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0RGHOOLQJ�WKH�HYROXWLYH�EHKDYLRXU�RI�FRPSDFWHG�PDUOV�FRQVLGHULQJ�

WKH�SUHVHQFH�RI�WKH�IUDJPHQWV��

5DIDHOD�&DUGRVR
�

5(6802�±�$OJXQV�DWHUURV�GD�$XWRHVWUDGD�$���IRUDP�FRQVWUXtGRV�FRP�PDUJDV�FRPSDFWDGDV��TXH�FRQVLVWHP�
QXP�FRQMXQWR�GH� IUDJPHQWRV� FXMDV�GLPHQV}HV�H� DUUDQMR�GHSHQGHP�GR�SURFHVVR�GH�FRPSDFWDomR��3RUTXH� DV�

PDUJDV�VmR�PDWHULDLV�FRP�FRPSRUWDPHQWR�HYROXWLYR��RV�IUDJPHQWRV�GH�PDUJD�VRIUHP�IRUWH�GHJUDGDomR�ItVLFD�

TXDQGR�VXMHLWRV�jV�DFo}HV�DWPRVIpULFDV��HVVHQFLDOPHQWH�PROKDJHP�H�VHFDJHP���GH�RQGH�UHVXOWDP�DVVHQWDPHQWRV�

TXH� SRGHUmR� WHU� FRQVHTXrQFLDV� QR� FRPSRUWDPHQWR� GRV� DWHUURV�� )RUDP� HIHFWXDGRV� HQVDLRV� HGRPpWULFRV� GH�

PDWHULDO� FRPSDFWDGR� GH�PRGR� D� FDUDFWHUL]DU� R� VHX� FRPSRUWDPHQWR� TXDQGR� VXMHLWR� D� FLFORV� GH�PROKDJHP�

VHFDJHP��2EVHUYRX�VH�XPD�HYROXomR�GH�XP�FRPSRUWDPHQWR�WtSLFR�GH�PDWHULDLV�WLSR�HQURFDPHQWR��TXDQGR�DLQGD�

QmR� Ki� GHJUDGDomR� GRV� IUDJPHQWRV�� SDUD� XP� FRPSRUWDPHQWR� WtSLFR� GH� PDWHULDLV� DUJLORVRV�� DSyV� KDYHU�

GHJUDGDomR��1HVWH�DUWLJR�DSUHVHQWD�VH�R�HVWXGR�HIHFWXDGR�SDUD�FRPSUHHQGHU�HVWH�IHQyPHQR�H�SDUD�GHILQLU�XP�

PRGHOR�FRQVWLWXWLYR�SDUD�DV�PDUJDV�FRPSDFWDGDV��1D�SULPHLUD�SDUWH�p�HIHFWXDGR�R�HVWXGR�GR�PHFDQLVPR�GH�

GHJUDGDomR� GH� XP� IUDJPHQWR� URFKRVR� GHYLGR� D� VDWXUDomR�� FRP� EDVH� QXP� PRGHOR� GH� HOHPHQWRV� ILQLWRV��

UHFRUUHQGR�D�FRP�XP�PRGHOR�FRQVWLWXWLYR�DSOLFiYHO�D�VRORV�QmR�VDWXUDGRV��1D�VHJXQGD�SDUWH�DSUHVHQWD�VH�R�

PRGHOR�FRQVWLWXWLYR�GHILQLGR�SDUD�R�IUDJPHQWR�FRQVLGHUDQGR�D�VXD�GHJUDGDomR�ItVLFD�DWUDYpV�GH�XP�SDUkPHWUR�

GH�GDQR��(VWH�PRGHOR�p�GHSRLV�LQFRUSRUDGR�QR�PRGHOR�GHILQLGR�SDUD�DV�PDUJDV�FRPSDFWDGDV��TXH�VH�DSUHVHQWD�

QD�WHUFHLUD�SDUWH��7UDWD�VH�GH�XP�PRGHOR�HODVWRSOiVWLFR�FRP�HQGXUHFLPHQWR�H�DPROHFLPHQWR��GHILQLGR�HP�WHUPRV�

GH�WHQV}HV�WRWDLV�H�TXH�LQFOXL�D�VXFomR�FRPR�YDULiYHO�GH�HVWDGR��&RQVLGHUD�D�H[LVWrQFLD�GH�GRLV�QtYHLV�HVWUXWXUDLV�

�R�GR�DUUDQMR�GRV�IUDJPHQWRV�H�R�GRV�SUySULRV�IUDJPHQWRV��H�D�VXD�LQWHUDFomR�DWUDYpV�GH�IXQo}HV�GH�LQWHUDFomR��

(VWH�PRGHOR�IRL�XVDGR�SDUD�UHSURGX]LU�YiULRV�HQVDLRV�HGRPpWULFRV��

6<1236,6�±�6RPH�HPEDQNPHQWV�RI�$���0RWRUZD\�ZHUH�FRQVWUXFWHG�ZLWK�FRPSDFWHG�PDUOV��ZKLFK�FRQVLVW�
RI�D�VHW�RI�IUDJPHQWV�ZKRVH�GLPHQVLRQV�DQG�VWUXFWXUH�GHSHQG�RQ�WKH�FRPSDFWLRQ�SURFHVV�DGRSWHG��%HFDXVH�PDUO�

LV�DQ�HYROYLQJ�PDWHULDO��WKH�IUDJPHQWV�RI�PDUO�VXIIHU�KHDY\�SK\VLFDO�GHJUDGDWLRQ�ZKHQ�VXEMHFWHG�WR�DWPRVSKHULF�

DFWLRQV��HVVHQWLDOO\�ZHWWLQJ�DQG�GU\LQJ���UHVXOWLQJ�LQ�VHWWOHPHQWV�WKDW�PD\�KDYH�FRQVHTXHQFHV�RQ�WKH�EHKDYLRU�

RI�WKH�HPEDQNPHQWV��2HGRPHWULF�WHVWV�RQ�WKH�FRPSDFWHG�PDWHULDO�ZHUH�SHUIRUPHG�LQ�RUGHU�WR�FKDUDFWHUL]H�LWV�

EHKDYLRU�ZKHQ�VXEMHFWHG�WR�ZHWWLQJ�GU\LQJ�F\FOHV��$Q�HYROXWLRQ�IURP�URFNILOO�OLNH�EHKDYLRU��ZKHQ�WKHUH�LV�VWLOO�

QR�GHJUDGDWLRQ�RI�WKH�IUDJPHQWV��WR�EHKDYLRU�W\SLFDO�RI�FOD\H\�PDWHULDOV��DIWHU�GHJUDGDWLRQ��ZDV�REVHUYHG��7KLV�

SDSHU�SUHVHQWV�WKH�VWXG\�FDUULHG�RXW�WR�XQGHUVWDQG�WKLV�SKHQRPHQRQ��DV�ZHOO�WR�GHILQH�DQ�DGHTXDWH�FRQVWLWXWLYH�

PRGHO� IRU� WKH� FRPSDFWHG�PDWHULDO�� 7KH� ILUVW� SDUW� IRFXV� WKH� VWXG\� RI� WKH�PHFKDQLVP� RI� GHJUDGDWLRQ� GXH� WR�

VDWXUDWLRQ��EDVHG�RQ�D�ILQLWH�HOHPHQW�PRGHO�RI�D�IUDJPHQW�RI�URFN��DGRSWLQJ�D�FRQVWLWXWLYH�PRGHO�IRU�XQVDWXUDWHG�

VRLOV��7KH�VHFRQG�SDUW�SUHVHQWV�WKH�FRQVWLWXWLYH�PRGHO�GHILQHG�IRU�WKH�PDUO�IUDJPHQW�FRQVLGHULQJ�LWV�SK\VLFDO�

GHJUDGDWLRQ� WKURXJK� D� GDPDJH� SDUDPHWHU�� 7KLV� PRGHO� LV� WKHQ� LQFRUSRUDWHG� LQ� WKH� PRGHO� GHILQHG� IRU� WKH�

FRPSDFWHG� PDUOV� SUHVHQWHG� LQ� WKH� WKLUG� SDUW�� XVHG� WR� VLPXODWH� WKH� WHVWV�� ,W� LV� DQ� HODVWRSODVWLF� PRGHO� ZLWK�

KDUGHQLQJ�DQG�VRIWHQLQJ��GHILQHG�LQ�WRWDO�VWUHVVHV�DQG�FRQVLGHULQJ�VXFWLRQ�DV�VWDWH�YDULDEOH��7ZR�VWUXFWXUDO�OHYHOV�

DUH�FRQVLGHUHG��IUDJPHQWV�DQG�WKHLU�DUUDQJHPHQW��DV�ZHOO�DV�WKHLU�LQWHUDFWLRQ��

3DODYUDV�&KDYH�±�0DUJDV�FRPSDFWDGDV��VRORV�QmR�VDWXUDGRV��FRPSRUWDPHQWR�HYROXWLYR��GHIRUPDo}HV��

.H\ZRUGV�±�&RPSDFWHG�PDUOV��XQVDWXUDWHG�VRLOV��HYROXWLYH�EHKDYLRXU��GHIRUPDWLRQV��
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2�XVR� GH�PDWHULDLV� QmR� WUDGLFLRQDLV� QD� FRQVWUXomR� GH� REUDV� GH� DWHUUR� WHP�VH� WRUQDGR� QXPD�

DOWHUQDWLYD�QHFHVViULD�GHYLGR�D�UD]}HV�DPELHQWDLV�H�GH�VXVWHQWDELOLGDGH��$V�PDUJDV�FRPSDFWDGDV�VmR�

XP� H[HPSOR� GHVWH� WLSR� GH� PDWHULDLV�� H� IRUDP� XVDGDV� QD� FRQVWUXomR� GH� DOJXQV� DWHUURV� GD� $����

VXEODQoR� $UUXGD� GRV� 9LQKRV�� &DUUHJDGR�� 2� VHX� XVR� UHTXHUHX� DOJXQV� FXLGDGRV�� GHVFULWRV�

GHWDOKDGDPHQWH�SRU�&DUGRVR�H�0DUDQKD�GDV�1HYHV���������������(VWHV�FXLGDGRV�VmR�H[SOLFDGRV�SHOR�

IDFWR�GH�VH�WUDWDU�GH�XP�PDWHULDO�HYROXWLYR��SRLV�DV�PDUJDV�VRIUHP�IRUWH�GHJUDGDomR�ItVLFD�TXDQGR�

VXMHLWDV� D� FLFORV� GH�PROKDJHP�VHFDJHP� �YDULDo}HV� DFHQWXDGDV� GH� VXFomR��� WDO� FRPR� LOXVWUDGR�QD�

)LJXUD����IUDJPHQWRV�FRP�GLkPHWUR������PP��'d���PP��VDWXUDGRV�FRP�iJXD�GHVWLODGD���4XDQGR�

FRPSDFWDGDV��DV�PDUJDV�UHVXOWDP�QXP�FRQMXQWR�GH�IUDJPHQWRV�FXMDV�GLPHQV}HV�H�UHDUUDQMR�HVWUXWXUDO�

GHSHQGHP�GR�SURFHVVR�GH�FRPSDFWDomR�DGRSWDGR��$�GHJUDGDomR�ItVLFD�GRV�IUDJPHQWRV��TXH�FRQVLVWH�

QR�VHX�DPROHFLPHQWR�H�IHQGLOKDomR��WHP�FRPR�FRQVHTXrQFLD�DOWHUDo}HV�DFHQWXDGDV�GH�ULJLGH]�H�GH�

UHVLVWrQFLD�TXH�SRGHP�DIHFWDU�R�GHVHPSHQKR�GDV�HVWUXWXUDV�FRQVWUXtGDV�FRP�HVWH�WLSR�GH�PDWHULDLV���

�

� � �
�����$QWHV�GD�PROKDJHP� 6DWXUDomR�FRPSOHWD� $SyV�D�VHFDJHP�

)LJ����±�'HJUDGDomR�GH�IUDJPHQWRV�GH�PDUJD�TXDQGR�VDWXUDGRV�������PP��'d���PP���

1HVWH�DUWLJR�DSUHVHQWD�VH�R�HVWXGR�HIHFWXDGR�SDUD�FRPSUHHQGHU�HVWH�IHQyPHQR�GH�GHJUDGDomR�

ItVLFD�H�SDUD�GHILQLU�XP�PRGHOR�FRQVWLWXWLYR�SDUD�DV�PDUJDV�FRPSDFWDGDV�TXH�SRVVD�VHU�XVDGR��QR�

IXWXUR��QD�PRGHODomR�GR�FRPSRUWDPHQWR�GRV�DWHUURV�GD�$����(VWH�PRGHOR�IRL�GHILQLGR�FRQVLGHUDQGR�

HODVWRSODVWLFLGDGH�FRP�HQGXUHFLPHQWR�H�LQFOXLQGR�D�VXFomR�FRPR�YDULiYHO�GH�WHQVmR��GH�PRGR�D�TXH�

SXGHVVH�VHU�LPSODQWDGR�IDFLOPHQWH�HP�SURJUDPDV�GH�HOHPHQWRV�ILQLWRV���

1D� SULPHLUD� SDUWH� p� HIHFWXDGR� R� HVWXGR� FRQFHSWXDO� GR� PHFDQLVPR� GH� GHJUDGDomR� GH� XP�

IUDJPHQWR�GHYLGR�D�VDWXUDomR��FRP�EDVH�QXP�PRGHOR�GH�HOHPHQWRV�ILQLWRV�GH�XP�IUDJPHQWR�GHILQLGR�

QR�SURJUDPD�&RGH�%ULJKW��2OLYHOOD�et al.��������1HVWH�HVWXGR�SUHWHQGH�VH�FRPSUHHQGHU�D�UD]mR�GR�

IUDJPHQWR� VH� SDUWLU�� TXH� p� QRYLGDGH� HP� UHODomR� DR� TXH� DFRQWHFH� QRUPDOPHQWH� QD�PROKDJHP�GH�

DJUHJDGRV�GH�DUJLOD��TXH�p�Vy�VH�YHULILFDU�R�VHX�DPROHFLPHQWR��3DUD�WDO�UHFRUUH�VH�DR�%DUFHORQD�%DVLF�

0RGHO�%%0��$ORQVR�et al.��������TXH�p�XP�PRGHOR�FRQVWLWXWLYR�HODVWRSOiVWLFR�FRP�HQGXUHFLPHQWR�

DSOLFDGR�D�VRORV�QmR�VDWXUDGRV��1D�VHJXQGD�SDUWH�DSUHVHQWD�VH�R�PRGHOR�FRQVWLWXWLYR�GHILQLGR�SDUD�

R�IUDJPHQWR�LQVSLUDGR�QR�%DUFHORQD�([SDQVLYH�0RGHO��%([0��*HQV�H�$ORQVR���������WDPEpP�HOH�

XP�PRGHOR�HODVWRSOiVWLFR�TXH�FRQVLGHUD�D�H[LVWrQFLD�GH�GRLV�QtYHLV�GH�HVWUXWXUD��PDV�TXH�FRQVLGHUD�

D� GHJUDGDomR� ItVLFD� GDV� PDUJDV� DWUDYpV� GH� XP� SDUkPHWUR� GH� GDQR�� (VWH� PRGHOR� p� FDOLEUDGR�

FRQVLGHUDQGR�GDGRV�H[SHULPHQWDLV�TXH� WDPEpP�VH�DSUHVHQWDP�QHVWH�DUWLJR��2�PRGHOR�FRQFHELGR�

SDUD�R�IUDJPHQWR�GH�PDUJD�p�SUHIHUtYHO�DR�%%0�XVDGR�DQWHV�SDUD�FRPSUHQGHU�D�IHQGLOKDomR��SRLV�

SHUPLWH� UHSURGX]LU�PHOKRU� RV� HIHLWRV� GD� GHJUDGDomR� ItVLFD� GR� IUDJPHQWR� QR� VHX� FRPSRUWDPHQWR�

PHFkQLFR��3RGH�WDPEpP�VHU�LPSOHPHQWDGR�HP�TXDOTXHU�SURJUDPD�GH�HOHPHQWRV�ILQLWRV��

1D�WHUFHLUD�SDUWH�DSUHVHQWD�VH�R�PRGHOR�FRQVWLWXWLYR�GHILQLGR�SDUD�R�PDWHULDO�FRPSDFWDGR��TXH�

LQFRUSRUD�R�PRGHOR�GHILQLGR�SDUD�RV�IUDJPHQWRV��7UDWD�VH�GH�XP�PRGHOR�HODVWRSOiVWLFR�GHILQLGR�HP�

WHUPRV� GH� WHQV}HV� WRWDLV� SDUD� PDWHULDLV� QmR� VDWXUDGRV�� LQVSLUDGR� QR� %([0� H� TXH� FRQVLGHUD� D�
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H[LVWrQFLD�GH�GRLV�QtYHLV�HVWUXWXUDLV��R�SULPHLUR�FRUUHVSRQGH�DR�DUUDQMR�GRV�IUDJPHQWRV�H�R�VHJXQGR�

DRV� SUySULRV� IUDJPHQWRV�� (VWHV� GRLV� QtYHLV� HVWUXWXUDLV�� FDGD� XP� FRP� R� VHX� SUySULR� PRGHOR� GH�

FRPSRUWDPHQWR�� LQWHUDJHP�HQWUH�VL�DWUDYpV�GH�IXQo}HV�GH�LQWHUDFomR��(VWH�PRGHOR�IRL�XVDGR�SDUD�

UHSURGX]LU�YiULRV�HQVDLRV�HGRPpWULFRV�HIHFWXDGRV�FRP�YiULDV�WUDMHFWyULDV�TXH�HQYROYHP�YDULDomR�GH�

WHQVmR�H�GH�VXFomR��DWUDYpV�GH�VHFDJHP�H�PROKDJHP���

��±�&203257$0(172�+,'52�0(&Æ1,&2�'(�)5$*0(1726�'(�0$5*$6��

$V�PDUJDV�HVWXGDGDV�VmR�SURYHQLHQWHV�GD�IRUPDomR�GD�$EDGLD��-XUiVVLFR�VXSHULRU��GD�]RQD�GH�

$UUXGD�GRV�9LQKRV��3RUWXJDO��In situ��R�PDWHULDO�HVWi�SUy[LPR�GD�VDWXUDomR��JUDX�GH�VDWXUDomR������

FRUUHVSRQGHQWH�DR�WHRU�HP�iJXD�Z �����H�D�SRURVLGDGH�p�GH�FHUFD�GH������&RQVLGHUDQGR�D�IUDFomR�

SDVVDGD�QR�SHQHLUR�$670������R�OLPLWH�GH�OLTXLGH]�p�����H�R�tQGLFH�GH�SODVWLFLGDGH�p�����PDWHULDO�

FODVVLILFDGR� FRPR�&/� VHJXQGR� D�&ODVVLILFDomR�8QLILFDGD�GH�6RORV��� VHQGR�R�SHVR�YRO~PLFR�GDV�

SDUWtFXODV�VyOLGDV�GH������N1�P���'D�DQiOLVH�PLQHUDOyJLFD�FRQVWDWRX�VH�D�H[LVWrQFLD�GH�FDUERQDWR�GH�

FiOFLR�� TXDUW]R�� PLFD�� FORULWH�� JHVVR� H� DOJXQV� PLQHUDLV� DUJLORVRV� �HVVHQFLDOPHQWH� FDXOLQLWH� H�

EHQWRQLWH��� DOJXQV� UHVSRQViYHLV� SHOR� FRPSRUWDPHQWR� H[SDQVLYR� REVHUYDGR�� (P� HQVDLRV� GH�

FRPSUHVVmR�XQLD[LDO�H�GH�FRPSUHVVmR�GLDPHWUDO�HIHFWXDGRV�HP�SURYHWHV�GH�PDUJD�QmR�DOWHUDGD��FRP�

R�WHRU�HP�iJXD�SUy[LPR�GR�YDORU�in situ��REWHYH�VH���03D�H���03D�SDUD�D�UHVLVWrQFLD�j�FRPSUHVVmR�

H� j� WUDFomR�� UHVSHFWLYDPHQWH� �&DUGRVR���������$�SHUPHDELOLGDGH�VDWXUDGD� p�EDL[D� �NVDW ���u������

P�V���

$V�FDUDFWHUtVWLFDV�KLGUR�PHFkQLFDV�GDV�PDUJDV��PDWHULDO�URFKD��WDPEpP�GHVLJQDGR�QHVWH�DUWLJR�

SRU�IUDJPHQWR��IRUDP�FDUDFWHUL]DGDV�HP�ODERUDWyULR�GH�PRGR�D�REWHU�WRGRV�RV�GDGRV�QHFHVViULRV�SDUD�

D�FDOLEUDomR�GR�PRGHOR�QXPpULFR��7DO� LQFOXLX�D�FDUDFWHUL]DomR�GD�PDUJD� LQWDFWD�H�GHVWH�PDWHULDO�

GHVWUXWXUDGR��SUHSDUDGR�FRP�D�IUDFomR�SDVVDGD�QR�SHQHLUR�$670������FRP�WHRU�HP�iJXD�LJXDO�D�����

YH]HV� R� OLPLWH� GH� OLTXLGH]�� GH� DFRUGR� FRP� %XUODQG�� ������� SRLV� FRUUHVSRQGHP� DRV� GRLV� FDVRV�

H[WUHPRV�GH�GHJUDGDomR�ItVLFD�GR�PDWHULDO���

0HGLUDP�VH�DV�FXUYDV�GH�UHWHQomR�GD�URFKD�H�GR�PDWHULDO�GHVWUXWXUDGR�VXMHLWRV�D�YiULRV�FLFORV�

GH�VHFDJHP�PROKDJHP��FRQVWDWDQGR�VH�TXH�D�FXUYD�SDUD�D�PDUJD�VH�DOWHUD�FRP�D�DFXPXODomR�GH�

FLFORV�� GHYLGR� j� GHJUDGDomR� ItVLFD� GR� PDWHULDO� �&DUGRVR� et al.� ������� 2V� SRQWRV� H[SHULPHQWDLV�

UHIHUHQWHV�DR�SULPHLUR�FLFOR�GH�VHFDJHP�PROKDJHP��DQWHV�GD�GHJUDGDomR��DSUHVHQWDP�VH�QD�)LJXUD�

���$V�FXUYDV�IRUDP�DMXVWDGDV�FRP�D�H[SUHVVmR�GH�9DQ�*HQXFKWHQ���������
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RQGH�Sr�p�R�JUDX�GH�VDWXUDomR��s�p�D�VXFomR�H�P�H�O�VmR�SDUkPHWURV�GHWHUPLQDGRV�SRU�DMXVWH�QXPpULFR�
H�FXMRV�YDORUHV�REWLGRV�VH�DSUHVHQWDP�QD�)LJXUD����

