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5(6802� ±�1HVWH� WUDEDOKR� DSUHVHQWD�VH� XPD�PHWRGRORJLD�� TXH� WHP� YLQGR� D� VHU� XWLOL]DGD� QR�/1(&�� SDUD�
HVWLPDU�R�FDPSR�GH� WHQV}HV� LQLFLDO�HP�PDFLoRV� URFKRVRV��D�SDUWLU�GRV� UHVXOWDGRV�GH�HQVDLRV�GH�PHGLomR�GH�
WHQV}HV in situ��UHFRUUHQGR�D�PRGHORV�QXPpULFRV��1HVWD�PHWRGRORJLD�VmR�FRQVLGHUDGDV�DV�FRQGLo}HV�GR�PDFLoR�
URFKRVR�� WDLV� FRPR� D� WRSRJUDILD� GR� WHUUHQR�� D� SUp�H[LVWrQFLD� GH� HVFDYDo}HV� VXEWHUUkQHDV� H� D� HYHQWXDO�
KHWHURJHQHLGDGH� GR� PDFLoR�� $SUHVHQWDP�VH� RV� WLSRV� GH� HQVDLRV� UHDOL]DGRV� H� H[HPSORV� GH� DSOLFDomR� GD�
PHWRGRORJLD�HP�HVWXGRV�TXH�IRUDP�HIHWXDGRV�SDUD�HVWLPDU�R�FDPSR�GH�WHQV}HV�D�VHU�XWLOL]DGR�QRV�FiOFXORV�GR�
SURMHWR�GH�GLYHUVDV�REUDV�VXEWHUUkQHDV�FRQVWUXtGDV�HP�3RUWXJDO��e�DSUHVHQWDGR��HP�PDLRU�GHWDOKH��XP�FDVR�GH�
HVWXGR� UHFHQWH� GH� GHWHUPLQDomR� GR� FDPSR� GH� WHQV}HV� LQLFLDLV� SDUD� R� SURMHWR� GH� XPD� FHQWUDO� KLGURHOpWULFD�
VXEWHUUkQHD��HVFDYDGD�QXP�PDFLoR�URFKRVR�KHWHURJpQHR��HP�TXH�VmR�SRUPHQRUL]DGRV�RV�DVSHWRV�UHODFLRQDGRV�
FRP�D�FRQVWUXomR�GR�FRPSOH[R�PRGHOR�QXPpULFR�WULGLPHQVLRQDO�H�GLVFXWLGRV�RV�UHVXOWDGRV�REWLGRV��

6<1236,6�±�7KLV�SDSHU�SUHVHQWV�D�PHWKRGRORJ\�WKDW�KDV�EHHQ�XVHG�E\�/1(&�WR�HVWLPDWH�WKH�LQLWLDO�VWUHVV�
ILHOG� LQ� URFN� PDVVHV�� IURP� WKH� UHVXOWV� RI� in situ� VWUHVV� PHDVXUHPHQWV�� XVLQJ� QXPHULFDO� PHWKRGV�� 7KLV�
PHWKRGRORJ\� FRQVLGHUV� WKH� URFN� PDVV� FRQGLWLRQV�� VXFK� DV� WKH� JURXQG� WRSRJUDSK\�� WKH� SUH�H[LVWHQFH� RI�
XQGHUJURXQG�RSHQLQJV�DQG�WKH�URFN�PDVV�KHWHURJHQHLW\��7KH�W\SHV�RI�WHVWV�WKDW�ZHUH�SHUIRUPHG�DUH�SUHVHQWHG��
DV�ZHOO�DV�H[DPSOHV�RI�DSSOLFDWLRQ�RI�WKH�PHWKRGRORJ\�LQ�VWXGLHV�FDUULHG�RXW�IRU�HVWLPDWLQJ�WKH�VWUHVV�ILHOG�WR�
EH�XVHG�LQ�WKH�GHVLJQ�FDOFXODWLRQV�RI�VHYHUDO�XQGHUJURXQG�ZRUNV�FRQVWUXFWHG�LQ�3RUWXJDO��$�UHFHQW�FDVH�VWXG\�
RI� WKH�GHWHUPLQDWLRQ�RI� WKH�LQLWLDO�VWUHVV�ILHOG�IRU� WKH�GHVLJQ�RI�DQ�XQGHUJURXQG�SRZHUKRXVH��H[FDYDWHG� LQ�D�
KHWHURJHQHRXV� URFN�PDVV�� LV� SUHVHQWHG� LQ� GHWDLO�� $� QXPEHU� RI� DVSHFWV� RI� WKH� FRQVWUXFWLRQ� RI� WKH� FRPSOH[�
WKUHH�GLPHQVLRQDO�PRGHO�DUH�VXPPDUL]HG�DQG�WKH�UHVXOWV�DUH�GLVFXVVHG��

3DODYUDV�&KDYH�±�(VWDGR�GH�WHQVmR�in situ��0DFLoR�URFKRVR��0RGHOR�QXPpULFR��
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$� OLEHUWDomR� GR� HVWDGR� GH� WHQVmR� LQLFLDO�� TXH� RFRUUH� GXUDQWH� D� HVFDYDomR� GH� XPD� REUD�

VXEWHUUkQHD� QXP� PDFLoR� URFKRVR�� FRQVWLWXL� D� SULQFLSDO� DomR� D� FRQVLGHUDU� QD� DQiOLVH� GR�

FRPSRUWDPHQWR� GR� PDFLoR� H�� FRQMXQWDPHQWH� FRP� R� SHVR� GRV� EORFRV� GH� URFKD� TXH� VH� SRVVDP�

IRUPDU��FRQVWLWXHP�XPD�GDV�SULQFLSDLV�Do}HV�D�FRQVLGHUDU�QR�GLPHQVLRQDPHQWR�GRV�VXSRUWHV��

2�FRQKHFLPHQWR�GR� FDPSR�GH� WHQV}HV� LQVWDODGR�QXP�PDFLoR� URFKRVR� p�� DVVLP�� IXQGDPHQWDO�

SDUD�R�SURMHWR�GH�JUDQGHV�HVWUXWXUDV�VXEWHUUkQHDV��QRPHDGDPHQWH�GH�FDYHUQDV�DVVRFLDGDV�D�FHQWUDLV�

KLGURHOpWULFDV�� 3DUD� WDO�� VmR� XVXDOPHQWH� UHDOL]DGRV� HQVDLRV� SDUD�PHGLomR� GH� WHQV}HV in situ�PDV��

GHYLGR�D�UHVWULo}HV�QR�TXH�VH�UHIHUH�D�DFHVVRV��FXVWRV�H�SUD]RV��HVWHV�HQVDLRV�VmR�QHFHVVDULDPHQWH�

H[HFXWDGRV�QXP�Q~PHUR� OLPLWDGR�GH� ORFDLV��$OpP�GLVVR��DV�PHGLo}HV�HIHWXDGDV�VmR�SRQWXDLV�H�D�

LQFHUWH]D� DVVRFLDGD� DRV� SUySULRV� PpWRGRV� GH� HQVDLR� QmR� p� GHVSUH]iYHO�� (P� FRQVHTXrQFLD�� D�

UHSUHVHQWDWLYLGDGH�GRV� UHVXOWDGRV�REWLGRV� LQGLYLGXDOPHQWH�� HP�FDGD�XP�GRV�HQVDLRV�� p�GLVFXWtYHO�

TXDQGR� VH� SUHWHQGH� FRQKHFHU� R� FDPSR� GH� WHQV}HV� H[LVWHQWH� QXP� JUDQGH� YROXPH� GR� PDFLoR�

URFKRVR��QD�YL]LQKDQoD�GD�REUD�VXEWHUUkQHD�D�DQDOLVDU��

3DUD�DOpP�GD�DomR�JUDYtWLFD��GLYHUVRV�IDWRUHV� LQIOXHQFLDP�R�FDPSR�GH� WHQV}HV� LQVWDODGR�QXP�

PDFLoR�URFKRVR��6mR�H[HPSORV�D�WRSRJUDILD�GR�WHUUHQR��D�H[LVWrQFLD�GH�HVFDYDo}HV�VXEWHUUkQHDV�QD�

YL]LQKDQoD� GD� REUD�� D� SUySULD� KHWHURJHQHLGDGH� GR� PDFLoR�� D� H[LVWrQFLD� GH� IRUoDV� GH� RULJHP�

WHFWyQLFD�RX�RV�HIHLWRV�GLIHULGRV�DR�ORQJR�GR�WHPSR��3DUD�WHU�HP�FRQWD�HVWHV�IDWRUHV�QD�HVWLPDomR�

GR�FDPSR�GH�WHQV}HV��WRUQD�VH�QHFHVViULR�XWLOL]DU�PRGHORV�LQWHUSUHWDWLYRV�JOREDLV��TXH�FRQVLGHUHP�

D� VXD� LQIOXrQFLD� H� SRVVDP� LQWHJUDU� RV� UHVXOWDGRV� GH� WRGRV� RV� HQVDLRV�� UHDOL]DGRV� HP� GLIHUHQWHV�

ORFDLV��GH�SUHIHUrQFLD�XWLOL]DQGR�PDLV�GH�XP�PpWRGR�GH�HQVDLR��$�DSOLFDomR�GHVWDV�PHWRGRORJLDV�

LPSOLFD�D�XWLOL]DomR�GH�PRGHORV�QXPpULFRV��SRU�YH]HV�GH�JUDQGHV�GLPHQV}HV�H�FRPSOH[LGDGH��TXH�

GLVFUHWL]DP� D� JHRPHWULD� GR�PDFLoR� URFKRVR� QD� YL]LQKDQoD� GDV� REUDV� VXEWHUUkQHDV� H� VLPXODP� R�

FRPSRUWDPHQWR�GR�PDFLoR��

2�SURJUHVVLYR� LQFUHPHQWR�GD� FRPSOH[LGDGH�GRV�PRGHORV�QXPpULFRV�XWLOL]DGRV� HP�PHFkQLFD�

GDV� URFKDV� LPSOLFD�� QDWXUDOPHQWH�� UHTXLVLWRV� DFUHVFLGRV� QD� VXD� HODERUDomR�� 4XDQGR� VH� SUHWHQGH�

XPD�UHSUHVHQWDomR�PDLV�GHWDOKDGD�GR�PDFLoR�URFKRVR�p�LPSUHVFLQGtYHO�REWHU�LQIRUPDomR�GH�FDPSR�

ILiYHO�H�SRUPHQRUL]DGD�VREUH�DV�FRQGLo}HV�JHROyJLFDV�H�JHRWpFQLFDV��$�PRGHODomR�QXPpULFD�WHP�

VLGR�XWLOL]DGD�SRU�GLYHUVRV�DXWRUHV�FRPR�IHUUDPHQWD�GH�VLPXODomR�SDUD�D�FRPSUHHQVmR�H�LQWHJUDomR�

GD� LQIRUPDomR� GLVSRQtYHO� VREUH� D� FDUDFWHUL]DomR� GRV� PDFLoRV�� HP� SDUWLFXODU� QDV� TXHVW}HV�

UHODFLRQDGDV�FRP�DV�WHQV}HV�in situ��0F.LQQRQ��������+DUW���������$SUHVHQWDP�VH��VHJXLGDPHQWH��

DOJXQV� H[HPSORV� FRQVLGHUDGRV� PDLV� UHSUHVHQWDWLYRV� GD� XWLOL]DomR� GH� PRGHORV� QXPpULFRV� HP�

HVWXGRV�HQYROYHQGR�D�GHWHUPLQDomR�GR�FDPSR�GH�WHQV}HV�HP�PDFLoRV�URFKRVRV��HP�TXH�SRGHP�VHU�

VHJXLGDV�GXDV�YLDV�DOWHUQDWLYDV��

$�SULPHLUD�YLD�FRQVLVWH�HP�VLPXODU�GH�IRUPD�DSUR[LPDGD�RV�KLSRWpWLFRV�SURFHVVRV�JHROyJLFRV�

TXH� FRQGLFLRQDUDP� R� HVWDGR� DWXDO�� SRU� H[HPSOR�� RV� HIHLWRV� GR� SHVR� GRV� PDWHULDLV�� IRUoDV�

KRUL]RQWDLV�GH�RULJHP�WHFWyQLFD��IHQyPHQRV�GH�HURVmR�RX�D�DEHUWXUD�GH�XP�YDOH��RX�D�IOXrQFLD�GR�

PDFLoR�URFKRVR�DR�ORQJR�GD�VXD�KLVWyULD�JHROyJLFD��(VWH�SURFHGLPHQWR�p�GLItFLO��LPSOLFDQGR�YiULDV�

LWHUDo}HV��GH�PRGR�D�TXH�R�VHX�UHVXOWDGR�VHMD�FRHUHQWH�FRP�DV�LQIRUPDo}HV�UHODWLYDV�DR�FDPSR�GH�

WHQV}HV�in situ�GLVSRQtYHLV��1HVWHV�HVWXGRV��WrP�VLGR�HPSUHJXHV�WLSRV�GH�PRGHORV�PXLWR�GLYHUVRV��

%UDG\�et al.��������XVDUDP�PRGHORV�QXPpULFRV�GH�HOHPHQWRV�GLVFUHWRV�SDUD�FRQILUPDU�D�LQIOXrQFLD�

GD�HVWUXWXUD�JHROyJLFD�QD�GLVWULEXLomR�GH� WHQV}HV�HP�PDFLoRV� URFKRVRV�� j� HVFDOD�GH�XP�SRoR�GH�

VRQGDJHP�GH�FHUFD�GH���P�GH�GLkPHWUR��H�SDUD�HVWDEHOHFHU�LQGLFDo}HV�VREUH�D�GHILQLomR�GR�Q~PHUR�

H�GD�ORFDOL]DomR�GDV�PHGLo}HV�GH�WHQV}HV�in situ�D�UHDOL]DU�SDUD�HVWLPDU�R�FDPSR�GH�WHQV}HV��$�XPD�

HVFDOD� UHJLRQDO�� .RQLHW]N\� et al.� ������� VLPXODUDP� QXPHULFDPHQWH� R� HVWDGR� GH� WHQVmR� SDUD�

FRPSDUDomR�GH� WUDoDGRV� DOWHUQDWLYRV� GH� XP� W~QHO��(P� HVWXGRV� UHODFLRQDGRV� FRP� UHSRVLWyULRV� GH�

PDWHULDLV� UDGLRDWLYRV� IRUDP� XWLOL]DGRV�PRGHORV� QXPpULFRV� SDUD� D� FRQVLGHUDomR� GD� WRSRJUDILD� GR�

WHUUHQR�QR�HVWDGR�GH�WHQVmR�LQLFLDO�UHVXOWDQWH��.RQLHW]N\�et al., ������&DUUDQ]D�7RUUHV�et al.,��������

=LHJOHU�et al.��������XWLOL]DUDP�XP�PRGHOR�WULGLPHQVLRQDO�GH�GLIHUHQoDV�ILQLWDV�SDUD�GHWHUPLQDU�D�

RULHQWDomR�GDV�WHQV}HV�LQIOXHQFLDGDV�SHOD�WRSRJUDILD�DOSLQD�GD�VXSHUItFLH�GR�WHUUHQR��
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1D�PDLRULD�GHVWHV�PRGHORV�QXPpULFRV��p�DGPLWLGR�XP�FRPSRUWDPHQWR�HOiVWLFR�GR�PDFLoR�SDUD�

DYDOLDU� R� HIHLWR� GD� WRSRJUDILD� RX� GDV� Do}HV� WHFWyQLFDV�� )LJXHLUHGR� ������� DERUGD� R� FDVR� GH�

3DUDGHOD�,,��RQGH�IRUDP�HIHWXDGRV�HQVDLRV�GH�IUDFWXUDomR�KLGUiXOLFD�SDUD�GHWHUPLQDomR�GH�WHQV}HV�

HP�IXURV�FRP�����P�GH�SURIXQGLGDGH��1D� LQWHUSUHWDomR�GRV� UHVXOWDGRV�� IRL�XWLOL]DGR�XP�PRGHOR�

QXPpULFR�GH�JUDQGHV�GLPHQV}HV��UHSUHVHQWDQGR�D�WRSRJUDILD�GR�WHUUHQR�H�XPD�H[WHQVmR�ODWHUDO�GR�

PDFLoR� GH� YiULRV� TXLOyPHWURV��2� YDORU� GDV� WHQV}HV� KRUL]RQWDLV�PHGLGDV� HUD� HOHYDGR�� QmR� VHQGR�

FRQVLVWHQWH�FRP�XP�FRPSRUWDPHQWR�HOiVWLFR��SHOR�TXH�IRL�H[SORUDGD�D�KLSyWHVH�GH�FRPSRUWDPHQWR�

YLVFR�HOiVWLFR�D�ORQJR�SUD]R��TXH�UHGX]LX�DV�WHQV}HV�GHYLDWyULFDV�H�SHUPLWLX�DSUR[LPDU�PHOKRU�RV�

YDORUHV�GH�FDPSR��(P�WHUPRV�SUiWLFRV��HVWD�KLSyWHVH�SRGH�VHU�DSUR[LPDGD�SHOD�FRQVLGHUDomR�GH�XP�

FRHILFLHQWH�GH�3RLVVRQ�HTXLYDOHQWH�PDLV�HOHYDGR�SDUD�VLPXODU�D�VLWXDomR�D�ORQJR�SUD]R��(VSDGD�H�

/DPDV��������WDPEpP�XWLOL]DUDP�HVWD�KLSyWHVH�SDUD�PHOKRUDU�D�DSUR[LPDomR�GR�PRGHOR�QXPpULFR�

QR�HVWXGR�GRV�HQVDLRV�UHODWLYRV�j�FDYHUQD�GH�6DODPRQGH�,,��

$�VHJXQGD�YLD�FRQVLVWH�QD�XWLOL]DomR�GH�PRGHORV�QXPpULFRV��TXH�SRGHP�FRQVLGHUDU�WRSRJUDILDV�

FRPSOH[DV��HVFDYDo}HV�H[LVWHQWHV�RX�KHWHURJHQHLGDGHV�GR�PDFLoR��SDUD�D�GHILQLomR�GR�FDPSR�GH�

WHQV}HV� HP� WHUPRV� GH� XP� FRQMXQWR� GH� SDUkPHWURV�� TXH� VmR� FDOFXODGRV� SRU� XP� SURFHVVR� GH�

RWLPL]DomR�D�SDUWLU�GRV�UHVXOWDGRV�GH�HQVDLRV��2�PHVPR�PRGHOR�SRGH�VHU�XWLOL]DGR�SDUD�R�SURMHWR�H�

SDUD� R� DFRPSDQKDPHQWR� GRV� YDORUHV� REVHUYDGRV� GXUDQWH� D� HVFDYDomR� GD� REUD�� $� PHWRGRORJLD�

XWLOL]DGD� SHOR� /1(&� H� DSUHVHQWDGD� QHVWH� DUWLJR� VHJXH� HVWD� YLD�� 5HIHUHP�VH� HP� VHJXLGD� DOJXQV�

RXWURV�H[HPSORV��

7RQRQ� H� $PDGHL� ������� HVWXGDUDP� D� LQIOXrQFLD� GH� GHVFRQWLQXLGDGHV� H� GD� DQLVRWURSLD� GRV�

PDFLoRV� URFKRVRV� QR� HVWDGR� GH� WHQVmR� QR� FRQWRUQR� GH� W~QHLV� H� GHVHQYROYHUDP� XPD� WpFQLFD� GH�

HVWLPDomR�GR�FDPSR�GH�WHQV}HV�XWLOL]DQGR�PRGHORV�EL�H�WULGLPHQVLRQDLV�GH�HOHPHQWRV�ILQLWRV��/L�et 

al.��������GHVHQYROYHUDP�XP�SURFHGLPHQWR�EDVHDGR�QXP�PRGHOR�GH�HOHPHQWRV�GH�IURQWHLUD�SDUD�

GHFRPSRU� R� FDPSR� GH� WHQV}HV� in situ� QXPD� SDUFHOD� WHFWyQLFD� H� QXPD� SDUFHOD� JUDYLWDFLRQDO� H�

FRPSDUDUDP� FRP� RV� UHVXOWDGRV� GH� HQVDLRV� GH� IUDWXUDomR� KLGUiXOLFD�� )HUUHUR� et al.� �������

GHVFUHYHUDP�RV�HVWXGRV�HIHWXDGRV�SDUD�DSRLDU�D�DQiOLVH�GH�PLQDV�VXEWHUUkQHDV�QD�UHJLmR�GH�&DUUDUD��

HP�TXH�IRL�XVDGR�XP�PRGHOR�WULGLPHQVLRQDO�GH�HOHPHQWRV�GLVFUHWRV�H�IRUDP�UHDOL]DGRV�HQVDLRV�GH�

VREUHFDURWDJHP�SDUD�GHWHUPLQDU�R�FDPSR�GH�WHQV}HV��

&RPSOHPHQWDUPHQWH�� TXDQGR� RV� PRGHORV� QXPpULFRV� VH� GHVWLQDP� j� LQWHUSUHWDomR� GR�

FRPSRUWDPHQWR� REVHUYDGR� GXUDQWH� RX� DSyV� D� FRQVWUXomR� GD� REUD�� H[LVWH� PDLV� LQIRUPDomR� SDUD�

DIHULU�RV�PRGHORV��'HVWH�PRGR��DV�KLSyWHVHV�VREUH�R�HVWDGR�GH�WHQVmR�LQLFLDO�DGRWDGDV�QD�IDVH�GH�

SURMHWR�SRGHP�VHU�DWXDOL]DGDV�SDUD�XP�PHOKRU�DMXVWDPHQWR�DRV�GDGRV�GD�PRQLWRUL]DomR�XWLOL]DQGR�

WpFQLFDV�GH�UHWURDQiOLVH��&RPR�H[HPSORV�SRGHP�UHIHULU�VH�RV�FDVRV�GDV�GHWHUPLQDo}HV�GR�HVWDGR�GH�

WHQVmR� D� SDUWLU� GRV� GHVORFDPHQWRV� UHVXOWDQWHV� GH� HVFDYDo}HV� VXEWHUUkQHDV� �6DNXUDL� H� 6KLPL]X��

������H�WHQGR�HP�FRQWD�R�FRPSRUWDPHQWR�HOiVWLFR�GR�PDFLoR��6DNXUDL�H�$NXWDJDZD���������DVVLP�

FRPR� R� HVWXGR� SDUD� D� FDOLEUDomR� GR� FDPSR� GH� WHQV}HV� LQLFLDO� H� GD� GHIRUPDELOLGDGH� GR�PDFLoR�

HIHWXDGR� SDUD� R� FRPSOH[R� GH� FDYHUQDV� GD� FHQWUDO� GR� HPSUHHQGLPHQWR� KLGURHOpWULFR� GR� $OWR�

/LQGRVR�� FRP�EDVH� HP�PHGLo}HV� GH�GHVORFDPHQWRV� UHODWLYRV�REWLGRV� FRP�FRQYHUJHQFLyPHWURV� H�

H[WHQVyPHWURV�GH�YDUDV��H�HP�WHQV}HV�PHGLGDV�QDV�SDUHGHV�GD�FDYHUQD�GD�FHQWUDO��&DVWUR���������

1HVWH�DUWLJR�DSUHVHQWDP�VH�RV�PpWRGRV�GH�HQVDLR�H�D�PHWRGRORJLD�GH�DQiOLVH�JOREDO�TXH� WrP�

VLGR�XWLOL]DGRV�SHOR�/1(&�SDUD�REWHQomR�GR�FDPSR�GH�WHQV}HV�PDLV�SURYiYHO�LQVWDODGR�QD�]RQD�GH�

LQWHUHVVH�SDUD�R�FiOFXOR�GH�HVWUXWXUDV� VXEWHUUkQHDV��6HJXLGDPHQWH�� DSUHVHQWDP�VH� UHVXPLGDPHQWH�

GLYHUVRV� FDVRV� GH� DSOLFDomR� D� REUDV� VXEWHUUkQHDV�� FRP� HVSHFLDO� rQIDVH� QRV� PpWRGRV� QXPpULFRV�

XWLOL]DGRV� H� QDV� KLSyWHVHV� DVVXPLGDV� QRV� FiOFXORV�� )LQDOPHQWH�� DSUHVHQWD�VH� XP� FDVR� GH� HVWXGR�

UHFHQWH��FRP�XPD�FRPSOH[LGDGH�SRXFR�XVXDO��UHIHUHQWH�DRV�HVWXGRV�GHVHQYROYLGRV�SHOR�/1(&�SDUD�

D� GHILQLomR�GR� FDPSR�GH� WHQV}HV� TXH�YHLR� D� VHU� XWLOL]DGR� QRV� FiOFXORV� SDUD� R� SURMHWR� GDV� REUDV�

VXEWHUUkQHDV�GR�FRPSOH[R�GH�FDYHUQDV�GD�FHQWUDO�KLGURHOpWULFD�GH�*RXYmHV��
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��±�(16$,26�'(�0(',d2�'(�7(16®(6�(�$1È/,6(�*/2%$/�'26�5(68/7$'26�

����±�0pWRGRV�GH�HQVDLR�

3DUD�PHGLomR�GDV�WHQV}HV�LQVWDODGDV�QRV�PDFLoRV�URFKRVRV�XWLOL]DP�VH�PpWRGRV�GH�HQVDLR�TXH�

SRGHP� VHU� FODVVLILFDGRV� HP� GRLV� JUDQGHV� JUXSRV�� PpWRGRV� EDVHDGRV� QD� IUDWXUDomR� GR�PDFLoR� H�

PpWRGRV�EDVHDGRV�QD�OLEHUWDomR�GH�WHQV}HV��2V�GRLV�PpWRGRV�GH�HQVDLR�GHVHQYROYLGRV�QR�/1(&�H�

XWLOL]DGRV�QRV�FDVRV�DSUHVHQWDGRV�QHVWH�WUDEDOKR�²�HQVDLRV�GH�DOPRIDGDV�SODQDV�GH�SHTXHQD�iUHD�

�Small Flat Jack�� 6)-�� H� HQVDLRV� GH� VREUHFDURWDJHP� XWLOL]DQGR� XP� GHIyUPHWUR� WULGLPHQVLRQDO�

�Stress Tensor Tube��677��²�VmR�DPERV�EDVHDGRV�QD�OLEHUWDomR�GDV�WHQV}HV�LQVWDODGDV�QR�PDFLoR��

2V�PpWRGRV�GH�HQVDLR�6)-�H�677�IRUDP�DSUHVHQWDGRV�RULJLQDOPHQWH�SRU�5RFKD�et al���������H�SRU�

5RFKD�H�6LOYpULR���������WHQGR�VRIULGR��GHVGH�HVVD�DOWXUD��FRQWtQXDV�HYROXo}HV�H�DSHUIHLoRDPHQWRV��

2V�HQVDLRV�6)-��)LJXUD����VmR�UHDOL]DGRV�TXDQGR�H[LVWH�DFHVVR�DR�ORFDO�GH�PHGLomR�QR�PDFLoR�

URFKRVR�� JHUDOPHQWH� DWUDYpV� GH� JDOHULDV�� &RQVLVWHP� QD� DEHUWXUD� GH� XP� UDVJR� QXPD� VXSHUItFLH�

H[SRVWD�GR�PDFLoR� H�QD�PHGLomR�GD� YDULDomR�GD�GLVWkQFLD� HQWUH�PDUFDV� FRORFDGDV� HP�DPERV�RV�

ODGRV�GR�UDVJR��2�UHVWDEHOHFLPHQWR�GD�WHQVmR�QRUPDO�DR�UDVJR�p�FRQVHJXLGR�SHOD�DSOLFDomR�GH�XPD�

SUHVVmR�QR�VHX� LQWHULRU��SRU�PHLR�GH�XP�PDFDFR�KLGUiXOLFR�SODQR�� DWp� VHU� DQXODGD�D�YDULDomR�GD�

GLVWkQFLD� HQWUH� DV� PDUFDV�� (VWH� HQVDLR� SHUPLWH� GHWHUPLQDU� D� FRPSRQHQWH� QRUPDO� GR� HVWDGR� GH�

WHQVmR�QD�GLUHomR�QRUPDO�DR�UDVJR��

�

�

)LJ����±�(QVDLR�6)-���D��FRORFDomR�GR�PDFDFR�SODQR�QXP�UDVJR���E��FRQMXQWR�GH�UDVJRV�H�VLVWHPD�
GH�PHGLomR�GH�GHVORFDPHQWRV��

�

2V�HQVDLRV�677��)LJXUD����SHUPLWHP�GHWHUPLQDU�WRGDV�DV�FRPSRQHQWHV�GR�WHQVRU�GDV�WHQV}HV�

QXP�SRQWR�QR�LQWHULRU�GR�PDFLoR�URFKRVR��FRP�XPD�~QLFD�GHWHUPLQDomR��DWUDYpV�GH�XPD�WpFQLFD�GH�

VREUHFDURWDJHP� HP� IXURV� GH� VRQGDJHP�� (VWH� HQVDLR� FRQVWD� GD� FRODJHP� GH� XP� GHIyUPHWUR�

WULGLPHQVLRQDO�� FRQVWLWXtGR� SRU� XP� WXER� GH� SOiVWLFR� HSR[tGLFR� FRQWHQGR� XP� FRQMXQWR� GH� ���

H[WHQVyPHWURV�� QXP� IXUR�GH� VRQGDJHP�GH�SHTXHQR�GLkPHWUR� H�GD� VXD�SRVWHULRU� VREUHFDURWDJHP��

TXH� SURYRFD� D� OLEHUWDomR� GR� HVWDGR� GH� WHQVmR� H� XPD� YDULDomR� FRUUHVSRQGHQWH� GDV� GHIRUPDo}HV�

UHJLVWDGDV�SHORV� H[WHQVyPHWURV��1D�)LJXUD��� �F�� HVWmR� UHSUHVHQWDGDV�� D� WUDoR� FKHLR�� DV� H[WHQV}HV�

PHGLGDV�GXUDQWH�D�VREUHFDURWDJHP�H��D�WUDFHMDGR��DV�WHPSHUDWXUDV�PHGLGDV��8PD�YH]�UHFXSHUDGR�R�

WDUROR� FRQWHQGR� R� GHIyUPHWUR�� UHDOL]D�VH� XP� HQVDLR� ELD[LDO� SDUD� GHWHUPLQDomR� GDV� FRQVWDQWHV�

HOiVWLFDV�GR� WDUROR�GH� URFKD��FRP�DV�TXDLV�p�SRVVtYHO�REWHU�� D�SDUWLU�GDV�GHIRUPDo}HV�PHGLGDV��R�

HVWDGR� GH� WHQVmR�PDLV� SURYiYHO�� 3DUD� R� HIHLWR�� p� XWLOL]DGR� XP�PRGHOR�PDWHPiWLFR�� TXH� WHP� HP�

FRQVLGHUDomR�DV�DOWHUDo}HV�LQWURGX]LGDV�QR�PDFLoR�SHOD�WpFQLFD�GH�HQVDLR��3LQWR�H�&XQKD���������

Z��P}

��ðñ£�

Z��P}�

��íïñ£�

Z��P}�

À���]��o�

Z��P}�

Z}�]Ì}v��o�

�D�� �E��
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�

)LJ����±�(QVDLR�677���D��GHIyUPHWUR���E��FkPDUD�GH�HQVDLR�ELD[LDO���F��H[WHQV}HV�PHGLGDV�GXUDQWH�D�

VREUHFDURWDJHP��

�

����±�0HWRGRORJLD�GH�DQiOLVH�JOREDO�SDUD�REWHQomR�GR�FDPSR�GH�WHQV}HV�

&RP�R�REMHWLYR�GH�HVWLPDU�R�FDPSR�GH�WHQV}HV�QR�PDFLoR�URFKRVR�D�SDUWLU�GRV�UHVXOWDGRV�GH�

HQVDLRV��WHP�VLGR�XWLOL]DGD�QR�/1(&�XPD�PHWRGRORJLD�GH�DQiOLVH�JOREDO��TXH�SHUPLWH�LQWHJUDU�RV�

UHVXOWDGRV� GH� WRGRV� RV� HQVDLRV�� UHDOL]DGRV� HP� GLYHUVRV� ORFDLV� H� SRU� GLIHUHQWHV� PpWRGRV�� FRP�

UHFXUVR� D� PRGHORV� QXPpULFRV� GHVHQYROYLGRV� SDUD� R� HIHLWR�� TXH� UHSUHVHQWDP� D� JHRPHWULD� GDV�

HVFDYDo}HV�VXEWHUUkQHDV�H[LVWHQWHV��D�WRSRJUDILD�GR�WHUUHQR�H�DV�OLWRORJLDV�LGHQWLILFDGDV��

3DUD� DSOLFDomR� GH� PHWRGRORJLDV� GH� DQiOLVH� JOREDO� p� QHFHVViULR� HVWDEHOHFHU� KLSyWHVHV�

VLPSOLILFDWLYDV� UHODWLYDPHQWH� DR� PRGHOR� FRQFHSWXDO� GR�PDFLoR� URFKRVR� H� DR� FDPSR� GH� WHQV}HV�

LQVWDODGR�� $� PHWRGRORJLD� XWLOL]DGD� QR� /1(&� �/DPDV� et al��� ������ /DPDV� et al��� ������ WHP�VH�

EDVHDGR�QDV�VHJXLQWHV�KLSyWHVHV��

±� 2� PDFLoR� URFKRVR� SRGH� VHU� FRQVLGHUDGR� FRPR� XP� PHLR� FRQWtQXR� HTXLYDOHQWH�� R� TXH�

VLJQLILFD�TXH��j�HVFDOD�GDV�HVFDYDo}HV��DV�IDOKDV�HYHQWXDOPHQWH�H[LVWHQWHV�QmR�FRQGLFLRQDP�

VLJQLILFDWLYDPHQWH�R�FDPSR�GH�WHQV}HV��

±� 2�PDFLoR�URFKRVR�SRGH�VHU�FRQVLGHUDGR�FRPR�WHQGR�XP�FRPSRUWDPHQWR�HOiVWLFR�OLQHDU��

±� $V�FRPSRQHQWHV�GR�FDPSR�GH� WHQV}HV� LQLFLDO� VmR�QXODV�QD�VXSHUItFLH�GR� WHUUHQR�H�YDULDP�

OLQHDUPHQWH� HP� SURIXQGLGDGH�� XPD� YH]� TXH�� SDUD� DV� SURIXQGLGDGHV� D� TXH� VH� UHDOL]DP� D�

PDLRULD�GDV�REUDV�HP�HVWXGR��DV�WHQV}HV�VmR��HP�ODUJD�PHGLGD��GH�RULJHP�JUDYtWLFD��

'HVLJQD�VH�SRU�FDPSR�GH�WHQV}HV�LQLFLDLV�R�FRUUHVSRQGHQWH�D�XPD�VLWXDomR�DQWHULRU�D�TXDLVTXHU�

HVFDYDo}HV�VXSHUILFLDLV��WDO�FRPR�R�YDOH�RX�FDQKmR�HVFDYDGR�SRU�XP�ULR��RX�VXEWHUUkQHDV��WDO�FRPR�

XP� W~QHO� GH� DFHVVR�� SUp�H[LVWHQWHV� j� UHDOL]DomR� GRV� HQVDLRV�� 2� FDPSR� GH� WHQV}HV� DSyV� D�

SHUWXUEDomR� LQWURGX]LGD�SRU�DTXHODV�HVFDYDo}HV�GHVLJQD�VH�SRU�FDPSR�GH� WHQV}HV�QDWXUDLV��'HVWD�

IRUPD��VHQGR�J�R�SHVR�YRO~PLFR�GR�PDFLoR�H�K�D�SURIXQGLGDGH��DV�VHLV�FRPSRQHQWHV�GR�FDPSR�GH�

WHQV}HV� LQLFLDLV�� P�
r�� VmR� FDUDFWHUL]DGDV� SHORV� SDUkPHWURV� NM�� TXH� FRQVWLWXHP� LQFyJQLWDV� D�

GHWHUPLQDU��

�

� 1M
� �NM���K� ����

�

(P�FDVRV�FRP�JHRPHWULDV�VLPSOHV�R�FDPSR�GH�WHQV}HV�QDWXUDO�SRGH�VHU�FDOFXODGR�D�SDUWLU�GH�

VROXo}HV� DQDOtWLFDV�� PDV�� QD� PDLRULD� GRV� FDVRV� UHDLV�� FRP� JHRPHWULDV� GH� HVFDYDomR� FRPSOH[DV��

WRUQD�VH�QHFHVViULD�D�XWLOL]DomR�GH�PRGHORV�QXPpULFRV�WULGLPHQVLRQDLV�GR�PDFLoR�URFKRVR��

2V�YDORUHV�GRV�SDUkPHWURV�NM�VmR�FDOFXODGRV�D�SDUWLU�GRV�YDORUHV�GDV�FRPSRQHQWHV�GR�HVWDGR�GH�

WHQVmR� PHGLGRV� QRV� HQVDLRV�� HP� GLIHUHQWHV� ORFDLV� H� XWLOL]DQGR� GLIHUHQWHV� PpWRGRV�� XWLOL]DQGR� R�

VHJXLQWH�SURFHGLPHQWR��EDVHDGR�QR�SURSRVWR�SRU�0DUWLQV��������H�6RXVD�et al����������
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±� e�FRQVWUXtGR�R�YHWRU�0L�FRP�DV�1�FRPSRQHQWHV�GR�HVWDGR�GH�WHQVmR�PHGLGDV�QRV�HQVDLRV��
±� 6mR�DSOLFDGRV�VHSDUDGDPHQWH�QR�PRGHOR�QXPpULFR�GR�PDFLoR�URFKRVR�VHLV�FDUUHJDPHQWRV��

(M��FRUUHVSRQGHQWHV�jV�VHLV�FRPSRQHQWHV�GR�FDPSR�GH�WHQV}HV�LQLFLDO��P�
r��XWLOL]DQGR�YDORUHV�

XQLWiULRV� GH� NM�� 3URFHGH�VH� VHJXLGDPHQWH� j� VLPXODomR� GD� HVFDYDomR�� $V� WHQV}HV� QDWXUDLV�
REWLGDV�1PM��HP�TXH�RV�tQGLFHV�P�H�M�FRUUHVSRQGHP��UHVSHWLYDPHQWH��jV�VHLV�FRPSRQHQWHV�GR�
HVWDGR�GH�WHQVmR�H�DRV�VHLV�FDUUHJDPHQWRV��SRGHP��HQWmR��VHU�FDOFXODGDV�HP�TXDOTXHU�ORFDO�
GR�PDFLoR��

±� 2V�YDORUHV�GH�1PM�FDOFXODGRV�QRV�ORFDLV�GH�HQVDLR�VmR�DJUXSDGRV�QD�PDWUL]�$LM��HP�TXH�RV�
tQGLFHV�L�H�M�FRUUHVSRQGHP��UHVSHWLYDPHQWH��jV�1�FRPSRQHQWHV�GR�HVWDGR�GH�WHQVmR�PHGLGDV�
QRV�HQVDLRV�H�DRV�VHLV�FDUUHJDPHQWRV���

±� 8WLOL]DQGR� R� SULQFtSLR� GD� VREUHSRVLomR� GH� HIHLWRV�� D� FRPELQDomR� OLQHDU� GRV� HVWDGRV� GH�
WHQVmR� UHVXOWDQWHV� GRV� VHLV� FDUUHJDPHQWRV� SRGH� VHU� H[SUHVVD� SHOR� VHJXLQWH� VLVWHPD� GH�
HTXDo}HV��
�
� $LM�NM� 0L� ����
�

(VWH� VLVWHPD� GH� HTXDo}HV� OLQHDUHV� p�� JHUDOPHQWH�� DOWDPHQWH� UHGXQGDQWH� H� SRGH� VHU� UHVROYLGR�
SHOR�PpWRGR�GRV�PtQLPRV�TXDGUDGRV��REWHQGR�VH��DVVLP��RV�YDORUHV�GRV�VHLV�SDUkPHWURV�NM��7RUQD�
VH��HQWmR��SRVVtYHO�FDOFXODU�R�HVWDGR�GH�WHQVmR�QDWXUDO�HP�TXDOTXHU�ORFDO�GR�PDFLoR�D�SDUWLU�GH��

�
� �1P� �NM�1PM� ����
�

&RP�HVWD�PHWRGRORJLD�p��DVVLP��SRVVtYHO�HVWLPDU�R�FDPSR�GH� WHQV}HV� LQLFLDLV� WULGLPHQVLRQDO�
PDLV�SURYiYHO�LQVWDODGR�QR�PDFLoR�URFKRVR��1R�HQWDQWR��QD�JHQHUDOLGDGH�GDV�DSOLFDo}HV��WHQGR�HP�
FRQWD� GLYHUVRV� IDWRUHV�� QRPHDGDPHQWH� R� Q~PHUR� OLPLWDGR� GH� UHVXOWDGRV� GH� HQVDLRV�� SRGH� VHU�
QHFHVViULR� FRQVLGHUDU� KLSyWHVHV� VLPSOLILFDWLYDV� DGLFLRQDLV�� $V� PDLV� FRPXQV� FRUUHVSRQGHP� D�
FRQVLGHUDU�TXH�D�WHQVmR�YHUWLFDO�LQLFLDO�p�XPD�WHQVmR�SULQFLSDO�H�TXH�R�VHX�YDORU�UHVXOWD�GR�SHVR�GR�
WHUUHQR�VREUHMDFHQWH��

��±�$3/,&$d®(6�$�2%5$6�68%7(55Æ1($6�(0�32578*$/�

����±�7~QHO�DGXWRU�GR�&DVWHOR�GR�%RGH�

$�SULPHLUD� DSOLFDomR� GXPD�PHWRGRORJLD� GH� DQiOLVH� JOREDO� IRL� IHLWD� SDUD� D� LQWHUSUHWDomR� GRV�
UHVXOWDGRV�GRV�HQVDLRV�GH�PHGLomR�GH�WHQV}HV�UHDOL]DGRV�SHOR�/1(&�SDUD�R�W~QHO�DGXWRU�GR�&DVWHOR�
GR� %RGH�� TXH� ID]� SDUWH� GR� VLVWHPD� DGXWRU� GH� iJXD� D� /LVERD� �/1(&�� ������� 1D� )LJXUD� ��
DSUHVHQWDP�VH�XPD�SODQWD�H�XP�SHUILO�ORQJLWXGLQDO�GR�W~QHO��TXH�VH�HQFRQWUD�QXP�PDFLoR�URFKRVR�
JUDQtWLFR��'XUDQWH�D�FRQVWUXomR��IRUDP�UHDOL]DGRV�WUrV�HQVDLRV�677�H�GRLV�HQVDLRV�6)-�QXP�QLFKR�
HVFDYDGR�SDUD�R�HIHLWR�QXP�GRV�KDVWHDLV��)LJXUD���D����QXPD�]RQD�HP�TXH�D�SURIXQGLGDGH�YDULDYD�
HQWUH�RV����P�H�RV����P��

1HVWD�DSOLFDomR�SUHWHQGHX�VH�VLPXODU�R�HIHLWR�GD�JHRPHWULD�GR�QLFKR�H�GR�W~QHO�SDUD��D�SDUWLU�
GDV� PHGLo}HV� HIHWXDGDV�� REWHU� R� FDPSR� GH� WHQV}HV� PDLV� SURYiYHO� QHVVD� ]RQD� GR� PDFLoR�� )RL�
XWLOL]DGR�SDUD�R�HIHLWR�XP�PRGHOR�WULGLPHQVLRQDO�GH�HOHPHQWRV�GH�IURQWHLUD�GHVHQYROYLGR�QR�/1(&�
�/DPDV��������/DPDV�et al����������TXH�XWLOL]D�XPD�IRUPXODomR�GLUHWD�H�D�VROXomR�IXQGDPHQWDO�GH�
.HOYLQ� SDUD� FRUSRV� LVRWUySLFRV� H� PHLRV� LQILQLWRV�� VHQGR� D� GLVFUHWL]DomR� IHLWD� SRU� HOHPHQWRV�
TXDGUDQJXODUHV�SDUDEyOLFRV��FRP�RLWR�SRQWRV�QRGDLV��$SUHVHQWD�VH�QD�)LJXUD���E��XPD�SHUVSHWLYD�
GD�PDOKD�GH�FiOFXOR�XWLOL]DGD��

�
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������� �

)LJ����±�7~QHO�GR�&DVWHOR�GR�%RGH���D��SODQWD���E��SHUILO�ORQJLWXGLQDO��

�

������������������ �

)LJ����±�7~QHO�GR�&DVWHOR�GR�%RGH���D��JHRPHWULD�GR�QLFKR�GH�HQVDLR���E��PDOKD�GH�HOHPHQWRV�GH�

IURQWHLUD��

�

2V�UHVXOWDGRV�REWLGRV�HYLGHQFLDUDP�GLYHUVDV�GLILFXOGDGHV�H[LVWHQWHV�QD�UHDOL]DomR�GRV�HQVDLRV�

677�� VHQGR�R�FDPSR�GH� WHQV}HV�PDLV�SURYiYHO�REWLGR�SRXFR�YHURVtPLO��'H� IDFWR�REWHYH�VH�XPD�

WHQVmR�YHUWLFDO�SUy[LPD�GD�GHYLGD�DR�UHFREULPHQWR��XPD�WHQVmR�KRUL]RQWDO�QRUPDO�DR�HL[R�GR�W~QHO�

GH�YDORU�VHPHOKDQWH��PDV�XPD�WHQVmR�KRUL]RQWDO�GH�WUDomR�VHJXQGR�R�HL[R�GR�W~QHO��

(VWH�H[HPSOR�GH�DSOLFDomR��SHVH�HPERUD�RV�PDXV�UHVXOWDGRV�REWLGRV�SDUD�R�FDPSR�GH�WHQV}HV�

PDLV� SURYiYHO�� GHYLGRV� D� SUREOHPDV� H[LVWHQWHV� j� pSRFD� FRP� RV� SURFHGLPHQWRV� GH� HQVDLR��

HYLGHQFLRX�DV�SRWHQFLDOLGDGHV�GD�PHWRGRORJLD�GH�DQiOLVH�JOREDO�XWLOL]DGD��

�

����±�&HQWUDO�KLGURHOpWULFD�GR�$OWR�/LQGRVR�

'XUDQWH�D�FRQVWUXomR�GD�FDYHUQD�GD�FHQWUDO�KLGURHOpWULFD�GR�$OWR�/LQGRVR��('3���������QXP�

PDFLoR� URFKRVR� JUDQtWLFR�� IRL� H[HFXWDGR� XP� SURJUDPD� GH� PHGLomR� GH� WHQV}HV� VHJXLQGR� XP�

FRQFHLWR� VHPHOKDQWH�DR�XWLOL]DGR�QR� W~QHO�GR�&DVWHOR�GR�%RGH��)RUDP�H[HFXWDGRV�HQVDLRV�6)-�H�

677�QXP�QLFKR� HVFDYDGR�SDUD� R� HIHLWR� QR�KDVWHDO� GH� XP�GRV� W~QHLV� GH� DFHVVR� j� FHQWUDO�� D� XPD�

SURIXQGLGDGH�GH�FHUFD�GH�����P��)LJXUD���D����1R�HQWDQWR��DWHQGHQGR�jV� LQFHUWH]DV�DVVRFLDGDV�D�

HVWHV�HQVDLRV�H�j�H[SHULrQFLD�DQWHULRU�FRP�R�W~QHO�GR�&DVWHOR�GR�%RGH��IRL�UHDOL]DGR�XP�Q~PHUR�GH�

HQVDLRV�EDVWDQWH�VXSHULRU��WUrV�HQVDLRV�6)-�HP�UDVJRV�YHUWLFDLV�H�KRUL]RQWDLV��H�QRYH�HQVDLRV�677�

HP�TXDWUR� IXURV�GH� VRQGDJHP�VXEKRUL]RQWDLV��'HYLGR� D� OLPLWDo}HV�GR�HTXLSDPHQWR�XWLOL]DGR�� RV�

677�

677�

677�

6)-�

6)-�

1LFKR

677�677�

6)-�

6)-�

677�

�D�� �E��

�D�� �E��
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IXURV�GH�VRQGDJHP�SDUD�RV�HQVDLRV�677�QmR�XOWUDSDVVDUDP�RV���P�GH�FRPSULPHQWR��/1(&��������

6RXVD�et al.,��������

$� LQWHUSUHWDomR�GRV� UHVXOWDGRV�GRV�HQVDLRV� IRL�HIHWXDGD� UHFRUUHQGR�j�PHVPD�PHWRGRORJLD�GH�

DQiOLVH� JOREDO�� 3DUD� VLPXODU� R� HIHLWR� GD� JHRPHWULD� GR� QLFKR� H� GR� W~QHO� H�� D� SDUWLU� GDV�PHGLo}HV�

HIHWXDGDV��REWHU�R�FDPSR�GH�WHQV}HV�PDLV�SURYiYHO�QHVVD�]RQD�GR�PDFLoR��IRL�XWLOL]DGR�R�PRGHOR�

WULGLPHQVLRQDO�GH� HOHPHQWRV�GH� IURQWHLUD�GHVHQYROYLGR�QR�/1(&��GH�TXH� VH� DSUHVHQWD�QD�)LJXUD�

��E��XPD�SHUVSHWLYD�GD�PDOKD�GH�FiOFXOR��

�

���� �

)LJ����±�$OWR�/LQGRVR���D��ORFDOL]DomR�GR�QLFKR�GH�HQVDLR���E��PDOKD�GH�HOHPHQWRV�GH�IURQWHLUD��

�

1HVWH�HVWXGR��XPD�YH]�FDOFXODGR�R�FDPSR�GH�WHQV}HV�LQLFLDO�PDLV�SURYiYHO��XWLOL]DQGR�WRGRV�RV�

YDORUHV� REWLGRV� QRV� HQVDLRV�� IRL� LQWURGX]LGD� XPD� DQiOLVH� GRV� HUURV� HQWUH� RV� YDORUHV� GDV� WHQV}HV�

FDOFXODGDV�H�PHGLGDV��HP�FDGD�SRQWR�GH�HQVDLR��SRU�IRUPD�D�LGHQWLILFDU�PHGLo}HV�DIHWDGDV�SRU�HUURV�

DQRUPDOPHQWH� HOHYDGRV� H�� PHGLDQWH� D� VXD� HOLPLQDomR� GD� DQiOLVH�� GLPLQXLU� R� YDORU� GR� HUUR�

TXDGUiWLFR�PpGLR�GR�FRQMXQWR�WRWDO�GH�YDORUHV��

2EWLYHUDP�VH�XPD�WHQVmR�YHUWLFDO�LQLFLDO�GH�����03D��FRHUHQWH�FRP�R�SHVR�GR�UHFREULPHQWR��H�

WHQV}HV� KRUL]RQWDLV� LQLFLDLV� GH� �����03D� H� �����03D�� UHVSHWLYDPHQWH�� QDV� GLUHo}HV� QRUPDO� H�

SDUDOHOD�DR�HL[R�GR�W~QHO��R�TXH�FRUUHVSRQGLD�D�XPD�UHODomR�HQWUH�DV�WHQV}HV�KRUL]RQWDLV�H�YHUWLFDLV�

GH�FHUFD�GH������$V� WHQV}HV�SULQFLSDLV� LQLFLDLV�FDOFXODGDV�H�DV� VXDV�GLUHo}HV� �D]LPXWH�SHQGRU�HP�

JUDXV��IRUDP��1,� ������03D�����������1,,� ������03D�����������1,,,� �����03D�����������

2V� UHVXOWDGRV�REWLGRV�SDUD�R�FDPSR�GH� WHQV}HV� LQLFLDO�PDLV�SURYiYHO�QD�]RQD�GD�FDYHUQD�GR�

$OWR�/LQGRVR�IRUDP�FRQVLGHUDYHOPHQWH�PDLV�FRHUHQWHV�GR�TXH�QR�FDVR�GR�W~QHO�GR�&DVWHOR�GR�%RGH�

H� SXGHUDP� VHU� FRQVLGHUDGRV� FRPR� XPD� HVWLPDWLYD� ILiYHO� SDUD� XWLOL]DomR� QR� FiOFXOR� GD� FDYHUQD��

DVVLP�FRPR�SDUD�LQWHUSUHWDomR�GR�FRPSRUWDPHQWR�REVHUYDGR�GXUDQWH�D�FRQVWUXomR��

�

����±�&HQWUDO�KLGURHOpWULFD�GH�3LFRWH�,,�

3DUD�R�UHIRUoR�GH�SRWrQFLD�GR�HPSUHHQGLPHQWR�KLGURHOpWULFR�GH�3LFRWH�IRUDP�FRQVWUXtGRV�XP�

QRYR� FLUFXLWR� KLGUiXOLFR� H� XPD� QRYD� FHQWUDO� VXEWHUUkQHD�� GHVLJQDGRV� SRU� HPSUHHQGLPHQWR� GH�

3LFRWH�,,��QXP�PDFLoR�URFKRVR�JUDQtWLFR��('3���������3DUD�REWHQomR�GR�FDPSR�GH�WHQV}HV�LQLFLDO�D�

XWLOL]DU�QR�FiOFXOR�GD�FDYHUQD�GD�FHQWUDO�IRUDP�UHDOL]DGRV��DQWHV�GR�LQtFLR�GD�REUD��VHLV�HQVDLRV�677�

HP� GRLV� IXURV� GH� VRQGDJHP� �677�� H� 677��� DEHUWRV� D� SDUWLU� GH� XPD� JDOHULD� H[LVWHQWH� �/1(&��

�������

$�FDYHUQD�GD�FHQWUDO�GH�3LFRWH�,,�HQFRQWUD�VH�D�����P�GH�SURIXQGLGDGH��QD�YL]LQKDQoD�GH�XP�

FDQKmR�HVFDYDGR�SHOR�ULR�'RXUR�D�SDUWLU�GR�QtYHO�GR�SODQDOWR�DSUR[LPDGDPHQWH�j�FRWD�����P��(VWH�

FDQKmR�p�R�SULQFLSDO� IDWRU�TXH�DIHWD�R�FDPSR�GH� WHQV}HV�QD�]RQD��$�DQiOLVH�JOREDO�GR�FDPSR�GH�

WHQV}HV�EDVHRX�VH�QDV�VHJXLQWHV�KLSyWHVHV��

±� $�FRWD�GD�VXSHUItFLH�GR�WHUUHQR�DQWHV�GD�HVFDYDomR�GR�FDQKmR�SHOR�ULR�HUD�����P��

±� $�FRPSRQHQWH�YHUWLFDO�GR�HVWDGR�GH�WHQVmR�LQLFLDO�DQWHV�GD�HVFDYDomR�GR�FDQKmR�UHVXOWD�GD�

DWXDomR�GR�SHVR�SUySULR�GR�PDFLoR��1Y� �N��J�K��FRP�N�� ����YHU�HT��������

*DOHULD�GD�FHQWUDO

� ��P��

1LFKR�D�� �E��



1210379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 113-140

http://dx.doi.org/10.24849/j.geot.2018.143.06 – © 2018 Sociedade Portuguesa de Geotecnia

