYDNAOXIHUpVEEBDDPOHME B IUHPEGPBLXQ IDFWHXU GH VpFXULW|

i

(6]
Yo

Lt..

(Q LQWURGXLVDQW OHV PrPHV K\SRWKJVBIV GHWILLWERE® O HW
OHXU pTXDWIRQHXW H[SULPHU OH )6 GIXQH FRQFHBMPIHRQ GH
VXLW

60 A

(5L A: A260

/IH PRGgOH GH BLWFKHMYWWpQpPUDOHPHQW FRQVLGpUp FRC(
OTDSSOLFDWLRQ GH OHXU VROXWLRQ SHXW HQWUDLQHU XQH
VXLYDQWHYV

f 6XUFKDUJH j OD VXUIDFH VXSpULHXUH GX UHPEODL
[ $GKpVLRQ DX ORQJ GHV LQWHUIDFHV UHPEODL PXUV UR
UHPEODL



ODOJUp FHV OLPLWDWLRQVal. OH PRIG QW 6 RPPVQHLHHQOV HOW F H S
GDQV OLQGXVWULH PLQLgUH /fDSSOLFDWLRQ GH OHXU VRO
FRQVRPPDWLR®DGXUBPISISHRUW/ | O D GBlJ b WG T B§ XCMHLVO WWHHIW H V

2.3.1.2 Solution analytique (MM) de Li et Aubertin (2012)

8QH PRGLILFDWLRQ GH ODal.VROXWLRW pGIHD DWW FXOHWD OL HHW $XE
FRQVLGpUDQW XQH VXUFKDUJH VXU OD VXUIDFH GX UHPEODL
GX UHPEODL &HWWH VROXWLRQ PRGLILpH 00 SHXW rwWul
UHFWDQ&BHOOGL UBPVWBIQDMHANW XDQW BBXWYXDRRXNWHWY pWURLWYV H\

3RXU OHV FKDQWLHUV KDXW$ RHYW QVOWR LDV HX$B GH W pFXUL
H[SULPp VHORQ OWHIT XDWLRQ VXLYDQ

60
2 >A0 264 A2qgb

r 1/
(5L—=E

2« / UHSUpVHQWH OfDQJOH GH IURWWHRHQ@WJIGX BIRMELDD IO H
JOLVVHPHQW GX EORF KEWDOFRE)DQRRBRGX)RERMPULIRQ j ONLQ\
HQWUH OH UH PEDWhOBISEHGRAXYR O X P L O G/ WHPEWIML|] OD V
GX UHRE®DIODUJHXU GXODHRERW H XUV p T X LTYKD OH\DW HH [G X LP@ R F
OTpTXDWLRQ

/ID FRKpVLRQ UHTXLVH GX UHPEODL SHXW rWUH H[SULPpH FRP

18 > AU 6
>¢02r 11 r_1 ;qgb 7->%AUA

? L

2rs ¢« HVW OH FRHIILFLHQW GIDGKpUHQFH HQWUH OHV PXU
YDWHQAHWUH HW

/ID UpVLVWDOQFH: X&6HBHDDOMM WUH H[SULPpH FRPPH VXLW
Lt?-fe<vwE/ t;

4XDQG OH FKDQWLHU HVW *O® 03 HVWO K5 HIVEWH X®5G H. Hp FX ULV
GHVLJQ GH UHPEODL SHXW rWUH H[SULPp FRPPH VXLW
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/ID FRKpVLRQ UHTXLVH GX UHPEODL SHXW rWUH H[SULPpH FRP

a>A®6
63¢12r _1/ r_1 ;qgb 7 >&A A

? L

2.3.1.3 Solution analytique (GM) de Li (2014a)

/L D D GpYHORSSp XQH VROXWLRQ DQDO\WLTXH JpQpUDO
QRXYHOOH VROXWLRQ FRQVLGqQUH TXH OHV UpVLVWDQFHV |
ODWpUDP KR SWXYH GLDRWHRMVIRRGgOH OD FRQWUDLQWH QRUP
DUULqQUH GX EORIFVIROWWIpRQLIPHGH /L D SHXW rWUH DSS
W\SH +$5 HW /$5

S3RXU OHV FKDQWLHUV KDXWWR-HW LbOH RDRLFPWH X$5GHLVHFXULWDp
H[SULPp FRPPH VXLW

Y 6 A AS AU 79
(5L E—5 (%Fl\éthl}ijA

2+ / UHSUpVHQWH OTDQJOH GH.IURWWHPHQ®JGK WAWEB®DOH
JOLVVHPHQW GX EORF cHO\D GFHR ISIDVIL@R GLRAUR. 1GHRBBIGI U HGB DU H P E O
KDXWHXU pTXLYDPOXRWHRG@X &ORAQWUHOARMIILFLHQW GTDGK|
HQWUH OHV PXUV ODWpOQD X{RKWY DRIQUH P & CRNWW® D \WDpFckD XJ[H P E O
cac HQWUBM ORFRHIILFLHQW GIDGKpUHQFH HQW WHHWEDP XU D
FRKpVLRQ j OTL QRWHU COURM. (#BPHED BSD UB PPV FRPPH VXLW
*AL*F$P=JU

UL g OF = @t F LA BTIRE D m aTLRES L  acE

» —



$YHF OD KDXWH X UB GXD UHPEIHXU X WBHRABWDY. RO X P IpJ YOHD G X UH
VXUFKDUJH j OD VXUON B J3OH UGH EWRW W H P H Q WO DAV EMKH UH Y F
OH FRHIILFLHQW GH SUHVVLRQ GHV WHUUHYV

/ID FRKpVLRQ UHTXLVH GX UHPEODL SHXW rWUH H[SULPpH FRP

5 6 Ad AU 75
? B -
? L EI_Zl¢',‘|".7l’_|/ r_l ;qg9b El\é» EtN&_AC

S3RXU OHV FKDQWLHUV ODUS KV fHW GH WD PW H X$)56G BLHBPW X WLUMp
H[SULPp FRPPH VXLW
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/ID FRKpVLRQ UHTXLVH GX UHPHEFDQ 19H XYW WRIH \H{ 5YD  pvH
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2.3.1.4 Solution analytique de Li (2014b)

'DQV OD VROXWLRQ RUBJLQDO HVEGH DLWRFIHMDIOREWGH /L HW $:
UHPEODL FLPHQWp HVW FRQVLGpUp FRPPH XQ PDWpWLDX KRF
SURSRVpP XQH QRXYHOOH VROXWLRQ TXL FRQVLGqUHB OH UFH
SUHPLqUH pWDSH FRQVLVWH j YHUVHU GDQV OD EDVH GX FKk
ERXFKRQ SOXJ /D GHX[LgPH pWDSH FRQVLDMBH VWP EOD \
ERXFKRQ DYHF JpQpUDOHPHQW XQ UHPEODL RIHP HEWHO®NDSA
HQ GHX[ pWDSHV HVW VRXYHQW XWLOLVp GDQV OD SUDWLTX
EDUULEDGHV



/D ILJXUHLOOXVWUH OH PRG®MH PRE JOH FRDVLGQqQUH OH FDV
JOLVVHPHQW VH VLWXH DU M LQ\EXOERKFKRQ OH SODQ GH JC
OD VXUIDFH VXSpUUHXUHHGX ERXFKRQ

(a) / 20 { (b) / 0 t

v v v v'B v vy v v B

i (L =

JLIXUH ,00XVWUDWLRQ GX PRGUDH®GBQGLGH JDLORWNHEW VF
VHLERXFKRAUMT XH E OH SOUD GHUMHY RPHPKUWDIDH I X ER X FK
WLUpH GH /L

'DQV OD ILIJXQWHH SDYPRPHBUPVHQWH OD FKDUJH H BDHWXUIDFH
UHSUPpVHQWHQW UHVSHFWLYHPHQW OD KDXWHMKNU HWD ODUJ
UHSUPpVHQWHQW UHVSHFWLYHPHQW OD KDXWHXU GBM; ERXFKFR
UHSUpVHQWH OD KDXWHXU FDUDFWpULV.DQWf OD BRWEWLRQ !
OYDQJOH GH IURWWHPHQW LQWHUQH GX UHPEODL HVW OfDQ
OH SODQ KHRWUHSIMIBBQWH OD FRK p\OUR 6 RGE KHD WEQUP D E H XHIGIW
HW OH® DPWWD X [

4XDQG OH SODQ GH JOLVVHPHQW VHQV* W K-Hf DX OVH LIDF & X XEWR X
VPFXULWp )6 SRXU XQ GHVLJQ GH UHPEODL SHXW rWUH H[SU

ro1/ 6 &0
- E_ Q
r| agqgb

(5L



2¢rp, cpce HVW OH UDWLR &QGWU H RXDF KHRE WL BIED GFIR KK RWKLHKH G
UHPEODL VXSpULHpPGH XMW SDOWHD MHd®WIHPp FRPPH VXLW

L LE@ F2YAr E @ F-22 AT

/IH SDUDPqQWYJHYDULDQW HQWUHOWWRWHIILEHBQPN BOWEFKpUHQFH

ODWpUDX[ HW OD FRXFKHGt} tHPYEDDDLD § WS plQMWHXH H HW HV

GIDGKpUHQFH HQWUH OHV PXUV HODAMGQUAD X HN WEND WS IRM FER/H IQR\
Y RO XP IGTRIXFKRQGHR XOBEKH GX UHPEODL VXSpULHXUH

/ID FRKpVLRQ UHTXLVH GX UHPEODL GH OD FRXFKH VXSpULHXL

“(SF—f# —f & +caU >'% >Ptd1 m

4XDQG OH SODQ GH JOLVVHPHQW WUDYHUYAR &F ¥XfWIDFH VX
OH IDFWHXU GH VpFXULWp )6 SRXU XQ GHVLJQ GH UHPEODL
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3RXU IDLUH OH GHVLJQ GX UHPEODL DYHF XQH JpRPpWULH
E SHXW rWUH XWLOLVpH HQ UHVSHFWDQW OHV pWDSHYV V.



Xx 3UHPLQUHPHQW RQ FDOFXQHUBDXERKpSRRQ PDQERBX6KH
VXSpPULHXUH HQ FRGWYIQA/p ODpIWDWLRQ 2Q SHXW UHIF
cFRPPH VXLW

l a> @fgo—"e
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X '"HX[LGQPHPHQW RQ FDOF X® Hi QMU H DOMR, FREAXSHVRURIOR Q H W
FRKpVIRQ OD FRXFKH GX UHPEOBHBJL VXGPQVHXpAXDQVEEAQ |
Hs H, GDQV O pTXDWLRQ fyp HVW H{EBXPHHGHRPPH VXLYDQ\

B . . 3
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X TURLVLQPHPHQW RQ FDOFXp K HIX IF\RK BSRORWQ GPHL GELRPXORKHR C
O pTXDWLRQ VXLYDQWH

% L Ns?

X "HUQLqQUHPHQW RQ SHXW pYDOXHU OD VWDELOLWp GX Ul
VpFXULWp PLQLPDO HQWUH FHOXL REWHIQX DMWFFB @XKLC
REWHQX DYHF O pTXDWL RHQ HQ XWLOLVDQW

2.3.2 Modeles pour le design des piliers-dalles en remblai cimenté

8Q SLOLHU GDOOH HQ UHPEODL FLPHQWpP SHXW rWUH XWLOLV
XQ UHFHQVHPHQW VXU VRQ XWLOLVDWLRQ DXSUQqV GH PLQ
SLOLHUV GDOOHV VRQW XWLOLVpPV GDQV SOXVHMPWWKR BWM KR C
GH FRXSH HW UHPEODL OD P pHR Gk VORROSIHWIERSD 00 ROD WRIOH
FRPPH FH TXL HMWJRBBWUp j OD



Occurrences
M oL I

VCR Longhole MC&F CCa&F UC&F
Mining Method

J)LIXUH OpWKRGHV GH PLQDJHV UHFHQVpHY D\DQW XWLOLVp

6XU OD ILJB&H GpVLJQH OD PpWKRGH FRXSH HW UHPEODL Pp|
ILOO && ) SRXU OD PpWKRGH FRXSH HW UHWED@® FR GEHQ W L
SRXU OD PpWKRGH FRXSH HW UHPEODL GHVFHQGDQW ODUF
UHPEODL PpEFDQLVpH 0& ) O DFFqV DX[ FKDQWLHUVHHVW HI
O XWLOLVDWLRQ GH PDFKLQHULH FRPPH GHV FKDUJHXVHV Q
FRQYHQWLRQQHOOH && ) O DFFqV DX[ FKDQWLHUV HVW ID
FKLIIUHV GH GLYHUVHVY YDULDQWHY GH ODMWHHUKRGH GRX SSH. (
GDOOHV VRQW XWLOLVRW OMKRGKW \FRXBHQOMWGIDHREODL & )
PRQWUp j OD ILIJXUH

12
10 1

Occurrences

o N B O @
n i L
T 1

Other C&F
Mining Method

JLIXUH 8WLOLVDWLRQ GHV SLOLHUV GDOOHV GDQV GHV F
ODUFLQ\VK\Q



/IRUVTXIYXQH H[FDYDWLRQ HVW UpDOLVpH HQ GHVVRXV GTXQ F
GH OD PpWKRGH FRXSH HW UHPEODL GHVFHQGDQW RX SRXU C
QLYHDRKR@WVWUXFWLRQ GH SLOLHUV GDOOHV HQ UHPEODL FL
UHPEODL VXMMIXMWDHHQW 6L OH SLOLHU GDOOH HVW ELHQ FRQO
XQ SLOLHU GDOOH HQ UHPEODL FLPHQWpPp VHUDLW SOXV Vp
PLQpUDOLVpH GH PDXYDdALVH TXDOWOANDPRYHHWWeYLGHPPHQW
OfHVWLPDWLRQ GH OD UpVLVWDQFH QpFHVVDLUH GX UHPEO
GDOOHV HVW XQ DVSHFW FUXFLDO SRXU XQH SURGXFWLRQ
MXVTXY] FH MRXU OHV VHXOHV VROXWLRQV GLVSRQLEOHV S
OLWFKHOO '‘DQV FH TXL VXLW OH PRGgOH GH OLWFKHO
TXHOTXHV WUDYDX[ GH PLVH j MRXU

2.3.2.1 Modele deMitchell (1991)

/D ILJXUWPRQWUH OH PRGgqOH GH OLWFKHOO LPSOLTXDQV
FRQWUDLQWHY 6XUHSNpVHQMWH OD @ DAIHOL \G\KH KKID@XV SH O L |
OOQJOH GILQFOLQDLVRQ GX FKDQWLAH SRUGYDGXRID®MLHOIE
UpVLVWDQFH j OD WUZTOFDWURWQLE W 3Q PHHIX GRODHOOHPHQW OH
SLOLHU GDOOH HW OH'ODEFRRWUDRGWHXQRYPDOH lGEDFRQIL
FRQWUDLQWH YHUWLFDOH H[HUFpH SDU OH UHPEODL VXV M
H[SULPpH FRPPH VXLW SDU OLWFKHOO

~ A
eéLGAr_I%

2« HVW OH SRLGV YROXPLTXH GX UHPEDPDQRJDX GHYVMMXRWGEGXH BL
GX UHPEODL DX GHVVKWHWBW SOHOERMIGAPO®WAWWH SUHVVLRQ G
DXGHVVXV GX SLOLHU GDOOH



Overlying
uncemented
Sill mat pillar backfill

i Shear f
Rotation ¥ » Ot T
e d
Caving \ G

- L -

Underlying
open stope

J)LIXUH 8Q SLOLHU GDOOH DYHF OHV FRQWUDLQWHY HW UpVL'
DGD&SWpPpH- WFKHOO

OLWFKHOO D FRQVLGpUp TXDJOUNVPRERAW GHOHIXBQY X W
HITRQGUHPHQW &HV PRGHV GH UXSWXUHNQWRQM RRP®E\GMUP X
SDU JOLVUKR®O®QWU GDOOH HVW FRQVLGpUp FRPPH XQ EORF |
LOQWHUIDFHVY HQWUH OH SLOLHU HW OHV pSRQWHYV 'DQV OH F
FRPPH XQH SRXWUH 3RXU OD UXSWXUH SDU URWDWLRQ OH
WRXUQH HQ URWDWLRQ SDU UDSSRUW j OfpSRQWHHIVWpULH
VXSSRVp TXTXQH SRUWLRQ GX UHPEODL VH GpWDFKH GX SLO
3RXU FKDTXH PRGH GH UXSWXUH XQH H[SUHVVLRQ D pWp GF
pWDW GYLQVWDELOLWpP GX SLOLHU GDOOH



Mode de rupture par glissement Mode de rupture par flexion

Mode de rupture par rotation Mode de rupture par effondrement

JLIXUH ,O0XVWUDWLRQ GX PRGH GH PRGHVGHH3DNI2D QU N VH @/t

X Mécanisme de rupture par glissement

/IRUVTX XQ SLOLHU GDOOH HVW pSDLV HW pWURLW OLWFKHOUC
LQVWDEOH j FDXVH GYXQH UXSWXUH SDU JOLVVHPHQW RX SD

GRQQH OTH[SUHVVLRQ VXLYDQWH SRXU SUpGLUH OD SUE
SLOLHU GDOOH

& E@ UerAp

2L d HWWHSUpPVHQWH ® WQUH @ SOIGESD NN WO Q 5 ¢ L RLOITIVGRM
HVOND FRQW U D LKW H ¥ U QHCFEDGHBINOM S R RO X PG X X$HLEODL GIFwW
HVW OD UpVLVWD Q PH LEDWFLLM B E GEBHENBIDENH HpFS RIQHAXIV W V

/IH GpPYHORSSHPHQW GH OfpTXDWLRQ SRXU OD UXSWXUH SDU
(Q FRQVLGpPpUDQW OfpTXLOLEUH GX EORF SLOLHU GDO
ILIXUH RQ REWLHQW OfpTXDWLRQ VXLYDQWH



X

qgl
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2¢Ld HWUHSUpVHQWHQW UHVSHFWLYHPHQW OD ODBWDIMXKW O pS
HVW OD FRQWUDLQWH Y HUGLGOHVHNV HQH U S R H G\XOGDRGI VS ABIUH U
UpVLVWDQFH DX FLVDLOOHP HERDWD OB HYWSRMWBFH HQWUH OH S

/IH SRLGYV GX HOMHH[SGSODDOROHHFRPPH VXLW

SL U@.

2+ UHSUpVHQWH OH SRLGYVY YROXPLTXH GX SLOLHU GDOOH

SHPSOWO@MHQWIpTXDWLRQ SDEQREMWKIHDWVR @ TpTXDWLRQ V)
& .E U @ 1 @

2 X

& E @ U%A—@

&THVW OfH[SUHVVLRQ GH OLWFKHOO SRXU HVWLPHU O

UXSWXUH SDU JOLVVHPHQW HQ FRQVLGpUDQW XQ IDFWHXU G|

x Mécanisme de rupture par flexion

'‘DQV OH FDV GT1XQ FKDQWLHU ODUJH OLWFKHOO FRQVL
ORUVTXH OH SLOLHU GDOOH HQ UHPEODL FLPHQWpP HVW PLC
IDLEOH (Q XWLOLVDQW GHV IRUPXOHYVY VWDQGDUG GYfXQH SR
OLWFKHOO OH[SRIMMH.RQ VXLYDQWH SRXU SUpGLUH OD SURC
GIXQ SLOLHU GDOOH



2L HWUHSUpVHQWHQW UHVSHFWLY HPS IQOE BOON WWHDSILD pXBUQ W C
FRQWUDLQWHYRHW IOFCOKMMDIHGEUpVHQWH OD FRQWUDLQWH Gt
WUHSUpUBQYYN L VWDWEBFWLERDOOGXU SIBWIPNBIQWH OH SRLGV YEF
SLOGBOOH

X Mécanismede rupture par rotation

'‘DQV OH FDV GTXQ FKDQWLHU IRUW E@NAOWL GHWLW  OODNRIKOHH
FRQVLGqUH TXH OH SLOLHU GDOOH HVW VXVFHSWLEOH j OD
GIXQ GpWDFKHPHQW GX SLOLHU j OfpSRQWH VXSpULHXUH HW
UpVLVWDQFH DX FLVDLOOHPHQW OH ORQJ GH OfLQWWHH UHVYWH
IDLEOH YRLU ILJXUH OOM(BKNHOULRQ VBLPQWH SRXU SU
GIXQH UXSWXUH GIXQ SLOHU GDOOH HQ PRGH GH UXSWXUH &

a S X R

&« EQ@ lB6/&:/&?><amr;qg+ D
2X

A ~ R

S E@JPG:AX;::AX;?amr;qg+ E

2L d HWUHSUpVHQWHQW UHVSHFWLYHPHQW OD OBDIHXU O p¢
HW VRQW UHVSHFWLYHPBQWVOD FWLBLRQOBXQ FNO LD FRQWUDL
HIHUF@@HDXXV GO SHDBHMW OH SRLGVLORGXPQMXH GX S

-~ QRWHU TXH FHWWH H[SUHVVLRQ D pWp YpULILpH SDU &DFH!I
SDUWEBHBWBXU GH OfpPMDOHYRUDLW SDV OfrWUH

X Mécanisme de rupture par effondrement

&RPPH FH TXL HVW PHQWLRQQp HQ KDXW ORUVTXH OH SLOLI
FRQVLGpUp TXH OH SLOLHU GDOOH HVW VXVFHSWLEOH DXVV



TXH OTHIIRQGUHPHQW VIpWHQG j XIQ DOEWHRKAHOBLUF XO D LYWF
OH[SUHVXLRQQWH SRXU SUpGLUH XQH UXSWXUH SDU HIIRQGU

R
—~ P3

2L HWHSUpVHQWHQW UHVSHFWLYHPHQW OD ODUOBXU OF
WUDFWLRQDEXOSLOLHU

2.3.2.2 Quelques mises jour du modele de Mitchell (1991)

X Solution de Caceres (2005) pour le mode de rupturgqtation

- SDUWLU GHV GRQQpHVY GH OD PLQH OXVVHOZKLWH &DFHU
FLVDLOOHPHQW OH ORQJ GHV LQWHUIDFHY HQWUH OHV SLOLI
WHQDQW FRPSWH GH OD UpVLVWDQFH DX FLVDLOOHPHQW j O
GDOOH &DFHUHYV D GpYHORSSp XQH QRXYHOOH VROXWL
SLOLHU GDOOH HQ UHPEODL FURMDOWLRQ PRGH GH UXSWXUH

/ID ILIXUHLHOOXVWUH OH PRGgOH GH &DFHUHYV DYHF XQ Sl

DX FLVDLOOHPHQW OH ORQJ GH O LQWHUIDA8 ® GWHH LG HIRN

DOODQW GH ] HVW XWLOLVp SRXU GpFULUH OD TXDOLWp C
GDOOH
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JLIXUH S5XSWXURWSDMLRQ HQ FRQVLGpUDQW OD UpVLVWDQFH
VXSpULHXUH SLOLHU GDOOH GIYDSUqV &DFHURH®

(Q FRQVLGpPpUDQW OfpTXLOLEUH GH PRPHQW SDU UDSSRUW
OH[SUHVYXLRQQWH SRXU SUpGLUH XQH UXSWXUH SDU URWDWL

éé E @ Cf;&%>?iam;r;g/?~qgl~
2 LdHWUHSUpVHQWHQW UHVSHFWLYHPHQW OD OBODIHXH O pS
HW VRQW UHVSHFWLYHPAQWVODFWALBROEXQFHHNO LAHD FRQWUDLC
HIHUF3HBXXV GO OSOSNWUXQ FFHD OL FXHD@QWWp GH FRGWOOB6W HQ
HW O pSRQWHWAWVYS O 0. WYVHVWDQFH DX FLVDLOOHRID®BVVIBD X OR
O pSRQWH VXSpULHXUH

&DFHUHYV D PHQWLRQQpP TXH OYfpTXDWLRQ GH O0QMW NVMKHO®

ORUVTXH OD PrPH K\SRWKgqVH GHOOLWX®HOG WHN R VI
LPSOLTXp GDQV OD SDUWLH GpQRPLQDWHXU GH OfpTXDWLR
FRQVLGqQUH OfpTXLOLEUA HQXRRIBBQWM SXREWRBX SRLQW 2 |
OTpTXDWLRQ VXLYDQWH

ACeeEU ;@ LGqugT qglAEU |@g—IA-<-U
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5pDUUDQJHDQW ROWVEK pAROBW DRIH H TXMAHILRHY O /RRIYTXH
REWLHQW OfpTXDWLRQ VXLYDQWH

A bLp X 8

S E@ \ﬂ:/&?xam;rqgh

&HWWH GpPRQVWUDWLRQ PRQWUH TXH OH IDFWHXU GDQV C
GH OLWFKHOO QTHVW SDV MXVWLILp &fHVW SRXUTXRL
)6 VHORQ OYpTXDWLRQ GH OLWFKHOO D pWp FDOFXOp |
OD UXSWXUH HQ URWDWLRQ

2.3.2.3 Analyse de lacontrainte verticale exercéesur le pilier-dalle

‘DQV OH PRGgOH GH OLWFKHOO XQH pTXDWLRQ D pWp
H[HUFpHVY SDU OH UHPEODL SODFp DX GHVVXV GTXQ SLOLHU
VSpFLDO GH OD VROXWLRQ GH 7HU]DJKL ORUVTXH OfpSD
OLPLWDWLRQ GH O H[SUHVVLRQ GH OD FRQWUDLQWH YHUWLF
SDV FRPSWH GH O LQFOLQDLVRQ GX FKDQWLHU ,0 H[LVWH W
GpYHORSSpHV SRXU HVWLPHU OHV FRQWUDLQWHYV GDQV XC
SUpVHQWpHY GDQV FH TXL VXLW

4XDQG XQ UHPEODL HVW PLV GDQV XQ FKDQWLHU OH UHPEOI
OHV pSRQWHV URFKHXVHV RQW WHQGDQFH j OH UHWHQLU HQ
GHV SDURLV 8QH SDUWLH GHV FKDUJHV GDQV OH UHPEODL
WUDQVIpUpH VXU OHV pSRQWHV HW OHV FRQWUDLQWHYV GD(
FRQQX VRXV OH QRP GH ©QQYH.IDHW PGTDN FKgHFRXYHUW GDQV
-DQVVHQ HW HBY XIpWQHH BISYLT XPDUVWRQ 7HU]DJKL



JTHIITHW GYDUFKH SHXW VH SURGXLUH pJDOHPHQW GDQV GHYV
$XEHUWLQ HW.aHW /L HW $XEHUWYRQ@IHW7KRBSILIJXUH
LOOXVWUH OD GLVWULEXWLRQ GH FRQWUDLQWHY YHUWLTI
SDU GHV VLPXODWLRQV QXPplld "WRLW MXHWHV LVR FRQWRX!|
YHUWLFDOH SUHQQHQW ELHQ XQH IRUPH GYDUFKH

Step: 24398

YV -stress cordonrs
-4 00E+05
-3 60E+0S
-3.20E+05
-2 30E+05
-3 40E+05
-3 O0E+05
-1.60E+05
-1.20E+05
-2.00E+04
-4 D0E+04
0.00E+00

ortonr Ttervral= 4 00E+04

JLIXUH 'LVWULEXWQRQ BHMWHY YHUWLFDOHY DX QLYHDX GY
W LG HIHHW

'DQV OH FDV GTXQH WUDQFKpH PXQLFLSDOH HQ JpQLH FLYI
VXLYDQWH SRXU HVWLPHU OD FRQWUDLQWH YHUWLFDOH QR
FRQGXLWHYV HQIRXLH

& L Bs F 1@ =wac

6 A

2L UHSUpVHQWH OD ODUBNMWUOGHSERDL GNVUDRCEG K BIN WK K OXQ WGIR E
IURWWHPHQW j OTLQWHUIDFH BHHNRE O D L SRBRUHNQACHD YOI DF KRR 1D QAR KH
SUHVVLRQ GHV WHUUHYV



ITpTXDWLRQ D pWp DG SWpH SPYUSHEWUWHQ 6B FRQWU
QRUPDOH GDQV XQ FKDQWLHU HQ FRQ\OH PURIIWG f XGIT DY VI
SDURLV URFKHXVHV HVW pJDOH j OFRENOMHGKS R RW§WHP B QoW
SDU $XEHWIUWLQ HW UDLVRQ GHV VXUIDFHV UXJXHXVHV GHV p
FDXVpHV SDU OHV VDXWDJHV GH SURGXFWLRQ

4XDQG OH UHPEODL D XQH FRKpVLRQ XQH pTXDWLRQ SURSR
SRXU HVWLPHU OD FRQWKDIQQW.H Y RUKHW EPDOp FRIPPWH XX LW

A? A | %
60 r_ Q/AC

eéLGA 0/

S F 1&g

2« /HWWHSUPVHQWHQW UHVSHFWLYHPHQW OfDQJOH GH IURWW
SHXW FRQVWDWHU TXGHRQOPHXBWURIQWFKHOPDVSpFHD®W &H HX
V R O X WLHRWY| DEJHK L ORUVTXH OH UHPEODL D XQH pSDLVVHXU

3RXU OH FDV GYXQ FKDQWLHU LQFOLQp &DFHUHYV D SUI
FRQWUDLQWH YHUWLFDOH GDQV OH UHPEODL

“-L@—6-<-~UBSF@ AT %AC

2« UHSUpVHQWH OH SRLGW YRVOW ®BHI X IR H3 KL &JIHHPEW DA H VSW HV V L
OTDQJOH GH I[URWWHP MWW DHKDXWEXHYV XEeDBREDOIDHXU GX
PLOQLHUHMWQO®H GTLQFOLQDLVRQ GX FKDQWLHU - SDUWLU C