2�IHQyPHQR�GH�GHJUDGDomR�GDV�PDUJDV�DSUHVHQWDGR�QD�)LJXUD���SDUD�DOJXQV�IUDJPHQWRV�p�WDQWR�

PDLV� LQWHQVR�TXDQWR�PDLV� VHFR�HVWLYHU�R�PDWHULDO�DQWHV�GD�PROKDJHP��2�PHVPR�DFRQWHFH�FRP�D�

YDULDomR�GH�YROXPH�QD�PROKDJHP��H[SDQVmR���PHGLGD�HP�HQVDLRV�GH�H[SDQVLELOLGDGH��(VWHV�HQVDLRV�

IRUDP�UHDOL]DGRV�HP�GLVFRV�GH�PDUJD����FP�GH�GLkPHWUR�H���FP�GH�DOWXUD��FRP�VXFo}HV�LQLFLDLV�GH�

����H������03D��TXH�IRUDP�VDWXUDGRV�FRQILQDGRV�ODWHUDOPHQWH�H�VRE�WHQV}HV�YHUWLFDLV�GH����N3D������

N3D�H�����N3D��&DUGRVR���������$V�GHIRUPDo}HV�YROXPpWULFDV�PHGLGDV�DSUHVHQWDP�VH�QD�)LJXUD���

�GHVLJQDGDV�SRU��HQVDLR����RQGH�RV�YDORUHV�SRVLWLYRV�FRUUHVSRQGHP�D�H[SDQVmR��&RQVWDWD�VH�TXH�

D�DPSOLWXGH�GHVWDV�GHIRUPDo}HV�GHSHQGH�GD�VXFomR�LQLFLDO�H�GD�WHQVmR�GH�FRQILQDPHQWR�VRE�D�TXDO�

VH�SURFHGHX�j�VDWXUDomR��&RP�HVWHV�YDORUHV�IRL�SRVVtYHO�GHWHUPLQDU�XP�YDORU�PpGLR�SDUD�R�tQGLFH�GH�

H[SDQVLELOLGDGH�HOiVWLFR�NV��NV ��������GHILQLGR�SHOD�GHIRUPDomR�YROXPpWULFD��
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RQGH�e�p�R�tQGLFH�GH�YD]LRV�H�si�H�sf�VmR�DV�VXFo}HV�LQLFLDO�H�ILQDO��HP�03D���UHVSHFWLYDPHQWH��)RUDP�

UHDOL]DGRV� HQVDLRV� VHPHOKDQWHV� HP�SURYHWHV�GH�PDWHULDO� GHVWUXWXUDGR� VDWXUDGR�DSyV� VHFDJHP�HP�

DPELHQWH�GH�ODERUDWyULR�WHQGR�VH�REWLGR�Ns ��������
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)LJ����±'HIRUPDo}HV�YROXPpWULFDV�PHGLGDV�QRV�HQVDLRV�GH�H[SDQVLELOLGDGH�GDV�PDUJDV�H�

FDOFXODGDV�FRQVLGHUDQGR�D�(T����SDUD�DV�WHQV}HV�HIHFWLYDV��DGDSWDGR�GH�&DUGRVR�et al.��������

&RP�RV�GDGRV�GHVWHV�HQVDLRV�IRL�SRVVtYHO�DMXVWDU�D� OHL�SDUD�DV� WHQV}HV�HIHFWLYDV�SURSRVWD�SRU�

$ORQVR�et al.���������
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TXH� VHUi� QHFHVViULD� SDUD� D� GHILQLomR� GR� PRGHOR� FRQVWLWXWLYR� SDUD� DV� PDUJDV� TXH� VH� DSUHVHQWD�

SRVWHULRUPHQWH��
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RQGH�p’i�p�D�WHQVmR�PpGLD�GH�FRPSUHVVmR�HIHFWLYD�LQLWLDO��DQWHV�GD�PROKDJHP��FRP�JUDX�GH�VDWXUDomR�
FRUUHVSRQGHQWH� j� VXFomR� QR� PDWHULDO�� REWLGR� FRP� D� FXUYD� GH� UHWHQomR�� H� p’f� p� R� YDORU� ILQDO��
FRQVLGHUDQGR�TXH�R�PDWHULDO�ILFRX�FRPSOHWDPHQWH�VDWXUDGR�QD�PROKDJHP��HTXLYDOH�j�HTXDomR�GH�
7HU]DJKL�SDUD�DV�WHQV}HV�HIHFWLYDV���(VWDQGR�DV�DPRVWUDV�FRQILQDGDV�ODWHUDOPHQWH��SDUD�R�FiOFXOR�GD�
WHQVmR�PpGLD�GH�FRPSUHVVmR�FRQVLGHURX�VH�.� ������2EWHYH�VH�C ������H�D �������&DUGRVR��������
SRU�DMXVWH�QXPpULFR��GH�PRGR�D�PLQLPL]DU�R�HUUR�GDV�GHIRUPDo}HV�YROXPpWULFDV��YDORUHV�FDOFXODGRV�
QD�)LJXUD����GHVLJQDGRV�SRU��FDOFXODGR����2�YDORU�GH�D�HVWi�QR�LQWHUYDOR�GH�YDORUHV�REWLGRV�SRU�
$ORQVR� et� al.� ������� SDUD� PDWHULDLV� FRP� JUDQGH� SHUFHQWDJHP� GH� DUJLOD�� $GPLWH�VH� TXH� HVWHV�
SDUkPHWURV� H� TXH� D� (T�� �� VmR� YiOLGRV� LQGHSHQGHQWHPHQWH� GR� LQWHUYDOR� GH� WHQV}HV� H� GH� VXFo}HV�
FRQVLGHUDGR��

)RUDP�WDPEpP�UHDOL]DGRV�YiULRV�HQVDLRV�HGRPpWULFRV�QR�PDWHULDO�GHVWUXWXUDGR�H�HP�SURYHWHV�
GH�URFKD��2V�HQVDLRV�QR�PDWHULDO�GHVWUXWXUDGR�FRQVLVWLUDP�HP�DXPHQWDU�D�WHQVmR�DSyV�FRQVROLGDomR�
DWp�DWLQJLU���03D��VHJXLGD�GH�GHVFDUJD��&DUGRVR���������1RV�HQVDLRV�GH�SURYHWHV�GH� URFKD�RQGH�
IRUDP� DSOLFDGDV� WUDMHFWyULDV� GH� FDUUHJDPHQWR� LQFOXLQGR� FLFORV� GH� FDUJD�GHVFDUJD�� DQWHV� RX� DSyV�
PROKDJHP�FRP�VDWXUDomR�FRPSOHWD��&DUGRVR���������D�VDWXUDomR�IRL�FRQVHJXLGD�SRU�VXEPHUVmR�HP�
iJXD�GHVWLODGD�SRU�SHOR�PHQRV���K��DQWHV�GH�SURVVHJXLU�R�FDUUHJDPHQWR��$GPLWLX�VH�TXH�HVWH�SHUtRGR�
VHULD� VXILFLHQWH� SDUD� VDWXUDU� DV� DPRVWUDV� GHYLGR� j� VXD� GLPHQVmR� UHODWLYDPHQWH� UHGX]LGD�� � (VWHV�
HQVDLRV�SHUPLWLUDP�FRPSUHHQGHU�PHOKRU�R�IHQyPHQR�GH�GHJUDGDomR�QD�PROKDJHP�GRV�IUDJPHQWRV�H�
REWHU� RV� SDUkPHWURV� QHFHVViULRV� SDUD� D� GHILQLomR� GH� XP�PRGHOR� FRQVWLWXWLYR� SDUD� DV�PDUJDV��2�
4XDGUR� �� VLQWHWL]D� RV� HQVDLRV� HIHFWXDGRV� QRV� SURYHWHV� GH� URFKD�� GHVFUHYHQGR� DV� UHVSHFWLYDV�
WUDMHFWyULDV�GH�FDUUHJDPHQWR��

�
4XDGUR����(QVDLRV�HGRPpWULFRV�UHDOL]DGRV�HP�SURYHWHV�GH�PDUJD��

(QVDLR� 7UDMHFWyULD�GH�FDUUHJDPHQWR�
(QVDLR��� V ���03D��VDWXUDGR��DSOLFDGD�VRE�WHQVmR�YHUWLFDO�GH����N3D��FRQVWDQWH��H�VHP�FLFORV�

GH�FDUJD�GHVFDUJD��$XPHQWR�GD�WHQVmR�YHUWLFDO�DWp�VY ���03D�VHJXLGR�GH�GHVFDUJD��
(QVDLR���� V �����03D��VXFomR�Pi[LPD��FRQVWDQWH�H�VHP�FLFORV�GH�FDUJD�GHVFDUJD��$XPHQWR�GD�

WHQVmR�YHUWLFDO�DWp�VY ���03D�VHJXLGR�GH�GHVFDUJD��
(QVDLR���� V �����03D�FRQVWDQWH�H���FLFORV�FDUJD�GHVFDUJD��7HQVmR�YHUWLFDO�GH���03D�VHJXLGD�

GH�GHVFDUJD��UHFDUJD�DWp���03D�VHJXLGD�GH�GHVFDUJD�H�UHFDUJD�QRYDPHQWH�DWp���03D��
RQGH�VH�HIHFWXRX�D�VDWXUDomR�ILQDO��VHJXLGD�GH�GHVFDUJD����

(QVDLR���� V �����03D�FRQVWDQWH�H���FLFORV�FDUJD�GHVFDUJD��7HQVmR�YHUWLFDO�GH���03D�VHJXLGD�
GH�GHVFDUJD��UHFDUJD�DWp���03D�VHJXLGD�GH�GHVFDUJD�H�UHFDUJD�DWp���03D��RQGH�VH�
HIHFWXRX�D�VDWXUDomR�ILQDO��VHJXLGD�GH�GHVFDUJD��

(QVDLR��� V � �� 03D� DSOLFDGD� VRE� WHQVmR� GH� ��N3D�� FRQVWDQWH�� VHJXLGD� GH� �� FLFORV� FDUJD�
GHVFDUJD��7HQVmR�YHUWLFDO�GH���03D�VHJXLGD�GH�GHVFDUJD��UHFDUJD�DWp��03D�VHJXLGD�
GH�GHVFDUJD�H�UHFDUJD�DWp���03D��VHJXLGD�GH�GHVFDUJD��

�
$V�FXUYDV�PHGLGDV�QRV�YiULRV�HQVDLRV�DSUHVHQWDP�VH�QD�)LJXUD����1RV�HQVDLRV�RQGH�D�VXEPHUVmR�

IRL�HIHFWXDGD�VRE�WHQVmR�YHUWLFDO�EDL[D��HQVDLRV���H����j�HVTXHUGD��REVHUYRX�VH�HPSRODPHQWR��R�TXH�
p�H[SOLFDGR�SHOD�QDWXUH]D�H[SDQVLYD�GDV�PDUJDV��1RV�HQVDLRV�RQGH�VH�VDWXURX�R�PDWHULDO�VRE�WHQVmR�
HOHYDGD� �HQVDLRV���H���� j�GLUHLWD��REVHUYRX�VH�FRODSVR�� DXPHQWDQGR�PXLWR�R�GHFOLYH�GD�FXUYD�GH�
H[SDQVmR��e�GH�QRWDU�TXH�HP�WRGRV�RV�SURYHWHV�VH�FRQVLGHUD�WHQV}HV�WRWDLV�H�QmR�WHQV}HV�HIHFWLYDV��



146 0379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 141-170

http://dx.doi.org/10.24849/j.geot.2018.143.07 – © 2018 Sociedade Portuguesa de Geotecnia

WDO�FRPR�XVXDO�QRV�VRORV�QmR�VDWXUDGRV��1XWK�H�/DORXL���������Mi�TXH�D�VXFomR�p�FRQVLGHUDGD�j�SDUWH�

FRPR�RXWUD�YDULiYHO�GH�WHQVmR���

2V�YDORUHV�GRV�tQGLFHV�GH�FRPSUHVVLELOLGDGH�&F�H�GH�H[SDQVLELOLGDGH�RX�UHFRPSUHVVLELOLGDGH�&V�

DSUHVHQWDP�VH�QR�4XDGUR���WHQGR�VLGR�GHWHUPLQDGRV�GD�IRUPD�XVXDO��(VWH�TXDGUR�WDPEpP�LQFOXL�RV�

YDORUHV� GHWHUPLQDGRV� SDUD� D� DPRVWUD� GHVWUXWXUDGD�� &RPR� HVSHUDGR�� &F� p� PDLRU� SDUD� R� PDWHULDO�

VDWXUDGR�GR�TXH�SDUD�R�PDWHULDO�FRP�VXFomR�V �����03D�SRUTXH�D�ULJLGH]�DXPHQWD�FRP�D�VHFDJHP�

GR�PDWHULDO��2V�YDORUHV�PHGLGRV�QR�HQVDLR�GD�DPRVWUD�GHVWUXWXUDGD�VmR�PDLRUHV�GR�TXH�RV�PHGLGRV�

QRV�YiULRV�HQVDLRV�GRV�SURYHWHV�GR�PDWHULDO�HVWUXWXUDGR��WDO�FRPR�GHVFULWR�SRU�/HURXHLO�H�9DXJKDQ�

��������SRU�H[HPSOR����

1RV�VRORV��FRQVLGHUD�VH�QRUPDOPHQWH�TXH�R�FRPSRUWDPHQWR�p�HOiVWLFR�QD�GHVFDUJD�UHFDUJD��H�

SRUWDQWR�R�tQGLFH�GH�H[SDQVLELOLGDGH�UHFRPSUHVVLELOLGDGH��&V��p�FRQVWDQWH��1RUPDOPHQWH��WDPEpP�

VH�FRQVLGHUD�TXH�D�FRPSUHVVLELOLGDGH�HOiVWLFD�QmR�GHSHQGH�GD�VXFomR��$ORQVR�et al.���������7DO�QmR�

VH�YHULILFD�SDUD�DV�PDUJDV�HVWXGDGDV�SRLV�HVWH�YDORU�GHSHQGH�GD�VXFomR�H�GD�KLVWyULD�GR�FDUUHJDPHQWR��

7DO�FRPR�QR�4XDGUR���H�PRVWUDGR�QD�)LJXUD����&V�p�VXSHULRU�QRV�HQVDLRV�VDWXUDGRV�TXH�QRV�HQVDLRV�

FRP�V �����03D��H�DXPHQWD�FRP�R�Q~PHUR�GH�FLFORV�DSOLFDGRV�VRE�VXFomR�FRQVWDQWH��HQVDLR���H����

FRP�V ���03D��VDWXUDGRV��H�HQVDLRV������H����FRP�V �����03D���7DPEpP�VH�YHULILFD�TXH�GHSHQGH�GD�

KLVWyULD�GR�FDUUHJDPHQWR��SRLV�R�VHX�YDORU�PHGLGR�QD�GHVFDUJD�ILQDO�VDWXUDGD�p�PDLRU�VH�RV�FLFORV�

DQWHULRUHV�IRUHP�DSOLFDGRV�QR�PDWHULDO�QmR�VDWXUDGR�GR�TXH�QR�PDWHULDO�VDWXUDGR��HQVDLR���H�����(VWH�

FRPSRUWDPHQWR�p� WtSLFR�GH�PDWHULDLV�HYROXWLYRV� �&DIDUR�H�&RWHFFKLD��������$ORQVR�H�$OFRYHUUR��

������*XOOj�et al.���������RX�VHMD��TXH�VRIUHP�DOWHUDo}HV�HVWUXWXUDLV�LUUHYHUVtYHLV�GHYLGR�D�DSOLFDomR�

GH�WHQVmR�H�GH�VXFomR��

8PD� H[SOLFDomR� SRVVtYHO� SDUD� HVWH� FRPSRUWDPHQWR� FRQVLGHUD� D� H[LVWrQFLD� GH� PLQHUDLV�

H[SDQVLYRV�HQYROYLGRV�SRU�PLQHUDLV�FLPHQWtFLRV�TXH�UHVXOWDP�GD�GLDJpQHVH�GD�URFKD��(VWHV�~OWLPRV�

SRGHP�VHU�LQWHUSUHWDGRV�FRPR�OLJDo}HV��ERQGV���TXH�FRQIHUHP�UHVLVWrQFLD�H�ULJLGH]�DR�PDWHULDO��H�

TXH�WDPEpP�UHVWULQJXHP�DV�YDULDo}HV�GH�YROXPH�GRV�PLQHUDLV�DUJLORVRV��(VWDV�OLJDo}HV�URPSHP�VH�

GXUDQWH�D�DSOLFDomR�GRV�FLFORV�GH�FDUJD�GHVFDUJD�H�SHOR�DXPHQWR�GH�YROXPH�GRV�PLQHUDLV�DUJLORVRV�

H[SDQVLYRV�QD�PROKDJHP��2�SULPHLUR�FDVR�p�R�TXH�DFRQWHFH�TXDQGR�RV�FLFORV� VmR�DSOLFDGRV�VRE�

VXFomR�FRQVWDQWH��SRLV�D�ULJLGH]�GLPLQXL�GHYLGR�j�SHUGD�GHVVDV�OLJDo}HV��2�VHJXQGR�FDVR�DFRQWHFH�

TXDQGR� VH� PROKD� R� PDWHULDO� DQWHV� RX� DSyV� D� DSOLFDomR� GRV� FLFORV�� 'XUDQWH� RV� FLFORV� Ki� URWXUD�

SURJUHVVLYD�GDV�OLJDo}HV��FRP�FRQVHTXHQWH�OLEHUWDomR�GRV�PRYLPHQWRV�GRV�PLQHUDLV�DUJLORVRV��SHOR�

TXH�RV�HIHLWRV�GHYLGRV�DR�VHX�DXPHQWR�GH�YROXPH�QD�PROKDJHP�VmR�WDQWR�PDLV�PDUFDGRV�TXDQWR�

PDLRU�IRU�R�Q~PHUR�GH�URWXUD�GH�OLJDo}HV��RX�VHMD��TXDQWR�PDLRU�IRU�R�Q~PHUR�GH�FLFORV�DSOLFDGRV�

�&DIDUR�H�&RWHFFKLD��������$ORQVR�H�$OFRYHUUR��������*XOOj�et al.���������3RU�HVVH�PRWLYR�p�TXH�&V�

PHGLGR�DSyV�D�VDWXUDomR�DXPHQWD�FRP�Q~PHUR�FUHVFHQWH�GH�FLFORV��
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4XDGUR�����ËQGLFH�GH�FRPSUHVVLELOLGDGH�H�GH�UHFRPSUHVVLELOLGDGH�PHGLGRV�QRV�HQVDLRV��
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)LJ����±�ËQGLFHV�GH�UHFRPSUHVVLELOLGDGH�PHGLGRV�QRV�YiULRV�HQVDLRV�H�VXD�FRPSDUDomR�SDUD�
LOXVWUDU�R�FRPSRUWDPHQWR�HYROXWLYR�GDV�PDUJDV��DGDSWDGR�GH�&DUGRVR�et al.���������

&RP�EDVH�QRV�HQVDLRV�HGRPpWULFRV�IRL�SRVVtYHO�GHWHUPLQDU�RV�SDUkPHWURV�GR�PRGHOR�%DUFHORQD�
%DVLF�0RGHO��%%0��$ORQVR�et al.��������TXH�VH�WUDQVIRUPD�QR�PRGHOR�&DP�&OD\�PRGLILFDGR�QR�
FDVR� VDWXUDGR�� $V� FRQVWDQWHV� GR� %%0� DSUHVHQWDP�VH� QR� 4XDGUR� �� H� VmR�� �L�� R� tQGLFH� GH�
H[SDQVLELOLGDGH�HOiVWLFD�SDUD�YDULDo}HV�GH�VXFomR�Ns��Mi�GHILQLGR���LL��R�tQGLFH�GH�FRPSUHVVLELOLGDGH�
HOiVWLFD�SDUD�YDULDo}HV�GH�WHQVmR�PpGLD�GH�FRPSUHVVmR��N �YDORU�PpGLR�GRV�HQVDLRV��Mi�TXH�GHSHQGH�
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��H�p��VmR�DV�WHQV}HV�LVRWUySLFDV�GH�FRPSUHVVmR�GH�FHGrQFLD�SDUD�

R� FDVR� VDWXUDGR�H�QmR� VDWXUDGR�� UHVSHFWLYDPHQWH��1HVWH�PRGHOR� DV� WHQV}HV�GHILQHP�VH� FRPR�net 

mean stress��FXMD�WUDGXomR�SDUD�SRUWXJXrV�SRGHUi�VHU�WHQVmR�PpGLD�~WLO��0DUDQKD�GDV�1HYHV���������

TXH�QR�FDVR�QmR�VDWXUDGR�FRUUHVSRQGHP�j�WHQVmR�WRWDO�j�TXDO�VH�VXEWUDL�D�SUHVVmR�DWPRVIpULFD��1HVWH�

DUWJR�VHUi�GHVLJQDGD�VLPSOHVPHQWH�SRU�WHQVmR��7DO�FRPR�DQWHV��SDUD�R�FiOFXOR�GD�WHQVmR�PpGLD�GH�

FRPSUHVVmR�D�SDUWLU�GD�WHQVmR�DSOLFDGD�QR�HQVDLR�HGRPpWULFR�DGPLWLX�VH�.� �����SRU�VLPSOLILFDomR��

2�%%0�IRL�XVDGR�SDUD�HVWXGDU�R�PHFDQLVPR�GH�IHQGLOKDomR�GDV�PDUJDV�QD�PROKDJHP��UHFRUUHQGR�D�

XP�SURJUDPD�GH�FiOFXOR�FRPHUFLDO��PDV�SDUD�R�PRGHOR�GDV�PDUJDV�FRPSDFWDGDV� VHUi�XVDGR�XP�

PRGHOR�TXH�FRQVLGHUD�D�GHJUDGDomR�GHVWH�PDWHULDO��(VWH�PRGHOR�SUHFLVDUi� WDPEpP�GRV�GDGRV�GR�

PDWHULDO� GHVWUXWXUDGR�� TXH� WDPEpP� VH� LQFOXHP�QR�4XDGUR� �� H� IRUDP� GHWHUPLQDGRV� SRU�&DUGRVR�

��������$PERV�RV�PRGHORV�VmR�GHVFULWRV�HP�VHJXLGD��

�

4XDGUR�����3DUkPHWURV�GH�FDOLEUDomR�GR�%%0�SDUD�DV�PDUJDV�H�SDUD�R�PDWHULDO�GHVWUXWXUDGR��

XVDGR�QR�&RGH�%ULJKW�SDUD�FRPSUHHQGHU�D�IHQGLOKDomR��
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1XPD�SULPHLUD�HWDSD�SURFXURX�VH�FRPSUHHQGHU�R�PHFDQLVPR�GH�IHQGLOKDomR��RX�GH�GHJUDGDomR�

ItVLFD�� REVHUYDGR� GXUDQWH� D� PROKDJHP� GH� XP� IUDJPHQWR�� DSUHVHQWDGR� DQWHV� QD� )LJXUD� ��� (VWH�

PHFDQLVPR�IRL�LQYHVWLJDGR�QXPHULFDPHQWH�XWLOL]DQGR�R�SURJUDPD�GH�HOHPHQWRV�ILQLWRV�&RGH�%ULJKW�

�2OLYHOOD�et al.��������TXH�HIHFWXD�XPD�DQiOLVH�KLGUR�PHFkQLFD�DFRSODGD�H�DGPLWLQGR�TXH�R�VROR�p�

XP�PHLR�SRURVR�GHIRUPiYHO��83&�'/7���������3DUD�PRGHOR�FRQVWLWXWLYR�DGRSWRX�VH�R�%%0�SDUD�

SRGHU�UHSURGX]LU�DV�YDULDo}HV�YROXPpWULFDV�GHYLGDV�D�YDULDo}HV�GH�VXFomR��SDUkPHWURV�QR�4XDGUR�

����3DUD�D�SHUFRODomR�GH�iJXD�HP�FRQGLo}HV�QmR�VDWXUDGDV�IRL�DGRSWDGD�D�OHL�GH�'DUF\�JHQHUDOL]DGD��

3DUD� R� FiOFXOR� GD� HYROXomR� GR� JUDX� GH� VDWXUDomR� QD�PROKDJHP� XWLOL]RX�VH� D� H[SUHVVmR� GH�9DQ�

*HQXFKWHQ��(T�����SDUD�GHILQLU�D�FXUYD�GH�UHWHQomR�SDUD�R�PDWHULDO�PDUJD��SDUkPHWURV�QD�)LJXUD���D���

)RL�QHFHVViULR�LQFOXLU�R�GHFOLYH�GD�OLQKD�GH�HVWDGRV�FUtWLFRV�QR�SODQR�S�T��0 ������XP�YDORU�XVXDO���

R�SDUkPHWUR�TXH�GHVFUHYH�R�LQFUHPHQWR�GD�FRHVmR�FRP�D�VXFomR��. �������H�D�UHVLVWrQFLD�j�WUDFomR�

TXDQGR�R�PDWHULDO�HVWi�VDWXUDGR�F� �����03D��2V�GRLV�~OWLPRV�SDUkPHWURV�IRUDP�GHILQLGRV�FRP�EDVH�

QRV�HQVDLRV�GH�FRPSUHVVmR�GLDPHWUDO�GHVFULWRV�GHWDOKDGDPHQWH�SRU�&DUGRVR���������7UDWD�VH�GH�XPD�

DQiOLVH�FRQFHSWXDO�GHVWH�PHFDQLVPR��SRLV�FRP�HVWH�PRGHOR�QmR�p�SRVVtYHO�VLPXODU�D�IHQGLOKDomR�PDV�

DSHQDV�FRPSUHHQGHU�VH�VH�SRGHP�GHVHQYROYHU�WHQV}HV�TXH�H[SOLTXHP�HVWH�PHFDQLVPR��

$� )LJXUD� �� PRVWUD� D� PDOKD� GH� HOHPHQWRV� ILQLWRV� H� DV� FRQGLo}HV� GH� IURQWHLUD� DGRSWDGRV� QD�

UHSURGXomR�GD�GHJUDGDomR�GH�XP�IUDJPHQWR�GH�PDUJD��DGPLWLGR�FRPR�XP�FLOLQGUR�FRP�GLkPHWUR�

' �PP��� &RPR� GDGRV� LQLFLDLV� DGRSWRX�VH� e ����� H� s ��03D�� $� PROKDJHP� IRL� HIHFWXDGD� GD�

SHULIHULD� SDUD� R� FHQWUR�� LPSRQGR�VH� VXFomR� QXOD� QD� OLQKD� GH� IURQWHLUD�� $SyV� XPD� DQiOLVH� GH�

VHQVLELOLGDGH��&DUGRVR�H�$ORQVR���������SDUD�WHPSR�GH�PROKDJHP�DGRSWRX�VH����PLQXWRV��
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)LJ����±�0RGHOR�SDUD�HVWXGDU�D�GHJUDGDomR�GH�XP�IUDJPHQWR��DGDSWDGR�GH�&DUGRVR�H�
$ORQVR���������D��0DOKD�GH�HOHPHQWRV�ILQLWRV��E��&RQGLo}HV�GH�IURQWHLUD��F��5HSUHVHQWDomR�

HVTXHPiWLFD�GD�IHQGLOKDomR��

$�)LJXUD���PRVWUD� D� HYROXomR�GDV� WHQV}HV�SULQFLSDLV�Pi[LPDV� �WUDo}HV�SRVLWLYDV�� HP�YiULRV�
SRQWRV� GHQWUR� GR� IUDJPHQWR� GXUDQWH� D� PROKDJHP�� 2V� VHXV� YDORUHV�� MXQWDPHQWH� FRP� D� GLUHomR�
LGHQWLILFDGD� DWUDYpV� GH� YHFWRUHV� H� FRP� D� DQiOLVH� GDV� GHIRUPDo}HV� YROXPpWULFDV� SOiVWLFDV� TXH� VH�
DSUHVHQWDP� QD� )LJXUD� ��� SHUPLWHP� SUHYHU� XP� SDGUmR� SDUD� D� IHQGLOKDomR� GRV� IUDJPHQWRV� TXH� VH�
DSUHVHQWD�QD�)LJXUD���F��7UDWD�VH�GH�XP�SDGUmR�LGHDOL]DGR��DGPLWLQGR�TXH�R�PDWHULDO�p�KRPRJpQHR�
�QDV� PDUJDV� Ki� HVWUDWLILFDomR� TXH� DIHFWD� HVWH� SDGUmR��� 1R� HQWDQWR�� R� SURJUDPD� QmR� FRQVHJXH�
UHSURGX]LU�HVWD�IHQGLOKDomR���
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&DUGRVR�H�$ORQVR���������

$V�GHIRUPDo}HV�YROXPpWULFDV�SOiVWLFDV��+LVWBYDUB��QD�)LJXUD����H�RV�YHFWRUHV�UHSURGX]LQGR�DV�
WHQV}HV�SULQFLSDLV�Pi[LPDV� �WUDFomR�SRVLWLYD�� DSUHVHQWDP�VH�QD�)LJXUD���SDUD�GRLV� LQWHUYDORV�GH�
WHPSR� GLVWLQWRV� �)LJ�� ��D� SDUD� W ��� PLQXWRV�� QR� ILQDO� GD� PROKDJHP� GD� SHULIHULD�� )LJ�� ��E� SDUD�
W ��KRUDV��TXDQGR�WRGR�R�IUDJPHQWR�HVWi�VDWXUDGR���

'XUDQWH� D�PROKDJHP�GD� SHULIHULD� SDUD� R� FHQWUR� FRQVWDWD�VH� R� DSDUHFLPHQWR� GH� GHIRUPDo}HV�
GLIHUHQFLDLV�QR�LQWHULRU�GR�IUDPHQWR��HPSRODPHQWR�GD�FDPDGD�H[WHULRU���&RPR�FRQVHTXrQFLD�VXUJHP�
WHQV}HV�GH�WUDFomR�TXH�H[SOLFDP�D�IHQGLOKDomR��e�SRVVtYHO�FRQVWDWDU�TXH�DV�GHIRUPDo}HV�DYDQoDP�
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WHQV}HV�QR�LQWHULRU�GR�IUDJPHQWR�PDV�R�VHX�SDGUmR�HYROXL�QR�WHPSR�����PLQXWRV�DSyV�R�LQtFLR�GD�
PROKDJHP��)LJ����D���HQTXDQWR�R�DQHO�GD�SHULIHULD�VH�H[SDQGH�H�WHQGH�D�GHVWDFDU�VH�GR�Q~FOHR��Ki�R�
DSDUHFLPHQWR�GH�WUDFo}HV�QR�Q~FOHR����KRUDV�DSyV�R�LQtFLR�GD�PROKDJHP��)LJ����E���D�H[SDQVmR�GR�
Q~FOHR�Gi�RULJHP�D�WUDFo}HV�QR�DQHO�H[WHULRU��

(VWD�DQiOLVH�H[SOLFD�GH�XPD�IRUPD�VLPSOHV�D�GHJUDGDomR�GR�IUDJPHQWR��PDV�QmR�SHUPLWH�D�VXD�
LQFRUSRUDomR�QXP�PRGHOR�FRQVWLWXWLYR�SDUD�R�PDWHULDO�FRPSDFWDGR�SRUTXH�QmR�FRQVHJXH�TXDQWLILFDU�
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PROKDJHP��HP�WHUPRV�GH�JHRPHWULD�H�GH�ULJLGH]��(VWH�QmR�UHFXSHUD�D�ULJLGH]��QHP�D�UHVLVWrQFLD��

QHP�D�IRUPD�GHSRLV�GH�YROWDU�D�VHU�VHFR�SDUD�R�YDORU�GH�VXFomR�TXH�WLQKD�LQLFLDOPHQWH��2�%%0�QmR�

FRQVHJXH� UHSURGX]LU� HVWH� FRPSRUWDPHQWR� SRUTXH� D� ULJLGH]� GR� PDWHULDO� �SDUkPHWUR� O�V��� HVWi�

DVVRFLDGD�DR�JUDX�GH�VDWXUDomR�H�R�SDUkPHWUR�N�QmR�VH�DOWHUD��6XUJH�DVVLP�D�QHFHVVLGDGH�GH�GHILQLU�

XP�PRGHOR�PDLV�DGHTXDGR�SDUD�DV�PDUJDV��TXH�VH�DSUHVHQWD�HP�VHJXLGD��

��±�02'(/2�&2167,787,92�3$5$�2�)5$*0(172�'(�0$5*$�

1XPD� VHJXQGD� HWDSD� GHILQLX�VH� XP� PRGHOR� FRQVWLWXWLYR� SDUD� DV� PDUJDV�� GHVLJQDGDV� SRU�

IUDJPHQWR��2�SRQWR�GH�SDUWLGD�IRL�R�PRGHOR�SURSRVWR�SRU�$ORQVR�H�$OFRYHUUR��������SDUD�URFKDV�

DUJLORVDV��TXH�p�XP�PRGHOR�EDVHDGR�QR�%DUFHORQD�([SDQVLYH�0RGHO��%([0��*HQV�H�$ORQVR���������

PDV�PRGLILFDGR�SDUD�FRQVLGHUDU�XP�SDUkPHWUR�GH�GDQR��2�%([0�FRQVLGHUD�GRLV�QtYHLV�HVWUXWXUDLV�

GHVLJQDGRV�SRU�PLFURVWUXWXUD��PLQHUDLV�DUJLORVRV�H[SDQVLYRV��H�SRU�PDFURVWUXWXUD��PDWUL]�DUJLORVD���

3DUD� D�PLFURVWUXWXUD� R�PRGHOR� FRQVLGHUD� FRPSRUWDPHQWR� HOiVWLFR� H� HVWi� GHILQLGR� HP� WHUPRV� GH�

WHQV}HV� HIHFWLYDV�� Mi� TXH� RV�PLQHUDLV� HVWmR� VDWXUDGRV� SRLV� D� iJXD� HQFRQWUD�VH� DGVRUYLGD�� 3DUD� D�

PDFURVWUXWXUD�� R� %([0� FRQVLGHUD� R� PRGHOR� %%0�� 1R� HQWDQWR�� SDUD� DOpP� GH� SUHYHU� TXH� DV�

GHIRUPDo}HV� SOiVWLFDV� SRGHP� DFRQWHFHU� GHYLGR� D� HQGXUHFLPHQWR� SRU� DXPHQWR� GD� WHQVmR� RX� SRU�

VDWXUDomR��PRELOL]DomR�GD�FXUYD�loading collapse�/&���SHUPLWH�WDPEpP�LQFOXLU�DV�GHIRUPDo}HV�GD�

PLFURVWUXWXUD�DWUDYpV�GH�XPD�IXQomR�GH�WUDQVIHUrQFLD��2V�HIHLWRV�LUUHYHUVtYHLV�QD�PDWUL]�DUJLORVD�GDV�

GHIRUPDo}HV�GD�PLFURVWUXWXUD�VmR�FRQVLGHUDGRV�QR�%([0�VHPSUH�TXH�VH�DFWLYD�D�FXUYD�GH�FHGrQFLD��

GHVLJQDGD� SRU� 1/� �neutral line��� 6HPSUH� TXH� D� WUDMHFWyULD� GH� WHQVmR� FRLQFLGH� FRP� D� 1/� DV�

GHIRUPDo}HV�GD�PLFURVWUXWXUD�QmR�LQWURGX]HP�GHIRUPDo}HV�SOiVWLFDV���

2�PRGHOR�GHILQGR�SDUD�DV�PDUJDV�p�VHPHOKDQWH�DR�%([0�SRU�WHU�GRLV�QtYHLV�HVWUXWXUDLV�H�XP�

PHFDQLVPR� GH� HQGXUHFLPHQWR� FRP� DV� VXSHUItFLHV� GH� FHGrQFLD� /&� H� 1/�� PDV� VmR� LQWURGX]LGDV�

DOWHUDo}HV�SDUD�FRQVLGHUDU�D�SHUGD�SURJUHVVLYD�GH�OLJDo}HV��3DUD�HVWH�PRGHOR��DV�GHIRUPDo}HV�GDV�
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$� PLFURVWUXWXUD� FRUUHVSRQGH� DRV� PLQHUDLV� DUJLORVRV� �VRE� D� IRUPD� GH� SDUWtFXODV� ODPHODUHV�

HPSLOKDGDV��H�D�PDFURVWUXWXUD�DR�FRQMXQWR�IRUPDGR�SRU�PLQHUDLV�H�DV�OLJDo}HV�HQWUH�VL��ERQGV���$�

URWXUD�GDV�OLJDo}HV��RX�D�SHUGD�GH�HVWUXWXUD��p�FRQVLGHUDGD�DWUDYpV�GH�XP�SDUkPHWUR�b��2V�YDORUHV�

GHVWH�SDUkPHWUR�YDULDP�HQWUH���H����FRP�b ��TXDQGR�DV�OLJDo}HV�HVWmR�WRWDOPHQWH�GHVWUXtGDV��H�b d1�

�E ��TXDQGR�VH�FRQVLGHUD�TXH�DV�OLJDo}HV�HVWmR�LQWDFWDV���'HVWH�PRGR��HVWH�SDUkPHWUR�FRQVLGHUD�R�

GDQR� RX� URWXUD� GH� OLJDo}HV��'R�SRQWR� GH� YLVWD� ItVLFR�� HTXLYDOH� D� FRQVLGHUDU� TXH� DV� YDULDo}HV� GH�

YROXPH�GRV�PLQHUDLV�DUJLORVRV��PLFURVWUXWXUD��YmR�ILFDQGR�FDGD�YH]�PHQRV�UHVWULQJLGDV�GHYLGR�j�

URWXUD� GDV� OLJDo}HV�� H� TXH� R� FRPSRUWDPHQWR� JOREDO� GR� PDWHULDO�� DR� QtYHO� GD� PDFURVWUXWXUD�� VH�

DSUR[LPD�FDGD�YH]�PDLV�GR�FRPSRUWDPHQWR�GR�PDWHULDO�GHVWUXWXUDGR��$�YDULDomR�GR�SDUkPHWUR�b�
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SHUPLWH�VLPXODU�SHUGD�SURJUHVVLYD�GH�HVWUXWXUD��1HVWD�HTXDomR�b0�p�XP�SDUkPHWUR�GH�UHIHUrQFLD�H�

FRQVLGHUD�TXH�R�PDWHULDO��QD�PRQWDJHP��SRGHUi�Mi�WHU�DOJXP�JUDX�GH�DOWHUDomR�LQLFLDO��

$�FRQVLGHUDomR�GH�XP�SDUkPHWUR�GH�GDQR�SDUD�VLPXODU�R�FRPSRUWDPHQWR�GH�URFKDV�DUJLORVDV�IRL�

LQWURGX]LGD� SRU� *HQV� H� 1RYD� ������� H� FRQVLGHUD� TXH� HVWH� p� FRQVHTXrQFLD� GD� DFXPXODomR� GH�

GHIRUPDo}HV�YROXPpWULFDV�SOiVWLFDV�
p

vGH ��3DUD�DV�PDUJDV�HVWXGDGDV��QR�HQWDQWR��HVWH�GDQR�WDPEpP�

GHSHQGH� GD� VXFomR� s� H� SRU� LVVR� IRL� QHFHVViULR� LQWURGX]LU� R� WHUPR�'b� �SHUGD� GH� OLJDo}HV�� H� DV�

FRQVWDQWHV�b���'b��a�H�h1��TXH�UHTXHUHP�FDOLEUDomR��

$� SHUGD� SURJUHVVLYD� GH� OLJDo}HV�� DQDOLVDGD� DQWHV� DWUDYpV� GRV� YDORUHV� GR� tQGLFH� GH�

UHFRPSUHVVLELOLGDGH��4XDGUR���H�)LJ�����SRGH�VHU�GHILQLGD�DWUDYpV�GR�LQFUHPHQWR�GR�YDORU�GR�tQGLFH�

GH�FRPSUHVVLELOLGDGH�HOiVWLFD�Nm�b���TXH�GHSHQGH�GR�SDUkPHWUR�b��3DUD�D�VXD�GHILQLomR�DGRSWRX�VH�
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RQGH�Nmfd�p�D�FRPSUHVVLELOLGDGH�GR�PDWHULDO�GHVWUXWXUDGR��Nmfd  �N  ��������4XDGUR�����

3RGH�DJRUD�GHILQLU�VH�R� tQGLFH�GH�YD]LRV��em, TXH�FRUUHVSRQGH�DR� tQGLFH�GH�YD]LRV�TXH�YDULD�

GHYLGR�j�H[SDQVmR�GRV�PLQHUDLV�DUJLORVRV��H�SRU�LVVR�p�DWULEXtGR�j�PLFURHVWUXWXUD��
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2�tQGLFH�GH�YD]LRV�em GHSHQGH�WDPEpP�GR�SDUkPHWUR�b�WDO�FRPR�LQGLFDGR�QD�(T������H�RQGH�emo�p�R�

tQGLFH�GH�YD]LRV� LQLFLDO��p’�p�D� WHQVmR�PpGLD�GH�FRPSUHVVmR�HIHFWLYD�H�p’PD[� ��GHILQLGD�SRU�DMXVWH�

QXPpULFR�� p� WDPEpP� XPD� WHQVmR� HIHFWLYD� H� FRUUHVSRQGH� DR� QtYHO� GH� WHQVmR� D� SDUWLU� GR� TXDO� R�

FRQILQDPHQWR�p�GH�WDO�IRUPD�HOHYDGR�TXH�QmR�SRGHUmR�RFRUUHU�GHIRUPDo}HV�YROXPpWULFDV��$V�WHQV}HV�

HIHFWLYDV�VmR�GHILQLGDV�SHOD�(T�����DSyV�R�HVWXGR�HIHFWXDGR�SRU�&DUGRVR�et al.��������TXH�PRVWURX�

TXH�HVWD�FRQGX]LD�D�PHOKRUHV�UHVXOWDGRV�SDUD�VLPXODU�R�FRPSRUWDPHQWR�GDV�PDUJDV�HVWXGDGDV���

)LQDOPHQWH��DV�GHIRUPDo}HV�dHm�VmR�REWLGDV�GD�IRUPD�XVXDO�SHOD�HTXDomR�VHJXLQWH���
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TXH�DSyV�GLIHUHQFLDomR�H�FRQVLGHUDomR�GDV�HTXDo}HV���H�����GHVFULomR�GHWDOKDGD�HP�&DUGRVR�HW�DO��

������FRQGX]�D��
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2�SULPHLUR�WHUPR�GD�(T�����FRUUHVSRQGH�jV�GHIRUPDo}HV�FDXVDGDV�SRU�YDULDo}HV�GH�WHQVmR�H�R�

VHJXQGR�jV�GHIRUPDo}HV�FDXVDGDV�SRU�SHUGDV�GH�HVWUXWXUD��HVVHQFLDOPHQWH�QD�PROKDJHP��

2�DPROHFLPHQWR�REVHUYDGR�QDV�PDUJDV�p�UHSURGX]LGR�DR�QtYHO�PDFURVWUXWXUDO�DWUDYpV�GR�%([0��

PRGLILFDGR�SRU�$ORQVR�H�*HQV��������SDUD�LQFOXLU�R�SDUkPHWUR�b�QD�GHILQLomR�GD�WHQVmR�GH�FHGrQFLD�

GR�PDWHULDO�VDWXUDGR 
obp ��(VWH�YDORU�GLPLQXL�FRP�R�DXPHQWR�GD�GHVWUXWXUDomR��GLPLQXLomR�GR�YDORU�

GH�b��DWp�DR�YDORU�PtQLPR 
�rp ��TXH�p�R�YDORU�GD�WHQVmR�GH�FHGrQFLD�GR�PDWHULDO�GHVWUXWXUDGR��

� ���

 bpp orob � � �����

&RQVLGHUDQGR�D�GHILQLomR�GH�b��(T������VXEVWLWXLQGR 
op SRU 
obp �QD�GHILQLomR�GD�FXUYD�/&��(T��

����H�FRQVLGHUDQGR�D�HTXDomR�GH�FRQVLVWrQFLD��GHGXomR�HP�&DUGRVR�et al.�������SRGH�GHILQLU�VH�D�OHL�

GH�HQGXUHFLPHQWR��
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RQGH�f�, f��H�n�VmR�FRQVWDQWHV��3DUD�DV�PDUJDV�p�FRQVLGHUDGD�XPD�IXQomR�SDUD�PROKDJHP��suction 

decrease� 6'�� H� RXWUD� SDUD� VHFDJHP� �suction increase� 6,��� SRUTXH� D� GHJUDGDomR� REVHUYDGD� QD�

PROKDJHP�WHP�PXLWR�PDLV�LPSDFWR�QR�FRPSRUWDPHQWR�JOREDO�GR�TXH�D�UHWUDFomR�GHYLGR�D�VHFDJHP���

1D�(T������R�SDUkPHWUR�p/p0b��p�p�R�HVWDGR�FRUUHQWH�GH�WHQVmR�H�p0b�p�D�WHQVmR�GH�FHGrQFLD�SDUD�

XPD� GDGD� VXFomR� V�� FRQVLGHUD� TXH� DV� GHIRUPDo}HV� GD� PDFURVWUXWXUD� GHYLGDV� jV� YDULDo}HV�

YROXPpWULFDV� �HPSRODPHQWR� RX� UHWUDFomR�� DR� QtYHO� PLFURVWUXWXUDO� GHSHQGHP� GD� FRQILJXUDomR�

JHRPpWULFD�GRV�PLQHUDLV�DUJLORVRV�H�GDV�VXDV�OLJDo}HV�QR�PDWHULDO��H�GH�FRPR�RV�VHXV�PRYLPHQWRV�

UHODWLYRV�HVWmR�RX�QmR�LPSHGLGRV�SHOR�QtYHO�GH�WHQVmR�DSOLFDGR��H[SOLFDomR�GHWDOKDGD�HP�$ORQVR��

�������

$V� IXQo}HV� GH� LQWHUDFomR� Vy� VmR� DFWLYDGDV� VH� DV� GHIRUPDo}HV� PLFURVWUXWXUDLV� WLYHUHP�

FRQVHTXrQFLDV� LUUHYHUVtYHLV� �GHIRUPDo}HV�SOiVWLFDV��QR� FRPSRUWDPHQWR�JOREDO�GR�PDWHULDO��(VWDV�

IXQo}HV�Vy�VmR�DFWLYDGDV�SDUD�DV�VHJXLQWHV�VLWXDo}HV���L��QD�PROKDJHP��suction decrease��6'���VH�D�

VXFomR�DSOLFDGD�IRU�LQIHULRU�D�XP�GDGR�YDORU�PtQLPR���LL��QD�VHFDJHP��suction increase��6,���VH�D�

VXFomR�DSOLFDGD�IRU�VXSHULRU�D�XP�GDGR�YDORU�Pi[LPR��&RQVLGHUD�VH�TXH�DV�GXDV�IXQo}HV�FRLQFLGHP�
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QR�HVSDoR��V�S���TXH�VH�GHVORFDP�HP�FRQMXQWR�H�GHILQHP�FXUYDV�GH�FHGrQFLD�SRUTXH�D�VXD�DFWLYDomR�

LPSOLFD�R�DSDUHFLPHQWR�GH�GHIRUPDo}HV�YROXPpWULFDV�LUUHYHUVtYHLV��(T�������2�%([0�FRQVLGHUD�XPD�

~QLFD�IXQomR�GHVLJQDGD�SRU�1/��neutral line��PDV�R�PRGHOR�JDQKD�IOH[LELOLGDGH�VH�VH�FRQVLGHUDU�

GXDV�IXQo}HV��6,�H�6'��HP�YH]�GH�XPD���

2� PRGHOR� IRL� FDOLEUDGR� SDUD� UHSURGX]LU� R� FRPSRUWDPHQWR� GDV� PDUJDV�� WHQGR�VH� REWLGR� RV�

SDUkPHWURV�GR�4XDGUR����&RPR�VH�PRVWUD�QD�)LJXUD����R�PRGHOR�FRQVHJXH� UHSURGX]LU�GH� IRUPD�

VDWLVIDWyULD�R�FRPSRUWDPHQWR�REVHUYDGR�SDUD�DV�PDUJDV��SRLV�p�SRVVtYHO�UHSURGX]LU�R�DXPHQWR�GD�

FRPSUHVVLELOLGDGH�FRP�R�DXPHQWR�GR�Q~PHUR�GH�FLFORV�VRE�VXFomR�FRQVWDQWH��VHQGR�D�DSUR[LPDomR�

PHOKRU�SDUD�R�PDWHULDO�FRP�V ����03D�GR�TXH�SDUD�R�PDWHULDO�VDWXUDGR��2�PRGHOR�QmR�FRQVHJXH�

UHSURGX]LU�WRWDOPHQWH�D�DPSOLWXGH�GD�GHJUDGDomR�ILQDO�DSyV�VDWXUDomR��R�TXH�VH�SRGH�H[SOLFDU�SRU�

OLPLWDo}HV�GR�PRGHOR�DGRSWDGR�SDUD�R�SDUkPHWUR�E���

�

4XDGUR�����3DUkPHWURV�GR�PRGHOR�SDUD�R�IUDJPHQWR�GH�PDUJD��

0LFURVWUXWXUD��

�PDWHULDO�GHVWUXWXUDGR��

emi ����

Nmfd ������

b0 ������bi ������h1 �����'b �������a ����

D=�����H�SU�GDGR�SHOD�(T�����FRQVWDQWHV�GD�)LJ���E��

0DFURVWUXWXUD��%%0��SDUkPHWURV�

GR�4XDGUR�����

eM eL������FRP�ei�R�tQGLFH�GH�YD]LRV�LQLFLDO�HP�FDGD�WHVWH�

O��� �������r ������E ����03D��,N ���Ns ��



�bp  ���N3D��pc ���N3D�

)XQo}HV�GH�LQWHUDFomR�fFrag� PROKDJHP�6'��f� ������f� �����n �����

VHFDJHP�6,��f� �����f1 �����n ����

�

�

)LJ�����5HVXOWDGRV�GD�DSOLFDomR�GR�PRGHOR�FRQVWLWXWLYR�GHILQLGR�SDUD�R�IUDJPHQWR�GH�PDUJD�
SDUD�RV�WHVWHV���H����RQGH�VH�DSOLFDP�FLFORV�VRE�VXFomR�FRQVWDQWH��

��±�0$5*$6�&203$&7$'$6�(�2�6(8�&203257$0(172�+,'52�0(&Æ1,&2�

$SyV� D� FDUDFWHUL]DomR� GR� FRPSRUWDPHQWR� GR� IUDJPHQWR� GH�PDUJD� SRGH� HQWmR� SURFHGHU�VH� j�

DSUHVHQWDomR�GR�FRPSRUWDPHQWR�GR�FRQMXQWR�GH�IUDJPHQWRV�TXH�FRQVWLWXHP�DV�PDUJDV�FRPSDFWDGDV��

2V�SURYHWHV� HQVDLDGRV� IRUDP�SUHSDUDGRV�FRP� IUDJPHQWRV� FRP�JUDQXORPHULD�XQLIRUPH� �GLkPHWUR�

�����PP��'d���PP���FRP�tQGLFH�GH�YD]LRV�H �������r������H�WHRU�HP�iJXD�Z �����r����SUy[LPR�

GR� YDORU� REVHUYDGR� in situ��� 2SWRX�VH� SRU� HVWD� GLVWULEXLomR� JUDQXORPpWULFD� SDUD� FRQVHJXLU�

FRPSUHHQGHU�PHOKRU�RV�IHQyPHQRV�ItVLFRV�HQYROYLGRV�QD�GHJUDGDomR�GR�PDWHULDO��$�FRPSDFWDomR�
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IRL�HIHFWXDGD�SRU�YLEUDomR��GHWDOKHV�HP�&DUGRVR���������1HVWHV�SURYHWHV�IRUDP�HIHFWXDGRV�HQVDLRV�
SDUD�PHGLomR�GD�SHUPHDELOLGDGH�H�HQVDLRV�HGRPpWULFRV��GH�PRGR�D�FDUDFWHUL]DU�R�VHX�FRPSRUWDPHQWR�
KLGUR�PHFkQLFR� TXDQGR� VXMHLWRV� D� FLFORV� GH�PROKDJHP�VHFDJHP�� SUHWHQGHQGR� VLPXODU� DV� DFo}HV�
DWPRVIpULFDV��2�4XDGUR���VLQWHWL]D�RV�HQVDLRV�HGRPpWULFRV�UHDOL]DGRV��$V�DPRVWUDV�IRUDP�SUHSDUDGDV�
FRP����FP�GH�GLkPHWUR�H���FP�GH�DOWXUD��$�VDWXUDomR�IRL�HIHFWXDGD�SRU�VXEPHUVmR�GXUDQWH���K�H�D�
VXFomR� IRL� DSOLFDGD� SRU� HTXLOtEULR� GH� YDSRU�� WDQWR� SDUD� VHFDJHP� SDUD� V ���� 03D�� FRPR� SDUD�
PROKDJHP�SDUFLDO��RQGH�VH�GLPLQXLX�D�VXFomR�VHP�DWLQJLU�D�VDWXUDomR��GH�IRUPD�OHQWD�H�FRQWURODGD�
�&DUGRVR���������2�IDFWR�GH�XVDU�D�WpFQLFD�GH�HTXLOtEULR�GH�YDSRU��DSHVDU�GH�VHU�XP�SURFHVVR�OHQWR��
DVVHJXUD�TXH�D�VHFDJHP�RX�PROKDJHP�p�IHLWD�GH�IRUPD�KRPRJpQHD��

1RV�HQVDLRV�HGRPpWULFRV�REVHUYRX�VH�D�HYROXomR�GH�XP�FRPSRUWDPHQWR�WtSLFR�GH�HQURFDPHQWRV�
�TXDQGR� DLQGD� QmR� Ki� GHJUDGDomR� GRV� IUDJPHQWRV�� SDUD� XP� FRPSRUWDPHQWR� WtSLFR� GH�PDWHULDLV�
DUJLORVRV��DSyV�KDYHU�GHJUDGDomR���$�)LJXUD����PRVWUD�XP�H[HPSOR�GHVWD�HYROXomR��HP�IRWRJUDILDV�
WLUDGDV�HP�SURYHWHV�8�H�86��YHU�4XDGUR����SUHSDUDGRV�FRP�IUDJPHQWRV�FRP�R�WHRU�HP�iJXD�SUy[LPR�
GR�YDORU�in situ� RV�TXDLV�IRUDP�VXMHLWRV�D�HQVDLRV�HGRPpWULFRV�RQGH�D�WHQVmR�YHUWLFDO�IRL�DSOLFDGD�DWp�
XP�GDGR�YDORU�DQWHV�GH�GHVPRQWDU�D�DPRVWUD��2�REMHFWLYR�GHVWHV�HQVDLRV�IRL�DQDOLVDU�DV�DOWHUDo}HV�
HVWUXWXUDLV�GHYLGDV�DR�DXPHQWR�GH�WHQVmR�YHUWLFDO��DSOLFDGD�VHP�RX�FRP�VDWXUDomR�WRWDO��$V�DPRVWUDV�
IRUDP� GHQRPLQDGDV� SRU�� �L�� DPRVWUD� 8���N3D�� FRP� R� WHRU� GH� iJXD� GD� FRPSDFWDomR� �VXFomR�
V� �03D��H�VXMHLWD�j�WHQVmR�YHUWLFDO�VY ��N3D���LL��DPRVWUD�86���N3D��VDWXUDGD�DSyV�D�FRPSDFWDomR�
H�VXMHLWD�D�VY ��N3D���LLL��DPRVWUD�8�����N3D��FRP�R�WHRU�GH�iJXD�GD�FRPSDFWDomR�H�VXMHLWD�j�WHQVmR�
YHUWLFDO�VY ����N3D��H��LY��DPRVWUD�86�����N3D��VDWXUDGD�DSyV�D�FRPSDFWDomR�H�VXMHLWD�j�WHQVmR�
YHUWLFDO�VY ����N3D��

2�PHFDQLVPR�GH�GHJUDGDomR�p�YLVtYHO�QDV�IRWRJUDILDV�GD�)LJXUD�����RQGH�VH�DVVLQDODP�RV�YD]LRV�
FRP�D� FRU�EUDQFD�SDUD� VHUHP�YLVtYHLV�PDLV� IDFLOPHQWH��e�SRVVtYHO� YHULILFDU�TXH�D�JHRPHWULD�GRV�
IUDJPHQWRV�p�DIHFWDGD�VLJQLILFDWLYDPHQWH�SHOD�PROKDJHP��H�HP�SDUWLFXODU�DSyV�VHU�DSOLFDGR�DXPHQWR�

4XDGUR����(QVDLRV�HGRPpWULFRV�UHDOL]DGRV�HP�SURYHWHV�GH�PDUJDV�FRPSDFWDGDV��

(QVDLR� 7UDMHFWyULD�GH�FDUUHJDPHQWR�
8� V� ���03D�FRQVWDQWH��FRUUHVSRQGHQWH�DR�WHRU�HP�iJXD�in situ���$XPHQWR�GD�WHQVmR�

YHUWLFDO�DWp�VY ������N3D�VHJXLGR�GH�GHVFDUJD��
86�� V ���03D�FRQVWDQWH��VDWXUDGR�VRE�WHQVmR�YHUWLFDO�VY ���N3D���$XPHQWR�GD�WHQVmR�

YHUWLFDO�DWp�VY ������N3D�VHJXLGR�GH�GHVFDUJD��
8'��� 6HFDJHP� SDUD� V� � ���� 03D� �VRE� WHQVmR� YHUWLFDO� VY � ��� N3D��� 0DQWHQGR� V�

FRQVWDQWH��DXPHQWR�GD�WHQVmR�YHUWLFDO�DWp�VY ������N3D�H�UHVWDQWH�WUDMHFWyULD�QD�
)LJXUD�����

8'����H�
8'����

,GrQWLFRV� DR� WHVWH� 8'��� PDV� DSyV� VHFDJHP� SDUD� V ���� 03D� IRL� HIHFWXDGD�
PROKDJHP� SDUFLDO� SRU� HTXLOtEULR� GH� YDSRU� SDUD� V� ��� 03D� H� V� ��� 03D��
UHVSHFWLYDPHQWH�� DQWHV� GH� SURVVHJXLU� FRP� R� DXPHQWR� GH� WHQVmR� YHUWLFDO� DWp��
VY ������N3D��7UDMHFWyULDV�QD�)LJXUD�����

8'�� 6HFDJHP� SDUD� V� � ��� 03D� �VRE� WHQVmR� YHUWLFDO� VY � ��N3D��� 0DQWHQGR� V�
FRQVWDQWH��DXPHQWR�GD�WHQVmR�YHUWLFDO�DWp�VY ������N3D�VHJXLGR�GH�GHVFDUJD��

8'�� 6HFDJHP� SDUD� V� � ��� 03D� �VRE� WHQVmR� YHUWLFDO� VY � ��N3D��� 0DQWHQGR� V�
FRQVWDQWH��DXPHQWR�GD�WHQVmR�YHUWLFDO�DWp�VY ������N3D�VHJXLGR�GH�GHVFDUJD��

8:'��� 6DWXUDomR�VHJXLGD�GH�VHFDJHP�SDUD�V� �����03D��VRE�WHQVmR�YHUWLFDO�VY ���N3D���
0DQWHQGR� V� FRQVWDQWH�� DXPHQWR� GD� WHQVmR� YHUWLFDO� VY � ����� N3D� H� UHVWDQWH�
WUDMHFWyULD�QD�)LJXUD�����

8:'����H�
8:'����

,GrQWLFRV� DR� WHVWH� 8:'��� PDV� DSyV� VHFDJHP� SDUD� V ����03D� IRL� HIHFWXDGD�
PROKDJHP� SDUFLDO� SRU� HTXLOtEULR� GH� YDSRU� SDUD� V� ��� 03D� H� V� ��� 03D��
UHVSHFWLYDPHQWH�� DQWHV� GH� SURVVHJXLU� FRP� R� DXPHQWR� GH� WHQVmR� YHUWLFDO� DWp��
VY ������N3D��7UDMHFWyULDV�QD�)LJXUD�����



1550379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 141-170

http://dx.doi.org/10.24849/j.geot.2018.143.07 – © 2018 Sociedade Portuguesa de Geotecnia