±� $V�FRPSRQHQWHV�KRUL]RQWDLV�GR�HVWDGR�GH�WHQVmR�LQLFLDO�QR�SODQR�GR�PRGHOR��1K��H�QR�SODQR�

SHUSHQGLFXODU��1QRU��DQWHV�GD�HVFDYDomR�GR�FDQKmR��YDULDP�OLQHDUPHQWH�FRP�D�SURIXQGLGDGH��

1K� �N��J�K��1QRU� �N��J�K��

±� 1Y��1K�H�1QRU�VmR�WHQV}HV�SULQFLSDLV��

)RL� GHVHQYROYLGR� XP�PRGHOR� QXPpULFR� ELGLPHQVLRQDO�� HP� HVWDGR� SODQR� GH� GHIRUPDomR�� GH�

XPD�VHFomR�YHUWLFDO�GR�PDFLoR�URFKRVR�QD�]RQD�GD�FHQWUDO��DSUR[LPDGDPHQWH�SHUSHQGLFXODU�DR�ULR�

H� SDUDOHOD� DRV� IXURV� GH� VRQGDJHP�� 8WLOL]RX�VH� R� SURJUDPD� GH� GLIHUHQoDV� ILQLWDV� )/$&� �,WDVFD��

�������'DGR�TXH�R�SHUILO�GR�WHUUHQR�HP�DPEDV�DV�PDUJHQV�p�VHPHOKDQWH��R�PRGHOR�DSHQDV�LQFOXL�

XPD�GDV�PDUJHQV�H�FRQVLGHUD�FRQGLo}HV�GH�VLPHWULD��3DUD�GLPLQXLU�RV�HIHLWRV�ORFDOL]DGRV�QDV�]RQDV�

GDV�IURQWHLUDV��R�PRGHOR�WHP������P�GH�FRPSULPHQWR�QD�KRUL]RQWDO�H�GHVHQYROYH�VH�HQWUH�DV�FRWDV�

��P� H� ����P�� 2� PRGHOR� LQWHJUD� ���u���� HOHPHQWRV� QXPD�PDOKD� TXH�� QD� ]RQD� GRV� HQVDLRV� GH�

VREUHFDURWDJHP��p�PDLV� UHILQDGD��FRP�HOHPHQWRV�FRP����u�����P���1D�)LJXUD���D�� UHSUHVHQWD�VH�

SDUWH� GD�PDOKD� GR�PRGHOR� RQGH� VH� HQFRQWUDP� UHSUHVHQWDGDV� DV� VRQGDJHQV� 677�� H� 677��� QXPD�

YLVWD�GD�PDUJHP�GLUHLWD�QR�VHQWLGR�GH�MXVDQWH��

�

��� �

)LJ����±�3LFRWH�,,���D��SRUPHQRU�GD�PDOKD�FRP�D�ORFDOL]DomR�GRV�IXURV�GH�VRQGDJHP�677��H�677���

�E��WHQV}HV�FDOFXODGDV�QRV�SRQWRV�RQGH�IRUDP�HIHWXDGRV�RV�HQVDLRV�677��

�

$SOLFDQGR�D�PHWRGRORJLD�GH�DQiOLVH�JOREDO�REWHYH�VH��N�� �������N�� �������,VWR�VLJQLILFD�TXH�R�

FDPSR� GH� WHQV}HV�PDLV� SURYiYHO� LQVWDODGR� QR�PDFLoR� URFKRVR� UHVXOWD� GH� XP� FDPSR� GH� WHQV}HV�

LQLFLDO��DQWHV�GD�DomR�HURVLYD�GR�ULR�D�SDUWLU�GD�FRWD�GH�����P��FRP�XPD�UHODomR�HQWUH�DV�WHQV}HV�

KRUL]RQWDLV�H�YHUWLFDLV�GH�FHUFD�GH�������1D�)LJXUD���E��UHSUHVHQWDP�VH�DV� WHQV}HV�SULQFLSDLV�TXH�

UHVXOWDP� GR� HIHLWR� GD� HVFDYDomR� GR� FDQKmR��$V� WHQV}HV� SULQFLSDLV� VmR� FODUDPHQWH� LQIOXHQFLDGDV�

SHOD�SUR[LPLGDGH�GR�FDQKmR��3UHYLX�VH�D�RFRUUrQFLD�GH�WHQV}HV�KRUL]RQWDLV�UHODWLYDPHQWH�HOHYDGDV�

QD�]RQD�GD�QRYD�FHQWUDO��SDUD�RQGH�IRL�HVWLPDGD�XPD�UHODomR�HQWUH�DV�WHQV}HV�KRUL]RQWDLV�H�YHUWLFDLV�

GH�FHUFD�GH����$�RFRUUrQFLD�GHVWHV�YDORUHV�PXLWR�HOHYDGRV�GDV�WHQV}HV�KRUL]RQWDLV�IRL�FRQILUPDGD��

SRVWHULRUPHQWH��QR� LQtFLR�GD� IDVH�GH�FRQVWUXomR�GD�REUD��SRU�PHLR�GH�HQVDLRV�6)-� UHDOL]DGRV�HP�

QLFKRV�QDV�SDUHGHV�GDV�JDOHULDV�GH�DFHVVR�TXH�HQWmR�IRUDP�DEHUWDV��

�

����±�&HQWUDO�KLGURHOpWULFD�GH�%HPSRVWD�,,�

$V�REUDV�GR�UHIRUoR�GH�SRWrQFLD�GR�HPSUHHQGLPHQWR�KLGURHOpWULFR�GH�%HPSRVWD� LQFOXHP�XP�

QRYR�FLUFXLWR�KLGUiXOLFR�VXEWHUUkQHR�QD�PDUJHP�GLUHLWD�GR�ULR�'RXUR�H�XPD�FHQWUDO�HP�SRoR��FRP�

�D�� �E��
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XPD� VHFomR� GH� ��u���P�� H� XPD� DOWXUD� GH� FHUFD� GH� ���P�� QXP�PDFLoR� URFKRVR� FRQVWLWXtGR� SRU�

JUDQLWRV� JQiLVVLFRV� �('3�� ������� 3DUD� D� GHWHUPLQDomR� GR� FDPSR� GH� WHQV}HV� QR� PDFLoR� IRUDP�

UHDOL]DGRV�HQVDLRV�677�H�6)-�HP�GRLV�ORFDLV�GH�XPD�JDOHULD�FRP�XP�GLkPHWUR�GH�FHUFD�GH���P��TXH�

VHUYLX�GH�DFHVVR�GXUDQWH�D�FRQVWUXomR�GD�FHQWUDO�H[LVWHQWH��/1(&���������2�ORFDO���HVWi�DR�QtYHO�GR�

OHLWR�GR�ULR��j�SURIXQGLGDGH�GH����P��DIDVWDGR�����P�GR�HL[R�GR�ULR��QXPD�]RQD�HP�TXH�D�JDOHULD�p�

QRUPDO� DR� ULR�� R� ORFDO� �� HVWi� D� XPD� FRWD� ���P� DFLPD� GD� GR� ORFDO� ��� j� SURIXQGLGDGH� GH� ����P��

DIDVWDGR� ����P� GR� HL[R� GR� ULR�� QXPD� ]RQD� HP� TXH� D� JDOHULD� p� SDUDOHOD� DR� ULR�� 1D� )LJXUD� ��

DSUHVHQWD�VH�XPD�SODQWD�GD�]RQD�YL]LQKD�GD�JDOHULD��LQGLFDQGR�RV�GRLV�ORFDLV�GH�HQVDLR��H�XP�FRUWH�

YHUWLFDO�ORQJLWXGLQDO��

�

���������� �

)LJ����±�%HPSRVWD�,,���D��SODQWD�GD�REUD�H�ORFDLV�GH�HQVDLR���E��FRUWH�YHUWLFDO�SHOD�FHQWUDO���

�

(P�FDGD�XP�GRV�ORFDLV�IRUDP�UHDOL]DGRV���HQVDLRV�6)-��XP�UDVJR�KRUL]RQWDO��XP�YHUWLFDO�H�XP�

LQFOLQDGR�D�������)RUDP�UHDOL]DGRV�WUrV�HQVDLRV�GH�VREUHFDURWDJHP�QR�ORFDO����HQWUH�RV����P�H�RV�

���P��H�GRLV�HQVDLRV�QR�ORFDO����HQWUH�RV���P�H�RV����P��HP�IXURV�FRP�GLUHo}HV�QRUPDLV�DR�HL[R�GD�

JDOHULD�H�LQFOLQDo}HV�GHVFHQGHQWHV�GH������

2V�SULQFLSDLV�IDWRUHV�TXH�LQIOXHQFLDP�RV�YDORUHV�PHGLGRV�QRV�HQVDLRV�H�R�FDPSR�GH�WHQV}HV�QD�

]RQD�GH�LQWHUHVVH�VmR�D�WRSRJUDILD�GR�YDOH�GR�ULR�H�D�JDOHULD�GH�HQVDLR��$WHQGHQGR�j�JHRPHWULD�GR�

SUREOHPD�� SDUD� D� DQiOLVH� JOREDO� GR� FDPSR� GH� WHQV}HV� VHULD� QHFHVViULR� UHFRUUHU� D� XP� PRGHOR�

WULGLPHQVLRQDO�GH�JUDQGHV�GLPHQV}HV�GR�PDFLoR�URFKRVR��TXH�LQFOXtVVH�R�YDOH�GR�ULR�H�WLYHVVH�XPD�

GLVFUHWL]DomR� DGHTXDGD� SDUD� R� FiOFXOR� GDV� WHQV}HV� QRV� ORFDLV� GH� HQVDLR�� 3DUD� FRQWRUQDU� HVWH�

SUREOHPD�IRL�XWLOL]DGD�XPD�PHWRGRORJLD�VLPSOLILFDGD��VHPHOKDQWH�j�XWLOL]DGD�SRU�:LWWNH���������

1XPD�SULPHLUD�IDVH�IRL�FRQVWUXtGR�XP�PRGHOR�ELGLPHQVLRQDO��HP�HVWDGR�SODQR�GH�GHIRUPDomR��

GH�XPD�VHFomR�QRUPDO�DR�ULR�SDVVDQGR�QR�ORFDO����XWLOL]DQGR�R�SURJUDPD�)/$&��H�IRL�VLPXODGD�D�

HVFDYDomR�GR�YDOH�H�D�DEHUWXUD�GD�JDOHULD�QR�ORFDO����)RUDP�DGRWDGDV�DV�VHJXLQWHV�KLSyWHVHV��

±� $�FRWD�GD�VXSHUItFLH�GR�WHUUHQR�DQWHV�GD�HVFDYDomR�GR�YDOH�SHOR�ULR�p�D�GR�SODQDOWR��

±� $� FRPSRQHQWH� YHUWLFDO�� 1Y�� H� DV� FRPSRQHQWHV� KRUL]RQWDLV� QR� SODQR� GR�PRGHOR�� 1K�� H� QR�

SODQR�SHUSHQGLFXODU��1QRU��GR�HVWDGR�GH� WHQVmR� LQLFLDO�DQWHV�GD�HVFDYDomR�GR�YDOH�SHOR�ULR��

YDULDP�OLQHDUPHQWH�FRP�D�SURIXQGLGDGH��1Y� �N��J�K��1K� �N��J�K��1QRU� �N��J�K��YHU�HT��������

±� 1Y��1K�H�1QRU�VmR�WHQV}HV�SULQFLSDLV��

$�)LJXUD���D��PRVWUD�D�PDOKD�DQWHV�H�GHSRLV�GD�HVFDYDomR�GR�YDOH�SHOR�ULR��&RP�HVWH�PRGHOR�

FDOFXODUDP�VH�DV�FRPSRQHQWHV�GR�HVWDGR�GH�WHQVmR�QRV�SRQWRV�GH�PHGLomR�GR�ORFDO����

)RL� FRQVWUXtGR� XP� VHJXQGR�PRGHOR� QXPpULFR�� WULGLPHQVLRQDO�� FRP� XPD� HVSHVVXUD� XQLWiULD��

FHQWUDGR� QD� JDOHULD� QR� ORFDO� ��� XWLOL]DQGR� R� SURJUDPD� )/$&�'�� TXH� HVWi� UHSUHVHQWDGR� QD�

�D�� �E��
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)LJXUD���E���)RUDP�DSOLFDGDV��QHVWH�PRGHOR��DV�WHQV}HV�FDOFXODGDV�FRP�R�PRGHOR�ELGLPHQVLRQDO�QD�

]RQD� GR� ORFDO� �� H� IRL� VLPXODGD� D� HVFDYDomR� GD� JDOHULD�� &RP� HVWH� PRGHOR� FDOFXODUDP�VH� DV�

FRPSRQHQWHV�GR�HVWDGR�GH�WHQVmR�QRV�SRQWRV�GH�PHGLomR�GR�ORFDO����

�

������� �

)LJ����±�%HPSRVWD�,,���D��PRGHOR��'�SHOR�ORFDO����FRP�UHSUHVHQWDomR�GR�SHUILO�GR�WHUUHQR�DQWHV�H�

DSyV�D�HVFDYDomR�GR�YDOH���E��PRGHOR��'�FRP�D�JDOHULD�QD�]RQD�GR�ORFDO����

�

$�DSOLFDomR�GD�PHWRGRORJLD�GH�DQiOLVH�JOREDO�DR�FDVR�GH�%HPSRVWD�,,� IRUQHFHX�RV�VHJXLQWHV�

UHVXOWDGRV��N�� �������N�� ������H�N�� ������� ,VWR�VLJQLILFD�TXH�R�FDPSR�GH� WHQV}HV�PDLV�SURYiYHO�

LQVWDODGR�QR�PDFLoR�URFKRVR�UHVXOWD�GH�XP�FDPSR�GH�WHQV}HV�LQLFLDO��DQWHV�GD�DomR�HURVLYD�GR�ULR��

FDUDFWHUL]DGR� SRU� XPD� WHQVmR� YHUWLFDO� GD� RUGHP� GH� JUDQGH]D� GD� FRUUHVSRQGHQWH� DR� SHVR� GR�

UHFREULPHQWR�H�SRU�WHQV}HV�KRUL]RQWDLV�FHUFD�GH�����YH]HV�PHQRUHV�TXH�D�WHQVmR�YHUWLFDO��$�SDUWLU�

GHVWHV�UHVXOWDGRV��IRUDP�FDOFXODGDV�FRP�R�PRGHOR�ELGLPHQVLRQDO�DV�WHQV}HV�QDV�]RQDV�YL]LQKDV�GD�

FHQWUDO���

�

����������������� �

)LJ����±�%HPSRVWD�,,��WHQV}HV�QD�]RQD�GD�QRYD�FHQWUDO���D��VHFomR�YHUWLFDO�QRUPDO�DR�ULR���E��VHFomR�

YHUWLFDO�SDUDOHOD�DR�ULR��

� �

�D��

�E��

�D�� �E��
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$�)LJXUD���HYLGHQFLD�D� URWDomR�GDV� WHQV}HV�SULQFLSDLV� UHVXOWDQWHV�GR�HIHLWR�GD� WRSRJUDILD�GR�
WHUUHQR�� TXH� FRUUHVSRQGH� D� XPD� GLPLQXLomR� GD� LQFOLQDomR� GD� WHQVmR� SULQFLSDO� Pi[LPD� FRP� D�
SURIXQGLGDGH�� YHULILFDQGR�VH� TXH� HVWD� VH� DSUR[LPD� GD� KRUL]RQWDO� SDUD� DV� FRWDV�PDLV� EDL[DV� GDV�
HVFDYDo}HV�� Mi� DEDL[R�GR� OHLWR� GR� ULR��e� LQWHUHVVDQWH� FRQVWDWDU� TXH�� GHYLGR� j� H[LVWrQFLD� GR�YDOH��
QHVWD�]RQD�DV�WHQV}HV�KRUL]RQWDLV�VmR�FRQVLGHUDYHOPHQWH�VXSHULRUHV�j�YHUWLFDO��

����±�&HQWUDO�KLGURHOpWULFD�GH�6DODPRQGH�,,�

$V� REUDV� GR� UHIRUoR� GH� SRWrQFLD� GR� DSURYHLWDPHQWR� KLGURHOpWULFR� GH� 6DODPRQGH� ,,�� QR� ULR�
&iYDGR��LQFOXHP�XP�FLUFXLWR�KLGUiXOLFR�GH���NP�H�XPD�FHQWUDO�VXEWHUUkQHD��$�FDYHUQD�GD�FHQWUDO�
HVWi�ORFDOL]DGD�QXP�PDFLoR�JUDQtWLFR�GH�ERD�TXDOLGDGH��j�SURIXQGLGDGH�GH�FHUFD�GH�����P��H�WHP�
���P�GH�DOWXUD�����P�GH�FRPSULPHQWR�H������P�GH�ODUJXUD��&2%$���������$�)LJXUD����DSUHVHQWD�
XPD�SODQWD�GD�]RQD�GD�PDUJHP�HVTXHUGD�GD�EDUUDJHP�GH�6DODPRQGH��FRP�LQGLFDomR�GD�ORFDOL]DomR�
GD�FDYHUQD�GD�FHQWUDO�H[LVWHQWH�H�GD�QRYD�FHQWUDO��DVVLP�FRPR�XPD�SHUVSHWLYD�GR�DUUDQMR�GDV�REUDV�
VXEWHUUkQHDV�GR�FRPSOH[R�GD�FHQWUDO��

�

���������� �

)LJ�����±�6DODPRQGH�,,��SODQWD�H�DUUDQMR�GDV�REUDV�VXEWHUUkQHDV�GR�FRPSOH[R�GD�FHQWUDO��

1D� IDVH� GH� SURMHWR�� DQWHV� GR� LQtFLR� GDV� HVFDYDo}HV�� IRUDP� UHDOL]DGRV� HQVDLRV� GH�
VREUHFDURWDJHP� 677� HP� GRLV� IXURV� VXEYHUWLFDLV�� 6�� H� 6���� H�� GXUDQWH� DV� HVFDYDo}HV�� ORJR� TXH�
KRXYH� DFHVVR� j� ]RQD�GD� FHQWUDO�� IRUDP� UHDOL]DGRV� ��� HQVDLRV� GH�PDFDFRV� SODQRV� HP� WUrV� ORFDLV��
6)-��� 6)-�� H� 6)-�� �YHU� )LJXUD� ����� 1D� )LJXUD� ��� HVWmR� UHSUHVHQWDGRV� RV� W~QHLV� GH� DFHVVR� H� D�
FDYHUQD�GD�FHQWUDO�H�LQGLFDP�VH�WDPEpP�RV�ORFDLV�GRV�HQVDLRV�6)-��DVVLP�FRPR�D�IDVH�GH�HVFDYDomR�
GD�DEyEDGD�GD�FDYHUQD�TXDQGR�RV�HQVDLRV�6)-��IRUDP�UHDOL]DGRV��/1(&������������D������E���

�

6��

6)-�

6)-�

6�� �� �� ���P

5LR�&iYDGR�

5LR�0DX�
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�

)LJ�����±�6DODPRQGH�,,��SHUVSHWLYDV�GDV�REUDV�VXEWHUUkQHDV�FRQVLGHUDGDV�QR�PRGHOR�QXPpULFR�H�

IDVH�GH�HVFDYDomR�GD�DEyERGD�GD�FHQWUDO�j�GDWD�GD�UHDOL]DomR�GRV�HQVDLRV�6)-��

�

$� LQWHUSUHWDomR� GRV� UHVXOWDGRV� GRV� HQVDLRV� WHYH� HP� FRQVLGHUDomR� D� WRSRJUDILD� ORFDO� H� D�

JHRPHWULD� GDV� HVFDYDo}HV� H[LVWHQWHV� TXDQGR� RV� HQVDLRV� 6)-� IRUDP� UHDOL]DGRV�� 3DUD� R� HIHLWR� IRL�

GHVHQYROYLGR�XP�PRGHOR�QXPpULFR�WULGLPHQVLRQDO��)LJXUD������XWLOL]DQGR�R�SURJUDPD�)/$&�'��H�

IRL�DSOLFDGD�D�PHWRGRORJLD�GH�DQiOLVH�JOREDO���

�

�

)LJ�����±�6DODPRQGH�,,���D��SHUVSHWLYD�GR�PRGHOR�QXPpULFR���E��FRUWH�YHUWLFDO�SHORV�W~QHLV�GH�

DFHVVR���F��GHWDOKH�GR�W~QHO�GH�DFHVVR�j�FHQWUDO��

)RUDP�DGRWDGDV�DV�VHJXLQWHV�KLSyWHVHV��

±� $�WHQVmR�YHUWLFDO�LQLFLDO��1]��p�XPD�WHQVmR�SULQFLSDO�H�UHVXOWD�GD�DWXDomR�GR�SHVR�SUySULR�GR�

PDFLoR���

±� $V� FRPSRQHQWHV� GR� HVWDGR� GH� WHQVmR� LQLFLDO� YDULDP� OLQHDUPHQWH� FRP� D� SURIXQGLGDGH��

1[� �N��J�K��1\� �N��J�K��1]� �N��J�K�� 2[\� �N��J�K� �YHU� HT�� ������ HP� TXH� RV� HL[RV�;� H�<� VmR��

UHVSHWLYDPHQWH��QRUPDO�H�SDUDOHOR�DR�HL[R�GD�FDYHUQD��
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2� FDPSR� GH� WHQV}HV� LQLFLDO� DQWHULRU� jV� HVFDYDo}HV� IRL� REWLGR�� DSOLFDQGR� D� PHWRGRORJLD� GH�

DQiOLVH�JOREDO��SHOD�VREUHSRVLomR�GH�TXDWUR�FDUUHJDPHQWRV��(M��FRUUHVSRQGHQWHV�j�WHQVmR�YHUWLFDO�H�

jV� WUrV� FRPSRQHQWHV� GR� HVWDGR� GH� WHQVmR� KRUL]RQWDO�� &RQVLGHUDUDP�VH� RV� UHVXOWDGRV� GRV� HQVDLRV�

677� H� 6)-�� H� REWLYHUDP�VH� RV� VHJXLQWHV� YDORUHV�� N�� ������� N�� ������� N�� ��� H� N�� ������� 1D�

)LJXUD���� DSUHVHQWDP�VH� DV� WHQV}HV� LQLFLDLV� REWLGDV��$� URWDomR� GD� WHQVmR� SULQFLSDO� VXEYHUWLFDO� p�

FRQVLVWHQWH�FRP�D�LQIOXrQFLD�H[SHFWiYHO�GR�YDOH�GR�ULR�0DX��)LJXUD������$�PDLRU�WHQVmR�SULQFLSDO�

VXEKRUL]RQWDO� p� QRUPDO� j� GLUHomR� GR� ULR� &iYDGR�� $R� QtYHO� GD� FDYHUQD� GD� FHQWUDO� DV� WHQV}HV�

SULQFLSDLV�VXEKRUL]RQWDLV�VmR�����H�����YH]HV�D�WHQVmR�YHUWLFDO��

�

�

)LJ�����±�6DODPRQGH�,,��WHQV}HV�SULQFLSDLV�LQLFLDLV�QD�]RQD�GD�FDYHUQD�GD�FHQWUDO��

��±�&$62�'(�(678'2�'$�&(175$/�68%7(55Æ1($�'(�*289(6�

����±�'HVFULomR�GD�REUD�H�HQTXDGUDPHQWR�JHRWpFQLFR�

3DUD� DSRLR� DR� SURMHWR� GDV� REUDV� GR� FRPSOH[R� GH� FDYHUQDV� GD� FHQWUDO� GR� HPSUHHQGLPHQWR�

KLGURHOpWULFR� GH� *RXYmHV�� D� ,EHUGUROD� VROLFLWRX� DR� /1(&� D� UHDOL]DomR� GH� XP� HVWXGR� SDUD� D�

DYDOLDomR�GR�FDPSR�GH�WHQV}HV�QR�PDFLoR�URFKRVR�FRP�EDVH�HP�UHVXOWDGRV�GH�HQVDLRV�GH�PHGLomR�

GH� WHQV}HV� in situ� �/1(&�� ������� 3DUD� WDO� IRL� SURJUDPDGD� XPD� FDPSDQKD� GH� HQVDLRV� QDV� REUDV�

VXEWHUUkQHDV�TXH� VH�HQFRQWUDYDP�Mi�HVFDYDGDV�QD�SUR[LPLGDGH�GD� IXWXUD�FDYHUQD�GD�FHQWUDO��TXH�

FRQVLVWLDP�HP�W~QHLV�H�JDOHULDV�GH�DFHVVR�H�GH�UHFRQKHFLPHQWR��

2�FLUFXLWR�KLGUiXOLFR�WHP�RULJHP�QD�EDUUDJHP�GH�*RXYmHV�H�WHUPLQD�QD�DOEXIHLUD�GD�EDUUDJHP�

GH�'DLY}HV��1D�)LJXUD����DSUHVHQWD�VH�XPD�SHUVSHWLYD�GR�FRPSOH[R�GH�FDYHUQDV�GD�FHQWUDO��TXH�VH�

HQFRQWUD�D�XPD�SURIXQGLGDGH�GH�FHUFD�GH�����P��$RV�GRLV�SRoRV�YHUWLFDLV�GH�DGXomR�VHJXHP�VH�

WURoRV� KRUL]RQWDLV�� TXH� ELIXUFDP� GDQGR� OXJDU� D� TXDWUR� FRQGXWDV�� XPD� SDUD� FDGD� XP� GRV� JUXSRV�

HOHWURPHFkQLFRV�LQVWDODGRV�QD�FHQWUDO��$�FDYHUQD�GD�FHQWUDO�WHP����P�GH�ODUJXUD�����P�GH�DOWXUD�H�

����P� GH� FRPSULPHQWR� H� IRL� LPSODQWDGD� FRP� XPD� RULHQWDomR� GH� 1���(�� $� FDYHUQD� GRV�

WUDQVIRUPDGRUHV�p�SDUDOHOD�j�GD�FHQWUDO�����P�D�MXVDQWH�GHOD��H�WHP����P�GH�ODUJXUD�����P�GH�DOWXUD�

H� ���P� GH� FRPSULPHQWR�� $� OLJDU� DV� GXDV� FDYHUQDV� H[LVWHP� TXDWUR� JDOHULDV� GH� EDUUDPHQWRV�� $V�

TXDWUR� JDOHULDV� GH� DVSLUDomR�� OLJDGDV� SRU� SRoRV� j� FKDPLQp� GH� HTXLOtEULR�� WHUPLQDP� QR� W~QHO� GH�

DVSLUDomR��TXH�FRQGX]�D�iJXD�DR�ULR�7kPHJD��

2� PDFLoR� URFKRVR� p� FRQVWLWXtGR� SRU� GXDV� IRUPDo}HV� GLVWLQWDV� �,EHUGUROD�� ������� FRP� XP�

FRQWDFWR� VXEKRUL]RQWDO�QD�]RQD�GD�FHQWUDO��$� OLWRORJLD� VREUHMDFHQWH�p� FRQVWLWXtGD�SRU�PLFD[LVWRV��

&RUWH�YHUWLFDO &RUWH�KRUL]RQWDO

&
R
WD
��
P
�
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VRE�RV�TXDLV�RFRUUHP�JUDQLWRV��1D�)LJXUD����UHSUHVHQWD�VH�D�VXSHUItFLH�LQWHUSUHWDWLYD�GR�FRQWDFWR�

HQWUH�RV�PLFD[LVWRV�H�RV�JUDQLWRV��REWLGD�SRU�LQWHUSRODomR�D�SDUWLU�GRV�PDSHDPHQWRV�HIHWXDGRV���

�

�

)LJ�����±�*RXYmHV��SHUVSHWLYD�GR�FRPSOH[R�GH�FDYHUQDV�GD�FHQWUDO�FRP�D�VXSHUItFLH�GH�FRQWDFWR�

HQWUH�RV�PLFD[LVWRV�H�RV�JUDQLWRV��DGDSWDGR�GR�PRGHOR�WULGLPHQVLRQDO�IRUQHFLGR�SHOD�,EHUGUROD���

�

7HQGR�HP�FRQWD�TXH�RV�UHVXOWDGRV�GRV�HQVDLRV�GH�FDUDFWHUL]DomR�JHRWpFQLFD�LQGLFDYDP�TXH�RV�

PLFD[LVWRV�DSUHVHQWDYDP�XPD�GHIRUPDELOLGDGH� VHQVLYHOPHQWH�GXSOD�GD�GRV�JUDQLWRV��R�SURJUDPD�

GH�HQVDLRV�IRL�GHILQLGR�DGPLWLQGR�TXH�SRGHULD�KDYHU�GLIHUHQoDV�UHOHYDQWHV�HQWUH�R�HVWDGR�GH�WHQVmR�

LQLFLDO�LQVWDODGR�HP�FDGD�XPD�GDV�IRUPDo}HV���

�

����±�(QVDLRV�GH�PHGLomR�GH�WHQV}HV�UHDOL]DGRV�

(P�IDFH�GD�KHWHURJHQHLGDGH�GR�PDFLoR�� IRL�GHFLGLGR�UHDOL]DU�HQVDLRV�GH�PHGLomR�GH� WHQV}HV�

QDV�GXDV�OLWRORJLDV��3DUD�R�HIHLWR�IRL�SURJUDPDGD�XPD�FDPSDQKD�GH�HQVDLRV��XWLOL]DQGR�RV�PpWRGRV�

6)-�H�677��SDUD�XPD�RFDVLmR�HP�TXH�VH�HQFRQWUDYDP�HVFDYDGDV�REUDV�VXEWHUUkQHDV�GH�DFHVVR�H�GH�

H[SORUDomR�GR�PDFLoR��QD�SUR[LPLGDGH�GD�IXWXUD�FDYHUQD�GD�FHQWUDO��1D�)LJXUD����DSUHVHQWDP�VH�

GXDV�SHUVSHWLYDV�GHVVDV�REUDV�VXEWHUUkQHDV��EHP�FRPR�D�ORFDOL]DomR�GRV�HQVDLRV�H[HFXWDGRV��

)RUDP� GHILQLGRV� GRLV� FRQMXQWRV� GH� TXDWUR� HQVDLRV� 6)-� HP� FDGD� OLWRORJLD�� HP� KDVWHDLV�

VHQVLYHOPHQWH� SHUSHQGLFXODUHV� HQWUH� VL�� QRV� VHJXLQWHV� ORFDLV�� 6)-�7$&� H� 6)-�*$7$� QRV�

PLFD[LVWRV��6)-�*(&�H�6)-�7$&)�QRV�JUDQLWRV��(P�FDGD� ORFDO��RV�HQVDLRV� IRUDP�UHDOL]DGRV�HP�

UDVJRV�ID]HQGR�kQJXORV�GH��������������H������FRP�D�KRUL]RQWDO��8PD�YH]�TXH�RV�UHVXOWDGRV�GRV�

HQVDLRV�UHDOL]DGRV�QR�ORFDO�6)-�*$7$�HUDP�LQFRPSDWtYHLV�FRP�RV�YDORUHV�H[SHFWiYHLV��SRU�D�]RQD�

VH�HQFRQWUDU�GHVFRPSULPLGD��UHDOL]DUDP�VH�WUrV�HQVDLRV�DGLFLRQDLV�QXPD�VXSHUItFLH�FRP�D�PHVPD�

RULHQWDomR��QR�ORFDO�6)-�*$&&��$�SDUWLU�GRV�UHVXOWDGRV�GH�FDGD�HQVDLR�IRL�GHWHUPLQDGD�D� WHQVmR�

QRUPDO�DR�UDVJR�H�R�YDORU�GR�PyGXOR�GH�HODVWLFLGDGH�GR�PDFLoR��

�
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�

)LJ�����±�*RXYmHV��SHUVSHWLYDV��D�SDUWLU�GH�2HVWH�H�GH�(VWH��GDV�REUDV�VXEWHUUkQHDV�j�GDWD�GRV�

HQVDLRV��FRP�D�ORFDOL]DomR�GRV�HQVDLRV�6)-�H�677��

�

3DUD�D�UHDOL]DomR�GRV�HQVDLRV�677�IRUDP�VHOHFLRQDGRV�GRLV�ORFDLV�SDUD�RV�IXURV�GH�VRQGDJHP��

GH�WDO�IRUPD�TXH�XP�LQWHUHVVDVVH�DSHQDV�PLFD[LVWRV�H�R�RXWUR�DSHQDV�JUDQLWRV��$VVLP��UHDOL]RX�VH�

XP�IXUR�QR�7$&��SDUD�D�H[HFXomR�GH�HQVDLRV�HP�PLFD[LVWRV��H�RXWUR�QD�*$&&��SDUD�D�H[HFXomR�GH�

HQVDLRV� HP� JUDQLWRV�� (P� FDGD� IXUR� IRUDP� SUHYLVWRV� VHLV� HQVDLRV�� HQWUH� RV� ���P� H� RV� ���P� GH�

SURIXQGLGDGH�� 1R� HQWDQWR�� QR� IXUR� 677�7$&� IRL� LQWHUVHWDGR� R� FRQWDFWR� HQWUH� RV� JUDQLWRV� H� RV�

PLFD[LVWRV�� R� TXH�QmR� HUD� SUHYLVtYHO�� SHOR� TXH�TXDWUR� HQVDLRV� IRUDP� UHDOL]DGRV� HP�PLFD[LVWRV� H�

GRLV�HP�JUDQLWRV��1R�IXUR�GD�677�*$&&�IRUDP�UHDOL]DGRV�FLQFR�HQVDLRV��WRGRV�HP�JUDQLWRV��QmR�

WHQGR�VLGR�SRVVtYHO�H[HFXWDU�R�VH[WR�SRU�SUREOHPDV�VXUJLGRV�FRP�R�HTXLSDPHQWR�GH�IXUDomR��3DUD�D�

GHWHUPLQDomR� GDV� FRQVWDQWHV� HOiVWLFDV� �(� H� ��� D� XWLOL]DU� QRV� FiOFXORV� GDV� WHQV}HV� D� SDUWLU� GDV�

H[WHQV}HV�PHGLGDV��IRUDP�UHDOL]DGRV�HQVDLRV�ELD[LDLV�QRV�WDURORV�FRQWHQGR�RV�DSDUHOKRV�677��

�

����±�*HUDomR�GR�PRGHOR�QXPpULFR�WULGLPHQVLRQDO�

)RL� GHVHQYROYLGR� XP�PRGHOR� QXPpULFR� WULGLPHQVLRQDO� XWLOL]DQGR� R� SURJUDPD� GH� GLIHUHQoDV�

ILQLWDV�)/$&�'��,WDVFD������D���FRP�R�REMHWLYR�GH�LPSOHPHQWDU�D�PHWRGRORJLD�GH�DQiOLVH�JOREDO�

GRV�UHVXOWDGRV�GRV�HQVDLRV�GH�PHGLomR�GH�WHQV}HV�UHDOL]DGRV��3DUD�WDO�p�IXQGDPHQWDO�FRQVLGHUDU�QR�

PRGHOR� QXPpULFR�� VLPXOWDQHDPHQWH�� RV� HIHLWRV� GDV� HVFDYDo}HV� VXEWHUUkQHDV� H[LVWHQWHV�� GD�

WRSRJUDILD�GR�WHUUHQR�H�GDV�GXDV�OLWRORJLDV�H[LVWHQWHV��1HVWD�VHFomR�GHVFUHYHP�VH�DV�GLYHUVDV�IDVHV�

GD�JHUDomR�GR�PRGHOR�QXPpULFR��GHVGH�D�GHILQLomR�GD�JHRPHWULD�JOREDO�DWp�j�JHUDomR�GD�PDOKD�GH�

HOHPHQWRV� WHWUDpGULFRV�� LQFOXLQGR� D� UHSUHVHQWDomR� GD� WRSRJUDILD� GR� WHUUHQR� H� GD� VXSHUItFLH� GH�

FRQWDFWR�HQWUH�DV�GXDV�OLWRORJLDV��

1XPD�SULPHLUD�IDVH�IRL�GHILQLGD�D�JHRPHWULD�JOREDO�GR�PRGHOR�QXPpULFR�WHQGR�FRPR�EDVH�R�

ILFKHLUR� GH� $XWR&$'�� IRUQHFLGR� SHOD� ,EHUGUROD�� FRP� R� PRGHOR� JHRPpWULFR� WULGLPHQVLRQDO� GDV�

HVFDYDo}HV� SUHYLVWDV� HP� SURMHWR� �)LJXUD� ����� 1HVWH� ILFKHLUR� D� JHRPHWULD� GDV� HVFDYDo}HV� IRL�

PRGHODGD� XWLOL]DQGR� HOHPHQWRV� VyOLGRV� WULGLPHQVLRQDLV� GR� $XWR&$'�� $V� REUDV� VXEWHUUkQHDV�

H[HFXWDGDV�DWp�j�GDWD�GD�UHDOL]DomR�GRV�HQVDLRV�6)-�H�677��TXH�VH�DSUHVHQWDP�QD�)LJXUD�����IRUDP�

UHSUHVHQWDGDV�QR�PRGHOR�QXPpULFR��(VWDV�REUDV�VXEWHUUkQHDV�VLWXDP�VH�D�SURIXQGLGDGHV�HQWUH�����H�

����P��2�W~QHO�GH�DFHVVR�j�FHQWUDO��7$&��IRL�DSHQDV�UHSUHVHQWDGR�SDUFLDOPHQWH��WHQGR�HP�FRQWD�D�

ORFDOL]DomR�GRV�HQVDLRV�HIHWXDGRV��

3HUVSHWLYD�D�SDUWLU�GH�2HVWH�

*(&��JDOHULD�GH�

HQVDLRV�GD�FHQWUDO��

7$&� *$7$�

*$&&�

������P�

������P�

������P�

������P�

������P�

������P�

������P�

������P�

������P�

������P�
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6
7
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6)-�*$7$�

��UDVJRV�

6)-�*(&�

��UDVJRV�

*$&&�

7$&)�

6)-�7$&)�

��UDVJRV�

6)-�*$&&�

��UDVJRV�
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6)-�7$&�
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3HUVSHWLYD�D�SDUWLU�GH�(VWH�
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3DUD�FRQVWUXomR�GR�PRGHOR�IRL�XWLOL]DGR�R�VRIWZDUH�$XWR&$'�&LYLO��'��$XWRGHVN���������(P�

SULPHLUR�OXJDU�IRL�JHUDGR�XP�EORFR�SDUDOHOHSLSpGLFR��)LJXUD�����D���UHSUHVHQWDWLYR�GRV�OLPLWHV�GR�

PRGHOR�� TXH� SHUPLWH� D� FRQVLGHUDomR� GDV� FRQGLo}HV� GH� IURQWHLUD� D� XPD� GLVWkQFLD� DGHTXDGD� GRV�

ORFDLV� RQGH� IRUDP� H[HFXWDGRV� RV� HQVDLRV�� 6HJXLGDPHQWH�� IRL� JHUDGD� D� VXSHUItFLH� TXH�PHOKRU� VH�

DMXVWD� jV� FXUYDV� GH� QtYHO� GR� WHUUHQR�� FRPR� VH� LOXVWUD� QD� )LJXUD� ��� �E��� 3RU� ILP�� R� EORFR�

SDUDOHOHSLSpGLFR�IRL� LQWHUVHWDGR�SHOD�VXSHUItFLH�GR�WHUUHQR��REWHQGR�VH�HQWmR�D�JHRPHWULD�ILQDO�GR�

PRGHOR��UHSUHVHQWDGD�QD�)LJXUD�����F���$�)LJXUD�����G��DSUHVHQWD�XP�GHWDOKH�GDV�HVFDYDo}HV��

�

�

)LJ�����±�*RXYmHV��PRGHOR�JHRPpWULFR�JHUDGR�QR�$XWR&DG�&LYLO��'��D��EORFR�SDUDOHOHSLSpGLFR�

UHSUHVHQWDQGR�RV�OLPLWHV�GR�PRGHOR��E��EORFR�FRP�D�VXSHUItFLH�DMXVWDGD�jV�FXUYDV�GH�QtYHO�GR�

WHUUHQR��F��JHRPHWULD�ILQDO���G��GHWDOKH�GDV�HVFDYDo}HV��

�

$� IDVH� VHJXLQWH� FRQVLVWLX� HP� H[SRUWDU� R�PRGHOR� JHRPpWULFR� GR�$XWR&$'�&LYLO� �'� SDUD� R�

VRIWZDUH�*,'��&,01(���������FRP�YLVWD�D�JHUDU�D�PDOKD�GR�PRGHOR�QXPpULFR��1HVWH�FDVR��R�*,'�

DVVXPLX�D�LQIRUPDomR�JHRPpWULFD�GR�$XWR&$'�&LYLO��'�FRPR�XP�FRQMXQWR�GH�SRQWRV��GH�OLQKDV�H�

GH�VXSHUItFLHV��VHQGR�SRUWDQWR�QHFHVViULR�JHUDU�RV�YROXPHV�DVVRFLDGRV��)LJXUD�����D����(P�VHJXLGD��

IRL�JHUDGD�D�PDOKD�QmR�HVWUXWXUDGD�GH�HOHPHQWRV�WHWUDpGULFRV�QR�*,'��TXH�VH�UHSUHVHQWD�QD�)LJXUD�

����E���1D�]RQD�GDV�REUDV�VXEWHUUkQHDV�D�PDOKD�p�PDLV�UHILQDGD��FRPR�VH�REVHUYD�QD�)LJXUD�����F���
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VHQGR�D�GLPHQVmR�PpGLD�GR�ODGR�GRV�HOHPHQWRV�GH�FHUFD�GH���P��1R�PDFLoR�URFKRVR�D�GLPHQVmR�

GRV� HOHPHQWRV� YDL� DXPHQWDQGR� SURJUHVVLYDPHQWH� GHVGH� D� ]RQD� GRV� W~QHLV� DWp� jV� IURQWHLUDV� GR�

PRGHOR��VHQGR�D�GLPHQVmR�Pi[LPD��QDV�IURQWHLUDV��GH�FHUFD�GH����P��2�PRGHOR�WHP�XP�WRWDO�GH�

��������QyV�H���������HOHPHQWRV�WHWUDpGULFRV��

�

�

)LJ�����±�*RXYmHV��PRGHOR�LPSRUWDGR�QR�*,'��D��JHRPHWULD�JOREDO��E��PDOKD�GH�HOHPHQWRV�

WHWUDpGULFRV��F��SRUPHQRU�GD�PDOKD�JHUDGD�QDV�REUDV�VXEWHUUkQHDV�FRQVLGHUDGDV��

�

$�LQIRUPDomR�UHODWLYD�jV�FRRUGHQDGDV�GRV�QyV�H�j�GHILQLomR�GRV�HOHPHQWRV�IRL�HQWmR�JXDUGDGD�

QXP� ILFKHLUR� GH� WH[WR�� TXH� IRL� SRVWHULRUPHQWH� DGDSWDGR� SDUD� VHU� LPSRUWDGR� SHOR� SURJUDPD�

)/$&�'��1D�)LJXUD����DSUHVHQWDP�VH�GXDV�YLVWDV�GR�LQWHULRU�GR�7$&��RQGH�VH�SRGHP�REVHUYDU�RV�

DFHVVRV�jV�UHVWDQWHV�JDOHULDV�TXH�IRUDP�UHSUHVHQWDGDV�QR�PRGHOR�QXPpULFR�GR�)/$&�'���

$�GHILQLomR�GD�VXSHUItFLH�GH�FRQWDFWR�HQWUH�RV�PLFD[LVWRV�H�RV�JUDQLWRV�IRL�IHLWD�FRP�EDVH�QD�

DQiOLVH� FRQMXQWD� GD� LQIRUPDomR� SURYHQLHQWH� GRV� IXURV� GH� VRQGDJHP� H� GR� PDSHDPHQWR� TXH� IRL�

VHQGR�UHDOL]DGR�QRV�W~QHLV�H�JDOHULDV�GH�DFHVVR�H�UHFRQKHFLPHQWR��TXH�VH�DSUHVHQWD�QD�)LJXUD�����

1HVWD�ILJXUD�HVWmR�UHSUHVHQWDGRV�RV�HL[RV�FRRUGHQDGRV�GR�PRGHOR��HP�TXH�R�HL[R�<�WHP�D�GLUHomR�

ORQJLWXGLQDO� GD� FDYHUQD� GD� FHQWUDO�� FRP� D]LPXWH� 1���(�� H� R� HL[R� ;� p� QRUPDO� DR� HL[R� <�� FRP�

D]LPXWH�1����(��2�HL[R�=�p�YHUWLFDO�H�SRVLWLYR�QR�VHQWLGR�DVFHQGHQWH��

2�PRGHOR� WULGLPHQVLRQDO� LQWHUSUHWDWLYR�GHVWD� VXSHUItFLH��REWLGR�SRU� LQWHUSRODomR�D�SDUWLU�GRV�

PDSHDPHQWRV� JHROyJLFRV� GRV� FRQWDFWRV� QRV� W~QHLV� H� JDOHULDV�� p� R� TXH� HVWi� UHSUHVHQWDGR� QD�

)LJXUD�����

�
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)LJ�����±�*RXYmHV��PRGHOR�QXPpULFR�GR�)/$&�'��9LVWDV�GR�LQWHULRU�GR�7$&�D�SDUWLU�GH�1RURHVWH��

�

�

)LJ�����±�*RXYmHV��OHYDQWDPHQWR�GDV�]RQDV�GH�FRQWDFWR�HQWUH�RV�PLFD[LVWRV�H�RV�JUDQLWRV�

�IRUQHFLGR�SHOD�,EHUGUROD���

�

3DUD� VLPXODU� D� VXSHUItFLH� GH� FRQWDFWR� QR�PRGHOR� QXPpULFR�� QHFHVVDULDPHQWH� GH� XPD� IRUPD�

VLPSOLILFDGD��IRUDP�GHILQLGRV�TXDWUR�SODQRV�TXH�VH�DMXVWDP�UD]RDYHOPHQWH�jV�]RQDV�FDUWRJUDIDGDV��

1D�GHILQLomR�GHVWHV�SODQRV�WHYH�VH�HP�HVSHFLDO�DWHQomR�TXH�D�ORFDOL]DomR�GD�VXSHUItFLH�GH�FRQWDFWR�

QD�YL]LQKDQoD�GDV�]RQDV�GH�HQVDLR�IRVVH�D�PDLV�DSUR[LPDGD�SRVVtYHO��1D�)LJXUD����PRVWUDP�VH�RV�

TXDWUR� SODQRV� UHSUHVHQWDWLYRV� GD� VXSHUItFLH� GH� FRQWDFWR�� LQGLFDQGR�VH� DV� UHVSHWLYDV� RULHQWDo}HV�

�GLUHomR�H�LQFOLQDomR���DV�FRRUGHQDGDV�GR�SRQWR�GH�LQWHUVHomR�HQWUH�RV�SODQRV������H����H�D�FRWD�GR�

SODQR�KRUL]RQWDO��(VWHV�SODQRV� IRUDP� LQWURGX]LGRV�QR�PRGHOR�QXPpULFR�H� IRUDP�SURORQJDGRV�DWp�

DRV� OLPLWHV�GR�PRGHOR��$�]RQD�DFLPD�GD� VXSHUItFLH�GH�FRQWDFWR�DVVLP�GHILQLGD�p� FRQVWLWXtGD�SRU�

PLFD[LVWRV�H�D�]RQD�DEDL[R�GHOD�SRU�JUDQLWRV��FRPR�VH�PRVWUD�QD�)LJXUD�����

�

0LFD[LVWRV�

*UDQLWRV�

<�

;�

7$&)�
*$&&�

*(&�

*$7$�
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)LJ�����±�*RXYmHV��GHILQLomR�GRV�TXDWUR�SODQRV�GD�VXSHUItFLH�GH�FRQWDFWR�HQWUH�RV�PLFD[LVWRV�H�RV�

JUDQLWRV��

�

�

)LJ�����±�*RXYmHV��]RQDV�GR�PRGHOR�FRQVWLWXtGDV�SRU�PLFD[LVWRV�H�SRU�JUDQLWRV��

�

����±�$QiOLVH�GR�HVWDGR�GH�WHQVmR�QR�PDFLoR�URFKRVR�

������±�&RQVWDQWHV�HOiVWLFDV�GR�PDFLoR�

8PD� YH]� TXH� R�PDFLoR� URFKRVR� HP� DQiOLVH� p� KHWHURJpQHR�� FRP� GXDV� IRUPDo}HV� OLWROyJLFDV�

GLIHUHQWHV�� VmR� LPSRUWDQWHV�SDUD� D� LQWHUSUHWDomR�JOREDO�GR� FDPSR�GH� WHQV}HV�RV�YDORUHV�GDV� VXDV�

FRQVWDQWHV�HOiVWLFDV��1R�4XDGUR���DSUHVHQWDP�VH��SDUD�DV�GXDV�IRUPDo}HV��RV�YDORUHV�GRV�PyGXORV�

GH�GHIRUPDELOLGDGH�H�GRV�FRHILFLHQWHV�GH�3RLVVRQ�REWLGRV�SRU�GLYHUVDV�YLDV��HQVDLRV�GH�FRPSUHVVmR�

WULD[LDO� HP� SURYHWHV� GH� URFKD� LQWDFWD� �(L� H� ��� H� YDORUHV� HVWLPDGRV� SDUD� R� PDFLoR� URFKRVR� �(P��

XWLOL]DQGR� R� FULWpULR� GH�+RHN�%URZQ� H� D� FODVVLILFDomR�*6,�� UHIHULGRV� QR� UHODWyULR� GD�PRGHODomR�

QXPpULFD�GR�SURFHVVR�FRQVWUXWLYR��,WDVFD������E���HQVDLRV�6)-��(6)-��H�HQVDLRV�ELD[LDLV�QRV�WDURORV�

GH�URFKD�FRQWHQGR�RV�677V��(677�H��677��REWLGRV�SHOR�/1(&��

0LFD[LVWRV�

*UDQLWRV�

0LFD[LVWRV�

*UDQLWRV�

3ODQR���

1���(����1�

3ODQR����

1���(����6�

3ODQR����

1��(����(�

3RQWR�GH�LQWHUVHomR�

&RRUGHQDGDV�

0� ����������P�

3� �����������P�

=� ��������P�

3ODQR����

+RUL]RQWDO�

�&RWD��������P��
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4XDGUR���±�&RQVWDQWHV�HOiVWLFDV�PHGLGDV�H�HVWLPDGDV�GR�PDFLoR�URFKRVR��

/LWRORJLD�
(QVDLRV�ODERUDWRULDLV� +RHN�%URZQ� (QVDLRV�6)-� (QVDLRV�677�
(L��*3D�� Q� (P��*3D�� (6)-��*3D�� (677��*3D�� Q677�

0LFD[LVWR� ����� ����� ����� ����� ����� �����

*UDQLWR� ����� ����� ����� ����� ����� �����

�

2V� YDORUHV� REWLGRV� SDUD� D� URFKD� LQWDFWD� HP� ODERUDWyULR� H� HP� HQVDLRV� 677� HYLGHQFLDP� DV�

GLIHUHQWHV�GHIRUPDELOLGDGHV�GR�PLFD[LVWR�H�GR�JUDQLWR��$�GLIHUHQoD��HP�WHUPRV�GR�YDORU�GR�PyGXOR�

GH� GHIRUPDELOLGDGH�� p� DLQGD� PDLRU� QRV� UHVXOWDGRV� GRV� HQVDLRV� 677� GR� TXH� QRV� GRV� HQVDLRV�

ODERUDWRULDLV��

2V�YDORUHV�GH�(P�HVWLPDGRV�SDUD�R�PDFLoR�FRUUHVSRQGHP�D�XPD�UHODomR�VXSHULRU�D�GRLV�HQWUH�

RV�YDORUHV�REWLGRV�SDUD�RV�JUDQLWRV�H�SDUD�RV�PLFD[LVWRV��1R�HQWDQWR��RV�YDORUHV�GH�(6)-�PHGLGRV�QD�

REUD�QmR�HYLGHQFLDP�HVVH�HOHYDGR�FRQWUDVWH�GH�GHIRUPDELOLGDGH�HQWUH�DV�GXDV�IRUPDo}HV��'H�IDFWR��

RV�PLFD[LVWRV�DSUHVHQWDP�VH�PXLWR�PDLV�FRPSHWHQWHV�in situ��HP�SURIXQGLGDGH��GR�TXH�RV�YDORUHV�

GRV� HQVDLRV� ODERUDWRULDLV� IDULDP� SUHYHU�� 3RU� RXWUR� ODGR�� R� PDFLoR� JUDQtWLFR�� QD� ]RQD� RQGH� VH�

UHDOL]DUDP�RV�HQVDLRV�6)-��SHUWR�GR�FRQWDFWR��DSUHVHQWDYD�PXLWDV�LQWHUFDODo}HV�GH�SHJPDWLWRV�H�GH�

DSOLWRV��TXH�SRGHUmR�MXVWLILFDU�D�VXD�PDLRU�GHIRUPDELOLGDGH��

7HQGR� HP� FRQWD� HVWHV� UHVXOWDGRV�� GHFLGLX�VH� FRQVLGHUDU� GXDV� VLWXDo}HV�� GHVLJQDGDV� SRU�

KRPRJpQHD�H�KHWHURJpQHD�H�DQDOLVDU�HYHQWXDLV�GLIHUHQoDV�HQWUH�RV�UHVXOWDGRV�REWLGRV��1D�VLWXDomR�

KRPRJpQHD�DGRWRX�VH�XP�PyGXOR�GH�GHIRUPDELOLGDGH�GH����*3D� WDQWR�SDUD�RV�PLFD[LVWRV�FRPR�

SDUD�RV�JUDQLWRV��1D�VLWXDomR�KHWHURJpQHD�DGRWRX�VH�R�PHVPR�PyGXOR�GH�GHIRUPDELOLGDGH�SDUD�RV�

JUDQLWRV��PDV�PHWDGH�GHVWH�YDORU�SDUD�RV�PLFD[LVWRV��RX�VHMD������*3D��&RQVLGHURX�VH��HP�DPEDV�

DV�VLWXDo}HV��R�YDORU�GH������SDUD�R�FRHILFLHQWH�GH�3RLVVRQ��

�

������±�&iOFXORV�HIHWXDGRV�

7HQGR� HP� FRQWD� DV� GXDV� VLWXDo}HV� D� DQDOLVDU�� KRPRJpQHD� H� KHWHURJpQHD�� H� RV� HQVDLRV� GH�

PHGLomR�GH�WHQV}HV�QDV�GXDV�IRUPDo}HV��GHFLGLX�VH�UHDOL]DU�RV�TXDWUR�FiOFXORV�VHJXLQWHV��

$�±�VLWXDomR�KRPRJpQHD��FRQVLGHUDQGR�RV�UHVXOWDGRV�GH�WRGRV�RV�HQVDLRV��

%�±�VLWXDomR�KHWHURJpQHD��FRQVLGHUDQGR�RV�UHVXOWDGRV�GH�WRGRV�RV�HQVDLRV��

&�±�VLWXDomR�KHWHURJpQHD��FRQVLGHUDQGR�DSHQDV�RV�UHVXOWDGRV�GRV�HQVDLRV�QRV�PLFD[LVWRV��

'�±�VLWXDomR�KHWHURJpQHD��FRQVLGHUDQGR�DSHQDV�RV�UHVXOWDGRV�GRV�HQVDLRV�QRV�JUDQLWRV��

2� FiOFXOR� $� FRQVWLWXL� XPD� VLWXDomR� GH� UHIHUrQFLD�� TXH� QmR� FRQVLGHUD� D� H[LVWrQFLD� GH� XP�

FRQWUDVWH�GH�GHIRUPDELOLGDGH�HQWUH�DV�GXDV�OLWRORJLDV��2�FiOFXOR�%�SHUPLWH�YHULILFDU�DWp�TXH�SRQWR�D�

SUR[LPLGDGH� GRV� ORFDLV� GH� HQVDLR� GD� VXSHUItFLH� GH� FRQWDFWR�� H� SRUWDQWR� GH� XPD� ]RQD� FRP� XPD�

YDULDomR�EUXVFD�GD�GHIRUPDELOLGDGH�GR�PDFLoR��SRGH�LQIOXHQFLDU�RV�YDORUHV�REWLGRV�SDUD�R�FDPSR�

GH� WHQV}HV�� 2V� FiOFXORV� &� H� '� SHUPLWHP� YHULILFDU� VH� DV� WHQV}HV� REWLGDV� QRV� PLFD[LVWRV� H� QRV�

JUDQLWRV� DSUHVHQWDP� GLIHUHQoDV� VLJQLILFDWLYDV�� 2� FiOFXOR� &� FRQVLGHURX� DSHQDV� RV� UHVXOWDGRV� GRV�

HQVDLRV� QRV�PLFD[LVWRV�� SHOR� TXH� RV� VHXV� UHVXOWDGRV� UHSUHVHQWDP� DSUR[LPDGDPHQWH� R� HVWDGR� GH�

WHQVmR� QRV� PLFD[LVWRV�� 2� FiOFXOR� '� p� DQiORJR� DR� &�� PDV� SDUD� RV� JUDQLWRV�� SHOR� TXH� RV� VHXV�

UHVXOWDGRV�UHSUHVHQWDP�DSUR[LPDGDPHQWH�R�HVWDGR�GH�WHQVmR�QRV�JUDQLWRV��

(VWHV�FiOFXORV�IRUDP�HIHWXDGRV�DVVXPLQGR�DV�VHJXLQWHV�KLSyWHVHV��KDELWXDOPHQWH�DGRWDGDV�HP�

PRGHORV�SDUD�HVWLPDomR�GR�HVWDGR�GH�WHQVmR�LQLFLDO��

±� $�WHQVmR�YHUWLFDO�LQLFLDO��1]]��p�XPD�WHQVmR�SULQFLSDO�H�UHVXOWD�GD�DWXDomR�GR�SHVR�SUySULR�GR�

PDFLoR��N]]� �����

±� $V� FRPSRQHQWHV� GR� HVWDGR� GH� WHQVmR� LQLFLDO� YDULDP� OLQHDUPHQWH� FRP� D� SURIXQGLGDGH��

1[[� �N[[�J�K��1\\� �N\\�J�K��1]]� �N]]�J�K��2[\� �N[\�J�K��

3DUD� DSOLFDomR� GD� PHWRGRORJLD� JOREDO� SDUD� LQWHUSUHWDomR� GRV� UHVXOWDGRV� GRV� HQVDLRV� IRUDP�

DSOLFDGRV� VHSDUDGDPHQWH� QR� PRGHOR� QXPpULFR� RV� TXDWUR� FDUUHJDPHQWRV�� (M�� VHQGR� WUrV� GHOHV�

FRUUHVSRQGHQWHV�jV�WHQV}HV�QRUPDLV�VHJXQGR�RV�HL[RV�FRRUGHQDGRV�H�R�TXDUWR�j�WHQVmR�WDQJHQFLDO�
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QR� SODQR� KRUL]RQWDO�� 1R� FDVR� GRV� FDUUHJDPHQWRV� FRUUHVSRQGHQWHV� D� WHQV}HV� QRUPDLV� LQLFLDLV� QR�

YROXPH��IRUDP�LPSHGLGRV�RV�GHVORFDPHQWRV�QDV�GLUHo}HV�SHUSHQGLFXODUHV�jV�IURQWHLUDV�ODWHUDLV�GR�

PRGHOR��H�QD�IURQWHLUD�LQIHULRU�IRUDP�LPSHGLGRV�RV�GHVORFDPHQWRV�YHUWLFDLV��3DUD�R�FDUUHJDPHQWR�

FRUUHVSRQGHQWH� j� WHQVmR� WDQJHQFLDO� LQLFLDO� QR� YROXPH�� QR� SODQR� KRUL]RQWDO�� IRUDP� LPSHGLGRV� RV�

GHVORFDPHQWRV� KRUL]RQWDLV� QDV� IURQWHLUDV� ODWHUDLV� GR� PRGHOR�� H� QD� IURQWHLUD� LQIHULRU� IRUDP�

LPSHGLGRV� RV� GHVORFDPHQWRV� YHUWLFDLV�� (P� VHJXLGD�� SDUD� FDGD� FDUUHJDPHQWR�� IRL� HIHWXDGD� D�

VLPXODomR�GD�HVFDYDomR�GDV�REUDV�VXEWHUUkQHDV�FRQFOXtGDV�DWp�j�GDWD�GD�UHDOL]DomR�GRV�HQVDLRV�GH�

PHGLomR�GH�WHQV}HV��

�

������±�5HVXOWDGRV�REWLGRV�H�VXD�DQiOLVH�

2V� YDORUHV� GRV� SDUkPHWURV� N� REWLGRV� QRV� TXDWUR� FiOFXORV� HIHWXDGRV�� DGPLWLQGR� N]]� ���� VmR�

DSUHVHQWDGRV�QR�4XDGUR����&RP�H[FHomR�GD�]RQD�VXSHUILFLDO��RQGH�R�HIHLWR�GD�WRSRJUDILD�p�PXLWR�

UHOHYDQWH�� RV� YDORUHV� GHVWHV� SDUkPHWURV� VmR� DSUR[LPDGDPHQWH� LJXDLV� jV� WHQV}HV� FRUUHVSRQGHQWHV�

�DGLPHQVLRQDOL]DGDV�SHOD� WHQVmR�YHUWLFDO���3RGHP��SRU� LVVR�� VHU� XVDGRV�SDUD� DQDOLVDU�R� HVWDGR�GH�

WHQVmR�LQLFLDO��SUHYLDPHQWH�jV�HVFDYDo}HV��QD�]RQD�GR�FRPSOH[R�GH�FDYHUQDV�GD�FHQWUDO��

�

4XDGUR���±�5HVXOWDGRV�REWLGRV�SDUD�DV�VLWXDo}HV�KRPRJpQHD�H�KHWHURJpQHD��DGPLWLQGR�N]]� ����

N�

6LWXDomR�KRPRJpQHD� 6LWXDomR�KHWHURJpQHD�

$���0LFD[LVWR�

��*UDQLWR�

%�±�0LFD[LVWR�

��*UDQLWR�
&�±�0LFD[LVWR� '���*UDQLWR�

N[[� ����� ����� ����� �����

N\\� ����� ����� ����� �����

N[\� ����� ����� ����� �����

�

2V�YDORUHV�REWLGRV�QRV� FiOFXORV�$� H�%� VmR�PXLWR� VHPHOKDQWHV�� R�TXH� FRQILUPD� D� MXVWH]D� GD�

RSomR� WRPDGD� DTXDQGR� GD� HVFROKD� GRV� ORFDLV� GH� HQVDLR�� TXH� FRQVLVWLX� HP� HYLWDU� TXH� VH�

ORFDOL]DVVHP� QD� YL]LQKDQoD� LPHGLDWD� GD� VXSHUItFLH� GH� FRQWDFWR� SDUD� TXH� D� GLIHUHQWH�

GHIRUPDELOLGDGH� GDV� GXDV� OLWRORJLDV� QmR� DIHWDVVH� RV� UHVXOWDGRV� LQGLYLGXDLV� GH� FDGD� HQVDLR�� $V�

WHQV}HV�KRUL]RQWDLV�LQLFLDLV�1[[�FDOFXODGDV�VmR�FHUFD�GH�����LQIHULRUHV�jV�WHQV}HV�YHUWLFDLV�LQLFLDLV�

1]]��HQTXDQWR�DV�WHQV}HV�KRUL]RQWDLV�LQLFLDLV�1\\�FDOFXODGDV�VmR�FHUFD�GH�����VXSHULRUHV�D�1]]��$V�

WHQV}HV�WDQJHQFLDLV�KRUL]RQWDLV�LQLFLDLV�1[\�VmR�FHUFD�GH�����GH�1]]��

&RPSDUDQGR�RV� UHVXOWDGRV�REWLGRV�QR�FiOFXOR�&��TXH�FRQVLGHUD�DSHQDV�RV�HQVDLRV�UHDOL]DGRV�

QRV�PLFD[LVWRV��FRP�RV�REWLGRV�QRV�FiOFXORV�$�H�%��REWLYHUDP�VH�PHQRUHV�YDORUHV�GH�1[[��GH�����

GH�1]]��YDORUHV�VHPHOKDQWHV�GH�1\\��FHUFD�GH�����VXSHULRUHV�D�1]]��H�YDORUHV�GH�1[\�GH�����GH�1]]��

)LQDOPHQWH��FRPSDUDQGR�RV� UHVXOWDGRV�GR�FiOFXOR�'��TXH�FRQVLGHUD�DSHQDV�RV�HQVDLRV� UHDOL]DGRV�

QRV� JUDQLWRV�� FRP� RV� GRV� FiOFXORV�$� H�%�� REWLYHUDP�VH�PDLRUHV� YDORUHV� GH�1[[�� GH� ����GH�1]]��

YDORUHV�VHPHOKDQWHV�GH�1\\��FHUFD�GH�����VXSHULRUHV�D�1]]��H�YDORUHV�GH�1[\�GH����GH�1]]��

1D�)LJXUD����UHSUHVHQWDP�VH��SDUD�GLYHUVDV�FRWDV�DR�ORQJR�GH�XP�HL[R�YHUWLFDO�QD�]RQD�PpGLD�

GD�FHQWUDO��DV�UHODo}HV�HQWUH�DV�WHQV}HV�LQLFLDLV�1[[��1\\�H�1[\�H�D�WHQVmR�YHUWLFDO�LQLFLDO�1]]�SDUD�RV�

FiOFXORV�%��&�H�'��1D�ILJXUD�HVWi� UHSUHVHQWDGD�D�VXSHUItFLH�GH�FRQWDFWR�HQWUH�RV�PLFD[LVWRV�H�RV�

JUDQLWRV� DVVLP� FRPR� D� ]RQD� GD� FDYHUQD� GD� FHQWUDO�� $� VXSHUItFLH� GR� WHUUHQR� HQFRQWUD�VH�

DSUR[LPDGDPHQWH�j�FRWD�����P��

�
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)LJ�����±�*RXYmHV��UHODomR�HQWUH�DV�WHQV}HV�KRUL]RQWDLV�H�D�WHQVmR�YHUWLFDO�DR�ORQJR�GR�HL[R�YHUWLFDO�
GD�FDYHUQD�GD�FHQWUDO�SDUD�RV�FiOFXORV�%��&�H�'���

�
9HULILFD�VH�TXH�DV� WHQV}HV� �QRUPDOL]DGDV�SHOD� WHQVmR�YHUWLFDO��YDULDP�FRP�D�FRWD��PDV�PDLV�

SURQXQFLDGDPHQWH� QDV� ]RQDV� VXSHUILFLDLV� RQGH� R� HIHLWR� GD� WRSRJUDILD� GD� VXSHUItFLH� GR� WHUUHQR� p�
PXLWR�SURQXQFLDGR��e�LQWHUHVVDQWH�YLVXDOL]DU�D�GLIHUHQoD�HQWUH�RV�SHUILV�REWLGRV�QRV�FiOFXORV�%��&�H�
'�� 9HULILFD�VH� XP� DXPHQWR� VLJQLILFDWLYR� GDV� WHQV}HV� 1[[� QD� WUDQVLomR� GRV� PLFD[LVWRV� SDUD� RV�
JUDQLWRV��XP�HIHLWR�RSRVWR��PDV�SRXFR�SURQXQFLDGR��QDV�WHQV}HV�1\\�H�XPD�GLPLQXLomR�VLJQLILFDWLYD�
GDV�WHQV}HV�WDQJHQFLDLV�1[\��

5HIHUH�VH� TXH�QmR�Ki� YDULDomR� VLJQLILFDWLYD� GDV� GLUHo}HV� SULQFLSDLV� REWLGDV� SDUD� RV� GLYHUVRV�
FiOFXORV��$V� WHQV}HV� SULQFLSDLV�Pi[LPDV�1,� VmR� VXEKRUL]RQWDLV� H� ID]HP� kQJXORV� GH� FHUFD� GH� ����
SDUD�(VWH�UHODWLYDPHQWH�j�GLUHomR�GR�HL[R�GD�FHQWUDO�H�GR�ULR�7kPHJD��GLUHomR�GR�HL[R�<���2V�VHXV�
YDORUHV�GLIHUHP�GH�1\\�HP�PHQRV�GH�����$�WHQVmR�SULQFLSDO�PtQLPD�1,,,�p�WDPEpP�VXEKRUL]RQWDO�H�
RV�VHXV�YDORUHV�GLIHUHP�GH�1[[�HP�PHQRV�GH�����$�WHQVmR�SULQFLSDO� LQWHUPpGLD�1,,�p�VXEYHUWLFDO��
8PD�DQiOLVH�PDLV�GHWDOKDGD�GRV�UHVXOWDGRV�REWLGRV�p�DSUHVHQWDGD�HP�/DPDV�et al.���������

2�FDPSR�GH�WHQV}HV�LQLFLDLV�QR�PDFLoR�URFKRVR��SUHYLDPHQWH�D�TXDOTXHU�HVFDYDomR��IRL�HQWmR�
REWLGR�SRU�DSOLFDomR�GD�PHWRGRORJLD�GH�DQiOLVH�JOREDO��XWLOL]DQGR�RV�SDUkPHWURV�N�DSUHVHQWDGRV�QR�
4XDGUR����1D�)LJXUD����DSUHVHQWDP�VH��SDUD�R�FiOFXOR�%��VLWXDomR�KHWHURJpQHD��FRQVLGHUDQGR�RV�
UHVXOWDGRV� GH� WRGRV� RV� HQVDLRV��� DV� WHQV}HV� SULQFLSDLV� LQLFLDLV�� DQWHV� GDV� HVFDYDo}HV�� QD� ]RQD�GR�
FRPSOH[R�GH� FDYHUQDV�GD� FHQWUDO�� QXP�SODQR�KRUL]RQWDO� D�PHLD� DOWXUD�GD� FDYHUQD�GD� FHQWUDO��$V�
WHQV}HV�QXP�SODQR�YHUWLFDO�QRUPDO�DR�HL[R�ORQJLWXGLQDO�GD�FDYHUQD�VmR�DSUHVHQWDGDV�QD�)LJXUD�����
$V�HVWUXWXUDV�VXEWHUUkQHDV�HVWmR�UHSUHVHQWDGDV�QHVWDV�ILJXUDV�DSHQDV�FRPR�UHIHUrQFLD�JHRPpWULFD��
5HSUHVHQWDP�VH��HP�FDGD�SRQWR��DV�WUrV�WHQV}HV�SULQFLSDLV�HP�SHUVSHWLYD��1HVWDV�ILJXUDV�p�DGRWDGD�
D� FRQYHQomR� GH� WHQV}HV� GH� FRPSUHVVmR� QHJDWLYDV� GR� SURJUDPD� )/$&�'�� SHOR� TXH� DV� WHQV}HV�
LQGLFDGDV� FRPR� PtQLPDV� FRUUHVSRQGHP� jV� Pi[LPDV� FRPSUHVV}HV�� H� YLFH�YHUVD�� $V� ]RQDV� GH�
PLFD[LVWR�H�GH�JUDQLWR�HVWmR�UHSUHVHQWDGDV�FRP�GLIHUHQWHV�FRUHV��LGHQWLILFDGDV�QDV�OHJHQGDV��

�
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)LJ�����±�*RXYmHV��WHQV}HV�SULQFLSDLV�LQLFLDLV�FRQVLGHUDQGR�WRGRV�RV�HQVDLRV��FiOFXOR�%���QXP�
SODQR�KRUL]RQWDO�D�PHLD�DOWXUD�GD�FDYHUQD�GD�FHQWUDO��PLFD[LVWRV�D�YHUGH��JUDQLWRV�D�DPDUHOR���

�

�

)LJ�����±�*RXYmHV��WHQV}HV�SULQFLSDLV�LQLFLDLV�FRQVLGHUDQGR�WRGRV�RV�HQVDLRV��FiOFXOR�%��QXP�
SODQR�YHUWLFDO�QRUPDO�DR�HL[R�ORQJLWXGLQDO�GD�FDYHUQD�GD�FHQWUDO��PLFD[LVWRV�D�YHUGH��JUDQLWRV�D�

DPDUHOR���

��±�&216,'(5$d®(6�),1$,6�

$�XWLOL]DomR�GH�PHWRGRORJLDV�JOREDLV�GH�LQWHUSUHWDomR�GRV�UHVXOWDGRV�GRV�HQVDLRV�GH�PHGLomR�

GH�WHQV}HV�HP�PDFLoRV�URFKRVRV�WHP�VLGR�HVVHQFLDO�SDUD�DWLQJLU�R�REMHWLYR�GH�REWHU�HVWLPDWLYDV�GR�
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FDPSR�GH�WHQV}HV�in situ�TXH�SRVVDP�VHU�XVDGDV�FRPR�GDGR�GH�SDUWLGD�SDUD�RV�FiOFXORV�GH�SURMHWR�

GH� HVWUXWXUDV� VXEWHUUkQHDV� LPSRUWDQWHV�� $� XWLOL]DomR� GHVWDV� PHWRGRORJLDV� LPSOLFD� R�

GHVHQYROYLPHQWR�GH�PRGHORV�QXPpULFRV�FRPSOH[RV�H�GH�JUDQGHV�GLPHQV}HV��TXH�SHUPLWDP�VLPXODU�

R� FRPSRUWDPHQWR� UHROyJLFR� GDV� IRUPDo}HV� URFKRVDV� LQWHUHVVDGDV� H� UHSURGX]LU� DGHTXDGDPHQWH� D�

JHRPHWULD� GR� SUREOHPD�� QRPHDGDPHQWH� GD� VXSHUItFLH� GR� WHUUHQR�� GDV� HVFDYDo}HV� H� GH� RXWUDV�

IHLo}HV�GR�PDFLoR��WDLV�FRPR�IURQWHLUDV�HQWUH�GLIHUHQWHV�PDWHULDLV��

2V� H[HPSORV�GH� DSOLFDomR� DSUHVHQWDGRV� WLYHUDP� LQtFLR�Ki�PDLV�GH����DQRV�� FRP�FDVRV�PDLV�

VLPSOHV� QR� TXH� UHVSHLWD� jV� KLSyWHVHV� DGPLWLGDV�� j� WLSRORJLD� GDV� REUDV�� DRV� PRGHORV� QXPpULFRV�

XWLOL]DGRV� H� DR� Q~PHUR� UHGX]LGR� GH� HQVDLRV�� $V� DSOLFDo}HV� PDLV� UHFHQWHV� VmR� GH� FUHVFHQWH�

FRPSOH[LGDGH��FRP�UHOHYR�SDUD�R�FDVR�GH�HVWXGR�GH�*RXYmHV��HP�TXH�IRL�HVVHQFLDO�D�FRQVLGHUDomR�

GD�KHWHURJHQHLGDGH�GR�PDFLoR�URFKRVR��

1HVWH� DUWLJR� IRL� GDGR� rQIDVH� DRV� GLYHUVRV� DVSHWRV� UHODFLRQDGRV� FRP� D�PRGHODomR� QXPpULFD��

1DV�SULPHLUDV�DSOLFDo}HV�DSUHVHQWDGDV��GR�LQtFLR�GRV�DQRV����GR�VpFXOR�;;��XWLOL]DUDP�VH�PRGHORV�

GH� HOHPHQWRV� GH� IURQWHLUD� GHVHQYROYLGRV� QR� /1(&�� TXH� SRVVLELOLWDUDP� D� FRQVLGHUDomR� GH�

HTXLOtEULRV� WULGLPHQVLRQDLV��R�TXH�j�pSRFD�FRQVWLWXtD�XPD�YDQWDJHP�VLJQLILFDWLYD� UHODWLYDPHQWH�j�

XWLOL]DomR� GH�PRGHORV� WULGLPHQVLRQDLV� GH� HOHPHQWRV� ILQLWRV�� 1RV� H[HPSORV�PDLV� UHFHQWHV� IRUDP�

XWLOL]DGRV� RV� SURJUDPDV� GH� FiOFXOR� FRPHUFLDLV� )/$&� H� )/$&�'�� TXH� SHUPLWLUDP� FRQVLGHUDU�

PRGHORV�FRP�JHRPHWULDV�FRPSOH[DV�H�GH�JUDQGHV�GLPHQV}HV��1D�GHVFULomR�GR�FDVR�GH�HVWXGR�GH�

*RXYmHV�GHX�VH�rQIDVH�j�FRQVWUXomR�GR�PRGHOR��FXMD�PDOKD�IRL�JHUDGD�QR�SURJUDPD�*,'�GH�SUp�H�

SyV�SURFHVVDPHQWR� GH� PRGHORV� QXPpULFRV�� XWLOL]DQGR� FRPR� LQIRUPDomR� LQLFLDO� XP� PRGHOR�

JHRPpWULFR� HP� $XWR&$'� &LYLO� �'� IRUQHFLGR� SHOR� SURMHWLVWD�� $� XWLOL]DomR� FRQMXQWD� GHVWDV�

IHUUDPHQWDV�UHYHORX�VH�HVVHQFLDO�SDUD�D�FRQVWUXomR��GH�IRUPD�UiSLGD�H�H[SHGLWD��GH�XP�PRGHOR�GH�

JUDQGH�FRPSOH[LGDGH�JHRPpWULFD��

$�PHWRGRORJLD�GH�DQiOLVH�JOREDO�GRV�UHVXOWDGRV�GRV�HQVDLRV�DGRWDGD�PRVWURX�VH�DGHTXDGD�DRV�

FDVRV�GH�HVWXGR�HP�TXH�IRL�XWLOL]DGD��QmR�REVWDQWH� LPSOLFDU�D�FRQVLGHUDomR�GH�GLYHUVDV�KLSyWHVHV�

VLPSOLILFDWLYDV��'HVHQYROYLPHQWRV�IXWXURV�SRGHUmR�LQFOXLU�D�FRQVLGHUDomR�GR�FRPSRUWDPHQWR�QmR�

OLQHDU�GR�PDFLoR�URFKRVR�QD�YL]LQKDQoD�GDV�HVFDYDo}HV��D�DGRomR�GH�GLIHUHQWHV�SHVRV�DVVRFLDGRV�

DRV�YiULRV�HQVDLRV�UHDOL]DGRV��WHQGR�HP�FRQWD�R�WLSR�GH�HQVDLR�H�R�YROXPH�GH�URFKD�HQYROYLGR��D�

FRQVLGHUDomR� GDV� LQFHUWH]DV� DVVRFLDGDV� DRV� HQVDLRV� H� DR� PRGHOR� QXPpULFR�� RX� D� YDULDELOLGDGH�

HVSDFLDO�GDV�SURSULHGDGHV�GR�PDFLoR�URFKRVR��

)LQDOPHQWH��UHIHUH�VH�TXH�RV�HVWXGRV�UHDOL]DGRV�SHOR�/1(&�QR�kPELWR�GD�PHGLomR�GH�WHQV}HV�

HP�PDFLoRV�URFKRVRV�WrP�HQYROYLGR�RXWURV�DVSHWRV��QRPHDGDPHQWH�D�LQWHUSUHWDomR�GH�HQVDLRV�GH�

IUDWXUDomR�KLGUiXOLFD��D�FRQVLGHUDomR�GR�HIHLWR�GD�DQLVRWURSLD�GRV�PDFLoRV�URFKRVRV�QR�FDPSR�GH�

WHQV}HV�H�QD�LQWHUSUHWDomR�GRV�UHVXOWDGRV�GRV�HQVDLRV��H�D�XWLOL]DomR�GH�PRGHORV�YLVFRHOiVWLFRV�SDUD�

FRQVLGHUDomR�GR�HIHLWR�GR�WHPSR�QR�FDPSR�GH�WHQV}HV��'HVWHV�HVWXGRV�WrP�UHVXOWDGR��SDUD�DOpP�GH�

WUDEDOKRV�SDUD�DSRLR�DR�SURMHWR�GDV�HVWUXWXUDV�VXEWHUUkQHDV�GH�FHQWUDLV�KLGURHOpWULFDV�� LQFOXLQGR�D�

UHDOL]DomR�GRV�HQVDLRV�GH�FDPSR�H�D�VXD�LQWHUSUHWDomR�JOREDO��GLYHUVRV�WUDEDOKRV�GH�LQYHVWLJDomR��

TXH� VH� WUDGX]LUDP� SRU� XPD� WHVH� GH� GRXWRUDPHQWR� H� YiULRV� DUWLJRV� SXEOLFDGRV� HP� UHYLVWDV� H�

FRQJUHVVRV��LQWHUQDFLRQDLV�H�QDFLRQDLV��

��±�$*5$'(&,0(1726�

$JUDGHFH�VH�j�(3$/��j�('3�H�j�,EHUGUROD�D�SHUPLVVmR�SDUD�SXEOLFDU� LQIRUPDomR�UHODWLYD�DR�

W~QHO�DGXWRU�GR�&DVWHOR�GR�%RGH�H�DRV�DSURYHLWDPHQWRV�KLGURHOpWULFRV�GH�$OWR�/LQGRVR��3LFRWH�,,��

%HPSRVWD�,,��6DODPRQGH�,,�H�*RXYmHV��

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6�

$XWRGHVN���������AutoCad Civil 3D,�User's Manual��$XWRGHVN��
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%UDG\� %�+�*��� /HPRV� -�9��� &XQGDOO� 3�$�� �������� Stress measurement schemes for jointed and 

fractured rock�� ,Q�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ�5RFN� 6WUHVV� DQG�5RFN�

6WUHVV�0HDVXUHPHQWV��6WRFNKROP��/XOHD��&HQWHN�3XEOLVKHUV��S�����±����

&DUUDQ]D�7RUUHV� &��� %UDQGVKDXJ� 7��� 'DPMDQDF� %�� �������� Regional and local scale thermal-

mechanical analysis of the rock mass surrounding waste emplacement drifts at Yucca 

Mountain��GUDIW�UHSRUW���/DV�9HJDV��%6&��

&DVWUR�� $�/�+�7�� �������� Métodos de retroanálise na interpretação do comportamento de 

barragens de betão��7HVH�GH�'RXWRUDPHQWR��,67��/LVERD��

&,01(���������GID - The personal pre and post processor. 9HUVLRQ����������*,'�8VHU�0DQXDO��

,QWHUQDWLRQDO�&HQWHU�IRU�1XPHULFDO�0HWKRGV�LQ�(QJLQHHULQJ��%DUFHORQD��6SDLQ��

&2%$���������Projecto do reforço de potência do aproveitamento hidroelétrico de Salamonde - 

Salamonde II��/LVERD��

('3���������Anteprojecto do escalão do Alto Lindoso��3RUWR��

('3���������Aproveitamento hidroelétrico do Douro internacional. Picote. Reforço de potência. 

Projeto��3RUWR��

('3� ��������Reforço de potência de Bemposta. Empreitada geral de construção. Processo de 

concurso. Volume V – Elementos de Projecto��3RUWR��

(VSDGD��0�� /DPDV�� /�� ��������Modelo tridimensional do estado de tensão in situ num maciço 

rochoso.� ���� &RQJUHVVR� 1DFLRQDO� GH� *HRWHFQLD�� &RYLOKm�� 6RFLHGDGH� 3RUWXJXHVD� GH�

*HRWHFQLD��

)HUUHUR�� $�0��� 0LJOLD]]D�� 0��� 6HJDOLQL�� $��� *XOOt�� '�� �������� In situ stress measurements 

interpretations in large underground marble quarry by 3D modelling�� ,QWHUQDWLRQDO�-RXUQDO�

RI�5RFN�0HFKDQLFV�	�0LQLQJ�6FLHQFHV���������±�����

)LJXHLUHGR��%����������Integration of in situ stress measurements in a non-elastic rock mass.�7HVH�

GH�'RXWRUDPHQWR�HODERUDGD�QR�/1(&��8QLYHUVLWp�GH�6WUDVERXUJ��

+DUW��5�� ��������Enhancing rock stress understanding through numerical analysis�� ,QWHUQDWLRQDO�

-RXUQDO�RI�5RFN�0HFKDQLFV�	�0LQLQJ�6FLHQFHV���������±������

,EHUGUROD���������Aproveitamento hidroelectrico de Gouvães, Projecto, Memória Geral, Anexo 2 – 

Estudo Geológico e Geotécnico, Tomo 1 – Memória.�,EHUGUROD��

,WDVFD���������FLAC, Version 5.0, User’s Manual��,WDVFD�&RQVXOWLQJ�*URXS��0LQQHDSROLV��86$��

,WDVFD������D���FLAC3D - Fast Lagrangian Analysis of Continua in 3 Dimensions. User's Manual��

,WDVFD�&RQVXOWLQJ�*URXS��0LQQHDSROLV��86$��

,WDVFD� �����E��� Modelización numérica del proceso constructivo de la caverna del A.H. de 

Gouvaes para los nuevos condicionantes de cálculo. ,WDVFD� &RQVXOWRUHV� 6�/��� $VW~ULDV��

(VSDQKD��

.RQLHW]N\�� +��� %OXPOLQJ�� 3��� 5XPPHO�� )�� �������� In situ stress field in the Wellenberg area��

1$*5$�%XOO�������±����

.RQLHW]N\��+���WH�.DPS��/���+DPPHU��+���1LHGHUPH\HU��6����������Numerical modelling of in situ 

stress conditions as an aid in route selection for rail tunnels in complex geological 

formations in South Germany��&RPSXWHUV�DQG�*HRWHFKQLFV��������±�����
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/DPDV�� /�� ��������Modelo tridimensional de elementos de fronteira para análise de estruturas 

subterrâneas��5HODWyULR��������126��/1(&��/LVERD��

/DPDV��/���(VSDGD��0���0XUDOKD�� -���/HPRV�� -�9�� ��������Determinação do campo de tensões in 

situ para o projeto das obras subterrâneas de Gouvães� �HP� SXEOLFDomR��� ���� &RQJUHVVR�

1DFLRQDO�GH�*HRWHFQLD��3RQWD�'HOJDGD��6RFLHGDGH�3RUWXJXHVD�GH�*HRWHFQLD��

/DPDV��/���(VSDGD��0���)LJXHLUHGR��%���0XUDOKD��-����������Stress measurements for underground 

powerhouses – three recent cases��.H\QRWH� OHFWXUH��SURFHHGLQJV�RI� WKH� ,650�,QWHUQDWLRQDO�

6\PSRVLXP�$IUL5RFN� ����� ³5RFN�0HFKDQLFV� IRU�$IULFD´�� -RXJKLQ��:�� �HG���� &DSH� 7RZQ��

6$,00��6\PSRVLXP�6HULHV�6����SS�����������

/DPDV��/���)UD]tOOLR��(�0���6RXVD��/�5��0DUWLQV��&�6����������Aplicação do método dos elementos 

de fronteira na análise de estruturas subterrâneas��*HRWHFQLD�����SS����������

/DPDV��/���0XUDOKD��-���)LJXHLUHGR��%����������Application of global model for assessment of the 

stress field for engineering purposes��,Q�;LH��HG����5RFN�6WUHVV�DQG�(DUWKTXDNHV��3URFHHGLQJV�

RI� WKH� �WK� ,QWHUQDWLRQDO� 6\PSRVLXP�RQ� ,Q�6LWX�5RFN�6WUHVV��%HLMLQJ��7D\ORU�	�)UDQFLV�� SS��

���������

/L��*���0L]XWD��<���,VKLGD��7���/L��+���1DNDPD��6���6DWR��7����������Stress field determination from 

local stress measurements by numerical modelling��,QWHUQDWLRQDO�-RXUQDO�RI�5RFN�0HFKDQLFV�

	�0LQLQJ�6FLHQFHV���������±�����

/1(&� ��������Observação do túnel do Castelo do Bode. Caracterização geotécnica do maciço 

rochoso e do estado de tensão in situ��5HODWyULR��������126��/1(&��/LVERD��

/1(&� �������� Observação das obras subterrâneas do empreendimento hidroelétrico do Alto 

Lindoso. Caracterização do maciço rochoso e determinação do estado de tensão in situ��

5HODWyULR��������126��/1(&��/LVERD��

/1(&� ��������Ensaios de caracterização do maciço rochoso da nova central da barragem de 

Picote��5HODWyULR�������1)26��/1(&��/LVERD��

/1(&� ��������Ensaios de caracterização do maciço rochoso da nova central da barragem de 

Bemposta��5HODWyULR��������1)26��/1(&��/LVERD��

/1(&���������Reforço de potência de Salamonde – Ensaios com defórmetro tridimensional para 

determinação do estado de tensão��5HODWyULR��������'%%�1)26��/1(&�/LVERD��

/1(&������D���Reforço de potência de Salamonde – Ensaios com almofadas planas de pequena 

área para determinação do estado de tensão durante a construção�� 5HODWyULR� �������

'%%�1)26��/1(&�/LVERD��

/1(&������E���Reforço de potência de Salamonde – Modelo interpretativo do estado de tensão 

inicial��5HODWyULR��������'%%�1)26��/1(&��/LVERD��

/1(&� ��������Obras subterrâneas da central de Gouvães. Determinação do estado de tensão 

inicial.�5HODWyULR������������'%%�1005��/1(&��

0DUWLQV�� &�6�� �������� Contribuição para o estudo de estruturas subterrâneas associadas a 

empreendimentos hidroelétricos�� 7HVH� SDUD� (VSHFLDOLVWD� GR� /1(&�� 5HODWyULR� ������126��

/1(&��/LVERD��

0F.LQQRQ��6�'����������Analysis of stress measurements using a numerical model methodology��

,QWHUQDWLRQDO�-RXUQDO�RI�5RFN�0HFKDQLFV�	�0LQLQJ�6FLHQFHV���������±�����
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3LQWR��-�/��H�&XQKD��$�3����������Rock stresses determinations with the STT and SFJ techniques��

,Q�5RFN�6WUHVV�DQG�5RFN�6WUHVV�0HDVXUHPHQWV��/XOHn��&HQWHN��SS�����������

5RFKD��0���/RSHV��-�%���6LOYD��1����������A new technique for applying the method of the flat jack 

in the determination of stresses inside rock masses��$QDLV�GR����&RQJUHVVR�,QWHUQDFLRQDO�GD�

,650��/LVERD��/1(&��YRO�����SS����±����

5RFKD��0���6LOYpULR��$����������A new method for the complete determination of the state of stress 

in rock masses��*pRWHFQLTXH��YRO�����Q�����SS�����������

6DNXUDL�� 6���$NXWDJDZD�� 6�� ��������Back analysis of in-situ stresses in a rock mass taking into 

account its non-elastic behaviour�� ,650�,QWHUQDWLRQDO�6\PSRVLXP�RQ�,QWHJUDO�$SSURDFK� WR�

$SSOLHG�5RFN�0HFKDQLFV��6DQWLDJR��&KLOH��SS�����±�����

6DNXUDL�� 6��� 6KLPL]X�� 1�� �������� Initial stress back analyzed from displacements due to 

underground excavations�� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 5RFN� 6WUHVV� DQG� 5RFN� 6WUHVV�

0HDVXUHPHQWV��6WRFNKROP��6ZHGHQ��&HQWHN�3XEOLVKHUV��SS�����±�����

6RXVD�� /�5��� %DUURVR�� 0�*��� /DPDV�� /�1�� �������� Alto Lindoso underground power scheme. 

Geotechnical characterization��$QDLV�GR�6LPSyVLR�,QWHUQDFLRQDO�5RFN�0HFKDQLFV�DQG�3RZHU�

3ODQWV��5RPDQD��0���HG����0DGULG��%DONHPD��SS������������
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