D SURSRVp OfpTXDWLRQ VXLYDQWH SRXU OH FRHIILFLHQ

-Lsav e<e~0 Fteced E s

8QH DXWUH pTXDWLRQ D pWp SUBSRVpHVS\DLWP HUQIDHMRQWUDL
XQ FKDQWLHU LQFOLQp FRPPH VXLW

6Rr|

ééLGAp Bs F 1&——— VAC

2¢K HVW XQ SDUDPgQWUH HQ IRQFWLRQ GX FRM I BRBLEOBRW G
GTLQFOLQDLVR QHGXUERPBRMV Y K UW
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3RXU OH FDV GTXQ FKDQWLHU WULGLPHQVLRQQHO GRQW Ol
JPRWHFKQLTXHV GallpUHQWEW SURBRVp OTpTXDWLRQ VXLYE

FRQWUDLQWH YHUWLFDOH
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2L HWUHSUpVHQWHQW UHVSHFWLYHPHQW OD ODUJHXU HW OC
HW FRUUHVSRQGHQW DX[ QXMpURXWBHY PXUV LOOXVWL

(4]

(1) (3)
(2)

JLIXUH ,O0XVWOQDRGEFRHEHIGPKDQWLHU PLQLHU UHPEOD\p DGD

/IHV SDUDPgQWUHMWV VRQW H[SULPpV FRPPH VXLW
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2« OHV SDUDRHWWHIBYpPVHQWHQW UHVSHEWLYHPHQW OD EFRKp
OfLQWHUIDFH HQWUiHi OH UHPEODH WWHOH PLXHQW IGHH®UHVVLFE
VRQW GpILQLY GDQV OH WDEOHDX

TDEOHDKILQLWLRQ GHKVHIWUDPqWUHYV

Etat du remblai Ki J

5HS RY VUQ f

$F WK, | VUQ  VI( / f
3DVKY | VILQ VLU fol

6L RQ FRQVLGqQUH TXH OHV TXDWUH PXUV NRQW IRW®EpV GX Pr
c cc OPpTXDWLRQ GHYLWQWH[SULPpH FRPPH

A A_ fe-RT- . A A _fe- - .
g LT85 SOA (220 0N 8, prg e 75, € B gio- {6 C

'‘H SOXV VL RQ FRQVLGqUH TXH OH UHPEODL HVW GDQV OH
K K K KKHW T r r rr O pTXDWLRQ HVW UpGXLWH FRPPFE

. RT7 - -7- : N
6 | A28 26/3;3:6 CO%T® s F+&Ft V i:?5E RS, —fey

6L OD ORQJXHXU GX FKDQWLHU GpSLVVE pUrDQ\E BHRGNQ Wp G X LOC
HQ FRPPH VXLW

VAC

~ A?26065>6 r_ | r_|l 6A r |
& L 6 A r_|I Bs F1& A

JLODOHRRQWX$SRVH GH SOWVTXKHOH UHPEODL @ XQH FRKp'
O pTXDWLRIQW UpGXLWH FRPPH VXLW

A 6 A r/l
r_/IBSFi@: x VAC

% LR



/L HW $XEHUWLQ D RQW GpYHORSSp XQH VROXWLRQ DQD
QRUPDOH HIIHFWLYH HQ PRGgOH ' WHQDQW FRPSWH GH
/TH[SUHVVLRQ HVW GRQQpH FRPPH VXLW

e, L
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2L UHSUPpVHQWH OD ODUJHXUDGXURKRQ®HKU USIPEWDUW GH OD
Hn OD KDXWHXU GX U©MPQD O HK GRHL GIBRON O/ PFGHQ WU RWWHPHQW
UHPEQDIH SRLGYV YROXPLTXH GO K BREGNLYROPFRAH XH GX UHPE
K OH FRHIILFLHQW GH SUPWVERBIIGAVHYWUSHNVNWRQ GHV W
UHPEODL VDWXUp

Masse rocheuse

Espace vide

¢, ym H,

AV
| .

Chantier
remblayé

asnNaydo0s asse

JLIXUH &KDQWLHU PLQLHU UHPEOD\p DYHF UHPE® DL SWUWL|
$XEHUWLQ D



(Q FRQVLGpPUDQW XQ PRGQOH ' HW HQ WHQDQW HQ FRPSWH C
RQW GpYHORSSp XQH VROXWLRQ DQDO\WLTXH SRXU HVWLP}
FRPPH VXLW FI ILJXUH
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/IHV SDUKRqQWKHWW: VRQW GplLQLY GDQV OH WDEOHDX
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Remblai humide

M Remblai saturé

JLIXUH &KDQWLHU PLQLHUUUHREDBPOD\$ DOIIMWAHIFHO@HPHQW VXEPH
OD VXUIDFH GX UGIPED BIW BEBDISWWHQ E

2.3.2.4 Graphes de stabilité des piliers-dalles

X Graphe de stabilité de Pakalnis et al. (2005)

3DNDO&DLY HWRQW FRPSLOp OHV GRQQpHV GH GRX]H PLQHV H
© FRXSH HW UHPRODN ROWFEQRGHMRESp XQ JUDSKH GH VWDE
PPWKRGH SURSRVpH SIHWWWRRHNKRGH FRQVLVWH j WUDFHU
IRQFWLRQ GH VD ODUJHXU SRXU GLIIpUHQWH YV &*t5 D UD\BHKX T X H
GLFWH XQH UpVLVWDQFH HQ FRPSUHVVLRQ XQLD[LDOH PLQLP
HW GIpSDLVVHRUSBRWQMHIWH XWLOLVp SRXU GpWHUPLQHU OTj
DWWHLQGUH ORUVTXH OD UpVLVWDQFHOMD B RFFKUD-HOMV ILIRD KR
GRQQpHV /{DSSOLFDWLRQ GX JUDSKLTXH SHUPHW DXVVL G
UpVLVWDQFH HQ FRPSUHVVLRQ XQLD[LDOH GX UHPEODL HW
JUDSKH GH VWDEL&LWp GBH BWNDIPYHORBSp HQ FRQVLGpPUDQV
)6 SRXU 8&6 ,0 HVW j QRWHU DXVVL TXH OH JUDSKH H



VIDSSOLTXH SRXU OHV FKDQWLHUV YHUWLFDX[ VHXOHPHQW
PDUTXp FRPPH ODUJHXU GH SRUWpPH PLQLPDOH PLQLPXP VSD
SXLVTXH OH SLOLHU GDOOH GHYLHQGUDLW PRLQV VWDEOH S
SRUWpH HVW SOXV JUDQGH
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J)LIXUH *UDSKH GH VWDELOLWpP GH SLOLHUV GDOOHV SDU XC
YHUWDEDWp GH 6 WRGHH3DNRIOQLYV HW

X Graphes de stabilité de Caceres (2005)

&DFHUHV D pWDEOLW GHV JUDSKHV GH VWDELOLWp j SDL
DILQ GH JXLGHU OHV RSpUDWHXUV GH OD PLQH OXVVHOZKL\
SLOLHUV GDOOHV HQ UHPEODL URFKHX[ FLPHQWp &HV JUDS
FKDQWLHUV YHUWLFDX[ ILJXUH HW GHV FKIDIXWHHUV LHW

f ILJXUH/HV JUDSKHV GH &DFHUHYV GLFWHQW XQH pSDL
XQSLOLHU GDOOH DYHF XQH FRKpVLRQ HW XQH ODUJHXU GRQ
YDULHQW HQWUH HW PgWUHV /HV FRKpVLRQV GX SLOLHU
3RXU FKDTXH LQFOLQDLVRQ GX FKDQWLHU &DFHUHYV D



UpVLVWDQFH DX FLVDLOOHPHQW j O pSRQWH VXSpULHXUH &

OD FRKpVLRQ G2C5IQRWH TOHOOMDQJOH GH IURWWHPHQW
OTpSRQWH VXSpULHXUH HW OH SLOLHU GDOOH HW OD UpVLVYV
PWp FRQWLGH WHWV JUDSKLTXHV © ) 2 VLIQLK A KIQH LU XIS WOQU
UXSWXUH SDU JBE¥ VHPRIQWH KWHOUXSWXUH SDU URWDWLRQ
GDQV WRXV VHV FR@SKDLOMHXQHIWLFDOH X Q LGRWBRRHDHICHN U p
i N3D 7RXWHMPWXGHY DQWpPULHXUHV RQW PRQWUp TXH F
GXH j O HIIHW G DUFKH /L HW $XEHUWLQ ,O HVW j C
VRQW GpYHORSSpPV SRXU XQ IDFWHXU GH VpEXULWp )6 8 Q
)6 SOXV pOHYp GHYUDLW rWUH XWLOLVp SRXU DXJPHQWHU OO



(@)

(b)

(€)

YLIXUH *UDSKHV GH VWDELOLW pF& B G5/ DHCB UGG B QBIDW B 10 Q \
FRQGLWLBOWLGWDODFH DX FLVDLOOHPEHQ R0 pBWQWH VXSpUl
FRQWUDLQWH YHWUWLFB®W IDESOGHXGBFHUHYV
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CHAPITRE3  MODELISATIONS NUMERIQUES DE LA STABILITE
DES PILIERS-DALLES EN REMBLAI CIMENTE

3.1 Mise en contexte

'DQV OH FKDSLWUH RQ D SUpVHQWp OHV PRGQqOHV GH OLWF
HQ UHPEODL FLPHQWp 6HMRQXBMXNBWLIRYJOLVVHPHQW VH
GHV FRQGLWLRQV VXLYDQWHY HVW DWWHLQWH KQEWSBEGDF
OD UpVLVWDQFH ¢ X 3 MUBBUWELRQO H

3RXU XQ SLOLHU GROHM HM GpRE YRS Hp Wi W, GR © R pAp U DD X
FRQWUDLQWH Y$ISWSIIRpO®H UHPEODL VXV MDFHQW HVW DVVI

3RXU XQ SLOLHU GOb& ®wWe IEHQ PR A pWMWXUQ H F R @ WDUSDE @UAT B pYHH LOA
UpVLVWDQFH DX FLVDLO OHPHIW 5D 0 DY IBHNYOMXY W

3RXU XQ SLOLHU GB OMHDG H FJ GRPH \WURB U L§ W\ \G QRN WHW L
XQH FRQWUDLQWBSBOUWXFDOBIDQJOH G JEQHDWQW URKQp G K
PD[LPXB

3RXU XQ FKDQWLHA DYHFQ RQGRIDIMRGH SURSULHPWWY GX PLC
GRQQpPY HW XQH FRQW DBSSQWHX YH WBDIUFDHHUHPEODL VXV \
OfpSDHVVHXYUODLO BXJISIXQLHU GDICEAHHVW WURS

3RXU XQ FKDQWLHY GRQQFELDDVPHFRXQQ SLOLHK GDWBAH GH
SURSULPWpPV GXHMRAD\EROIDW HW XQH FRRQWDI @K p¥H B /U |
UHPEODL VXV MDFHQW OH SLOLHU GDOOH HVW WUQgV SHX p

3RXU OD UXSWXUH SDU IOHRISRQ T XM pTXHDWHRQ® VH SURGXLW
OTLQFOLQDLVRA HOX GKD@MW UWYVLVWDQFH DX FLWD MDMHWP HQEW
OTXQH GHV FRQGLWLRQV VXLYDQWHY HVW UHQFRQWUpH

3RXU XQ SLOLHU GDD ORGCGCHWI {RP BVRISH L p WpYQIy X P Wp UL
FRQWUDLQWH YS$IIJAOLITEPO®IHSDU OH UHPEODL VXV MDFHQW HYV



3RXU XQ SLOLHU G DODORG GMW @R pAVROVHUIR LR S\SD IY FXUPML ED O |
UHPEODL VXV MDFHQW OR, GXVS \MUOIBHF G fiHY B V8 DB FMWLVRHY p O
3RXU XQ SLOLHU GO OCDOIHG G MW Jp@RHP pAVRQMHUIR LR S\SD Iy FXUPML BED O |
UHPEODL VXV MDFHQW OD FRQWUDLQH I THRUP BOM DXVYSDp
3RXU XQH FRQW UIp LEDSASHD Y FXUMALE DO HOH UHPEODL VXV MDFH
DX[ SDURLV GX i LHFOW HWHE DSUDRS U L pJADpMGG O P ISWPUHDXG D 0 O
IDLEOH UDWd RVXSDODWH KN U

(Q FH TXL FRQFHUQH OD UXSWXUH.BSOLURW OW HRFRH ODT ¥ HX 5 WH
OTXQH GHV FRQGLWLRQV VXLYDQWHYV HVW VDWLVIDLWH LQG
ORQJ GHV WHSHRQWBWHWD FROQWAUDLQWH QRUPDOH

B3RXU XQ SLOLHU GDIOIOHWG HWpEBRpSWRSHUL pWDRQKe X OCDW p U |
FRQWUDLQWH YSiJALLTEp®HSDU OH UHPEODL VXV MDFHQW HYV
3RXU XQ SLOLHU G DQO-H&GHIWI XRORHp WR QM UIR L B K FpHHU B/ B DA
UHPEODL VXV MDFHQW OD UpVLVWMHYMH WOBSWDDEWHRQ G X
3RXU XQ FKDQWLHA GOHQFRQWIDUWROMHH YR PRV ISPLOBH UHPE
MDFHQW GHV SURSIUD QWY pOHGHDRPDVRpHOQDWVUH Ofgp SDXMVMWHXU C
ODUJIHXWYW WUqV SHWLW

3RXU XQ FHUWDLQ UDWLR HQWUH OfpSRDLVENUFRQYWOD LG
YHUWIKFDHO\H GHV SURSUL pMDMs GEHP BMPUHWXGDOOH D XQH p¢
pOHYpH

3RXU XQ SLOLHU GRIQAOHX@H FRRPW WML WHHWY 8 H W LSFDROSHJ L p V
PDWpUDIMM OfLQFOLQDLVR®W X BRBQWDQGH

J)LQDOHPHQW OfIGTHKDWWRRHOO LPSOLTXH TXH OD UXSW.
VH SURGXLUH WDQW TXH OfXQH GHV FRQGLWLRQV VXLYDQ
FRQWUDLQWHKM VWHHWEF®OIDU OH UHPEODL VXV MDRHQW Of
OYLQFOLQDLVRRQ G& BEDOWABQFH DX FLVDL QOHW HODNFRRQ \WBD
QRUPIOH

3RXU XQH ODUJHXW GO SLOALRAW 6 D & HHVOWD WWUWIVFMDILE Q H
3RXU XQH UpVLVWD{Q FOHHj SO0 M\HUD EWOR® HVW WUqV ODUJH



&HV DQDO\WHV LQGLTXHQW TXH SRXU XQ SLOLHU GDOOH GH
GRQQpV SOXVLHXUV PRGHV GH UXSWXMWH H[RIE@WOW K /RRUQ D XHR
YHUWWUFDGBOLTXpH SDU OH UHPEODL VXV MDFHQW HVW WUqV
PRGH GH UXSWXUH SDU IOH[LRQ JOLVVHPHQW RX URWDWLRC
GH UXSWXUH SRVVLEOH HVW OD IOH[LRQ RX OfHIIRQGUHPHC(
SRXU OD SURGXFWLRQ GHV TXDWUH PRGHV GH UXSWXUH SRV
VRQW UpVXPpHVY GDQV OH WDEOHDX

7DEOHDXQDO\VH VI QWKpWLTXH GHV FRQGLWLRQV QpFHVVDLU
TXDWUH PRGHYV GH GHSMWEHFK FBROAWVHQWLHOV

ORGHV GH UXSW
o | -~ 5 o
&RQGLWLRQV x 2 o g
— [a) O
— >
T = o 4
o o - o
—~~ Lo N— X
/ID FRQWUDLQWH>3SBOWILFDHO BD UMO R HIGHVWP BHO/|2 XL (2 XL 2XL
/I DUpVLVWDQFH j OD GDWERHWLVR QV G R SS LODULEHQJ 2 XL (2 XL 2XL
/ID UpVLVWDQFH DX FLVDLO CH® HIQWNVDXDO RO 2XL
/TLQFOLQDLVRQ HB\WWF WIN@\W LpHOH Y p H 2XL 2XL
/H UDWLR HQWdU HV R PABDIHGENK XSWGEOOHWH HVW|2 XL [2XL 2XL
/1pSDLMVEX S ICOLHOH QIHVW SDV pOHYpH 2XL 2XL
/D FRQWUDL QY I RHRWWP SON DVVH] pOHYpH [2XL
/D ODWIHCGOU SGOOHWH HVW pOHYpH 2XL 2XL




&H WDEOHDX PRQWUH TXH SRXU XQ SUREOgPH GRQQp SOX
UpDOLVpPHV DILQ GH GpWHUPLQHU OH PRGH GH UXSWXUH OF
PLQLPXP

'DQV FH FKDSLWUH RQ YD GYDERUG YpULILHU OYDSSOLFDEL
PRGpOLVDWLRQV QXPpULTXHV (QVXLWH RQ YpULILHUD QX
GLVSRQLEOHV SRXU FKDTXH PRGH GH UXSWXUH

3.2 Choix des logiciels pour les simulations numériques

30XVLHXUV ORJLFLHOV GH JpRWHFKQLTXHV VRQW GLVSRQLE
DFFHVVLEOHV - OfeFROH 3RO\WHFKQLTXH GH ORQWUpPDO Gt

VRQW GLVSRQLEOHV HQ SULQFLSH PDLV PRLQV DFFHVVL
DXWUH ORJLFLHO GLVSRQLEOH HW DXVVL EHDXFRXS SOXV
*HR6WXGLR *HR 60RSH &THVW XQ ORJLFLHO FRPPHUFLD
ILQLV ,0 HVW WUQV XWLOLVp GDQV GHV DSSOLFDWLRQV HQ
SHQWHV GHV H[FDYDWLRQV HW GHV FRQVWUXFWLRQV GHV p
GH FRQVROLGDWLRQ HWF /D SURFpGXQH @ W DYSIHO IH&/IVW DR\Q
LQGLVSHQVDEOH DYDQW GH OfXWLOLVHU SRXU HIIHFWXHU
$QQH[H $ &HSHQGDQW OH ORJLFLHO 6,*0$ : QTHVW SDV UH
WUDLWHU GHV SUREOQPHV GH JUDQGHV GpIRUPDWLRQV FRP
SLOLHU GDOOH HVW HQ pWDW GH UXSWXUH 'f{DLOOHXUV OH
UXSWXUH JOLVVHPHQW IOH[LRQ URWDWLRQ HW HIIRQGUHP]
SUREOQPH GRQQp

/JH ORJLFLHO /LPLWG6WDWH *(2 /LPLWB6WDWH HVW XQ Ol
DQDO\WHU O pWDW GH UXSWXUH GHV RXYUDJHV HQ JpRWHFK
SHQWHYV OHWHWV XSUGEROWEHNW *L OEHIHW &ODWNH H\&H
ORJLAVADVp X¥QH WHFKQRORJLH QXPpULTXH G DQB®RWW GH
'LVFRQWLQXLW)\ /D\R&ML\¥EWHLW L] DOHGREMAW HWD ILIXUH
LOOXVWUH OD SURFHIGXUMH SOMPROULLUMKHWDSH HVW XOM LQLW
ILIJXUH D /D GHX[LGPH pWDSH FRQVLVWH j HITHFWXHU X
E'DQV OD WURLOHYPO°KW®DSHRQW LQWHUFRQQHFWpPV KRUL]



GLDJRQDOHAHQWLISOHY SRWHQW L B\VO@O-E\@ @I YXGLY FB O W LaDX L W ¢
TXDWULQPHQHWO®BRFpBEXUH GIRWWXRILVRWhRRQSRXU LGHQWLIL
GLVFRQWKDXRWPHMQW OH PRGH GH UXSXW KH M G M DSIDX-W FQJD WA
GX SUREO§PHGH WHXQ I®H VPpFXULWp

ID SURFpGXUH QXPpULTXH '/2 SHUPHW SRXU XQ SUREOQPH
UXSWXUHV SRWHQWLHOV TXL SHXYHQW VH SURGXLUH HW G L

FULWLTXH HW OH IDFWHXU4& B (v G-XHMW /X R UDHMSIRVQNGEIPHWH v
GDQV XQ pWDW VWDEOH
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J)LIXUHeWDSHV VXLYLHV SDU OD SURFpGXUH QXPpULTXH "/

3DU UDSSRUW j OD PpWKRGH GHV pOpPHQWYV ILQLV OD SUR
O DQDO\WH UDSLGH HW G LMIHFW B D&/I HOU p S\COUN XGR WQURNEEMNL KRUBHYF B
GXFDOFXO 8Q DXWUH DNDWWDXJHO®H GRQYQH GHV UpVXOWDW
PrPH VL OH SUREOQPH HVW &HK\YILAXWPSIW OLH) F YWD EBSQRKU OD S
GLVSRQLEOHV EDVpV VXU OD PpWKRGH GHV pOpPHQWV ILQ
GLIIpPUHQFH ILQLH FRPPH )/$& VDQV WUDLWHP®RQWN &8 pRALD>
ELHQ j QRWUH EHVRLQ %LHQ HO®WHRIN qGH ORYIVALFAOUMWBILW E
3DU H[HPSOH OD SURFpPGXUH '/2 QH SHUPHW SDV GH IRXUQL
HW O pWDW GH FRQWUDLQM 5D 0OW D@DV S R WG GHH 'U2X S\R R Qi
ERUQH VXSpULHXUH XSSHU ERXQG VROXWLRQ &HV VROXWLI
VPFXULWp GIHW &R QREORQWAW Y DADHOHEY H W

$YDQW VRQ DCGEHHEUEBMH®R QLPLWG6WDWH *(2 D pWp YDOLGpPp HQ
EORF ULJLGH FRQILQp SDU GHX[ PXUV ULJLGHV ODWpPUDX



JLPLW6WDWHpWp UpDOLVpH DYHF XQ EORF VRXPLV j GHV FKDL
ODWpUDO IL[H SDU OJLQWHUPpPGLDLUH GYXQH LQWHUIDFH UX
QXPPULTXHPHQW HW DQDO\WLTXHPHQW VRQW SUDWLTXHPHQ
YDOLGDWLRQ OR QQQPRQWUpPV |

'‘DQV OHV VHFWLRQV VXLYDQWHY OH ORJLFLHO /LPLWG6WDWH
VROXWLRQV GH OLWFKHOO

3.3 Validation des modeles de Mitchell (1991)

/D ILIXUH LOOXVWUH XQ PRGgOH W\SLTXH UpDOLVp DYHF
GDOOH VRXPLV j XQ FKDUJHPHQW YHUWLFDO HW HQ FRQWDF
PRGGOH GH OLWFKHOO /HV SDURLV ULJLGHV VRQW IL[H
GDQV OD GLUHFWLRQ KRULJRQWDOH SRXU SHUPHWWUH GH W
VXU OH SLOLHU GDOOH /H SLOLHU GDOOH XMW FREDFORQU LV
DQJOH GH IYJRW WIQRHH Q pW L VW DIQ PMD|Q G D VWTXOH \W HRQLQW HU IDF t
URFKHX[ HW OH SLOLHU GDOOH VR®QW W DXLD PP OHY BHIVISRW )
'XUDQW WRXWHYV OH\ERILE X OMMRWIXPQVXH GX SLOLHW GDOOH VH

N1 P/D UpVLVWDQFH j OD WUDFWLRQ G WWOJdHHN GB OBHK UHYR/
FRPPH VXLW

A

& L 0 —fevw! E_t;
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JLIXUHORGpPOLVDWLRQ GX SLOLHU GDOOH SDU OH ORJ

3.3.1 Une vérification générale des solutions de Mitchell (1991)

3RXU YpULILHU OHV VROXWLRQV GH OLWFKHOO HW OD S
VPULH GH VLPXODWLRQV QXPpULTXHV D pWp UpDOLVpH /H\
VLPXODWLRQV UpDOLVpHVY VRQW SUpVHQWpPV GDQV OH WDEO
PRGHV GH UXSWXUH SUpGLWV DQDO\WLTXHPHQW HW UpRUJ
QXPpPULTXHPHQW YRLU WDEOHDX

/JHV UpVXOWDWYV QXPpULTXHV VRQW SUpVHQWpV GDQV OH WD
i OYDLGH GHV VROXWLRQV GH OLWFKHOO HW Q#ly &DFHUH
)6 s HWo )6BFRUUHVSRQGHQW UHVSHFWLYHPHQW DX[ )6 REWHQ

SRXU OHV PRGHV GH UXSWXUH SDU JOLVVHPHOWW DOH[L
)6 REWHQX SDU OD VROXWLRQ GH &DFHUHYV soSRXW ®H PR
)6 PLQLPDO SDUPL OHV )6 DQDO\WLTXHV GEMcGDNBHQWY PR
)6y )65 )Bs )6 - QRWHU TXH SRXU OH PRGH GH UXSWXUH SI
OD YHUVLRQ FRUULJpH GsHD &DNFpH XMAL @ k \GoH BB WORHK H® O D
FDOFXOp PDLV LJQRUp GDQV OHV FRPSDUDLVRQV



7TDEOHDXURJUDPPH GH VLPXODWLRQV QXPpULTXHV SRXU XQH
DQDO\WLTXHV H[LVWDQWHYV 0XWHRIOHOPHYV
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7TDEOHDX 5pVXOWDWY QXPpULTXHV SRXU OD YpULILFDWLRQ

HILVWDQWHY OLWFKHOO HW &DFHUHYV XWQ OH V p HVD®RD
Solutionsanalytiques _ N 'Comparaisor_] entre
. Vitchell (1990 C(ggggs 5;2 ?ﬁgﬂgﬁ Solutions rumériques results;srsgrai;ng:a et
S Mode de
FSwo | FSur | FSur | FSue | FSor | FSwa | MOS0 e | ps,, | Nodede e ben ot
*OLVVH *OLVVH 2X
*OLVVH *OLVVH 2X
*OLVVH *OLVVH 2X
*OLVVH *OLVVH 2X
*OLVVH *OLVVH 2X
*OLVVH *OLVVH 2X
*OLVVH (ITRQGUH 1R
*OLVVH (ITRQGUH 1R
*OLVVH (ITRQGUH 1R
YOHI[Y (IIRQG U 1R
YOHI[ (IIRQG U 1R
JOHI[L (IIRQGUH 1R
)OHIL YOHIL 2X
YOHIL YOHIL 2X
)OHIL YOHIL 2X
JOHIL YOHIU 2X
YOHI[Y YOHI[I 2X
YOHI[Y YOHI[I 2X
5RWD 5RWD 2X
5RWD 5RWD 2X
5RWD 5RWD 2X
5RWD 5RWD 2X
5RWD 5RWD 2X
5RWD 5RWD 2X

- SDUWLU GHV UpVXOWDWY SUpVHQWpPpV GDQV OH WDEOHDX
OYDSSOLFDWLRQ GHV VROXWLRQV DQDO\WLTXHV H[LVWDQW
SUpGLFWLRQV TXDOLWDWLYHV PRGHV GH UXSWXUH HW TXDC



'IXQ SRLQW GH YXH TXDOLWDWLI

/IRUVTXH OH PRGH GH UXSWXUH REVHUYp QXPpULTXHPHQ\
URWDWLRQ OYfYDSSOLFDWLRQ GHV VROXWLRQV DQDO\WL
&DFHUHYV SHXW SUpGLUH FRUUHFWHPHQW OHV PRGH’

/IRUVTXH OYDSSOLFDWLRQ GHVY VROXWLRQV DQDO\WLTXH?
OHV VLPXODWLRQV QXPpULTXHV SHXYHQW SURGXLUH GH
HQ HITRQGUHPHQW

JRUVTXH OYDSSOLFDWLRQ GHV VROXWLRQV DQDO\WLTXH
VLPXODWLRQV QXPpULTXHV SHXYHQW SURGXLUH GHV PF
HIIRQGUHPHQW

3RXU OHV JpRPpWULHV HW SURSULpWpV GH PDWpULDX][ F
DQDO\WLTXHV SHXW SUpGLUH FRUUHFWHPHQW OH PRGH ¢

3RXU OHV JpRPpWULHV HW SURSULpWpV GH PDWpULDX[ F
DQDO\WLTXHV QH SUPpGLW HQ DXFXQ FDV XQH SURGXFWL
OH PRGH GH UXSWXUWHSPUWRBNRWGUHPHQW

&HV UpVXOWDWY LQGLTXHQW TXH OTDSSOLFDWLRQ GHV VRO X
HW GH &DFHUHYV QH SHUPHW SDV GH SUpGLUH FRUUHFYV
GDOOH j OYH[FHSWLRQ GX PRGH GH UXSWXUH SDU URWDW
OfH[SUHVVLRQ GH OD VR XWL BROQWHEQIED\QHRH XGHGHKYHVWLPHU
GHV SLOLHUV GDOOHYV

‘X F{Wp TXDQWLWDWLI

/JHV UpVXOWDWYV LQGLTXHQW TXH OD VROXWLRQ DQDO\WL
H[FHOOHQWH GX )6 SRXU OH PRGH GH UXSWXUH HQ JOLV'
SUpGLW DVVH] UDLVRQQDEOHPHQW OH )6 SRXU OH PRGH
)61xp)BooX DULDQW HQWUH HW

/IRUVTXYLO VIDJLW GI1XQ PRGH GH UXSWXUH HQ IOH[LRQ
LQGLTXHQW TXH OD VROXWLRQ DQDO\WLTXH GH OLWFKHC
GHV SIGCDLAHWHWYV



3RXU FH TXL HVW GX PRGH GH UXSWXUH HQ HRWOHPH
)60 ( LOQGLTXH TXH OD VROXWLRQ DQDO\WLTXH GH OLWFI
VWDELOLWpPp GHV SLOLHUV GDOOHYV

&HW H[HUFLF