GD� WHQVmR� YHUWLFDO�� (VWH� FRPSRUWDPHQWR� p� FRHUHQWH� FRP� D� SHUGD� GH� HVWUXWXUD� GRV� IUDJPHQWRV� GH�

PDUJD�� GLVFXWLGD� QDV� VHFo}HV� DQWHULRUHV�� $V� YDULDo}HV� YROXPpWULFDV� GRV� IUDJPHQWRV� VmR�

DFRPSDQKDGDV�GH�SHUGD�GH�ULJLGH]��SHOR�TXH�RV�IUDJPHQWRV�SHUGHP�D�IRUPD�H�LQYDGHP�RV�YD]LRV�

HQWUH� VL��1HVWH� FDVR��XP�PHLR� LQLFLDOPHQWH�KHWHURJpQHR�H� FRP�GXDV�SRURVLGDGHV�GLVWLQWDV�� D�GRV�

YD]LRV� H� D� GRV� IUDJPHQWRV�� YDL�VH� WUDQVIRUPDQGR�JUDGXDOPHQWH� QXP�PHLR�KRPRJpQHR� FRP�XPD�

SRURVLGDGH�~QLFD�VHPHOKDQWH�D�XP�PDWHULDO�DUJLORVR��

�

�

V �03D��e �������kint ���u�����P�� V �03D��e �������kint ���u�����P��

�
V �03D��e �������kint ���u�����P�� V �03D��e �������kint ���u�����P��

)LJ�����±�'HJUDGDomR�GRV�IUDJPHQWRV�SDUD�GLIHUHQWHV�WUDMHFWyULDV�GH�FDUUHJDPHQWR�

�einicial �����r��������

2V�YD]LRV�HQWUH�RV�IUDJPHQWRV�VmR�PXLWR�PDLRUHV�GR�TXH�RV�YD]LRV�GD�URFKD��SRU�LVVR�D�PHGLomR�

GDV�YDULDo}HV�GH�SHUPHDELOLGDGH�IRUQHFH�HVVHQFLDOPHQWH�LQGLFDomR�VREUH�D�YDULDomR�GRV�YD]LRV�GH�

PDLRUHV� GLPHQV}HV�� $� SHUPHDELOLGDGH� IRL� PHGLGD� QRV� GRLV� HQVDLRV� GXUDQWH� DV� YiULDV� HWDSDV� GH�

FDUUHJDPHQWR�SDUD�FRQILUPDU�D�UHGXomR�GR�tQGLFH�GH�YD]LRV�REVHUYDGD��1DV�DPRVWUDV�VDWXUDGDV�IRL�

PHGLGD� D� SHUPHDELOLGDGH� VDWXUDGD� XVDQGR� iJXD� GHVWLODGD�� 1DV� DPRVWUDV� QmR� VDWXUDGDV�� D�

SHUPHDELOLGDGH�IRL�PHGLGD�FRP�DU��SRLV�VH�VH�WLYHVVH�XVDGR�iJXD�HVWD�LULD�SURYRFDU�D�GHJUDGDomR�GRV�

IUDJPHQWRV�H�DOWHUDU�RV�UHVXOWDGRV��)RL�XWLOL]DGD�D�SHUPHDELOLGDGH�LQWUtQVHFD�kint��

�
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SDUD� VHU�SRVVtYHO� FRPSDUDU�RV�YDORUHV�GDV�SHUPHDELOLGDGHV�PHGLGDV�FRP�GRLV� IOXLGRV�GLIHUHQWHV��

1HVWD�HTXDomR��k�p�D�SHUPHDELOLGDGH�PHGLGD�H�Pl�p�D�YLVFRVLGDGH�H�Jl�p�R�SHVR�YRO~PLFR�GR�IOXtGR�

XVDGR�QD�PHGLomR��D����&��Pl ��u�����03D�V�H�Jl ����|����N1�P��SDUD�D�iJXD�H�Pl �����u������03D�V�

H�Jl ������u�����N1�P��SDUD�R�DU���

2V�YDORUHV�REWLGRV�SDUD�R�FRHILFLHQWH�GH�SHUPHDELOLGDGH�LQWUtQVHFR�GH�FDGD�DPRVWUD�DSUHVHQWDP�

VH�WDPEpP�QD�)LJXUD�����DVVLP�FRPR�R�tQGLFH�GH�YD]LRV�SDUD�D�UHVSHFWLYD�HWDSD�GH�FDUUHJDPHQWR��

7DO�FRPR�HVSHUDGR��D�SHUPHDELOLGDGH�GLPLQXL�FRP�R�DXPHQWR�GD�WHQVmR�YHUWLFDO��FRPSDUDomR�HQWUH�

DV� DPRVWUDV� 8���N3D� H� 8�����N3D�� H� 86���N3D� H� 86�����N3D��� PDV� HVWH� GHFUpVFLPR� p� PDLV�

DFHQWXDGR���FHUFD�GH�GXDV�RUGHQV�GH�JUDQGH]D���DSyV�D�VDWXUDomR��FRPSDUDomR�HQWUH�DV�DPRVWUDV�8�

��N3D�H�86���N3D��H�8�����N3D�H�86�����N3D���7DO�HVWi�FRQFRUGDQWH�FRP�DV�IRWRJUDILDV�GD�)LJXUD�

����SRLV�FRP�D�PROKDJHP�H�FRP�R�DXPHQWR�GH�WHQVmR�YHUWLFDO�RV�IUDJPHQWRV�SHUGHP�D�VXD�JHRPHWULD��

WHQGHQGR�D�RFXSDU�RV�HVSDoRV�YD]LRV�HQWUH�VL�H�GLPLQXLQGR�D�SHUPHDELOLGDGH��

2V�IUDJPHQWRV�GDV�DPRVWUDV�QmR�VDWXUDGDV�DSDUHQWHPHQWH�QmR�SHUGHP�ULJLGH]��PDV�URPSHP�VH��

DOWHUDQGR�D�VLJQLILFDWLYDPHQWH�D�FXUYD�JUDQXORPpWULFD�GR�PDWHULDO��$�)LJXUD����PRVWUD�DV�FXUYDV�

JUDQXORPpWULFDV�GRV�HQVDLRV�8�������8'�������H�8:'�������H�LQFOXL�DV�FXUYDV�JUDQXORPpWULFDV�

GR�PDWHULDO�QD�PRQWDJHP�H�DSyV�YLEUDomR��DSHQDV�SDUD�FRPSDUDomR��&RQVWDWD�VH�TXH�D�URWXUD�GH�

SDUWtFXODV�p�PDLRU�TXDQGR�HVWDV�HVWmR�PDLV�K~PLGDV��RX�VHMD��SDUD�D�VXFomR�PDLV�EDL[D�HVWXGDGD�

�FRPSDUDomR�8�H�8'����H�TXH�WDPEpP�DXPHQWD�VH�VH�DSOLFDU�XP�FLFOR�PROKDJHP�VHFDJHP�DQWHV�GH�

SURVVHJXLU� FRP� R� FDUUHJDPHQWR� �FRPSDUDomR� 8'�� H� 8:'���� (VWH� FRPSRUWDPHQWR� p� WtSLFR� GH�

PDWHULDLV�WLSR�HQURFDPHQWR��REVHUYDGR�HP�HQVDLRV�ODERUDWRULDLV�H�HP�DWHUURV�H�EDUUDJHQV��0DUVDO��

������)XPDJDOOL��������1REDUL�H�'XQFDQ��������0DUVDO��������9HLJD�3LQWR��������)XNXPRWR��������

2OGHFRS�� ������� H� SRGH� VHU� H[SOLFDGR� SRU� XP�PHFDQLVPR� GH� URWXUD� SURJUHVVLYD� FRQWURODGD� SHOD�

KXPLGDGH�UHODWLYD��RX�VXFomR���2OGHFRS�H�$ORQVR���������������TXH�VH�LGHQWLILFD�SHOD�RFRUUrQFLD�GH�

GHIRUPDo}HV�DR�ORQJR�GR�WHPSR��RX�VHMD��SRU�IOXrQFLD���3DUD�DV�PDUJDV�HVWXGDGDV��PHVPR�QRV�HQVDLRV�

RQGH�RV�SURYHWHV�QmR�IRUDP�VDWXUDGRV�DQWHV�GD�VHFDJHP��SDUD�DOpP�GD�URWXUD�GRV�IUDJPHQWRV�WDPEpP�

GHYH�RFRUUHU�D�VXD�GHJUDGDomR�ItVLFD��URWXUD�GDV�OLJDo}HV�LQWHUQDV��Mi�GLVFXWLGR���1R�HQWDQWR��QmR�p�

IiFLO�GLVWLQJXLU�RV�GRLV�IHQyPHQRV��H�SRU�LVVR�D�DQiOLVH�VHUi�HIHFWXDGD�FRQVLGHUDQGR�DSHQDV�TXH�RFRUUH�

URWXUD�GRV�IUDJPHQWRV���

�

)LJ�������&XUYDV�JUDQXORPpWULFDV�QD�PRQWDJHP�H�SDUD�YiULRV�HQVDLRV��

$V� VHPHOKDQoDV� HQWUH� R� FRPSRUWDPHQWR� GDV� PDUJDV� FRPSDFWDGDV� QmR� VDWXUDGDV� H� R�

FRPSRUWDPHQWR�WtSLFR�GH�PDWHULDLV�WLSR�HQURFDPHQWR�IRUDP�HVWXGDGDV�DQDOLVDQGR�RV�FRHILFLHQWHV�GH�

IOXrQFLD�Ot��
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RQGH�H�p�D�H[WHQVmR�YHUWLFDO�H�t�R�WHPSR�FRUUHVSRQGHQWHV�D�FDGD�HWDSD�GH�FDUUHJDPHQWR�QRV�HQVDLRV�

86��8��8'���8'��H�8'���4XDGUR�����

$�)LJXUD����PRVWUD�RV�YDORUHV�GH�OW�FDOFXODGRV�SDUD�FDGD�HWDSD�GH�FDUJD��VY�FRQVWDQWH��GH�FDGD�

HQVDLR��3DUD�FDGD�VXFomR�p�SRVVtYHO�LGHQWLILFDU�WHQGrQFLDV��VHPHOKDQWHV�jV�REVHUYDGDV�SDUD�PDWHULDLV�

WLSR�HQURFDPHQWR�SRU�2OGHFRS�H�$ORQVR���������HP�TXH�D�IOXrQFLD�DXPHQWD�FRP�R�DXPHQWR�GH�WHQVmR�

H�GLPLQXL�FRP�R�DXPHQWR�GD�VXFomR��RX�DXPHQWD�FRP�D�KXPLGDGH���1R�HQWDQWR��FRQWUDULDPHQWH�DR�

TXH�VH�REVHUYD�HP�HQVDLRV�GH�IUDJPHQWRV�GH�URFKDV�QmR�HYROXWLYDV��SDUD�DV�PDUJDV�HVWD�WHQGrQFLD�

QmR�p�VHJXLGD�QR�HQVDLR�VDWXUDGR�86�SRUTXH�Ot�p�SUDWLFDPHQWH�FRQVWDQWH��(VWH�FRPSRUWDPHQWR�p�

WtSLFR�GH�PDWHULDLV�DUJLORVRV��R�TXH�PRVWUD�TXH��SDUD�VXFo}HV� LQIHULRUHV�D�FHUFD�GH���03D��YDORU�

H[DFWR�QmR�GHWHUPLQDGR��RFRUUH�D�WUDQVLomR�GH�FRPSRUWDPHQWR�HQWUH�XP�PDWHULDO�WLSR�HQURFDPHQWR�

SDUD�XP�PDWHULDO�DUJLORVR��2�IDFWR�GH�VH�GDU�HVWD�WUDQVLomR�GH�FRPSRUWDPHQWR�LQGLFD�TXH�PRGHORV�

SDUD� PDWHULDLV� WLSR� HQURFDPHQWR� VmR� LQDGHTXDGRV� SDUD� VLPXODU� R� FRPSRUWDPHQWR� GDV� PDUJDV�

FRPSDFWDGDV��

�

�

)LJ�������&RHILFLHQWHV�GH�IOXrQFLD�FDOFXODGRV�SDUD�FDGD�HWDSD�GH�FDUJD�H�SDUD�FDGD�HQVDLR�HP�

TXH�IRL�DSOLFDGD�VHFDJHP�SDUD�VXFo}HV�GLIHUHQWHV�VHP�QXQFD�WHU�KDYLGR�VDWXUDomR�SUpYLD��

2V� HQVDLRV�8'���8'���� H�8'���� �VHFDJHP� SDUD� V� � ���03D� QR� HQVDLR�8'��� VHJXLGD� GH�

PROKDJHP�SDUFLDO�SDUD�V� ����03D�QR�HQVDLR�8'����RX�SDUD�V� ����03D�QR�HQVDLR�8'�����IRUDP�

UHDOL]DGRV�SDUD�REWHU�RV�SDUkPHWURV�GH�FDOLEUDomR�GR�PRGHOR�%%0��SRU�UHIOHFWLUHP�R�FRPSRUWDPHQWR�

GR�PDWHULDO�VHP�VHU�VXMHLWR�D�FLFORV�GH�PROKDJHP�VHFDJHP��)RL�QHFHVViULD�D�VHFDJHP�LQLFLDO�GH�WRGRV�

RV�SURYHWHV�SDUD�����03D�SDUD�DVVHJXUDU�TXH�D�FXUYD�/&�HUD�D�PHVPD�SDUD�WRGRV�RV�HQVDLRV��SDUD�

DVVLQ� SRGHU� FDOLEUDU� R� %%0�� $V� WUDMHFWyULDV� GRV� YiULRV� HQVDLRV� DSUHVHQWDP�VH� QD� )LJXUD� ���

MXQWDPHQWH�FRP�DV�FXUYDV�GH�FRPSUHVVLELOLGDGH��(P�WRGRV�HVWHV�HQVDLRV��GHSRLV�GR�WUDWDPHQWR�LQLFLDO�

H� DWLQJLGD� D� VXFomR� SUHWHQGLGD� H� PDQWLGD� HVWD� FRQVWDQWH�� VRE� D� WHQVmR� YHUWLFDO�VY � ��� N3D�� IRL�

SURFHGLGR�DR�DXPHQWR�GH�WHQVmR�YHUWLFDO�DWp������N3D�VHJXLGR�GH�GHVFDUJD�DWp�����N3D��6RE�HVWD�

WHQVmR�YHUWLFDO�R�SURYHWH�IRL�VDWXUDGR��V ��03D��H�SURFHGHX�VH�DR�DXPHQWR�GD�WHQVmR�YHUWLFDO�SDUD�

VY ����� N3D�� VHJXLGR� GH� GHVFDUJD� SDUD� ��� N3D�� &RPSOHPHQWDUPHQWH� UHDOL]DUDP�VH� HQVDLRV�

VHPHOKDQWHV�D�HVWHV��PDV�GHVLJQDGRV�SRU�8:'�HP�YH]�GH�8'��HP�TXH� LQLFLDOPHQWH� �VRE� WHQVmR�

YHUWLFDO�VY ����N3D��RV�SURYHWHV�IRUDP�VDWXUDGRV�DQWHV�GH�VHUHP�VXMHLWRV�D�VHFDJHP�SDUD�V� �����

03D��3DUD�R�HQVDLR�8:'��R�FDUUHJDPHQWR�SURVVHJXLX�WDO�FRPR�R�HIHFWXDGR�RDUD�R�HQVDLR�8'���
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3DUD�RV�HQVDLRV�8:'����H�8:'�����RV�SURYHWHV�IRUDP�VXMHLWRV�D�PROKDJHP�SDUFLDO�SDUD�V� ����

03D��8:'�����RX�V� ����03D��8:'�����DQWHV�GH�SURVVHJXLU�R�FDUUHJDPHQWR��WDO�FRPR�SDUD�RV�

HQVDLRV�8'����H�8'�����UHVSHFWLYDPHQWH���

�

D�� �

E�� �

)LJ�������&XUYDV�GH�FRPSUHVVLELOLGDGH�H�WUDMHFWyULDV�GH�FDUUHJDPHQWR�SDUD�R�FRQMXQWR�GH�

HQVDLRV��D��8'��E��8:'��

�

3HOD�FRPSDUDomR�HQWUH�RV�HQVDLRV�8'�H�8:'�GD�)LJXUD����p�SRVVtYHO�YHULILFDU�TXH�Ki�DOWHUDo}HV�

VLJQLILFDWLYDV�GR�FRPSRUWDPHQWR�DSyV�R�PDWHULDO� WHU�VLGR�VXMHLWR�DR�FLFOR�GH�PROKDJHP�VHFDJHP�

LQLFLDO�SRUTXH�D�ULJLGH]�DXPHQWD��7DO�SRGH�H[SOLFDU�VH�SHOR�DGHQVDPHQWR�SURYRFDGR�SHOR�FRODSVR�QD�

PROKDJHP��1RV�HQVDLRV�8:'�YHULILFD�VH�TXH�R�FRODSVR�REVHUYDGR�QD�VHJXQGD�PROKDJHP��VRE�����

N3D�� p� PHQRU� GR� TXH� R� REVHUYDGR� QD� SULPHLUD� �VRE� ��� N3D��� R� TXH� VH� H[SOLFD� WDPEpP� SHOR�

DGHQVDPHQWR� VRIULGR� SHOR� PDWHULDO� QD� SULPHLUD� PROKDJHP�� TXH� R� ID]� SHUGHU� VHQVLELOLGDGH� SDUD�

PROKDJHQV�SRVWHULRUHV��(VWH�FRPSRUWDPHQWR�WDPEpP�p�REVHUYDGR�HP�VRORV�DUJLORVRV�FRPSDFWDGRV�

�$ORQVR�et al.�������SRU�H[HPSOR���H�SRU�LVVR�SURFHGHX�VH�j�FDOLEUDomR�GR�%%0��2V�SDUkPHWURV�GH�
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FDOLEUDomR�HQFRQWUDP�VH�QR�4XDGUR����WHQGR�VLGR�REWLGRV�FRQVLGHUDQGR�DSHQDV�RV�HQVDLRV�8'��SRLV�

VmR�RV�TXH�UHSUHVHQWDP�R�PDWHULDO�FRPSDFWDGR��3DUD�N�FRQVLGHURX�VH�R�YDORU�PpGLR�GRV�HQVDLRV�SDUD�

DV�YiULDV� VXFo}HV��2�YDORU�GH�Ns IRL�REWLGR�FRQVLGHUDQGR�RV�YDORUHV�PpGLRV�PHGLGRV�QR�FRODSVR�

SDUFLDO� RFRUULGR� QD� PROKDJHP� SDUFLDO�� DGPLWLQGR� TXH� DV� HVWDV� GHIRUPDo}HV� VHULDP� UHYHUVtYHLV��

$SHVDU�GH�QmR� VH� WHU� DSOLFDGR�D� VHFDJHP� LQLFLDO�SDUD� V� �����03D�QR�HQVDLR�86��D�GHJUDGDomR�

REVHUYDGD�QHVWH�HQVDLR�GHYLGR�j�VDWXUDomR�LQLFLDO�IRL�GH�WDO�IRUPD�VLJQLILFDWLYD�TXH�HVWH�VH�FRPSRUWRX�

FRPR�XP�VROR�QRUPDOPHQWH�FRQVROLGDGR��&DUGRVR���������3RU�HVVH�PRWLYR��R�YDORU�GD�WHQVmR�GH�

FHGrQFLD�SDUD�R�PDWHULDO�VDWXUDGR��p0
�IRL�REWLGR�SRU�FDOLEUDomR�GD�FXUYD�/&��

�

4XDGUR�����3DUkPHWURV�GH�FDOLEUDomR�GR�%%0�SDUD�DV�PDUJDV�FRPSDFWDGDV��HQVDLRV�8'���
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1R�HQWDQWR��R�%%0�WHP�DOJXPDV�OLPLWDo}HV�GLVFXWLGDV�SRU�&DUGRVR�H�$ORQVR���������WDLV�FRPR��

�L��QmR�FRQVHJXH�UHSURGX]LU�R�FRODSVR�REVHUYDGR�QD�SULPHLUD�PROKDJHP��HQVDLRV�8:'��Mi�TXH�HVWD�

p� HIHFWXDGD� VRE� WHQV}HV� YHUWLFDLV� LQIHULRUHV� j� WHQVmR� GH� FHGrQFLD� VDWXUDGD�� �LL�� QmR� FRQVHJXH�

UHSURGX]LU�R�FRODSVR�REVHUYDGR�QD�VHJXQGD�PROKDJHP�SRUTXH�HVWD�p�HIHFWXDGD�VRE�VY ����N3D�DSyV�

GHVFDUJD�GHSRLV�GH�WHU�VLGR�DWLQJLGD�D�FHGrQFLD��SHOR�TXH�D�WUDMHFWyULD�HVWi�GHQWUR�GR�HVSDoR�HOiVWLFR�

H�SRU�LVVR�R�PRGHOR�Vy�FRQVHJXH�UHSURGX]LU�HPSRODPHQWR��2�FRODSVR�REVHUYDGR�H[SOLFD�VH�SHOD�IRUWH�

GHJUDGDomR�GRV�IUDJPHQWRV�FDXVDGRV�SHOD�PROKDJHP��7RUQD�VH�DVVLP�QHFHVViULR�GHILQLU�XP�PRGHOR�

SDUD�DV�PDUJDV�FRPSDFWDGDV�TXH�SHUPLWD�FRQVLGHUDU�HVWD�GHJUDGDomR��FRPR�VH�GLVFXWLUi�HP�VHJXLGD��

��±�02'(/2�&2167,787,92�3$5$�$6�0$5*$6�&203$&7$'$6�

&RPR�UHIHULGR�DQWHV��RV�PRGHORV�FRQVWLWXWLYRV�SDUD�VRORV�QmR�VDWXUDGRV�TXH�H[LVWHP�DFWXDOPHQWH�

QmR� FRQVHJXHP� UHSURGX]LU� R� FRPSRUWDPHQWR� GR� PDWHULDO� FRPSDFWDGR� GHYLGR� j� VXD� HOHYDGD�

FRPSOH[LGDGH��QRPHDGDPHQWH�FRODSVR�QD�VHJXQGD�VDWXUDomR��GLPLQXLomR�GD�DPSOLWXGH�GH�FRODSVR�

DSyV�XP�FLFOR�GH�PROKDJHP�VHFDJHP�H�DXPHQWR�GH�ULJLGH]�REVHUYDGD�DSyV�YiULRV�FLFORV�GH�VHFDJHP�

PROKDJHP��7DPEpP�QmR�p�YLiYHO�XVDU�XP�PRGHOR�SDUD�PDWHULDLV�WLSR�HQURFDPHQWR�SDUD�DV�PDUJDV�

FRPSDFWDGDV�SRUTXH��DSHVDU�GH�HVWHV�PRGHORV�FRQVHJXLUHP�UHSURGX]LU�R�FRODSVR�QD�PROKDJHP��QmR�

FRQVHJXHP�UHSURGX]LU�D�WUDQVLomR�GR�FRPSRUWDPHQWR�GR�PDWHULDO�WLSR�HQURFDPHQWR�SDUD�XP�VROR�

DUJLORVR�GHYLGR�j�GHJUDGDomR�GRV�IUDJPHQWRV���

3HOD�GHVFULomR�GR�FRPSRUWDPHQWR�KLGUR�PHFkQLFR�GR�PDWHULDO�FRPSDFWDGR�FRQVWDWD�VH�TXH�HVWH�

LQLFLDOPHQWH�p�XP�FRQMXQWR�GH�IUDJPHQWRV��TXH�TXDQGR�VXMHLWR�D�FLFORV�GH�PROKDJHP�VHFDJHP�H�GH�

FDUJD�GHVFDUJD� VH� WUDQVIRUPD�SURJUHVVLYDPHQWH�QXP�PDWHULDO� KRPRJpQHR�H� FRP�FRPSRUWDPHQWR�

WtSLFR� GH� VRORV� DUJLORVRV� FRPSDFWDGRV� GHYLGR� j� GHJUDGDomR� ItVLFD� GRV� IUDJPHQWRV�� $QWHV� GD�

GHJUDGDomR�GRV�IUDJPHQWRV�p�SRVVtYHO�GLVWLQJXLU�GRLV�QtYHLV�GH�HVWUXWXUD��D�GRV�IUDJPHQWRV��FRP�D�

VXD�SRURVLGDGH��H�D�GR�VHX�FRQMXQWR��HP�TXH�D�SRURVLGDGH�p�PDLRULWDULDPHQWH�GHYLGR�DR�HVSDoR�YD]LR�

HQWUH�RV�IUDJPHQWRV��7DO�VXJHUH�TXH�VH�SRVVD�XVDU�XP�PRGHOR�TXH�FRQVLGHUH�D�H[LVWrQFLD�GHVWHV�GRLV�

QtYHLV�HVWUXWXUDLV��WDO�FRPR�R�PRGHOR�%([0�SURSRVWR�SRU�*HQV�H�$ORQVR���������(VWH�PRGHOR�IRL�

WHVWDGR�SRU�&DUGRVR�H�$ORQVR��������SDUD�UHSURGX]LU�R�FRPSRUWDPHQWR�GR�PDWHULDO��PDV�VHP�JUDQGH�

VXFHVVR��(VWHV�DXWRUHV�WHVWDUDP�DV�FDUDFWHUtVWLFDV�GD�URFKD�H�GR�PDWHULDO�GHVWUXWXUDGR�SDUD�FDOLEUDomR�

GR�PRGHOR�SDUD�D�PLFURVWUXWXUD��PDV�QHQKXPD�GHODV�WHYH�VXFHVVR�SRUTXH�QmR�p�SRVVtYHO�LQFOXLU�D�

GHJUDGDomR� UHVXOWDQWH� GD� SULPHLUD� PROKDJHP�� TXH� DOWHUD� FRPSOHWDPHQWH� DV� FDUDFWHUtVWLFDV� GR�
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PDWHULDO� H� TXH� VH� UHIOHFWH� HP� PROKDJHQV� H� VHFDJHQV� SRVWHULRUHV�� 1R� HQWDQWR�� R� %([0� RIHUHFH�

DOJXPDV�SRVVLELOLGDGHV�GH�VHU�DGDSWDGR�SDUD�UHSURGX]LU�R�FRPSRUWDPHQWR�GR�PDWHULDO�FRPSDFWDGR��

SRUTXH�SHUPLWH�GHILQLU�PRGHORV�GLIHUHQWHV�SDUD�FDGD�QtYHO�HVWUXWXUDO���

2�PRGHOR�GHILQLGR�SDUD�R�PDWHULDO�FRPSDFWDGR�FRQVLGHUD�D�H[LVWrQFLD�GH�GRLV�QtYHLV�HVWUXWXUDLV��

WDO�FRPR�R�%([0��VHQGR�R�FRQMXQWR�GH�IUDJPHQWRV�D�PDFURVWUXWXUD��H�R�IUDJPHQWR�D�PLFURVWUXWXUD��

1R�HQWDQWR��SDUD�D�PLFURVWUXWXUD�p�DGRSWDGR�R�PRGHOR�GH�FRPSRUWDPHQWR�DSUHVHQWDGR�DQWHV�SDUD�R�

IUDJPHQWR�GH�PDUJD��WDPEpP�HOH�EDVHDGR�QR�%([0��(VWH�PRGHOR�SHUPLWH�FRQVLGHUDU�D�GHJUDGDomR�

GRV�IUDJPHQWRV�QD�PROKDJHP��SRLV�HVWH�p�R�DVSHFWR�IXQGDPHQWDO�D�FRQVLGHUDU�QR�FRPSRUWDPHQWR�GDV�

PDUJDV�FRPSDFWDGDV��$�RXWUD�QRYLGDGH�GR�PRGHOR�SDUD�DV�PDUJDV�FRPSDFWDGDV�HVWi�QD�GHILQLomR�

GDV� IXQo}HV� GH� LQWHUDFomR� HQWUH� RV� GRLV� QLYHLV� HVWUXWXUDLV�� SRLV� Ki� TXH� FRQVLGHUDU� RV� HIHLWRV� GD�

GHJUDGDomR� GRV� IUDJPHQWRV� QR� FRPSRUWDPHQWR� JOREDO� GR� PDWHULDO�� 1HVWH� FDVR� GHILQLX�VH� XP�

FRQMXQWR�GH�IXQo}HV�D�XVDU�DQWHV�GD�SULPHLUD�VDWXUDomR�GR�PDWHULDO��FRPR�VH�WUDWDVVH�GH�XP�PDWHULDO�

WLSR�HQURFDPHQWR���H�RXWUR�DSyV�HVWH�WHU�VLGR�VXMHLWR�D�XP�FLFOR�GH�PROKDJHP�VHFDJHP��TXH�p�TXDQGR�

RV�IUDJPHQWRV�VRIUHP�DOWHUDomR�ItVLFD�LPSRUWDQWH�H�FRP�HIHLWRV�LUUHYHUVtYHLV�QR�FRPSRUWDPHQWR�GR�

PDWHULDO�FRPSDFWDGR���

&RPR� VH� FRQVLGHUD� R� PRGHOR� GH� FRPSRUWDPHQWR� GDV� PDUJDV� FRPR� URFKD� SDUD� PRGHOR� GD�

PLFURVHVWUXWXUD��TXH�p�HOH�SUySULR�XP�PRGHOR�SDUD�PDWHULDLV�FRP�GRLV�QtYHLV�HVWUXWXUDLV��R�PRGHOR�

DGRSWDGR�SDUD�DV�PDUJDV�FRPSDFWDGDV�FRQVLGHUD�QD�UHDOLGDGH�WUrV�QtYHLV�HVWUXWXUDLV��FRUUHVSRQGHQWHV�

D���L��DJUHJDGR�GH�PLQHUDLV�HOHPHQWDU�GD�URFKD�PDUJD��SDUWtFXODV�DUJLORVDV�H�RXWURV�PLQHUDLV����LL��

IUDJPHQWR��RX�D� URFKD��TXH�FRUUHVSRQGH�DRV�DJUHJDGRV�GH�PLQHUDLV�XQLGRV�SRU�XP�SDUkPHWUR�GH�

OLJDomR��SDUkPHWUR�E��TXH�VH�YDL�DOWHUDQGR�FRP�D�GHJUDGDomR�ItVLFD��H��LLL��FRQMXQWR�GRV�IUDJPHQWRV��

TXH�QmR�WrP�OLJDomR�ItVLFD�HQWUH�VL�H�TXH�Vy�VmR�DIHFWDGRV�VH�KRXYHU�DOWHUDomR�VLJQLILFDWLYD�GR�QtYHO�

HVWUXWXUDO� LQIHULRU��(VWHV� WUrV�QtYHLV�VmR�WUDWDGRV�FRP�XP�PRGHOR�%([0�TXH�LQFOXL�RXWUR�PRGHOR�

%([0�SDUD�D�PLFURVWUXWXUD��PRGLILFDGR�SDUD�FRQVLGHUDU�D�GHJUDGDomR�GRV�IUDJPHQWRV�GHVFULWR�DQWHV� 

$�)LJXUD����HVTXHPDWL]D�R�PRGHOR�GHILQLGR��RQGH� WDPEpP�VH� LQFOXHP�DV� IXQo}HV�GH� LQWHUDFomR�

GHILQLGDV�DJRUD�SDUD�R�FRQMXQWR�GRV�IUDJPHQWRV��TXH�p�R�PDWHULDO�FRPSDFWDGR��H�TXH�VH�GHQRPLQDP�

SRU�fcomp��

$� SHUGD� GH� OLJDo}HV� GRV� IUDJPHQWRV� �GDQR�� WDPEpP� DIHFWD� R� FRPSRUWDPHQWR� GR� PDWHULDO�

FRPSDFWDGR�SRLV�Ki�SHUGD�GH�ULJLGH]�SDUD�DOpP�GH�KDYHU�DOWHUDo}HV�GR�UHDUUDQMR�HVWUXWXUDO��6mR�YiULRV�

RV�IDFWRUHV�D�FRQVLGHUDU�SDUD�GHILQLU�R�PHFDQLVPR�GH�LQWHUDFomR�HQWUH�RV�IUDJPHQWRV�H�R�VHX�FRQMXQWR�

�
�

)LJ�������(VTXHPD�GR�PRGHOR�GH�FRPSRUWDPHQWR�GDV�PDUJDV�FRPSDFWDGDV��

&RQMXQWR�GH�IUDJPHQWRV��

%([0���FRQMXQWRV�GH��

IXQo}HV�GH�LQWHUDFomR�

 

�

)UDJPHQWR��

%([0����

SDUkPHWUR�E�

�
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H�D�VXD�TXDQWLILFDomR�QmR�p�IiFLO��3RU�H[HPSOR��Ki�TXH�FRQVLGHUDU�D�JHRPHWULD�H�GLPHQV}HV�GRV�YD]LRV�

HQWUH� IUDJPHQWRV�� R� HVWDGR� GH� WHQVmR� QRV� IUDJPHQWRV� H� D� LQWHQVLGDGH� GD� VXD� GHJUDGDomR� GRV�

IUDJPHQWRV��GHSHQGH�GD�VXFomR�LQLFLDO���WRGRV�GHSHQGHQWHV�GD�KLVWyULD�GH�FDUUHJDPHQWR��'R�SRQWR�

GH�YLVWD�ItVLFR�QmR�ID]�VHQWLGR�LQWURGX]LU�QHQKXP�SDUkPHWUR�GH�GDQR�SDUD�R�PDWHULDO�FRPSDFWDGR�

VHPHOKDQWH� DR� DGRSWDGR� SDUD� R� PRGHOR� GR� IUDJPHQWR� SRUTXH� QmR� Ki� OLJDo}HV� ItVLFDV� HQWUH� RV�

IUDJPHQWRV��3RGLD�VH�SHQVDU�QRXWUD�GHILQLomR�GH�GDQR��PDV�WDO�LULD�FRPSOLFDU�GHVQHFHVVDULDPHQWH�R�

PRGHOR�� 3RU� HVWH� PRWLYR� RSWRX�VH� SRU� FRQVLGHUDU� XPD� IXQomR� GH� LQWHUDomR�� fcomp� DGDSWiYHO� j�

GHJUDGDomR� ItVLFD� VRIULGD� SHOR� PDWHULDO� GHYLGR� jV� WUDMHFWyULDV� GH� FDUUHJDPHQWR� D� TXH� HVWH� p�

VXEPHWLGR��H�TXH�FREUH�DV�LQFHUWH]DV�DVVRFLDGDV�DRV�IDFWRUHV�TXH�QmR�VmR�IDFLOPHQWH�TXDQWLILFiYHLV��

3RGH�DJRUD�DSUHVHQWDU�VH�R�PRGHOR�SDUD�R�PDWHULDO�FRPSDFWDGR��$V�GHIRUPDo}HV�WRWDLV�dH�VmR�

GDGDV�SHOD� VRPD�GDV�GHIRUPDo}HV�GRV�GRLV�QtYHLV�HVWUXWXUDLV��PDFURHVWXWXUD�dHM� H�PLFURVWUXWXUD�

�IUDJPHQWR��dHfrag:��

�
fragM ddd HHH � � �����

$V�GHIRUPDo}HV�GD�PLFURVWUXWXUD��IUDJPHQWR��IRUDP�GHILQLGDV�DQWHV�DWUDYpV�GD�(T����H�SRVVXHP�

XPD� SDUFHOD� HOiVWLFD�dHe
frag� �(T�� ���� H� RXWUD� SOiVWLFD� dHP

frag� �(T�� ���� �$PEDV� HVWmR� LGHQWLILFDGDV�

HVTXHPDWLFDPHQWH� QD� )LJXUD� ���� 6LPSOLILFDGDPHQWH�� DGPLWH�VH� TXH� RV� IUDJPHQWRV� QR� PDWHULDO�

FRPSDFWDGR� WrP�FRQILQDPHQWR� LGrQWLFR� DR�GRV� HQVDLRV� HGRPpWULFRV� XVDGRV�SDUD� D� FDOLEUDomR�GR�

PRGHOR�SDUD�D�PDUJD��$V�IXQo}HV�GH�LQWHUDomR�WDPEpP�QmR�VH�DOWHUDUDP�GHSRLV�GR�HVWXGR�UHDOL]DGR�

SRU� &DUGRVR� �������� RQGH� VH� YHULILFRX� TXH� QmR� KDYLD� PHOKRULD� VLJQLILFDWLYD� HP� DOWHUDU� DV� VXDV�

FRQVWDQWHV�GH�FDOLEUDomR���

�

�

)LJ�������,QWHUDFomR�HQWUH�RV�IUDJPHQWRV�H�R�PDWHULDO�FRPSDFWDGR�H�FRUUHVSRQGrQFLD�FRP�DV�

GHIRUPDo}HV�FRQVLGHUDGDV�QR�PRGHOR�GH�FRPSRUWDPHQWR�GDV�PDUJDV�FRPSDFWDGDV��

3DUD� R� PDWHULDO� FRPSDFWDGR�� DV� GHIRUPDo}HV� GD� PDFURVWUXWXUD� dHM� WDPEpP� WrP� XPD�

FRPSRQHQWH�HOiVWLFD�dHe
M���
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(VWD�~OWLPD�FRQVLGHUD�GRLV�WLSRV�GH�GHIRUPDo}HV��LOXVWUDGDV�QD�)LJXUD������L��GHYLGDV�DR�UHDUUDQMR�

GRV� IUDJPHQWRV� VRE� WHQVmR�� TXH� p� EDVLFDPHQWH� R�PHFDQLVPR�GH� FHGrQFLD� GHVFULWR�SHOD� FXUYD�GH�

FHGrQFLD�/&��dHLC
M���

� � �
�

OQ��
p

p
sd

f

MM

LC

M NOH �� � �����

H��LL��GHYLGR�DRV�HIHLWRV�LUUHYHUVtYHLV�GD�GHJUDGDomR�ItVLFD�GRV�IUDJPHQWRV��GHILQGD�QR�%([0�DWUDYpV�

GH�IXQo}HV�GH�LQWHUDFomR�fComp�HQWUH�RV�GRLV�QtYHLV�HVWUXWXUDLV��1HVWDV�HTXDo}HV��pi�H�pf�VmR�DV�WHQV}HV�

PpGLDV�GH�FRPSUHVVmR�QR�LQtFLR�H�QR�ILQDO�GD�HWDSD�GH�FDUUHJDPHQWR��p0�p�D�WHQVmR�GH�FHGrQFLD�SDUD�

D� VXFomR�FRUUHQWH�H�si� H�sf� VmR�D� VXFomR� LQLFLDO�H� ILQDO�GD�HWDSD�GH�FDUUHJDPHQWR��O�����N� H�Ns�GR�

PDWHULDO� FRPSDFWDGR� IRUDP� VXEVWLWXtGRV� UHVSHFWLYDPHQWH� SRU� OM����� NM� H� NsM� SDUD� IDFLOLWDU� D�

FRPSUHHQVmR�GR�PRGHOR���

&RQIRUPH� VH�PRVWURX� DR� DQDOLVDU� RV� HQVDLRV�8'� H� 8:'�� GHSRLV� GH� VXMHLWR� D� XP� FLFOR� GH�

PROKDJHP�VHFDJHP�R�PDWHULDO�FRPSDFWDGR�VRIUH�XP�IRUWH�DGHQVDPHQWR�H�SHUGH�VHQVLELOLGDGH�D�PDLV�

FLFORV��&RQVLGHUD�VH� DVVLP� XP� FRQMXQWR� GH� IXQo}HV� GH� LQWHUDFomR� fb� SDUD� VHU� XVDGR� DQWHV� GH� WHU�

RFRUULGR�D�SULPHLUD�VDWXUDomR��TXDQGR�RV�IUDJPHQWRV�HVWmR�PXLWR�VHQVtYHLV���H�XP�FRQMXQWR�fnb�SDUD�

VHU� XVDGR� GHSRLV� �TXDQGR� RV� IUDJPHQWRV� Mi� VRIUHUDP� GHJUDGDomR� VLJQLILFDWLYD��� $� WUDQVLomR� GH�

FRPSRUWDPHQWR�HQWUH�XP�PDWHULDO�WLSR�HQURFDPHQWR�SDUD�XP�PDWHULDO�DUJLORVR�p�DVVLP�FREHUWR�SHOD�

IXQomR�fb��$�FDOLEUDomR�GHVWDV�IXQo}HV�p�PXLWR�GLItFLO�FRP�EDVH�QRV�GDGRV�H[SHULPHQWDLV��SRUTXH�Ki�

GLYHUVRV�IHQyPHQRV�D�DFRQWHFHU�HP�VLPXOWkQHR��URWXUD�H�LQVWDELOLGDGH�GRV�IUDJPHQWRV�QR�DUUDQMR�

HVWUXWXUDO�� SHUGD� GH� ULJLGH]� H� GH� IRUPD�� HWF�� H� SRUWDQWR� HVWDV� IXQo}HV� IRUDP� FDOLEUDGDV�

QXPHULFDPHQWH���

$V� IXQo}HV�GH� WUDQVIHUrQFLD� fb� H� fnb� VmR�GHILQLGDV�SHOD�(T�� ��� H� TXH� Vy�GLIHUHP�HQWUH� VL� QDV�

FRQVWDQWHV�GH�FDOLEUDomR��4XDGUR�����3DUD�FDGD�XPD�Ki�XP�FRQMXQWR�GH�SDUkPHWURV�TXH�GHILQHP�D�

IXQomR�DFWLYDGD�HP�WUDMHFWyULDV�GH�VHFDJHP��suction increase��DFWLYDQGR�D�FXUYD�GH�FHGrQFLD�6,��fIb 

RX fInb��RX�D�IXQomR�DFWLYDGD�QD�PROKDJHP��suction decrease��DFWLYDQGR�D�FXUYD�GH�FHGrQFLD�6'��fDb 

RX fDnb��� 2� IDFWR� GH� KDYHU� GXDV� HTXDo}HV� GLIHUHQWHV� SDUD� D� IXQomR� GH� WUDQVIHUrQFLD� FRQVRDQWH�

PROKDJHP�RX�VHFDJHP�HVWi�GHVFULWR�SRU�$ORQVR�et al.��������H�p�XPD�PRGLILFDomR�GR�%([0�RULJLQDO�

DSUHVHQWDGR�SRU�*HQV�H�$ORQVR��������SRUTXH�Ki�GXDV�FXUYDV�DFWLYDGDV�SHOD�PLFURVWUXWXUD��6,�H�6'��

HP�YH]�GH�XPD��1/���(VWDV�IXQo}HV�GHILQHP�FXUYDV�DFRSODGDV�j�FXUYD�/&��TXH�TXDQGR�DFWLYDGDV�

PRELOL]DP� HVWD� FXUYD� FRQGX]LQGR� D� DPROHFLPHQWR� �/&� GHVORFD�VH� SDUD� D� HVTXHUGD�� RX� D�

HQGXUHFLPHQWR��/&�GHVORFD�VH�SDUD�D�GLUHLWD���3RU�H[HPSOR��TXDQGR�R�PDWHULDO�FRODSVD�QD�PROKDJHP�

D�FXUYD�FRUUHVSRQGHQWH�D�6'�p�DFWLYDGD�H�D�/&�GHVORFD�VH�SDUD�D�GLUHLWD��)LVLFDPHQWH�VLJQLILFD�TXH�

Ki�DGHQVDPHQWR�GR�PDWHULDO�H�R�WDPDQKR�GR�HVSDoR�HOiVWLFR�DXPHQWD��1HVWH�FDVR�fD�p�XVDGD�SDUD�R�

FiOFXOR� GDV� GHIRUPDo}HV� SOiVWLFDV� FRP� D�(T�� ���� FRQVLGHUDQGR� D� GHJUDGDomR� GRV� IUDJPHQWRV� QD�

PROKDJHP��GHIRUPDo}HV�GD�PLFURVWUXWXUD��FDOFXODGDV�FRP�DV�(TXDo}HV������H������H�WHUi�TXH�WHU�VLQDO�

QHJDWLYR�SDUD�VLPXODU�FRODSVR��4XDQGR�R�PDWHULDO�p�VXEPHWLGR�D�VHFDJHP�XOWUDSDVVDQR�XP�GDGR�

YDORU�Pi[LPR�GH�VXFomR�6,�p�DFWLYDGD�H�D�&�GHVORFD�VH�SDUD�D�HVTXHUGD��DPROHFLPHQWR���6H�KRXYHU�

PROKDJHP�DSyV�HVWD�VHFDJHP�SRGHUi�KDYHU�QRYR�FRODSVR�GHVGH�TXH�VH�DFWLYH�6'��

$�DFWLYDomR�GDV�IXQo}HV�GH�WUDQVIHUrQFLD�H�R�DFRSODPHQWR�j�FXUYD�/&�GHILQH�R�PHFDQLVPR�GH�

HQGXUHFLPHQWR��)LJXUD������1R�PRGHOR�SDUD�DV�PDUJDV�FRPSDFWDGDV�FRQVLGHURX�VH�TXH�R�HVWDGR�GH�

WHQVmR�FRUUHQWH�VH�HQFRQWUD�VREUH�DV�FXUYDV�6,�H�6'�H�TXH�HVWDV�VH�GHVORFDP�HP�VLPXOWkQHR��R�TXH�

HTXLYDOH�D�GL]HU�TXH�VH�DGPLWH�TXH�TXDOTXHU�YDULDomR�GH�YROXPH�GRV�IUDJPHQWRV�SURYRFD�DOWHUDo}HV�

QR�DUUDQMR�JOREDO��7DPEpP�VH�DGPLWLX�TXH�VH�GHVORFDP�HP�WUDMHFWyULDV�GH�FDUJD�H�GH�GHVFDUJD��PDV�

6,�HVWi�VHPSUH�DFLPD�GH�6'�H�SRU�LVVR�fI�p�TXH�p�XVDGD�QHVWHV�FDVRV��$�)LJXUD����LOXVWUD�FRPR�VH�

SURFHVVD�HVWH�PHFDQLVPR�SDUD�R�HQVDLR�8'������
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�
)LJ�������(VTXHPD�LOXVWUDWLYR�GR�PHFDQLVPR�GH�HQGXUHFLPHQWR�SDUD�R�HQVDLR�8'�����

6'�H�6,�FRLQFLGHP�QR�SRQWR����V� �03D��H�VREHP�SDUD�R�SRQWR����V� ���03D��QD�VHFDJHP��f,E�

p�DFWLYDGD�H�/&�GHVORFD�VH�SDUD�D�GLUHLWD��(P�VHJXLGD��FRP�D�PROKDJHP�SDUFLDO�6'��H�6,��GHVFHP�

SDUD�R�SRQWR����V� ���03D��H�/&�GHVORFD�VH�QRYDPHQWH�SDUD�D�GLUHLWD�SRUTXH�Vy�DVVLP�p�TXH�VH�

VLPXOD� DGHQVDPHQWR� GHYLGR� D� FRODSVR� SDUFLDO�� (VWH� FRODSVR� RFRUUH� DSHVDU� GR� HPSRODPHQWR� GRV�

IUDJPHQWRV��dHfrag���dHM
e> ����SRUTXH�fDb�p�DFWLYDGD�H�p�QHJDWLYD��dHM

P������&RP�R�DXPHQWR�GD�WHQVmR�

YHUWLFDO��TXDQGR�D�/&�p�FUX]DGD�HVWD�PRYH�VH�SDUD�D�GLUHLWD��HQGXUHFLPHQWR�SUHYLVWR�SHOR�%%0��DWp�

DR�SRQWR����OHYDQGR�D�6,�FRQVLJR��fIb�p�DFWLYDGD���1D�GHVFDUJD�DWp�DR�SRQWR���D�/&�GHVORFD�VH�SDUD�D�

HVTXHUGD�SRUTXH�6'�VH�GHVORFD�VHPSUH�FRP�R�HVWDGR�GH�WHQVmR�FXUUHQWH��1D�VDWXUDomR�VHJXLQWH��6'�

H�6,�GHVFHP�DWp�DR�SRQWR����V �03D��H�/&�GHVORFD�VH�SDUD�D�GLUHLWD�QRYDPHQWH�SDUD�VH�FRQVHJXLU�

FRODSVR��fDb�p�DFWLYDGD�H�p�QHJDWLYD���$�SDUWLU�GHVWH�PRPHQWR�DGPLWH�VH�GHJUDGDomR�VLJQLILFDWLYD�GRV�

IUDJPHQWRV�H�SDVVDP�D�XWLOL]DU�VH�DV�IXQo}HV�fInb�H�fDnb��/&�H�6,�FRQWLQXDP�D�GHVORFDU�VH�SDUD�D�GLUHLWD�

DWp� DR� SRQWR� �� GXUDQWH� R� LQFUHPHQWR� GD� WHQVmR� YHUWLFDO� VRE� VXFomR� FRQVWDQWH�� H� GHSRLV�/&� H�6,�

GHVORFDP�VH�SDUD�D�HVTXHUGD�QD�GHVFDUJD��DWp�DR�SRQWR����2�PHFDQLVPR�GH�FHGrQFLD�SDUD�RV�HQVDLRV�

8:'�p�VHPHOKDQWH�D�HVWH�H�HVWi�H[SOLFDGR�GHWDOKDGDPHQWH�HP�&DUGRVR�et al.��������� 

$RV�SDUkPHWURV�GDV�FXUYDV�GH�LQWHUDFomR�H�RV�UHVWDQWHV�SDUkPHWURV�GR�PRGHOR�DSUHVHQWDP�VH�QR�

4XDGUR����3DUD�NM�H�NsM�GHYLD�VH�XVDU�RV�YDORUHV�DSUHVHQWDGRV�DQWHV�QR�4XDGUR����QR�HQWDQWR�RSWRX�

VH� SRU� VH� FRQVLGHUDU� TXH� HUDP� QXORV� SDUD� DVVLP� VH� SRGHU� FRQWURODU� DV� GHIRUPDo}HV� HOiVWLFDV� GR�

PDWHULDO�FRPSDFWDGR�DSHQDV�DWUDYpV�GDV�GHIRUPDo}HV�GR�IUDJPHQWR�H�GDV�IXQo}HV�fComp���

)LQDOPHQWH�� R�PRGHOR� IRL� XVDGR� SDUD� UHSURGX]LU� GH� IRUPD� DFHLWiYHO� RV� HQVDLRV� GR�PDWHULDO�

FRPSDFWDGR��&DUGRVR���������$�)LJXUD����PRVWUD�RV�UHVXOWDGRV�SDUD�RV�HQVDLRV�8'����H�8:'�����

(P� UHODomR� DR� HQVDLR� 8'���� �)LJ�� ���D��� SRGH� REVHUYDU�VH� PRGHOR� FRQVHJXH� UHSURGX]LU� D�
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�bp  ��N3D��pc ��N3D�

)XQo}HV�GH�LQWHUDFomR�fComp� fb��$QWHV�GH�KDYHU�SULPHLUD�VDWXUDomR��

�����PROKDJHP�6'���fDb��f� ��������f� �����n �����

�����VHFDJHP�6,���fIb��f� ����f1 ���n ����

fnb��'HSRLV�GH�KDYHU�SULPHLUD�VDWXUDomR��

�����PROKDJHP�6'���fDnb��f� �������f� �����n �����

�����VHFDJHP�6,���fInb��f� �������f1 ���n ����
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UHWUDFomR�H�R�FRODSVR�REVHUYDGRV�VRE�D�WHQVmR�YHUWLFDO�GH����N3D��H�WDPEpP�R�FRODSVR�QD�PROKDJHP�

VRE�D�WHQVmR�YHUWLFDO�GH�����N3D��2�FRODSVR�QD�PROKDJHP�LQLFLDO�VRE����N3D�QR�HQVDLR�8:'����

�)LJ�����E��WDPEpP�VH�FRQVHJXH�UHSURGX]LU��DVVLP�FRPR�D�UHWUDFomR�H�QRYR�FRODSVR�UHVXOWDQWH�GD�

VHFDJHP�H�PROKDJHP�SDUFLDO�� ,VWR�Vy�p�SRVVtYHO�SRU�VH�DFWLYRX�6'��TXH�DWUDYpV�GH� fDb�FRP�VLQDO�

QHJDWLYR�FRQVHJXLX�WUDQVIRUPDU�R�HPSRODPHQWR�GRV�IUDJPHQWRV�QXP�FRODSVR�JOREDO��6RE����N3D�

RFRUUHX�VHJXQGR�FRODSVR�SRUTXH�6'�IRL�DFWLYDGD�H�fDnb�p�WDPEpP�QHJDWLYD���

�

D�� �

E�� �

)LJ�������6LPXODomR�FRP�R�PRGHOR�SDUD�RV�HQVDLRV��D��8'�����E��8:'�����

$�VREUHSRVLomR�GDV�FXUYDV�REWLGDV�QXPHULFDPHQWH�SDUD�RV�HQVDLRV�8'���8'����H�8'�����H�

8:'���8:'����H�8:'����DSUHVHQWDP�VH�QD�)LJXUD�����)LJ�����D�SDUD�RV�HQVDLRV�8'�H�)LJ�����E�

SDUD�RV�HQVDLRV�8:'���$�FRPSDUDomR�HQWUH�D�)LJXUD����H�D�)LJXUD����PRVWUD�TXH�R�PRGHOR�FRQVHJXH�

UHSURGX]LU�DV�GHIRUPDo}HV�GH�FRODSVR�REVHUYDGDV�HP�WRGDV�DV�PROKDJHQV��DVVLP�FRPR�D�UHWUDFomR�

QD�VHFDJHP��6mR�HVWDV�DV�SULQFLSDLV�FDUDFWHUtVWLFDV�GR�FRPSRUWDPHQWR�GR�PDWHULDO�FRPSDFWDGR��TXH�

R�PRGHOR�FRQVHJXH�UHSURGX]LU���

2�FRPSRUWDPHQWR�FRPSOH[R�GDV�PDUJDV�FRPSDFWDGDV�GLItFXOWD�D� WDUHID�HP�REWHU�XP�PRGHOR�

FRQVWLWXWLYR� DGHTXDGR�� 2� PRGHOR� GHVHQYROYLGR� p� WDPEpP� EDVWDQWH� FRPSOH[R�� PDV� DSUHVHQWD� D�

YDQWDJHP�GH�VH�EDVHDU�QR�VLJQLILFDGR�ItVLFR�GDV�GHIRUPDo}HV�REVHUYDGDV�QHVWH�PDWHULDO��PHVPR�TXH�

DSHQDV�VLPXOH�RV�HIHLWRV��QR�FRPSRUWDPHQWR�KLGUR�PHFkQLFR�GR�FRQMXQWR��GD�URWXUD�GRV�IUDJPHQWRV�

H� VHX� DPROHFLPHQWR�� FRP� LQYDVmR� GRV� HVSDoRV� YD]RV� HQWUH� VL� VHP� H[DFWDPHQWH� UHSURGX]LU� HVWHV�

IHQyPHQRV��$Wp�j�GDWD�GHVFRQKHFH�VH�D�H[LVWrQFLD�GH�RXWURV�PRGHORV�XVDGRV�SDUD�UHSURGX]LU�HVWH�

WLSR�GH�FRPSRUWDPHQWR��H�DLQGD�TXH�SRVVDP�VHU�IDFLOPHQWH�LPSOHPHQWDGRV�HP�SURJUDPDV�GH�FiOFXOR���

2� PRGHOR� SURSRVWR� SDUD� DV� PDUJDV� FRPSDFWDGDV� QHFHVVLWD� GH� XP� Q~PHUR� FRQVLGHUiYHO� GH�

SDUkPHWURV��$�PDLRU�SDUWH�SRGH�VHU�REWLGD�H[SHULPHQWDOPHQWH��HP�HQVDLRV�D�UHDOL]DU�QR�PDWHULDO�GRV�

IUDJPHQWRV�H�QR�PDWHULDO�FRPSDFWDGR��HVWDQGR�VLQWHWL]DGRV�QR�4XDGUR�����
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�

4XDGUR�����(QVDLRV�QHFHVViULRV�SDUD�D�FDOLEUDomR�GR�PRGHOR�SDUD�DV�PDUJDV�FRPSDFWDGDV��

� (QVDLRV� 3DUkPHWUR�

)UDJPHQWRV� �� HQVDLRV� HGRPpWULFRV� RQGH� R�

LQFUHPHQWR� GH� WHQVmR� p� DSOLFDGR� VRE�

VXFomR� FRQVWDQWH� GLIHUHQWH�� VHQGR� XP�

GHOHV�VDWXUDGR��

&DOLEUDomR�GR�BBM: O�����r��E, pC 

e p0*�

3DUkPHWUR�b��b0��bi��h1��'b��a��VH�VH�

DSOLFDUHP�FLFORV�GH�FDUJD�GHVFDUJD�

�� HQVDLRV� GH� H[SDQVLELOLGDGH� RQGH� D�

VDWXUDomR� p� HIHFWXDGD� SDUD� WHQV}HV�

YHUWLFDLV�GLIHUHQWHV��SDUD�DOpP�GR�HQVDLR�

HGRPpWULFR�VDWXUDGR�Mi�UHIHULGR���

��&XUYD�GH�UHWHQomR�

3DUD� R� FiOFXOR� GDV� WHQV}HV�

HIHFWLYDV���

3DUkPHWUR�D�

Sr��O�H�P��FXUYD�GH�UHWHQomR��

0DWHULDO�

GHVWUXWXUDGR�

��HQVDLR�HGRPpWULFR� Nmfd 

0DWHULDO�

FRPSDFWDGR�

�� HQVDLRV� HGRPpWULFRV� RQGH� R�

LQFUHPHQWR� GH� WHQVmR� p� DSOLFDGR� VRE�

VXFomR� FRQVWDQWH� GLIHUHQWH�� VHQGR� XP�

GHOHV�VDWXUDGR��

��HQVDLRV�HGRPpWULFRV�RQGH�DV�DPRVWUDV�

VmR� VXMHLWDV� D� XP� FLFOR� GH� PROKDJHP�

VHFDJHP� DQWHV� GH� SURVVHJXLU� FRP� R�

LQFUHPHQWR�GH�WHQVmR��

&DOLEUDomR� GR�BBM: OM����� r�� E��

NM��NsM, pC e p0*�

D��� �

E��� �

)LJ�������&XUYDV�REWLGDV�QD�VLPXODomR�SDUD�R�FRQMXQWR�GH�HQVDLRV��D��8'��E��8:'��
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1R�WRWDO��VmR�QHFHVViULRV����HQVDLRV�SDUD�D�FDOLEUDomR�GR�PRGHOR��(VWH�Q~PHUR�SRGH�VHU�UHGX]LGR�

SDUD����VH�VH�RSWDU�SRU�FRQVLGHUDU�D �����QD�GHILQLomR�GDV�WHQV}HV�HIHFWLYDV�SDUD�D�PLFURVWUXWXUD�

�(T�� ���� RX� SDUD� �� VH� VH� DGRSWDU� SDUD� R� IUDJPHQWR� R� PRGHOR� GH� FRPSRUWDPHQWR� GR� PDWHULDO�

GHVWUXWXUDGR��IHLWR�SRU�&DUGRVR��������FRP�UHVXOWDGRV�DFHLWiYHLV�VH�QmR�VH�DSOLFDU�PDLV�GR�TXH�XP�

FLFOR�GH�PROKDJHP�VHFDJHP����

3DUD�RV�SDUkPHWURV�GH�FDOLEUDomR�QXPpULFD��DFWXDOPHQWH�Mi�H[LVWHP�IHUUDPHQWDV�QXPpULFDV�TXH�

SHUPLWHP�D�VXD�RSWLPL]DomR��DOJRUtWPRV�JHQpWLFRV��SRU�H[HPSOR���2V�YDORUHV�SURSRVWRV�QHVWH�HVWXGR�

SRGHUmR�VHU�XP�ERP�SRQWR�GH�SDUWLGD�SDUD�D�GHILQLomR�GH�LQWHUYDORV�GH�YDULDomR��

��±�&21&/86®(6�

$SUHVHQWDUDP�VH�RV�SULQFLSDLV�UHVXOWDGRV�GRV�HQVDLRV�ODERUDWRULDLV�UHDOL]DGRV�SDUD�FDUDFWHUL]DU�

R�FRPSRUWDPHQWR�KLGUR�PHFkQLFR�GDV�PDUJDV��IUDJPHQWR��H�GDV�PDUJDV�FRPSDFWDGDV��FRQMXQWR�GH�

IUDJPHQWRV��XVDGDV�QD�FRQVWUXomR�GH�DOJXQV�DWHUURV�GD�$����$WUDYpV�GH�XPD�DQiOLVH�KLGUR�PHFkQLFD�

DFRSODGD� IRL� SRVVtYHO� UHSURGX]LU� RV� PHFDQLVPRV� GH� GHJUDGDomR� REVHUYDGRV� QD� PROKDJHP� GH�

IUDJPHQWRV�GH�PDUJDV��FRP�D�LGHQWLILFDomR�GH�SDGU}HV�GH�IHQGLOKDomR�VHPHOKDQWHV�DRV�REVHUYDGRV�

H[SHULPHQWDOPHQWH��1D�SUiWLFD�RFRUUH�GHJUDGDomR�SRU�IHQGLOKDomR��PDV�WDPEpP�SHUGD�GH�IRUPD�H�

GH� ULJLGH]�� ORJR� SHUGD� GH� HVWUXWXUD�� $VVLP�� SDUD� PRGHODU� R� FRPSRUWDPHQWR� GR� IUDJPHQWR� IRL�

QHFHVViULR� GHILQLU� XP� PRGHOR� FRP� XP� SDUkPHWUR� GH� GDQR� GH� PRGR� D� VLPXODU� D� GHVWUXWXUDomR�

SURJUHVVLYD�GR�PDWHULDO��(VWH�SDUkPHWUR�HVWi�DVVRFLDGR�j�H[LVWrQFLD�GH�PLQHUDLV�TXH�FRQILQDP�RV�

PLQHUDLV� DUJLORVRV�H[SDQVLYRV�� FXMD� URWXUD� OHYD�D� DPROHFLPHQWR��(VWH�SURFHVVR�p� LUUHYHUVtYHO� H� p�

UHVSRQViYHO�SRU�DOWHUDo}HV�LPSRUWDQWHV�QR�IUDJPHQWR��H�FRQVHTXHQWHPHQWH�QR�PDWHULDO�FRPSDFWDGR���

3DUD�DV�PDUJDV�FRPSDFWDGDV�IRL�GHVHQYROYLGR�XP�PRGHOR�FRQVWLWXWLYR�HP�TXH�DV�GHIRUPDo}HV�

YROXPpWULFDV�VmR�FDOFXODGDV�FRQVLGHUDQGR�R�LPSDFWR�TXH�DV�GHIRUPDo}HV�H�GHJUDGDomR�ItVLFD�GRV�

IUDJPHQWRV� WrP�QR�FRQMXQWR��(VWH�FRPSRUWDPHQWR�p�PXLWR�FRPSOH[R�� H�SDUD�D� VXD�FRPSUHHQVmR�

FRQVLGHUDUDP�VH� WUrV�QtYHLV�HVWUXWXUDLV��FRUUHVSRQGHQWHV�D�� �L��DJUHJDGR�GH�PLQHUDLV�HOHPHQWDU�GD�

URFKD�PDUJD��SDUWtFXODV�DUJLORVDV�H�RXWURV�PLQHUDLV����LL��IUDJPHQWR��RX�D�URFKD��TXH�FRUUHVSRQGH�DRV�

DJUHJDGRV�GH�PLQHUDLV�XQLGRV�SRU�XP�SDUkPHWUR�GH�OLJDomR��SDUkPHWUR�E��TXH�VH�YDL�DOWHUDQGR�FRP�

D�GHJUDGDomR�ItVLFD��H��LLL��FRQMXQWR�GRV�IUDJPHQWRV��TXH�QmR�WrP�OLJDomR�ItVLFD�HQWUH�VL�H�TXH�Vy�VmR�

DIHFWDGRV�VH�KRXYHU�DOWHUDomR�VLJQLILFDWLYD�GR�QtYHO�HVWUXWXUDO�LQIHULRU��(VWHV�WUrV�QtYHLV�VmR�WUDWDGRV�

FRP� XP�PRGHOR� %([0� TXH� LQFOXL� RXWUR�PRGHOR� %([0� SDUD� D� PLFURVWUXWXUD�� PRGLILFDGR� SDUD�

FRQVLGHUDU�D�GHJUDGDomR�GRV�IUDJPHQWRV��(PERUD�D�URWXUD�GDV�OLJDo}HV�LQWHUQDV�QRV�IUDJPHQWRV�GH�

PDUJD�VHMD�R�TXH�H[SOLFD�R�FRPSRUWDPHQWR�GR�FRQMXQWR�GH�IUDJPHQWRV�FRPSDFWDGRV��p�DFHLWiYHO�QmR�

FRQVLGHUDU� HVWH� SDUkPHWUR� GH� GDQR� SDUD� R�PDWHULDO� FRPSDFWDGR� SRUTXH� DV�PXGDQoDV� HVWUXWXUDLV�

REVHUYDGDV�QHVWH�PDWHULDO�FRPSDFWDGR�QmR�VmR�FDXVDGDV�SHOD�TXHEUD�GH�TXDOTXHU� WLSR�GH� OLJDomR�

HQWUH�RV�IUDJPHQWRV��(VWD�TXHVWmR�IRL�UHVROYLGD�GH�IRUPD�VLPSOLILFDGD��GHILQLQGR�GRLV�FRQMXQWRV�GH�

IXQo}HV�GH�LQWHUDomR�SDUD�DV�PDUJHQV�FRPSDFWDGDV�H�R�FRUUHVSRQGHQWH�PHFDQLVPR�GH�HQGXUHFLPHQWR�

��DPROHFLPHQWR���

2�PRGHOR�GHVHQYROYLGR�SDUD�R�IUDJPHQWR�IRL�FDSD]�GH�UHSURGX]LU�R�FRPSRUWDPHQWR�REVHUYDGR�

QRV�HQVDLRV��RQGH�VH�REVHUYRX�IRUWH�GHJUDGDomR�GHYLGR�j�DSOLFDomR�GH�FLFORV�GH�FDUJD�GHVFDUJD�VRE�

GLIHUHQWHV� VXFo}HV��2�PRGHOR� GHVHQYROYLGR� SDUD� R�PDWHULDO� FRPSDFWDGR� FRQVHJXLX� UHSURGX]LU� D�

WUDQVLomR�HQWUH�XP�PDWHULDO�JUDQXODU��VHPHOKDQWH�D�XP�HQURFDPHQWR��H�XP�PDWHULDO�DUJLORVR��)RL�

DLQGD�FDSD]�GH�UHSURGX]LU�WUDMHFWyULDV�GH�FDUUHJDPHQWR�RQGH�IRUDP�DSOLFDGRV�FLFORV�GH�PROKDJHP�

VHFDJHP�H�GH�GHVFDUJD�UHFDUJD��$�SULQFLSDO�YDQWDJHP�GH�VH� LQFOXLU�R�PRGHOR�GRV� IUDJPHQWRV�QR�

PRGHOR�GR�PDWHULDO�FRPSDFWDGR�p� WHU�SUHVHQWH�D�H[SOLFDomR�ItVLFD�GR�FRPSRUWDPHQWR�REVHUYDGR��

DSHVDU�GH�DXPHQWDU�D�VXD�FRPSOH[LGDGH����

&RPR� D� LQFOXVmR� H[SOtFLWD� GRV� IUDJPHQWRV� DR� QtYHO� GD�PLFURHVWUXWXUD� SHUPLWH� UHSURGX]LU� R�

FRPSRUWDPHQWR� FRPSOH[R�GR�PDWHULDO� FRPSDFWDGR� VXMHLWR� D� YiULDV� WUDMHFWyULDV� GH� FDUUHJDPHQWR��

SRGH�FRQVLGHUDU�VH�TXH�R�PRGHOR�FRPR�XP�FRQWULEXWR�SURPLVVRU�SDUD�D�PRGHODomR�GH�PDWHULDLV�

FRPSOH[RV�WDLV�FRPR�DV�PDUJDV�FRPSDFWDGDV�LQYHVWLJDGDV��
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(VWH�WUDEDOKR�VLQWHWL]D�SDUWH�GR�WUDEDOKR�GH�GRXWRUDPHQWR�GD�DXWRUD��YHQFHGRU�GR�3UpPLR�0DQXHO�

5RFKD� SDUD� D� PHOKRU� WHVH� GH� GRXWRUDPHQWR� HP� *HRWHFQLD� HP� 3RUWXJDO� HQWUH� ����������� (VWH�

GRXWRUDPHQWR� IRL� RULHQWDGR� SHOR� 3URIHVVRU� (PDQXHO� 0DUDQKD� GDV� 1HYHV�� GR� ,QVWLWXWR� 6XSHULRU�

7pFQLFR�� 8QLYHUVLGDGH� GH� /LVERD�� /LVERD�� 3RUWXJDO�� H� SHOR� 3URIHVVRU� (GXDUGR� (�� $ORQVR� GD�

8QLYHUVLGDGH�3ROLWpFQLFD�GD�&DWDOXQKD��%DUFHORQD��(VSDQKD��D�TXHP�D�DXWRUD�DJUDGHFH�WRGR�R�DSRLR��

DPL]DGH�H�WUDQVPLVVmR�GH�FRQKHFLPHQWRV���3DUD�DOpP�GH�DJUDGHFHU�j�63*�D�DWULEXLomR�GR�SUpPLR�

0DQXHO�5RFKD��D�DXWRUD�DJUDGHFH�WDPEpP�j�)XQGDomR�3RUWXJXHVD�SDUD�D�&LrQFLD�H�7HFQRORJLD��)&7�
,�3���R�ILQDQFLDPHQWR�FRQFHGLGR�DWUDYpV�GR�SURMHFWR�33&'7�(&0������������H�GD�EROVD�LQGLYLGXDO�

GH�GRXWRUDPHQWR�UHI��6)5+�%'�������������)LQDOPHQWH��DJUDGHFH�WDPEpP�j�%5,6$�D�SHUPLVVmR�

SDUD�WHU�FRPR�FDVR�HVWXGR�RV�DWHUURV�GD�$���FRQVWUXtGRV�FRP�HVWH�PDWHULDO�H�TXH�PRWLYDUDP�HVWD�

LQYHVWLJDomR���

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6�

$ORQVR��(�(����������Modelling expansive soil behaviour��3URF��RI�WKH��QG�,QWHUQDWLRQDO�&RQIHUHQFH�

RQ� 8QVDWXUDWHG� 6RLOV�� HGV�� 7HFKQLFDO� &RPPLWWHH� RI� WKH� �QG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�

8QVDWXUDWHG�6RLOV��,QWHUQDWLRQDO�$FDGHPLF�3XEOLVKHUV��9RO�����SS���������%HLMLQJ��

$ORQVR�� (�(��� *HQV�� $�� H� -RVD�� $�� �������� A constitutive model for partially saturated soils.�

*pRWHFKQLTXH���������SS����������

$ORQVR� (�(�� H� *HQV� $�� �������� On the mechanical behaviour of arid soils�� (QJLQHHULQJ�

FKDUDFWHULVWLFV�RI�$ULG�6RLOV��HGV��3*�)RRNHV�DQG�5+�3DUU\��%DONHPD��SS�����������

$ORQVR��(�(��9DXQDW��-��H�*HQV��$���������Modelling the mechanical behaviour of expansive clays��

(QJLQHHULQJ�*HRORJ\������SS�����������

$ORQVR��(�(��H�$OFRYHUUR��-����������Swelling and degradation of argillaceous rocks.�3URF��RI�WKH�

�UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�8QVDWXUDWHG�6RLOV��HGV��-XFi��GH�&DPSRV�DQG�0DULQKR��6ZHWV�

DQG�=HLWOLQJHU��SS���������

$ORQVR��(�(���3HUHLUD��-��0���9DXQDW��-��H�2OLYHOOD��6����������A microstructurally-based effective 

stress for unsaturated soils��*pRWHFKQLTXH����������SS�����������

%XUODQG�� -�%�� ��������On the compressibility and shear strength of natural clays.�*pRWHFKQLTXH��

�������SS�����������

&DIDUR�)��H�&RWHFFKLD�)����������Structure degradation and changes in the mechanical behaviour of 

a stiff clay due to weathering.�*HRWHFKQLTXH��YRO��������SS�����������

&DUGRVR�� 5�� �������� Hydro-mechanical behaviour of compacted marls.� 3K'� 7KHVLV�� ,QVWLWXWR�

6XSHULRU�7pFQLFR��/LVERQ��3RUWXJDO��

&DUGRVR�� 5�� H� $ORQVR�� (�(� �������� Degradation of compacted marls: a microstructural 

investigation.�6RLOV�DQG�)RXQGDWLRQV��9RO�����1R����SS�����������

&DUGRVR��5��H�$ORQVR��(�(���������On the definition of constitutive models for compacted soft rocks.�

3URF���WK�,QW��&RQI��8QVDWXUDWHG�6RLOV��HGV��$ORQVR��(�(��DQG�*HQV��$���%DUFHORQD��

&DUGRVR��5���'HOOD�9HFFKLD��*���-RPPL��&��H�5RPHUR��(����������Water retention curve for evolving 

rocks under suction cycles��3URF���WK�,QW��&RQI��8QVDWXUDWHG�6RLOV��HGV��$ORQVR��(�(��DQG�*HQV��

$���%DUFHORQD��

&DUGRVR��5��H�0DUDQKD�GDV�1HYHV��(����������Estudo de um aterro da autoestrada A10 construído 

com margas��5HYLVWD�*HRWHFQLD�GD�6RFLHGDGH�3RUWXJXHVD�GH�*HRWHFQLD�Q�������SS�������
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&DUGRVR��5��H�0DUDQKD�GDV�1HYHV��(����������Hydro-mechanical characterization of lime-treated 

and untreated marls used in a motorway embankment.�(QJLQHHULQJ�*HRORJ\�����������SS�����

����

&DUGRVR��5���0DUDQKD�GDV�1HYHV��(��(��H�$ORQVR��(�(����������Experimental behaviour of compacted 

marls��*pRWHFKQLTXH�����������SS�������������

&DUGRVR��5���$ORQVR��(�(��H�0DUDQKD�GDV�1HYHV��(��(����������A constitutive model for compacted 

expansive and bonded marls��*pRWHFKQLTXH�����������SS��������������

)XNXPRWR��7�� ��������Particle breakage caracteristics in granular soils�� 6RLOV� DQG�)RXQGDWLRQV��

������SS���������

)XPDJDOOL��(����������Tests on cohesionless materials for rockfill dams.�-��6RLO�0HFK��)RXQG��(QJQJ�

'LY���$6&(�����1R��60���SS�����������

*HQV�$�� H�$ORQVR�(�(�� ��������A framework for the behaviour of unsaturated expansive clays��

&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO������SS�������������

*HQV��$��H�1RYD��5����������Conceptual bases for a constitutive model for bonded soils and weak 

rocks��6\PS��RQ�*HRWHFKQLFDO�(QJ��+DUG�6RLOV�6RIW�5RFNV��YRO�����SS�����������

*XOOj��*���0DQGDJOLR��0�&���H�0RUDFL��1����������Effect of weathering on the compressibility and 

shear strength of a natural clay��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO������SS�����������

/HURXHLO��6��H�9DXJKDQ��3����������The general and congruent effects of the structure in natural soils 

and weak rocks��*pRWHFKQLTXH��YRO��������SS�����������

0DUDQKD�GDV�1HYHV��(����������Mecânica dos estados críticos. Solos saturados e não saturados.�,67�

3UHVV��/LVERD��

0DUVDO��5��-����������Large scale testing of rockfill materials.�-RXUQDO�RI�WKH�6RLO�0HFKDQLFV�DQG�

)RXQGDWLRQ�'LYLVLRQ��$6&(���������SS���������

0DUVDO�� 5�� -�� �������� Mechanical properties of rockfill.� ,Q� (PEDQNPHQW� GDP� HQJLQHHULQJ��

&DVDJUDQGH�YROXPH��HGV�5��&��+LUVFKIHOG�	�6��-��3RXORV���-RKQ�:LOH\�	�6RQV��1HZ�<RUN��SS��

���������

1REDUL��(��6��H�'XQFDQ��-��0����������Effect of reservoir filling on stresses and movements in earth 

and rockfill dams�� 'HSDUWPHQW� RI� &LYLO� (QJLQHHULQJ�� 5HSRUW� 1R�� 7(������� 8QLYHUVLW\� RI�

&DOLIRUQLD��

1XWK�� 0�� H� /DORXL�� /�� �������� Effective stress concept in unsaturated soils: Clarification and 

validation of a unified framework��,QWHUQDWLRQDO�-RXUQDO�IRU�1XPHULFDO�DQG�$QDO\WLFDO�0HWKRGV�

LQ�*HRPHFKDQLFV������SS�����������

2OGHFRS�� /�$�� ��������Compressibilidad de escolleras. Influencia de la humedad.� 3K'� 7KHVLV��

8QLYHUVWLWDW�3ROLWpFQLFD�GH�&DWDOXQ\D��6SDLQ���

2OGHFRS��/�$��H�$ORQVR��(�(����������A model for rockfill compressibility��*pRWHFKQLTXH���������SS��

���������

2OGHFRS��/�$��H�$ORQVR��(�(����������Theoretical investigation of the time-dependent behaviour of 

rockfill��*pRWHFKQLTXH���������SS������������

2OLYHOOD�� 6��� *HQV��$��� &DUUHUD�� -�� H�$ORQVR�� (�� (�� ��������Numerical formulation for simulator 

(CODE_BRIGHT) for coupled analysis of saline media��(QJLQHHULQJ�FRPSXWDWLRQV��YRO���������

SS����������



1690379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 141-170

http://dx.doi.org/10.24849/j.geot.2018.143.07 – © 2018 Sociedade Portuguesa de Geotecnia

83&�'/7���������CODE_BRIGHT - User’s Guide.�'HSDUWDPHQWR�GH�,QJHQLHUtD�GHO�7HUUHQR��(�7�6��

,QJHQLHURV�GH�&DPLQRV��&DQDOHV�\�3XHUWRV�GH�%DUFHORQD��8QLYHUVLGDG�3ROLWpFQLFD�GH�&DWDOXxD��

9DQ�*HQXFKWHQ��0��7�������). A closed-form equation for predicting the hydraulic conductivity of 

unsaturated soils��6RLO�6FL��6RF��$P��-������SS�����������

9HLJD� 3LQWR�� $�$�� ������� Prediction of the structural behaviour of rockfill dams�� 3K'� WKHVLV�

1DWLRQDO�/DERUDWRU\�RI�&LYLO�(QJLQHHULQJ��3RUWXJDO��

�

/,67$�'(�6Ë0%2/26�

D���FRQVWDQWH�SDUD�GHILQLomR�GDV�WHQV}HV�HIHFWLYDV�FRQVLGHUDQGR�R�JUDX�GH�VDWXUDomR 

E���FRQVWDQWH�SDUD�GHILQLomR�GR�tQGLFH�GH�FRPSUHVVLELOLGDGH HODVWRSOiVWLFD�SDUD�YDULDo}HV�GH�WHQVmR�
LVRWUySLFD�HP�FRQGLo}HV�QmR�VDWXUDGDV�
p

vGH ���GHIRUPDo}HV�YROXPpWULFDV�SOiVWLFDV��

N - tQGLFH�GH�FRPSUHVVLELOLGDGH HOiVWLFD�SDUD�YDULDo}HV�GH�WHQVmR�LVRWUySLFD�

NM - tQGLFH� GH� FRPSUHVVLELOLGDGH HOiVWLFD� SDUD� YDULDo}HV� GH� WHQVmR� LVRWUySLFD� SDUD� R� PDWHULDO�

FRPSDFWDGR�

Nm�b�� �� tQGLFH� GH� FRPSUHVVLELOLGDGH HOiVWLFD� SDUD� YDULDo}HV� GH� WHQVmR� LVRWUySLFD� SDUD� R�PDWHULDO�

GXUDQWH�D�VXV�GHVWUXWXUDomR�

Nmfd� � �� tQGLFH� GH� FRPSUHVVLELOLGDGH HOiVWLFD� SDUD� YDULDo}HV� GH� WHQVmR� LVRWUySLFD� SDUD� R�PDWHULDO�

GHVWUXWXUDGR�

Ns���tQGLFH�GH�FRPSUHVVLELOLGDGH HOiVWLFD�SDUD�YDULDo}HV�GH�VXFomR�

NsM���tQGLFH�GH�FRPSUHVVLELOLGDGH HOiVWLFD�SDUD�YDULDo}HV�GH�VXFomR�SDUD�R�PDWHULDO�FRPSDFWDGR�

O���FRQVWDQWH�

O������tQGLFH�GH�FRPSUHVVLELOLGDGH HODVWRSOiVWLFD�SDUD�YDULDo}HV�GH�WHQVmR�LVRWUySLFD�HP�FRQGLo}HV�
VDWXUDGDV�

OM������tQGLFH�GH�FRPSUHVVLELOLGDGH HODVWRSOiVWLFD�SDUD�YDULDo}HV�GH�WHQVmR�LVRWUySLFD�SDUD�R�PDWHULDO�

FRPSDFWDGR�VDWXUDGR��

'VK���YDULDo}HV�GD�WHQVmR�KRUL]RQWDO��

'VY���YDULDo}HV�GD�WHQVmR�YHUWLFDO�

'b���DXPHQWR�GH�GHVWUXWXUDomR�GHYLGD�D�VXFomR 

a���FRQVWDQWH�

b, b� -�SDUkPHWUR�GH�GDQR��

&���FRQVWDQWH��

'���GLkPHWUR�

mdH  e

fragdH ���GHIRUPDo}HV�HOiVWLFDV�GR�IUDJPHQWR�

P

fragdH ���GHIRUPDo}HV�SOiVWLFDV�GR�IUDJPHQWR�

LC

fragdH ���GHIRUPDo}HV�SOiVWLFDV�GR�IUDJPHQWR�FDOFXODGDV�FRP�D�FXUYD�/&�

P

MdH ���GHIRUPDo}HV�SOiVWLFDV�GR�PDWHULDO�FRPSDFWDGR�
LC

MdH ���GHIRUPDo}HV�SOiVWLFDV�GR�PDWHULDO�FRPSDFWDGR�FDOFXODGDV�FRP�D�FXUYD�/&�
e

MdH ���GHIRUPDo}HV�HOiVWLFDV�GR�PDWHULDO�FRPSDFWDGR��

e���tQGLFH�GH�YD]LRV�WRWDO� 

efrag ��tQGLFH�GH�YD]LRV�GR�IUDJPHQWR�

eM���tQGLFH�GH�YD]LRV�GD�PDFURVWUXWXUD��

em���tQGLFH�GH�YD]LRV�GD�PLFURVWUXWXUD��

emo���tQGLFH�GH�YD]LRV�GD�PLFURVWUXWXUD�LQLFLDO��
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f���IXQomR�GH�LQWHUDFomR�JHQpULFD�

fI���IXQomR�GH�LQWHUDFomR�JHQpULFD�TXDQGR�6,�p�DFWLYDGD��

fD���IXQomR�GH�LQWHUDFomR�JHQpULFD�TXDQGR�6'�p�DFWLYDGD��

f����FRQVWDQWH�GD�IXQomR�GH�LQWHUDFomR�

f����FRQVWDQWH�GD�IXQomR�GH�LQWHUDFomR�

fFrag���IXQomR�GH�LQWHUDFomR�JHQpULFD�SDUD�R�PRGHOR�GR�IUDJPHQWR�

fComp, fnb, fb ��IXQomR�GH�LQWHUDFomR�JHQpULFD�SDUD�R�PRGHOR�GR�PDWHULDO�FRPSDFWDGR�

h1���FRQVWDQWH�

NLQW���SHUPHDELOLGDGH�LQWUtQVHFD�

NVDW���SHUPHDELOLGDGH�VDWXUDGD�

/&���&XUYD�GH�FHGrQFLD��/RDGLQJ�&ROODSVH��

n - FRQVWDQWH�GD�IXQomR�GH�LQWHUDFomR�

1/���OLQKD�QHXWUD��

3���FRQVWDQWH�GR�PDWHULDO�



�p ���WHQVmR�GH�FHGrQFLD�LVRWUySLFD�SDUD�R�PDWHULDO�VDWXUDGR��


�rp ���WHQVmR�GH�FHGrQFLD�LVRWUySLFD�SDUD�R�PDWHULDO�FRPSOHWDPHQWH�GHVWUXWXUDGR�


�bp ���WHQVmR�GH�FHGrQFLD�LVRWUySLFD�SDUD�R�PDWHULDO�FRP�D�HVWUXWXUD�LQWDFWD 

p���WHQVmR�PpGLD�GH�FRPSUHVVmR�

p’���WHQVmR�PpGLD�HIHFWLYD�GH�FRPSUHVVmR��

p’PD[���WHQVmR�PpGLD�HIHFWLYD�GH�FRPSUHVVmR�Pi[LPD�

p����WHQVmR�GH�FHGrQFLD�LVRWUySLFD�SDUD�R�PDWHULDO�QmR�VDWXUDGR�

pc���WHQVmR�GH�UHIHUrQFLD��

pr
c���WHQVmR�GH�UHIHUrQFLD�SDUD�R�PDWHULDO�FRPSOHWDPHQWH�GHVWUXWXUDGR��E ���

r���SDUkPHWUR��

s���VXFomR�

6'���FXUYD�GH�FHGrQFLD�DFWLYDGD�QD�PROKDJHP��6XFWLRQ�GHFUHDVH��

6,���FXUYD�GH�FHGrQFLD�DFWLYDGD�QD�VHFDJHP��6XFWLRQ�LQFUHDVH���

Sr���JUDX�GH�VDWXUDomR��

Z���WHRU�HP�iJXD�JUDYLPpWULFR�


