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DSOLFDUDP�VH�DV�IRUPXODo}HV�GH�)OHPLQJ���������j�VHPHOKDQoD�GD�PHWRGRORJLD�GH�(QJODQG���������������2V�

UHVXOWDGRV� IRUDP� FRHUHQWHV� FRP� RV� REWLGRV� SRU� PpWRGRV� VHPL�HPStULFRV� EDVHDGRV� QR� 637�� HP� WHUPRV� GH�

FDSDFLGDGH�GH�FDUJD��H�SRU�HQVDLR�GH�FDUUHJDPHQWR�GLQkPLFR��GLVSRQtYHO�HP�XP�GRV�FDVRV��&RQFOXL�VH�TXH��SDUD�
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DSOLFDGR�FRP�EDVH�HP�)OHPLQJ���������SRLV�FRQVLGHUDP�D�FRPSUHVVLELOLGDGH�GD�HVWDFD��
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URRW�SLOHV���LQ�ZKLFK�WKH�³WUDGLWLRQDO�PHWKRG´��6LOYD��������������2VWHUEHUJ��������DQG�WKH�PHWKRG�RI�0DVVDG�

�������ZHUH�DSSOLHG��,Q�DGGLWLRQ�WR�WKHVH��WKH�)OHPLQJ��������VROXWLRQV�ZHUH�DSSOLHG��VLPLODU�WR�WKH�PHWKRGRORJ\�

RI�(QJODQG���������������7KH�UHVXOWV�ZHUH�FRKHUHQW�ZLWK�HVWLPDWHV�E\�VHPL�HPSLULFDO�PHWKRGV�EDVHG�RQ�637�

GDWD��LQ�WHUPV�RI�EHDULQJ�FDSDFLW\��DQG�ZLWK�G\QDPLF�ORDG�WHVW�UHVXOWV��DYDLODEOH�LQ�RQH�FDVH�VWXG\��,W
V�FRQFOXGHG�

WKDW��IRU�VKRUW�RU�ULJLG�SLOHV��WKH�PHWKRGV�SUHVHQWHG�DUH�DGHTXDWH��7KH�PHWKRG�RI�0DVVDG��������DQG�WKH�DSSOLHG�

RQH�EDVHG�RQ�)OHPLQJ��������DUH�PRUH�UHDOLVWLF��VLQFH�WKH\�FRQVLGHU�WKH�SLOH�FRPSUHVVLELOLW\��

3DODYUDV�&KDYH�±�(QVDLR�ELGLUHFLRQDO��2�FHOO��3URYD�GH�FDUJD�HP�HVWDFD��&XUYD�FDUJD�UHFDOTXH��

.H\ZRUGV�±�%L�GLUHFWLRQDO�WHVW��2�FHOO��3LOH�ORDG�WHVW��/RDG�VHWWOHPHQW�FXUYH��

��±�,1752'8d­2�

6HJXQGR�)HOOHQLXV���������DV�SULPHLUDV�H[SHULrQFLDV�GH�LQVWDODomR�GH�PDFDFRV�KLGUiXOLFRV�HP�
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������� GHVHQYROYHX� HVWXGRV� QHVWD� iUHD� H�� QR� ILQDO� GRV� DQRV� ������ DSUHVHQWRX� XP� GLVSRVLWLYR�
VHPHOKDQWH��(P�������KRXYH�FRODERUDomR�HQWUH�(OtVLR�6LOYD�H�2VWHUEHUJ��VHQGR�TXH�HVWH�SDWHQWHRX�H�
GLYXOJRX� R� SURGXWR�� DWUDYpV� GD� HPSUHVD�/RDGWHVW�� DWXDO� )XJUR� /RDGWHVW�� JDQKDQGR� SRSXODULGDGH�
LQWHUQDFLRQDOPHQWH���

3DUD�D�H[HFXomR�GR�HQVDLR�ELGLUHFLRQDO��XWLOL]DP�VH�DV�FpOXODV�H[SDQVLYDV��H[SDQFHOOV��RX�2�
FHOOV�� TXDQGR� VH� UHIHUH� j� SDWHQWH� GH� 2VWHUEHUJ�� TXH� FRQVLVWHP� VLPSOLILFDGDPHQWH� GH� PDFDFRV�
KLGUiXOLFRV�GH�VDFULItFLR��e�QHFHVViULD�D�LQVWDODomR�GH�XPD�RX�PDLV�H[SDQFHOOV�GHQWUR�GD�HVWDFD��(P�
HVWDFDV�PROGDGDV�in loco��HODV�VmR�FRQVROLGDGDV�j�DUPDomR��VHQGR�GHL[DGR�XP�WXER�SDUD�R�VXSULPHQWR�
KLGUiXOLFR���

&RQIRUPH� LQGLFD� D� )LJXUD� ��� DV� H[SDQFHOOV� VmR� H[SDQGLGDV� KLGUDXOLFDPHQWH�� HPSXUUDQGR� R�
�WUHFKR� ,�� GD� HVWDFD� SDUD� FLPD�� TXH� p� SDUWH� GR� IXVWH� GD� HVWDFD�� H� R� �WUHFKR� ,,�� SDUD� EDL[R��
FRUUHVSRQGHQGR�DR�UHVWDQWH�GR�IXVWH�PDLV�D�SRQWD�GD�HVWDFD��VHP�KDYHU�D�QHFHVVLGDGH�GH�VLVWHPDV�GH�
UHDomR� SDUD� RV� FDUUHJDPHQWRV� LPSRVWRV�� 2� QtYHO� GH� LQVWDODomR� GD� H[SDQFHOO� p� GHILQLGR�
DSUR[LPDGDPHQWH� QR�SRQWR� GH� HTXLOtEULR�GDV� IRUoDV�TXH� DWXDUmR�GXUDQWH� R� HQVDLR�� VHQGR�R� SHVR�
VXEPHUVR�GR�WUHFKR�,�GD�HVWDFD��DV�UHVXOWDQWHV�GH�DWULWR�ODWHUDO�GH�FDGD�WUHFKR�H�D�UHVLVWrQFLD�GH�SRQWD��
1R�WUHFKR�,,��GHYH�VH�VRPDU�D�SUHVVmR�GD�iJXD�j�IRUoD�DSOLFDGD�QD�H[SDQFHOO��)HOOHQLXV���������

�

�

)LJ����±�(VTXHPD�LOXVWUDWLYR�GR�IXQFLRQDPHQWR�GR�HQVDLR�ELGLUHFLRQDO��FRP�LQGLFDomR�GRV�WUHFKRV�
GD�HVWDFD��,��H��,,���DGDSWDGR�GH�)XJUR�/RDGWHVW����������

�
6LOYD��������������H�2VWHUEHUJ��������DGPLWHP�TXH�DV�WHQV}HV�GH�DWULWR�ODWHUDO�JHUDGDV�GXUDQWH�

R�HQVDLR��TXH�WrP�VHQWLGR�SDUD�EDL[R��SRVVXHP�R�PHVPR�YDORU�TXH�DV�JHUDGDV�TXDQGR�R�FDUUHJDPHQWR�
VH�Gi�SHOR�WRSR�GD�HVWDFD��FRP�R�VHQWLGR�SDUD�FLPD��(QWUHWDQWR��2VWHUEHUJ��������GLVFXWH�TXH�LVVR�
RFRUUH� SDUD� VRORV� FRHVLYRV�� PDV� TXH�� SDUD� VRORV� QmR� FRHVLYRV�� R� DWULWR� UHVXOWDQWH� SDUD� XP�
FDUUHJDPHQWR�QR�WRSR�GD�HVWDFD�p�DOJR�PDLRU�TXH�SDUD�FDUUHJDPHQWR�GH�EDL[R�SDUD�FLPD��H��SRUWDQWR��
DR�DVVXPLU�R�PHVPR�YDORU��D�GLIHUHQoD�HVWi�D�IDYRU�GD�VHJXUDQoD��+i�XP�FRQVHQVR�JHUDO�HP�VH�DGRWDU�
HVVD�LJXDOGDGH��(QJODQG��������FRPHQWD�TXH�QmR�Ki�HYLGrQFLDV�GH�TXH�VHULDP�GLIHUHQWHV��VHQGR�D�
KLSyWHVH��QR�PtQLPR��FRQVHUYDGRUD�SDUD�VRORV�DUHQRVRV��FRP�EDVH�QR�H[SRVWR�SRU�2VWHUEHUJ���������
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)HOOHQLXV� ������� FRQWUDGL]� DV� KLSyWHVHV� GH� TXH� KDYHULD� GLIHUHQoDV�� DILUPDQGR� TXH� D� LJXDOGDGH� p�

YHUGDGHLUD���

2V�PRYLPHQWRV�DVFHQGHQWHV�H�GHVFHQGHQWHV�VmR�PHGLGRV�FRP�tell tales��LQVWDODGRV�QR�QtYHO�GD�

H[SDQFHOO��H�FRP�GHIOHW{PHWURV�RX�WUDQVGXWRUHV�GH�GHVORFDPHQWRV��QR�WRSR�GD�HVWDFD��6mR�REWLGDV�

FXUYDV�FDUJD�UHFDOTXH�SDUD�RV�WUHFKRV�,�H�,,�GD�HVWDFD��TXH�SHUPLWHP��D��VHSDUDU�DV�SDUFHODV�GH�DWULWR�

ODWHUDO�H�SRQWD��SRLV�HP�JHUDO�D�H[SDQFHOO�p�LQVWDODGD�SUy[LPD�j�SRQWD�GD�HVWDFD��H�E��HVWLPDU�D�FXUYD�

FDUJD�UHFDOTXH�HTXLYDOHQWH�SDUD�FDUUHJDPHQWRV�D�SDUWLU�GR�WRSR�GD�HVWDFD��VLPXODQGR�D�SURYD�GH�FDUJD�

HVWiWLFD�FRQYHQFLRQDO��

$WXDOPHQWH��REVHUYD�VH�TXH�D�WpFQLFD�GR�HQVDLR�ELGLUHFLRQDO�HVWi�VHQGR�DPSODPHQWH�XWLOL]DGD�

QR�PXQGR��)HOOHQLXV��������1JX\HQ�HW�DO���������6HR�HW�DO����������$OpP�GDV�WpFQLFDV�H[HFXWLYDV�

GHVFULWDV� QRV� SDUiJUDIRV� DQWHULRUHV�� DV� HVWDFDV� VXEPHWLGDV� DR� HQVDLR� WrP� VLGR� LQVWUXPHQWDGDV� DR�

ORQJR�GR�IXVWH�H�PHVPR�DEDL[R�GD�H[SDQFHOO��GH�PRGR�D�VH�REWHU�DV�IXQo}HV�GH�WUDQVIHUrQFLD�GH�FDUJD�

HP�YiULRV�QtYHLV�DR�ORQJR�GD�SURIXQGLGDGH��7DPEpP�WrP�VLGR�H[HFXWDGRV�HQVDLRV�FRP�D�LQVWDODomR�

GH�H[SDQFHOOV�HP�PDLV�GH�XP�QtYHO��WpFQLFD�SDUD�VH�REWHU�PDLV�LQIRUPDo}HV�VREUH�DV�FDUJDV�~OWLPDV���

3DUD� D� REWHQomR� GD� FXUYD� FDUJD�UHFDOTXH� HTXLYDOHQWH�� Ki� GLYHUVDV�PHWRGRORJLDV��2� �PpWRGR�

WUDGLFLRQDO���6LOYD��������������2VWHUEHUJ��������������DGPLWH�TXH�D�HVWDFD�p�LQILQLWDPHQWH�UtJLGD��

2XWURV�PpWRGRV�IRUDP�GHVHQYROYLGRV�FRQVLGHUDQGR�D�FRPSUHVVLELOLGDGH�GD�HVWDFD��'HVWDFDP�VH�RV�

PpWRGRV�GH�(QJODQG���������������TXH�p�IHLWR�DWUDYpV�GH�software ��&HPVROYH����FRP�XWLOL]DomR�GDV�

VROXo}HV�GH�)OHPLQJ���������VHQGR�XWLOL]DGR�SHOD�HPSUHVD�)XJUR�/RDGWHVW��R�GH�)HOOHQLXV��������

�������DXWRU�TXH�SRVVXL�LQ~PHURV�WUDEDOKRV�SXEOLFDGRV�QD�iUHD�H�FXMR�PpWRGR�WDPEpP�QHFHVVLWD�GH�

software���8QL3LOH����H�R�PpWRGR�GH�0DVVDG���������HVWH�VHQGR�DQDOtWLFR��EDVHDGR�QR�FRHILFLHQWH�c’��

FRUUHODWR�GR�FRHILFLHQWH�c�GH�/HRQDUGV�H�/RYHOO���������7DPEpP�Ki�RXWURV�PpWRGRV��HPERUD�PHQRV�

FRQKHFLGRV�H�XWLOL]DGRV�GH�PDQHLUD�JHUDO��FRPR�RV�GH�.ZRQ�HW�DO����������/HH�H�3DUN���������0LVVLRQ�

H�.LP��������H�.LP�H�&KXQJ���������

(VWH�DUWLJR�DSUHVHQWD�HVWXGRV�GH�FDVR�GH�WUrV�HVWDFDV�PROGDGDV�in loco��GXDV�HVWDFDV�HVFDYDGDV�

GH�JUDQGH�GLkPHWUR��FKDPDGDV�QR�%UDVLO�GH�³HVWDF}HV´��H�XPD�HVWDFD�UDL]���LQVWDODGDV�HP�REUDV�GH�

DUWH�YLiULDV�QR�%UDVLO��TXH�IRUDP�VXEPHWLGDV�DR�HQVDLR�ELGLUHFLRQDO��7HP�VH�SRU�REMHWLYR�DSUHVHQWDU�

H�FRPSDUDU�DV�FXUYDV�FDUJD�UHFDOTXH�HTXLYDOHQWHV�HVWLPDGDV�DWUDYpV�GRV�GLIHUHQWHV�PpWRGRV��D��R�

�PpWRGR�WUDGLFLRQDO���GHPRQVWUDQGR�TXH�VHPSUH�UHVXOWD�HP�GHVORFDPHQWRV�PHQRUHV��Mi�TXH�DGPLWH�

D�HVWDFD�LQILQLWDPHQWH�UtJLGD��E��R�PpWRGR�GH�0DVVDG���������H�F��D�DSOLFDomR�GLUHWD�GDV�IRUPXODo}HV�

GH�)OHPLQJ���������LQFRUSRUDGDV�SRU�(QJODQG��������������HP�VHX�PpWRGR��(VWHV�PpWRGRV�IRUDP�

HVFROKLGRV�RX�SRU�VHUHP�RV�PDLV�SRSXODUHV�RX�SRU�DSUHVHQWDUHP�VROXo}HV�PDWHPiWLFDV�PDLV�VLPSOHV��

DOpP�GH�QmR�QHFHVVLWDUHP�GH�SURJUDPDV�FRPSXWDFLRQDLV�HVSHFtILFRV��

2V� UHVXOWDGRV�HP� WHUPRV�GH�FDSDFLGDGHV�GH�FDUJD� IRUDP�FRPSDUDGRV�FRP�HVWLPDWLYDV� IHLWDV�

DWUDYpV�GH�PpWRGRV�VHPL�HPStULFRV��HP�XVR�QR�%UDVLO��EDVHDGRV�HP�GDGRV�GH�LQYHVWLJDomR�JHRWpFQLFD�

QRV�ORFDLV�HVWXGDGRV��(P�XP�GRV�HVWXGRV�GH�FDVR��ID]�VH�WDPEpP�VH�XPD�FRPSDUDomR�FRP�UHVXOWDGRV�

GH�XP�HQVDLR�GH�FDUUHJDPHQWR�GLQkPLFR�H[HFXWDGR�QD�PHVPD�HVWDFD��

��±�0e72'26�6(0,�(03Ë5,&26�'(�(67,0$7,9$�'(�&$3$&,'$'(�'(�&$5*$�

3DUD� R� GLPHQVLRQDPHQWR�GH� HVWDFDV� QR�%UDVLO�� VmR� DPSODPHQWH� XWLOL]DGRV� RV�PpWRGRV� VHPL�

HPStULFRV�GH�HVWLPDWLYD�GH�FDSDFLGDGH�GH�FDUJD�JOREDO��TXH�VH�EDVHLDP��HP�JHUDO��HP�GDGRV�GH�637��

2V�PDLV�XWLOL]DGRV�VmR�R�GH�'pFRXUW�4XDUHVPD��'pFRXUW�H�4XDUHVPD��������'pFRXUW��������'pFRXUW��

������PDQWLGR�HP�������H�R�GH�$RNL�9HOORVR��$RNL�H�9HOORVR��������&LQWUD�H�$RNL���������'HVWDFD�

VH�R�PpWRGR�GH�&DEUDO���������HVSHFtILFR�SDUD�HVWDFD�UDL]���

2V�PpWRGRV� UHVXOWDP� HP� HVWLPDWLYDV� GH� FDUJDV� WRWDLV� ~OWLPDV� DSUR[LPDGDV�� VHQGR� HP� JHUDO�

FRQVHUYDGRUHV�� $� SUySULD� PHGLGD� GR� tQGLFH� 637�� HP� TXH� VH� EDVHLDP� RV� PpWRGRV�� p� VXMHLWD� D�

LPSUHFLV}HV��3DUD�HVWDFDV�HVFDYDGDV�� D�QRUPD�EUDVLOHLUD�GH� IXQGDo}HV� �$%17�1%5�������������

UHVWULQJH�R�XVR�GD�UHVLVWrQFLD�GH�SRQWD�~OWLPD�HVWLPDGD��GHYLGR�j�PHWRGRORJLD�H[HFXWLYD�HPSUHJDGD��

SRGHQGR�ILFDU�PDWHULDO�VROWR�RX�DPROJDGR�VRE�D�SRQWD�GD�HVWDFD��1HVVDV�FRQGLo}HV��HP�JHUDO�HVVD�

UHVWULomR�VH�DSOLFD�D�HVWDFDV�PROGDGDV�in loco.�
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1RV�HVWXGRV�D�VHUHP�DSUHVHQWDGRV��REVHUYD�VH�TXH�RV�HQVDLRV�ELGLUHFLRQDLV�H[HFXWDGRV�UHIRUoDP�

D� YDOLGDGH� GHVWD� UHVWULomR� GD� QRUPD� QDV� REUDV� EUDVLOHLUDV�� SRLV� GXDV� GDV� WUrV� HVWDFDV� HQVDLDGDV�

UHVXOWDUDP�FRP�UHVLVWrQFLD�GH�SRQWD�LQIHULRU�j�HVWLPDGD�SHORV�PpWRGRV�VHPL�HPStULFRV��

��±�(1&857$0(172�(/È67,&2�'(�(67$&$6�

'XUDQWH�R�FDUUHJDPHQWR�D[LDO�GH�XPD�HVWDFD��GH�FLPD�SDUD�EDL[R��IHLWR�D�SDUWLU�GR�WRSR�FRP�XPD�

FDUJD�Po��RFRUUH�VHX�HQFXUWDPHQWR�HOiVWLFR�'etop��TXH�SRGH�VHU�FDOFXODGR�DWUDYpV�GR�FRHILFLHQWH�c�GH�

/HRQDUGV�H�/RYHOO���������FRQIRUPH�D�HTXDomR��YHU�OLVWD�GH�VtPERORV�HP�DQH[R���
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LVWR�p��SHOD�UHODomR�HQWUH�R�DWULWR�ODWHUDO�PpGLR�WUDQVIHULGR�SHOD�HVWDFD�DR�VROR��
ll AA � ��H�R�DWULWR�

ODWHUDO�WRWDO��Al��YHU�D�)LJXUD���D���3RGH�VH�SURYDU�TXH�c�p�LJXDO�j�iUHD�KDFKXUDGD�GHVVD�ILJXUD�GLYLGLGD�

SHOR�SURGXWR�Al�L��'H�TXDOTXHU�IRUPD��UHTXHU�VH�R�FRQKHFLPHQWR�GD�GLVWULEXLomR�GR�DWULWR�ODWHUDO�DR�
ORQJR�GR�IXVWH��

3DUD� FDVRV� VLPSOHV� GH� GLVWULEXLomR� GR� DWULWR� ODWHUDO� XQLWiULR� �f��� /HRQDUGV� H� /RYHOO� �������

DSUHVHQWDUDP�iEDFRV�SDUD�D�GHWHUPLQDomR�GH�c��$VVLP�p�TXH��SDUD�GLVWULEXLomR�XQLIRUPH�GH�f��c  �����

H��SDUD�GLVWULEXLomR�OLQHDUPHQWH�FUHVFHQWH�FRP�D�SURIXQGLGDGH��c  �������

'XUDQWH�HQVDLRV�ELGLUHFLRQDLV��R�FDUUHJDPHQWR�GR�WUHFKR�,��IXVWH��p�IHLWR�GH�EDL[R�SDUD�FLPD��

FRQIRUPH�D�)LJXUD���E��1HVWH�FDVR��R�HQFXUWDPHQWR�HOiVWLFR��'ebid��p�GDGR�SHOD�HTXDomR��
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)LJ����±�'LVWULEXLomR�GD�FDUJD���D��FDUUHJDPHQWR�D�SDUWLU�GR�WRSR��H�E��HQVDLR�ELGLUHFLRQDO��IRQWH��
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RV� FLWDGRV� QR� LWHP� DQWHULRU�� 8PD� GHWHUPLQDomR� PDLV� ULJRURVD� GH� f� VH� FRQVHJXH� DWUDYpV� GH�

LQVWUXPHQWDomR��FRP�PHGLGDV�GR�HQFXUWDPHQWR�GD�HVWDFD�HP�SURIXQGLGDGH��

0DVVDG��������PRVWUD�TXH��SDUD�D�FODVVLILFDomR�GD�HVWDFD��SRGH�VHU�XVDGR�R�FRHILFLHQWH�k��TXH�

PHGH�D�ULJLGH]�UHODWLYD�GR�VLVWHPD�HVWDFD�VROR�GR�IXVWH��VHQGR�k = Al,ult / (Kr�y1)��OLVWD�GH�VtPERORV�

HP�DQH[R��7RGDV�DV�HVWDFDV�HVWXGDGDV�QR�SUHVHQWH�WUDEDOKR�UHVXOWDP�FRP�k����R�TXH�VLJQLILFD�TXH�

VmR�FXUWDV�RX�UtJLGDV���

��±�02'(/2�'(�)/(0,1*�3$5$�$�35(9,6­2�'$�&859$�&$5*$�5(&$/48(�

)OHPLQJ� ������� HODERURX� XP� PRGHOR� GH� SUHYLVmR� GD� FXUYD� FDUJD�UHFDOTXH� GH� XPD� HVWDFD�

FDUUHJDGD�QR�WRSR��EDVHDGR�HP�IXQo}HV�KLSHUEyOLFDV�GH�WUDQVIHUrQFLD�GH�FDUJD��SDUD�R�DWULWR�H�SDUD�D�
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1HVVDV�HTXDo}HV�yo�p�R�UHFDOTXH�GH�XP�SRQWR�GR�IXVWH��FRQVLGHUDGR�QR�WRSR�GD�HVWDFD��f p�R�DWULWR�

ODWHUDO�XQLWiULR��yp�p�R�UHFDOTXH�GD�SRQWD�GD�HVWDFD��rp p�D�UHDomR�GH�SRQWD��H�a, b, a’�H b’�VmR�FRQVWDQWHV��

'LYLGLQGR�VH�DV�HTXDo}HV��D�H��E�SRU�yo �H�yp�� UHVSHFWLYDPHQWH��p�IiFLO�YHU�TXH��QRV�OLPLWHV��SDUD�

UHFDOTXHV�WHQGHQGR�DR��LQILQLWR���b = 1/fult�H�b´ = 1/rp,ult���

2�DXWRU�DGPLWLX�TXH�R�UHFDOTXH�GR�IXVWH�p�GLUHWDPHQWH�SURSRUFLRQDO�DR�GLkPHWUR�D�GD�HVWDFD�H�

GHFUHVFH�FRP�DXPHQWRV�GH�DWULWR�XQLWiULR�~OWLPR��&RP�EDVH�QHVVD�KLSyWHVH�� LQWURGX]LX�R�IDWRU�GH�

IOH[LELOLGDGH�DGLPHQVLRQDO�Ms��SHUPLWLQGR�GHWHUPLQDU�R�SDUkPHWUR�a��DWUDYpV�GD�HTXDomR��
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)OHPLQJ��������DVVRFLRX�R�IDWRU�Ms�DR�WHUPR�]Ws/(2Gs)�GH�5DQGROSK�H�:URWK���������RQGH�]�p�

LJXDO� D� ln�rm� �� r�� H�Gs��Ws� YDULD� HQWUH� ���� H� ������ 6XJHULX� YDORUHV� SDUD�Ms� HQWUH� ������ H� �������

DGPLWLQGR��DGHPDLV��]� ����TXH�FRUUHVSRQGH�D�XPD�UHODomR�GH�L�r�GD�RUGHP�GH�����SDUD�VXEVROR�

KRPRJrQHR��U� �����9HU�D�OLVWD�GH�VtPERORV�HP�DQH[R���
3DUD� D� GHWHUPLQDomR� GR� WHUPR� a'� GD� HTXDomR� �E�� )OHPLQJ� ������� UHFRUUHX� j� VROXomR� GH�

%RXVVLQHVT�SDUD�VDSDWD�FLUFXODU�DSRLDGD�HP�XP�PHLR�HOiVWLFR�FRP�PyGXOR�GH�<RXQJ�Eb��DGRWDQGR�

XP�IDWRU�GH�FRUUHomR�GR�HIHLWR�GD�SURIXQGLGDGH�LJXDO�D�������UHVXOWDQGR�QD�H[SUHVVmR��
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3DUD� FRQVLGHUDU� D� FRPSUHVVLELOLGDGH� GD� HVWDFD�� R� DXWRU� LQGLFRX� TXH� VHMD� DGLFLRQDGR� R�
HQFXUWDPHQWR�HOiVWLFR��TXH�SRGH�VHU�FDOFXODGR�DWUDYpV�GD�HTXDomR����FDUUHJDPHQWRV�D�SDUWLU�GR�WRSR�
GD�HVWDFD���

��±�0e72'26�'(�,17(535(7$d­2�'(�5(68/7$'26�'(�(16$,26�
%,',5(&,21$,6�

2�HQVDLR�ELGLUHFLRQDO�IRUQHFH�DV�VHJXLQWHV�FXUYDV�FDUJD�UHFDOTXH��LOXVWUDGDV�QDV�)LJV����H�����
GHSHQGHQGR�GH�RQGH�VmR�LQVWDODGRV�RV�tell tales��XPD�RX�GXDV�SDUD�R�WUHFKR�,�GD�HVWDFD��FRP�PHGLGDV�
GH�GHVORFDPHQWR�QR�WRSR�GD�HVWDFD�H�RX�QR�rPEROR�VXSHULRU�GD�H[SDQFHOO��H�XPD�SDUD�R�WUHFKR�,,�GD�
HVWDFD��FRP�PHGLGDV�GH�GHVORFDPHQWR�QR�rPEROR� LQIHULRU�GD�H[SDQFHOO��4XDQGR�D�H[SDQFHOO�HVWi�
LQVWDODGD�SUy[LPD�j�SRQWD�GD�HVWDFD��SRGH�VH�FRQVLGHUDU�RV�GHVORFDPHQWRV�LJXDLV�DRV�GD�SRQWD��&DVR�
FRQWUiULR��p�GHVHMiYHO�TXH�VH�LQVWDOH�XP�tell tale�MXQWR�j�SRQWD�GD�HVWDFD��R�TXH�QHP�VHPSUH�RFRUUH��

$� SDUWLU� GRV� SRQWRV� OLGRV� GH� FDUJD�UHFDOTXH�� SURS}H�VH� D� REWHQomR� GH� FXUYDV� KLSHUEyOLFDV�
DSUR[LPDGDV�SDUD�D�LQWHUSUHWDomR�GRV�UHVXOWDGRV��$�FDSDFLGDGH�GH�FDUJD�~OWLPD�GH�FDGD�WUHFKR�GD�
HVWDFD�IRL�REWLGD�SRU�H[WUDSRODomR�GDV�FXUYDV�KLSHUEyOLFDV�UHVXOWDQWHV��SDUD�GHVORFDPHQWRV�LQILQLWRV��
8WLOL]RX�VH�VROXomR�JUiILFD�VHPHOKDQWH�j�GH�&KLQ��������������SDUD�D�H[WUDSRODomR�GD�FXUYD�FDUJD�
UHFDOTXH��LVWR�p��Al,ult�H�Qp,ult�IRUDP�REWLGDV��UHVSHFWLYDPHQWH��DWUDYpV�GRV�JUiILFRV�GH�yo/Al�versus yo�
H�GH�yp/Qp�versus yp��SRQWD�ILFWtFLD���

3DUD�D�REWHQomR�GD�FXUYD�FDUJD�UHFDOTXH�HTXLYDOHQWH�SDUD�FDUUHJDPHQWRV�D�SDUWLU�GR� WRSR�GD�
HVWDFD��VLPXODQGR�D�SURYD�GH�FDUJD�HVWiWLFD�FRQYHQFLRQDO��SRGHP�VHU�XVDGRV�R��PpWRGR�WUDGLFLRQDO��
�6LOYD��������������2VWHUEHUJ���������������RX�PpWRGRV�TXH�FRQVLGHUHP�D�FRPSUHVVLELOLGDGH�GD�
HVWDFD�� FRQIRUPH� LQGLFDGR� DQWHULRUPHQWH�� $� VHJXLU� VmR� GHVFULWRV� RV� WUrV�PpWRGRV� XWLOL]DGRV� QDV�
DQiOLVHV�GRV�HVWXGRV�GH�FDVR��

�
����±�0pWRGR�GH�6LOYD��2VWHUEHUJ�

2�PpWRGR�SURSRVWR�SRU�DPERV�RV�DXWRUHV�HP�VHXV�WUDEDOKRV��6LOYD��������������2VWHUEHUJ��������
������FRQVLVWH�HP�VRPDU�DV�FDUJDV�TXH�JHUDP�D�PHVPD�PDJQLWXGH�GH�GHVORFDPHQWR�SDUD�FLPD�H�SDUD�
EDL[R��FRUUHVSRQGHQGR��UHVSHFWLYDPHQWH��DRV�WUHFKRV�,�H�,,�GD�HVWDFD��(VVH�SURFHGLPHQWR�SUHVVXS}H�
TXH� D� HVWDFD� p� LQILQLWDPHQWH� UtJLGD� �2VWHUEHUJ�� ������� e� FRQVLGHUDGR� FRPR� VHQGR� R� �PpWRGR�
WUDGLFLRQDO���SRU�VHU�R�LQLFLDOPHQWH�LGHDOL]DGR�SHORV�SUHFXUVRUHV�GR�HQVDLR�ELGLUHFLRQDO��

�
����±�0pWRGR�GH�0DVVDG�

0DVVDG��������DSUHVHQWD�WUrV�SURFHGLPHQWRV�SDUD�D�REWHQomR�GD�FXUYD�HTXLYDOHQWH��R�SULPHLUR�
SDUD� TXDQGR� VH� WHP� OHLWXUDV� GH� GHVORFDPHQWRV� QR� rPEROR� VXSHULRU� GD� H[SDQFHOO� �)LJXUD� ���� R�
VHJXQGR��TXDQGR�DV�OHLWXUDV�IRUHP�IHLWDV�DSHQDV�QR�WRSR�GD�HVWDFD��)LJXUD�����H�R�WHUFHLUR��TXDQGR�
VH�WHP�DPEDV�DV�OHLWXUDV���

2�DXWRU�XWLOL]D�R�FRQFHLWR�GH�SRQWD�ILFWtFLD��RX�VHMD��D�FXUYD�FDUJD�UHFDOTXH�GR�WUHFKR�,,�GD�HVWDFD�
p�DGPLWLGD�FRPR�VHQGR�D�FXUYD�GD�SRQWD�ILFWtFLD��TXH�LQFOXL�R�DWULWR�ODWHUDO�GR�WUHFKR�,,�H�D�UHVLVWrQFLD�
GH�SRQWD�UHDO��

5HVXPLGDPHQWH��H�UHSRUWDQGR�VH�jV�)LJV����H����R�PpWRGR�FRQVLVWH�HP�VRPDU�DV�FDUJDV�Al�H�Q´p��
UHVSHFWLYDPHQWH�GRV�WUHFKRV�,��PRYLPHQWR�SDUD�FLPD��H�,,��PRYLPHQWRV�SDUD�EDL[R��GD�HVWDFD��SDUD�
D�PHVPD�PDJQLWXGH�GH�GHVORFDPHQWR�y´p�QR�WRSR�H�QD�SRQWD�GD�HVWDFD��2EWpP�VH�DVVLP�D�FDUJD�QR�
WRSR�GD�HVWDFD��Po���FRQIRUPH�D�HTXDomR��

�
plo QAP �� � �����
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)LJ����±�&XUYDV�HVTXHPiWLFDV�GR�HQVDLR�ELGLUHFLRQDO���PRYLPHQWRV�SDUD�FLPD�PHGLGRV�QR�WRSR�GD�
FpOXOD��DGDSWDGR�GH�0DVVDG���������
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)LJ����±�&XUYDV�HVTXHPiWLFDV�GR�HQVDLR�ELGLUHFLRQDO���PRYLPHQWRV�SDUD�FLPD�PHGLGRV�QR�WRSR�GD�
HVWDFD��DGDSWDGR�GH�0DVVDG���������

�
&RP�R�YDORU�GH�Al�SRGH�VH�GHWHUPLQDU�R�HQFXUWDPHQWR�HOiVWLFR�'ebid��LQGLFDGR�QDV�)LJV����H����

DWUDYpV�GD�HTXDomR����
3DUD�VH�REWHU�R�GHVORFDPHQWR�GR� WRSR�GD�HVWDFD��yo���VLPXODQGR�FDUUHJDPHQWRV�GH�FLPD�SDUD�

EDL[R��GHYH�VH�VRPDU�R�UHFDOTXH�DVVXPLGR�SDUD�D�SRQWD��y’p��FRP�R�HQFXUWDPHQWR�HOiVWLFR�GR�IXVWH�
�'etop���GDGR�SHOD�HTXDomR����e�IiFLO�YHU�TXH�D�SULPHLUD�SDUFHOD�GR�VHJXQGR�PHPEUR�GD�HTXDomR���p�
LJXDO�D�'ebid�PXOWLSOLFDGR�SRU�c/c’��R�TXH�SHUPLWH�HVFUHYHU��
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TXH�IRUQHFH�R�YDORU�GH�yo��7UDWD�VH�GH�XP�FiOFXOR�DSUR[LPDGR�GH�yo��SRLV�c�H�c'�VmR�GHWHUPLQDGRV�
FRPR�IRL�LQGLFDGR�QR�LWHP����VXSRQGR�HVJRWDPHQWR�GR�DWULWR�ODWHUDO��KLSyWHVH�HVVD�YDOLGDGD�SDUD�ILQV�
SUiWLFRV�SRU�0DVVDG��������DWUDYpV�GH�YiULRV�FDVRV�GH�REUD��LQFOXLQGR�RV�GR�SUHVHQWH�WUDEDOKR��2�
SURFHGLPHQWR�p�UHSHWLGR�SDUD�YiULRV�YDORUHV�GH�y’p��R�TXH�SHUPLWH�REWHU�D�FXUYD�HTXLYDOHQWH�SDUD�
FDUUHJDPHQWRV�GH�FLPD�SDUD�EDL[R���
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4XDQGR�VH�GLVS}H�GH�OHLWXUDV�GH�GHVORFDPHQWRV�WDQWR�QR�rPEROR�VXSHULRU�GD�H[SDQFHOO��TXDQWR�
QR� WRSR� GD� HVWDFD�� R� YDORU� GH� 'ebid� p� REWLGR� GLUHWDPHQWH�� SRU� GLIHUHQoD� HQWUH� RV� YDORUHV� GH�
GHVORFDPHQWRV�PHGLGRV��

�
����±�$SOLFDomR�GDV�IRUPXODo}HV�GH�)OHPLQJ�

3DUD� D� SUHYLVmR� GD� FXUYD� HTXLYDOHQWH� WHP� VLGR� XWLOL]DGR� R�PpWRGR� GH� (QJODQG� �������� TXH�
LQFRUSRUD� DV� IRUPXODo}HV� GH�)OHPLQJ� �������� p� XWLOL]DGR� SHOD� HPSUHVD�)XJUR�/RDGWHVW� QRV� VHXV�
SURJUDPDV�FRPSXWDFLRQDLV��

1HVWH� WUDEDOKR� SUHIHULX�VH� ID]HU� D� DSOLFDomR� GLUHWD� GDV� IRUPXODo}HV� GH� )OHPLQJ� ��������
,QLFLDOPHQWH��SURFXUD�VH�DMXVWDU�IXQo}HV�KLSHUEyOLFDV�jV�GXDV�FXUYDV��UHODWLYDV�DRV�WUHFKRV�,��IXVWH��H�
,,� ��SRQWD� UHDO� RX� ILFWtFLD���GD� HVWDFD�� FRQIRUPH� DV� HTV�� �D� H��E��&RP� D� FXUYD� UHODWLYD� DR� IXVWH��
GHWHUPLQDP�VH�Al,ult�H�R�IDWRU�Ms��HTXDomR����H��FRP�D�FXUYD�GD��SRQWD���Qp,ult�H�Eb��HTXDomR�����&RP�
HVVHV�SDUkPHWURV��SRGH�VH�HVWLPDU�D�FXUYD�HTXLYDOHQWH�FDUJD�UHFDOTXH�GR�WRSR��DWUDYpV�GD�HTXDomR�
��F�� FRUUHVSRQGHQWH� j� FRQGLomR� HVWDFD� LQILQLWDPHQWH� UtJLGD�� 3DUD� D� FRQGLomR� UHDO�� HVWDFD�
FRPSUHVVtYHO��EDVWD�DGLFLRQDU�R�HQFXUWDPHQWR�HOiVWLFR�'etop��GDGR�SHOD�HTXDomR����

��±�$3/,&$d®(6�35È7,&$6�

6mR�DSUHVHQWDGDV�DSOLFDo}HV�SUiWLFDV�HP�WUrV�HVWDFDV�GH�REUDV�YLiULDV�QR�%UDVLO��FRQWHPSODQGR�
HVWDFDV�PROGDGDV�in loco��'XDV�GHODV��FRQKHFLGDV�FRPR��HVWDF}HV���WrP�GLkPHWURV�GH������H������P�
H�FRPSULPHQWRV�WRWDLV�GH������H������P��UHVSHFWLYDPHQWH��$�WHUFHLUD�p�XPD�HVWDFD�UDL]��GH�GLkPHWUR�
QRPLQDO� LJXDO� D� ����� P� H� FRPSULPHQWR� GH� ����� P�� VHQGR� HPEXWLGD� HP� VDSUROLWR� D� SDUWLU� GD�
SURIXQGLGDGH� GH� ���� P�� RQGH� VHX� GLkPHWUR� VH� UHGX]� SDUD� ����� P�� 2� 4XDGUR� �� DSUHVHQWD� DV�
LQIRUPDo}HV�JHUDLV�GDV�HVWDFDV�HVWXGDGDV��

�

4XDGUR���±�(VWXGRV�GH�FDVR�±�,QIRUPDo}HV�JHUDLV�GDV�HVWDFDV��

�
�
3DUD�FDGD�XP�GRV�HQVDLRV�ELGLUHFLRQDLV��H[HFXWDGRV�QDV�WUrV�HVWDFDV�HVWXGDGDV��IRUDP�REWLGDV�

GXDV�FXUYDV�FDUJD�UHFDOTXH��XPD�SDUD�R�WUHFKR�,��IXVWH���VHQGR�D�OHLWXUD�GH�GHVORFDPHQWRV�IHLWD�QR�
WRSR�GD�HVWDFD��H�RXWUD�SDUD�R�WUHFKR�,,��SRQWD�ILFWtFLD���FRP�OHLWXUDV�GH�GHVORFDPHQWRV�QR�rPEROR�
LQIHULRU�GD�H[SDQFHOO��

�
����±�(VWDF}HV�GR�0HWU{�GH�6mR�3DXOR�

2V�HVWDF}HV�HVWXGDGRV�IRUDP�H[HFXWDGRV�SDUD�D�REUD�GR�3iWLR�GR�2UDWyULR�GD�/LQKD�����3UDWD���
GR�0RQRWULOKR�GD�FLGDGH�GH�6mR�3DXOR��SHUWHQFHQWH�j�&RPSDQKLD�GR�0HWURSROLWDQR�GH�6mR�3DXOR�±�
0(75Ð��$�)LJXUD���DSUHVHQWD�D�ORFDomR�GRV�HVWDF}HV��(�����H�(������H�DV�VRQGDJHQV�j�SHUFXVVmR�
H[HFXWDGDV�QD�UHJLmR��3DUD�R�HVWDFmR�(������DV�VRQGDJHQV�PDLV�SUy[LPDV�VmR�D�63�������63������H�
63�������GLVWDQGR��UHVSHFWLYDPHQWH������P������P�H�����P�GR�HVWDFmR��3Uy[LPR�DR�HVWDFmR�(������
HQFRQWUDP�VH�DV�VRQGDJHQV�63������H�63�������GLVWDQGR��UHVSHFWLYDPHQWH������P�H����P��

7LSR�GH�(QVDLR (VWDFD
'LkPHWUR������

�P�

&RPSULPHQWR�

�P�

/, �������������

�P�

/, , ������������

�P�
/RFDO

(QVDLR�%LGLUHFLRQDO (VWDFmR��(����� ���� ���� ���� ��� 6mR�3DXOR��0HWU{�

(QVDLR�%LGLUHFLRQDO (VWDFmR��(����� ���� ���� ���� ��� 6mR�3DXOR��0HWU{�

(QVDLR�%LGLUHFLRQDO�H�

(QVDLR�GH�&DUUHJDPHQWR�

'LQkPLFR

5DL]��(�%�� ����������� ���� ���� ��� 5LR�GH�-DQHLUR
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�

)LJ����±�3ODQWD�GH�ORFDomR�GDV�HVWDFDV�HVWXGDGDV��(�����H�(�������FRP�LQGLFDomR�GDV�VRQGDJHQV�

SUy[LPDV�±�3iWLR�GR�2UDWyULR��6mR�3DXOR��

�

$� REUD� HVWi� ORFDOL]DGD� QD� UHJLmR� GD� %DFLD� GH� 6mR� 3DXOR�� GD� TXDO� 0RQWHLUR� HW� DO�� �������

DSUHVHQWDP� XPD� GHWDOKDGD� GHVFULomR� JHROyJLFD�� 1R� QtYHO� GH� LQVWDODomR� GDV� HVWDFDV� RFRUUHP�

VHGLPHQWRV� SDOHyJHQRV� GR� *UXSR� 7DXEDWp�� HVSHFLILFDPHQWH� GD� )RUPDomR� 6mR� 3DXOR��

6XSHUILFLDOPHQWH�Ki�SUHVHQoD�GH�DWHUURV��

�

������±�(VWDFmR�(�����

2�SHUILO�JHROyJLFR�JHRWpFQLFR�GR�VXEVROR�QR� ORFDO�GR�HVWDFmR�(�����IRL� LQIHULGR�D�SDUWLU�GDV�

VRQGDJHQV�63�������63������H�63�������VHQGR�DSUHVHQWDGR�QD�)LJXUD����6XD�ORFDOL]DomR�HP�SODQWD�

FRUUHVSRQGH�DR�FRUWH�$�$��LQGLFDGR�QD�)LJXUD����$V�VRQGDJHQV�UHYHODP�XPD�FDPDGD�GH�DWHUUR�GH���

D��P�GH�HVSHVVXUD��FRP�tQGLFHV�637�GH���D�����VREUH�DUJLODV�VLOWRVDV�WHUFLiULDV��RUD�SRXFR�DUHQRVDV��

FRP�LQWHUFDODo}HV�SRQWXDLV�GH�FDPDGDV�DUHQRVDV��FRP�tQGLFHV�637�GH���D�PDLRUHV�TXH�����HP�JHUDO�

FUHVFHQWHV� FRP� D� SURIXQGLGDGH�� 1DV� SUR[LPLGDGHV� GD� H[SDQFHOO� RFRUUH�� SRQWXDOPHQWH�� DXPHQWR�

EUXVFR� GRV� 637
V�� SRVVLYHOPHQWH� DVVRFLDGRV� D� FRQFUHo}HV� GH� OLPRQLWD�� TXH� VmR� IUHTXHQWHV� QHVWD�

UHJLmR�H�IRUPDomR�GH�VROR��VHJXQGR�5LFFRPLQL�H�&RLPEUD����������

$�)LJXUD���WDPEpP�LQGLFD�D�SRVLomR�GDV�H[SDQFHOOV��QR�WRWDO��WUrV��LQVWDODGDV�QR�HVWDFmR�(������

HP�UHODomR�DRV�SHUILV�GH�VRQGDJHQV��&DGD�H[SDQFHOO�XWLOL]DGD�SRVVXL�iUHD�LQWHUQD�GH�����FPð��VHQGR�

LQVWDODGRV�XP�WXER�GH�VXSULPHQWR�KLGUiXOLFR�H�XP�tell tale�HP�FDGD�XPD�GHODV��$V�PHVPDV�HVWmR�

FRQVROLGDGDV�HP�XP�GLVFR��SUHVR�j�DUPDomR�GD�HVWDFD���

2V� WUHFKRV�GD� HVWDFD� DFLPD� H� DEDL[R�GR�QtYHO� GDV� H[SDQFHOOV�� FKDPDGRV� UHVSHFWLYDPHQWH� GH�

WUHFKR�,� �IXVWH��H� ,,� �SRQWD�ILFWtFLD���FRPR�IRL�GLWR�DQWHULRUPHQWH�� WrP�DSUR[LPDGDPHQWH�����P�H�

���P�GH�FRPSULPHQWR���

3DUD�R� WUHFKR� ,�� UHVXOWDUDP�RV� VHJXLQWHV�SDUkPHWURV��Kr�#������N1�PP�� VHQGR�R�PyGXOR�GH�

HODVWLFLGDGH� GD� HVWDFD� FDOFXODGR� DWUDYpV� GD� IRUPXODomR� VXJHULGD� SHOD�$%17�1%5������ ��������

FRQVLGHUDQGR� D� FRQWULEXLomR� GD� DUPDomR�� c� #� ������ VHQGR� DSUR[LPDGDPHQWH� FDOFXODGR� SHODV�

GLVWULEXLo}HV� GH� DWULWR� ODWHUDO� GDGDV� SHORV� PpWRGRV� VHPL�HPStULFRV� GH� $RNL�9HOORVR� H� 'pFRXUW�

4XDUHVPD��H�c’ = 1 – c�#�������

$�(�����IRL�VXEPHWLGD�DR�HQVDLR�ELGLUHFLRQDO��WHQGR��QR�WUHFKR�,��IXVWH���GHVORFDPHQWR�Pi[LPR�

GH������PP��SDUD�FDUJD�FRUULJLGD�GH�����N1��H��QR�WUHFKR�,,��SRQWD�ILFWtFLD���GH�������PP��SDUD�FDUJD�

FRUULJLGD�GH�����N1��$V�FXUYDV�UHVXOWDQWHV�GR�HQVDLR��EHP�FRPR�DV�FXUYDV�KLSHUEyOLFDV�DSUR[LPDGDV��

DGRWDGDV�QDV�DQiOLVHV��HVWmR�DSUHVHQWDGDV�QD�)LJXUD����

�
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�

)LJ����±�&RUWH�$�$��)LJ������3HUILO�JHROyJLFR�JHRWpFQLFR�GR�HVWDFmR�(������2V�DOJDULVPRV���H���

LQGLFDP��UHVSHFWLYDPHQWH��DV�)RUPDo}HV�6��3DXOR�H�5HVHQGH���

�

&RPR�R�GHVORFDPHQWR�GR�WUHFKR�,���IXVWH���IRL�PHGLGR�QR�WRSR�GD�HVWDFD��IRL�IHLWD�D�HVWLPDWLYD�

GR�GHVORFDPHQWR� D�PHLD� DOWXUD�GR� �IXVWH�� �yf���GHVFRQWDQGR�VH�PHWDGH�GR� HQFXUWDPHQWR� HOiVWLFR��

FDOFXODGR�DWUDYpV�GD�HTXDomR����$VVLP��REWHYH�VH�D�FXUYD�KLSHUEyOLFD�SDUD�R�SRQWR�PpGLR�GR��IXVWH���

WDPEpP�LQGLFDGD�QD�)LJXUD����2EVHUYD�VH�TXH�DV�FXUYDV�REWLGDV�QR�WRSR�GD�HVWDFD�H�QR�SRQWR�PpGLR�

GR��IXVWH��SUDWLFDPHQWH�FRLQFLGHP��,VWR�SRUTXH�D�HVWDFD�p�FXUWD�RX�UtJLGD��XPD�YH]�TXH�UHVXOWD�FRP�

k�����

3RU�H[WUDSRODomR�GDV�FXUYDV��FRQIRUPH�D�PHWRGRORJLD�GH�&KLQ���������������WHP�VH�Al,ult�#�����

N1�H�Q´p,ult�#�������N1��UHVXOWDQGR�QXPD�FDUJD�WRWDO�~OWLPD�GH������N1��$�FDUJD�Pi[LPD�GH�HQVDLR�

IRL�GH�������N1��FRPR�VH�GHSUHHQGH�GD�)LJXUD����

2EVHUYD�VH� DLQGD�� QD� )LJXUD� ��� TXH� D� FXUYD� GR� WUHFKR� ,,� DSUHVHQWD� XP� DXPHQWR� EUXVFR� GH�

GHVORFDPHQWR�SDUD�R�HVWiJLR�GH�LQFUHPHQWR�GH�FDUJD�GH�����D�����N1��VHQGR�TXH��SDUD�R�LQFUHPHQWR�

FRQVHFXWLYR�� D� FXUYD� YROWD� D� DSUHVHQWDU� FRPSRUWDPHQWR� VHPHOKDQWH� DRV� HVWiJLRV� DQWHULRUHV�� FRP�

UHGXomR�GR�FRHILFLHQWH�DQJXODU�GD�WDQJHQWH�DSUR[LPDGD��+i�GXDV�KLSyWHVHV�SDUD�D�H[SOLFDomR�GHVWH�

FRPSRUWDPHQWR�DQ{PDOR��$�SULPHLUD�VHULD�D�RFRUUrQFLD�GH�VROR�GHVHVWUXWXUDGR�VRE�D�SRQWD�GD�HVWDFD��

PDV�SURYDYHOPHQWH�FRP�SHGDoRV�GH�OLPRQLWD��TXH�SRGHP�WHU�SURYRFDGR�HVWH�WLSR�GH�FRPSRUWDPHQWR��
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$�VHJXQGD�KLSyWHVH�VHULD�R�WUDYDPHQWR�GDV�KDVWHV�GRV�H[WHQV{PHWURV��GHYLGR�D�DOJXPD�LQWHUIHUrQFLD�

FRP�R�WXER�JXLD�DR�ORQJR�GD�SURIXQGLGDGH�GR�tell tale��

�

�

)LJ����±�2EUD�GR�3iWLR�GR�2UDWyULR�GR�0HWU{�±�5HVXOWDGRV�GR�HQVDLR�ELGLUHFLRQDO�QR�HVWDFmR�(������

�

$�)LJXUD���DSUHVHQWD�JUiILFRV�GH�FRPSDUDomR�HQWUH�DV�FDUJDV�~OWLPDV�REWLGDV�SRU�H[WUDSRODomR�

GRV�UHVXOWDGRV�GR�HQVDLR�ELGLUHFLRQDO�H�DWUDYpV�GRV�PpWRGRV�VHPL�HPStULFRV�XWLOL]DGRV�QR�%UDVLO��

7RGDV� HVWmR�QRUPDOL]DGDV� SHODV� FDUJDV� ~OWLPDV� REWLGDV� DWUDYpV� GR� HQVDLR� ELGLUHFLRQDO�� LQGLFDGDV�

DFLPD��1D�)LJXUD���D��REVHUYD�VH�TXH�DV�FDUJDV�GH�DWULWR�ODWHUDO��WUHFKR�,��VmR�VHPHOKDQWHV�j�PpGLD�

UHVXOWDQWH�HQWUH�RV�PpWRGRV�GH�$RNL�9HOORVR�H�'pFRXUW�4XDUHVPD��(QWUHWDQWR��TXDQGR�VH�LQVHUH�D�

UHVLVWrQFLD�GH�SRQWD��WUHFKR�,,���DV�FDUJDV�HVWLPDGDV�SRU�PpWRGRV�VHPL�HPStULFRV�VmR�EHP�PDLRUHV�

TXH�D�UHVXOWDQWH�GR�HQVDLR��)LJXUDV���E�H�F���3URYDYHOPHQWH�Ki�SUHVHQoD�GH�VROR�VROWR�RX�DPROJDGR�

VRE�D�SRQWD�UHDO�GD�HVWDFD��UHVXOWDQGR�HP�EDL[D�UHVLVWrQFLD�GXUDQWH�R�HQVDLR�ELGLUHFLRQDO��

�

�

)LJ����±�&DSDFLGDGHV�GH�FDUJD�~OWLPDV��QRUPDOL]DGDV�SHODV�FDUJDV�H[WUDSRODGDV�DWUDYpV�GRV�

UHVXOWDGRV�GR�HQVDLR�ELGLUHFLRQDO�±�(VWDFmR�(������

�

1D�)LJXUD�����REVHUYDP�VH�DV�IXQo}HV�GH�WUDQVIHUrQFLD�GH�FDUJD�SDUD�R�DWULWR�ODWHUDO�XQLWiULR�H�

SDUD� D� UHDomR� GH� SRQWD� �SRQWD� ILFWtFLD��� FRQIRUPH� R� PRGHOR� GH� )OHPLQJ�� 3HODV� IXQo}HV� GH�

WUDQVIHUrQFLD�GH�FDUJD�� UHVXOWD�DSUR[LPDGDPHQWH�TXH�R�DWULWR� ODWHUDO�XQLWiULR�~OWLPR�PpGLR�� fult�� p�

LJXDO�D����N3D�H�D�UHVLVWrQFLD�GH�SRQWD�~OWLPD��r’p,ult��p�GH������N3D��(VWH�YDORU�FRUUHVSRQGH�j�SRQWD�

ILFWtFLD���
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�

)LJ�����±�)XQo}HV�GH�WUDQVIHUrQFLD�GH�FDUJD�GH�DWULWR�ODWHUDO�H�UHDomR�GH�SRQWD�±�(VWDFmR�(������

�

3RU� ILP�� D� )LJXUD� ��� DSUHVHQWD� DV� HVWLPDWLYDV� GD� FXUYD� FDUJD�UHFDOTXH� HTXLYDOHQWH� SDUD� XP�

FDUUHJDPHQWR�D�SDUWLU�GR�WRSR�GD�HVWDFD��VLPXODQGR�XPD�SURYD�GH�FDUJD�HVWiWLFD�FRQYHQFLRQDO��(VWmR�

LQGLFDGDV�TXDWUR�FXUYDV��GXDV�DGPLWLQGR�VH�HVWDFD�LQILQLWDPHQWH�UtJLGD��0pWRGRV�GH�6LOYD��2VWHUEHUJ�

H�FRP�DSOLFDomR�GH�)OHPLQJ�SDUD�HVWDFD�UtJLGD��H�DV�RXWUDV�GXDV��HVWDFD�FRPSUHVVtYHO��0pWRGRV�GH�

0DVVDG�H�FRP�DSOLFDomR�GH�)OHPLQJ�SDUD�HVWDFD�FRPSUHVVtYHO���

�

�

)LJ�����±�&XUYDV�FDUJD�UHFDOTXH�HTXLYDOHQWHV�SDUD�FDUUHJDPHQWRV�D�SDUWLU�GR�WRSR�±�(VWDFmR�(������

�

2EVHUYD�VH�QD�)LJXUD����TXH�Ki�ERD�FRQYHUJrQFLD�HQWUH�RV�PpWRGRV�DGRWDGRV�FRQVLGHUDQGR�D�

PHVPD�KLSyWHVH�GH�FRPSUHVVLELOLGDGH�GD�HVWDFD��UHVXOWDQGR�HP�YDORUHV�SUDWLFDPHQWH�LJXDLV��H��FRPR�

HUD�GH�VH�HVSHUDU��RV�GHVORFDPHQWRV�SDUD�RV�PRGHORV�GH�HVWDFD�FRPSUHVVtYHO�UHVXOWDUDP�DOJR�PDLRUHV�

�GLIHUHQoD�Pi[LPD�GD�RUGHP�GH�����PP���(VWD�GLIHUHQoD�IRL�PtQLPD�SRUTXH�D�HVWDFD�p�FXUWD�RX�UtJLGD��

WHQGR�k����FRQIRUPH�FLWDGR�DQWHULRUPHQWH��

2�/æ�GH�)OHPLQJ��������SDUD�R�WUHFKR�,�GD�HVWDFD�UHVXOWRX�HP��DSUR[LPDGDPHQWH����������VHQGR�

YDOLGDGR�SHOR�PpWRGR�GH�5DQGROSK�H�:URWK��������SDUD�)æ��ìæ�#�������SRLV�.Â��N�p�GD�RUGHP�GH����
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H�R�VXEVROR�DSUHVHQWD�KHWHURJHQHLGDGH��FRP�R�SDUkPHWUR�é�#������4XDQWR�DR�PyGXOR�GH�HODVWLFLGDGH�

GD�SRQWD��E’b��UHVXOWRX�HP�DSUR[LPDGDPHQWH�����03D��SDUD�SRQWD�ILFWtFLD��

&RQIRUPH�D�)LJXUD����R�UHFDOTXH�Pi[LPR�GR�WUHFKR�,,�GXUDQWH�R�HQVDLR�ELGLUHFLRQDO�IRL�GH������

PP��PHGLGR�QRV�rPERORV�LQIHULRUHV�GDV�H[SDQFHOOV��'HVSUH]DQGR�VH�R�HQFXUWDPHQWR�HOiVWLFR�GHVWH�

WUHFKR��TXH�p�PtQLPR��WHP�VH�TXH�R�UHFDOTXH�GD�SRQWD�GD�HVWDFD�RFRUULGR�GXUDQWH�R�HQVDLR�IRL�GD�

RUGHP�GH������PP��TXH�FRUUHVSRQGH�D�DSUR[LPDGDPHQWH������GH�VHX�GLkPHWUR���

�

������±�(VWDFmR�(�����

1R�ORFDO�GR�HVWDFmR�(������DV�VRQGDJHQV�SUy[LPDV��63������H�63������LQGLFDP�XPD�FDPDGD�

GH�DWHUUR�GD�RUGHP�GH���P�GH�HVSHVVXUD��FRP�tQGLFHV�637�GH���D�����VREUH�DUJLODV�VLOWRVDV��RX�VLOWR�

DUHQRVDV��WHUFLiULDV��FRP�tQGLFHV�637�GH���D����DR�ORQJR�GR�QtYHO�GR�IXVWH�GD�HVWDFD��DSUHVHQWDQGR�

DXPHQWR�EUXVFR�QRV�VHXV�GRLV�~OWLPRV�PHWURV��FRP�YDORUHV�PDLRUHV�TXH�����$�)LJXUD����DSUHVHQWD�R�

SHUILO�JHROyJLFR�JHRWpFQLFR�LQIHULGR�GR�VXEVROR�ORFDO��D�SDUWLU�GDV�VRQGDJHQV��6XD�ORFDOL]DomR�HP�

SODQWD�FRUUHVSRQGH�DR�FRUWH�%�%��LQGLFDGR�QD�)LJXUD����

�

�

)LJ�����±�&RUWH�%�%��)LJ������3HUILO�JHROyJLFR�JHRWpFQLFR�±�LQIHULGR�D�SDUWLU�GDV�VRQGDJHQV�

SUy[LPDV�DR�HVWDFmR�(������

�

7DPEpP�HVWi�LQGLFDGD��QD�)LJXUD�����D�SRVLomR�GDV�H[SDQFHOOV��QR�WRWDO��WUrV��HP�UHODomR�DRV�

SHUILV�GH�VRQGDJHQV��2V�WUHFKRV�,�H�,,�GD�HVWDFD�WrP�FRPSULPHQWRV�DSUR[LPDGRV�GH�����P�H����P��

UHVSHFWLYDPHQWH��3DUD�R�WUHFKR�,�GD�HVWDFD��DQDORJDPHQWH�DR�IHLWR�SDUD�D�HVWDFD�DQWHULRU��UHVXOWDUDP�

RV�VHJXLQWHV�SDUkPHWURV��Kr�#�����N1�PP��c�#������H�c’ # ������
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$�(�����IRL�VXEPHWLGD�DR�HQVDLR�ELGLUHFLRQDO��WHQGR�GHVORFDPHQWR�Pi[LPR�QR�WUHFKR�,��IXVWH��

GH�������PP��SDUD�FDUJD�FRUULJLGD�GH������N1��H��QR�WUHFKR�,,��SRQWD�ILFWtFLD���GH�������PP��SDUD�

FDUJD�FRUULJLGD�GH������N1��&RPR�GLWR�DQWHULRUPHQWH��R�GHVORFDPHQWR�GR�IXVWH�IRL�PHGLGR�QR�WRSR�

GD�HVWDFD��VHQGR�IHLWDV�D�HVWLPDWLYD�GR�GHVORFDPHQWR�D�PHLD�DOWXUD�GR��IXVWH���yf��H�D�REWHQomR�GD�

FXUYD�KLSHUEyOLFD�GR�DWULWR�ODWHUDO�HP�IXQomR�GH�yf��TXH�UHVXOWRX�VHPHOKDQWH�j�FXUYD�REWLGD�QR�WRSR��

XPD�YH]�TXH�D�HVWDFD�p�FXUWD�RX�UtJLGD��k�����$V�FXUYDV�UHVXOWDQWHV�GR�HQVDLR��EHP�FRPR�DV�FXUYDV�

KLSHUEyOLFDV�DSUR[LPDGDV�DGRWDGDV�QDV�DQiOLVHV��HVWmR�DSUHVHQWDGDV�QD�)LJXUD�����

$VVLP�FRPR�REVHUYDGR�SDUD�D�HVWDFD�(������DV�FXUYDV�FDUJD�UHFDOTXH�PHGLGDV�GXUDQWH�R�HQVDLR�

ELGLUHFLRQDO� �)LJXUD� ���� DSUHVHQWDP� �GHJUDXV�� UHIHUHQWHV� D� GHVORFDPHQWRV� SRQWXDLV� EUXVFRV�� HP�

FHUWRV� HVWiJLRV� GH� FDUUHJDPHQWR�� ,QWHUSUHWD�VH� TXH� HVWD� DQRPDOLD� p� SURYDYHOPHQWH� GHYLGD� DR�

WUDYDPHQWR�GDV�KDVWHV�GRV�H[WHQV{PHWURV�QDV�SDUHGHV�GR�WXER�JXLD�GRV�tell tales��

�

�

)LJ�����±�2EUD�GR�3iWLR�GR�2UDWyULR�GR�0HWU{�±�5HVXOWDGRV�GR�HQVDLR�ELGLUHFLRQDO�QR�HVWDFmR�(�

�����

�

3RU�H[WUDSRODomR�GDV�FXUYDV��)LJXUD������WHP�VH�Al,ult�#�������N1�H�Q´p,ult�#�������N1��UHVXOWDQGR�

QXPD�FDUJD�WRWDO�~OWLPD�GH�������N1��$�FDUJD�Pi[LPD�GH�HQVDLR�IRL�GH�������N1��FRPR�VH�GHSUHHQGH�

GD�)LJXUD�����

2V�JUiILFRV�GD�)LJXUD����SHUPLWHP�FRPSDUDU�DV�FDUJDV�~OWLPDV�REWLGDV�SRU�H[WUDSRODomR�GRV�

UHVXOWDGRV�GR�HQVDLR�ELGLUHFLRQDO�H�DWUDYpV�GRV�PpWRGRV�VHPL�HPStULFRV�XWLOL]DGRV�QR�%UDVLO��7RGDV�

HVWmR�QRUPDOL]DGDV�SHODV�FDUJDV�REWLGDV�DWUDYpV�GR�HQVDLR�ELGLUHFLRQDO��LQGLFDGDV�DFLPD��2EVHUYD�VH�

TXH�RV�PpWRGRV�VHPL�HPStULFRV�VXEHVWLPDP�R�DWULWR�ODWHUDO�QR�WUHFKR�,�GD�HVWDFD��)LJXUD����D���,VWR�

RFRUUH� SURYDYHOPHQWH� SRUTXH�� DWp� D� SURIXQGLGDGH� GD� H[SDQFHOO�� H[LVWH� XPD� FDPDGD� GH� DUJLOD�

YHUPHOKD� ODWHUL]DGD�� FRP� 637� GH� �� D� ��� JROSHV�� YDORUHV� HVVHV� TXH� QmR� FRQGL]HP� FRP� DV� VXDV�

FDUDFWHUtVWLFDV�GH�VROR�VREUHDGHQVDGR��TXH�VH�FRPSRUWD�FRPR�ULMR�D�GXUR�HP�DOJXQV�WLSRV�GH�REUDV�

FLYLV��0DVVDG���������

$V�HVWLPDWLYDV�GH�FDSDFLGDGH�GH�FDUJD��IHLWDV�DSHQDV�SDUD�R�WUHFKR�,,�GD�HVWDFD��)LJXUD����E���

UHVXOWDUDP� SUy[LPDV� jV� REWLGDV� DWUDYpV� GR� HQVDLR� ELGLUHFLRQDO�� SDUD� DPERV� RV� PpWRGRV� VHPL�

HPStULFRV�XWLOL]DGRV��$V�HVWLPDWLYDV�GH�FDUJDV�WRWDLV�SHORV�PpWRGRV�VHPL�HPStULFRV��)LJXUD����F��

UHVXOWDUDP�GH�����D�����YH]HV�R�UHVXOWDGR�SHOR�HQVDLR�ELGLUHFLRQDO��2�PHOKRU�UHVXOWDGR�JOREDO�IRL�R�

GR�PpWRGR�GH�'pFRXUW�4XDUHVPD��UHODWLYR�j�VRQGDJHP�63�������PDLV�SUy[LPD�j�HVWDFD�(�������

�
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�

)LJ�����±�&DSDFLGDGHV�GH�FDUJD�~OWLPDV��QRUPDOL]DGDV�SHODV�FDUJDV�H[WUDSRODGDV�DWUDYpV�GRV�

UHVXOWDGRV�GR�HQVDLR�ELGLUHFLRQDO�±�(VWDFmR�(������

�

$V� IXQo}HV� GH� WUDQVIHUrQFLD� GH� FDUJD�� VHJXLQGR�R�PRGHOR� KLSHUEyOLFR� GH�)OHPLQJ�GH� HVWDFD�

FRPSUHVVtYHO��SDUD�R�DWULWR�ODWHUDO�XQLWiULR�H�SDUD�D�UHDomR�GH�SRQWD��SRQWD�ILFWtFLD���VmR�GDGDV�QD�

)LJXUD�����WHQGR�VLGR�REWLGRV��fult�#����N3D��PpGLR�SDUD�R�WUHFKR�,��H�r’p,ult�#������N3D��SRQWD�ILFWtFLD����

�

�

)LJ�����±�)XQo}HV�GH�WUDQVIHUrQFLD�GH�FDUJD�GH�DWULWR�ODWHUDO�H�UHDomR�GH�SRQWD�±�(VWDFmR�(������

�

$�)LJXUD����DSUHVHQWD�DV�HVWLPDWLYDV�GD�FXUYD�FDUJD�UHFDOTXH�HTXLYDOHQWH�SDUD�XP�FDUUHJDPHQWR�

D�SDUWLU�GR�WRSR�GD�HVWDFD��VLPXODQGR�XPD�SURYD�GH�FDUJD�HVWiWLFD�FRQYHQFLRQDO��DWUDYpV�GRV�PpWRGRV��

6LOYD�� 2VWHUEHUJ� �HVWDFD� UtJLGD��� DSOLFDomR� GH� )OHPLQJ� �HVWDFD� UtJLGD� H� FRPSUHVVtYHO�� H�0DVVDG�

�HVWDFD� FRPSUHVVtYHO���$�FRQVLGHUDomR�GD�FRPSUHVVLELOLGDGH�GD� HVWDFD� UHVXOWD� HP�GHVORFDPHQWRV�

PDLRUHV�TXH�RV�REWLGRV�DWUDYpV�GR��PpWRGR�WUDGLFLRQDO���FRP�GLIHUHQoD�Pi[LPD�GD�RUGHP�GH���PP��

PDLRU�TXH�SDUD�D�HVWDFD�(������SRUpP�DLQGD�UHGX]LGR��XPD�YH]�TXH�D�HVWDFD�p�FXUWD�RX�UtJLGD��k�����

$V� FXUYDV� FDUJD�UHFDOTXH� HTXLYDOHQWHV�� REWLGDV� SHORV� PpWRGRV� TXH� OHYDP� HP� FRQWD� D�

FRPSUHVVLELOLGDGH�GD�HVWDFD��UHVXOWDUDP�SUDWLFDPHQWH�FRLQFLGHQWHV��

2�/æ�GH�)OHPLQJ��������SDUD�R�WUHFKR�,�GD�HVWDFD�UHVXOWRX�HP��DSUR[LPDGDPHQWH���������VHQGR�

YDOLGDGR�SHOR�PpWRGR�GH�5DQGROSK�H�:URWK��������SDUD�)æ��ìæ��#�������SRLV�.Â��N�p�GD�RUGHP�GH����

H�R�VXEVROR�DSUHVHQWD�KHWHURJHQHLGDGH��FRP�R�SDUkPHWUR�é�#������2�PyGXOR�GH�HODVWLFLGDGH�GD�SRQWD�

ILFWtFLD��E’b��UHVXOWRX�HP��DSUR[LPDGDPHQWH������03D��

&RQIRUPH�GLWR�DQWHULRUPHQWH��R�UHFDOTXH�Pi[LPR�GR� WUHFKR�,,�GXUDQWH�R�HQVDLR�ELGLUHFLRQDO��

PHGLGR�QRV�rPERORV� LQIHULRUHV�GDV�H[SDQFHOOV�� IRL�GH������PP��'HVSUH]DQGR�VH�R�HQFXUWDPHQWR�

HOiVWLFR�GHVWH�WUHFKR��WHP�VH�TXH�R�UHFDOTXH�GD�SRQWD�GD�HVWDFD�IRL�GH��DSUR[LPDGDPHQWH�������GH�

VHX�GLkPHWUR��

�
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�

)LJ�����±�&XUYDV�FDUJD�UHFDOTXH�HTXLYDOHQWHV�SDUD�FDUUHJDPHQWRV�D�SDUWLU�GR�WRSR�±�(VWDFmR�(������

�

�

)LJ�����±�3HUILO�JHROyJLFR�JHRWpFQLFR�LQIHULGR�±�(VWDFD�(�%��±�5LR�GH�-DQHLUR��
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����±�2EUD�YLiULD�QR�5LR�GH�-DQHLUR�

$�HVWDFD�(�%��IRL�H[HFXWDGD�FRPR�SDUWH�GDV�IXQGDo}HV�GH�XP�YLDGXWR�GH�XPD�REUD�YLiULD�QD�

FLGDGH�GR�5LR�GH�-DQHLUR��$�REUD�HVWi�ORFDOL]DGD�QR�Sp�GH�XPD�HQFRVWD�SUy[LPD�j�FRVWD�RFHkQLFD��

RQGH� RFRUUHP� FRO~YLRV� H� VRORV� UHVLGXDLV�� VREUH� R� HPEDVDPHQWR� URFKRVR� GH� JQDLVVH�� 2� SHUILO�

JHROyJLFR�JHRWpFQLFR� LQIHULGR� D� SDUWLU� GDV� VRQGDJHQV� SUy[LPDV� HQFRQWUD�VH� QD� )LJXUD� ���� 3HOD�

SUR[LPLGDGH� GR� PDU�� SDUWH� GRV� DWHUURV� SRGH� HVWDU� DSRLDGD� VREUH� DUJLODV� PDULQKDV� PROHV�� QmR�

GHWHFWDGDV�SHODV�VRQGDJHQV��

$�HVWDFD�IRL�H[HFXWDGD�FRP�GLkPHWUR�DFDEDGR�GH������P�H��D�SDUWLU�GD�SURIXQGLGDGH�GH������P��

R�IXUR�DWUDYHVVRX�VROR�VDSUROtWLFR��WHQGR�GLkPHWUR�UHGX]LGR�SDUD������P��$�H[SDQFHOO�IRL�LQVWDODGD�D�

�����P�GH�SURIXQGLGDGH��FRPR�HVWi�LQGLFDGR�QD�)LJXUD����D���

$�HVWDFD�IRL�SULPHLUDPHQWH�VXEPHWLGD�DR�HQVDLR�ELGLUHFLRQDO�H��GHSRLV�GH�DSUR[LPDGDPHQWH�WUrV�

PHVHV��VXEPHWLGD�DR�HQVDLR�GLQkPLFR��3DUD�D�H[HFXomR�GHVWH�~OWLPR��R�WUHFKR�LQLFLDO�GD�HVWDFD�IRL�

DUUDVDGR�� VHQGR� FRQVWUXtGR�� QR� WRSR� GD� HVWDFD�� XP� EORFR� SURORQJDGRU� FLOtQGULFR� FRP� R� PHVPR�

GLkPHWUR�GD�HVWDFD�H�DOWXUD�GH�����FP��YHU�D�)LJXUD����E���

�

�

)LJ�����±�*HRPHWULD�GD�HVWDFD�UDL]�(�%���5LR�GH�-DQHLUR��PHGLGDV�HP�PHWUR���

�

1R�HQVDLR�ELGLUHFLRQDO��D�(�%��DSUHVHQWRX�GHVORFDPHQWR�Pi[LPR�QR�WUHFKR�,��IXVWH��GH������

PP�� SDUD� FDUJD� FRUULJLGD� GH� �����N1�� H� QR� WUHFKR� ,,� �SRQWD� ILFWtFLD�� GH� �������PP�� SDUD� FDUJD�

FRUULJLGD�GH������N1��1R�WUHFKR�,�GD�HVWDFD��WHP�VH�RV�VHJXLQWHV�SDUkPHWURV��ULJLGH]�HTXLYDOHQWH�GD�

HVWDFD�Kre�#�����N1�PP��FRQVLGHUDQGR�UHGXomR�GH�VHomR��LGHP�TXDQWR�DR�GLkPHWUR�HTXLYDOHQWH�De�

#�������P��c�#������H�c’ # �������

$V�FXUYDV�UHVXOWDQWHV�GR�HQVDLR�H�DV�FXUYDV�KLSHUEyOLFDV�DSUR[LPDGDV��DGRWDGDV�QDV�DQiOLVHV��

HVWmR�DSUHVHQWDGDV�QD�)LJXUD����D��EHP�FRPR�D�FXUYD�KLSHUEyOLFD�SDUD�XP�SRQWR�D�PHLD�DOWXUD�GR�

IXVWH��REWLGD�GH�PRGR�DQiORJR�DR�GDV�HVWDFDV�GRV�FDVRV�DQWHULRUHV��REVHUYDQGR�VH�QRYDPHQWH�TXH�DV�

FXUYDV�QR�WRSR�H�D�PHLD�DOWXUD�GR�IXVWH�UHVXOWDP�SUy[LPDV��XPD�YH]�TXH�HVWD�HVWDFD�p�FXUWD�RX�UtJLGD�

�k������

1D�)LJXUD����E��p�SRVVtYHO�YLVXDOL]DU�PHOKRU�DV�FXUYDV�FDUJD�UHFDOTXH�GR�WUHFKR�,�H�R� WUHFKR�

LQLFLDO�GD�FXUYD�GR�WUHFKR�,,��3RU�H[WUDSRODomR�GDV�FXUYDV��WHP�VH�Al,ult�#�������N1��SDUD�D�FXUYD�GR�

IXVWH�QR�WRSR��H�Q´p,ult�#�������N1��UHVXOWDQGR�QXPD�FDUJD�WRWDO�~OWLPD�GH�������N1��$�FDUJD�Pi[LPD�

GH�HQVDLR�IRL�GH�������N1��FRPR�VH�GHSUHHQGH�GD�)LJXUD����D��

2V�JUiILFRV�GD�)LJXUD����SHUPLWHP�FRPSDUDU�DV�FDUJDV�~OWLPDV�REWLGDV�SRU�H[WUDSRODomR�GRV�

UHVXOWDGRV�GR�HQVDLR�ELGLUHFLRQDO��DV�FDUJDV�UHVXOWDQWHV�DWUDYpV�GR�HQVDLR�GH�FDUUHJDPHQWR�GLQkPLFR�

H�DV�HVWLPDGDV�DWUDYpV�GRV�PpWRGRV�VHPL�HPStULFRV�XWLOL]DGRV�QR�%UDVLO��7RGDV�HVWmR�QRUPDOL]DGDV�

SHOD�FDUJD�REWLGD�DWUDYpV�GR�HQVDLR�ELGLUHFLRQDO��$�FDSDFLGDGH�GH�FDUJD�SRU�DWULWR�ODWHUDO�QR�WUHFKR�,�



470379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 29-54

http://dx.doi.org/10.24849/j.geot.2018.143.03 – © 2018 Sociedade Portuguesa de Geotecnia

�IXVWH���QR�HQVDLR�GH�FDUUHJDPHQWR�GLQkPLFR��UHVXOWRX�����PHQRU�TXH�QR�ELGLUHFLRQDO��)LJXUD����

D��� VHQGR�TXH�RV�PpWRGRV�VHPL�HPStULFRV� OHYDUDP�D�HVWLPDWLYDV�DOJR�VXSHULRUHV��(QWHQGH�VH�TXH�

SRGH�WHU�KDYLGR�DOJXPD�TXHEUD�GH�set-up�GXUDQWH�RV�SULPHLURV�JROSHV�GR�HQVDLR�GLQkPLFR��Mi�TXH�RV�

GDGRV�DQDOLVDGRV�VH�UHIHUHP�DR�VH[WR�JROSH��1D�)LJXUD����E��TXH�FRUUHVSRQGH�DR�WUHFKR�,,��SRQWD�

ILFWtFLD��� D� FDUJD� ~OWLPD� GR� HQVDLR� GLQkPLFR� UHVXOWRX� ����PDLRU� TXH� D� GR� HQVDLR� ELGLUHFLRQDO��

LQGLFDQGR� WHU� KDYLGR� SRVVtYHO� JDQKR� GH� UHVLVWrQFLD�� 2V� PpWRGRV� VHPL�HPStULFRV� UHVXOWDUDP� HP�

YDORUHV�UHODWLYDPHQWH�PDLRUHV��FRPR�HUD�HVSHUDGR��IDFH�D�VROR�DPROJDGR�RX�VROWR�VRE�D�SRQWD�GD�

HVWDFD�� 2� PpWRGR� VHPL�HPStULFR� TXH� LQGLFRX� RV� PHOKRUHV� UHVXOWDGRV� IRL� R� GH� &DEUDO� ��������

FRQVLGHUDQGR�SUHVVmR�GH�LQMHomR�QXOD��3DUD�LQMHo}HV�GH�����D�����N3D��DV�HVWLPDWLYDV�UHVXOWDUDP�DWp�

����PDLRUHV���

�

�

)LJ�����±�2EUD�GR�5LR�GH�-DQHLUR�±�5HVXOWDGRV�GR�HQVDLR�ELGLUHFLRQDO�QD�HVWDFD�(�%���

�

�

)LJ�����±�&DSDFLGDGHV�GH�FDUJD�~OWLPDV��QRUPDOL]DGDV�SHODV�FDUJDV�H[WUDSRODGDV�DWUDYpV�GR�

UHVXOWDGR�GR�HQVDLR�ELGLUHFLRQDO�±�(VWDFD�(�%���

�

$�)LJXUD����DSUHVHQWD�DOJXQV�UHVXOWDGRV�GH�LQWHUHVVH�GR�HQVDLR�GH�FDUUHJDPHQWR�GLQkPLFR��1D�

pSRFD�� D� 3',� (QJHQKDULD�� H[HFXWRUD� GR� HQVDLR�� QmR� KDYLD� VLGR� LQIRUPDGD� VREUH� D� H[LVWrQFLD� GD�

H[SDQFHOO� QD� FRWD� �(/�� ��P� �YHU� D� )LJXUD� ����� 0HVPR� VHP� HVVD� LQIRUPDomR�� D� DSOLFDomR� GR�

&$3:$3�FRQGX]LX�D�YDORUHV�DOWRV�GH�LPSHGkQFLD�HQWUH�DV�FRWDV������H�����P��UHJLmR�RQGH�VH�VLWXD�

D�H[SDQFHOO��IDWR�HVVH�DWULEXtGR�D�XP�DODUJDPHQWR�GH�VHomR�GXUDQWH�D�H[HFXomR�GD�HVWDFD�QHVWH�QtYHO��

1RWDP�VH�WDPEpP�YDORUHV�EDL[RV�GR�DWULWR�XQLWiULR��GD�RUGHP�GH���N3D��HQWUH�DV�FRWDV������H�����P��

SURYDYHOPHQWH�DVVRFLDGRV�j�FDPDGD�GH�DUJLOD�PDULQKD�PROH��

%XVFRX�VH� UHSURGX]LU� D� FXUYD� VLPXODGD� SDUD� FDUUHJDPHQWR� HVWiWLFR�� IRUQHFLGD� SHOD� 3',�

(QJHQKDULD��8WLOL]DUDP�VH��SDUD�WDQWR��RV�PHVPRV�SDUkPHWURV�GH�DWULWR��UHVLVWrQFLD�GH�SRQWD�H�quakes�
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HVWLPDGRV�SHOR�&$3:$3��$�UHSURGXomR�IRL�DWUDYpV�GR�PpWRGR�GH�&R\OH�H�5HHVH���������OHYDQGR�

VH�HP�FRQWD�D��VHJXQGD�SRQWD��GD�HVWDFD��VLWXDGD�QD�FRWD�����P�GD�)LJXUD�����2�DMXVWH�IRL�H[FHOHQWH��

FRPR�PRVWUD�D�)LJXUD�����'HVWDFD�VH�TXH�R�&$3:$3�LQGLFRX�XPD�FDUJD�WRWDO�GH�������N1��DVVLP�

GLVWULEXtGD��DWULWR�GH�������N1��SRQWD�UHDO�GH�����N1�H����SRQWD��FRWD�����P�GD�)LJXUD�����GH�����

N1��

�

�

)LJ�����±�(QVDLR�GH�FDUUHJDPHQWR�GLQkPLFR�±�,PSHGkQFLD�H�DWULWR�ODWHUDO�XQLWiULR��HVWDFD�(�%�����

�

�

)LJ�����±�&XUYDV�VLPXODGDV�SHOR�&$3:$3�H�SHOR�PpWRGR�GH�&R\OH�H�5HHVH��������±�(VWDFD�(�%���
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$V� IXQo}HV� GH� WUDQVIHUrQFLD� GH� FDUJD�� VHJXLQGR�R�PRGHOR� KLSHUEyOLFR� GH�)OHPLQJ�GH� HVWDFD�

FRPSUHVVtYHO��SDUD�R�DWULWR�ODWHUDO�XQLWiULR�H�SDUD�D�UHDomR�GH�SRQWD��SRQWD�ILFWtFLD���VmR�GDGDV�QD�

)LJXUD�����WHQGR�VLGR�REWLGRV��fult�#�����PpGLR�SDUD�R�WUHFKR�,��H�r’p,ult�#��������N3D��SRQWD�ILFWtFLD����

2�Ms�GH�)OHPLQJ��������SDUD�R�WUHFKR�,�GD�HVWDFD�UHVXOWRX�HP��DSUR[LPDGDPHQWH����������VHQGR�

YDOLGDGR�SHOR�PpWRGR�GH�5DQGROSK�H�:URWK��������SDUD�)æ��ìæ�#�������SRLV�.Â��N�p�GD�RUGHP�GH����

H�R�VXEVROR�DSUHVHQWD�KHWHURJHQHLGDGH��FRP�R�SDUkPHWUR�é�#������2�PyGXOR�GH�HODVWLFLGDGH�GD�SRQWD�

ILFWtFLD��E’b��UHVXOWRX�HP�DSUR[LPDGDPHQWH�����03D��

�

�

)LJ�����±�)XQo}HV�GH�WUDQVIHUrQFLD�GH�FDUJD�GH�DWULWR�ODWHUDO�H�UHDomR�GH�SRQWD�±�(VWDFD�(�%���

�

$�)LJXUD����DSUHVHQWD�DV�HVWLPDWLYDV�GD�FXUYD�FDUJD�UHFDOTXH�HTXLYDOHQWH�SDUD�XP�FDUUHJDPHQWR�

D�SDUWLU�GR�WRSR�GD�HVWDFD��VLPXODQGR�XPD�SURYD�GH�FDUJD�HVWiWLFD�FRQYHQFLRQDO��DWUDYpV�GRV�PpWRGRV��

6LOYD��2VWHUEHUJ��HVWDFD�LQILQLWDPHQWH�UtJLGD���DSOLFDomR�GH�)OHPLQJ��HVWDFD�LQILQLWDPHQWH�UtJLGD�H�

FRPSUHVVtYHO�� H� 0DVVDG� �HVWDFD� FRPSUHVVtYHO��� 9r�VH�� QRYDPHQWH�� TXH� D� FRQVLGHUDomR� GD�

FRPSUHVVLELOLGDGH�GD�HVWDFD�UHVXOWD�HP�GHVORFDPHQWRV�DWp�DSUR[LPDGDPHQWH���PP�PDLRUHV�H�TXH��

SDUD�D�PHVPD�KLSyWHVH�GH�FRPSUHVVLELOLGDGH��DV�FXUYDV�DSUHVHQWDUDP�ERD�FRQYHUJrQFLD��SDUD�XPD�

PHVPD�FDUJD�Po��R�PpWRGR�0DVVDG��������UHVXOWRX�HP�UHFDOTXHV�DWp�����PP�PDLRUHV�TXH�RV�REWLGRV�

SHOR� PpWRGR� EDVHDGR� QDV� DSOLFDo}HV� GDV� IRUPXODo}HV� GH� )OHPLQJ� �������� RX� VHMD�� DV� FXUYDV�

UHVXOWDQWHV�SUDWLFDPHQWH�FRLQFLGLUDP��

3DUD� D� REWHQomR� GDV� FLWDGDV� FXUYDV� FDUJD�UHFDOTXH� HTXLYDOHQWHV�� XWLOL]RX�VH� R� PyGXOR� GH�

HODVWLFLGDGH�GLQkPLFR�IRUQHFLGR�SHOD�3',�(QJHQKDULD��SDUD�ILQV�GH�FRPSDUDomR��DSUR[LPDGDPHQWH�

�����*3D���3DUD�XVR�SUiWLFR�HP�REUDV��GHYH�VH�XVDU�VHPSUH�R�PyGXOR�HVWiWLFR��TXH�p�PHQRU���

7DPEpP�IRL�ODQoDGD�QD�)LJXUD����D�FXUYD�UHIHUHQWH�j�VLPXODomR�SRU�&R\OH�5HHVH��FRP�RV�GDGRV�

REWLGRV�GR�HQVDLR�GH�FDUUHJDPHQWR�GLQkPLFR��3'$���PDV�FRP�D�KLSyWHVH�GH�UHVLVWrQFLD�GH�SRQWD�

�UHDO��QXOD��$�MXVWLILFDWLYD�SDUD�HVVD�KLSyWHVH�UHVLGH�QR�IDWR�GH�TXH�R�HQVDLR�ELGLUHFLRQDO�IRL�UHDOL]DGR�

LPHGLDWDPHQWH�DSyV�D�H[HFXomR�GD�HVWDFD�UDL]��FRP�VROR�VROWR�RX�DPROJDGR�VRE�D�SRQWD�GD�HVWDFD��

2EVHUYD�VH� TXH� D� FXUYD� UHVXOWDQWH� p� VHPHOKDQWH� jV� REWLGDV� DWUDYpV� GRV� GHPDLV� PpWRGRV��

SULQFLSDOPHQWH�RV�TXH�OHYDP�HP�FRQWD�D�FRPSUHVVLELOLGDGH�GD�HVWDFD���

(VVH� VROR� VROWR� RX� DPROJDGR� IRL� FRPSULPLGR� QmR� Vy� DR� ILQDO� GR� HQVDLR� ELGLUHFLRQDO�� FRP�

UHFDOTXH�GR�WUHFKR�,,�GD�HVWDFD�GH�DSUR[LPDGDPHQWH�����PP��YHU�D�)LJXUD����D���FRPR�WDPEpP�QR�

HQVDLR�GH�FDUUHJDPHQWR�GLQkPLFR��HP�TXH�IRUDP�DSOLFDGRV���JROSHV�GH�PDUWHOR�GH����N1��FRP�DOWXUDV�

GH�TXHGD�FUHVFHQWHV��GH�����D��P��7DO�FRPSUHVVmR�OHYRX�D�HVWDFD�D�DSUHVHQWDU�UHVLVWrQFLD�GH�SRQWD�

�UHDO��GH�����N1��GDGR�REWLGR�DWUDYpV�GR�&$3:$3�H�LQGLFDGR�DFLPD��

3DUD�R�WUHFKR�,�GD�HVWDFD��IXVWH���D�H[WUDSRODomR�GRV�UHVXOWDGRV�GR�HQVDLR�ELGLUHFLRQDO�UHVXOWRX�

HP�fult�#����N3D��PpGLR���HQTXDQWR�R�HQVDLR�GLQkPLFR�LQGLFRX�fult�#����N3D��PpGLR���DSUR[LPDGDPHQWH�

����D�PHQRV��VXJHULQGR�XPD�SRVVtYHO�TXHEUD�GH�set-up�GXUDQWH�R�HQVDLR�GLQkPLFR��FRPR�IRL�GLWR�

DQWHULRUPHQWH��3DUD�R�WUHFKR�,,�GD�HVWDFD��³SRQWD�ILFWtFLD´���SHOR�HQVDLR�ELGLUHFLRQDO�WHP�VH�fult�#�����
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N3D��PpGLR���SUy[LPR�DR�GR�3'$��fult�PpGLR�#�����N3D���2V�UHVXOWDGRV�VmR�FRPSDWtYHLV�HQWUH�VL�H�

VDWLVIDWyULRV�� $� GLIHUHQoD� SRGH� HVWDU� DVVRFLDGD� jV� LQFHUWH]DV� TXDQWR� j� UHDO� JHRPHWULD� GD� HVWDFD��

GXUDQWH�FDGD�HWDSD�GH�HQVDLR��VHQGR�DGRWDGD�QRV�FiOFXORV�D�JHRPHWULD�QRPLQDO��DSUHVHQWDGD�QD�)LJXUD�

����

�

�

)LJ�����±�&XUYDV�FDUJD�UHFDOTXH�HTXLYDOHQWHV�SDUD�FDUUHJDPHQWRV�D�SDUWLU�GR�WRSR�±�(VWDFD�(�%���

�

��±�&21&/86®(6�

$WUDYpV�GRV�HQVDLRV�ELGLUHFLRQDLV�H[HFXWDGRV�QDV�HVWDFDV�GD�REUD�GR�3iWLR�GR�2UDWyULR�H�GD�REUD�

QD�FLGDGH�GR�5LR�GH�-DQHLUR��REVHUYRX�VH��GH�PDQHLUD�JHUDO��TXH�RV�YDORUHV�REWLGRV�HP�WHUPRV�GH�

FDSDFLGDGH� GH� FDUJD� IRUDP� FRPSDWtYHLV� FRP� RV� HVWLPDGRV� DWUDYpV� GRV�PpWRGRV� VHPL�HPStULFRV�

DPSODPHQWH�XWLOL]DGRV�QR�%UDVLO��$RNL�9HOORVR��'pFRXUW�4XDUHVPD�H�&DEUDO���H�FRP�RV�UHVXOWDGRV�

GH�HQVDLR�GH�FDUUHJDPHQWR�GLQkPLFR�QD�HVWDFD�(�%��� H[FHWR�QR�TXH�GL]� UHVSHLWR�j�SRQWD�� IDFH�j�

RFRUUrQFLD�GH�PDWHULDO�VROWR�RX�DPROJDGR�QD�EDVH�GDV�HVWDFDV�DQDOLVDGDV��

3DUD�FRQVLGHUDU�D�FRPSUHVVLELOLGDGH�GDV�HVWDFDV��RV�FRHILFLHQWHV�c��/HRQDUGV�H�/RYHOO���������

SDUD� FDUUHJDPHQWRV� D[LDLV� IHLWRV� D� SDUWLU� GR� WRSR� GD� HVWDFD�� H� c'=1-c� �0DVVDG�� ������� SDUD�

FDUUHJDPHQWRV�GH�EDL[R�SDUD�FLPD��IRUDP�HVWLPDGRV�FRP�EDVH�QRV�YDORUHV�GH�637��5HVXOWDUDP�DV�

VHJXLQWHV�FLIUDV�SDUD�R�FRHILFLHQWH�c��������(�������������(������H�������(�%����

3DUD�RV�HVWDF}HV��(�����H�(�������IRUDP�REWLGDV�TXDWUR�FXUYDV�HTXLYDOHQWHV�SDUD�FDUUHJDPHQWRV�

D� SDUWLU� GR� WRSR�� VLPXODQGR� XPD� SURYD� GH� FDUJD� HVWiWLFD� FRQYHQFLRQDO�� )RUDP� XWLOL]DGDV�

DSUR[LPDo}HV�KLSHUEyOLFDV�H�FRQVLGHUDUDP�VH�DV�VHJXLQWHV�KLSyWHVHV��D��HVWDFD�LQILQLWDPHQWH�UtJLGD��

H�E��FRPSUHVVtYHO��3DUD�D�KLSyWHVH��D���IRUDP�XWLOL]DGRV�R�PpWRGR��WUDGLFLRQDO��H�D�DSOLFDomR�GDV�

IRUPXODo}HV� GH� )OHPLQJ�� WHQGR�VH� REWLGR� FXUYDV� HTXLYDOHQWHV� FRLQFLGHQWHV�� 3DUD� D� KLSyWHVH� �E���

XWLOL]DUDP�VH� R� PpWRGR� GH� 0DVVDG� H� DSOLFDomR� GDV� IRUPXODo}HV� GH� )OHPLQJ�� KDYHQGR� yWLPD�

FRQYHUJrQFLD�HQWUH�DV�FXUYDV�HTXLYDOHQWHV��

1R�FDVR�GD�HVWDFD�(�%���HYLGHQFLRX�VH�TXH�RV�PpWRGRV�TXH�FRQVLGHUDP�D�FRPSUHVVLELOLGDGH�GD�

HVWDFD��0DVVDG�H�)OHPLQJ��UHVXOWDUDP�HP�FXUYDV�HTXLYDOHQWHV�FRQYHUJHQWHV�HQWUH�VL�H�FRP�D�FXUYD�

VLPXODGD�FRP�EDVH�QRV�GDGRV�GR�HQVDLR�GH�FDUUHJDPHQWR�GLQkPLFR��(VWD��SRU�VXD�YH]��IRL�REWLGD�
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XWLOL]DQGR�VH�R�PpWRGR�GH�&R\OH�5HHVH� ��������PDV� DGPLWLQGR� UHVLVWrQFLD�GH�SRQWD�QXOD�� SRLV�R�
HQVDLR�ELGLUHFLRQDO�IRL�UHDOL]DGR�ORJR�DSyV�D�H[HFXomR�GD�HVWDFD��FRP�VROR�VROWR�QD�SRQWD���

(P� WRGRV� RV� FDVRV�� FRPR� HUD� HVSHUDGR�� DR� VH� FRQVLGHUDU� D� FRPSUHVVLELOLGDGH� GD� HVWDFD�� RV�
GHVORFDPHQWRV� UHVXOWDUDP� PDLRUHV� TXH� RV� REWLGRV� SDUD� KLSyWHVH� GH� HVWDFD� LQILQLWDPHQWH� UtJLGD��
(QWUHWDQWR��D�GLIHUHQoD� IRL�SHTXHQD��GH�DWp���PP��DSUR[LPDGDPHQWH���XPD�YH]�TXH�VH� WUDWDP�GH�
HVWDFDV�FRP�EDL[RV�YDORUHV�GH�ULJLGH]�UHODWLYD�GR�VLVWHPD�HVWDFD�VROR�GR�IXVWH��k)��FRP�FRPSULPHQWRV�
YDULDQGR�GH����D���P���

��±�$*5$'(&,0(1726�

2V�DXWRUHV�DJUDGHFHP�DRV�HQJHQKHLURV�)HUQDQGR�9LOODU�3HUH]��(*%�±�(VFULWyULR�*HRWpFQLFR�
%UDVLOHLUR���0DXUtFLR�+LURPL�<DPDML��3ODQVHUYL�(QJHQKDULD��H�:HUQHU�%LOILQJHU��9HFWWRU�3URMHWRV���
SHOR�LQFHQWLYR�j�SHVTXLVD�H�IRUQHFLPHQWR�GRV�GDGRV��j�&RPSDQKLD�GR�0HWURSROLWDQR�GH�6mR�3DXOR�±�
0(75Ð��SHOD�GLVSRQLELOL]DomR�GRV�GDGRV��j�&$3(6��SHOD�EROVD�GH�HVWXGRV�FRQFHGLGD��TXH�SURSLFLRX�
D� HODERUDomR� GD� SHVTXLVD�� H� DR� DSRLR� GDGR� j� SHVTXLVD� SHOD� (3863� ±� (VFROD� 3ROLWpFQLFD� GD�
8QLYHUVLGDGH�GH�6mR�3DXOR��

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6�

$%17� 1%5� ����� �������� Norma Brasileira: Projeto e execução de fundações�� $VVRFLDomR�
%UDVLOHLUD�GH�1RUPDV�7pFQLFDV��5LR�GH�-DQHLUR��%UDVLO�����S��

$%17�1%5��������������Norma Brasileira: Projeto de estruturas de concreto – Procedimento��
$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�7pFQLFDV��5LR�GH�-DQHLUR��%UDVLO������S��

$PLU��-��0����������Interpretation of load tests on piles in rock��3URFHHGLQJV�RI��WK�$VLDQ�5HJLRQDO�
&RQIHUHQFH�RQ�6RLO�0HFKDQLFV�DQG�)RXQGDWLRQ�(QJLQHHULQJ��YRO�����SS�����������+DLID��,VUDHO��

$RNL��1���9HOORVR��'��$����������An approximate method to estimate the bearing capacity of piles��
3URFHHGLQJV�RI��WK�3DQ�$PHULFDQ�&RQIHUHQFH�RQ�6RLO�0HFKDQLFV�DQG�)RXQGDWLRQV�(QJLQHHULQJ��
YRO�����SS�����������%XHQRV�$LUHV��$UJHQWLQD���

&DEUDO��'��$����������O uso da estaca raiz como fundação de obras normais��$QDLV�GR����&RQJUHVVR�
%UDVLOHLUR�GH�0HFkQLFD�GRV�6RORV�H�(QJHQKDULD�GH�)XQGDo}HV�±�&2%5$06()��YRO�����SS�����
����3RUWR�$OHJUH��%UDVLO��

&KLQ�� )�� .�� ������� Estimation of the ultimate load of piles from tests not carried to failure. 

3URFHHGLQJV�RI��QG�6RXWKHDVW�$VLDQ�&RQIHUHQFH�RQ�6RLO�(QJLQHHULQJ��SS���������6LQJDSRUH� 

&KLQ��)��.����������Discussion of Pile Tests – Arkansas River Project.�-RXUQDO�RI�WKH�6RLO�0HFKDQLFV�
DQG�)RXQGDWLRQV�'LYLVLRQ��YRO������Q�����SS�����������

&LQWUD��-��&��$���$RNL��1����������Fundações por Estacas: Projeto Geotécnico�����HGLomR��2ILFLQD�GH�
7H[WRV��6mR�3DXOR��%UDVLO��

&R\OH��+��0���5HHVH��/��&����������Load transfer for axially loaded piles in clay��-RXUQDO�RI�WKH�6RLO�
0HFKDQLFV�DQG�)RXQGDWLRQV�'LYLVLRQ��YRO������Q�����SS��������

'pFRXUW��/����������Prediction of the bearing capacity of piles based exclusively on N values of the 

SPT��3URFHHGLQJV�RI��QG�(6237�±�(XURSHDQ�6\PSRVLXP�RQ�3HQHWUDWLQJ�7HVW��YRO�����SS�����
����$PVWHUGDP��1HWKHUODQGV��

'pFRXUW��/����������Análise e Projeto de Fundações Profundas: Estacas��,Q��+$&+,&+��:��&��HW�
DO��)XQGDo}HV��7HRULD�H�3UiWLFD�����(GLomR��3,1,��$%06��$%()��6mR�3DXOR��%UDVLO��&DS�������
SS�����������
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'pFRXUW��/���4XDUHVPD��$��5����������Capacidade de carga de estacas a partir de valores de SPT��

$QDLV� GR� ��� &RQJUHVVR� %UDVLOHLUR� GH� 0HFkQLFD� GRV� 6RORV� H� (QJHQKDULD� GH� )XQGDo}HV� ±�

&2%5$06()��YRO�����SS���������5LR�GH�-DQHLUR��%UDVLO���

(QJODQG��0����������A conservative method of analysis of test results from bi-directional static load 

tests�� 3URFHHGLQJV� RI� ��WK� %DOWLF� *HRWHFKQLFDO� &RQIHUHQFH�� 5LJD�� /DWYLD��

ZZZ�ORDGWHVW�FRP�,17BPHGLD�PHGLD�KWP���

(QJODQG��0����������Review of methods of analysis of test results from bi-directional static load 

tests��3URFHHGLQJV�RI��WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�'HHS�)RXQGDWLRQV�RQ�%RUHG�DQG�$XJHU�

3LOHV��*KHQW��%HOJLXP��,6%1��������������������

)HOOHQLXV��%��+����������Analysis of Results from Routine Static Loading Tests with Emphasis on the 

Bidirectional Test��$QDLV�GR�����&RQJUHVVR�%UDVLOHLUR�GH�0HFkQLFD�GRV�6RORV�H�(QJHQKDULD�

*HRWpFQLFD�±�&2%5$06(*��*RLkQLD��%UDVLO��

)HOOHQLXV�� %�� +�� �������� Basics of Foundation Design�� (OHFWURQLF� (GLWLRQ�� 6LGQH\�� &DQDGD��

ZZZ�IHOOHQLXV�QHW��

)OHPLQJ�� :�� *�� .�� �������� A new method for single pile settlement prediction and analysis��

*pRWHFKQLTXH��YRO������Q�����SS�����������

)XJUR�/RDGWHVW���������O-cell Technology��ZZZ�ORDGWHVW�FRP�VHUYLFHVBLQW�RFHOOWHFKQRORJ\�KWP��

*LEVRQ��*��/���'HYHQQ\��'��:����������Concrete to bedrock bond testing by jacking from bottom of 

a bore hole��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO��YRO������Q�����SS�����������

+RUYDWK��5��*���.HQQH\��7��&���.R]LFNL��3����������Methods of improving the performance of drilled 

piers in weak rock��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO��YRO������Q�����SS�����������

.LP��6���&KXQJ��6����������Equivalent head-down vs. movement relationships evaluated from bi-

directional pile load tests��.6&(�-RXUQDO�RI�&LYLO�(QJLQHHULQJ��YRO������Q�����SS�������������

.ZRQ��2��6���&KRL��<���.ZRQ��2���.LP��0����������Comparison of the bi-directional load test with 

the top-down load test��-RXUQDO�RI�WKH�7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG��:DVKLQJWRQ��Q��������

SS�����������

/HH��-���3DUN��<����������Equivalent pile load–head settlement curve using a bi-directional pile load 

test��&RPSXWHUV�DQG�*HRWHFKQLFV��YRO������Q�����SS�����������

/HRQDUGV�� *�� $��� /RYHOO�� '�� �������� Interpretation of load tests on high-capacity driven piles��

%HKDYLRU�RI�'HHS�)RXQGDWLRQV��$670�673������5D\PRQG�/XQGJUHQ��(G���$670��SS������

�����

0DVVDG��)����������Resistência ao cisalhamento e deformabilidade dos solos sedimentares de São 

Paulo.�7ZLQ�&LWLHV�±�6RORV�GDV�5HJL}HV�0HWURSROLWDQDV�GH�6mR�3DXOR�H�&XULWLED��SS�����������

6mR�3DXOR��%UDVLO��

0DVVDG��)����������On the interpretation of the bidirectional static load test��6RLOV�	�5RFNV��YRO������

Q�����SS�����������

0LVVLRQ��-���.LP��+����������Design charts for elastic pile shortening in the equivalent top-down 

load-settlement curve from a bidirectional load test��&RPSXWHUV�DQG�*HRWHFKQLFV��YRO������Q��

���SS�����������

1JX\HQ��+��0���3XSSDOD��$��-���3DWLO��8��'���0RVDGHJK��/���%DQHUMHH��$����������Multi-Level O-cell 

tests on instrumented bored piles in the Mekong Delta.� *HRWHFKQLFDO� )URQWLHUV� ������
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*HRWHFKQLFDO�6SHFLDO�3XEOLFDWLRQ�1XPEHU������2UODQGR��)ORULGD��86$�� ,6%1�������������

���������

0RQWHLUR��0��'���*XUJXHLUD��0��'���5RFKD��+��&����������Geologia da Região Metropolitana de São 

Paulo.�7ZLQ�&LWLHV�±�6RORV�GDV�5HJL}HV�0HWURSROLWDQDV�GH�6mR�3DXOR�H�&XULWLED��SS���������

6mR�3DXOR��%UDVLO��

2VWHUEHUJ��-��2����������New device for load testing driven piles and drilled shafts separates friction 

and end bearing��3URFHHGLQJV�RI���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RI�3LOLQJ�DQG�'HHS�)RXQGDWLRQ��

YRO�����SS�����������/RQGRQ��(QJODQG��

2VWHUEHUJ�� -�� 2�� ��������The Osterberg Cell for loading testing drilled shafts and driven piles��

)+:$�6$��������� 3%����������� )HGHUDO� +LJKZD\� $GPLQLVWUDWLRQ�� 8�6�� 'HSDUWPHQW� RI�

7UDQVSRUWDWLRQ��:DVKLQJWRQ��86$��

2VWHUEHUJ��-��2����������The Osterberg load test method for bored and driven piles the first ten years��

3URFHHGLQJV�RI��WK�,QWHUQDWLRQDO�&RQIHUHQFH�	�([KLELWLRQ�RQ�3LOLQJ�DQG�'HHS�)RXQGDWLRQV��SS��

������9LHQQD��$XVWULD��

5DQGROSK��0��)���:URWK��&��3����������Analysis of deformation of vertically loaded piles��-RXUQDO�RI�

WKH�*HRWHFKQLFDO�(QJLQHHULQJ�'LYLVLRQ��YRO�������Q������SS�������������

5LFFRPLQL�&���&RLPEUD�$�0�� ��������Geologia da Bacia Sedimentar��0HVD�5HGRQGD�±�6RORV�GD�

FLGDGH�GH�6mR�3DXOR��$%06�$%()��SS���������6mR�3DXOR��%UDVLO��

6HR��+���0RJKDGGDP��5��%���/DZVRQ��:��'����������Assessment of methods for construction of an 

equivalent top loading curve from O-cell test data��6RLOV�DQG�)RXQGDWLRQV��YRO������Q�����SS��

���������

6LOYD��3��(��&��$��)�� ��������Célula Expansiva Hidrodinâmica: Uma nova maneira de executar 

provas de carga��3XEOLFDomR�LQGHSHQGHQWH��%HOR�+RUL]RQWH��%UDVLO�����S���

6LOYD��3��(��&��$��)�� ��������Célula Expansiva Hidrodinâmica: Uma nova maneira de executar 

provas de carga��$QDLV�GR����&RQJUHVVR�%UDVLOHLUR�GH�0HFkQLFD�GRV�6RORV�H�(QJHQKDULD�GH�

)XQGDo}HV�±�&2%5$06()��YRO�����SS�����������3RUWR�$OHJUH��%UDVLO��

�

/,67$�'(�6Ë0%2/26�

a��&RQVWDQWH�

a’��&RQVWDQWH�

Al��$WULWR�ODWHUDO�WRWDO�

Al�–��l��$WULWR�ODWHUDO�PpGLR�WUDQVIHULGR�SHOD�HVWDFD�DR�VROR�

Al,ult��$WULWR�ODWHUDO�WRWDO�~OWLPR�

b��&RQVWDQWH�

b’��&RQVWDQWH�

c��&RHILFLHQWH�GH�/HRQDUGV�H�/RYHOO��YHU�HTXDomR����

c’��&RUUHODWR�GR�c�SDUD�HQVDLRV�ELGLUHFLRQDLV��

D��'LkPHWUR�GD�HVWDFD�

De��'LkPHWUR�HTXLYDOHQWH�GH�HVWDFD�FRP�VHomR�WUDQVYHUVDO�YDULiYHO�

E��0yGXOR�GH�HODVWLFLGDGH�GD�HVWDFD�

Eb��0yGXOR�GH�<RXQJ�GR�VROR�VRE�D�SRQWD�GD�HVWDFD�

E’b��0yGXOR�GH�HODVWLFLGDGH�GD�SRQWD�ILFWtFLD�

f��$WULWR�ODWHUDO�XQLWiULR�

fu��9HU�fult�
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fult��$WULWR�ODWHUDO�XQLWiULR�~OWLPR�
Gs��0yGXOR�GH�FLVDOKDPHQWR�PpGLR�GR�VROR�
Gs

(L)��0yGXOR�GH�FLVDOKDPHQWR�GR�VROR�QR�HQWRUQR�GD�HVWDFD�QD�SURIXQGLGDGH�L�
Gs

(L/2)��0yGXOR�GH�FLVDOKDPHQWR�GR�VROR�QR�HQWRUQR�GD�HVWDFD�QD�SURIXQGLGDGH�L/2�
h��9HU�L 

h2: (VSHVVXUD�GD�SULPHLUD�FDPDGD�GH�VROR�
k��5LJLGH]�UHODWLYD�GR�VLVWHPD�HVWDFD�VROR�GR�IXVWH�
Kr��5LJLGH]�GD�HVWDFD�FRPR�SHoD�HVWUXWXUDO�
Kre��5LJLGH]�HTXLYDOHQWH�GD�HVWDFD�FRPR�SHoD�HVWUXWXUDO��SDUD�HVWDFD�FRP�E�RX�S�YDULiYHLV�
L��&RPSULPHQWR�GD�HVWDFD�
LI��&RPSULPHQWR�GR�WUHFKR�,�GD�HVWDFD��IXVWH��
LII��&RPSULPHQWR�GR�WUHFKR�,,�GD�HVWDFD��SRQWD�ILFWtFLD��
Ms��)DWRU�GH�IOH[LELOLGDGH�DGLPHQVLRQDO�
Po��&DUJD�D[LDO�DWXDQWH�QR�WRSR�GD�HVWDFD�
Qp��&DUJD�GH�SRQWD�WRWDO�
Q’p��&DUJD�GH�SRQWD�WRWDO�QR�HQVDLR�ELGLUHFLRQDO��SRQWD�ILFWtFLD���DVVRFLDGD�D�y’p��
Qp,ult��&DUJD�GH�SRQWD�WRWDO�~OWLPD�
r��5DLR�GD�HVWDFD�
rm��5DLR�PiJLFR�GD�HVWDFD��rm = 2,5.U�L.(1–Qs)�
rp��5HDomR�GH�SRQWD�GD�HVWDFD�
rp,ult��5HDomR�GH�SRQWD�~OWLPD�
r'p,ult��5HDomR�GH�SRQWD�~OWLPD��FRUUHVSRQGHQWH�j�SRQWD�ILFWtFLD�
S��ÈUHD�GD�VHomR�WUDQVYHUVDO�GD�HVWDFD�
yo��'HVORFDPHQWR�GR�WRSR�GD�HVWDFD�
y1�� 'HVORFDPHQWR� FRUUHVSRQGHQWH� DR� HVJRWDPHQWR� GR� DWULWR� ODWHUDO�� PHGLGR� QR� WRSR� GD� HVWDFD�

��quake���
yf��'HVORFDPHQWR�GH�XP�SRQWR�GR�IXVWH��D�PHLD�DOWXUD�GD�HVWDFD��
yf,cell��'HVORFDPHQWR�DVFHQGHQWH�GR�WRSR�GD�H[SDQFHOO�
yp��'HVORFDPHQWR�GD�SRQWD�GD�HVWDFD�
y’p��'HVORFDPHQWR�DVFHQGHQWH�GR�WRSR�GD�HVWDFD��HQVDLR�ELGLUHFLRQDO���
=��,PSHGkQFLD�
'etop��(QFXUWDPHQWR�HOiVWLFR�GD�HVWDFD�GHYLGR�D�FDUUHJDPHQWR�DSOLFDGR�QR�WRSR��GH�FLPD�SDUD�EDL[R��
'ebid��(QFXUWDPHQWR�HOiVWLFR�GR�IXVWH�GD�HVWDFD�GXUDQWH�R�HQVDLR�ELGLUHFLRQDO��FDUUHJDPHQWR�GH�EDL[R�

SDUD�FLPD��
Qs��&RHILFLHQWH�GH�3RLVVRQ�GR�VROR�
U��)DWRU�GH�KHWHURJHQHLGDGH�GR�VXEVROR��U=Gs

(L/2)/Gs
(L)�

Ws��7HQVmR�GH�FLVDOKDPHQWR�DR�ORQJR�GR�IXVWH�
]��3DUkPHWUR�TXH�FRUUHODFLRQD�R�UDLR�PiJLFR��rm��FRP�R�UDLR��r��GD�HVWDFD��]� �ln�rm���r��

�


