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7UDFN�ODWHUDO�VWDELOLW\�WHVWV�SHUIRUPHG�LQ�&('(;�7UDFN�%R[�DQG�WKHLU�

PRGHOOLQJ�

-RVp�(VWDLUH�*HSS�

9LFHQWH�&XpOODU�0LUDVRO�

0DUtD�6DQWDQD�5XL]�GH�$UEXOR�

5(680(1� ±� (Q� HO� &DMyQ� )HUURYLDULR� GHO� &('(;� VH� KDQ� UHDOL]DGR� XQD� VHULH� GH� HQVD\RV� GH� UHVLVWHQFLD�
ODWHUDO� GH�YtD� FRQ� OD� D\XGD�GH�XQ�~WLO� HVSHFLDOPHQWH�GLVHxDGR�TXH�HV� FDSD]�GH�HPSXMDU�KRUL]RQWDOPHQWH� OD�

WUDYLHVD�PLHQWUDV�VH�UHJLVWUD�VX�PRYLPLHQWR��/D�UHVLVWHQFLD�ODWHUDO�GH�YtD�GHSHQGH�GH�WUHV�IDFWRUHV�SULQFLSDOHV��

HO�UR]DPLHQWR�FRQ�HO�EDODVWR��WDQWR�HQ�OD�EDVH�FRPR�HQ�ODV�FDUDV�ODWHUDOHV�GH�OD�WUDYLHVD�\�ORV�HPSXMHV�SDVLYR�\�

DFWLYR� TXH� VH� GHVDUUROODQ� HQ� ORV� KRPEURV� GH� OD� WUDYLHVD�� 3DUD� FXDQWLILFDU� GLFKRV� IDFWRUHV� GH� DFXHUGR� D� OD�

0HFiQLFD� GHO� 6XHOR�� VH� GHWHUPLQy� SUHYLDPHQWH� OD� UHVLVWHQFLD� DO� FRUWH� GHO� EDODVWR� HQ� XQD� FDMD� GH� JUDQGHV�

GLPHQVLRQHV���[��P�GH�SODQR�GH�FRUWH��TXH�SHUPLWH�HQVD\DU�HO�EDODVWR�HQ�VX�WDPDxR�UHDO��$GHPiV��HQ�YDULRV�

GH� HVRV� HQVD\RV�� HO� EDODVWR� VH� FRQWDPLQy� FRQ�XQD� DUHQD� ILQD�\�XQLIRUPH�SDUD� UHSURGXFLU� HO� HIHFWR�GH�XQDV�

SRVLEOHV�FRQGLFLRQHV�PHGLRDPELHQWDOHV�DGYHUVDV� �SRU�HMHPSOR��XQD� WRUPHQWD�GH�DUHQD��HQ�XQD� OtQHD�GH�DOWD�

YHORFLGDG�TXH�VH�GHVDUUROOH�HQ�XQD�]RQD�GHVpUWLFD��

6<1236,6�±�6RPH�WUDFN�ODWHUDO�VWDELOLW\�WHVWV�ZHUH�SHUIRUPHG�LQ�&('(;�7UDFN�%R[��&7%��ZLWK�WKH�DLG�RI�
D�VSHFLDO�WRRO�EXLOW�IRU�WKDW�SXUSRVH�WKDW�SXVKHV�DZD\�WKH�VOHHSHU�ZKLOH�LWV�PRYHPHQW�LV�UHFRUGHG��7KH�ODWHUDO�

UHVLVWDQFH� RI� WKH� VOHHSHU� LV� GXH� WR� WKUHH�PHFKDQLVPV�� WKH� IULFWLRQ� LQ� WKH� VOHHSHU� EDVH�ZLWK� WKH� EDOODVW�� WKH�

IULFWLRQ� LQ� WKH� VOHHSHU� ODWHUDO� IDFHV�ZLWK� WKH� EDOODVW� DQG� WKH�SDVVLYH� DQG� DFWLYH� UHVLVWDQFHV� RI� EDOODVW� LQ� WKH�

VOHHSHU�VKRXOGHUV��7R�TXDQWLI\�WKRVH�PHFKDQLVPV�DFFRUGLQJ�WR�6RLO�0HFKDQLF�ODZV��WKH�EDOODVW�VKHDU�VWUHQJWK�

ZDV�SUHYLRXVO\�GHWHUPLQHG� LQ� ODUJH�GLUHFW� VKHDU� WHVWV� �LQ� D��[�[��P�VKHDU�ER[���7KH� ODUJH� VL]H�RI� WKDW� WHVW�

HTXLSPHQW�PDNHV�LW�SRVVLEOH�WR�WHVW�EDOODVW�LQ�LWV�UHDO�VL]H��)XUWKHUPRUH��LQ�VRPH�RI�WKRVH�WHVWV�WKH�EDOODVW�ZDV�

IRXOHG�ZLWK�ILQH�DQG�XQLIRUP�VDQG�WR�UHSURGXFH�WKH�HIIHFW�RI�DGYHUVH�HQYLURQPHQWDO�FRQGLWLRQV��H�J��D�VDQG�

VWRUP��LQ�GHVHUW�KLJK�VSHHG�OLQHV��

3DODEUDV�&ODYH�±�YtD�IpUUHD��HQVD\RV�GH�HVWDELOLGDG�ODWHUDO��ODERUDWRULR��PRGHOL]DFLyQ��

.H\ZRUGV�±�UDLOZD\��ODWHUDO�VWDELOLW\�WHVWV��ODERUDWRU\��PRGHOOLQJ��

��±�,1752'8&,Ï1�

/D�UHVLVWHQFLD�GH�OD�YtD� WLHQH�WUHV�FRPSRQHQWHV�HQ�HO�SODQR�KRUL]RQWDO��ODWHUDO�� ORQJLWXGLQDO�\�

WRUVLRQDO��\�XQD�HQ�HO�SODQR�YHUWLFDO��VLHQGR�GLFKD�UHVLVWHQFLD�XQR�GH�ORV�HOHPHQWRV�FODYH�HQ�HO�EXHQ�

FRPSRUWDPLHQWR�GH�ODV�YtDV�IHUURYLDULDV��/D�UHVLVWHQFLD�ODWHUDO�HV�OD�UHDFFLyQ�TXH�HMHUFH�HO�EDODVWR�

 * Jefe de Área de Infraestructuras Tecnológicas. Responsable del Cajón Ferroviario del CEDEX.
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 ** Dr. Ingeniero de Caminos. Laboratorio de Geotecnia – CEDEX. Madrid.
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FRQWUD�HO�PRYLPLHQWR�ODWHUDO�GH�OD�YtD��VLHQGR�IXQGDPHQWDO�SDUD�HYLWDU�OD�DSDULFLyQ�GH�SDQGHRV�HQ�

OD� YtD�� (VWD� UHVLVWHQFLD� ODWHUDO� GHSHQGH� GH� YDULRV� IDFWRUHV� WDOHV� FRPR�� HO� HVSHVRU� GH� OD� FDSD� GH�

EDODVWR��VX�WLSR��OD�FRQVROLGDFLyQ�GH�OD�EDQTXHWD�GH�EDODVWR��VX�PDQWHQLPLHQWR��HO�WLSR�\�SHVR�GH�OD�

WUDYLHVDV�\�ODV�FDUJDV�TXH�WUDQVPLWHQ�ORV�WUHQHV�D�VX�SDVR��.LVK���������

/D�PHGLGD�GH�OD�HVWDELOLGDG�ODWHUDO�VH�GHEH�KDFHU�HQ�YtD�UHDO��DXQTXH�VX�UHDOL]DFLyQ�SUHVHQWD�

JUDQGHV� GLILFXOWDGHV� GDGR� TXH� WLHQH� TXH� FRUWDUVH� HO� WUiILFR� GH� WUHQHV�� (VWH� KHFKR� KDFH� TXH� VHD�

LQWHUHVDQWH�UHDOL]DU�ORV�HQVD\RV�GH�HVWDELOLGDG�ODWHUDO�HQ�ODERUDWRULR��HVSHFLDOPHQWH�VL�DOJXQR�GH�ORV�

HOHPHQWRV�GH�OD�YtD�VRQ�SURWRWLSRV�\�QR�VH�KDQ�XVDGR�SUHYLDPHQWH�HQ�YtDV�UHDOHV�R�HQ�HO�FDVR�GH�

TXH�VH�UHDOLFHQ�HQVD\RV�EDMR�FRQGLFLRQHV�DPELHQWDOHV�QR�XVXDOHV��SRU�HMHPSOR��WUDV�XQD�WRUPHQWD�

GH�DUHQD�HQ�XQD�OtQHD�GH�DOWD�YHORFLGDG�TXH�DWUDYLHVH�XQ�GHVLHUWR�GH�DUHQD���

(O�&DMyQ�)HUURYLDULR�GHO�&('(;�HV�XQD�LQVWDODFLyQ�GH�HQVD\RV�TXH�SHUPLWH�FRQVWUXLU�PRGHORV�

GH�YtD�IpUUHD�D�HVFDOD�UHDO�����HQ�OD�TXH�VH�SXHGHQ�UHDOL]DU�GLIHUHQWHV� WLSRV�GH�HQVD\RV��HQWUH� ORV�

TXH�VH�HQFXHQWUDQ�ORV�HQVD\RV�GH�HVWDELOLGDG�ODWHUDO�HQ�YtDV��

��±�(/�&$-Ï1�)(5529,$5,2�'(/�&('(;��&7%��

(O�&DMyQ� )HUURYLDULR� GHO� &('(;� �&7%�� DFUyQLPR� GH� VX� YHUVLyQ� HQ� LQJOpV�� &('(;�7UDFN�

%R[��HV�XQD�LQVWDODFLyQ�GH����P�GH�ORQJLWXG����P�GH�DQFKXUD�\���P�GH�SURIXQGLGDG�FX\R�SULQFLSDO�

REMHWLYR�HV�HQVD\DU��D�HVFDOD������ VHFFLRQHV�FRPSOHWDV�GH�YtD�GH� OtQHDV�FRQYHQFLRQDOHV�\�GH�DOWD�

YHORFLGDG�� DO� SDVR�GH� WUHQHV�GH�SDVDMHURV�\�PHUFDQFtDV�\� WUiILFR�PL[WR�� D�YHORFLGDGHV�KDVWD�����

NP�K��(Q�OD�)LJXUD���VH�PXHVWUD�XQD�YLVWD�JHQHUDO�GH�OD�LQVWDODFLyQ��

/D�SULQFLSDO�YHQWDMD�GH�OD�LQVWDODFLyQ�HV�OD�SRVLELOLGDG�GH�HMHFXWDU�HQVD\RV�GH�IDWLJD�GH�IRUPD�

UiSLGD�� \D� TXH� HQ� XQD� VHPDQD� GH� WUDEDMR� VH� SXHGH� UHSURGXFLU� HO� HIHFWR� GHO� SDVR� GH� WUHQHV� TXH�

FLUFXODQ�GXUDQWH�XQ�DxR�SRU�XQD�VHFFLyQ�UHDO��

/D�UHSURGXFFLyQ�GHO�HIHFWR�GHO�DFHUFDPLHQWR��SDVR�\�DOHMDPLHQWR�GH�XQ�WUHQ�HQ�OD�VHFFLyQ�GH�

HQVD\R�� FRPR� RFXUUH� HQ� XQD� YtD� UHDO�� VH� UHDOL]D� PHGLDQWH� OD� DSOLFDFLyQ� GH� FDUJDV� YHUWLFDOHV��

GHVIDVDGDV� DGHFXDGDPHQWH� HQ� IXQFLyQ� GH� OD� YHORFLGDG� GH� ORV� WUHQHV� TXH� VH� HVWpQ� VLPXODQGR��

SURGXFLGDV�SRU�WUHV�SDUHV�GH�DFWXDGRUHV�VHUYRKLGUiXOLFRV�TXH�SXHGHQ�DSOLFDU�XQD�FDUJD�Pi[LPD�GH�

���� N1� D� ��� +]� GH� IUHFXHQFLD�� VLWXDGRV� HQ� FDGD� FDUULO� \� VHSDUDGRV� ���� P� HQ� OD� GLUHFFLyQ�

�

)LJ����±�9LVWD�JHQHUDO�GHO�&DMyQ�)HUURYLDULR��
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ORQJLWXGLQDO��

$GHPiV��OD�UHSURGXFFLyQ�GH�ORV�HIHFWRV�GLQiPLFRV��TXH�LQGXFHQ�ODV�LPSHUIHFFLRQHV�HQ�HO�FDUULO�

HQ�IRUPD�GH�FDUJDV�GH�EDMD�DPSOLWXG�D�DOWDV�IUHFXHQFLDV��WDPELpQ�SXHGH�KDFHUVH�PHGLDQWH�HO�XVR�GH�

GRV�DFWXDGRUHV�SLH]RHOpFWULFRV�TXH�SXHGHQ�DSOLFDU�FDUJDV�GH�KDVWD����N1�D�XQD�IUHFXHQFLD�GH�����

+]��

/D� UHVSXHVWD� GH� OD� YtD� VH� PLGH� PHGLDQWH� XQD� VHULH� GH� VHQVRUHV� WLSR� /9'7�� JHyIRQRV��

DFHOHUyPHWURV� \� FpOXODV� GH� SUHVLyQ� LQVWDODGDV� GHQWUR� GHO� WHUUDSOpQ� \� GH� ODV� FDSDV� GH� DVLHQWR�

�EDODVWR��VXEEDODVWR�\�FDSD�GH�IRUPD��GH�OD�YtD��3RU�RWUD�SDUWH��OD�UHVSXHVWD�GH�OD�VXSHUHVWUXFWXUD�VH�

PLGH� FRQ� XQ� FLHUWR� Q~PHUR� GH� WUDQVGXFWRUHV� PHFiQLFRV� GH� GHVSOD]DPLHQWR�� VHQVRUHV� OiVHU��

JHyIRQRV� \� DFHOHUyPHWURV� LQVWDODGRV� HQ� ORV� GLIHUHQWHV� FRPSRQHQWHV� GH� OD� YtD� �FDUULO�� WUDYLHVD� \�

VXHOD���
(O�&DMyQ�)HUURYLDULR�GHO�&('(;�VH�KD�XWLOL]DGR�HQ�ORV�~OWLPRV�DxRV�SDUD�LQYHVWLJDU�GLIHUHQWHV�

WHPDV��WDOHV�FRPR��(VWDLUH�HW�DO���������
�

x� 0HGLGD�GH�OD�ULJLGH]�YHUWLFDO�GH�YtD�HQ�GLIHUHQWHV�FRQGLFLRQHV�GH�YtD��

x� 'HWHUPLQDFLyQ�GH�OD�HVWDELOLGDG�ODWHUDO�GH�YtD��

x� (VWXGLR�GHO�FRPSRUWDPLHQWR�D�FRUWR�\�ODUJR�SOD]R�GH�VHFFLRQHV�GH�YtD�PHGLDQWH�OD�GHGXFFLyQ�

GH�ODV�FXUYDV�GH�DVLHQWR�SHUPDQHQWH�GHO�EDODVWR�REWHQLGDV�HQ�HQVD\RV�GH�IDWLJD��

x� &iOFXOR�GH�ODV�GHIOH[LRQHV�GH�YtD�EDMR�HO�SDVR�GH�WUHQHV�D�DOWDV�YHORFLGDGHV�KDVWD�����NP�K��

x� 2SWLPL]DFLyQ�GHO�HVSHVRU�GH�OD�FDSD�GH�VXEEDODVWR�ELWXPLQRVR��

x� $QiOLVLV�GHO�FRPSRUWDPLHQWR�GH�WUDYLHVDV�FRQ�VXHODV�EDMR�WUDYLHVDV��863���

x� (VWXGLR� GHO� FRPSRUWDPLHQWR� GH� /tQHDV� GH� $OWD� 9HORFLGDG� VRPHWLGDV� D� WUiILFR� PL[WR� GH�

SDVDMHURV�\�PHUFDQFtDV��

x� &DOLEUDFLyQ�GH�PRGHORV�QXPpULFRV�HQ��'��

��±�352&(',0,(172�'(�(16$<2�

����±�6LVWHPD�GH�FDUJD�

(O�HQVD\R�GH�UHVLVWHQFLD�ODWHUDO�GH�YtD�VH�HMHFXWD�HQ�XQD�WUDYLHVD�VLWXDGD�HQ�OD�FDSD�GH�EDODVWR��

XQD�YH]�TXH�VH�KDQ�OLEHUDGR�ODV�VXMHFLRQHV�GH�ORV�FDUULOHV��(O�~WLO�SDUD�UHDOL]DU�HO�HQVD\R�VH�DWRUQLOOD�

D�ORV�H[WUHPRV�ODWHUDOHV�GH�OD�WUDYLHVD�\�VH�VXMHWD�DO�DFWXDGRU�KLGUiXOLFR��HQFDUJDGR�GH�JHQHUDU�ODV�

FDUJDV�KRUL]RQWDOHV��SHUSHQGLFXODUHV�DO�HMH�GH�YtD��(O�DFWXDGRU�KLGUiXOLFR�KRUL]RQWDO�HVWi�HTXLSDGR�

FRQ�XQD�FpOXOD�GH�FDUJD�FRQHFWDGD�DO�VLVWHPD�GH�DGTXLVLFLyQ�GH�GDWRV��(V�GH�GHVWDFDU�TXH��GXUDQWH�

OD�UHDOL]DFLyQ�GHO�HQVD\R��QR�VH�DSOLFD�QLQJXQD�FDUJD�YHUWLFDO�VREUH�OD�WUDYLHVD��/D�)LJXUD���PXHVWUD�

HO�~WLO�GH�HQVD\RV��SLQWDGR�GH�URMR��XQD�YH]�PRQWDGR�HQ�OD�WUDYLHVD��

(O�~WLO�HVWi�FRQVWLWXLGR�SRU�XQD�SLH]D�GH�DFHUR�TXH�VH�ILMD�D�XQR�GH�ORV�PDUFRV�GH�UHDFFLyQ�GHO�

&DMyQ��(O� DFWXDGRU�KLGUiXOLFR�HV� VHUYR�FRQWURODGR�� WLHQH�XQD�FDSDFLGDG�GH����N1�\�VXV�SLVWRQHV�

WLHQHQ�XQ�UDQJR�GH�GHVSOD]DPLHQWR�GH����PP�������PP���$OJXQRV�GH�HVWRV�GHWDOOHV�SXHGHQ�YHUVH�

HQ�ORV�HVTXHPDV�GH�OD�)LJXUD����

�
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�
�
� �
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�

�

)LJ����±�(VTXHPDV�GHO�HTXLSR�GH�WLUR�GH�WUDYLHVD�SDUD�OD�UHDOL]DFLyQ�GH�ORV�HQVD\RV��

����±�$SOLFDFLyQ�GH�FDUJDV�

/D�FDUJD�KRUL]RQWDO�VH�DSOLFD�D�OD�WUDYLHVD�PHGLDQWH�HO�DFWXDGRU�KLGUiXOLFR�FRQ�XQD�YHORFLGDG�

SURJUDPDGD��PD\RU�DO�FRPLHQ]R�GHO�HQVD\R�FXDQGR�ORV�PRYLPLHQWRV�GH�OD�WUDYLHVD�VRQ�PHQRUHV�\�

GLVPLQX\HQGR� OD� YHORFLGDG� D� PHGLGD� TXH� DXPHQWDQ� ORV� PRYLPLHQWRV�� 1R� VH� KD� DSOLFDGR� FDUJD�

YHUWLFDO�D�OD�WUDYLHVD�GXUDQWH�OD�UHDOL]DFLyQ�GHO�HQVD\R��/D�KLVWRULD�WHPSRUDO�GH�FDUJDV�KRUL]RQWDOHV�

DSOLFDGD�HQ�XQRV�GH�ORV�HQVD\RV�SXHGH�YHUVH�HQ�OD�)LJXUD����

�

�

)LJ����±�(TXLSR�GH�WLUR�GH�WUDYLHVD�SDUD�OD�UHDOL]DFLyQ�GH�ORV�HQVD\RV��PRQWDGR�VREUH�XQD�WUDYLHVD��
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�

)LJ����±�(YROXFLyQ�WHPSRUDO�GH�OD�FDUJD�DSOLFDGD�GXUDQWH�XQR�GH�ORV�HQVD\RV��

&RPR�SXHGH�YHUVH�HQ�HVWH�FDVR��OD�KLVWRULD�WHPSRUDO�GH�FDUJDV�SXHGH�GLYLGLUVH�HQ�WUHV�HWDSDV��

�

x� (WDSD�LQLFLDO��FRPSUHQGLGD�HQWUH����\�����VHJXQGRV���OD�FDUJD�VH�LQFUHPHQWy�KDVWD�XQ�YDORU�

GH�����N1��D�XQD�YHORFLGDG�GH�����N1�V��

x� (WDSD� LQWHUPHGLD� �HQWUH� ���� \� ���� VHJXQGRV��� OD� FDUJD� VH� HOHYy� GH� ���� D� ��� N1�� D� XQD�

YHORFLGDG� GH� ���� N1�V�� (O� SHTXHxR� FLFOR� GH� FDUJD�GHVFDUJD� TXH� DSDUHFH� IXH� GHELGR� D� XQ�

OLJHUR�IDOOR�HQ�HO�FRQWURO�GH�DSOLFDFLyQ�GH�FDUJD�TXH�QR�WXYR�FRQVHFXHQFLDV�HQ�HO�GHVDUUROOR�

SRVWHULRU�GHO�HQVD\R��

x� (WDSD�ILQDO��GH�����D�����VHJXQGRV���OD�FDUJD�VH�PDQWXYR�HVWDEOH�DOUHGHGRU�GH�XQ�YDORU�GH����

N1��

����±�6LVWHPD�GH�PHGLFLyQ�

(O�VLVWHPD�GH�PHGLFLyQ�LQVWDODGR�SDUD�FRQWURODU�ORV�PRYLPLHQWRV�GH�OD�WUDYLHVD�HVWDED�IRUPDGR�

SRU��

�

x� 'RV�VHQVRUHV�OiVHU�SDUD�UHJLVWUDU�ORV�GHVSOD]DPLHQWRV�KRUL]RQWDOHV�GH�OD�WUDYLHVD�DO�DSOLFDU�ODV�

FDUJDV�� /RV� HPLVRUHV� OiVHU� VH� PRQWDURQ� HQ� RWUD� WUDYLHVD� VLWXDGD� D� ����� P� GH� GLVWDQFLD��

PLHQWUDV�TXH�ORV�UHFHSWRUHV�OiVHU�VH�LQVWDODURQ�HQ�OD�WUDYLHVD�GH�HQVD\R��

x� 'RV� SRWHQFLyPHWURV�� LQVWDODGRV� HQ� ODV� SDUWHV� H[WHULRUHV� GH� DPERV� FDUULOHV�� SDUD� PHGLU� HO�

GHVSOD]DPLHQWR� YHUWLFDO� UHODWLYR� HQWUH� FDUULO� \� WUDYLHVD� FRQ� HO� REMHWLYR� GH� FRPSUREDU� TXH�

GXUDQWH�WRGR�HO�HQVD\R�QR�VH�SURGXFH�UR]DPLHQWR�HQWUH�DPERV�HOHPHQWRV��

�

/D�)LJXUD���PXHVWUD�ORV�GRV�HOHPHQWRV�GHO�VLVWHPD�GH�PHGLFLyQ��

�
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�

�

�

�
6LVWHPD�OiVHU� 8QR�GH�ORV�SRWHQFLyPHWURV�

)LJ����±�9LVWD�GH�ORV�HOHPHQWRV�GHO�VLVWHPD�GH�PHGLFLyQ��XQD�YH]�LQVWDODGRV�HQ�OD�WUDYLHVD�GH�

HQVD\R��

��±�0$7(5,$/(6�(16$<$'26�

����±�%DODVWR�

������±�(QVD\RV�GH�LGHQWLILFDFLyQ�

(O�EDODVWR�XWLOL]DGR�HQ�HVWH�WUDEDMR�HV�GH�RULJHQ�DQGHVtWLFR��FRPR�VH�SXVR�GH�PDQLILHVWR�FRQ�ORV�

UHVXOWDGRV� GH� ORV� HQVD\RV� GH� GLIUDFFLyQ� GH� 5D\RV� ;� HQ� ORV� TXH� VH� REWXYLHURQ� ORV� VLJXLHQWHV�

UHVXOWDGRV�� ���� SODJLRFODVD� ±DQGHVLWD��� ���� FXDU]R�� ��� IHOGHVSDWRV� SRWiVLFRV�� ��� ELRWLWD�� ���

FORULWD�����KRUQDEOHQGD�\����RWURV��(O�DVSHFWR�GHO�EDODVWR�SXHGH�YHUVH�HQ�OD�)LJXUD����

�

�

)LJ����±�$VSHFWR�GHO�EDODVWR�XWLOL]DGR�HQ�ORV�HQVD\RV��

�

/D�FXUYD�JUDQXORPpWULFD�PXHVWUD�TXH�HO�WDPDxR�Pi[LPR�HV�GH�XQRV����PP��HO�GLiPHWUR�PHGLR�

�'����HV����PP��PLHQWUDV�TXH�HO�FRQWHQLGR�GH�ILQRV�HV�GHVSUHFLDEOH��(O�FRHILFLHQWH�GH�XQLIRUPLGDG��

GHILQLGR�FRPR�HO�FRFLHQWH�HQWUH�ORV�WDPDxRV�GH�SDUWtFXODV�FRUUHVSRQGLHQWHV�D�ORV�SHUFHQWLOHV����\�

����HV������
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/RV�HQVD\RV�UHDOL]DGRV�D�ODV�SDUWtFXODV�GH�EDODVWR�KDQ�SHUPLWLGR�REWHQHU�ORV�VLJXLHQWHV�YDORUHV�
GH� GLIHUHQWHV� SDUiPHWURV�� GH� DFXHUGR� D� OD� WHUPLQRORJtD� XWLOL]DGD� HQ� (1� ������ “Áridos para 
balasto”��

�
x� ËQGLFH�GH�/DMDV������FODVLILFD�DO�EDODVWR�FRPR�&DWHJRUtD�),�����
x� ËQGLFH�GH�IRUPD������FODVLILFD�DO�EDODVWR�FRPR�&DWHJRUtD�6,�����
x� 3DUWtFXODV�GH�ORQJLWXG�������PP������FODVLILFD�DO�EDODVWR�FRPR�&DWHJRUtD�$���
x� &RHILFLHQWH�GH�/RV�ÈQJHOHV�������FODVLILFD�DO�EDODVWR�FRPR�&DWHJRUtD�/$5%������
x� &RHILFLHQWH�0LFUR�'HYDO������FODVLILFD�DO�EDODVWR�FRPR�&DWHJRUtD�0'(5%�����
x� (QVD\R�GH�VXOIDWR�GH�PDJQHVLR������
x� $EVRUFLyQ�GH�DJXD��������
x� 'HQVLGDG�HVSHFtILFD�GH�ODV�SDUWtFXODV�������W�P���
x� 'HQVLGDG�PtQLPD�������W�P���
x� 5HVLVWHQFLD�D�FDUJD�SXQWXDO��3/7�����������03D��,V������

�
$� OD�YLVWD�GH�HVWRV� UHVXOWDGRV��HO�EDODVWR�VH�SXHGH�FODVLILFDU�FRPR�GH�PX\�DOWD�FDOLGDG�\��GH�

DFXHUGR�D�(1��������FRPR�GH�FODVH�$��SRU�OR�TXH�FXPSOH�WRGRV�ORV�UHTXLVLWRV�SDUD�VX�XVR�HQ�ODV�
LQIUDHVWUXFWXUDV�GH�ODV�/tQHDV�GH�$OWD�9HORFLGDG��

�
������±�(QVD\RV�GH�FRUWH�GLUHFWR�

4.1.2.1 –�Equipo de corte utilizado 

/RV� HQVD\RV� VH� UHDOL]DURQ� HQ� XQD� FDMD� GH� FRUWH� GH� JUDQGHV� GLPHQVLRQHV�� TXH� SRVHH� HO�
/DERUDWRULR� GH� *HRWHFQLD� �&('(;��� TXH� WLHQH� XQ� SODQR� GH� FRUWH� GH� �� [� �� P�� &RQ� HVDV�
GLPHQVLRQHV��HO�WDPDxR�Pi[LPR�GH�SDUWtFXOD�TXH�SXHGH�XWLOL]DUVH�HQ�ORV�HQVD\RV�HV�����FP��\D�TXH�
VH�GHEHQ�FXPSOLU� ORV�UHTXLVLWRV�HVWDEOHFLGRV�HQ�$670�'������XQ�UDWLR�����HQWUH�HO�HVSHVRU�\�OD�
DQFKXUD� GH� OD� PXHVWUD� \� XQ� UDWLR� ���� HQWUH� HO� WDPDxR� Pi[LPR� GH� SDUWtFXOD� \� HO� HVSHVRU� GH� OD�
PXHVWUD��(Q�HVWH�FDVR��HVWD�OLPLWDFLyQ�VH�FXPSOH�GDGR�TXH�HO�WDPDxR�Pi[LPR�GHO�EDODVWR�HQVD\DGR�
HV���FP��

��i� ����}��� D���}���������]�v

'��}�������P��À���]��o'��}�������P��Z}�]Ì}v��o

)LJ����±�)RWRJUDItD�GHO�HTXLSR�GH�FRUWH�GLUHFWR�XWLOL]DGR�HQ�ORV�HQVD\RV��HQ�OD�TXH�OD�FDMD�GH�FRUWH�
HVWi�IXHUD�GHO�PDUFR�GH�UHDFFLyQ�GHO�HTXLSR�GH�DSOLFDFLyQ�GH�FDUJDV�
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� �

&DMD�GH�FRUWH�IXHUD�GHO�PDUFR�GH�UHDFFLyQ�HQ�OD�

]RQD�XVDGD�SDUD�OD�SUHSDUDFLyQ�GH�ODV�SUREHWDV�

&DMD�GH�FRUWH�GHQWUR�GHO�PDUFR�GH�UHDFFLyQ�HQ�

OD�SRVLFLyQ�XVDGD�SDUD�OD�UHDOL]DFLyQ�GHO�HQVD\R�

)LJ����±�(VTXHPD�GHO�HTXLSR�GH�FRUWH�GLUHFWR�XWLOL]DGR�HQ�ORV�HQVD\RV��

/D� Pi[LPD� FDUJD� YHUWLFDO� TXH� SXHGH� LPSRQHUVH� DO� PDWHULDO� HQVD\DGR� HV� GH� ����� N1�� (O�

Pi[LPR� GHVSOD]DPLHQWR� KRUL]RQWDO� GH� OD� FDMD� GH� FRUWH� HV� ��� FP�� VXILFLHQWH� JHQHUDOPHQWH� SDUD�

REWHQHU� OD� UHVLVWHQFLD�GH�SLFR�HQ�HVWH� WLSR�GH�PDWHULDOHV�JUDQXODUHV��/D�FDUJD�KRUL]RQWDO�� FRQ�XQ�

Pi[LPR�GH������N1��SXHGH� LPSRQHUVH�D�XQD�YHORFLGDG�FRQVWDQWH��TXH�SXHGH�HVWDU�FRPSUHQGLGD�

HQWUH�����\����PP�PLQ��HQ�HVWH�HVWXGLR�VH�XWLOL]y�XQD�YHORFLGDG�GH�����PP�PLQ��(VWH�HTXLSR�VH�KD�

XWLOL]DGR�SURIXVDPHQWH�SDUD�HO�HVWXGLR�GH�HVFROOHUDV�SRUWXDULDV�\�GH�SUHVDV��(VWDLUH�\�2ODOOD�������

\��������/DV�)LJXUDV���\���PXHVWUDQ�� UHVSHFWLYDPHQWH�� XQD� IRWRJUDItD�\�XQ� HVTXHPD�GHO� HTXLSR�

XWLOL]DGR�HQ�ORV�HQVD\RV��

�

4.1.2.2 –�Preparación de muestras en los ensayos realizados 

6H�KDQ�UHDOL]DGR�WUHV�HQVD\RV��GLIHUHQFLDGRV�HQ�OD�IRUPD�GH�SUHSDUDFLyQ�GH�ODV�PXHVWUDV��

�

x� (QVD\R� $�� ODV� PXHVWUDV� VH� SUHSDUDURQ� YHUWLHQGR� HO� PDWHULDO� HQ� OD� FDMD� GH� FRUWH�� VLQ�

FRPSDFWDFLyQ�SRVWHULRU��(VWDV�PXHVWUDV�SRGUtDQ�VHU�FRQVLGHUDGDV�FRPR�UHSUHVHQWDWLYDV�GH�XQ�

EDODVWR� VLQ� HVWDELOL]DU� HQ�YtD��/D�GHQVLGDG�REWHQLGD� IXH�GH������ W�P��� XQ����PD\RU�TXH� OD�

PtQLPD�REWHQLGD�HQ�ODERUDWRULR�������W�P����

x� (QVD\R�%�� ODV�PXHVWUDV� VH� FRPSDFWDURQ� OLJHUDPHQWH�� HQ� FLQFR� FDSDV�� FRQ� XQ� FRPSDFWDGRU�

GLQiPLFR�PDQXDO�� FX\D� LPDJHQ� VH� UHFRJH� HQ� OD� )LJXUD� ���/D� GHQVLGDG� TXH� VH� ORJUy� HQ� ODV�

PXHVWUDV�IXH�GH������W�P���PX\�VLPLODU�D�OD�QRUPDOPHQWH�XWLOL]DGD�HQ�YtDV�UHDOHV��

x� (QVD\R�&��ODV�PXHVWUDV�VH�SUHSDUDURQ�PHGLDQWH�FRPSDFWDFLyQ�HQ�FLQFR�FDSDV�FRQ�HO�PLVPR�

FRPSDFWDGRU�\��DGLFLRQDOPHQWH��FDGD�XQD�GH�ODV�FDSDV�VH�FRQWDPLQy�FRPSOHWDPHQWH��DQWHV�GH�

OD� FRPSDFWDFLyQ�� FRQ� XQD� DUHQD� ILQD�� XQLIRUPH�� VHFD� \� FXDUFtWLFD�� FRPR� SXHGH� YHUVH� HQ� OD�

)LJXUD�����(VWDV�PXHVWUDV�SRGUtDQ�VHU� UHSUHVHQWDWLYDV�GH�OD�FDSD�GH�EDODVWR�GH�XQD�OtQHD�GH�

DOWD�YHORFLGDG�VLWXDGD�HQ�XQD�]RQD�GHVpUWLFD��XQD�YH]�SURGXFLGD�XQD� WRUPHQWD�GH�DUHQD��/D�

GHQVLGDG�REWHQLGD�IXH�GH������W�P���FRQVLGHUDQGR�WDPELpQ�OD�DUHQD�H[LVWHQWH�HQ�ORV�KXHFRV�GH�

OD�HVWUXFWUD�GHO�EDODVWR��

�
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�� �

)LJ����±�&RPSDFWDGRUD�PDQXDO�XWLOL]DGD�HQ�ORV�HQVD\RV��

�

�

)LJ�����±�$VSHFWR�GH�XQD�FDSD�GH�EDODVWR�FRPSOHWDPHQWH�FRQWDPLQDGD�FRQ�DUHQD�ILQD�\�

XQLIRUPH��

/DV�WHQVLRQHV�YHUWLFDOHV�XWLOL]DGDV�HQ�ORV�HQVD\RV�FXEUHQ�XQ�DPSOLR�UDQJR�GH�WHQVLRQHV�GHVGH�

���KDVWD�����N3D��GDGR�TXH��

x� /D� WHQVLyQ�PHQRU� ���� N3D�� FRUUHVSRQGH� D� OD� SUHVLyQ� YHUWLFDO� HQ� HO� FHQWUR� GH� XQD� FDSD� GH�

EDODVWR�GH�HVSHVRU�QRUPDO�����FP���(VWD� WHQVLyQ�HV�OD�VXPD�GH�OD�SUHVLyQ�YHUWLFDO�GHELGR�DO�

SHVR�GH�OD�WUDYLHVD������N1�DFWXDQGR�HQ�XQ�iUHD�KRUL]RQWDO�GH�XQRV������P���\�HO�SHVR�GH�OD�

FROXPQD�GH�EDODVWR�����FP�GH�XQ�PDWHULDO�TXH�WLHQH�XQ�SHVR�HVSHFtILFR�GH�XQRV������N1�P����

x� /D�WHQVLyQ�YHUWLFDO�LQWHUPHGLD������N3D��FRUUHVSRQGH�D�OD�SUHVLyQ�HQ�OD�VXSHUILFLH�GH�OD�FDSD�

GH�EDODVWR�WUDQVPLWLGD�SRU�OD�WUDYLHVD�FXDQGR�VH�FRQVLGHUD�HO�HIHFWR�HVWiWLFR�GH�OD�FDUJD�GH�XQ�

HMH�GH�XQ�WUHQ�GH�SDVDMHURV��DOUHGHGRU�GH�����N1��FXDQGR�DFW~D�VREUH�OD�VXSHUILFLH�KRUL]RQWDO�

GH�OD�WUDYLHVD�������P����WHQLHQGR�HQ�FXHQWD�DGHPiV�XQ�IDFWRU�GH�GLVWULEXFLyQ�GH�FDUJDV�HQWUH�

WUDYLHVDV�GH������GH�DFXHUGR�D�OD�WHRUtD�GH�:LQNOHU��/LFKWEHUJHU���������

x� /D�WHQVLyQ�YHUWLFDO�PD\RU������N3D��FRUUHVSRQGH�D�OD�SUHVLyQ�HQ�OD�VXSHUILFLH�GH�OD�FDSD�GH�

EDODVWR�WUDQVPLWLGD�SRU�OD�WUDYLHVD�FXDQGR�VH�FRQVLGHUD�HO�HIHFWR�GLQiPLFR�GH�OD�FDUJD�GH�XQ�

HMH� GH� XQ� WUHQ� GH� PHUFDQFtDV� �DOUHGHGRU� GH� ���� N1�� FXDQGR� DFW~D� VREUH� OD� VXSHUILFLH�
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KRUL]RQWDO�GH� OD� WUDYLHVD�������P���� WHQLHQGR�HQ�FXHQWD�DGHPiV�XQ�IDFWRU�GH�GLVWULEXFLyQ�GH�

FDUJDV�HQWUH�WUDYLHVDV�GH������GH�DFXHUGR�D�OD�WHRUtD�GH�:LQNOHU�\�XQ�IDFWRU�GH�DPSOLILFDFLyQ�

GLQiPLFD��FXDQWLILFDGR�QRUPDOPHQWH�FRPR�GH�������/LFKWEHUJHU���������

�

4.1.2.3 –�Resultado de los ensayos 

/D� )LJXUD� ��� PXHVWUD� ORV� UHVXOWDGRV� GH� ORV� (QVD\RV� $� \� %�� FRQ� REMHWR� GH� YLVXDOL]DU� ODV�

GLIHUHQFLDV�HQWUH�ODV�PXHVWUDV�SUHSDUDGDV�SRU�YHUWLGR�\�FRPSDFWDGDV��

�

�

)LJ�����±�5HVXOWDGR�GH�ORV�HQVD\RV�GH�FRUWH�GLUHFWR�UHDOL]DGRV�FRQ�PXHVWUDV�SUHSDUDGDV�

PHGLDQWH�YHUWLGR�\�FRPSDFWDFLyQ��

3XHGH� YHUVH� TXH� SDUD� ODV� WUHV� WHQVLRQHV� YHUWLFDOHV� FRPXQHV� D� ORV� GRV� WLSRV� GH� HQVD\RV�� OD�

UHVLVWHQFLD� GH� SLFR� REWHQLGD� FRQ� ODV� PXHVWUDV� GH� EDODVWR� FRPSDFWDGR� HV� VXSHULRU� D� OD�

FRUUHVSRQGLHQWH�D�ODV�PXHVWUDV�GH�EDODVWR�YHUWLGR��SDVDQGR�GH������YHFHV�VXSHULRU�SDUD�OD�WHQVLyQ�

GH����N3D�D������YHFHV�SDUD�OD�WHQVLyQ�YHUWLFDO�GH�����N3D��6LQ�HPEDUJR��ODV�UHVLVWHQFLDV�REWHQLGDV�

DO� ILQDO� GH� ORV� HQVD\RV�� SDUD� JUDQGHV� GHVSOD]DPLHQWRV� KRUL]RQWDOHV� DOUHGHGRU� GH� ���� PP�� VRQ�

SUiFWLFDPHQWH� FRLQFLGHQWHV� HQ� DPERV� WLSRV� GH� HQVD\RV� SDUD� WRGDV� ODV� WHQVLRQHV� YHUWLFDOHV�

DSOLFDGDV��FRPR�SUHFRQL]D�OD�WHRUtD�GHO�(VWDGR�&UtWLFR�SDUD�PDWHULDOHV�JUDQXODUHV��

3RU�RWUD�SDUWH�� OD�)LJXUD����PXHVWUD� ORV�UHVXOWDGRV�GH� ORV�(QVD\RV�%�\�&�SDUD�FRPSUREDU� OD�

GLIHUHQFLD� GH� FRPSRUWDPLHQWR� GHO� EDODVWR� FRPSDFWDGR� FXDQGR� HVWi� OLPSLR� \� FXDQGR� HVWi�

FRPSOHWDPHQWH�FRQWDPLQDGR�FRQ�DUHQD�ILQD�\�XQLIRUPH��

3XHGH� YHUVH� TXH� HO� EDODVWR� FRQWDPLQDGR� FRQ� DUHQD� WLHQH� XQ� FRPSRUWDPLHQWR� PiV� UtJLGR�

FRPSDUDGR�FRQ�HO�EDODVWR�OLPSLR��(VWD�GLIHUHQFLD�HV�PD\RU�SDUD�ODV�FDUJDV�YHUWLFDOHV�PHQRUHV�����\�

��� N3D��PLHQWUDV� TXH� SDUD� OD� FDUJD� YHUWLFDO�PD\RU� ����� N3D�� ODV� FXUYDV� VRQ� EDVWDQWH� VLPLODUHV��

$GHPiV��OD�UHVLVWHQFLD�GH�SLFR�REWHQLGD�HQ�ODV�PXHVWUDV�GH�EDODVWR�FRQWDPLQDGR�HV�PD\RU�TXH�HQ�

ODV�GH�EDODVWR�OLPSLR������YHFHV�VXSHULRU�SDUD�OD�WHQVLyQ�YHUWLFDO�GH����N3D������SDUD�OD�WHQVLyQ�GH�

���N3D�H� LJXDO�SDUD� OD�GH�����N3D���PLHQWUDV�TXH� OD�UHVLVWHQFLD�SDUD�JUDQGHV�GHVSOD]DPLHQWRV�HV�

EDVWDQWH�VLPLODU���

�
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4.1.2.4 –�Análisis de los resultados de los ensayos 

/RV� HQVD\RV� VH� LQWHUSUHWDURQ� GH� DFXHUGR� DO� FULWHULR� GH� URWXUD� GH�0RKU�&RXORPE� �FRQ� \� VLQ�

FRKHVLyQ��\�FRQ�XQ�PRGHOR�SDUDEyOLFR�� WDO�FRPR�VH�LQGLFD�HQ�(VWDLUH�\�6DQWDQD��������GRQGH�VH�

KDFH�XQ�DQiOLVLV�SRUPHQRUL]DGR�GH�HVWRV�PpWRGRV�GH�LQWHUSUHWDFLyQ��/D�)LJXUD����PXHVWUD��SRU�XQ�

ODGR�� ORV�YDORUHV�GH� OD� UHVLVWHQFLD�GH�SLFR�REWHQLGD�HQ� ORV� WUHV�HQVD\RV��HQ� IXQFLyQ�GH� OD� WHQVLyQ�

YHUWLFDO� DSOLFDGD�� \�� SRU� RWUR� ODGR�� ODV� UHFWDV� GHO� PRGHOR� GH� 0RKU�&RXORPE� \� ODV� FXUYDV�

SDUDEyOLFDV�TXH�PHMRU�DMXVWDQ�ORV�UHVXOWDGRV��

�

/RV�SDUiPHWURV�JHRWpFQLFRV�REWHQLGRV�GH�ODV�WUHV�LQWHUSUHWDFLRQHV�PHQFLRQDGDV�DQWHULRUPHQWH��

PHGLDQWH�XQ�DMXVWH�SRU�PtQLPRV�FXDGUDGRV��VH�UHFRJHQ�HQ�OD�7DEOD����

�

�

�

�

)LJ�����±�5HVXOWDGR�GH�ORV�HQVD\RV�GH�FRUWH�GLUHFWR�UHDOL]DGRV�FRQ�PXHVWUDV�FRPSDFWDGDV��OLPSLDV�

\�FRPSOHWDPHQWH�FRQWDPLQDGDV�FRQ�DUHQD�ILQD�\�XQLIRUPH��
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�

)LJ�����±�5HVLVWHQFLDV�GH�SLFR�REWHQLGDV�GH�ORV�HQVD\RV�MXQWR�FRQ�ODV�UHFWDV�GH�DMXVWH�GHO�PRGHOR�

GH�0RKU�&RXORPE�\�ODV�FXUYDV�GH�DMXVWH�GHO�PRGHOR�SDUDEyOLFR��
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7DEOD���±�3DUiPHWURV�GH�UHVLVWHQFLD�GH�SLFR�REWHQLGRV�GH�OD�LQWHUSUHWDFLyQ�GH�ORV�HQVD\RV�

0pWRGR�GH�

SUHSDUDFLyQ�

GH�ODV�

PXHVWUDV��

0RKU�&RXORPE�

�FRQ�FRKHVLyQ��

�W� �F���MY���WDQ�VY��

0RKU�&RXORPE�

�VLQ�FRKHVLyQ��

�W� �MY���WDQ�VY��

0RGHOR�3DUDEyOLFR�

�W� �D�VY
E��

W�\�VY�HQ�N3D��

F�

�N3D��
MY�

����

&RHI��

5HJU��

F�

�N3D��
MY�

����

&RHI��

5HJU��
D� E�

&RHI��

5HJU��

9HUWLGR�

�(QVD\R�$��
��� ��� ������ �� ��� ������ ����� ����� ������

&RPSDFWDGR�

�(QVD\R�%��
��� ��� ������ �� ��� ������ ����� ����� ������

&RPSDFWDGR�

FRQWDPLQDGR�

�(QVD\R�&��

��� ��� ������ �� ��� ������ ����� ����� ������

�

(O�DQiOLVLV�GH�OD�7DEOD���SHUPLWH�UHVDOWDU�ORV�VLJXLHQWHV�DVSHFWRV��

�

x� (O�XVR�GHO�PRGHOR�GH�0RKU�&RXORPE�FRPSOHWR��FRQ�FRKHVLyQ��WLHQH�SRFR�VHQWLGR�\D�TXH�HV�

GLItFLO�FRQVLGHUDU�HO�EDODVWR�FRPR�XQ�PDWHULDO�FRQ�XQ�FRPSRUWDPLHQWR�FRKHVLYR��FRPR�SDUHFH�

GHGXFLUVH�GH�ORV�YDORUHV�REWHQLGRV�UHODWLYDPHQWH�HOHYDGRV�GH�FRKHVLyQ��HQWUH����DQG����N3D��

FRPELQDGRV��HQ�HVWH�FDVR��FRQ�YDORUHV�GHO�iQJXOR�GH�UR]DPLHQWR�HQWUH����\������

x� /DV� LQWHUSUHWDFLRQHV� TXH� SXHGHQ� FRQVLGHUDUVH� PHMRUHV� VRQ� ODV� REWHQLGDV� FRQ� HO� PRGHOR�

SDUDEyOLFR��FRPR�SXHGH�YHUVH�HQ�ORV�FRHILFLHQWHV�GH�UHJUHVLyQ�TXH�VRQ�FHUFDQRV�D�����HQ�ORV�

WUHV� HQVD\RV��$GHPiV�� HVWH�PRGHOR� LPSOLFD� FRQVLGHUDU�XQ� FRPSRUWDPLHQWR�QR�FRKHVLYR�� WDO�

FRPR�VH�VXSRQH�TXH�HO�EDODVWR�GHEH�WHQHU��

x� (O� EDODVWR� YHUWLGR�� VLQ� FRPSDFWDFLyQ� SRVWHULRU�� WLHQH� ORV� PHQRUHV� YDORUHV� GH� iQJXOR� GH�

UR]DPLHQWR�������HQ�ORV�FDVRV�HQ�ORV�TXH�QR�VH�FRQVLGHUD�FRKHVLyQ��

x� /RV�iQJXORV�GH�UR]DPLHQWR�SDUD�HO�EDODVWR�FRPSDFWDGR��WDQWR�OLPSLR�FRPR�FRQWDPLQDGR��VRQ�

EDVWDQWH�VLPLODUHV�����\������FRQVLGHUDQGR�FRKHVLyQ�QXOD��UHVSHFWLYDPHQWH��

8QD�YH]�REWHQLGDV� ODV�FXUYDV�GH�DMXVWH�SDUDEyOLFDV�� VH�SXHGH�GHGXFLU�HO�YDORU�GHO�iQJXOR�GH�

UR]DPLHQWR�VHFDQWH� LQVWDQWiQHR�SDUD�FXDOTXLHU� WHQVLyQ�YHUWLFDO�� WDO�FRPR�VH�PXHVWUD�HQ� OD�)LJXUD�

����

3XHGH�YHUVH�TXH��HQ�ORV� WUHV�FDVRV��ORV�YDORUHV�GHO�iQJXOR�GH�UR]DPLHQWR�VHFDQWH�LQVWDQWiQHR�

GHFUHFHQ�FRQ�HO�LQFUHPHQWR�GH�OD�FDUJD�YHUWLFDO�DSOLFDGD��/RV�YDORUHV�PiV�EDMRV�VH�REWLHQHQ�HQ�ORV�

HQVD\RV� UHDOL]DGRV� FRQ� HO� EDODVWR�YHUWLGR�PLHQWUDV�TXH�HQ� ORV�RWURV�GRV�HQVD\RV� �UHDOL]DGRV�FRQ�

EDODVWR�FRPSDFWDGR��R�OLPSLR�R�FRQWDPLQDGR��ORV�iQJXORV�GH�UR]DPLHQWR�VRQ�PD\RUHV�\�EDVWDQWH�

VLPLODUHV�HQWUH�HOORV�SDUD�WHQVLRQHV�YHUWLFDOHV�PD\RUHV�GH�����N3D��(V�LPSRUWDQWH�UHVDOWDU�TXH�SDUD�

WHQVLRQHV�YHUWLFDOHV�EDMDV��ORV�YDORUHV�GHO�iQJXOR�GH�UR]DPLHQWR�VHFDQWH�LQVWDQWiQHR�GHGXFLGRV�GHO�

PRGHOR�SDUDEyOLFR�HVWiQ�FRPSUHQGLGRV�HQWUH�����\������

�
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����±�7UDYLHVDV�

������±�7UDYLHVD�HVSDxROD�

/D�WUDYLHVD�XWLOL]DGD�HQ�GRV�GH�ORV�HQVD\RV�HV�OD�TXH�VH�KD�FRORFDGR�SURIXVDPHQWH�HQ�(VSDxD�

SRU�$',)�HQ� ODV� OtQHDV�GH�DOWD�YHORFLGDG��DVt��SRU�HMHPSOR��HQ� OD� OtQHD�0DGULG�%DUFHORQD�VH�KDQ�

XWLOL]DGR�����PLOORQHV�GH�HVWH� WLSR�GH� WUDYLHVDV��(V�XQD� WUDYLHVD�PRQREORTXH�SUHWHQVDGD�GHO� WLSR�

$,�����6X�SHVR�PHGLR�HV�������N1�\�WLHQH�XQD�ORQJLWXG�GH������P��XQD�DQFKXUD�HQ�OD�EDVH�GH������

P�HQ�HO�FHQWUR�\�GH������P�HQ�ORV�H[WUHPRV��\�XQD�DOWXUD�GH������P�HQ�HO�FHQWUR�\�GH������P�HQ�ORV�

H[WUHPRV��/D�)LJXUD����PXHVWUD�OD�SODQWD�\�DO]DGR�GH�OD�WUDYLHVD�XWLOL]DGD��

�

)LJ�����±�9DULDFLyQ�GHO�iQJXOR�GH�UR]DPLHQWR�VHFDQWH�LQVWDQWiQHR�FRQ�OD�WHQVLyQ�YHUWLFDO��GH�

DFXHUGR�DO�PRGHOR�SDUDEyOLFR��

�
�������&RWDV�HQ�PP��

)LJ�����±�3ODQWD�\�DO]DGR�GH�OD�WUDYLHVD�HVSDxROD�XWLOL]DGD�HQ�ORV�HQVD\RV��



16

������±�7UDYLHVD�DOHPDQD�FRQ�VXHOD�EDMR�WUDYLHVD��863��

/D� WUDYLHVD�XWLOL]DGD� HQ�XQR�GH� ORV� HQVD\RV� HV�XQ�SURWRWLSR�SURFHGHQWH�GH�$OHPDQLD�TXH� VH�

HQVD\y��FRQ�RWURV�REMHWLYRV��HQ�HO�&DMyQ�)HUURYLDULR�GXUDQWH�HO�SURJUDPD�GH�LQYHVWLJDFLyQ�5,9$6�

GHO����3URJUDPD�0DUFR�(XURSHR��5,9$6���������(V�XQD�WUDYLHVD�PRQREORTXH�SUHWHQVDGD�GHO�WLSR�

$%������6X�SHVR�PHGLR� HV������N1�\� WLHQH�XQD� ORQJLWXG�GH������P��XQD� DQFKXUD�HQ� OD�EDVH�GH�

������P�HQ�HO�FHQWUR�\�GH������P�HQ�ORV�H[WUHPRV��\�XQD�DOWXUD�GH�������P�HQ�HO�FHQWUR�\�GH�������

P�HQ�ORV�H[WUHPRV��/DV�WUDYLHVDV�OOHYDQ�LQFRUSRUDGR��HQ�WRGD�OD�EDVH��XQD�VXHOD�EDMR�WUDYLHVD��863��

GHO�WLSR�*����6/1�������FRQ�XQ�PyGXOR�HVWiWLFR�GH�����1�PP����FRPR�SXHGH�YHUVH�HQ�OD�)LJXUD�

����

�

)LJ�����±�)RWRJUDItD�GH�OD�VXHOD�EDMR�WUDYLHVD�GH�OD�WUDYLHVD�DOHPDQD��

�

3RU�VX�SDUWH��OD�)LJXUD����PXHVWUD�OD�SODQWD�\�DO]DGR�GH�HVWH�WLSR�GH�WUDYLHVD��PLHQWUDV�TXH�OD�

)LJXUD����PXHVWUD�XQD�IRWRJUDItD�FRQ� ORV�GRV� WLSRV�GH� WUDYLHVDV�XWLOL]DGDV�HQ� ORV�HQVD\RV��GRQGH�

SXHGH�DSUHFLDUVH�OD�GLIHUHQFLD�HQWUH�HOODV��

�

�
�&RWDV�HQ�PP��

)LJ�����±�3ODQWD�\�DO]DGR�GH�OD�WUDYLHVD�DOHPDQD�XWLOL]DGD�HQ�ORV�HQVD\RV��
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��±�(16$<26�'(�(67$%,/,'$'�/$7(5$/�'(�9Ë$�

����±�(QVD\RV�UHDOL]DGRV�

6H�KDQ�UHDOL]DGR�WUHV�HQVD\RV�SDUD�DQDOL]DU�OD�HVWDELOLGDG�ODWHUDO�GH�OD�YtD�HQ�WUHV�FRQGLFLRQHV�

GLIHUHQWHV�GH�YtD��WDO�FRPR�VH�UHFRJH�HQ�OD�7DEOD����(VWRV�HQVD\RV�VH�UHDOL]DURQ�GHVSXpV�GH�KDEHU�

OOHYDGR�D�FDER�HQVD\RV�GH�IDWLJD�HQ�ORV�TXH�VH�DSOLFDURQ�HO�Q~PHUR�GH�HMHV�GH�FDUJD�LQGLFDGRV��

�

7DEOD���±�&RQGLFLRQHV�GH�UHDOL]DFLyQ�GH�ORV�HQVD\RV�

(QVD\R� 7UDYLHVD� &RQGLFLRQHV�GHO�EDODVWR�
1~PHUR�GH�HMHV�YHUWLFDOHV�
DSOLFDGRV�DQWHV�GH�UHDOL]DU�

HO�HQVD\R�
�� (VSDxROD� &RPSDFWDGR�\�OLPSLR� ����PLOORQHV�

�� (VSDxROD� &RPSDFWDGR�\�FRQWDPLQDGR�FRQ�DUHQD� ����PLOORQHV�

�� $OHPDQD� &RPSDFWDGR�\�OLPSLR� ����PLOORQHV�

�

����±�(QVD\R����WUDYLHVD�HVSDxROD�VREUH�EDODVWR�OLPSLR�

/D� )LJXUD� ��� PXHVWUD� HO� UHVXOWDGR� GHO� (QVD\R� ��� FRPR� UHODFLyQ� HQWUH� OD� FDUJD� KRUL]RQWDO�

DSOLFDGD�VREUH�OD�WUDYLHVD�\�HO�GHVSOD]DPLHQWR�KRUL]RQWDO�PHGLGR�HQ�GLFKD�WUDYLHVD��

/RV�SULQFLSDOHV�DVSHFWRV�TXH�SXHGHQ�UHVDOWDUVH�GH�HVWH�HQVD\R�VRQ��

x� /D� FDUJD� KRUL]RQWDO� WLHQH� XQ� FUHFLPLHQWR� LQLFLDO� EDVWDQWH� SURQXQFLDGR�� OLQHDO� UHVSHFWR� DO�

GHVSOD]DPLHQWR�� (Q� HVWD� HWDSD�� OD� FDUJD� VH� LQFUHPHQWy� KDVWD� �� N1� PLHQWUDV� VH� PHGtD� XQ�

GHVSOD]DPLHQWR�KRUL]RQWDO�GH������PP��GH�ORV�TXH�VH�GHGXMR�XQ�PyGXOR�GH�UHDFFLyQ�GH������

N1�PP��

x� /D�FDUJD�SLFR�IXH�GH������N1�TXH�VH�DOFDQ]y�SDUD�XQ�GHVSOD]DPLHQWR�GH�����PP��

x� /D�IRUPD�DVLQWyWLFD�GH�OD�FXUYD��FRQ�XQ�GHVSOD]DPLHQWR�Pi[LPR�GH�XQRV����PP��LQGLFD�TXH��

HQ�HO�HQVD\R��VH�DOFDQ]DURQ�XQDV�FRQGLFLRQHV�HVWDFLRQDULDV��LQGLFDWLYR�GH�KDEHU�OOHJDGR�D�XQD�

VLWXDFLyQ�GH�HVWDGR� OtPLWH�~OWLPR�GH�GHVOL]DPLHQWR�SRU� OD�EDVH�GH� OD� WUDYLHVD��SRU� OR�TXH�VH�

SXHGH� SHQVDU� TXH� VH� KDQ� GHVDUUROODGR� FRPSOHWDPHQWH� WRGRV� ORV� IDFWRUHV� FRQWULEX\HQWHV� D�

GLFKD�UHVLVWHQFLD��

�

)LJ�����±�)RWRJUDItD�GH�ODV�GRV�WUDYLHVDV�XWLOL]DGDV�HQ�ORV�HQVD\RV��DUULED��OD�WUDYLHVD�HVSDxROD�\�
DEDMR�OD�DOHPDQD���
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�

����±�(QVD\R����WUDYLHVD�HVSDxROD�VREUH�EDODVWR�FRQWDPLQDGR�FRQ�DUHQD�

(O�UHVXOWDGR�GHO�(QVD\R���VH�UHFRJH�HQ�OD�)LJXUD�����(Q�HVWH�FDVR��HO�HQVD\R�VH�GHWXYR�FXDQGR�

HO�GHVSOD]DPLHQWR�WRWDO�GH�OD�WUDYLHVD�HUD�GH���PP�SDUD�HYLWDU�DOJXQRV�SUREOHPDV�TXH�DSDUHFLHURQ�

HQ�HO�(QVD\R���GXUDQWH�ODV�RSHUDFLRQHV�SRVWHULRUHV�SDUD�GHYROYHU�OD�WUDYLHVD�D�VX�SRVLFLyQ�RULJLQDO��

(O�DQiOLVLV�GH�OD�ILJXUD�SHUPLWH�UHDOL]DU�ORV�VLJXLHQWHV�FRPHQWDULRV��

x� 6H� SXHGH� DSUHFLDU� XQD� HWDSD� LQLFLDO� OLQHDO� HQ� OD� TXH� OD� FDUJD� OOHJD� KDVWD� �� N1� SDUD� XQ�

GHVSOD]DPLHQWR� KRUL]RQWDO� GH� ������ PP�� OR� TXH� LPSOLFD� XQ� PyGXOR� GH� UHDFFLyQ� GH� ����

N1�PP�������YHFHV�PD\RU�TXH�HO�GHGXFLGR�HQ�HO�(QVD\R����

x� /D� FDUJD� SLFR� IXH� GH� ��� N1� ������ YHFHV� VXSHULRU� D� OD� GHO� (QVD\R� ��� DOFDQ]DGR� SDUD� XQ�

GHVSOD]DPLHQWR�GH�����PP��GHVSXpV�GHO�FXDO�VH�SURGXMR�XQ�OLJHUR�GHVFHQVR��

)LJ�����±�5HVXOWDGR�GHO�(QVD\R����UHDOL]DGR�HQ�XQD�WUDYLHVD�DSR\DGD�VREUH�EDODVWR�OLPSLR��

�

)LJ�����±�5HVXOWDGR�GHO�(QVD\R����UHDOL]DGR�HQ�XQD�WUDYLHVD�DSR\DGD�VREUH�EDODVWR�FRPSOHWDPHQWH�

FRQWDPLQDGR�FRQ�DUHQD�ILQD�\�XQLIRUPH��
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x� /D�FXUYD� WLHQH�XQD� IRUPD�DVLQWyWLFD� OR�TXH�YDOLGD�HO�HQVD\R��GHVGH�HO�SXQWR�GH�YLVWD�GH� ODV�

FRQGLFLRQHV� HVWDFLRQDULDV� DOFDQ]DGDV�� UHSUHVHQWDWLYDV� GH� XQ� HVWDGR� OtPLWH� ~OWLPR� GH�

GHVOL]DPLHQWR�SRU�OD�EDVH��

/D� )LJXUD� ���PXHVWUD� FRQMXQWDPHQWH� ORV� UHVXOWDGRV� GH� ORV� (QVD\RV� �� \� �� SDUD� IDFLOLWDU� VX�

FRPSDUDFLyQ��3XHGH�YHUVH��SRU�XQ�ODGR��HO�FRPSRUWDPLHQWR�PiV�UtJLGR�GH�OD�WUDYLHVD�VREUH�EDODVWR�

FRQWDPLQDGR�\��SRU�RWUR��OD�GLIHUHQFLD�GH�UHVLVWHQFLD�ODWHUDO�HQWUH�DPERV�HQVD\RV��

)LJ�����±�&RPSDUDFLyQ�GH�ORV�UHVXOWDGRV�GH�ORV�(QVD\RV���\����WUDYLHVD�HVSDxROD�VREUH�EDODVWR�

OLPSLR�\�FRQWDPLQDGR�FRQ�DUHQD��UHVSHFWLYDPHQWH�

�

����±�(QVD\R����WUDYLHVD�DOHPDQD�FRQ�863�VREUH�EDODVWR�OLPSLR�

/D� )LJXUD� ��� PXHVWUD� HO� UHVXOWDGR� GHO� (QVD\R� ��� FRPR� UHODFLyQ� HQWUH� OD� FDUJD� KRUL]RQWDO�

DSOLFDGD�VREUH�OD�WUDYLHVD�\�HO�GHVSOD]DPLHQWR�KRUL]RQWDO�PHGLGR�HQ�GLFKD�WUDYLHVD��

/RV�SULQFLSDOHV�DVSHFWRV�TXH�SXHGHQ�UHVDOWDUVH�GH�HVWH�UHVXOWDGR�VRQ��

x� /D�FDUJD�KRUL]RQWDO� WLHQH�XQ�FUHFLPLHQWR�LQLFLDO� OLQHDO�UHVSHFWR�DO�GHVSOD]DPLHQWR�KDVWD�TXH�

VH�DOFDQ]D�XQD�FDUJD�GH�XQRV�����N1��FRUUHVSRQGLHQWH�D�XQ�GHVSOD]DPLHQWR�KRUL]RQWDO�GH������

PP��(VWRV�YDORUHV�LPSOLFDQ�XQ�PyGXOR�GH�UHDFFLyQ�GH������N1�PP��SDUHFLGR�DO�GHGXFLGR�HQ�

HO�(QVD\R����

x� /D� UHVLVWHQFLD� GH� SLFR� IXH� GH� ����� N1� ������ YHFHV� VXSHULRU� DO� REWHQLGR� HQ� HO� (QVD\R� ����

UHDOL]DGR� FRQ� XQD� WUDYLHVD� VLQ� VXHOD� EDMR� WUDYLHVD� ������ N1��� GHELGR�PX\� SRVLEOHPHQWH� DO�

PD\RU�SHVR�GH�HVWD�WUDYLHVD�HQVD\DGD������IUHQWH�D�����N1��

x� (O�GHVSOD]DPLHQWR�SDUD�HO�TXH�VH�REWXYR�HO�SLFR�GH�FDUJD�IXH�GH�XQRV���PP��EDVWDQWH�VXSHULRU�

DO�REWHQLGR�HQ�HO�(QVD\R���FRQ�OD�WUDYLHVD�VLQ�VXHOD��PX\�SRVLEOHPHQWH�GHELGR�D�OD�LQIOXHQFLD�

GH�OD�GHIRUPDFLyQ�GHO�PDWHULDO�HODVWRPpULFR�TXH�FRQVWLWX\H�OD�VXHOD�EDMR�WUDYLHVD��

x� 8QD�YH]�SDVDGR�HO�SLFR�GH�FDUJD��OD�FDUJD�GLVPLQX\y�KDVWD�XQRV������N1�SDUD�XQRV����PP�GH�

GHVSOD]DPLHQWR�SDUD�GHVSXpV�FRPHQ]DU�RWUD�YH]�D�DXPHQWDU�KDVWD�OOHJDU�D������N1�FXDQGR�HO�

GHVSOD]DPLHQWR�HUD�GH�XQRV������PP�\�HO�HQVD\R�VH�GLR�SRU�ILQDOL]DGR��

�
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'H�IRUPD�JHQHUDO�VH�SXHGH�DILUPDU�TXH�GXUDQWH�ORV�WUHV�HQVD\RV��VH�PLGLy�HO�GHVSOD]DPLHQWR�

UHODWLYR� HQWUH� OD� WUDYLHVD�\� HO� FDUULO� OR�TXH�SHUPLWLy�FRPSUREDU�TXH�QR�KXER�FRQWDFWR�HQWUH�HVRV�

HOHPHQWRV� HQ� QLQJ~Q�PRPHQWR�� (O� UR]DPLHQWR� TXH� VH� KXELHUD� SRGLGR� SURGXFLU� HQ� HVH� FRQWDFWR�

KDEUtD�LQYDOLGDGR�ORV�UHVXOWDGRV�\D�TXH�GLFKD�IULFFLyQ�KDEUtD�LQFUHPHQWDGR�DUWLILFLDOPHQWH�OD�FDUJD�

QHFHVDULD�SDUD�GHVSOD]DU�KRUL]RQWDOPHQWH�OD�WUDYLHVD��

��±�$1È/,6,6�'(�/26�5(68/7$'26�

����±�&RPSDUDFLyQ�FRQ�HQVD\RV�HQ�YtD�UHDO�

/RV�UHVXOWDGRV�REWHQLGRV�HQ�ORV�HQVD\RV�UHDOL]DGRV�HQ�FRQGLFLRQHV�GH�ODERUDWRULR�HQ�HO�&7%�VH�

SXHGHQ� FRPSDUDU� FRQ� ORV� HQVD\RV� GH� UHVLVWHQFLD� ODWHUDO� GHQRPLQDGRV� 6737� �SRU� VXV� VLJODV� HQ�

LQJOpV��6LQJOH�7LH�3XVK�7HVW��UHDOL]DGRV�HQ�YtD�UHDO�SDUD�DQDOL]DU�OD�UHVLVWHQFLD�ODWHUDO�GH�ODV�YtDV��

(O�HTXLSR�QRUPDOPHQWH�XWLOL]DGR�HQ�ORV�HQVD\RV�6737�SXHGH�YHUVH�HQ�OD�)LJXUD������6XVVPDQQ�HW�

DO���������

/RV� UHVXOWDGRV� REWHQLGRV� HQ� ORV� HQVD\RV� 6737� VRQ� FXUYDV� FRQ� HO� DVSHFWR� TXH� VH� YH� HQ� OD�

)LJXUD�����(VDV�FXUYDV�VRQ�JHQHUDOPHQWH�DVLQWyWLFDV�DXQTXH��HQ�DOJXQRV�FDVRV��SUHVHQWDQ�XQ�SLFR�

GH�FDUJD�QR�PX\�PDUFDGR��TXH�VH�DOFDQ]D�SDUD�XQ�GHVSOD]DPLHQWR�GH�����PP������SXOJDGDV���/D�

IRUPD�GH�ODV�FXUYDV�\�HO�GHVSOD]DPLHQWR�SDUD�DOFDQ]DU�OD�FDUJD�Pi[LPD�VRQ�EDVWDQWH�SDUHFLGRV�D�

ODV�FXUYDV�REWHQLGDV�HQ�ORV�HQVD\RV�UHDOL]DGRV�HQ�HO�&7%��SUHVHQWDGRV�DQWHULRUPHQWH��

3RU� RWUD� SDUWH�� OD�7DEOD� �� UHFRJH� ORV� YDORUHV� REWHQLGRV� HQ�����HQVD\RV�6737�� WDO� FRPR� ORV�

UHVXPH� 6XVVPDQQ� HW� DO�� ������ (Q� ORV� ��� HQVD\RV� UHDOL]DGRV� HQ� YtDV� GHVSXpV� GH� KDEHUODV�

HVWDELOL]DGR��SRU�WDQWR�HQ�FRQGLFLRQHV�VLPLODUHV�D�ODV�H[LVWHQWHV�HQ�ORV�HQVD\RV�GHO�&7%��HO�YDORU�

PHGLR� HV� GH� ����� N1�� (VWH� YDORU� HV� XQ� SRFR� PHQRU� ������ TXH� HO� REWHQLGR� HQ� HO� (QVD\R� ���

UHDOL]DGR�FRQ�EDODVWR�OLPSLR�������N1���

�

)LJ�����±�5HVXOWDGR�GHO�(QVD\R����UHDOL]DGR�HQ�XQD�WUDYLHVD�HTXLSDGD�FRQ�VXHOD�EDMR�EDODVWR��863��
DSR\DGD�VREUH�EDODVWR�OLPSLR��
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)LJ�����±�(TXLSR�SDUD�OD�UHDOL]DFLyQ�GH�HQVD\R�GH�UHVLVWHQFLD�ODWHUDO�6737��6LQJOH�7LH�3XVK�7HVW��

HQ�XQD�YtD�UHDO��6XVVPDQQ�HW�DO���������

�

�

�

�
>��LQFK� ������FP����OE� ����������N1@�

Traducción de leyendas��

³/DWHUDO�GLVSODFHPHQW´��GHVSOD]DPLHQWR�ODWHUDO��

³$YHUDJH�ODWHUDO�UHVLVWDQFH´��5HVLVWHQFLD�ODWHUDO�PHGLD�

³3UH�7DPSLQJ´��DQWHV�GHO�EDWHR��³3RVW�WDPSLQJ´��GHVSXpV�GHO�EDWHR�

³3RVW�'76´��GHVSXpV�GH�OD�HVWDELOL]DFLyQ�

)LJ�����±�5HVXOWDGRV�REWHQLGRV�HQ�HQVD\RV�GH�UHVLVWHQFLD�ODWHUDO�6737�UHDOL]DGRV�HQ�GLIHUHQWHV�

PRPHQWRV�GH�OD�YLGD�GH�OD�YtD��DQWHV�GHO�EDWHR���GHVSXpV�GHO�EDWHR�\�GHVSXpV�GH�OD�HVWDELOL]DFLyQ�

�6DPDYHGDP���������

�

�

�

�
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7DEOD���±�(VWDGtVWLFDV�GH�UHVXOWDGRV�GH�HQVD\RV�GH�UHVLVWHQFLD�ODWHUDO�6737��6XVVPDQQ�HW�DO��������

(VWDGR�GH�OD�YtD�DQWHV�GHO�

HQVD\R�

9DORU�PHGLR�

�N1��

'HVYLDFLyQ�

6WDQGDUG�����

1~PHUR�GH�

HQVD\RV�

$QWHV�GH�UHJXODUL]DFLyQ�

VXSHUILFLDO�
����� ���� ���

'HVSXpV�GH�UHJXODUL]DFLyQ�

VXSHUILFLDO�
���� ���� ���

'HVSXpV�GH�HVWDELOL]DFLyQ�

�
����� ���� ���

'HVSXpV�GH�WUiILFR�

�
���� ���� ���

�

����±�0RGHOL]DFLyQ�DQDOtWLFD�GH�ORV�HQVD\RV�

/D�PRGHOL]DFLyQ� DQDOtWLFD� GH� ORV� HQVD\RV� VH�KD� UHDOL]DGR��EDViQGRVH� HQ� ORV�SULQFLSLRV�GH� OD�

0HFiQLFD�GHO�6XHOR�FRQ�GRV�REMHWLYRV�EiVLFRV��YDOLGDU� ORV�YDORUHV�GHO�iQJXOR�GH� UR]DPLHQWR�GHO�

EDODVWR� REWHQLGR� HQ� ORV� HQVD\RV� GH� FRUWH� GLUHFWR� DQWHULRUPHQWH� GHVFULWRV� \� GHWHUPLQDU� HO� SHVR�

UHODWLYR� GH� ORV� IDFWRUHV� GH� ORV� TXH� GHSHQGH� OD� UHVLVWHQFLD� ODWHUDO� GH� XQD� YtD� IpUUHD� TXH� VRQ� ORV�

VLJXLHQWHV��

x� 5R]DPLHQWR�HQWUH�OD�EDVH�GH�OD�WUDYLHVD�\�HO�EDODVWR�VXE\DFHQWH��Fbas��TXH�GHSHQGH�GH��

�� HO� SHVR� GH� OD� WUDYLHVD� �Wtrav��� GDGR� TXH� QR� VH� KD� DSOLFDGR� FDUJD� YHUWLFDO� VREUH� OD�

WUDYLHVD��\�

�� HO�iQJXOR�GH�UR]DPLHQWR�GHO�FRQWDFWR�KRUPLJyQ�EDODVWR��Gt,b��TXH�SXHGH�HVWLPDUVH�HQ�

XQ� SRUFHQWDMH� �GHQRPLQDGR� FRPR� ³ct,b´� HQ� HVWH� GRFXPHQWR�� GHO� iQJXOR� GH�

UR]DPLHQWR�GHO�SURSLR�EDODVWR��Mbalasto���

(VWH�UR]DPLHQWR�SRU�OD�EDVH��)EDV��SXHGH�FXDQWLILFDUVH�PHGLDQWH�OD�VLJXLHQWH�H[SUHVLyQ��

� Fbas = Wtrav  tan (Gt,b)����siendo Gt,b = ct,b . Mbalasto� ����

�

x� 5R]DPLHQWR�HQWUH�ODV�FDUDV�ODWHUDOHV�GH�OD�WUDYLHVD�\�HO�EDODVWR�VLWXDGR�HQ�HVD�]RQD��Flat��TXH�

GHSHQGH�GH��

�� OD�ORQJLWXG�GH�OD�WUDYLHVD��Longtrav���

�� HO�iQJXOR�GH�UR]DPLHQWR�GHO�FRQWDFWR�KRUPLJyQ�EDODVWR��Gt,b��HQ�ODV�FDUDV�ODWHUDOHV�GH�

OD�WUDYLHVD�\�

�� OD�SUHVLyQ�KRUL]RQWDO�VREUH�GLFKDV�FDUDV�TXH��D�VX�YH]��HV�IXQFLyQ�GH��

R� HO�HVSHVRU�GH� OD�FDSD�GH�EDODVWR�SRU�HQFLPD�GHO�SODQR�GH� OD�EDVH�GH� OD� WUDYLHVD�

�tbalasto��

R� HO�SHVR�HVSHFtILFR�GHO�EDODVWR��Jbalasto��\�

R� HO�FRHILFLHQWH�GH�HPSXMH�KRUL]RQWDO�GHO�EDODVWR��Kh���

(VWH�UR]DPLHQWR�ODWHUDO��)ODW��SXHGH�FXDQWLILFDUVH�PHGLDQWH�OD�VLJXLHQWH�H[SUHVLyQ��

� Flat = 2 Longtrav  tan(Gt,b) [½ Kh (tbalasto)2 Jbalasto@� ����

�
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x� (PSXMHV�HQ�ORV�KRPEURV�IURQWDO�\�GRUVDO�GH�OD�WUDYLHVD��Fhmb��TXH�VRQ�GHELGRV�D�ORV�HPSXMHV�

SDVLYR� \� DFWLYR� TXH� VH� GHVDUUROODQ� HQ� ORV� KRPEURV� IURQWDO� \� GRUVDO� GH� OD� WUDYLHVD��

UHVSHFWLYDPHQWH��(O�YDORU�GH�ORV�HPSXMHV�GHSHQGH�GH��

�� OD�DQFKXUD�GH�OD�FXxD�GH�WHUUHQR�DIHFWDGD��Anchcuña���FX\R�YDORU�VH�GHWHUPLQDGR�GH�

DFXHUGR�DO�HVTXHPD�GH�OD�)LJXUD�����

�� OD�DOWXUD�GH�OD�WUDYLHVD�HQ�OD�]RQD�GHO�KRPEUR��Alttrav���

�� ORV�FRHILFLHQWHV�GH�HPSXMH�GH�WLHUUDV�SDVLYR��Kp��\�DFWLYR��Ka��GHO�EDODVWR�TXH��D�VX�

YH]�� GHSHQGHQ� GHO� iQJXOR� GH� UR]DPLHQWR� GHO� SURSLR� EDODVWR� �Mbalasto��� TXH� VH� KDQ�

FDOFXODGR�FRQ�OD�WHRUtD�GH�5DQNLQH��FRPR�LQGLFD�OD�(FXDFLyQ����

�� HO�JUDGR�GH�GHVDUUROOR�GH�GLFKRV�HPSXMHV�HQ�IXQFLyQ�GH�ORV�GHVSOD]DPLHQWRV�VXIULGRV�

SRU�OD�WUDYLHVD��d,pas�\�d,acW���

/RV�HPSXMHV��)H��SXHGHQ�FXDQWLILFDUVH�PHGLDQWH�ODV�VLJXLHQWHV�H[SUHVLRQHV��

� Fhmb,pas = Anchcuña [½  Kp  (Alttrav)2  Jbalasto] dpas� ����

� Fhmb,act = Anchcuña [½  Ka  (Alttrav)2  Jbalasto] dact� ����

� Ka = [tan(45-M/2)]2  ;  Kp = [tan(45+M/2)]2 � ����

�

&RPR�SXHGH�YHUVH��ODV�H[SUHVLRQHV�DQWHULRUHV�GHSHQGHQ�GH�XQD�VHULH�GH�SDUiPHWURV�UHODWLYRV�D�

ODV�WUDYLHVDV�\�DO�EDODVWR��FX\RV�YDORUHV�VH�UHFRJHQ�HQ�OD�7DEOD����

(O�UHVWR�GH�SDUiPHWURV�FX\RV�YDORUHV�QR�VRQ�FRQRFLGRV�VRQ�ORV�VLJXLHQWHV��

x� (O�FRHILFLHQWH�UHGXFWRU��GHQRPLQDGR�³ct,b´��GHO�iQJXOR�GH�UR]DPLHQWR�GHO�FRQWDFWR�KRUPLJyQ�

EDODVWR�(Gt,b��FRQ�UHVSHFWR�DO�iQJXOR�GH�UR]DPLHQWR�GHO�SURSLR�EDODVWR��Mbalasto���FX\R�YDORU�VH�

HVWLPD�QRUPDOPHQWH�HQWUH�����\������

x� (O�FRHILFLHQWH�GH�HPSXMH�KRUL]RQWDO�GHO�EDODVWR��Kh���FX\R�YDORU�GHEH�VHU�HOHYDGR�GDGR�TXH�HO�

EDODVWR� VH� FRPSDFWD� LQLFLDOPHQWH� HQ� REUD� \� SRVWHULRUPHQWH� VH� YD� FRPSDFWDQGR� SRU� OD�

YLEUDFLyQ�SURGXFLGD�SRU� ORV� WUHQHV�FLUFXODQWHV��6H�SXHGHQ�FRQVLGHUDU�YDORUHV�FRPSUHQGLGRV�

HQWUH������\������

75$9,(6$ ���FP

���FP ���FP

&8f$�

3$6,9$

+RPEUR�GH�

EDODVWR75$9,(6$

���FP

$QFKFXxD

�

)LJ�����±�'HWHUPLQDFLyQ�GH�ODV�GLPHQVLRQHV�GH�OD�FXxD�SDVLYD�GHVDUUROODGD�HQ�HO�KRPEUR�GH�

OD�WUDYLHVD��
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7DEOD���±�9DORUHV�GH�ORV�SDUiPHWURV�XWLOL]DGRV�HQ�OD�PRGHOL]DFLyQ�GH�ORV�HQVD\RV�

0DWHULDO� 3DUiPHWUR� (QVD\R��� (QVD\R��� (QVD\R���

7UDYLHVD�

3HVR�>Wtrav@�

�N1��
������ ������ �����

/RQJLWXG�>Longtrav@�

�P��
����� ����� �����

$QFKXUD�GH�ODV�FXxDV�

SDVLYD�\�DFWLYD�

>Anchcuña@��P������

����� ����� �����

$OWXUD�HQ�OD�]RQD�GHO�KRPEUR�

>Alttrav@��P��
����� ����� �����

%DODVWR�

(VSHVRU�SRU�HQFLPD�GHO�SODQR�

GH�OD�EDVH�GH�OD�WUDYLHVD�

>tbalasto@��P������

����� ����� �����

3HVR�HVSHFtILFR�>Jbalasto@�

�N1�P���
����� ����� �����

1RWDV��
�����VH�KD�FRQVLGHUDGR�OD�PHGLD�GH�OD�DQFKXUD�GH�OD�WUDYLHVD�HQ�OD�EDVH�\�HQ�VX�SODQR�KRUL]RQWDO�VXSHULRU�
�����VH�KD�FRQVLGHUDGR�LJXDO�D�OD�DOWXUD�GH�OD�WUDYLHVD�HQ�OD�]RQD�FHQWUDO

�

x� (O� SRUFHQWDMH� GH� GHVDUUROOR� GHO� HPSXMH� SDVLYR� TXH� DSDUHFH� HQ� HO� KRPEUR� IURQWDO� GH� OD�

WUDYLHVD�� UHVSHFWR� DO� HPSXMH� SDVLYR� WRWDO� GHWHUPLQDGR�SRU� OD� WHRUtD�GH�5DQNLQH� �dpas��� FX\R�

YDORU�SXHGH�HVWLPDUVH�QRUPDOPHQWH�HQWUH�����\������(O�FRUUHVSRQGLHQWH�DO�HPSXMH�DFWLYR��dact��

VH� SXHGH� FRQVLGHUDU� ����� GDGR� TXH� HV� VDELGR� TXH� HV� QHFHVDULR� XQ� SHTXHxR� GHVSOD]DPLHQWR�

SDUD�TXH�HVWH�HPSXMH�VH�GHVDUUROOH�FRPSOHWDPHQWH��

x� (O�iQJXOR�GH�UR]DPLHQWR�GHO�EDODVWR��Mbalasto��TXH�HV�XQR�GH�ORV�SDUiPHWURV�D�GHWHUPLQDU��6X�

GHWHUPLQDFLyQ�VH�KD�UHDOL]DGR�FRQ�OD�FRQGLFLyQ�GH�TXH�HO�YDORU�GHGXFLGR�FRQ�ODV�H[SUHVLRQHV�

DQWHULRUHV�FRLQFLGD�FRQ�ORV�UHVXOWDGRV�REWHQLGRV�HQ�ORV�WUHV�HQVD\RV�UHDOL]DGRV��

&RQ�REMHWR�GH�WHQHU�HQ�FXHQWD�OD�SRVLEOH�YDULDELOLGDG�GH�ORV�IDFWRUHV�DQWHULRUPHQWH�LQGLFDGRV��ct,b��

Kh�\�dpas��VH�KDQ�DQDOL]DGR�WUHV�FDVRV�SRVLEOHV���

x� &DVR� ,�� HV�XQR�GH� ORV� FDVRV� H[WUHPRV� FDUDFWHUL]DGR�SRU�HO�KHFKR�GH�TXH� WRGRV� ORV� IDFWRUHV�

DQWHULRUHV��ct,b��Kh�\�dpas��WRPDQ�VX�YDORU�Pi[LPR�UD]RQDEOH��������

x� &DVR�,,��HV�HO�FDVR�HQ�HO�TXH�ORV�IDFWRUHV�WRPDQ�VX�YDORU�PiV�UD]RQDEOH��

�� FW�E ������HVWH�YDORU�VH�KD�REWHQLGR�FRPR�YDORU�PHGLR�HQ�HQVD\RV�GH�FRUWH�GLUHFWR�

UHDOL]DGRV�HQ�OD�FDMD�GH�FRUWH�� LQGLFDGD�HQ�HO�DSDUWDGR����������HQ�ORV�TXH�VH�KD�

DQDOL]DGR�HO�FRQWDFWR�HQWUH�WUDYLHVD�\�EDODVWR��(VWDLUH�\�6DQWDQD���������

�� .K ������GDGR�TXH�HO�EDODVWR�VH�YD�FRPSDFWDQGR�SRU�OD�YLEUDFLyQ�SURGXFLGD�SRU�

ORV� WUHQHV�FLUFXODQWHV��HO�YDORU�GHO�FRHILFLHQWH�GH�HPSXMH�KRUL]RQWDO�GHO�EDODVWR�

GHEHUtD�VHU�HOHYDGR��FHUFDQR�D������

�� GSDV ������6H�FRQVLGHUD�TXH�HO�HPSXMH�SDVLYR�VH�KD�GHVDUUROODGR�HQ�VX�WRWDOLGDG��

GDGD� OD� HVWDELOL]DFLyQ� GH� OD� FDUJD�� HQ� IXQFLyQ� GHO� GHVSOD]DPLHQWR�� TXH� VH� KD�

GHWHFWDGR�HQ�ORV�HQVD\RV�UHDOL]DGRV��

x� &DVR�,,,��HV�HO�RWUR�GH�ORV�FDVRV�H[WUHPRV�FDUDFWHUL]DGR�SRU�HO�KHFKR�GH�TXH�WRGRV�ORV�IDFWRUHV�

DQWHULRUHV�WRPDQ�VX�YDORU�PtQLPR�UD]RQDEOH��FW�E ������.K �����\�GSDV �������

�
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/RV�UHVXOWDGRV�REWHQLGRV�HQ�ORV�WUHV�FDVRV�DQDOL]DGRV�VH�UHFRJHQ�HQ�OD�7DEOD����(Q�ORV�FiOFXORV�VH�

KD� FRQVLGHUDGR� TXH� HO� iQJXOR� GH� UR]DPLHQWR� TXH� LQWHUYLHQH� HQ� ORV� WUHV� IDFWRUHV� GH� UHVLVWHQFLD�

ODWHUDO�WLHQH�HO�PLVPR�YDORU��

�

7DEOD���±�5HVXOWDGRV�GH�OD�PRGHOL]DFLyQ�DQDOtWLFD�GH�ORV�HQVD\RV�UHDOL]DGRV�

&DVR� FW�E� .K� GSDV� (QVD\R�
MEDODVWR�

����

&RQWULEXFLyQ�GH�ORV�IDFWRUHV�����

%DVH�

�)EDV��

/DWHUDO�

�)ODW��

)URQWDO�\�

GRUVDO��)KPE��

,� ����� ����� �����

�� ����� ��� ��� ���

�� ����� ��� ��� ���

�� ����� ��� ��� ���

,,� ����� ����� �����

�� ����� ��� ��� ���

�� ����� ��� ��� ���

�� ����� ��� ��� ���

,,,� ����� ����� �����

�� ����� ��� ��� ���

�� ����� ��� ��� ���

�� ����� ��� ��� ���

�

(O� DQiOLVLV� GH� ORV� GDWRV� FRQWHQLGRV� HQ� OD� WDEOD� DQWHULRU� SHUPLWH� UHDOL]DU� ORV� VLJXLHQWHV�

FRPHQWDULRV��

x� /RV� iQJXORV� GH� UR]DPLHQWR� GHO� EDODVWR�� XWLOL]DGRV� HQ� OD� PRGHOL]DFLyQ� DQDOtWLFD�� HVWiQ�

FRPSUHQGLGRV�HQWUH������\�������� ORV�FXDOHV�SXHGHQ�FRQVLGHUDUVH�EDVWDQWH�HOHYDGRV�SHUR�HQ�

WRWDO�FRQVRQDQFLD�FRQ�ORV�UHVXOWDGRV�GH�ORV�HQVD\RV�GH�FRUWH�GLUHFWR�GH�JUDQGHV�GLPHQVLRQHV�

UHFRJLGRV� HQ� HO� $SDUWDGR� ��������� $� HVWH� UHVSHFWR�� OD� )LJXUD� ��� PXHVWUD�� SDUD� WHQVLRQHV�

YHUWLFDOHV�EDMDV��HQWUH���\����N3D�FRPR�FRUUHVSRQGH�D�ODV�WHQVLRQHV�YHUWLFDOHV�GHULYDGDV�GHO�

SHVR�GH�OD�FROXPQD�GH�EDODVWR�\�GHO�SHVR�GH�ODV�WUDYLHVDV��YDORUHV�GHO�iQJXOR�GH�UR]DPLHQWR�

LQVWDQWiQHR�GHO�EDODVWR�HQWUH�����\������

x� (VWD� VLPLOLWXG� HQWUH� ORV� iQJXORV� GH� UR]DPLHQWR� REWHQLGRV� HQ� HQVD\RV� GH� FRUWH� GLUHFWR� HQ�

ODERUDWRULR�FRQ�ORV�iQJXORV�GHGXFLGRV�GH�ORV�HQVD\RV�GH�UHVLVWHQFLD�ODWHUDO�SHUPLWHQ�GDU�FLHUWD�

FRQVLVWHQFLD�\�YHURVLPLOLWXG�D�DPERV�JUXSRV�GH�HQVD\RV�UHDOL]DGRV��

x� 3RU� RWUR� ODGR�� ORV� UDQJRV� GH� YDULDFLyQ�GH� ORV� YDORUHV� GH� ODV� FRQWULEXFLRQHV� D� OD� UHVLVWHQFLD�

ODWHUDO�GHGXFLGDV�GH�ORV�FiOFXORV��SDUD�WUDYLHVDV�GH�SHVR�QRUPDO�FRPR�OD�HVSDxROD�XWLOL]DGD�HQ�

ORV� (QVD\RV� �� \� ��� VRQ� ORV� VLJXLHQWHV�� )EDV �������� )ODW ������� \� )KPE �������� 3XHGH�

DSUHFLDUVH�TXH�HO�PD\RU�YDORU�GH�OD�FRQWULEXFLyQ�GHO�HPSXMH�SDVLYR��DOUHGHGRU�GHO������VH�KD�

SURGXFLGR�SDUD�HO�FDVR�HQ�HO�TXH�ORV�SDUiPHWURV�GH�FiOFXOR��FW�E��.K�\�GSDV��WRPDQ�ORV�YDORUHV�

PtQLPRV�TXH�VH�KDQ�FRQVLGHUDGR�HQ�HO�FiOFXOR��

x� 3RU�VX�SDUWH��SDUD�OD�WUDYLHVD�DOHPDQD��(QVD\R�����FRQ�XQ�SHVR�FDVL�GREOH�GH�OD�HVSDxROD��OD�

FRQWULEXFLyQ�GH�OD�UHVLVWHQFLD�SRU�OD�EDVH�DXPHQWD�OyJLFDPHQWH��KDVWD�YDORUHV�FRPSUHQGLGRV�

HQWUH� ��� \� ����� D� FRVWD� SULQFLSDOPHQWH� GH� OD� FRQWULEXFLyQ� GHO� HPSXMH� SDVLYR� GH� OD� FDUD�

IURQWDO� �)KPE ��������PLHQWUDV� TXH� HO� UR]DPLHQWR� ODWHUDO� VH�PDQWLHQH� HQ�YDORUHV� VLPLODUHV�

�)ODW ���������

x� (Q�WRGRV�ORV�FDVRV��OD�FRQWULEXFLyQ�GHO�HPSXMH�DFWLYR�HV�LQIHULRU�DO����SRU�OR�TXH��D�HIHFWRV�

SUiFWLFRV��VH�FRQVLGHUD�GHVSUHFLDEOH��
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x� (V�LPSRUWDQWH�GHVWDFDU�TXH�WRGRV�HVWRV�YDORUHV�VRQ�DOJR�GLIHUHQWHV�GH�ORV�SURSXHVWRV�SRU�.LVK�

�������� )EDV �������� )ODW �������\� )KPE �������� DXQTXH� GHO�PLVPR�RUGHQ� GH�PDJQLWXG��

(VWH� DXWRU� SUHFRQL]D� XQD� PD\RU� FRQWULEXFLyQ� GHO� UR]DPLHQWR� ODWHUDO� \� XQD� PHQRU�

FRQWULEXFLyQ�GHO�HPSXMH�SDVLYR��UHVSHFWR�D�ORV�YDORUHV�LQGLFDGRV�HQ�HVWH�HVWXGLR��

����±�([WUDSRODFLyQ�GH�ORV�HQVD\RV�

������±�,QWURGXFFLyQ�

8QD�YH]�FRPSUREDGR�TXH�HO�PRGHOR�DQDOtWLFR�GHILQLGR�DQWHULRUPHQWH�UHSURGXFH�UHODWLYDPHQWH�

ELHQ� ORV� UHVXOWDGRV� GH� ORV� HQVD\RV� GH� UHVLVWHQFLD� ODWHUDO� UHDOL]DGRV�� VH� SXHGH� XWLOL]DU� SDUD�

GHWHUPLQDU� OD� UHVLVWHQFLD� ODWHUDO�HQ�IXQFLyQ�GH�DOJXQR�GH� ORV�SDUiPHWURV�GH� LQIOXHQFLD��FRPR�SRU�

HMHPSOR�� HO� iQJXOR� GH� UR]DPLHQWR� GHO� EDODVWR� R� HQ� RWUDV� FRQGLFLRQHV� GLVWLQWDV� D� ODV� GHO� HQVD\R��

FRPR�SRU�HMHPSOR��FRQ�FDUJDV�YHUWLFDOHV�VXSHULRUHV�TXH�UHSURGX]FDQ�VLWXDFLRQHV�HQ�ODV�TXH�OD�YtD�

HVWi�FDUJDGD��

�

������±�9DULDFLyQ�GH�OD�UHVLVWHQFLD�ODWHUDO�FRQ�HO�iQJXOR�GH�UR]DPLHQWR�EDODVWR�WUDYLHVD�

(Q�HVWH�DSDUWDGR�VH�GHWHUPLQD�OD�YDULDFLyQ�TXH�SUHVHQWD�OD�UHVLVWHQFLD�ODWHUDO�GH�YtD�HQ�IXQFLyQ�

GHO� iQJXOR� GH� UR]DPLHQWR� EDODVWR�WUDYLHVD�� GH� DFXHUGR� DO� PRGHOR� DQDOtWLFR� GHVDUUROODGR�� $� HVWH�

UHVSHFWR��HQ�OD�)LJXUD����VH�PXHVWUD�HO�UHVXOWDGR�GH�ORV�FiOFXORV�UHDOL]DGRV�SDUD�YDORUHV�GHO�iQJXOR�

GH�UR]DPLHQWR�GHO�FRQWDFWR�EDODVWR�WUDYLHVD�HQWUH����\������FRQVLGHUDQGR�ODV�VLWXDFLRQHV�GH�EDODVWR�

\�WUDYLHVDV�GHILQLGDV�HQ�ORV�(QVD\RV������\����FX\DV�FDUDFWHUtVWLFDV�VH�UHFRJHQ�HQ�OD�DQWHULRU�7DEOD�

��\�ODV�FRQGLFLRQHV�GH�FiOFXOR�GHO�&DVR�,,��FW�E �����.K ����\�GSDV ������

�
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ÈQJXOR�GH�UR]DPLHQWR�VHFDQWH����

&DVR�(QVD\R�� &DVR�(QVD\R�� &DVR�(QVD\R�� 7DQJHQWH�)L

�

)LJ�����±�9DULDFLyQ�GH�OD�UHVLVWHQFLD�ODWHUDO�FRQ�HO�iQJXOR�GH�UR]DPLHQWR�GH�SLFR�GHO�EDODVWR�GH�

DFXHUGR�DO�PRGHOR�DQDOtWLFR�GHVDUUROODGR��

3XHGH�YHUVH�TXH�OD�UHVLVWHQFLD�ODWHUDO�FUHFH�PX\�UiSLGDPHQWH�FRQ�HO�iQJXOR�GH�UR]DPLHQWR�GHO�

EDODVWR�GH�IRUPD�PX\�VLPLODU�D�FRPR�OR�KDFH�OD�WDQJHQWH�GH�GLFKR�iQJXOR��HQ�OtQHD�SXQWHDGD�HQ�OD�

ILJXUD��FRPR�UHIOHMR�GHO�KHFKR�GH�TXH�ORV�IDFWRUHV�PiV�LPSRUWDQWHV�GH�OD�UHVLVWHQFLD�ODWHUDO�VRQ�HO�

UR]DPLHQWR� SRU� OD� EDVH� \� HO� HPSXMH� SDVLYR� HQ� HO� KRPEUR� IURQWDO� TXH� GHSHQGHQ� DPERV� HQ� JUDQ�

PHGLGD�GH�OD�WDQJHQWH�GH�GLFKR�iQJXOR��
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+D\�TXH�KDFHU�QRWDU�TXH�OD�GLIHUHQFLD�HQWUH�ORV�UHVXOWDGRV�GH�ODV�VLWXDFLRQHV�VHPHMDQWHV�D�ORV�

(QVD\RV�����\���HV�GHELGD�DO�SHVR�GH�OD�WUDYLHVD�HQ�HO�(QVD\R���������N1��IUHQWH�D�ORV�������N1�GH�

OD�WUDYLHVD�XWLOL]DGD�HQ�ORV�(QVD\RV������

(O�DQiOLVLV�GH�OD�ILJXUD�DQWHULRU�SHUPLWH�DILUPDU�OD�LPSRUWDQFLD�TXH�WLHQH�OD�FDOLGDG�GHO�EDODVWR�

HQ�OD�UHVLVWHQFLD�ODWHUDO��WDQWR�HQ�HO�PRPHQWR�GH�VX�SXHVWD�HQ�REUD��OR�TXH�REOLJD�D�OD�XWLOL]DFLyQ�GH�

EDODVWRV� GH� EXHQD� FDOLGDG�� FRPR� GXUDQWH� VX� YLGD� ~WLO�� D� OR� ODUJR� GH� OD� FXDO� ODV� SDUWtFXODV� VH�

UHGRQGHDQ�SHUGLHQGR�UHVLVWHQFLD�DO�FRUWH��OR�TXH�SXHGH�REOLJDU�D�ODERUHV�GH�VXVWLWXFLyQ�GHO�OHFKR�GH�

EDODVWR��

$� HVWH� UHVSHFWR�� 5XMLNLDWNDPMRUQ� HW� DO� ������� UHDOL]DURQ� HQVD\RV� FRQ� EDODVWR� IUHVFR� \�

GHJUDGDGR� HQ� HO� TXH� SXGLHURQ� DSUHFLDU� XQD� SpUGLGD� GH� XQRV� ���� GH� iQJXOR� GH� UHVLVWHQFLD� DO�

GHJUDGDUVH� HO� EDODVWR�� (VWD� GLVPLQXFLyQ� GHO� iQJXOR� GH� UR]DPLHQWR� LPSOLFDUtD� XQDV� UHGXFFLRQHV�

LPSRUWDQWHV�HQ�OD�UHVLVWHQFLD�ODWHUDO��GH����D����N1��DO�SDVDU�HO�iQJXOR�GH�UR]DPLHQWR�GH����D�����y�

GH����D���N1�DO�SDVDU�GH����D������VXSRQLHQGR�XQD�VLWXDFLyQ�VHPHMDQWH�D�OD�GHO�(QVD\R����HV�GHFLU��

WUDYLHVD�HVSDxROD�VREUH�EDODVWR�OLPSLR�\�FRPSDFWDGR��

�

������±�9DULDFLyQ�GH�OD�UHVLVWHQFLD�ODWHUDO�FRQ�OD�FDUJD�YHUWLFDO�DSOLFDGD�

(Q�HVWH�DSDUWDGR�VH�GHWHUPLQD�OD�YDULDFLyQ�TXH�SUHVHQWD�OD�UHVLVWHQFLD�ODWHUDO�GH�YtD�HQ�IXQFLyQ�

GH� OD� FDUJD� YHUWLFDO� TXH� VH� HQFXHQWUD� DSOLFDGD� VREUH� OD� WUDYLHVD�� GH� DFXHUGR� DO�PRGHOR� DQDOtWLFR�

GHVDUUROODGR� \� D� ORV� UHVXOWDGRV� GH� ORV� HQVD\RV� GH� FRUWH� GLUHFWR� UHDOL]DGRV� FRQ� EDODVWR�� $� HVWH�

UHVSHFWR�� HV� LPSRUWDQWH� UHVDOWDU�� SRU� XQD� SDUWH�� TXH� HO� iQJXOR� GH� UR]DPLHQWR� GH� SLFR�� VHFDQWH� H�

LQVWDQWiQHR�GHO�EDODVWR�GHSHQGH�GH�OD�WHQVLyQ�YHUWLFDO�DSOLFDGD��FRPR�VH�DSUHFLDED�HQ�OD�)LJXUD�����

\��SRU�RWUD�SDUWH��TXH�OD�UHVLVWHQFLD�ODWHUDO�HVWi�PX\�LQIOXLGD�SRU�GLFKR�iQJXOR�GH�UR]DPLHQWR��FRPR�

VH�DSUHFLDED�HQ�OD�)LJXUD�����

/RV�FiOFXORV�� FX\RV� UHVXOWDGRV� VH�PXHVWUDQ�HQ� OD�)LJXUD����� VH� KDQ� UHDOL]DGR�SDUD� WHQVLRQHV�

YHUWLFDOHV� FRPSUHQGLGDV� HQWUH� �� \� ���� N3D�� FRQVLGHUDQGR� ODV� VLWXDFLRQHV� GH� EDODVWR� \� WUDYLHVDV�

GHILQLGDV� HQ� ORV�(QVD\RV� ��� �� \� ��� FX\DV� FDUDFWHUtVWLFDV� VH� UHFRJHQ� HQ� OD� DQWHULRU�7DEOD� �� \� ODV�

FRQGLFLRQHV�GH�FiOFXOR�GHO�&DVR�,,��FW�E �����.K ����\�GSDV ������

3XHGH�YHUVH�TXH�ORV�UHVXOWDGRV�SDUD�ORV�WUHV�FDVRV�VHPHMDQWHV�D�ORV�(QVD\RV������\���VRQ�PX\�
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7HQVLyQ�YHUWLFDO�DSOLFDGD��N3D�

&DVR�(QVD\R�� &DVR�(QVD\R�� &DVR�(QVD\R��

�

)LJ�����±�9DULDFLyQ�GH�OD�UHVLVWHQFLD�ODWHUDO�FRQ�OD�WHQVLyQ�YHUWLFDO�DSOLFDGD�GH�DFXHUGR�DO�PRGHOR�

DQDOtWLFR�GHVDUUROODGR��
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SDUHFLGDV�HQWUH�Vt�\�EDVWDQWH�OLQHDOHV��(VWH�KHFKR�HV�GHELGR�D�TXH�VH�KD�FRPSUREDGR�TXH�HO�IDFWRU�

TXH�PiV�FRQWULEX\H�D�OD�UHVLVWHQFLD�ODWHUDO��SDUD�WHQVLRQHV�YHUWLFDOHV�DSOLFDGDV�VXSHULRUHV�D����N3D��

HV� HO� UR]DPLHQWR�SRU� OD�EDVH�� FRQ�YDORUHV� VXSHULRUHV� DO� ����\�FUHFLHQWHV�FRQ� OD� WHQVLyQ�YHUWLFDO�

KDVWD� YDORUHV� FHUFDQRV� DO� ����� VLHQGR� HO� UHVWDQWH� FRPSDUWLGR� HQWUH� HO� HPSXMH� SDVLYR� \� HO�

UR]DPLHQWR�ODWHUDO��HQ�SURSRUFLyQ��������

$�VX�YH]�� OD� UHVLVWHQFLD� ODWHUDO�GHSHQGH� OLQHDOPHQWH�GH� OD�FDUJD�YHUWLFDO�\�GH� OD� WDQJHQWH�GHO�

iQJXOR�GH� UR]DPLHQWR� WUDYLHVD�EDODVWR�TXH�HV�EDVWDQWH�FRQVWDQWH�SDUD� ORV�iQJXORV�GH� UR]DPLHQWR�

GHO�EDODVWR�PRYLOL]DGRV�HQ�HVH�FRQWDFWR��FRQ�YDORUHV�FRPSUHQGLGRV�HQWUH����\������

��±�5(680(1�

x� (VWH�DUWtFXOR�GHVFULEH�ORV�UHVXOWDGRV�GH�WUHV�HQVD\RV�GH�UHVLVWHQFLD�ODWHUDO�GH�YtD�UHDOL]DGRV�HQ�

HO�&DMyQ�)HUURYLDULR�GHO�&('(;��FRQ�XQ�PRGHOR�GH�YtD�IpUUHD�D�HVFDOD������HQ�FRQGLFLRQHV�

GH�ODERUDWRULR��

x� 3DUD� OD� UHDOL]DFLyQ� GH� ORV� HQVD\RV� IXH� QHFHVDULR� GLVHxDU� \� FRQVWUXLU� XQ� ~WLO� HVSHFLDO� TXH��

PRQWDGR� VREUH� OD� WUDYLHVD�� HUD� HO� UHVSRQVDEOH� GH� GHVSOD]DUOD� KRUL]RQWDOPHQWH�� HQ� GLUHFFLyQ�

SHUSHQGLFXODU�DO�HMH�GH�YtD��

x� (O� VLVWHPD� GH� PHGLFLyQ� LQVWDODGR� FRQVLVWLy� HQ� XQD� FpOXOD� GH� FDUJD� �SDUD� PHGLU� OD� IXHU]D�

DSOLFDGD�VREUH�OD�WUDYLHVD���GRV�VHQVRUHV�OiVHU��SDUD�UHJLVWUDU�HO�GHVSOD]DPLHQWR�KRUL]RQWDO�GH�

OD�WUDYLHVD��\�GRV�SRWHQFLyPHWURV��SDUD�FRQWURODU�HO�GHVSOD]DPLHQWR�UHODWLYR�HQWUH�OD�WUDYLHVD�\�

HO�FDUULO�\�DVHJXUDU�TXH�QR�VH�SURGXFtD�FRQWDFWR�HQWUH�HOORV���

x� 6H�UHDOL]DURQ�WUHV�HQVD\RV�GH�HVWDELOLGDG�ODWHUDO�GH�YtD��

�� (QVD\R����WUDYLHVD�QRUPDO�VREUH�EDODVWR�OLPSLR��

�� (QVD\R����WUDYLHVD�QRUPDO�VREUH�EDODVWR�FRQWDPLQDGR�FRQ�XQD�DUHQD�ILQD��XQLIRUPH��VHFD�

\�FXDUFtWLFD��

�� (QVD\R����WUDYLHVD�GH�GREOH�GH�SHVR�GHO�QRUPDO�\�HTXLSDGD�FRQ�VXHOD�EDMR�WUDYLHVD��863��

VREUH�EDODVWR�OLPSLR��

x� /RV�UHVXOWDGRV�GH�ORV�HQVD\RV�LQGLFDURQ�XQDV�UHVLVWHQFLDV�KRUL]RQWDOHV�GH�SLFR�GH������������\�

�����N1��UHVSHFWLYDPHQWH�SDUD�ORV�(QVD\RV������\����

x� /RV�GHVSOD]DPLHQWRV�KRUL]RQWDOHV�SDUD�ORV�TXH�VH�REWXYR�OD�FDUJD�Pi[LPD�IXHURQ�GH����������

\�����PP��UHVSHFWLYDPHQWH�SDUD�ORV�(QVD\RV������\����

x� 3RU�RWUD�SDUWH��VH�HMHFXWDURQ�WUHV�HQVD\RV�GH�FRUWH�GLUHFWR�GH�JUDQGHV�GLPHQVLRQHV�FRQ�EDODVWR�

HQ�GLIHUHQWHV�FRQGLFLRQHV��YHUWLGR��FRPSDFWDGR�\�FRPSDFWDGR�FRQ�FRQWDPLQDFLyQ�SUHYLD�FRQ�

DUHQD��SDUD�GHWHUPLQDU�OD�UHVLVWHQFLD�DO�FRUWH�GHO�EDODVWR��

x� /RV� HQVD\RV� GH� UHVLVWHQFLD� ODWHUDO� VH� KDQ� PRGHOL]DGR� QXPpULFDPHQWH� EDViQGRVH� HQ� ORV�

SULQFLSLRV�GH� OD�0HFiQLFD�GHO�6XHOR�\�WHQLHQGR�HQ�FXHQWD�TXH�GLFKD�UHVLVWHQFLD�GHSHQGH�GH�

ORV�VLJXLHQWHV�IDFWRUHV��D��UR]DPLHQWR�HQWUH�OD�EDVH�GH�OD�WUDYLHVD�\�HO�EDODVWR�VXE\DFHQWH��E��

UR]DPLHQWR� HQWUH� ODV� FDUDV� ODWHUDOHV� GH� OD� WUDYLHVD� \� HO� EDODVWR� VLWXDGR� HQ� HVD� ]RQD� \� F��

HPSXMHV�GH�WLHUUDV��SDVLYR�\�DFWLYR��HQ�ORV�KRPEURV�IURQWDO�\�GRUVDO�GH�OD�WUDYLHVD��
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��±�&21&/86,21(6�

/DV�FRQFOXVLRQHV�PiV� LPSRUWDQWHV�TXH�VH�SXHGHQ�REWHQHU�GH� ORV� UHVXOWDGRV�REWHQLGRV�GH� ORV�
HQVD\RV�\�GH�VX�SRVWHULRU�PRGHOL]DFLyQ�VRQ�ODV�VLJXLHQWHV��

x� /RV�SULQFLSDOHV�IDFWRUHV�FRQWULEX\HQWHV�D�OD�UHVLVWHQFLD�ODWHUDO��HQ�DXVHQFLD�GH�FDUJD�YHUWLFDO�
VLJQLILFDWLYD��VRQ�HO�UR]DPLHQWR�HQ�OD�EDVH��FRQ�XQD�FRQWULEXFLyQ�HQWUH����\������VHJ~Q�ORV�
FDVRV� DQDOL]DGRV��� HO� HPSXMH� SDVLYR� HQ� HO� KRPEUR� IURQWDO� GH� OD� WUDYLHVD�� �FRQ� XQD�
FRQWULEXFLyQ�HQWUH����\������\�HO�UR]DPLHQWR�ODWHUDO��FRQ�XQD�FRQWULEXFLyQ�DOUHGHGRU�GHO����
������

x� 6LQ�HPEDUJR��HQ�ORV�HQVD\RV�UHDOL]DGRV�FRQ�XQ�SURWRWLSR�GH�WUDYLHVD��FRQ�XQ�SHVR�FDVL�GREOH�
GH�OD�QRUPDO��OD�FRQWULEXFLyQ�GH�OD�UHVLVWHQFLD�SRU�OD�EDVH�DXPHQWD�OyJLFDPHQWH��KDVWD�YDORUHV�
FRPSUHQGLGRV�HQWUH����\������D�FRVWD�SULQFLSDOPHQWH�GH�OD�FRQWULEXFLyQ�GHO�HPSXMH�SDVLYR�
GH� OD�FDUD�IURQWDO� �)KPE ��������PLHQWUDV�TXH�HO�UR]DPLHQWR�ODWHUDO�VH�PDQWLHQH�HQ�YDORUHV�
VLPLODUHV��)ODW ���������

x� (Q� ORV� FDVRV� HQ� ORV� TXH� OD� WUDYLHVD� VH� HQFXHQWUH� FDUJDGD� YHUWLFDOPHQWH�� HO� IDFWRU� TXH�PiV�
FRQWULEX\H�HV�HO�UR]DPLHQWR�SRU�OD�EDVH��FRQ�SRUFHQWDMHV�VXSHULRUHV�DO�����\�FUHFLHQWHV�FRQ�
OD� WHQVLyQ� YHUWLFDO� KDVWD� YDORUHV� FHUFDQRV� DO� ����� VLHQGR� HO� UHVWDQWH� FRPSDUWLGR� HQWUH� HO�
HPSXMH�SDVLYR�\�HO�UR]DPLHQWR�ODWHUDO��HQ�SURSRUFLyQ��������

x� /RV� iQJXORV� GH� UR]DPLHQWR� GHO� EDODVWR� XWLOL]DGRV� HQ� OD� PRGHOL]DFLyQ� DQDOtWLFD� HVWiQ�
FRPSUHQGLGRV� HQWUH� ����� \� ������ TXH� VH� SXHGHQ� FRQVLGHUDUVH� EDVWDQWH� HOHYDGRV�� DXQTXH�
FRQFXHUGDQ� PX\� ELHQ� FRQ� ORV� UHVXOWDGRV� GH� ORV� HQVD\RV� GH� FRUWH� GLUHFWR� GH� JUDQGHV�
GLPHQVLRQHV�UHDOL]DGRV�HQ�HO�&('(;�FRQ�EDODVWR�HQ�GLIHUHQWHV�FRQGLFLRQHV��

x� (VWD� VLPLOLWXG� HQWUH� ORV� iQJXORV� GH� UR]DPLHQWR� REWHQLGRV� HQ� HQVD\RV� GH� FRUWH� GLUHFWR� HQ�
ODERUDWRULR�FRQ�ORV�iQJXORV�GHGXFLGRV�GH�ORV�HQVD\RV�GH�UHVLVWHQFLD�ODWHUDO�SHUPLWHQ�GDU�XQD�
JUDQ�FRQVLVWHQFLD�\�YHURVLPLOLWXG�D�DPERV�JUXSRV�GH�HQVD\RV�UHDOL]DGRV��

��±�$*5$'(&,0,(1726�

/RV�DXWRUHV�GH�HVWH�DUWtFXOR�GHVHDQ�DJUDGHFHU�OD�FRQWULEXFLyQ�GH�ODV�VLJXLHQWHV�SHUVRQDV��5DXO�
5HLQRVR�\�ÈQJHO�&DUEDOOR�SRU�OD�HMHFXFLyQ�GH�ORV�HQVD\RV�GH�UHVLVWHQFLD�ODWHUDO��-RVp�/��*yPH]�\�
0DQXHO�)HUQiQGH]�SRU�OD�HMHFXFLyQ�GH�ORV�HQVD\RV�GH�FRUWH�GLUHFWR��)UDQFLVFR�6iQFKH]�\�5LFDUGR�
)HUQiQGH]�SRU�OD�HODERUDFLyQ�GH�ORV�UHVXOWDGRV�GH�ORV�HQVD\RV��)UDQFLVFR�1DYDUUR�\�0LJXHO�ÈQJHO�
$QGUHX� SRU� OD� VXSHUYLVLyQ� GH� ORV� HQVD\RV�� \� $QGUpV� 9i]TXH]� \� (XJHQLR�0DUWtQ� �DPERV� GH� OD�
HPSUHVD�97,��SRU�VX�D\XGD�HQ�HO�GLVHxR�\�FRQVWUXFFLyQ�GHO�~WLO�GH�HQVD\R��

���±�5()(5(1&,$6�%,%/,2*5È),&$6�

$670� '����� �������� Standard for Test Method for Direct Shear Test of Soils under 

Consolidated Drained Conditions��$QQXDO�%RRN�RI�$670�6WDQGDUGV�������9ROXPH��������

(1���������������Aggregates for railway ballast��&(1��%UXVVHOV��%HOJLXP��

(VWDLUH��-���2ODOOD��&���������Analysis of shear strength of armourstone based on 1 m3 direct shear 

tests��9,,�&RDVWDO�(QJLQHHULQJ�������SS�����������$OJDUYH��3RUWXJDO���
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(VWDLUH��-���2ODOOD��&����������Analysis of the strength of rockfills based on direct shear tests made 

in 1 m3 box�� ��QG� ,QWHUQDWLRQDO� &RQJUHVV� ,&2/'�� 4����5����� SS� ����������� %DUFHORQD�

�(VSDxD���

(VWDLUH�� -��� 3DUGR�� )��� &XpOODU�� 9�� �������� CEDEX Track Box as an experimental tool to test 

railway tracks at 1:1 scale��3URFHHGLQJV�RI���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RI�6RLO�0HFKDQLFV�

DQG�*HRWHFKQLFDO�(QJLQHHULQJ��6HRXO��WR�EH�SXEOLVKHG���

(VWDLUH� -��� 6DQWDQD�0�� ��������Large direct shear tests performed with fresh ballast�� -RXUQDO� RI�

5DLO�DQG�5DSLG�WUDQVLW��LQ�UHYLVLRQ���

(VWDLUH�-���6DQWDQD�0����������Resistencia al corte en el contacto balasto-traviesa��,QJHQLHUtD�&LYLO�

�HQ�UHYLVLyQ���

.LVK��$����������On the fundamentals of track lateral resistance��$5(0$��

/LFKWEHUJHU��%���������Manual de vía��(XUDLO�3UHVV��,6%1��������������������

5,9$6���������Results of laboratory tests for ballasted track mitigation measures. CEDEX Track 

Box Tests��'HOLYHUDEOH�'�����3DUW�$���

5XMLNLDWNDPMRUQ�&��,QGUDUDWQD�%���1JR�1��7��DQG�&RRS�0����������A laboratory study of railway 

ballast behavior under various fouling degree�� �WK� $VLDQ� 5HJLRQDO� &RQIHUHQFH� RQ�

*HRV\QWKHWLFV��SS������������

6DPDYHGDP��*��� 6OX]��$���.LVK��$�� ��������The effect of realignment on track lateral stability��

$5(0$��

6XVVPDQQ��7���.LVK��$���7URVLQR��0����������Investigation of the influence of track maintenance 

on the lateral resistance of concrete tie track�� 7UDQVSRUWDWLRQ� 5HVHDUFK� 5HFRUG�� YRO�������

3DSHU�QR�����������������
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78%8/$d®(6�87,/,=$'$6�12�$%$67(&,0(172�
'(�È*8$�12�081,&Ë3,2�'(�%(/e0�3$5È�

7KH�*35�PHWKRG�DSSOLHG�WR�WKH�ORFDWLRQ�RI�SLSHV�XVHG�LQ�ZDWHU�VXSSO\�

RI�WKH�PXQLFLSDO�GLVWULFW�RI�%HOpP�3DUi�

*HUVRQ�3RPSHX�3LQWR�

0DUFRV�:HOE\�&RUUHD�6LOYD�

�
5(6802�±��(VWH�WUDEDOKR�FRQVLVWLX�HP�DYDOLDU�D�YLDELOLGDGH�GR�PpWRGR�*35��Ground Penetrating Radar��

QD�ORFDOL]DomR�GH�WXEXODo}HV�GH�DoR��FLPHQWR�DPLDQWR��39&�H�IHUUR�IXQGLGR��GH�GLYHUVRV�GLkPHWURV��XWLOL]DGDV�

SHOD� &RPSDQKLD� GH� 6DQHDPHQWR� GR� 3DUi� �&26$13$��� QR� DEDVWHFLPHQWR� GH� iJXD� j� SRSXODomR� GD� UHJLmR�

XUEDQD�GR�PXQLFtSLR�GH�%HOpP�3DUi��3DUD�R�DOFDQFH�GHVWH�REMHWLYR� IRUDP�UHDOL]DGRV����SHUILV�HP��� ORFDLV��

GLVWLQWRV�GD�iUHD�XUEDQD�GH�%HOpP��FRP�R�LQWXLWR�GH�LGHQWLILFDU����DOYRV��XWLOL]DQGR�VH�DQWHQDV�GH�����0+]�H�

����0+]�� JHUDOPHQWH� XVDGDV� QHVWH� WLSR� GH� OHYDQWDPHQWR��2V� UDGDUJUDPDV� REWLGRV� FRP�R�*35�SHUPLWLUDP�

LGHQWLILFDU� TXDVH� WRGRV� RV� DOYRV� SHVTXLVDGRV��$SHQDV� �� GRV� ��� DOYRV�� QmR� IRUDP�SOHQDPHQWH� LGHQWLILFDGRV��

ILFDQGR�GH�IRUD��DSHQDV�RV�DOYRV�GH�39&��GH�SHTXHQD�ELWROD�����PP�H����PP���$SyV�R�HVWXGR�FRQFOXtPRV�TXH�

R�PpWRGR�*35�p�PXLWR�HILFD]�QHVWH�WLSR�GH�DSOLFDomR�H�TXH�VXD�XWLOL]DomR�WHP�JUDQGH�YDOLD�QD�ORFDOL]DomR�GDV�

UHGHV�GH�DEDVWHFLPHQWR�GH�iJXD��R�TXH�GHYH�IDFLOLWDU�HQRUPHPHQWH�DV�REUDV�GH�H[SDQVmR�GD�UHGH��DVVLP�FRPR�

D�VXD�PDQXWHQomR��

$%675$&7�±�7KLV�ZRUN�ZDV�FDUULHG�RXW�WR�HYDOXDWH�WKH�IHDVLELOLW\�RI�WKH�PHWKRG�*35��*URXQG�3HQHWUDWLQJ�
5DGDU��WR�ORFDWH�VWHHO��FHPHQW�DVEHVWRV��39&�DQG�FDVW�LURQ�SLSHV�RI�VHYHUDO�GLDPHWHUV��XVHG�E\�WKH�&RPSDQKLD�

GH�6DQHDPHQWR�GR�3DUi��&26$13$��IRU�ZDWHU�VXSSO\�WR�WKH�SRSXODWLRQ�RI�WKH�XUEDQ�DUHD�RI�%HOpP�3DUi��7R�

DFKLHYH�WKLV�JRDO����SURILOHV�ZHUH�SHUIRUPHG�DW���GLVWLQFW�VLWHV�RI�%HOpP
V�XUEDQ�DUHD��LQ�RUGHU�WR�LGHQWLI\����

WDUJHWV�� XVLQJ� ����0+]� DQG� ����0+]� DQWHQQDV�� FRPPRQO\� XVHG� LQ� WKLV� W\SH� RI� VXUYH\�� 7KH� UDGDUJUDPV�

REWDLQHG�ZLWK�*35�DOORZHG� WR� LGHQWLI\�DOPRVW�DOO� WDUJHWV�VXUYH\HG��2QO\���RI� WKH���� WDUJHWV�ZHUH�QRW� IXOO\�

LGHQWLILHG�� OHDYLQJ� RXW� RQO\� WKH� WDUJHWV� RI� 39&� RI� VPDOO� JDXJH� ����PP� DQG� ���PP���$IWHU� WKH� VWXG\��ZH�

FRQFOXGHG�WKDW�WKH�*35�PHWKRG�LV�YHU\�HIIHFWLYH�LQ�WKLV�W\SH�RI�DSSOLFDWLRQ�DQG�LWV�XVH�KDV�JUHDW�YDOXH�LQ�WKH�

ORFDWLRQ�RI� WKH�ZDWHU�VXSSO\�QHWZRUN��ZKDW�VKRXOG�JUHDWO\� IDFLOLWDWH� WKH�ZRUN�RI�H[SDQGLQJ� WKH�QHWZRUN��DV�

ZHOO�DV�LWV�PDLQWHQDQFH��

3DODYUDV�&KDYH�±�*HRItVLFD�DSOLFDGD��0pWRGR�*35��/RFDOL]DomR�GH�WXEDULDV��

.H\ZRUGV�±�$SSOLHG�JHRSK\VLFV��*35�PHWKRG��7XELQJ�ORFDWLRQ��

��±�,1752'8d2�

2�*35�p�XP�PpWRGR�GH� LQYHVWLJDomR�JHRItVLFD�SURSRVWR�HP�������SHOR�HQJHQKHLUR�DOHPmR�

&KULVWLDQ�+�OVPH\HU� �5H\QROGV��������� IXQGDPHQWDGD�QD� SURSDJDomR�GH� VLQDLV� HOHWURPDJQpWLFRV�

SDUD�D�ORFDOL]DomR�UHPRWD�GH�REMHWRV�HQWHUUDGRV�QR�VROR��(QWUHWDQWR��IRL�Vy�HP������TXH�RFRUUHX�D�

SULPHLUD� SXEOLFDomR� GHVFUHYHQGR� XPD� DSOLFDomR� GR� PpWRGR�� IHLWD� SRU� *RWWKHOI� /HLPEDFK� H�

+HLQULFK�/|Z\��QD�$OHPDQKD��1HVWH�WUDEDOKR�IRL�VXJHULGR�R�XVR�GH�HTXLSDPHQWRV�TXH�WUDQVPLWLDP�

RQGDV�FRQWLQXDPHQWH��SRUpP�IRL�Vy�HP������TXH�+�OVHQEHFN�SDWHQWHRX�R�SULPHLUR�HTXLSDPHQWR�

�����������������������������������������������������������
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TXH�XVDYD�D�HPLVVmR�GH�SXOVRV�GH�UDGDU��FRP�REMHWLYR�GH�LQYHVWLJDU�D�QDWXUH]D�GDV�HVWUXWXUDV�HP�
VXEVXSHUItFLHV��(P�������QD�ÈXVWULD��6WHUQ�UHDOL]RX�D�SULPHLUD�DSOLFDomR�SUiWLFD�GR�*35��FRP�D�
ILQDOLGDGH�GH�GHWHFWDU�HVSHVVXUDV�GH�JODFLDUHV��2OKRHIW���������

&RP�RV�DYDQoRV�WHFQROyJLFRV�H�DSyV�DQRV�GH�HVWXGRV�H�DSULPRUDPHQWRV�GRV�HTXLSDPHQWRV��R�
*35� WRUQRX�VH� XP� GRV� PpWRGRV� PDLV� HILFD]HV� SDUD� VRQGDJHQV� H� LQYHVWLJDo}HV� DWp� SHTXHQDV�
SURIXQGLGDGHV��JHRItVLFD�UDVD���GHYLGR�DRV�EDL[RV�FXVWRV�H�j�SUDWLFLGDGH�QD�UHDOL]DomR�GRV�WUDEDOKRV�
GH� FDPSR�� +RMH� R� PpWRGR� SRVVXL� XPD� JUDQGH� YDULHGDGH� GH� DSOLFDo}HV�� WDLV� FRPR�� DSOLFDo}HV�
IRUHQVHV�� PLOLWDUHV�� HQJHQKDULD� FLYLO�� HVWXGRV� GH� VRORV�� H[SORUDomR� PLQHUDO�� JHRORJLD� EiVLFD� H�
DPELHQWDO�� JHRWHFQLD�� KLGURJHRORJLD�� SHVTXLVD� DUTXHROyJLFD�� SODQHDPHQWR� XUEDQR�� GHQWUH� RXWUDV�
�3RUVDQL����������

1HVWH� WUDEDOKR� WUDWDU�VH�i�GD�DSOLFDomR�GR�*35�QD� ORFDOL]DomR�GH� WXEXODo}HV�XWLOL]DGDV�SHOD�
&RPSDQKLD�GH�6DQHDPHQWR�GR�3DUi��&26$13$��QR�DEDVWHFLPHQWR�GH�iJXD�j�SRSXODomR�GD�UHJLmR�
XUEDQD�GH�%HOpP�3D��(VWD�DSOLFDomR�p�GH�JUDQGH�UHOHYkQFLD��SRLV�YLVD�FRQWULEXLU�QDV�VROXo}HV�GH�
DOJXQV�SUREOHPDV�GHFRUUHQWHV�GDV�REUDV�GH�H[SDQVmR�H�PDQXWHQomR�GR�VLVWHPD�GH�DEDVWHFLPHQWR�GH�
iJXD�� WDLV� FRPR� D� ORFDOL]DomR� H[DWD� GH� VXDV� UHGHV� GH� DEDVWHFLPHQWR� GH� iJXD�� SRLV� DR� ORQJR� GR�
WHPSR� QmR� IRUDP� WRPDGRV� RV� GHYLGRV� FXLGDGRV� FRP� R� UHJLVWUR� H� FDWDORJDomR� GDV� WXEXODo}HV��
$WXDOPHQWH�D�&26$13$�GLVS}H�GH�LQIRUPDo}HV�GHVDWXDOL]DGDV�H�PXLWDV�YH]HV�FRQIXVDV��VREUH�R�
SRVLFLRQDPHQWR� FRUUHWR� GH� VXDV� UHGHV�� RFDVLRQDQGR� XP� VpULR� SUREOHPD� QR� GHVHQYROYLPHQWR� GDV�
REUDV�GH�H[SDQVmR�H�PDQXWHQomR�GD�UHGH��'HQWUR�GHVVD�SHUVSHFWLYD��D�DSOLFDomR�GR�PpWRGR�*35�QD�
ORFDOL]DomR�GDV� WXEXODo}HV�� WRUQD�VH�XPD�DOWHUQDWLYD�YLiYHO��FRP�FXVWRV�DFHLWiYHLV��KDMD�HP�YLVWD�
TXH�DWXDOPHQWH�D�&26$13$�QmR�SRVVXL�QHQKXP�PpWRGR�GH�ORFDOL]DomR�LQGLUHWD�GH�VXDV�UHGHV��

��±�0(72'2/2*,$�

����±�)XQGDPHQWDomR�WHyULFD�

2� PpWRGR� *35� XWLOL]D� XP� GLSROR� HOpWULFR� KRUL]RQWDO� FRPR� IRQWH� GR� FDPSR� GH� RQGDV�
HOHWURPDJQpWLFDV��$V�IUHQWHV�GH�RQGDV�SDUD�XPD�IRQWH�GLSRODU�VREUH�D�VXSHUItFLH�GD�7HUUD�VmR�RQGDV�
HVIpULFDV� H� TXDOTXHU� RQGD� HVIpULFD� SRGH� VHU� GHVFULWD� SRU� XPD� VXSHUSRVLomR� GH� RQGDV� SODQDV�
�6WUDWWRQ�� �������$� HTXDomR� GD� RQGD� SODQD� SDUD� R� FDPSR� HOpWULFR�� VXSRQGR� R� IOX[R� GH� FRUUHQWH�
QXPD�GDGD�GLUHomR�[��p�GDGD�SRU��
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RQGH�
[
( �p�R�FDPSR�HOpWULFR�QD�GLUHomR�[�H�N�p�R�Q~PHUR�GH�RQGD���H[SUHVVR�SRU��

� ZPVPHZ ik � �� � ����

RQGH� PHZ� �FRUUHVSRQGH�D�FRUUHQWH�GH�GHVORFDPHQWR�H� ZPVi �D�FRUUHQWH�GH�FRQGXomR��

2� PpWRGR� *35� XWLOL]D� DOWDV� IUHTXrQFLDV�� PDLRUHV� TXH� �� 0+]�� HQWmR� RV� GRLV� WHUPRV� GD�
HTXDomR�GHYHP�VHU�FRQVLGHUDGRV��H�D�FRUUHQWH�GH�GHVORFDPHQWR�p�SUHGRPLQDQWH�VREUH�D�FRUUHQWH�GH�
FRQGXomR��

� ZPVPHZ i!!� � ����

(VVD� p� D� FRQGLomR� IDYRUiYHO� SDUD� R� IXQFLRQDPHQWR� GR� PpWRGR� *35�� 8P� PHLR� FRP� HVVD�
FDUDFWHUtVWLFD�p�GHQRPLQDGR�GH�PHLR�GLHOpWULFR�GH�EDL[D�SHUGD��$QQDQ���������
� $�HTXDomR����SRGH�VHU�HVFULWD�GD�VHJXLQWH�IRUPD��

� ED ik � � ����
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RQGH�.�FRUUHVSRQGH�j�FRQVWDQWH�GH�DWHQXDomR��H[SUHVVD�HP�GHFLEHO�PHWUR��G%�P��H���j�FRQVWDQWH�
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$� SURIXQGLGDGH� GH� SHQHWUDomR� H� DV� SHUGDV� DVVRFLDGDV� j� SURSDJDomR� GDV� RQGDV�

HOHWURPDJQpWLFDV�QR�PHLR�JHROyJLFR�SRGHP�VHU�PHQVXUDGDV�SHOD�SURIXQGLGDGH�SHOLFXODU�RX�³skin 

depth´��/���2�³skin depth´�p�GHILQLGR�FRPR�D�SURIXQGLGDGH�GH�SHQHWUDomR�QD�TXDO�D�DPSOLWXGH�GD�

RQGD�HOHWURPDJQpWLFD�UHGX]�VH�D� ������
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$�HTXDomR���DSOLFD�VH�D�PHLRV�QmR�PDJQpWLFRV��LVWR�p���� ��R� ���������+�P�H�¦� ���I��FRP�I�

LJXDO�D�IUHTXrQFLD�FHQWUDO�GH�RSHUDomR�GR�*35��

$QDOLVDQGR�D�HTXDomR����SRGH�VH�FRQFOXLU�TXH�TXDQWR�PDLRU�D�FRQGXWLYLGDGH�HOpWULFD�GR�PHLR�

JHROyJLFR��PHQRU�VHUi�R�³skin depth´��RX�VHMD��PHQRU�VHUi�D�SHQHWUDomR�GD�RQGD�QR�VROR��2�PHVPR�

HIHLWR�p�REVHUYDGR�TXDQGR�DXPHQWD�VH�D�IUHTXrQFLD�GD�RQGD�HOHWURPDJQpWLFD��5LMR���������

&RQKHFHU�R�YDORU�GD�YHORFLGDGH�GH�SURSDJDomR�GD�RQGD�*35�QR�PHLR�JHROyJLFR��FRQVWLWXL�XP�

IDWRU�GH�H[WUHPD�UHOHYkQFLD��SRLV�p�DWUDYpV�GHOH�TXH�SRGH�VH�HVWLPDU�D�SURIXQGLGDGH�GRV�REMHWRV��

$�VHJXLQWH�SHUPLWH�GHWHUPLQDU�R�YDORU�GD�YHORFLGDGH�GH�SURSDJDomR�GD�RQGD�HOHWURPDJQpWLFD�

HP� XP� PHLR� FRP� SHUPLVVLYLGDGH� GLHOpWULFD� UHODWLYD� �0U��� FRQGXWLYLGDGH� HOpWULFD� �1�� H�

SHUPHDELOLGDGH�PDJQpWLFD������
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RQGH� F� p� D�YHORFLGDGH�GD� OX]�QR�YiFXR��1�&0� p� R� IDWRU�GH�SHUGD�H�&� p� D� IUHTXrQFLD� �9DQ�'DP��

������� 3RGH� REVHUYDU�VH�� DWUDYpV� GR� IDWRU� GH� SHUGD�� TXH� TXDQGR� D� FRQGXWLYLGDGH� DXPHQWD� D�

YHORFLGDGH�GD�RQGD�GLPLQXL�H�YLFH�YHUVD��

4XDQGR�XPD�RQGD�GH�DOWD�IUHTXrQFLD��FRPR�p�R�FDVR�GR�*35��SURSDJD�VH�DWUDYpV�GH�XP�PHLR�

JHROyJLFR� FRP� FRQGXWLYLGDGH� PHQRU� TXH� ����P6�P�� RQGH� D� SHUGD� p� PXLWR� SHTXHQD�� H� QmR� Ki�

SUHVHQoD�GH�PDWHULDO� IHUURPDJQpWLFR� �� ����DV�HTXDo}HV������H���SRGHP�VHU�HVFULWDV�GD�VHJXLQWH�
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3RGH�VH� REVHUYDU� DWUDYpV� GD� HTXDomR� ���� TXH� D� YHORFLGDGH� GD� RQGD� *35� QmR� GHSHQGH� GD�
IUHTXrQFLD�*35�XWLOL]DGD��'HSHQGH��XQLFDPHQWH��GD�SHUPLVVLYLGDGH�GLHOpWULFD�UHODWLYD�GR�PHLR�GH�
SURSDJDomR�GR�VLQDO�*35��'DYLV�H�$QQDQ���������

4XDQGR�XPD�RQGD�HOHWURPDJQpWLFD�SURSDJD�VH�QR�VXEHVSDoR�JHROyJLFR�HOD�GHSDUD�VH�FRP�DV�
YDULDo}HV� GDV� SURSULHGDGHV� HOHWURPDJQpWLFDV� GDV� GLYHUVDV� FDPDGDV� TXH� R� FRQVWLWXHP�� (VVD�
GHVFRQWLQXLGDGH�HOHWURPDJQpWLFD�SRGH�JHUDU�XPD�IRUWH� LPSHGkQFLD�QD� LQWHUIDFH�GH�VHSDUDomR�GDV�
FDPDGDV�� GHILQLGD� D� SDUFHOD� GH� HQHUJLD� TXH� VHUi� UHIOHWLGD�� 2� FRHILFLHQWH� GH� UHIOH[mR� �5�� p� D�
JUDQGH]D�TXH�H[SUHVVD�R�SRGHU�GH�UHIOH[mR�HQWUH�GXDV�FDPDGDV�GLVWLQWDV��2�FRHILFLHQWH�GH�UHIOH[mR�
SRGH�VHU�FDOFXODGR�SRU��5H\QROGV���������
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RQGH� 0U��� 0U��� Y�� H� Y��� VmR� DV� SHUPLVVLYLGDGHV� GLHOpWULFDV� UHODWLYDV� H� DV� YHORFLGDGHV� GD� RQGD� QDV�
FDPDGDV���H����UHVSHFWLYDPHQWH��

2EVHUYDQGR�R�4XDGUR����SRGH�VH�FRQFOXLU�TXH�QD�LQWHUIDFH�VROR�PHWDO�RFRUUH�R�IHQ{PHQR�GD�
UHIOH[mR�WRWDO��5� ��������TXH�FRQVWLWXL�XPD�H[FHOHQWH�DSOLFDomR�GR�*35�QD�GHWHFomR�GH�REMHWRV�
PHWiOLFRV� HQWHUUDGRV�� 2� PHVPR� QmR� RFRUUH� QD� LQWHUIDFH� VROR� VHFR�URFKD�� SRLV� D� UHIOH[mR� p�
UHODWLYDPHQWH� EDL[D��1D� LQWHUIDFH� DU�VROR� VHFR�� WHPRV� XPD� IRUWH� UHIOH[mR�� TXH� p� LQGHVHMDGD� QRV�
WUDEDOKRV� GH� FDPSR� H� XPD� IRUPD� GH� WHQWDU� UHGX]LU� HVVH� HIHLWR� p� SRVLFLRQDQGR� D� DQWHQD� R�PDLV�
SUy[LPR�SRVVtYHO�GR�VROR��

�
4XDGUR���±�&RHILFLHQWHV�GH�UHIOH[mR�SDUD�VHLV�GLIHUHQWHV�LQWHUIDFHV�JHROyJLFDV��

'R� HU� SDUD� HU� &RHILFLHQWH�GH�UHIOH[mR�

$U� �� 6ROR�VHFR� �� ���
6ROR�VHFR� �� ÈJXD� ��� ���
6ROR�VHFR� �� 6ROR�VDWXUDGR� ��� ���
6ROR�VHFR� �� 5RFKD� �� ���
6ROR�VDWXUDGR� ��� 5RFKD� �� ���
6ROR� ���� 0HWDO� L� ����
)RQWH��DGDSWDGR�GH�$QQDQ��������

����±�3ULQFtSLRV�GH�IXQFLRQDPHQWR�GR�*35�

2�*35�p� IXQGDPHQWDGR�QD�SURSDJDomR�GH�RQGDV� HOHWURPDJQpWLFDV� GH� DOWDV� IUHTXrQFLDV�� QD�
IDL[D�GH����0+]�D�����*+]��'DYLV�H�$QQDQ���������4XDQGR�XP�SXOVR�HOHWURPDJQpWLFR��3(0��p�
HPLWLGR�H�DWLQJH�XPD�LQWHUIDFH�JHROyJLFD�TXH�VHSDUD�SURSULHGDGHV�HOHWURPDJQpWLFDV�GLIHUHQWHV��XPD�
SDUFHOD�GD�RQGD�HOHWURPDJQpWLFD�VRIUH�UHIOH[mR�H�GLIUDomR�H�D�RXWUD�SDUFHOD�FRQWLQXD�SURSDJDQGR�VH�
DWp�VHU�FRPSOHWDPHQWH�DEVRUYLGD�SHOR�PHLR��3DUWH�GD�RQGD�TXH�IRL�UHIOHWLGD�H�GLIUDWDGD��HP�GLUHomR�
j�VXSHUItFLH��p�FDSWDGD�SRU�DQWHQD�UHFHSWRUD��)LJXUD�����$�DQWHQD�UHFHSWRUD�GHWHFWD�RV�VLQDLV�H�RV�
HQYLD� SDUD� XPD� XQLGDGH� GH� FRQWUROR�� RQGH� VmR� DPSOLILFDGRV� H� DUPD]HQDGRV� QXPD� XQLGDGH� GH�
SURFHVVDPHQWR�GH�GDGRV��JHUDQGR�XPD�VHTXrQFLD�GH�WUDoRV�RX�³VFDQV´�PRVWUDGRV�HP�UHJLVWUR�FRPR�
IXQomR�GR�WHPSR�GH�SURSDJDomR��)LJXUD�����

�
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�

)LJ����±�5HSUHVHQWDomR�HVTXHPiWLFD�GH�XP�SHUILO�*35�RQGH�VH�REVHUYD�DV�UHIOH[}HV�QD�

LQWHUIDFH�VROR�URFKD�H�DV�GLIUDo}HV�HP�XP�WXER��

�

�

)LJ����±�5HSUHVHQWDomR�HVTXHPiWLFD�GR�UHJLVWUR�GH�VFDQV��

$�UHVROXomR�GR�PpWRGR�SDUD�REMHWRV�HQWHUUDGRV�QD�VXEVXSHUItFLH�HVWi�UHODFLRQDGD�FRP�R�VHX�

WDPDQKR��j�RULHQWDomR�HP�UHODomR�jV�DQWHQDV��DR�FRQWUDVWH�HQWUH�DV�SURSULHGDGHV�HOHWURPDJQpWLFDV�

�FRQGXWLYLGDGH� HOpWULFD�� SHUPLVVLYLGDGH� GLHOpWULFD� H� SHUPHDELOLGDGH� PDJQpWLFD�� GRV� PHLRV�

JHROyJLFRV��DR�UXtGR�DVVRFLDGR�j�UDGLRIUHTXrQFLD�H�RXWUDV�LQWHUIHUrQFLDV��$�FRQGXWLYLGDGH�HOpWULFD�H�

D� SHUPLVVLYLGDGH� GLHOpWULFD� VmR� LPSRUWDQWHV� SRUTXH� LQWHUIHUHP� QD� DWHQXDomR� H� SURSDJDomR� GDV�

RQGDV�*35�� UHVSHFWLYDPHQWH� �$QQDQ�� �������$�SURIXQGLGDGH� GH� LQYHVWLJDomR� SRGH� YDULDU� GHVGH�

FHQWtPHWURV��HP�WHUUHQRV�PXLWR�DUJLORVRV��D�DWp�TXLO{PHWURV�QR�JHOR�SRODU��

����±�$TXLVLomR�GH�GDGRV�

1D� IDVH� GH� DTXLVLomR� GH� GDGRV� H[HFXWDPRV� RV� SHUILV� GH� *35� XVDQGR� R� HTXLSDPHQWR�

7HUUD6,5FK� 6,5� �Subsurface Interface Radar�� 6\VWHP������ IDEULFDGR� SHOD� *66,� �Geophysical 

Survey Systems, Inc.���TXH�SHUWHQFH�j�)DFXOGDGH�GH�*HRItVLFD�GD�8)3D��2�VLVWHPD�p�FRQVWLWXtGR�SRU�

XPD�XQLGDGH�GH�FRQWUROH�GLJLWDO��FRP�R�VLVWHPD�RSHUDFLRQDO�7HUUD6,5FK�SUp�LQVWDODGR��TXH�SHUPLWH�

D�YLVXDOL]DomR�H�FRQWUROH�GRV�GDGRV��GXDV�EDWHULDV��FDERV�GH�FRQH[}HV�H�GXDV�DQWHQDV�EOLQGDGDV�GH�

����0+]�H�����0+]��

$�WpFQLFD�DSOLFDGD�j�FROHWD�GH�GDGRV�QRV�SHUILV�IRL�D�GH�UHIOH[mR�FRP�DIDVWDPHQWR�FRQVWDQWH��

common offset��QR�PRGR�FRQWtQXR��)LJXUD�����2V�UHJLVWURV�IRUDP�UHDOL]DGRV�QR�PRGR�WHPSR�FRP�D�

SRVLomR�GDV�PHGLGDV� LQWHUFDODGDV�SHOD� LQFOXVmR�GH�PDUFDV� D� FDGD���P��SRLV�SDUD�R�SURSyVLWR�GR�

WUDEDOKR�� QmR� KRXYH� QHFHVVLGDGH� GH� JUDQGHV� SHUILV�� Mi� TXH� DV� GLPHQV}HV� GRV� DOYRV� HVWmR�

)LJ����±�5HSUHVHQWDomR�HVTXHPiWLFD�GD�WpFQLFD�common offset��
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FRPSUHHQGLGDV�HQWUH����PP�H������PP�GH�GLkPHWUR��
3DUD�FRPSDUDU�PHOKRU�RV�UHVXOWDGRV��IH]�VH�XVR�GH�GXDV�DQWHQDV�ELHVWiWLFDV�EOLQGDGDV�GH�����

0+]�H�����0+]��2SWRX�VH�SRU�HVVDV�DQWHQDV�SRUTXH�HODV�DSUHVHQWDP�DV�FDUDFWHUtVWLFDV�QHFHVViULDV�
j� VROXomR� GRV� SUREOHPDV�� JHUDOPHQWH� HQFRQWUDGRV� QHVVH� WLSR� GH� OHYDQWDPHQWR�� XPD� YH]� TXH� DV�
WXEXODo}HV�HVWmR� ORFDOL]DGDV�D�SRXFR�PDLV�GH���PHWUR�GH�SURIXQGLGDGH��HP�PpGLD��e� LPSRUWDQWH�
UHVVDOWDU�TXH�QmR�IRL�XWLOL]DGR�KRG{PHWUR�DFRSODGR�jV�DQWHQDV�QD�DTXLVLomR�GRV�SHUILV��

$�DTXLVLomR�GRV�GDGRV�*35�IRL�UHDOL]DGD�HP���SHUILV�GHQWUR�GD�iUHD�GR�PXQLFtSLR�GH�%HOpP��
FDSLWDO� GR� (VWDGR� GR� 3DUi�� 2V� SHUILV� IRUDP� IHLWRV� QRV� VHJXLQWHV� ORFDLV�� GRLV� GHQWUR� GD� iUHD� GD�
&26$13$�� ORFDOL]DGR�QR�3DUTXH�(VWDGXDO�GR�8WLQJD��EDLUUR�GR�&XULy�8WLQJD��GRLV�QR�FRQMXQWR�
&'3�� EDLUUR� GD�0DUDFDQJDOKD�� GRLV� QR� FRQMXQWR�&RVWD� H� 6LOYD�� EDLUUR� GD�&DVWDQKHLUD� H� GRLV� QR�
EDLUUR�GD�3HGUHLUD��$�HVFROKD�GRV�ORFDLV�RQGH�IRUDP�UHDOL]DGRV�RV�SHUILV�IRL�IHLWD�SULRUL]DQGR�VH�D�
YDULHGDGH�GH�DOYRV�SUHVHQWHV�QHVVHV�ORFDLV�H�D�GLYHUVLGDGH�JHRJUiILFD��

����±�3URFHVVDPHQWR�GH�GDGRV�

$V� HWDSDV� GH� SURFHVVDPHQWRV� DGRWDGDV� QHVVH� WUDEDOKR� WrP� FRPR� SURSyVLWR� GHVWDFDU� RV�
UHIOHWRUHV�FRQWLGRV�QR�VROR��UHGX]LQGR�D�LQWHUIHUrQFLD�SURYRFDGD�SHOD�RQGD�GLUHWD�SHOR�DU��SHOD�RQGD�
GLUHWD�SHOR�VROR�H�SRVVtYHLV�LQWHUIHUrQFLDV�JHUDGDV�SRU�HVWUXWXUDV�TXH�SRVVDP�LQWHUDJLU�FRP�R�SXOVR�
HOHWURPDJQpWLFR�� 3DUD� UHDOL]DU� HVVD� WDUHID� IRL� XVDGR� R� VRIWZDUH� 5HIOH[:� YHUVmR� ������ SDUD�
:LQGRZV�70��[�17���

$V�HWDSDV�XWLOL]DGDV�QR�SURFHVVDPHQWR�GRV�GDGRV�GHVWH�WUDEDOKR�HVWmR�GHVFULWDV�D�VHJXLU���

3ULPHLUD�HWDSD��,PSRUWDomR�GRV�GDGRV�

(VWH�SULPHLUR�SURFHGLPHQWR�FRQVLVWH�QD�LPSRUWDomR�GRV�GDGRV�DGTXLULGRV�QRV�OHYDQWDPHQWRV�
GH�FDPSR�H�QD�FULDomR�GH�XP�SURMHWR��

6HJXQGD�HWDSD��(GLomR�GRV�GDGRV�

(VWH�IRL�R�VHJXQGR�SURFHGLPHQWR�DGRWDGR�QR�SURFHVVDPHQWR�GRV�GDGRV�DGTXLULGRV�HP�FDPSR�
RQGH� IRUDP� LQVHULGDV� DV� LQIRUPDo}HV� GR� FDEHoDOKR�� WDLV� FRPR� IUHTXrQFLD� GD� DQWHQD�� GLUHomR� H�
GLPHQVmR�GR�SHUILO��

7HUFHLUD�HWDSD��,QWHUSRODomR�GDV�PDUFDV�

&RQVLVWH� QD� LQWHUSRODomR� GRV� GDGRV� QD� GLUHomR� GR� SHUILO�� WHQGR� FRPR� UHIHUrQFLD� DV�PDUFDV�
LQVHULGDV�QRV�UHJLVWURV�D�FDGD�PHWUR�SDUD�FRQWUROH�GD�SRVLomR�GDV�PHGLGDV��

4XDUWD�HWDSD��&RUUHomR�GR�WHPSR�]HUR�

6XD� IXQomR�p�FRUULJLU�R�HIHLWR�GH�GHVDOLQKDPHQWR�HP� WHPSR��GRV� WUDoRV�GH�XP�UDGDUJUDPD��
SURYRFDGRV� SRU� VDOWRV� GD� DQWHQD� GXUDQWH� D� DTXLVLomR� GRV� GDGRV� HP� FDPSR�� RFDVLRQDGRV� SRU�
LUUHJXODULGDGHV� SUHVHQWHV� QR� WHUUHQR�� $� FRUUHomR� p� UHDOL]DGD� DSOLFDQGR� XP� GHVORFDPHQWR� OLQHDU��
SDUD� FLPD� RX� SDUD� EDL[R�� QRV� WUDoRV� GR� UDGDUJUDPD� GH�PRGR� D� FRUULJLU� R� GHVDOLQKDPHQWR� HQWUH�
WUDoRV�DGMDFHQWHV��

4XLQWD�HWDSD��'HVVDWXUDomR�

5HPRYH� DV� FRPSRQHQWHV� GH� EDL[D� IUHTXrQFLD� �:2:�� DFRSODGDV� j� DPSOLWXGH� GD� RQGD� TXH�
RULJLQDP�VDWXUDo}HV�QR�VLQDO�� LPSHGLQGR�TXH�DOJXQV�UHIOHWRUHV�VHMDP�SHUFHSWtYHLV�QR�UDGDUJUDPD��
,VVR�RFRUUH� GHYLGR� j� H[LVWrQFLD� GR� IHQ{PHQR� LQGXWLYR�GD�RQGD� HOHWURPDJQpWLFD� HQWUH� DV� DQWHQDV�
WUDQVPLVVRUD�H�UHFHSWRUD�RX�D�VDWXUDomR�HOHWU{QLFD�GR�HTXLSDPHQWR��FDXVDGD�SHOD�RQGD�GLUHWD�QR�DU�



37

RX�RXWUDV�IRQWHV�H[WHUQDV�GH�FDPSR�HOHWURPDJQpWLFR��WDLV�FRPR��FDVDV��FHUFDV�PHWiOLFDV��HGLItFLRV��
iUYRUHV�GH�JUDQGH�SRUWH��PXURV��WRUUHV�GH�DOWD�WHQVmR��SRVWHV�GH�LOXPLQDomR��HVWDo}HV�GH�UiGLR�)0��
DQWHQDV�GH�PLFURRQGDV��UiGLRV�WUDQVPLVVRUHV��FHOXODUHV�H�HWF��3RUVDQL���������$�DSOLFDomR�GR�ILOWUR�
'(:2:�UHVXOWD�HP�XP�UHJLVWUR�³PDLV�OLPSR´��

6H[WD�HWDSD��*DQKR�

$�DPSOLWXGH�GR�VLQDO�*35�DR�VH�SURSDJDU�QR�VROR�GHFDL�H[SRQHQFLDOPHQWH��SRU�HVVH�PRWLYR��
REMHWRV� ORFDOL]DGRV� D� JUDQGHV� SURIXQGLGDGHV� VmR� PDLV� GLItFHLV� GH� VHUHP� LGHQWLILFDGRV� QR�
UDGDUJUDPD��8PD� IRUPD�GH� FRPSHQVDU� HVVH� GHFDLPHQWR� p� D� DSOLFDomR�GH�XP�JDQKR�SDUD� TXH� VH�
SRVVDP�LQWHQVLILFDU�DV�UHIOH[}HV�SURYHQLHQWHV�GH�WHPSR�GH�SURSDJDomR�PDLV�ORQJRV��

e�LPSRUWDQWH�UHVVDOWDU�TXH�QD�DSOLFDomR�GH�JDQKRV�� WRGR�VLQDO�UHIOHWLGR�p�DPSOLILFDGR��DLQGD�
TXH�VH�WUDWH�GH�UXtGR��8P�JDQKR�H[FHVVLYR�SDUD�XP�JUDQGH�LQWHUYDOR�GH�WHPSR�GH�SURSDJDomR�QR�
TXDO� R� VLQDO� WHP� XPD� DPSOLWXGH� VLPLODU� j� GR� UXtGR�� SRGH�VH� DPSOLILFDU� R� UXtGR� HOHWU{QLFR� GR�
DSDUHOKR��GR�FDEHDPHQWR�RX�HPLVVmR�GDV�PHVPDV�IUHTXHQFLDV�TXH�HVWmR�VHQGR�UHJLVWUDGDV��GDQGR�
OXJDU�D�UHJLVWURV�FRQIXVRV��

+i�YiULRV� WLSRV�GH�JDQKRV�TXH�SRGHP�VHU� DSOLFDGRV� HP�XP�SURFHVVDPHQWR�GH�GDGRV�*35��
3DUD�HVVH�WUDEDOKR�VHUi�XWLOL]DGR�R�JDQKR�Energy Decay TXH�FRQVLVWH�QD�DSOLFDomR�GH�XP�JDQKR�QD�
GLUHomR�GR�HL[R�GR�WHPSR�SDUD�FDGD�WUDoR��(VWH�JDQKR�p�EDVHDGR�QD�FXUYD�GH�GHFDLPHQWR�PpGLR�GH�
DPSOLWXGH�� 3ULPHLUDPHQWH� XPD� FXUYD� GH� GHFDLPHQWR� PpGLR� p� GHWHUPLQDGD� GH� WRGRV� RV� WUDoRV�
H[LVWHQWHV� GR�SHUILO��'HSRLV�GD� DSOLFDomR�GH�XP� ILOWUR� GH�PHGLDQD�QHVWD� FXUYD�� FDGD�DPRVWUD� GR�
WUDoR�p�GLYLGLGD�SHOR�YDORU�GD�FXUYD�GH�GHFDLPHQWR��)UHTXHQWHPHQWH�p�QHFHVViULR�DSOLFDU�XP�IDWRU�
GH� HVFDOD�� SDUkPHWUR� GH� PXOWLSOLFDomR�� PHQRU� GR� TXH� XP�� SRLV�� DSyV� D� DSOLFDomR� GHVWH� JDQKR��
DOJXQV�YDORUHV�GH�DPSOLWXGH�H[FHGHUmR�D�DPSOLWXGH�Pi[LPD�GR�SHUILO�RULJLQDO��6DQGPHLHU���������

6pWLPD�HWDSD��)LOWUDJHP�WHPSRUDO�

&RQVLVWH� HP� UHWLUDU� GR� UDGDUJUDPD� RV� UXtGRV� RX� UHYHUEHUDo}HV� SDUD� GHVWDFDU� R� VLQDO� GH�
LQWHUHVVH�� SULQFLSDOPHQWH� RV� TXH� HVWmR� FRQWLGRV� QD� SDUWH� LQIHULRU�� &RP� HVWH� ILOWUR� p� SRVVtYHO�
HOLPLQDU� DV� IUHTXrQFLDV� HVS~ULDV�� TXH� VH� HQFRQWUDP�HP� IDL[DV�GH� DOWD�RX�EDL[D� IUHTXrQFLD� H�TXH�
HYHQWXDOPHQWH�SRGHP�PDVFDUDU�HVWUXWXUDV�QR�UDGDUJUDPD��

��±�5(68/7$'26�

������3HUILV���H����

(VVHV�SHUILV�IRUDP�UHDOL]DGRV�GHQWUR�GD�iUHD�GD�&26$13$�QR�3DUTXH�(VWDGXDO�GR�8WLQJD��QD�
UXD� SULQFLSDO� TXH� Gi� DFHVVR� DR� ODJR� %RORQKD� H� ÈJXD� 3UHWD�� 2V� SHUILV� IRUDP� IHLWRV� VREUH� XPD�
FDPDGD�GH�DVIDOWR��WRPDQGR�R�VHQWLGR�6XO�±�1RUWH��SHUSHQGLFXODU�D�XPD�DGXWRUD��2�VROR�GD�UHJLmR�
SHVTXLVDGD�p�SUHGRPLQDQWHPHQWH�DUJLOR�DUHQRVR��2�REMHWLYR�IRL� ORFDOL]DU�XPD�DGXWRUD�GH�DoR�GH�
�����PP�GH�GLkPHWUR��XVDGD�SDUD�R�WUDQVSRUWH�GH�iJXD�EUXWD�GR�ODJR�GR�8WLQJD�DWp�D�HVWDomR�GH�
WUDWDPHQWR� GH� 6mR� %UiV�� $� GLPHQVmR� GRV� SHUILV� IRL� GH� ��P� GH� FRPSULPHQWR�� FRUUHVSRQGHQWH� j�
ODUJXUD�Pi[LPD�GD�UXD��FRP�PDUFDo}HV�IHLWDV�D�FDGD���P���

2�SHUILO� �� IRL� REWLGR� FRP�D� DQWHQD�GH� ����0+]��3RGH�VH� REVHUYDU�� DWUDYpV� GR� UDGDUJUDPD�
�)LJXUD����� D�SUHVHQoD�GH�XP�IRUWH� UHIOHWRU��KLSpUEROH�GH� UHIOH[mR�DVVLQDODGD�� ORFDOL]DGR�HQWUH�DV�
SRVLo}HV���P�H���P�D��DSUR[LPDGDPHQWH����P�GH�SURIXQGLGDGH��(VVH�UHIOHWRU�FRUUHVSRQGH�j�DGXWRUD�
GH�DoR�SURFXUDGD���

2�SHUILO����FRLQFLGHQWH�FRP�R�SHUILO����IRL�REWLGR�FRP�D�XWLOL]DomR�GD�DQWHQD�GH�����0+]�H�R�
VHX� UDGDUJUDPD�p�PRVWUDGR�QD�)LJXUD����RQGH� VH�FRQVWDWD�D�SUHVHQoD�GXPD� UHIOH[mR�KLSHUEyOLFD��
FRUUHVSRQGHQWH� j� DGXWRUD� GH� DoR� GH� ����� PP�� D� DSUR[LPDGDPHQWH� �� P� GH� SURIXQGLGDGH� H�
ORFDOL]DGD�HQWUH�DV�SRVLo}HV���P�H���P���
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�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$�IRUWH�UHIOH[mR�KLSHUEyOLFD�

UHSUHVHQWD�D�DGXWRUD�GH�DoR�GH������PP��

�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$�IRUWH�UHIOH[mR�KLSHUEyOLFD�

UHSUHVHQWD�D�DGXWRUD�GH�DoR�GH������PP��

&RQFOXL�VH�DSyV�DQiOLVH�GRV�UDGDUJUDPDV�GDV�)LJXUDV���H����TXH�HP�DPERV�RV�OHYDQWDPHQWRV�

RV�UHVXOWDGRV�PRVWUDGRV�IRUDP�ERQV��(QWUHWDQWR��R�OHYDQWDPHQWR�IHLWR�FRP�D�DQWHQD�GH�����0+]�

IRL�� VHQVLYHOPHQWH��PHOKRU� TXH� R� OHYDQWDPHQWR� IHLWR� FRP� D� DQWHQD� GH� ����0+]�� HP� YLUWXGH� GD�

PHOKRU�UHVROXomR�GR�VLQDO��

$SyV� DV� UHDOL]Do}HV� GRV� SHUILV� �� H� ��� IRUDP� IHLWDV� HVFDYDo}HV� HP� WRUQR� GD� DGXWRUD� FRP� D�

ILQDOLGDGH� GH� UDWLILFDU� VXD� ORFDOL]DomR�� )DWR� HVWH� TXH� S{GH� VHU� FRQILUPDGR� DSyV� R� WpUPLQR� GDV�

HVFDYDo}HV�  

������3HUILV���H����

(VVHV� SHUILV� IRUDP� UHDOL]DGRV� QR� FRQMXQWR� &'3� QD� $Y�� 1RUWH�� EDLUUR� GD� 0DUDFDQJDOKD��

SUy[LPR�D�HVTXLQD�FRP�D�$Y�� -~OLR�&pVDU��2V�SHUILV� IRUDP�IHLWRV� VREUH�XPD�FDPDGD�GH�DVIDOWR��

WRPDQGR� D� VHQWLGR� 6XGHVWH� ±� 1RURHVWH�� SHUSHQGLFXODU� DRV� DOYRV�� 2� REMHWLYR� IRL� ORFDOL]DU� GXDV�

WXEXODo}HV�GH�39&�±�����PP�H�����PP�GH�GLkPHWUR��XVDGDV�QR�IRUQHFLPHQWR�GH�iJXD�QR�FRQMXQWR�

&'3��$�GLPHQVmR�GRV�SHUILV�IRL�GH����P�GH�FRPSULPHQWR�FRP�PDUFDo}HV�IHLWDV�D�FDGD���P��

$� )LJXUD� �� PRVWUD� R� UDGDUJUDPD� GR� SHUILO� ��� REWLGR� FRP� D� DQWHQD� GH� ����0+]�� 3RGH�VH�

REVHUYDU�D�SUHVHQoD�GH�WUrV�UHIOHWRUHV��3��ORFDOL]DGR�QD�SRVLomR���P��FRP�DSUR[LPDGDPHQWH���P�GH�

SURIXQGLGDGH��3��VLWXDGR�SUy[LPR�j�SRVLomR���P�H�TXDVH�D���P�GH�SURIXQGLGDGH�H�3��TXH�HVWi�ORJR�

DSyV� D� SRVLomR� �� P� H� D� SRXFR� PDLV� GH� �� P� GH� SURIXQGLGDGH�� 2V� DOYRV� GHYHP� UHSUHVHQWDU��

UHVSHFWLYDPHQWH��WXEXODomR�39&�±�����PP��PDQLOKD�GH�HVJRWR�H�WXEXODomR�39&�±�����PP��1HVVH�

SHUILO�RV�DOYRV�GH�39&�SXGHUDP�VHU� LGHQWLILFDGRV�HP� IXQomR�GR� VHX�PDLRU�GLkPHWUR�H�GR�PDLRU�

SRGHU�GH�SHQHWUDomR�GD�DQWHQD��1HVWH�H�QRV�GHPDLV�SHUILV��QmR�IRUDP�UHDOL]DGDV�HVFDYDo}HV�SDUD�

FRQILUPDU�D�ORFDOL]DomR�H[DWD�GDV�WXEXODo}HV��1RVVDV�FRQFOXV}HV�IRUDP�FRUURERUDGDV�SHOR�PDSD�GD�

UHGH�GH�iJXD�H�HVJRWR�IRUQHFLGR�SHOD�&26$13$��
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�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$V�UHIOH[}HV�KLSHUEyOLFDV�3���3��H�3��

GHYHP�UHSUHVHQWDU��UHVSHFWLYDPHQWH��D�WXEXODomR�39&�±�����PP��PDQLOKD�GH�HVJRWR�H�WXEXODomR�

39&�±�����PP��

2�SHUILO���REWLGR�FRP�D�DQWHQD�GH�����0+]�H�FRLQFLGHQWH�FRP�R�SHUILO����SRGH�VHU�REVHUYDGR�

QD�)LJXUD����RQGH�VH�SRGH�YHULILFDU�XPD�QRYD�FRQILJXUDomR�GRV�UHIOHWRUHV��SRLV�QmR�DSDUHFH�R�DOYR�

3�� �WXEXODomR�39&�±�����PP��� Mi�TXH�D�FRQILJXUDomR�GR�DOFDQFH�GD�DQWHQD�QmR�SHUPLWLX�TXH�D�

PHVPD� DOFDQoDVVH� D� SURIXQGLGDGH� GR� DOYR�� &RPR� IRL� REVHUYDGR� QR� UDGDUJUDPD� GD� )LJXUD�� ��� R�

UHIOHWRU�3��HQFRQWUD�VH�D�XPD�SURIXQGLGDGH�GH�DSUR[LPDGDPHQWH���P��HQWUHWDQWR��FRPR�SRGHPRV�

REVHUYDU�QD�)LJXUD����D�SURIXQGLGDGH�Pi[LPD�DOFDQoDGD�FRP�R�XVR�GD�DQWHQD�GH�����0+]�IRL�GH�

����� P�� R� TXH� LPSRVVLELOLWRX� D� VXD� ORFDOL]DomR�� (QWmR� WHP�VH�� 3�� �PDQLOKD� GH� HVJRWR�� VLWXDGR�

SUy[LPR�D�SRVLomR���P��TXDVH�D���P�GH�SURIXQGLGDGH�H�3���WXEXODomR�39&�±�����PP��TXH�HVWi�QD�

SRVLomR���P�H�D�SRXFR�PDLV�GH���P�GH�SURIXQGLGDGH��

3RGH�VH�FRQFOXLU�DSyV�DQiOLVH�GRV�UDGDUJUDPDV�GDV�)LJXUDV���H����TXH�R�PHOKRU�UHVXOWDGR�IRL�

REWLGR�FRP�D�XWLOL]DomR�GD�DQWHQD�GH�����0+]��SRLV�FRP�D�DQWHQD�GH�����0+]�R�DOYR�3��QmR�S{GH�

VHU� LGHQWLILFDGR�� HP� GHFRUUrQFLD� GR� EDL[R� SRGHU� GH� SHQHWUDomR� GD� DQWHQD� GH� ����0+]�� SDUD� R�

UHVSHFWLYR�VROR��

�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$V�UHIOH[}HV�KLSHUEyOLFDV�3��H�3��

GHYHP�UHSUHVHQWDU��UHVSHFWLYDPHQWH��D�PDQLOKD�GH�HVJRWR�H�WXEXODomR�39&�±�����PP��

������3HUILV���H���

(VVHV� SHUILV� IRUDP� UHDOL]DGRV� QD� $Y�� 9LFWRU� GD� 6LOYD�� EDLUUR� GD� &DVWDQKHLUD�� HQWUH� R�

UHVLGHQFLDO�&RVWD�H�6LOYD�H�R�SRVWR�GRV�&RUUHLRV��$V�VRQGDJHQV�IRUDP�IHLWDV�VREUH�XPD�FDPDGD�GH�

DVIDOWR�� WRPDQGR�R� VHQWLGR�6XGRHVWH� ±�1RUGHVWH�� SHUSHQGLFXODU� DR� DOYR��2�REMHWLYR� IRL� ORFDOL]DU�

XPD� WXEXODomR�GH�FLPHQWR�±�DPLDQWR��&�$���GH�����PP�GH�GLkPHWUR��XVDGD�QR�IRUQHFLPHQWR�GH�

iJXD��$�GLPHQVmR�GRV�SHUILV�IRL�GH���P�GH�FRPSULPHQWR�FRP�PDUFDo}HV�IHLWDV�D�FDGD���P��

2�UDGDUJUDPD�GR�SHUILO���p�PRVWUDGR�QD�)LJXUD����REWLGR�FRP�D�DQWHQD�GH�����0+]��3RGH�VH�

REVHUYDU�D�SUHVHQoD�GH�XP�UHIOHWRU��DVVRFLDGR�j�WXEXODomR�GH�&�$��±�����PP��ORFDOL]DGR�HQWUH�DV�

SRVLo}HV���P�H���P��D�SRXFR�PDLV�GH�����P�GH�SURIXQGLGDGH��
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)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$�UHIOH[mR�KLSHUEyOLFD�GHYH�

UHSUHVHQWDU�XPD�WXEXODomR�GH�FLPHQWR�DPLDQWR�FRP�����PP�GH�GLkPHWUR��

$�)LJXUD���PRVWUD�R�UDGDUJUDPD�GR�SHUILO����FRLQFLGHQWH�FRP�R�SHUILO���REWLGR�FRP�D�DQWHQD�

GH�����0+]��RQGH�R�IRUWH�UHIOHWRU�KLSHUEyOLFR�GHYH�FRUUHVSRQGHU�j�WXEXODomR�GH�&�$��±�����PP��

HQWUH�DV�SRVLo}HV���P�H���P��D�SRXFR�PDLV�GH�����P�GH�SURIXQGLGDGH��

3RGH�VH�FRQFOXLU�DWUDYpV�GD�DQiOLVH�GRV�UHVXOWDGRV�IRUQHFLGRV�SHORV�UDGDUJUDPDV�GDV�)LJXUDV���

H����TXH�DV�LQIRUPDo}HV�REWLGDV�FRP�DV�DQWHQDV�VmR�HTXLYDOHQWHV��FRP�XPD�VHQVtYHO�PHOKRULD�QRV�

UHVXOWDGRV�IRUQHFLGRV�SHOD�DQWHQD�GH�����0+]��Mi�TXH�WHP�PDLRU�UHVROXomR���

�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$�UHIOH[mR�KLSHUEyOLFD�GHYH�

UHSUHVHQWDU�XPD�WXEXODomR�GH�FLPHQWR�DPLDQWR�FRP�����PP�GH�GLkPHWUR��

������3HUILV���H����

(VVHV�SHUILV�IRUDP�REWLGRV�QD�7Y��$QJXVWXUD��HQWUH�5XD�1RYD�H�5XD�$QW{QLR�(YHUGRVD��EDLUUR�

GD� 3HGUHLUD�� HP� IUHQWH� D� UHVLGrQFLD� GH� Q~PHUR� ������2V� SHUILV� IRUDP� IHLWRV� VREUH� XPD� HVSHVVD�

FDPDGD� GH� DVIDOWR�� HP� XPD� UHJLmR� RQGH� VH� S{GH� FRQVWDWDU� LQ� ORFR�� WUDWDU�VH� GH� XP� VROR� DUJLOR�

DUHQRVR�� FRP�D�SUHVHQoD�GH�*UpV�GR�3DUi�H�FRQFUHo}HV� IHUUXJLQRVDV��2V�SHUILV� IRUDP�UHDOL]DGRV�

WRPDQGR� D� VHQWLGR� 1RUGHVWH� ±� 6XGRHVWH�� SHUSHQGLFXODU� DRV� DOYRV�� 2� REMHWLYR� IRL� ORFDOL]DU� DV�

VHJXLQWHV�WXEXODo}HV��39&�±����PP��IHUUR�IXQGLGR��)R)R��±�����PP�H�&$�±�����PP��XVDGDV�QR�

IRUQHFLPHQWR�GH�iJXD��$�GLPHQVmR�GRV�SHUILV�IRL�GH����P�GH�FRPSULPHQWR�FRP�PDUFDo}HV�IHLWDV�D�

FDGD���P���

$� )LJXUD� ���PRVWUD� R� UDGDUJUDPD� GR� SHUILO� ��� REWLGR� FRP� D� DQWHQD� GH� ����0+]�� 3RGH�VH�

REVHUYDU�D�SUHVHQoD�GH�TXDWUR� UHJL}HV� UHIOHWRUDV��3�� ORFDOL]DGD�HQWUH�DV�SRVLo}HV���P�H���P��3��

VLWXDGD�HQWUH�DV�SRVLo}HV���P�H���P��3��SUy[LPD�D�SRVLomR���P�H�3��QD�SRVLomR���P��1D�UHJLmR�

RQGH�VH�HQFRQWUD�R�DOYR�3���SRGH�VH�SHUFHEHU�D�IRUPDomR�GH�SRVVtYHLV�KLSpUEROHV��HQWUHWDQWR�QmR�VH�

SRGH�DILUPDU�� FDWHJRULFDPHQWH�� WUDWDU�VH�GH�XPD� WXEXODomR�39&�±����PP��DOYR� ORFDOL]DGR�QHVWD�

UHJLmR��VHJXQGR�R�FDGDVWUR�GH�UHGHV�GD�&26$13$��2V�GHPDLV�DOYRV�GHYHP�VHU��UHVSHFWLYDPHQWH��

DV�VHJXLQWHV�WXEXODo}HV��PDQLOKD�GH�HVJRWR��3����)R)R�±�����PP��3���H�&$�±�����PP��3�����
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)LJ�����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$V�UHIOH[}HV�KLSHUEyOLFDV�3���3���

3��H�3��GHYHP�UHSUHVHQWDU��UHVSHFWLYDPHQWH��DOYR�LQGHWHUPLQDGR��PDQLOKD�GH�HVJRWR��)R)R�±�����

PP�H�)&�±�����PP��

2�UDGDUJUDPD�GR�SHUILO����FRLQFLGHQWH�FRP�R�SHUILO����p�PRVWUDGR�QD�)LJXUD�����REWLGR�FRP�D�

DQWHQD�GH�����0+]��RQGH�VH�SRGHP�LGHQWLILFDU�DV�VHJXLQWHV�UHJL}HV�UHIOHWRUDV��3���SRVVtYHO�DOYR�GH�

39&�±����PP�� VHJXQGR�R� FDGDVWUR�GD�&26$13$�� ORFDOL]DGD�HQWUH� DV�SRVLo}HV���P�H���P��3��

�PDQLOKD�GH�HVJRWR��VLWXDGD�HQWUH�DV�SRVLo}HV���P�H���P��3���)R)R�±�����PP��SUy[LPD�D�SRVLomR���

P�H�3���)&�±�����PP��QD�SRVLomR���P��$V�LQIRUPDo}HV�FROKLGDV�QHVWH�SHUILO�FRLQFLGHP�FRP�DV�

LQIRUPDo}HV�GR�SHUILO����TXDQGR�XVDPRV�D�DQWHQD�GH�����0+]��H[FHWXDQGR�VH�D�WXEXODomR�GH�39&�

±� ���PP�� SRLV� D� DPSOLWXGH� GR� VLQDO�*35�QmR� IRL� VXILFLHQWH� SDUD� TXH� VH� SXGHVVH� FKHJDU� D� XPD�

FRQFOXVmR�H[DWD�GD�VXD�ORFDOL]DomR��

$SyV�DQiOLVH�GRV�UHVXOWDGRV�REWLGRV�QRV�UDGDUJUDPDV�GDV�)LJXUDV����H�����FRQFOXt�VH�TXH�RV�

UHVXOWDGRV�IRUQHFLGRV�FRP�D�XWLOL]DomR�GD�DQWHQD�GH�����0+]�VmR�PHOKRUHV�TXH�RV�IRUQHFLGRV�SHOD�

DQWHQD� GH� ���� 0+]�� IDWR� TXH� ILFD� HYLGHQWH� QD� )LJXUD� ���� Mi� TXH� RV� DOYRV� SURFXUDGRV� HVWmR�

ORFDOL]DGRV� D� XPD� SURIXQGLGDGH� UHODWLYDPHQWH� JUDQGH� H� VmR� PHQRV� UHIOH[LYRV�� H[FHWXDQGR�VH� R�

)R)R�±�����PP��TXH�p�XP�ERP�UHIOHWRU��

�

)LJ�����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$V�UHIOH[}HV�KLSHUEyOLFDV�3���3���

3��H�3��GHYHP�UHSUHVHQWDU��UHVSHFWLYDPHQWH��DOYR�LQGHWHUPLQDGR��PDQLOKD�GH�HVJRWR��)R)R�±�����

PP�H�)&�±�����PP��

��±�&216,'(5$d®(6�),1$,6�

'HQWUR�GDV�SHUVSHFWLYDV�LQLFLDLV��SURSRVWDV�SRU�HVWH�WUDEDOKR��R�PpWRGR�*35�PRVWURX�VH�XPD�

IHUUDPHQWD�HILFD]�QD�ORFDOL]DomR�GDV�WXEXODo}HV�XWLOL]DGDV�SHOD�&RPSDQKLD�GH�6DQHDPHQWR�GR�3DUi�

±�&26$13$��QR�DEDVWHFLPHQWR�GH�iJXD�j�SRSXODomR�GD�iUHD�XUEDQD�GR�PXQLFtSLR�GH�%HOpP�3$��

SRLV�GRV���DOYRV�SHVTXLVDGRV��DSHQDV���QmR�S{GH�VHU�SOHQDPHQWH�LGHQWLILFDGR��HP�GHFRUUrQFLD�GR�

PDWHULDO�FRQVWLWXLQWH�GR�DOYR��

2�DOYR�TXH�QmR�IRL�SOHQDPHQWH�LGHQWLILFDGR�SHODV�GXDV�DQWHQDV�GH�����0+]�H�����0+]��IRL�j�

WXEXODomR�FRQVWLWXtGD�GH�39&�±����PP�GH�GLkPHWUR��KDMD�YLVWD�R�EDL[R�SRGHU�UHIOH[LYR�GR�39&�H�D�

SHTXHQD�GLPHQVmR�GR�DOYR���
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2�PpWRGR�*35�UHYHORX�VH�PXLWR�HILFD]�QD� ORFDOL]DomR�GH�DOYRV�PHWiOLFRV��SRLV��DSHQDV�XP�

GHOHV�QmR�IRL� LGHQWLILFDGR�SHOD�DQWHQD�GH�����0+]��GHYLGR�D�VXD�PDLRU�SURIXQGLGDGH�H�DR�EDL[R�

SRGHU�GH�SHQHWUDomR�GD� DQWHQD��PHQRU�TXH���P��3RUpP�� HVVH� DOYR� IRL�SHUIHLWDPHQWH� LGHQWLILFDGR�

SHOD�DQWHQD�GH�����0+]��TXH�SRVVXL�XP�SRGHU�PDLRU�GH�SHQHWUDomR���

2V� SHUILV� UHDOL]DGRV� FRP� R� LQWXLWR� GH� ORFDOL]DU� DV� WXEXODo}HV� GH� FLPHQWR�DPLDQWR�� IRUDP�

�����FREHUWDV�GH�r[LWR��Mi�TXH�DV�WXEXODo}HV�IHLWDV�FRP�HVVH�PDWHULDO�VmR�DUPDGDV�HP�HVWUXWXUDV�

IHLWDV� GH�PHWDO�� R� TXH� FRQWULEXL� SDUD� R� VHX� SRGHU� UHIOH[LYR�� SRLV� R� SRGHU� UHIOH[LYR� GR� FLPHQWR�

DPLDQWR�p�SHTXHQR���

3RU� QmR� VHU� R� IRFR� GHVWH� WUDEDOKR�� DV� LQWHUIHUrQFLDV� SURYRFDGDV� SHODV� KHWHURJHQHLGDGHV�

SUHVHQWHV�QR�VROR�QmR�IRUDP�GHVWDFDGDV��H[FHWR�QRV�FDVRV�HP�TXH�DOJXP�HOHPHQWR�VXSHUILFLDO�RX�

LQIRUPDomR� DGLFLRQDO�� YLVXDOL]DGDV� HP� FDPSR�� SHUPLWLX� VXD� GHVFULomR�PDLV� GHWDOKDGD�� FRPR� IRL�

YHULILFDGR�QR�FDVR�GDV�PDQLOKDV�GH�HVJRWR�GHVFULWDV�QRV�SHUILV���������H�����

1R�TXH�GL]�UHVSHLWR�j�XWLOL]DomR�GDV�DQWHQDV��SDUD�XP�PHVPR�range nr��SRGHPRV�FRQFOXLU�TXH�

D� DQWHQD�GH�����0+]�GHVWDFRX�VH�QRV� UHVXOWDGRV�REWLGRV�� HP�FRPSDUDomR�FRP�D� DQWHQD�GH�����

0+]��SRLV�D�PHVPD�IRL�FDSD]�GH�ORFDOL]DU�WRGRV�RV�DOYRV�PHWiOLFRV��GH�FLPHQWR�DPLDQWR�H�RV�GH�

39&�GH�PDLRU�GLPHQVmR���

2�PHVPR�QmR�RFRUUHX�FRP�D�GH�����0+]��SRLV�QmR�IRL�FDSD]�GH�ORFDOL]DU�XPD�GDV�WXEXODo}HV�

PHWiOLFDV��GHYLGR�HOD�HQFRQWUDU�VH�HP�SURIXQGLGDGH�PDLRU�TXH�R�SRGHU�GH�SHQHWUDomR�GD�DQWHQD��

��±�$*5$'(&,0(1726�

2V�DXWRUHV�DJUDGHFHP�D�-RVp�-RDTXLP�0HOR�5RGULJXHV��HQJHQKHLUR�FKHIH�GH�PDQXWHQomR�GD�

&RPSDQKLD� GH� 6DQHDPHQWR� GR� 3DUi� �&26$13$��� SHOD� FRQWULEXLomR� QR� IRUQHFLPHQWR� GDV�

LQIRUPDo}HV�QHFHVViULDV�D�UHDOL]DomR�GRV�SHUILV�H�SHORV�HVFODUHFLPHQWRV��GHFRUUHQWHV�GDV�G~YLGDV�

VXUJLGDV�DR�ORQJR�GHVWH�WUDEDOKR���

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6�

$QQDQ��$��3����������Ground Penetration Radar Workshop notes��6HQVRUV�	�6RIWZDUH�����S���

$QQDQ�� $�� 3�� �������� Transmission dispersion and GPR. -RXUQDO� RI� (QYLURQPHQWDO� DQG�

(QJLQHHULQJ�*HRSK\VLFV��Y����Q����S������������

'DYLV��-��/���$QQDQ��$��3����������Ground-penetrating radar for high-resolution mapping of soil 

and rock stratigraphy��*HRSK\VLFDO�3URVSHFWLQJ��Y������S�����������

2OKRHIW��*��5����������(OHFWULFDO�SURSHUWLHV�RI�URFNV��LQ�Physical Properties of Rocks and Minerals, 

in Touloukian��<��6���-XGG��:��5���DQG�5R\��5��)���HGV��1HZ�<RUN��0F*UDZ�+LOO��S������������

3RUVDQL�� -�/�� �������� Método GPR: $SOLFDo}HV� HP� JHRORJLD�� JHRWHFQLD�� PHLR� DPELHQWH� H�

DUTXHRORJLD��%HOpP��3$��$SRVWLOD��

5H\QROGV��-�0����������An introduction to applied and environmental geophysics��-RKQ�:LOH\�	�

6RQV�/WG���%DIILQV�/DQH��&KLFKHVWHU��:HVW�6XVVH[�3�����8'��(QJODQG��S�����������

5LMR�� /�� �������� Electrical Geophysics. 1-D Earth Direct Modeling�� %HOpP�� ������ ���� S��

'LVSRQtYHO�HP���ZZZ�ULMR�SUR�EU!��$FHVVR�HP�����MXO���������

6DQGPHLHU�� .�-�� �������� REFLEXW Version 5.0, Windows 9x/2000/NT. Program for the 

processing of seismic, acoustic or electromagnetic reflection, refraction and transmission 

data. *HUPDQ\������S���0DQXDO�GR�6RIWZDUH��

6WUDWWRQ��-��$����������Electromagnetic Theory��1HZ�<RUN��0F*UDZ�+LOO������S���

9DQ�'DP��5��/����������Causes of ground-penetrating radar reflections in sediment������I��7KHVLV�

�'RFWRUDO�LQ�(DUWK�6FLHQFHV��±�9ULMH�8QLYHUVLWHLW��)DFXOW\�RI�(DUWK�6FLHQFHV�$PVWHUGDP��
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5HSRUW�RQ�DQRPDO\�LQ�WKH�EHKDYLRU�RI�D�ODUJH�UROOHU�FRPSDFWHG�HDUWK�

FRQFUHWH�GDP�LQ�RSHUDWLRQ���7KH�FDVH�RI�&DVWDQKmR�GDP�

6DQGUD�.HLOD�GH�2OLYHLUD�%DLPD�

5(6802�±�(VWH�DUWLJR�UHODWD��HP�GHWDOKH��D�RFRUUrQFLD�GH�XPD�DQRPDOLD�QR�FRPSRUWDPHQWR�GH�XPD�JUDQGH�
EDUUDJHP�GH� WHUUD�FRQFUHWR��HP�RSHUDomR�Ki�RQ]H�DQRV�QD� UHJLmR�1RUGHVWH�GR�%UDVLO��(P�PHDGRV�GH�������

FRP�R�UHEDL[DPHQWR�GR�QtYHO�GR�UHVHUYDWyULR�GHYLGR�j�HVWLDJHP��IRL�REVHUYDGD�XPD�WULQFD�YHUWLFDO�QR�FRQFUHWR�

GR�PXUR�GH�DEUDoR�GR�EORFR����GR�YHUWHGRXUR��$�GHPRUD�QD�WRPDGD�GH�Do}HV�SDUD�D�FRUUHomR�GD�DQRPDOLD�IH]�

FRP�TXH�R�IDWR�FKHJDVVH�DR�FRQKHFLPHQWR�GD�SRSXODomR��DWUDYpV�GD�LPSUHQVD��RFDVLRQDQGR�JUDQGH�WHPRU�GD�

SRSXODomR�UHVLGHQWH�D�MXVDQWH�QR�YDOH�GR�ULR�-DJXDULEH��2�yUJmR�SURSULHWiULR�GD�EDUUDJHP��'12&6��FRQWUDWRX�

HPSUHVD�GH�FRQVXOWRULD�WpFQLFD�HVSHFLDOL]DGD�SDUD�HODERUDomR�GR�GLDJQyVWLFR�H�SURSRVLomR�GH�PHGLGDV�SDUD�D�

FRUUHomR� GD� DQRPDOLD�� $R� ILQDO�� VmR� DSUHVHQWDGRV� RV� UHVXOWDGRV� GRV� HVWXGRV� UHDOL]DGRV� SHOD� HPSUHVD� H� DV�

PHGLGDV�FRUUHWLYDV�SURSRVWDV���

6<1236,6�±�7KLV�SDSHU�GHVFULEHV��LQ�GHWDLO��WKH�RFFXUUHQFH�RI�DQ�DQRPDO\�LQ�WKH�EHKDYLRU�RI�D�ODUJH�HDUWK�
FRQFUHWH�GDP��ZKLFK�KDV�EHHQ�LQ�RSHUDWLRQ�IRU�HOHYHQ�\HDUV�LQ�WKH�1RUWKHDVW�UHJLRQ�RI�%UD]LO��,Q�PLG�������

ZLWK�WKH�GURXJKW�UHODWHG�ORZHULQJ�RI�WKH�UHVHUYRLU�OHYHO��D�YHUWLFDO�FUDFN�ZDV�REVHUYHG�LQ�WKH�FRQFUHWH�RI�WKH�

MXQFWLRQ�FRUH�ZDOO�RI�EORFN�QXPEHU���� LQ� WKH� VSLOOZD\��7KH�GHOD\� LQ� WDNLQJ�DFWLRQV� WR� IL[� WKH�DQRPDO\�KDV�

DOORZHG� WKH� LQIRUPDWLRQ� DERXW� WKH� LVVXH� WR�EH�NQRZQ�E\� WKH�JHQHUDO� SXEOLF�� WKURXJK�SUHVV� UHSRUWV�� FDXVLQJ�

JUHDW�IHDU�WR�WKH�SRSXODWLRQ�RI�-DJXDULEH�ULYHU�YDOOH\�GRZQVWUHDP�DUHDV��7KH�LQVWLWXWLRQ�WKDW�RZQHG�WKH�GDP��

'12&6��KLUHG�D�VSHFLDOL]HG�WHFKQLFDO�FRQVXOWLQJ�ILUP�WR�SUHSDUH�D�GLDJQRVWLF�UHSRUW�DQG�WR�SURSRVH�PHDVXUHV�

WR� UHPHG\� WKH� DQRPDO\�� 7KH� UHVXOWV� RI� WKH� VWXGLHV� FRQGXFWHG� E\� WKLV� FRQVXOWLQJ� ILUP� DQG� WKH� SURSRVHG�

FRUUHFWLYH�PHDVXUHV�DUH�SUHVHQWHG�LQ�WKH�ILQDO�VHFWLRQ��

3DODYUDV�&KDYH�±�%DUUDJHP��WHUUD�FRQFUHWR��WULQFD��

.H\ZRUGV�±�'DP��HDUWK�FRQFUHWH��FUDFN��

��±�,1752'8d2�

(VWH� DUWLJR� GHVFUHYH� HP� GHWDOKH� D� DQRPDOLD� GHWHFWDGD� QD� %DUUDJHP� GR� &DVWDQKmR�� GR� WLSR�

PLVWD� �WHUUD�FRQFUHWR�� GH� SURSULHGDGH� GR� 'HSDUWDPHQWR� 1DFLRQDO� GH� 2EUDV� FRQWUD� DV� 6HFDV�

�'12&6����

$� EDUUDJHP� SRVVXL� R� PDLRU� UHVHUYDWyULR� SDUD� XVRV� P~OWLSORV� GD� $PpULFD� /DWLQD�� FRP�

FDSDFLGDGH� GH� DFXPXODomR� GH� ���� PLOK}HV� GH� P��� 6XDV� iJXDV� VmR� YRFDFLRQDGDV� SDUD� R�

DEDVWHFLPHQWR�KXPDQR��DJULFXOWXUD� LUULJDGD��SLVFLFXOWXUD��SHVFD�H� OD]HU�QiXWLFR��1mR�Ki�XVR�DWXDO�

FRPR�IRQWH�KLGURHOpWULFD�GHVWD�EDUUDJHP��

* Engenheira Civil do Departamento Nacional de Obras Contra as Secas (DNOCS).
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(P�VHWHPEUR�GH�������GHYLGR�DR�UHEDL[DPHQWR�GR�UHVHUYDWyULR��FRWD�����P�FRUUHVSRQGHQWH�D�

���� GR� YROXPH�� HP� YLUWXGH� GD� HVFDVVH]� GH� FKXYDV� QD� UHJLmR�� WpFQLFRV� GR�'12&6� GHWHFWDUDP�

YLVXDOPHQWH�XPD�WULQFD�YHUWLFDO��D�PRQWDQWH��QR�PXUR�GH�DEUDoR�GR�YHUWHGRXUR���

$�IDOWD�GH�Do}HV�FRUUHWLYDV��D�FXUWR�SUD]R��IH]�FRP�TXH��HP�MDQHLUR�GH�������D�LQIRUPDomR�GD�

H[LVWrQFLD� GD� WULQFD� FKHJDVVH� j� LPSUHQVD� H� IRVVH� QRWLFLDGD� SRU� %DUERVD� ��������0RWD� ������� H�

)RQWHQHOH���������QDV�SULQFLSDLV�UiGLRV�H�MRUQDLV�GR�(VWDGR�GR�&HDUi��OHYDQGR�SkQLFR�j�SRSXODomR�

UHVLGHQWH�D�MXVDQWH�QR�YDOH�GR�ULR�-DJXDULEH��SRSXODomR�HVVD�TXH��HP������Mi�KDYLD�VRIULGR�FRP�D�

UXSWXUD�KLVWyULFD��SRU�JDOJDPHQWR��³RYHUWRSSLQJ´���GD�EDUUDJHP�GH�2UyV�TXH�LQXQGDUD�WRGR�R�YDOH�

GR�PpGLR�H�EDL[R�-DJXDULEH�DIHWDQGR�PDLV�GH�����PLO�SHVVRDV��9DOrQFLR�	�*RQoDOYHV���������

��±�35,1&,3$,6�'$'26�7e&1,&26�

$� EDUUDJHP�&DVWDQKmR�� VLWXDGD� QR� (VWDGR� GR� &HDUi� QDV� FRRUGHQDGDV� �q��¶� 6� H� ��q��¶�:��

EDUUD�R�5LR�-DJXDULEH��QD�ORFDOLGDGH�GHQRPLQDGD�GH�%RTXHLUmR�GR�&XQKD��SRVVLELOLWD�D�FULDomR�GH�

XP�UHVHUYDWyULR�FRP�FDSDFLGDGH�Pi[LPD�GH�����ELOK}HV�P���QD�FRWD�Pi[LPD�GH��������P��H�XP�

YROXPH�~WLO�GH�����ELOK}HV�P���QD�FRWD�QRUPDO�GH�RSHUDomR�GH��������P���

$�FLGDGH�GH�-DJXDULEDUD�RFXSDYD�R�ORFDO�RQGH�DWXDOPHQWH�p�R�UHVHUYDWyULR�GD�EDUUDJHP��(VWD�

FLGDGH�IRL� LQWHJUDOPHQWH�GHVDSURSULDGD�SHOR�JRYHUQR�GR�(VWDGR��TXH�FRQVWUXLX�XPD�QRYD�FLGDGH��

1RYD�-DJXDULEDUD��HP�VXEVWLWXLomR�jTXHOD�VXEPHUVD�H�UHDVVHQWRX�FRPSXOVRULDPHQWH�D�SRSXODomR��

2� SURMHWR� H[HFXWLYR� GD� EDUUDJHQ� &DVWDQKmR�� LQLFLDOPHQWH�� SUHYLD� XPD� EDUUDJHP� GH� WHUUD�

KRPRJrQHD��FRP�WUHFKR�HP�HQURFDPHQWR�QD�UHJLmR�GD�WRPDGD�G¶iJXD��FRP�DOWXUD�Pi[LPD�GH����P�

DFLPD� GD� IXQGDomR� H� FRPSULPHQWR� WRWDO� GH� ���� NP�� LQFOXLQGR� RV� �� GLTXHV� IXVtYHLV�� 2� PDFLoR�

SULQFLSDO� WHULD� FRPSULPHQWR�GH������NP�QD�FRWD��������P��D� WRPDGD�G�iJXD� VHULD�GR� WLSR� WRUUH�

JDOHULD��HVWD�~OWLPD�HQYHORSDGD�HP�FRQFUHWR�FRQVWLWXtGD�GH�GXDV�WXEXODo}HV�GH�DoR��H�R�YHUWHGRXUR�

HP�FRQFUHWR�� WHUPLQDGR�HP�VDOWR�GH�HVTXL��FRP�H[WHQVmR�GH�����P�H�FRQWHQGR����FRPSRUWDV�GH�

VHJPHQWR�DFLRQDGDV�DWUDYpV�GH�FLOLQGURV�KLGUiXOLFRV��

1R�ILQDO�GH������IRUDP�LQLFLDGRV�RV� WUDEDOKRV�GH�FRQVWUXomR�GDV�REUDV��FRP�D� LQVWDODomR�GR�

FDQWHLUR�� HVWUDGD� GH� DFHVVR�� GHVPDWDPHQWR� H� HVFDYDomR� GD� IXQGDomR� GRV� GLTXHV�� EDUUDJHP� H�

YHUWHGRXUR��

2�SURMHWR�H[HFXWLYR� IRL� VHQGR�SDXODWLQDPHQWH� LPSODQWDGR�DWp�TXH��GXUDQWH�D� FRQVWUXomR�� HP�

)LJ����±�6LWXDomR�DR�ILQDO�GR�SHUtRGR�GRV�VHUYLoRV�GH�UHHVFDYDomR��H[HFXWDGRV�QD�UHJLmR�GR�³3iOHR�
&DQDO´��HQWUH�DV�HVWDFDV����������H�����������IRQWH��'12&6���������
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PHDGRV�GH�������YHULILFRX�VH�TXH�QR�OHLWR�GR�ULR��QR�WUHFKR�HQWUH�DV�HVWDFDV�����H������R�VXEVWUDWR�

URFKRVR�DSUHVHQWDYD�XPD�GHSUHVVmR�DEUXSWD�FXMD�SURIXQGLGDGH�DWLQJLX�DWp����P��SDUDOHOD�DR�OHLWR�

GR� ULR�� FRP� GLPHQV}HV� H� FDUDFWHUtVWLFDV� EDVWDQWH� SHFXOLDUHV� VRE� R� DVSHFWR� JHRWpFQLFR�� QmR�

SUHYLVWDV��(VWD�GHSUHVVmR�IRL�GHQRPLQDGD�GH�³3iOHR�&DQDO´�RX�³3iOHR�&DFKRHLUD´��)LJXUD�����

2�SURMHWR�H[HFXWLYR� IRL� VHQGR�SDXODWLQDPHQWH� LPSODQWDGR�DWp�TXH��GXUDQWH�D� FRQVWUXomR�� HP�

PHDGRV�GH�������YHULILFRX�VH�TXH�QR�OHLWR�GR�ULR��QR�WUHFKR�HQWUH�DV�HVWDFDV�����H������R�VXEVWUDWR�

URFKRVR�DSUHVHQWDYD�XPD�GHSUHVVmR�DEUXSWD�FXMD�SURIXQGLGDGH�DWLQJLX�DWp����P��SDUDOHOD�DR�OHLWR�

GR� ULR�� FRP� GLPHQV}HV� H� FDUDFWHUtVWLFDV� EDVWDQWH� SHFXOLDUHV� VRE� R� DVSHFWR� JHRWpFQLFR�� QmR�

SUHYLVWDV��(VWD�GHSUHVVmR�IRL�GHQRPLQDGD�GH�³3iOHR�&DQDO´�RX�³3iOHR�&DFKRHLUD´��)LJXUD�����

1RV� WDOXGHV� ODWHUDLV�GHVWD�GHSUHVVmR� IRUDP�REVHUYDGRV�QtYHLV�KRUL]RQWDLV�GH� IUDWXUDV�� DOJXQV�

FRP� DWp� �� PHWUR� GH� HVSHVVXUD�� SUHHQFKLGRV� FRP� DUHLD� QDWXUDO� GR� ULR� H� RXWURV� FRPSOHWDPHQWH�

DEHUWRV�H�FRP�HVSHVVXUDV�FHQWLPpWULFDV��

'D� PHVPD� IRUPD�� IRL� HYLGHQFLDGD� RXWUD� GHSUHVVmR� GR� WRSR� URFKRVR�� HQWUH� DV� HVWDFDV�

���&������H����&�������HL[R�GR�&RQFUHWR�&RPSDFWDGR�FRP�5RORV���&&5��TXH�VH�GHQRPLQRX�GH�

³3DOHR� &DQDO� -~QLRU´� �)LJXUD� ���� 2� FRPSRUWDPHQWR� GHVWD� GHSUHVVmR� VHJXH� DV� PHVPDV�

FDUDFWHUtVWLFDV�GR�SULPHLUR��PDV�FRP�GLPHQV}HV�PHQRUHV��

$� OLWRORJLD� HQFRQWUDGD�� HP� DPERV� RV� FDVRV�� IRL� XP� JQDLVVH�PLJPDWtWLFR� EDVWDQWH� IUDWXUDGR��

ULFR� HP� ELRWLWD�� GH� FRORUDomR� FLQ]D�PpGLR� D� FLQ]D�HVFXUR�� $V� IUDWXUDV� REHGHFHP� jV� RULHQWDo}HV�

SUHIHUHQFLDLV� GH� IUDWXUDPHQWR� UHJLRQDO�� HPERUD� DV� KRUL]RQWDLV� DSUHVHQWDVVHP� FDUDFWHUtVWLFDV�

EDVWDQWH�SHFXOLDUHV��

(P� YLUWXGH� GR� VXUJLPHQWR� GHVWHV� FDQDLV�� R� SURMHWR� H[HFXWLYR� RULJLQDO� VRIUHX� DOJXPDV�

PRGLILFDo}HV�� SDVVDQGR� D� FRQVWDU� HVVHQFLDOPHQWH� GH� XP� WUHFKR� FHQWUDO� HP� &&5� H� RPEUHLUDV�

�HVTXHUGD�H�GLUHLWD��HP�EDUUDJHQV�GH�WHUUD�KRPRJrQHD��FRP�PDFLoR�GH�PDWHULDO�FDVFDOKR�DUJLORVR��

XP�YHUWHGRXUR� FRP���� FRPSRUWDV�� XPD� WRPDGD� G¶iJXD�QD�PDUJHP�GLUHLWD�� XP�GLTXH� IXVtYHO� QD�

PDUJHP�HVTXHUGD�H���GLTXHV�DX[LOLDUHV�QD�PDUJHP�GLUHLWD��FRQIRUPH�D�)LJXUD����

&RPSOHUPHQWDUPHQWH��IH]�VH�QHFHVViULR�j�RWLPL]DomR�GD�IXQGDomR�GD�WULQFKHLUD�GH�YHGDomR�j�

QRYD�UHDOLGDGH�GR�WRSR�URFKRVR��GHVORFDQGR�D�]RQD�GH�YHGDomR�SDUD�PRQWDQWH��RQGH�IRL�FRQVWUXtGR�

XP�PXUR�GH�FRQFUHWR��H�R�GHVORFDPHQWR�GD�WRPDGD�G¶iJXD�GD�HVWDFD����������SDUD�D�HVWDFD������

7HQGR� HP� YLVWD� TXH� D� LQWHUIHUrQFLD� GR� 3iOHR� &DQDO� FRP� RV� FULWpULRV� GR� SURMHWR� H[LVWHQWH�

DFDUUHWDUDP�IDWRV�H�VLWXDo}HV�H[WUHPDPHQWH�FRPSOH[DV��IRUDP�UHDOL]DGRV�HVWXGRV�JHRWHFQROyJLFRV�

FRPSOHPHQWDUHV�� DWUDYpV� GH� VRQGDJHQV� URWDWLYDV� H� GH� SHUFXVVmR�� FRQH� HOpWULFR� �8QLYHUVLGDGH�

)HGHUDO�GR�&HDUi��H�VtVPLFD�GH�UHIUDomR��,QVWLWXWR�GH�3HVTXLVDV�7HFQROyJLFR�GH�6mR�3DXOR�±�,37���

)LJ����±�6HUYLoR�GH�ERPEHDPHQWR�GHQWUR�GR��3iOHR�-U����IRQWH��'12&6���������
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�

)LJ����±�$UUDQMR�JHUDO�GD�EDUUDJHP�&DVWDQKmR��IRQWH��$UD~MR���������

2V� WDOXGHV� QHJDWLYRV� GHVWDV� GHSUHVV}HV�� H� DTXHOHV� TXH� DSUHVHQWDYDP� IUDWXUDV� KRUL]RQWDLV��

IRUDP�UHWDOXGDGRV�FRP�FRQFUHWR�FRQYHQFLRQDO��$V�VXUJrQFLDV�G�iJXD�IRUDP�LQMHWDGDV�FRP�FDOGD�GH�

FLPHQWR�H�RXWUDV�FRQWURODGDV�SRU�PHLR�GH�WXERV�GH�39&�DWp�DWLQJLUHP�XPD�FRWD�GH�HVWDELOLGDGH�H�

GHSRLV�REWXUDGDV��

$�GHPRUD�QD�VROXomR�GRV�SUREOHPDV� WpFQLFRV� VXUJLGRV�� FRP�DV� LQGHILQLo}HV�QRV�FULWpULRV�GH�

WUDWDPHQWR� GDV� IXQGDo}HV� H� QDV� DGHTXDo}HV� GR� PDFLoR� GD� EDUUDJHP�� FDXVDUDP� DWUDVRV� QR�

DQGDPHQWR�GRV�VHUYLoRV��HVSHFLILFDPHQWH�QR�WUHFKR�GR�OHLWR�GR�ULR��

$V� REUDV� IRUDP� FRQFOXtGDV� HP� RXWXEUR� GH� ������ VHQGR� TXH� R� UHVHUYDWyULR� DWLQJLX� D� FRWD�

QRUPDO�GH�RSHUDomR��FRWD��������P��HP�PDUoR�GH�������FRP�DSUR[LPDGDPHQWH������ELOK}HV�GH�

PHWURV�F~ELFRV��Mi�QR�SULPHLUR�SHUtRGR�LQYHUQRVR�GH�������

$WXDOPHQWH��H[LVWHP�HVWXGRV�D�UHVSHLWR�GD�VLVPLFLGDGH�LQGX]LGD�SHOR�UHVHUYDWyULR�GD�EDUUDJHP��

HQWUH�HOHV��)HUUHLUD�HW�DO�� �������TXH�PRQLWRUDUDP�D�iUHD�GR�UHVHUYDWyULR�DWUDYpV�GH� WUrV�HVWDo}HV�

DQDOyJLFDV�QRV�SHUtRGRV�FRPSUHHQGLGRV�HQWUH������±������H������±�������DOpP�GHVWDV��QR�SHUtRGR�

�����±������IRL�DGLFLRQDGD�XPD�HVWDomR�GLJLWDO�H�DWXDOPHQWH�FRQWD�FRP�UHGH�GH���HVWDo}HV�GLJLWDLV�

H�XPD�DQDOyJLFD��

)HUUHLUD�HW�DO���������DSRQWDP�TXH��QR�SHUtRGR������±�������RV�UHVXOWDGRV�GR�PRQLWRUDPHQWR�

QmR�GHWHFWDUDP�QHQKXP�VLVPR�HP�XP�UDLR�GH����NP��D�SDUWLU�GR�HL[R�SULQFLSDO�GD�EDUUDJHP��2V�

SULPHLURV�VLVPRV��SURYDYHOPHQWH�LQGX]LGRV��IRUDP�GHWHFWDGRV�D�SDUWLU�GH�������TXDQGR�R�QtYHO�GD�

iJXD�DWLQJLX����P��(P�������XP�SHUtRGR�FKXYRVR�HQFKHX�R�UHVHUYDWyULR�UDSLGDPHQWH��DSyV�LVVR��

RFRUUHX�XP�DXPHQWR�GD�DWLYLGDGH�VtVPLFD�H�IRUDP�UHJLVWUDGRV�YiULRV�PLFUR�WHUUHPRWRV���

$LQGD�HP�)HUUHLUD�HW�DO����������D�DQiOLVH�HVSDoR�WHPSRUDO�GDV�HVWDo}HV�DQDOyJLFDV��LQVWDODGDV�

QD� iUHD�� UHYHORX� TXH� D� PDLRULD� GRV� HYHQWRV� DSUHVHQWD� PDJQLWXGH� LQIHULRU� D� �� 0E� H� D� PDLRU�

PDJQLWXGH�REVHUYDGD�IRL�GD�RUGHP�GH�����0E��QD�GDWD�GH�������������

�

����±�%DUUDJHP�SULQFLSDO�

$� VHJXLU�� p� DSUHVHQWDGR� XP� UHVXPR� GDV� SULQFLSDLV� FDUDFWHUtVWLFDV� WpFQLFDV� GH� FDGD� XPD� GDV�

HVWUXWXUDV��

�

������±�7UHFKRV�HP�VROR�FRPSDFWDGR�

7UHFKRV� GH� WHUUD� KRPRJrQHD�� WRWDOL]DQGR� XP� FRPSULPHQWR� GH� ��������� P�� FRP� PDFLoR�

FRPSDFWDGR� FRPSRVWR� SRU�PDWHULDO� FDVFDOKR�DUJLORVR�� ILOWUR� YHUWLFDO� GH� �P� GH� ODUJXUD�� HP� DUHLD�
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FRPSDFWDGD�H�XP�WDSHWH�GUHQDQWH�KRUL]RQWDO��WDPEpP�FRP��P�GH�HVSHVVXUD��DVVHQWH�QR�FRQWDWR�GH�

MXVDQWH�FRP�VXD�IXQGDomR��WDO�FRPR�PRVWUDGR�QD�)LJXUD����

2�SUHSDUR�GD�IXQGDomR��QRV�WUHFKRV�HP�VROR��FRQVWRX�GH�HVFDYDomR�DWp�DWLQJLU�R�WRSR�URFKRVR��

DSyV�VXD�H[SRVLomR�IRL�OLPSR��H�RV�ORFDLV�FRP�GHSUHVV}HV�H�WDOXGHV�QHJDWLYRV�VRIUHUDP�WUDWDPHQWR�

VXSHUILFLDO�DWUDYpV�GD�DSOLFDomR�GH�FRQFUHWR�GHQWDO��

�

������±�7UHFKR�HP�&&5�

2�WUHFKR�FHQWUDO��HP�FRQFUHWR�FRPSDFWDGR�D�UROR��&&5���WHP�XPD�H[WHQVmR�GH�����P��HQWUH�DV�

HVWDFDV���������H�����������VHo}HV�WLSR�FRQIRUPH�D�)LJXUD����p�FRPSRVWR�HVVHQFLDOPHQWH�SRU�XPD�

VHomR�HP�FRQFUHWR�FRQYHQFLRQDO�D�PRQWDQWH�FRP�UHVLVWrQFLD�GH����03D��H�HVSHVVXUD�GH������P��H�

SRU�GRLV� WLSRV�GH�&&5��XP�FRP�XPD�UHVLVWrQFLD�GH����03D�DRV����GLDV�H�FRQVXPR�GH����NJ�GH�

FLPHQWR�� TXH� DEUDQJH� WRGD� D� iUHD� GD� EDUUDJHP� DWp� D� FRWD� ������P� H� GDt� FRQWLQXDQGR� DWp� D� FRWD�

������P� QXPD� IDL[D� GH� ����PHWURV��PHGLGRV� D� SDUWLU� GR� SDUDPHQWR� GH�PRQWDQWH� QR� VHQWLGR� GH�

MXVDQWH��H�R�RXWUR��FRP�XPD�UHVLVWrQFLD�GH���03D�DRV����GLDV�H�FRQVXPR�GH����NJ�GH�FLPHQWR��TXH�

DEUDQJHUi�R�UHVWDQWH�GD�EDUUDJHP�HP�&&5���

$OpP�GLVVR��IRL�SURMHWDGD�XPD�JDOHULD�GH�GUHQDJHP�D�VHU�FRQVWUXtGD�HQWUH�DV�HVWDFDV���������H�

���������FRP�ODUJXUD�GH������P�H�DOWXUD�GH������P��FRP�D�IDFH�PDLV�D�PRQWDQWH�GLVWDQGR�����P�

SDUD�R�SDUDPHQWR�GH�PRQWDQWH�GD�EDUUDJHP��

$R� ORQJR� GD� IXQGDomR� GR� PDFLoR� HP� &&5�� IRUDP� LQVWDODGRV� GUHQRV� D� FDGD� ���� P�� FRP�

SURIXQGLGDGH�PpGLD�GH�������P�QD�URFKD�GH�IXQGDomR��FULDQGR�XPD�FRUWLQD�GH�GUHQDJHP�D�MXVDQWH�

GD�FRUWLQD�GH�LQMHomR��

(P� FDGD� MXQWD� GH� FRQWUDomR�GR�PDFLoR� GH�&&5� H� QR� YHUWHGRXUR� IRUDP� LPSODQWDGRV� GUHQRV�

IRUPDGRV� D� MXVDQWH� GD� MXQWD� fungenband�� SDUD� FRQGXomR� GD� HYHQWXDO� YD]mR� GH� LQILOWUDomR� DWp� R�

LQWHULRU� GD� UHVSHFWLYD�JDOHULD� GH� LQVSHomR��(P�FDGD�EORFR� IRUPDGR� HQWUH� MXQWDV� GH� FRQWUDomR�GR�

&&5�IRUDP�SHUIXUDGRV�GUHQRV�SDUD�FDSWDomR�GH�HYHQWXDLV�SHUFRODo}HV�QR�LQWHULRU�GR�PDFLoR��GHVGH�

D�FULVWD�DWp�D�JDOHULD�GH�LQVSHomR�H�GUHQDJHP��

1RV�WUHFKRV�VRE�R�PDFLoR�GH�&&5��R�WUDWDPHQWR�GDV�IXQGDo}HV�IRL�PDLV�ULJRURVR��SRLV�DOpP�GD�

OLPSH]D�HUD�UHWLUDGD�WRGD�URFKD�DOWHUDGD�H�YHULILFDGR�R�³FKRFR´�GH�WRGD�D�VXSHUItFLH��UHWLUDGR�WRGRV�

RV�EORFRV� LQVWiYHLV��SDUD�SRVWHULRU� DSOLFDomR�GH�FRQFUHWRV�GHQWDO��GH� UHJXODUL]DomR�H�GH�FRUUHomR�

GRV�WDOXGHV�QHJDWLYRV��

�

)LJ����±�%DUUDJHP�GH�WHUUD���VHomR�WUDQVYHUVDO�WLSR��IRQWH��$UD~MR���������
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�

)LJ����±�6HomR�WLSR�GD�EDUUDJHP�GH�&&5��IRQWH��'12&6���������

�

������±�9HUWHGRXUR�

2�9HUWHGRXUR�VLWXD�VH�QD�PDUJHP�GLUHLWD�GR�EDUUDPHQWR�H�IRL�GLPHQVLRQDGR�SDUD�GDU�YD]mR�j�

FKHLD�GHFDPLOHQDU��FRP�SLFR�GH��������Pñ�V��FRQVLGHUDQGR�VH�R�QtYHO�GR�ODJR�QD�FRWD��������P��

$�HVWUXWXUD�YHUWHQWH��FRQVWUXtGD�HP�FRQFUHWR�FRQYHQFLRQDO��p�GR�WLSR�VXSHUItFLH�GH�HQFRVWD�FRP�

SHUILO�³&UHDJHU´�H�VDOWR�GH�HVTXL�QD�H[WUHPLGDGH��SRVVXL����YmRV�FRP����FRPSRUWDV�VHJPHQWR��WHP�

�������P�GH�FRPSULPHQWR�H�D�FRWD�GD�VROHLUD�p�������P��(VWD�HVWUXWXUD�IRL�H[HFXWDGD�HP�EORFRV��

HP� IXQomR� GRV� ODQFHV� GH� FRQFUHWDJHP�� H� VXDV� GLPHQV}HV� FRPSRUWDYDP� JUDQGHV� PDVVDV� GH�

FRQFUHWR�� 3DUD� HYLWDU� R� DSDUHFLPHQWR� GH� ILVVXUDV�� GHYLGR� j� DWLYLGDGH� WpUPLFD� GR� FRQJORPHUDGR�

�DSHVDU� GD� FXUD� FRP� iJXD� VH� SURFHVVDU� LQLQWHUUXSWDPHQWH��� IRL� XWLOL]DGR� FRQFUHWR� UHVIULDGR�� HP�

JUDQGH�SDUWH�GD�HVWUXWXUD��

�

������±�,QVWUXPHQWDomR�

3DUD�R�DFRPSDQKDPHQWR�H�UHJLVWURV�GDV�VXESUHVV}HV�QR�FRQWDWR�FRP�D�IXQGDomR�URFKRVD�IRUDP�

LQVWDODGRV� ��� SLH]{PHWURV� DEHUWRV�� WLSR� &DVDJUDQGH� PRGLILFDGR�� HP� VHLV� VHo}HV� GD� JDOHULD� GH�

GUHQDJHP�� QDV� HVWDFDV� ��� ���� ���� ���� ��� H� ���� (P� FDGD� VHomR� GHILQLGD� IRUDP� LQVWDODGRV� GRLV�

SLH]{PHWURV��XP�D�PRQWDQWH�H�RXWUR�D�MXVDQWH�GD�FRUWLQD�GH�GUHQDJHP�GD�IXQGDomR��(P�XPD�~QLFD�

VHomR�WUDQVYHUVDO��TXH�FRLQFLGH�FRP�D�JDOHULD�GH�DFHVVR�Q�����HVWDFD������IRUDP�LQGLFDGRV�TXDWUR�

SLH]{PHWURV�GR�PHVPR�WLSR��3RUWDQWR��R�Q~PHUR�WRWDO�GH�SLH]{PHWURV�SURMHWDGRV�p�GH����XQLGDGHV�
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8P� WRWDO� GH� ���PHGLGRUHV� WULRUWRJRQDLV� GH� MXQWDV� IRUDP� LQVWDODGRV� QDV� MXQWDV� HQWUH� EORFRV��

GHQWUR� GD� JDOHULD� GH� GUHQDJHP�� QDV� HVWDFDV� ���������� ���������� ���������� ��������� ����������

���������� ���������� ����������� ���������� ���������� ���������� ����������� ��������� H� ��

PHGLGRUHV�QR�YHUWHGRXUR��FRP�D�ILQDOLGDGH�GH�PHGLU�GHVORFDPHQWRV�HP�WUrV�SODQRV�GLIHUHQWHV��FRP�

R�DX[tOLR�GH�XP�VLVWHPD�GH�DSRLRV�IL[DGRV�FRQYHQLHQWHPHQWH�QD�HVWUXWXUD��QDV�UHJL}HV�FRP�PDLRUHV�

GHVQtYHLV�QD�IXQGDomR���

0DUFRV� GH� VXSHUItFLH�� LPSODQWDGRV� DWUDYpV� GH� ��� SLQRV� JHRGpVLFRV� LQFUXVWDGRV� QD� SRVLomR�

FHQWUDO�GR�UHYHVWLPHQWR�GR�FRURDPHQWR��FRP�HVSDoDPHQWR�DSUR[LPDGR�GH����P��VmR�UHVSRQViYHLV�

SHORV� UHJLVWURV� GH� GHVORFDPHQWRV� YHUWLFDLV� TXH� SRUYHQWXUD� RFRUUDP� DR� ORQJR� GD� EDUUDJHP� GH�

FRQFUHWR�� &RPR� UHIHUrQFLD�� IRUDP� LQVWDODGRV� GRLV� ³EHQFK� PDUNV´� �PDUFRV� WRSRJUiILFRV�� QDV�

RPEUHLUDV��2�Q~PHUR�WRWDO�GH�PDUFRV�p�GH����XQLGDGHV��

��±�'(6&5,d2�'2�352%/(0$�

1HVWD� VHomR�� DSUHVHQWDrVH� R�GLDJQyVWLFR� GR�SUREOHPD� VXUJLGR�QR�SDUDPHQWR�GH�PRQWDQWH� GR�

PXUR� GH� DEUDoR� GR� EORFR� ��� GR� VLVWHPD� H[WUDYDVRU� GD�%DUUDJHP�&DVWDQKmR��1DV� )LJXUDV� �� H� ��

PRVWUDrVH�D�ORFDOL]DomR�GHVVD�WULQFD��YLVWD�GR�DOWR��H�QDV�)LJXUDV���H����R�ORFDO�RQGH�HIHWLYDPHQWH�

HOD�RFRUUH��

7UDWDrVH� GH� XPD� WULQFD� GH� JUDQGH� H[WHQVmR� H� DEHUWXUD�� TXH� IRL� QRWDGD� VRPHQWH� GHSRLV� GD�

GHSOHomR�GR�UHVHUYDWyULR��HP�DJRVWR�GH�������HP�GHFRUUrQFLD�GD�IDOWD�GH�FKXYDV�QD�UHJLmR��

$�WULQFD�DSUHVHQWD��HP�XPD�JUDQGH�H[WHQVmR��XPD�DEHUWXUD�EDVWDQWH�HOHYDGD�H�R�GHVORFDPHQWR�

GH�XP�GH� VHXV�ERUGRV�QR� VHQWLGR�GH�PRQWDQWH��$�PHVPD�� HVWi� ORFDOL]DGD�QR� WUHFKR�GR�PXUR�GH�

DEUDoR�GR�EORFR�����)LJXUD����H�SUy[LPR�GD�MXQomR�GHVVH�PXUR�FRP�R�YHUWHGRXUR��WHQGR�R�VHQWLGR�

VXEYHUWLFDO��TXH�VH�DGPLWH� WHQKD� WLGR�R�VHX� LQtFLR� MXQWR�j� URFKD�GD�IXQGDomR��SURVVHJXLQGR�DWp�R�

1$�Pi[LPR�TXH�IRL�DWLQJLGR�SHODV�iJXDV�GHVVH�UHVHUYDWyULR��

�

�

)LJ����±�/RFDOL]DomR�GD�WULQFD�YLVWD�GH�MXVDQWH��IRQWH��'12&6���������

�



50

�

)LJ����±�/RFDO�GD�WULQFD��YLVWD�GR�DOWR�H�D�PRQWDQWH��IRQWH��'12&6���������

�

�

�

�

)LJ����±�/RFDO�GD�WULQFD�YLVWR�QD�GLUHomR�GD�HVTXHUGD�KLGUiXOLFD��IRQWH��'12&6���������
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�

)LJ����±�/RFDO�GD�WULQFD�YLVWR�QD�GLUHomR�GD�GLUHLWD�KLGUiXOLFD��IRQWH��'12&6���������

�

$�WULQFD��QR�WUHFKR�LPHGLDWDPHQWH�DFLPD�GR�WHUUHQR��H�DWp�DSUR[LPDGDPHQWH����P�DFLPD�GHOH��

DSUHVHQWD�XPD�JUDQGH�DEHUWXUD������FP��H�FRP�XP�GRV�ERUGRV�SURMHWDGR�SDUD�PRQWDQWH��GD�RUGHP�

GH�����FP���FRPR�SRGH�VHU�REVHUYDGR�QDV�)LJXUDV����H�����

�

�

)LJ�����±�$EHUWXUD�GD�WULQFD�GH�����FP��RQGH�XP�GRV�ERUGRV�GD�WULQFD��HVWi�HVERUFLQDGR��IRQWH��

'12&6���������

�



52

�

)LJ�����±�'HVORFDPHQWR�SDUD�PRQWDQWH�GD�WULQFD��DSUR[LPDGDPHQWH�����PP��IRQWH��'12&6�
��������

(P�UHVXPR��D�WULQFD�QR�PXUR�GH�DEUDoR�GR�EORFR�����WHP�XPD�HOHYDGD�H[WHQVmR��TXH�YDL�GHVGH�

D�URFKD�GH�IXQGDomR��SUHVXPtYHO��DWp�SUy[LPR�GD�FULVWD��DSUHVHQWDQGR�XPD�DEHUWXUD�VLJQLILFDWLYD�

HP�XP�WUHFKR�GR�VHX�FRPSULPHQWR�H�XP�GHVORFDPHQWR��GH�XP�GH�VHXV�ERUGRV��SDUD�PRQWDQWH��

��±�',$*1Ï67,&2�'2�352%/(0$�

7HQGR� HP� YLVWD� R� YXOWR� GD� REUD� EHP� FRPR� VH� WUDWDU� GH� XPD� EDUUDJHP� GH� LPSRUWkQFLD�

HVWUDWpJLD��R�'12&6�FRQWUDWRX�XPD�HPSUHVD�GH�FRQVXOWRULD� WpFQLFD�HVSHFLDOL]DGD�SDUD�UHDOL]DU�R�

GLDJQyVWLFR�GR�SUREOHPD��(P�RXWXEUR�GH������� D� HPSUHVD� FRQFOXLX�R� WUDEDOKR� H� DSUHVHQWRX� VHX�

UHODWyULR�WpFQLFR��

'12&6��������SUHVVXS}H�TXH�D�WULQFD�GHYH�WHU�VH�LQLFLDGR�DLQGD�QD�IDVH�FRQVWUXWLYD�GR�PXUR�

GH�DEUDoR��WHQGR�FRPR�FDXVD�SULQFLSDO�SDUD�R�VHX�DSDUHFLPHQWR��R�GHVQtYHO�H[LVWHQWH�QD�IXQGDomR��

FRPR� PRVWUDGR� QD� )LJXUD� ���� H� DILUPD� TXH� R� SUREOHPD� SRGHULD� WHU� VLGR� HYLWDGR�� FDVR� IRVVH�

FRORFDGD� XPD� MXQWD� GH� FRQWUDomR� WUDQVYHUVDO� QR� ORFDO� GR� GHVQtYHO�� RX� HQWmR� IRVVHP� FRORFDGDV�

FKDYHWDV�QDV�MXQWDV�GR�EORFR����RX�ILQDOPHQWH��IRVVH�FRORFDGD�XPD�MXQWD�GH�FRQWUDomR�WUDQVYHUVDO�

HQWUH�R�YHUWHGRXUR�H�R�PXUR�GH�DEUDoR��

3DUD� '12&6� �������� RXWUDV� FDXVDV�� WDPEpP�� FRQWULEXtUDP� SDUD� D� HYROXomR� GD� WULQFD� QR�

VHQWLGR�YHUWLFDO��SDUD�R�DXPHQWR�GD�VXD�DEHUWXUD�H��ILQDOPHQWH��SDUD�R�GHVORFDPHQWR�GH�XP�GRV�VHXV�

ERUGRV�QD�GLUHomR�GH�PRQWDQWH��

$�FRQFUHWDJHP�GR�EORFR����GHYH�WHU�VH�LQLFLDGR�D�SDUWLU�GD�HOHYDomR�PDLV�EDL[D�GD�IXQGDomR�

�HO�� ���� H� SURVVHJXLX� DWp� R� QtYHO�PDLV� DOWR� GR� GHVQtYHO� �HO�� ����� VXSRQGR�VH� TXH� D� VXD� H[HFXomR�

WHQKD�VLGR�FRQWtQXD��VHP�LQWHUUXSo}HV�SURORQJDGDV��FRQIRUPH�PRVWUDGR�QDV�)LJXUDV����H�����

6HJXQGR� R� SURMHWR�� R�PXUR� GH� DEUDoR� QmR� p� DUPDGR��PDV� D� DUPDomR� GR� YHUWHGRXUR� SHQHWUD�

FHUFD�GH�����P�QHVVH�PXUR��FRPR�SRGH�VHU�REVHUYDGR�QDV�)LJXUDV����H�����

$� SDUWLU� GD� HO�� ���� FRQFUHWRX�VH� FRQFRPLWDQWHPHQWH� SDUWH� GR� PXUR� H� SDUWH� GR� WUHFKR� GR�

YHUWHGRXUR� GR� EORFR� ���� DWp� j� HO�� ��� GR� YHUWHGRXUR�� RQGH� HVWi� R� WRSR� GD� RJLYD�� $� SDUWLU� GHVVD�

HOHYDomR��D�FRQFUHWDJHP�SURVVHJXLX�DSHQDV�QR�PXUR�GH�DEUDoR��DWp�DWLQJLU�D�FULVWD�GHVVH�PXUR��

�
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�

)LJ�����±��D��'HVQtYHO�r�FRUWH�WUDQVYHUVDO��VXSRVLomR�GD�SHQHWUDomR�Pi[LPD�GD�ILVVXUD�QR�PXUR�GH�

DEUDoR�r�HQWUH�R�SDUDPHQWR�GH�PRQWDQWH�H�D�OLQKD�WUDoR�LQWHUURPSLGR����E��'HVQtYHO�r�FRUWH�

ORQJLWXGLQDO��IRQWH��'12&6���������

&RP�R�SURVVHJXLPHQWR�GD�FRQFUHWDJHP�DFLPD�GD�HO������R�PDLRU�SHVR�GR�FRQFUHWR�GR�PXUR��QD�

UHJLmR� PDLV� SURIXQGD� GD� IXQGDomR� SURYRFRX� WHQV}HV� GH� WUDomR� QD� UHJLmR� GR� GHVQtYHO� GHVVD�

IXQGDomR��TXH�GHX�RULJHP�D�XPD�ILVVXUD�QHVVH�ORFDO��

2� VXUJLPHQWR� GD� ILVVXUD� PDLV� SDUD� GHQWUR� GD� HVWUXWXUD� GR� PXUR� VH� GHYH� j� LQIOXrQFLD� GD�

DUPDomR�GR�YHUWHGRXUR�TXH��FRQIRUPH�R�SURMHWR��SHQHWURX�FHUFD�GH������P�QR�PXUR��R�TXH�LPSHGLX�

TXH�D�ILVVXUD�RFRUUHVVH�HQWUH�DV�GXDV�HVWUXWXUDV��

'12&6��������DSRQWD�TXH�D�HYROXomR�GHVVD� ILVVXUD�� WDQWR�HP�GLUHomR�j� IXQGDomR�FRPR�HP�

GLUHomR�j�FULVWD�GR�PXUR��VH�GHYH�DRV�VHJXLQWHV�HIHLWRV��

D�� DXPHQWR� SURJUHVVLYR� GR� SHVR� GR� PXUR�� FRP� R� GHVHQYROYLPHQWR� GDV� FRQFUHWDJHQV��

DXPHQWDQGR�DV�WHQV}HV�GH�WUDomR�QD�UHJLmR�Mi�ILVVXUDGD��TXH�UHGXQGRX�QR�SURVVHJXLPHQWR�

GD�ILVVXUD���

E�� HYROXomR� GD� UHWUDomR� GR� FRQFUHWR� FRP� R� WHPSR� �GHIRUPDomR� OHQWD��� QR� VHQWLGR� GR�

FRPSULPHQWR� GDV� HVWUXWXUDV� GR� YHUWHGRXUR� H� PXURV�� GHFRUUHQWH� GR� SURVVHJXLPHQWR� GR�

SURFHVVR�GH�KLGUDWDomR�GR�FLPHQWR�H�GD�SHUGD�G¶iJXD�GR�FRQFUHWR��

F�� WHQGR�HP�YLVWD�TXH�R�SDUDPHQWR�GH�PRQWDQWH� ILFRX� WRGR�HVVH� WHPSR�VXEPHUVR��KRXYH�D�

H[SDQVmR� GR� FRQFUHWR� GHVVH� SDUDPHQWR�� HQTXDQWR� R� SDUDPHQWR� GH� MXVDQWH� FRQWLQXDYD�

SUDWLFDPHQWH� HVWiYHO�� FRPR� FRQVHTXrQFLD� GHVVH� JUDGLHQWH� GH� GHIRUPDomR� KRXYH� XP�

HPSHQDPHQWR�GR�YHUWHGRXUR�QR� VHQWLGR�GH�PRQWDQWH� �)LJXUD������ SRU� WHU� HVVD� HVWUXWXUD�

XPD�PHQRU� VHomR� WUDQVYHUVDO� TXH� D� GR�PXUR�� HVVH� HPSHQDPHQWR� VH� UHIOHWLX� QD� ILVVXUD�

H[LVWHQWH�QR�PXUR��Mi�WUDQVIRUPDGD�HP�WULQFD��SURYRFDQGR�QHOD�XP�PRYLPHQWR�GLIHUHQFLDO�

HQWUH� RV� VHXV� ERUGRV�� TXH� UHVXOWRX� QR� GHVORFDPHQWR� GH� XP� GRV� ERUGRV� QR� VHQWLGR� GH�

PRQWDQWH��
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)LJ�����±�&RQFUHWDJHP�GH����HWDSD�GR�EORFR�����IRQWH��'12&6���������

)LJ�����±�&RQFUHWDJHP�GH����HWDSD�GR�EORFR�����IRQWH��'12&6���������

�

)LJ�����±�(PSHQDPHQWR�GR�YHUWHGRXUR�H�GR�PXUR�GH�DEUDoR�HP�GLUHomR�D�PRQWDQWH��IRQWH��

'12&6���������
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$� JDOHULD� GD� EDUUDJHP� SRVVXL� PHGLGRUHV� GH� MXQWDV� WULRUWRJRQDLV� HP� DOJXPDV� MXQWDV� GR�

YHUWHGRXUR��PDV�QHQKXP�QR�EORFR�����FXMDV�OHLWXUDV�HVWmR�VHQGR�DLQGD�FROHWDGDV�SDUD�DQiOLVH��PDV�

VH� DGPLWH�� HP�SULQFtSLR�� TXH� HVVHV�PHGLGRUHV� QmR� DFXVDUDP�PRYLPHQWDo}HV� VLJQLILFDWLYDV�QHVVD�

HVWUXWXUD��

$SHVDU� GD�PRYLPHQWDomR� YROXPpWULFD� UHVWULQJLGD� GD� HVWUXWXUD�� TXH� UHVXOWRX�QD� IRUPDomR� GD�

WULQFD�� '12&6� ������� REVHUYD� TXH� QD� SDUHGH� GH� PRQWDQWH� GD� JDOHULD� GH� GUHQDJHP�� VLWXDGD� D�

DSUR[LPDGDPHQWH�����P�GR�SDUDPHQWR�GH�PRQWDQWH��QmR�H[LVWH�QHQKXPD�ILVVXUD�H�QHP�VLQDLV�GH�

SHUFRODomR�GH�iJXD��RFRUULGD�DWXDOPHQWH�H�QHP�HP�pSRFDV�DQWHULRUHV��TXH�VHULDP�GHWHFWDGDV�SHOD�

SUHVHQoD�GH�KLGUy[LGR�GH�FiOFLR�RX�GD�FDUERQDWDomR�GHVVH�KLGUy[LGR��QD�VXSHUItFLH�GHVVD�SDUHGH��

,VVR�OHYD�D�FUHU�TXH�D�SHQHWUDomR�GD�ILVVXUD�QR�PXUR��QmR�GHYH�WHU�VLGR�PXLWR�SURIXQGD��VHQGR�

QD� )LJXUD� ��� PRVWUDGD� XPD� VXSRVLomR� GHVVD� SURIXQGLGDGH� GH� SHQHWUDomR� DR� ORQJR� GH� WRGD� D�

H[WHQVmR�GD�ILVVXUD��

'R� H[SRVWR�� '12&6� ������� FRQFOXL� TXH� D� RULJHP� GHVVD� WULQFD� IRUDP� DV� YDULDo}HV�

YROXPpWULFDV�GR�FRQFUHWR�H�TXH�SRUWDQWR�D�PHVPD�QmR�p�GH�RULJHP�HVWUXWXUDO��H�TXH�VXD�H[LVWrQFLD�

QmR�SUHMXGLFD�D�VHJXUDQoD�GD�HVWUXWXUD��GHYHQGR��HQWUHWDQWR�VHU�IHLWR�R�WUDWDPHQWR��SDUD�JDUDQWLU�D�

GXUDELOLGDGH�GHVVD�HVWUXWXUD��

)LQDOPHQWH�� SDUD� D� YHGDomR� GD� WULQFD�� '12&6� ������� UHFRPHQGD� D� DSOLFDomR� GH� JHO� GH�

SROLXUHWDQR��

(P�MXOKR�GH�������R�&RQVHOKR�5HJLRQDO�GH�(QJHQKDULD�H�$JURQRPLD�GR�&HDUi�±�&5($�&(�

SXEOLFRX�SDUHFHU�WpFQLFR�VREUH�D�ILVVXUD��HODERUDGR�SRU�XPD�FRPLVVmR�PXOWLGLVFLSOLQDU��1R�SDUHFHU��

D�FRPLVVmR�DSUHVHQWD�RXWUDV�KLSyWHVHV�SDUD�R�DSDUHFLPHQWR�GD�ILVVXUD��

6HJXQGR�R� SDUHFHU�� R�GHVHQYROYLPHQWR�GD� ILVVXUD�SRGHULD� WHU� GHFRUULGR�GDV� GHIRUPDo}HV� GR�

EORFR����H�GH�SDUWH�GR�EORFR�����TXH�FRPS}HP�R�PXUR�GH�DEUDoR�GH�OLJDomR�FRP�D�EDUUDJHP�GH�

WHUUD��TXDQGR�VXEPHWLGRV�DR�HPSX[R�GD�iJXD�GR�UHVHUYDWyULR�H�j�VXESUHVVmR���

'XUDQWH�R�HQFKLPHQWR�GR�UHVHUYDWyULR��QD����FDUJD���R�HPSX[R�SRGH�SURYRFDU�PRYLPHQWRV�GH�

WUDQVODomR�WUDQVYHUVDLV�QD�GLUHomR�KRUL]RQWDO�H�GH�URWDomR�HP�UHODomR�j�EDVH�GR�EORFR��DX[LOLDGRV�

WDPEpP� SHORV� HVIRUoRV� GH� OHYDQWDPHQWR� RULXQGRV� GD� VXESUHVVmR� �)LJXUD� �����'HVWH�PRGR�� XPD�

SDUWH� GR� EORFR� ��� WHYH� R� VHX� PRYLPHQWR� UHVWULWR� SHOD� SUHVHQoD� GR� SLODU� TXH� VHSDUD� R� WUHFKR�

YHUWHGRXUR��RJLYD��GR�WUHFKR�QmR�YHUWHGRXUR��PXUR�GH�DEUDoR��GHVWH�EORFR��(VWH�SLODU��HP�FRQFUHWR�

DUPDGR�� WHP� JUDQGH� ULJLGH]� QR� VHQWLGR� WUDQVYHUVDO� j� EDUUDJHP� H� VXD� DUPDGXUD� SHQHWUD� FHUFD� GH�

�����P�QR�EORFR�����FRP�VXD�H[WUHPLGDGH�SUy[LPD�DR�ORFDO�RQGH�RFRUUHX�D�ILVVXUD���

&DEH�UHDOoDU��TXH�D�PDLRU�SURIXQGLGDGH�GD�IXQGDomR�GD�SDUWH�QmR�YHUWHGRXUD��PXUR�GH�DEUDoR��

HP� UHODomR� j� SDUWH� YHUWHGRXUD� �RJLYD�� GR� EORFR� ��� SRGH� WHU� FRQWULEXtGR� SDUD� GHIRUPDo}HV� GH�

WUDQVODomR�H�URWDomR�PDLV�DFHQWXDGDV�GHVWD�SULPHLUD�SDUWH�TXDQGR�VXEPHWLGD�DR�HPSX[R��

2XWUR�IDWRU�DSUHFLDGR�QR�SDUHFHU��IRUDP�DV�SHoDV�TXH�FRPS}HP�R�WUHFKR�GR�EORFR����H�PXUR�

GH�DEUDoR��HVWDV�SHoDV�TXH�SRGHP�VHU�FODVVLILFDGDV�FRPR�EORFRV��GHVWD�PDQHLUD��SRGH�VH�GHGX]LU�

TXH�GXUDQWH�D�FRQFUHWDJHP��R�GHVQLYHODPHQWR�GH�DSUR[LPDGDPHQWH������PHWURV�GD�EDVH�GR�EORFR�

VREUH�D�URFKD�GH�IXQGDomR��SURYRFRX�XPD�UHWHQomR��WUDYDPHQWR��GR�HOHPHQWR�HVWUXWXUDO�� ID]HQGR�

VXUJLU�XPD�ILVVXUD�GH�UHWUDomR�KLGUiXOLFD��QDV�SULPHLUDV����KRUDV�DSyV�D�FRQFUHWDJHP��9LD�GH�UHJUD��

HVWDV�ILVVXUDV�VmR�GH�SHTXHQD�HVSHVVXUD��

$� HYLGrQFLD� TXH� HVWH� WLSR� GH� ILVVXUD� WHQKD� RFRUULGR� p� IRUWDOHFLGD� SHOR� IDWR� GR� VHX�

GHVHQYROYLPHQWR� VHU� GD� IDFH� H[WHUQD� GD� HVWUXWXUD� SDUD� GHQWUR�� WHQGR� VXD� SURIXQGLGDGH��

DSUR[LPDGDPHQWH� GH� ��� FP�� SRLV� R� PHFDQLVPR� GH� IRUPDomR� GHVWDV� ILVVXUDV� WHP� OLJDomR� DR�

JUDGLHQWH�GH� WHPSHUDWXUD�TXH�VH�IRUPD�SHOD�UHDomR�GR�HQGXUHFLPHQWR�GR�FRQFUHWR��H�TXH� WHQGH�D�

DXPHQWDU�j�PHGLGD�TXH�VH�DSUR[LPD�GD�IDFH�H[WHUQD�GR�EORFR�HVWUXWXUDO��

2�SDUHFHU�DFUHVFHQWD�DLQGD�TXH��QD�UHJLmR�GD�ILVVXUD��H[LVWH�XPD�WUDQVLomR�GH�WLSRV�GH�FRQFUHWR�

QR�TXH�VH�UHIHUH�j�DUPDGXUD�H�UHVLVWrQFLD�j�FRPSUHVVmR��)LJXUD������8P�REVHUYDGRU�GH�IUHQWH�SDUD�

D� ILVVXUD� WHP� D� VXD� GLUHLWD� R� YHUWHGRXUR� HP� FRQFUHWR� DUPDGR�� FRP� UHVLVWrQFLD� GH� ���03D�� -i� j�

HVTXHUGD� GD� ILVVXUD�� R�PHVPR�REVHUYDGRU� WHP� D� YLVmR� GR�PXUR� GH� DEUDoR� RQGH� VH� HQFRQWUD� XP�

FRQFUHWR�QmR�DUPDGR�H�GH�UHVLVWrQFLD�GH����03D���

�
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�

)LJ�����±�(IHLWRV�GD�VXESUHVVmR�H�HPSX[R�VREUH�D�HVWUXWXUD�GR�YHUWHGRXUR��IRQWH��&5($�

�������

7UDWDP�VH� FODUDPHQWH� GH� ��� �GRLV�� WLSRV� GH� PDWHULDLV� GLVWLQWRV� TXH� WUDEDOKDP� GH� IRUPD�

SDUWLFXODUL]DGD� TXDQWR� DV� GHIRUPDo}HV�� GLODWDo}HV� WpUPLFDV� H� KLJURVFySLFDV� H� UHDo}HV� jV� FDUJDV�

LPSRVWDV� SHOD� VXESUHVVmR�� SHOR� HPSX[R� GD� iJXD� QR� SULPHLUR� HQFKLPHQWR� H� WDPEpP� GR�

HQURFDPHQWR�ODWHUDO�QR�PRPHQWR�FRQVWUXWLYR��2V�HOHPHQWRV�GH�FRQFUHWR�GLYHUJHQWHV�DSOLFDGRV�HP�

XPD�PHVPD�UHJLmR��H[SRVWRV�D�VROLFLWDomR�GH�FDUJDV�KRPRJrQHDV��UHDJHP�GH�IRUPD�KHWHURJrQHD�GH�

DFRUGR�FRP�VXDV�FDUDFWHUtVWLFDV�LQGLYLGXDLV��FRQFRUUHQGR�GH�IRUPD�FRQWXQGHQWH�SDUD�IRUPDomR�GH�

ILVVXUDPHQWRV��

2�SDUHFHU�GR�&5($�GHVFDUWD�D�KLSyWHVH�GH�TXH�R�SHVR�SUySULR�GR�FRQFUHWR�IRL�R�FDXVDGRU�GD�

ILVVXUD��YLVWR�TXH�VH�LVWR�WLYHVVH�RFRUULGR��D�ILVVXUD�VHULD�HP�XP�SODQR�TXH�FRUWDULD�WRGD�D�GLPHQVmR�

GR�EORFR���

'HVFDUWD�DLQGD��TXH�D�ILVVXUD�WHQKD�RFRUULGR�GHYLGR�D�PRYLPHQWDomR�GD�EDUUDJHP��SRU�Do}HV�

VtVPLFDV�� )LVVXUDV� RULJLQiULDV� GH� Do}HV� VtVPLFDV� WrP� FDUDFWHUtVWLFDV� GLIHUHQWHV�� VmR� PDLV�

GLVWULEXtGDV� H� PDLV� OLJDGDV� jV� UHJL}HV� GD� HVWUXWXUD� RQGH� VH� WHP� EDL[D� GXFWLOLGDGH� H� HP� QyV� GH�

HOHPHQWRV�GH�SODFD�H�GH�EDUUDV��

)LJ�����±�7UDQVLomR�GRV�WLSRV�GH�FRQFUHWR�QD�UHJLmR�GD�ILVVXUD��IRQWH��&5($���������
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��±�2%5$6�'(�5(&83(5$d2�

$V� REUDV� GH� UHFXSHUDomR� GD� ILVVXUD� IRUDP� LQLFLDGDV� HP� MDQHLUR� GH� ������ H� FRQFOXtGDV� HP�

IHYHUHLUR�GH�������

1R� WUHFKR� GD� ILVVXUD� VRE� R� WHUUHQR�� IRL� IHLWD� XPD� HVFDYDomR�� YHULILFDQGR�VH� TXH� D� PHVPD�

SURVVHJXLD�QR�WUHFKR�HQWHUUDGR�GR�EORFR��VHQGR�GR�WLSR�HVSDUVD��GH�SHTXHQD�DEHUWXUD�H�VHP�VHQWLGR�

GHILQLGR��PDV�TXH�QmR�FKHJDYD�D�DWLQJLU�R�QtYHO�GD�URFKD�GH�IXQGDomR��

&RPR�D�ILVVXUD�VH�HQFRQWUDYD�HP�XPD�VXSHUItFLH�GR�FRQFUHWR�TXH�ILFDUi�IXWXUDPHQWH�FREHUWD�

SRU�DWHUUR��H�SRUWDQWR�VHP�DSUHVHQWDU�YDULDo}HV�YROXPpWULFDV��R�WUDWDPHQWR�FRQVLVWLX�DSHQDV�QD�VXD�

YHGDomR��XWLOL]DQGR�SDUD�WDQWR�XP�SURGXWR�FULVWDOL]DQWH��

1HVWH�WUHFKR�D�UHFXSHUDomR��)LJXUD�����FRQVLVWLX�QRV�VHJXLQWHV�SDVVRV��

�� OLPSH]D�GD�VXSHUItFLH���

�� VHFDJHP�GD�ILVVXUD���

�� XPHGHFLPHQWR�GD�VXSHUItFLH���

�� SUHSDUR�GR�SURGXWR��QD�SURSRUomR�³SURGXWR�iJXD´�GH�����HP�YROXPH��FRP�DSOLFDomR�FRP�

FRQVXPR�GH�SURGXWR�GH����NJ�Pð���

�� UHDWHUUR�GD�SDUWH�WUDWDGD���

�� QD�FXUD�IRL�DSOLFDGD�XPD�PDQWD�GH�SROLHWLOHQR�VREUH�D�VXSHUItFLH�WUDWDGD�GXUDQWH���GLDV��

�

�
)LJ�����±�(VFDYDomR�H�UHFXSHUDomR�GR�WUHFKR�HQWHUUDGR�GD�ILVVXUD�H�DSOLFDomR�GD�PDQWD��IRQWH��

DUTXLYR�SHVVRDO�GD�DXWRUD��

�

1R�WUHFKR�GD�ILVVXUD�DFLPD�GR�QtYHO�GR�WHUUHQR��D�YHGDomR�IRL�UHDOL]DGD�DWUDYpV�GD�DSOLFDomR�GH�

JHO�GH�SROLXUHWDQR��GD�VHJXLQWH�IRUPD��

�� LQLFLDOPHQWH�IRL� IHLWR��SRU�PHLR�GH�XPD�VHUUD�GH�FRUWH��WLSR�PDTXLWD���XP�FRUWH�FRP�����

FP� GH� SURIXQGLGDGH� QR� ODGR� GR� ERUGR� PHQRV� SURHPLQHQWH� GD� WULQFD� H� XP� FRUWH� GH�

SURIXQGLGDGH�YDULiYHO��QR�ERUGR�PDLV�SURHPLQHQWH��)LJXUD������

�� GHSRLV�GH�WHUPLQDGR�R�FRUWH��D�FDYLGDGH�IRUPDGD�IRL�OLPSD��XWLOL]DQGR�MDWRV�GH�iJXD�H�DU��

SDUD�UHPRYHU�WRGD�D�SRHLUD�H�GHWULWRV���

�� QRV� ORFDLV� RQGH� D� WULQFD� DSUHVHQWDYD� HVERUFLQDPHQWR�� R� FRUWH� DEUDQJHX� HVVH�

HVERUFLQDPHQWR��FRPR�PRVWUDGR�QD�)LJXUD������

�
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�

)LJ�����±�&RUWH�GRV�ERUGRV�GD�WULQFD��IRQWH��&RUUrD���������

�

�

)LJ�����±�&RUWH�FRP�PDTXLWD��SDUD�HQTXDGUDU�R�WUHFKR�HVERUFLQDGR��IRQWH��&RUUrD���������

�

�� SDUD�FRQWHU�R�PDWHULDO�GH� LQMHomR�� IRL� IHLWD�D�YHGDomR�GD�VXSHUItFLH�GD� WULQFD�FRP�I{UPD�

TXtPLFD� �)LJXUD� ����� XWLOL]DQGR�VH� FRPR� SURGXWR� SDUD� HVVD� YHGDomR�� XPD� UHVLQD�

HSR[tGLFD�� FRP� WL[RWURSLD�� H� TXH� HPERUD� GHYD� VHU� DSOLFDGD� HP� VXEVWUDWR� VHFR�� WHP�

GXUDELOLGDGH� QD� FRQGLomR� GH� VXEPHUVD� HP� FRQWDWR� FRP� D� iJXD� RX� XPLGDGH�� H� QmR� p�

DWDFDGD�SHORV�UDLRV�XOWUDYLROHWD��(VVD�I{UPD�TXtPLFD�QmR�QHFHVVLWD�VHU�UHWLUDGD��SRLV�UHVLVWH�

DWp����EDU�GH�SUHVV}HV�GH�LQMHomR��

�

)LJ�����±�9HGDomR�GD�WULQFD��I{UPD�TXtPLFD��FRPR�UHVLQD�HSy[L�WL[RWUySLFD��IRQWH��&RUUrD�

��������
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�� 'HSRLV� GH� WHUPLQDGD� D� YHGDomR� GD� WULQFD�� R� PDWHULDO� GH� HQFKLPHQWR� IRL� SUHSDUDGR� H�

LQMHWDGR��FRQIRUPH�DV�RULHQWDo}HV�GR�IDEULFDQWH��$�LQMHomR�IRL�LQLFLDGD�D�SDUWLU�GRV�IXURV�

VLWXDGRV�HP�FRWD�LQIHULRU��SURVVHJXLQGR�SDUD�RV�IXURV�ORFDOL]DGRV�DFLPD�GHOHV���

��±�&216,'(5$d®(6�),1$,6�

(VWH� DUWLJR� DSUHVHQWRX�GH� IRUPD� VXFLQWD�XP� UHVJDWH�KLVWyULFR�GD� FRQVWUXomR�GD�EDUUDJHP�GR�

&DVWDQKmR�H�D�LGHQWLILFDomR��GLDJQyVWLFR�H�PHGLGDV�SDUD�D�FRUUHomR�GH�XPD�DQRPDOLD�LGHQWLILFDGD�

QD�IDVH�GH�RSHUDomR�GD�EDUUDJHP��

$�EDUUDJHP�DSUHVHQWRX�HP�VXD�IDVH�FRQVWUXWLYD��XPD�IHLomR�JHRWpFQLFD��UHIHULGD�FRPR�3iOHR�

&DQDO�� QmR� SUHYLVWD� QRV� HVWXGRV� JHRWpFQLFRV� UHDOL]DGRV� SRU� RFDVLmR� GD� HODERUDomR� GR� SURMHWR�

H[HFXWLYR�� HVWD� RFRUUrQFLD� RFDVLRQRX� XP� DWUDVR� FRQVLGHUiYHO� QDV� REUDV� DWp� TXH� IRVVHP� IHLWRV�

HVWXGRV�FRPSOHPHQWDUHV�H�R�SURMHWR�H[HFXWLYR�IRVVH�DGDSWDGR��(VWH�IDWR�HYLGHQFLD�D�LPSRUWkQFLD�GD�

FRQGXomR� GD� SURVSHFomR� JHRWpFQLFD� H� DV� FRQVHTXrQFLDV� QHJDWLYDV� GHFRUUHQWHV� GH� HVWXGRV�

LQFRPSOHWRV��

2Q]H�DQRV�DSyV�D�HQWUDGD�HP�RSHUDomR�D�EDUUDJHP�DSUHVHQWRX�XPD�DQRPDOLD��WULQFD�YHUWLFDO��

GHWHFWDGD�YLVXDOPHQWH�� VHP�TXH�KRXYHVVH�TXDOTXHU� DOWHUDomR�QRV� UHJLVWURV� GD� LQVWUXPHQWDomR�GD�

EDUUDJHP��6HJXQGR�'12&6���������R�GHVQtYHO� H[LVWHQWH�QD� IXQGDomR�GD�EDUUDJHP� IRL� DSRQWDGR�

FRPR� D� FDXVD� SULQFLSDO� GHVWD� DQRPDOLD�� H� D� PHVPD� SRGHULD� WHU� VLGR� HYLWDGD� DLQGD� QD� IDVH� GH�

SURMHWR��DWUDYpV�GH�PHGLGDV�UHODWLYDPHQWH�VLPSOHV��

$SHVDU�GRV�UHJLVWURV�GD�RFRUUrQFLD�GH�VLVPRV�H�GRV�LQ~PHURV�HVWXGRV�VREUH�VLVPRORJLD�QD�iUHD�

GR�UHVHUYDWyULR��'12&6��������QmR�DSRQWD�TXDOTXHU�UHODomR�GHVWHV�HYHQWRV�FRP�D�RFRUUrQFLD�GD�

WULQFD��

3RUWDQWR�� FRPR� OLomR�DSUHQGLGD�QHVWH� FDVR�HP�SDUWLFXODU�GHSUHHQGH�VH�TXH�DV�SHFXOLDULGDGHV�

JHRWpFQLFDV�GDV�IXQGDo}HV�GD�EDUUDJHP�IRUDP�UHVSRQViYHLV�SRU�DOWHUDo}HV�VLJQLILFDWLYDV�QR�SURMHWR�

H[HFXWLYR�H�SHOD�RFRUUrQFLD�GH�DQRPDOLD�QD�IDVH�GH�RSHUDomR�GD�EDUUDJHP�H�TXH��QHVWH�~OWLPR�FDVR��

D� LQVSHomR� YLVXDO� IRL� LPSUHVFLQGtYHO�� SRLV� IRL� FDSD]� GH� GHWHFWDU� XPD� DQRPDOLD�� GH� GLPHQV}HV�

FRQVLGHUiYHLV��TXH�QmR�KDYLD�VLGR�GHWHFWDGD�SHOD�LQVWUXPHQWDomR��

��±�$*5$'(&,0(1726�

$R�HQJHQKHLUR�FLYLO�*HW~OLR�3HL[RWR�0DLD��GR�'12&6��TXH�WUDEDOKRX�HIHWLYDPHQWH�QDV�REUDV�

GH� FRQVWUXomR� GD� EDUUDJHP�&DVWDQKmR�� SHOR� DSRLR� SUHVWDGR� H� SHOD� GRFXPHQWDomR� FHGLGD� SDUD� D�

HODERUDomR�GHVWH�DUWLJR��

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6��

$UD~MR��0��=��7���������Barragens do Nordeste do Brasil��'12&6�����(G��)RUWDOH]D�&H��

%DUERVD��+����������Castanhão apresenta rachadura desde 2014��-RUQDO�'LiULR�GR�1RUGHVWH��

&DGHUQR�5HJLRQDO��'LVSRQtYHO�HP��

�ZZZ�GLDULRGRQRUGHVWH�YHUGHVPDUHV�FRP�EU�FDGHUQRV�UHJLRQDO�FDVWDQKDR�DSUHVHQWD�

UDFKDGXUD�GHVGH���������������!��$FHVVR�HP�����DEULO�������

&RUUrD��:�� *�� ��������Relatório de consultoria��:�*� &RUUrD� &RQVXOWRULD� GH� (QJHQKDULD� &LYLO��

/WGD��5LR�GH�-DQHLUR�±�5M��

&5($�&(���������Parecer técnico de engenharia sobre fissuramento no paramento de montante 

do bloco 13 da barragem Castanhão�� &RQVHOKR� )HGHUDO� GH� (QJHQKDULD� H� $UTXLWHWXUD� GR�

&HDUi��)RUWHOH]D�&H��MXOKR�������
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'12&6� �������� Relatório Técnico Final “As buit” da Barragem Castanhão�� 0LQLVWpULR� GD�

,QWHJUDomR� 1DFLRQDO�� 'HSDUWDPHQWR� 1DFLRQDO� GH� 2EUDV� FRQWUD� DV� 6HFDV�� &RQVyUFLR�

$*8$62/26�+,'527(55$��)RUWDOH]D�&H��

'12&6� �������� Relatório: Inspeção em fissura no paramento de montante do bloco 13��

0LQLVWpULR� GD� ,QWHJUDomR� 1DFLRQDO�� 'HSDUWDPHQWR� 1DFLRQDO� GH� 2EUDV� FRQWUD� DV� 6HFDV�� ./�

(QJHQKDULD��)RUWDOH]D�&H��2XW��������

0RWD��/����������Rachadura no Castanhão deve ser fechada até março, após mais de um ano da 

identificação do problema��-RUQDO�2�3RYR��'LVSRQtYHO�HP��ZZZ�RSRYR�FRP�EU��$FHVVR�HP��

���DEULO�������

)HUUHLUD��-��0���)UDQoD��*��6��9LODU��&��6���GR�1DVFLPHQWR��$��)���%H]HUUD��)��+��5���$VVXPSomR��0��

��������Induced seismicity in the Castanhão reservoir, NE Brazil – Preliminary results.�7KH�

,QWHUQDWLRQDO� -RXUQDO�RI� ,QWHJUDWHG�6ROLG�(DUWK�6FLHQFHV� ��7HFWRQRSK\VLFV��Y�������SS������

�����$YDLODEOH�RQOLQH�DW�ZZZ�VFLHQFHGLUHFW�FRP���

)RQWHQHOH��0����������Rachadura no açude Castanhão, o maior do Ceará, deve ser reparada até 

março.�-RUQDO�7ULEXQD�GR�&HDUi��'LVSRQtYHO�HP�ZZZ�WULEXQDGRFHDUD�XRO�EU��$FHVVR�HP�����

DEULO�������

9DOrQFLR��1��)��/��6���*RQoDOYHV�� -��&��Da confiança à fatalidade: colapso de barragens como 

limite ao paradigma da modernização�"��5HYLVWD�3ROtWLFD�	�7UDEDOKR��Y������S�����������-RmR�

3HVVRD��RXW��������
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6WXG\�RI�OLTXLG�OLPLW�YDOXHV�GHWHUPLQHG�E\�&DVDJUDQGH�FXS�DQG�&RQH�

SHQHWURPHWHU�WHVW�IRU�GLIIHUHQW�FOD\V��

.iWLD�9DQHVVD�%LFDOKR�

-RVLDQH�&��*UDPHOLFK�

&DPLOD�/��GRV�6DQWRV�&XQKD��

5RJpULR�*��6DUPHQWR�-XQLRU�

5(6802�±�1HVWH�HVWXGR�FRPSDUDP�VH�RV�YDORUHV�GR�OLPLWH�GH�OLTXLGH]��//��REWLGRV�SHOR�PpWRGR�GR�&RQH�
GH� 3HQHWUDomR�� //S�� FRP� RV� YDORUHV� GH� //� REWLGRV� SHORV� PpWRGRV� GH� &DVDJUDQGH�� //F�� PHGLGRV�� SRU�

GLIHUHQWHV� RSHUDGRUHV�� HP� DPRVWUDV� GH� VRORV� DUJLORVRV� GH� DOWD� H� EDL[D� SODVWLFLGDGH��2�PpWRGR� GR�&RQH� GH�

3HQHWUDomR� FRQVLGHUDGR� VHJXH� D� QRUPD� EULWkQLFD� �SHQHWUDomR� GH� ��� PP��� 2V� UHVXOWDGRV� H[SHULPHQWDLV�

PRVWUDP�TXH�DV�YDULDo}HV�HQWUH�RV�GRLV�PpWRGRV�GHSHQGHP�GD�SODVWLFLGDGH�H�PLQHUDORJLD�GR�VROR�FRKHVLYR�

HQVDLDGR��2V�UHVXOWDGRV�REWLGRV�SDUD�DUJLODV�QDWXUDLV��HVVHQFLDOPHQWH�FRQVWLWXtGDV�GH�FDXOLQLWDV��FRP�YDORUHV�

GH� //F� HQWUH� ���� H� ����� LQGLFDP� TXH� //S� p� JHUDOPHQWH�PDLRU� ������ TXH� //F�� (QWUHWDQWR�� H[LVWH�PDLRU�

GLVSHUVmR�HQWUH�RV�YDORUHV�GH�//F�H�//S�PHGLGRV�SDUD�DV�PLVWXUDV�GH�EHQWRQLWD�H�DUHLD�ILQD��FRP�YDORUHV�GH�

//F�!�������TXH�DSUHVHQWDP�//F�LJXDO�D�DSUR[LPDGDPHQWH�����//S��

6<1236,6�±7KLV�VWXG\�SUHVHQWV�DQG�GLVFXVVHV�WKH�FRPSDULVRQV�EHWZHHQ�WKH�OLTXLG�OLPLW��//S��GHWHUPLQHG�E\�
WKH�FRQH�SHQHWURPHWHU� WHFKQLTXH�DQG� WKH� OLTXLG� OLPLW�GHWHUPLQHG�E\�&DVDJUDQGH�PHWKRG��//F��PHDVXUHG�E\�

GLIIHUHQW�RSHUDWRUV� IRU�GLIIHUHQW�FOD\H\�VRLOV�DW� ORZ�DQG�KLJK�SODVWLFLW\�UDQJHV��7KH�XVHG�FRQH�SHQHWURPHWHU�

WHFKQLTXH�LV�WKH�%ULWLVK�VWDQGDUG�����PP�IDOO�FRQH�SHQHWUDWLRQ����7KH�UHVXOWV�VKRZ�WKDW�WKH�YDULDWLRQ�EHWZHHQ�

//F� DQG� � //S� GHSHQGV� RQ� WKH� SODVWLFLW\� DQG� PLQHUDORJ\� RI� WKH� WHVWHG� FRKHVLYH� � VRLO�� )RU� WKH� %UD]LOLDQ�

NDROLQLWLF� FOD\V� ZLWK� //F� EHWZHHQ� ���� DQG� ����� //S� LV� RIWHQ� ���� �� KLJKHU� WKDQ� //F�� 7KH� PL[WXUHV� RI�

EHQWRQLWLF�DQG�ILQH�VDQG�ZLWK�//F�!�������KDYH�//F�HTXDO�WR�DERXW�����//S��

3DODYUDV�&KDYH� ±� &RUUHODo}HV� HPStULFDV�� OLPLWH� GH� OLTXLGH]��PpWRGR� GR� FRQH� GH� SHQHWUDomR��PpWRGR� GH�&DVDJUDQGH��
SODVWLFLGDGH��DUJLODV��

.H\ZRUGV�±�(PSLULFDO�FRUUHODWLRQV��OLTXLG�OLPLW��FRQH�SHQHWURPHWHU�WHFKQLTXH��&DVDJUDQGH�PHWKRG��SODVWLFLW\��FOD\V��
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3ODVWLFLGDGH�p�D�SURSULHGDGH�TXH�ID]�FRP�TXH�R�VLVWHPD�DUJLOD�iJXD�VH�GHIRUPH�FRQWLQXDPHQWH�

GHYLGR�D�DomR�GH�XPD�IRUoD�ILQLWD��H�TXDQGR�D�IRUoD�p�UHPRYLGD�RX�UHGX]LGD�D�IRUPD�p�PDQWLGD��2�

FRQFHLWR� GH� SODVWLFLGDGH� p� HPSUHJDGR� HP�PXLWDV� iUHDV� GD� HQJHQKDULD� H� FLrQFLD��2V� IDWRUHV� TXH�

LQIOXHQFLDP� D� SODVWLFLGDGH� SRGHP� VHU� UHODFLRQDGRV� DR� WLSR� GH� DUJLOD�� WDLV� FRPR�� XPLGDGH��

FRPSRVLomR�PLQHUDOyJLFD��GLVWULEXLomR�GR�WDPDQKR�GD�SDUWtFXOD��WLSR�GH�FiWLRQ�WURFiYHO��SUHVHQoD�

GH�VDLV�RX�PDWpULD�RUJkQLFD��H�DR�SURFHVVR�GH�PROGDJHP�GD�DUJLOD��$QGUDGH�HW�DO����������

2�YDORU�Pi[LPR�GH�XPLGDGH�GH�XPD�DUJLOD�QR�HVWDGR�GH�FRQVLVWrQFLD�SOiVWLFD�p�GHILQLGR�FRPR�

R�OLPLWH�GH�OLTXLGH]��//��GHVVD�DUJLOD��2V�YDORUHV�GH�//�GH�DUJLODV�VmR�IUHTXHQWHPHQWH�XVDGRV�QDV�

DYDOLDo}HV�SUHOLPLQDUHV�GHVVDV�DUJLODV�SDUD�XVR�HP�IXQGDo}HV��DWHUURV�FRPSDFWDGRV�QD�FRQVWUXomR�

GH� HVWUDGDV� H� REUDV� GH� DUPD]HQDPHQWR� H� UHWHQomR� GH� iJXD� RX� FRQWDPLQDQWHV�� (� D� GHWHUPLQDomR�

HUUDGD� GH� //� SRGH� UHVXOWDU� QD� UHMHLomR� GH� PDWHULDLV� VDWLVIDWyULRV�� RX� PHVPR�� QD� DFHLWDomR� GH�

PDWHULDLV� LQDGHTXDGRV�� 2V� YDORUHV� GH� //� VmR� WDPEpP� XVDGRV� SDUD� DYDOLDU� FDUDFWHUtVWLFDV� FRPR�

FRPSUHVVLELOLGDGH�H�SHUPHDELOLGDGH�D�QtYHO�UHJLRQDO�GH�VRORV�DUJLORVRV��0LWFKHOO�	�6LWDU���������

7UDGLFLRQDOPHQWH��R�SURFHGLPHQWR�PDLV�XWLOL]DGR�SDUD�D�GHWHUPLQDomR�GR�//F�p�R�PpWRGR�GH�

SHUFXVVmR�SDGURQL]DGR�SRU�&DVDJUDQGH��������TXH�XWLOL]D�R�DSDUHOKR�GHVHQYROYLGR�SHOR�PHVPR��

2�PpWRGR� GH� &DVDJUDQGH� DSUHVHQWD� OLPLWDo}HV�� WDLV� FRPR� D� GLVSHUVmR� GRV� UHVXOWDGRV� GHYLGR� D�

LQIOXrQFLD�GR�RSHUDGRU� H�GDV� FRQGLo}HV�GR� DSDUHOKR��(� VRORV�GH�EDL[D�SODVWLFLGDGH� WHQGHP�D�VH�

OLTXHID]HU�DQWHV�GH�IOXLU�SRU�SODVWLFLGDGH��6RZHUV�HW�DO���������&DVDJUDQGH��������UHFRQKHFH�TXH�

R�PpWRGR� GH� SHUFXVVmR� SDUD� GHWHUPLQDU� //F� QmR� IRUQHFH� UHVXOWDGRV� XQLIRUPHV� GH� FRPSDUDomR�

SDUD� RV� VRORV� GH� JUDQXODomR� ILQD� TXH� DSUHVHQWDP� UHDo}HV� GLIHUHQWHV� TXDQGR� VXEPHWLGRV� D� XP�

HQVDLR�GLQkPLFR���

2� PpWRGR� GR� &RQH� GH� 3HQHWUDomR� SDUD� GHWHUPLQDU� //S�� TXH� FRQVLVWH� HP� VH� PHGLU� D�

SHQHWUDomR� YHUWLFDO� HVWiWLFD� GH� XP� FRQH�� SDGURQL]DGR� VRE� FRQGLo}HV� HVSHFLILFDGDV� GH� SHVR��

kQJXOR� H� WHPSR� GH� TXHGD�� HP� XPD� DPRVWUD� GH� VROR� SUHYLDPHQWH� SUHSDUDGD�� p� XPD� DOWHUQDWLYD�

DWUDWLYD� DR�PpWRGR�GLQkPLFR�GH�&DVDJUDQGH� ��������2�H[WHQVR�EDQFR�GH�GDGRV�GLVSRQtYHO� FRP�

FRUUHODo}HV�HQWUH�RV�YDORUHV�GH�//F�H�GLIHUHQWHV�SURSULHGDGHV�GH�HQJHQKDULD�PRWLYDP�R�HVWXGR�GH�

FRPSDUDo}HV�HQWUH�RV�YDORUHV�GR�//F�H�//S��$OpP�GLVWR��RV�FOiVVLFRV�VLVWHPDV�GH�FODVVLILFDo}HV�GH�

VRORV�ILQRV�XVDP�YDORUHV�GH�//F���

2�PpWRGR�GLQkPLFR�SURSRVWR�SRU�&DVDJUDQGH��������SDUD�GHWHUPLQDomR�GR�//F�DVVXPH�TXH�D�

UHVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD��VX��GH�WRGRV�RV�VRORV�QR�OLPLWH�GH�OLTXLGH]�WHP�XP�YDORU�

FRQVWDQWH��DSUR[LPDGDPHQWH�����N3D��RX�VHMD��FDGD�JROSH�SDUD�IHFKDU�D�UDQKXUD�FRUUHVSRQGH�D�XPD�

UHVLVWrQFLD�GH��JI�FP����(QWUHWDQWR��R�YDORU�GH�VX�QR�//�GHWHUPLQDGR�SHOR�PpWRGR�GLQkPLFR��//F��

SRGH�YDULDU�HQWUH�����H�����N3D��:K\WH��������:DVWL�	�%H]LUFL��������6ULGKDUDQ�	�3UDNDVK��������

PRVWUDP�TXH� R�//�GH� XPD� DUJLOD�PRQWPRULORQLWD� p� SULQFLSDOPHQWH� FRQWURODGR� SHOD� SUHVHQoD� GD�

FDPDGD� GH� iJXD� DGHVLYD� SUHVHQWH� QR�PLQHUDO� DUJtOLFR�� HQTXDQWR� TXH� R� YDORU� GH� //� GDV� DUJLODV�

FDXOLQLWDV�p�SULQFLSDOPHQWH�FRQWURODGR�SHODV�IRUoDV�HQWUH�DV�SDUWtFXODV�GR�PLQHUDO�DUJLOLFR��RX�VHMD��

PLFURHVWUXWXUD��� $VVLP�� DV� DUJLODV� FDXOLQLWDV� H� DV� DUJLODV� PRQWPRULORQLWDV� SRVVXHP� GLIHUHQWHV�

PHFDQLVPRV�TXH�FRQWURODP�R�YDORU�GR�OLPLWH�GH�OLTXLGH]�GHVVDV�DUJLODV��

(VWXGRV�WrP�PRVWUDGR�TXH�VX�QR�//�SHOR�PpWRGR�SURSRVWR�SRU�&DVDJUDQGH��//F��GLPLQXL�FRP�

R�DXPHQWR�GR�//��TXH�FUHVFH�FRP�R�WHRU�GH�DUJLOD�H�SODVWLFLGDGH��/HIODLYH��������<RXVVHI�HW�DO���

������/HURXHLO�	�/H�%LKDQ���������$VVLP��YHULILFD�VH�TXH��/HURXHLO�	�/H�%LKDQ���������

�

//F���//S���SDUD�//��//�

//F�!�//S���SDUD�//�!�//�

�

2�YDORU�GH�//�TXH�GHILQH�D�WUDQVLomR�HQWUH�RV�YDORUHV�FKDPDGRV�GH�EDL[R�//�H�DOWR�//�QmR�p�

EHP�TXDQWLILFDGR� QD� OLWHUDWXUD� �%LFDOKR� HW� DO�� �������$VVLP�� QHVWD� QRWD� WpFQLFD� DSUHVHQWDP�VH� H�
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GLVFXWHP�VH�FRPSDUDo}HV�HQWUH�//F�H�//S�SDUD�DUJLODV�GH�GLIHUHQWHV�PLQHUDORJLDV�H�SODVWLFLGDGHV�H�

LQYHVWLJD�VH�R�YDORU�GH�//�SDUD�HVVDV�DUJLODV��

��±�&255(/$d®(6�(03Ë5,&$6�(175(�//&�(�//3��

9iULDV�FRUUHODo}HV�HPStULFDV�HQWUH�RV�PpWRGRV�GR�&RQH�H�GH�&DVDJUDQGH�SDUD�GHWHUPLQDU�//�

IRUDP�SXEOLFDGRV�QD�OLWHUDWXUD��(VWDV�IXQo}HV�SRGHP�VHU�HVFULWDV�FRPR��%LFDOKR�HW�DO���������

� BLLALL cp � � � ��D��

�
 BLLALL pc � � ��E��

RQGH�A��B,�A*�H�B*�VmR�FRQVWDQWHV�GH�DMXVWH�REWLGDV�DWUDYpV�GD�FRUUHODomR�OLQHDU���

1R�%UDVLO�DLQGD�QmR�H[LVWH�XPD�QRUPD�SDGURQL]DGD�SDUD�GHWHUPLQDomR�GR�//S��1HVWH�HVWXGR�

IRL�DYDOLDGR�R�PpWRGR�GR�SHQHWU{PHWUR�GR�FRQH�VXJHULGR�SHOD�QRUPD�EULWkQLFD��%6�������������

TXH�FRQVLVWH�QD�TXHGD�GH�XP�FRQH�GH�PDVVD�GH�����������J��kQJXOR�GR�FRQH�GH�����������H�WHPSR�

GH�TXHGD�GH����� V� VREUH�XPD�DPRVWUD�PROGDGD�GH� VROR�� DQRWDQGR�VH�R�YDORU�GD�SHQHWUDomR�GR�

FRQH��2�YDORU�GH�//S�FRUUHVSRQGH�DR�YDORU�GH�XPLGDGH�SDUD�XPD�SHQHWUDomR�GH���PP���

2�4XDGUR���DSUHVHQWD�DOJXPDV�FRUUHODo}HV�OLQHDUHV�SXEOLFDGDV�QD�OLWHUDWXUD�HQWUH�//S�H�//F��

$V� FRUUHODo}HV� HVWmR� QD� IRUPD� GD� HTXDomR� �E� SDUD� PHOKRU� FRPSDUDomR� HQWUH� DV� FRUUHODo}HV�

GLVFXWLGDV� QHVWH� HVWXGR�� H� XWLOL]DUDP� R� PpWRGR� GR� SHQHWU{PHWUR� GR� FRQH� VXJHULGR� SHOD� QRUPD�

EULWkQLFD��

2V�YDORUHV�GH�//�TXH�LQGLFDP�D�WUDQVLomR�HQWUH�YDORUHV�GH�EDL[R�//��//F���//�S��H�DOWR�//�

�//F� !� //S�� SDUD� DV� HTXDo}HV� SURSRVWDV� SRU� %XGKX� ������� H� 6ULGKDUDQ�	� 3UDNDVK� ������� VmR�

DSUR[LPDGDPHQWH�����H������� UHVSHFWLYDPHQWH�� �6ULGKDUDQ�	�3UDNDVK� �������XVDUDP�RV�GDGRV�

H[SHULPHQWDLV�REWLGRV�SRU�:DVWL�	�%H]LUFL��������H�REVHUYDUDP�TXH�D�GLIHUHQoD�HQWUH�//S�H�//F�

DXPHQWD� FRP� R� DXPHQWR� GD� SODVWLFLGDGH� GR� VROR�� $V� FRUUHODo}HV� SURSRVWDV� SRU� 4XHLUR]� GH�

&DUYDOKR���������)RMWRYi�HW�DO����������6RX]D��������H�'L�0DWWHR��������DSUHVHQWDGDV�QR�4XDGUR�

��SRVVXHP�VHPSUH�//F���//S�SDUD�R�LQWHUYDOR�GH�//�HQVDLDGR����������RX�VHMD��VmR�FRUUHODo}HV�

SDUD�VRORV�GH�EDL[D�SODVWLFLGDGH�GH�GLIHUHQWHV�ORFDLV��$�FRUUHODomR�SURSRVWD�SRU�'L�0DWWHR��������

SDUD�VRORV�DUJLORVRV�VLOWRVRV�GH�EDL[D�SODVWLFLGDGH��FRP�//�HQWUH����H�������GH�GLIHUHQWHV�RULJHQV�

JHROyJLFDV��LQFOXL�RV�UHVXOWDGRV�H[SHULPHQWDLV�SXEOLFDGRV�SRU��:DVWL�	�%H]LUFL���������'UDJRQL�HW�

DO�� �������� 2]HU� �������� H� )RMWRYi� HW� DO�� �������� 2V� GRLV� VRORV� LQYHVWLJDGRV� SRU� 6RX]D� �������

SRVVXHP� XPD� IUDomR� ILQD� HOHYDGD� H� QD� VXD� PDLRULD� FRQVWLWXLGD� SRU� VLOWHV� �!� ������ H� R� 6ROR� ��

DSUHVHQWD�SHUFHQWDJHP�GH�IUDomR�DUJLOD�LJXDO�D������H�R�6ROR���LJXDO�D��������

�

4XDGUR������&RUUHODo}HV�SXEOLFDGDV�HQWUH�YDORUHV�PHGLGRV�GH�//S�H�//F�

5HIHUrQFLDV� ���
A ��������� ���

B 9DULDomR�GH�//�

%XGKX��������

:DVWL�	�%H]LUFL��������

�����������������������

����������������������

�������

�������

4XHLUR]�GH�&DUYDOKR�������� ���������������������� ������

6ULGKDUDQ�	�3UDNDVK�������� ��������������������� ������

6RX]D��������±�6ROR��� ���������������������� ������

6RX]D��������±�6ROR��� ��������������������� ������

'L�0DWWHR��������

)RMWRYi�HW�DO���������

���������������������

���������������������

������

������

�



66

��±�,1)/8Ç1&,$�'$�3/$67,&,'$'(�1$6�&255(/$d®(6�//&�//3�

3DUD� DYDOLDU� D� LQIOXrQFLD� GD� SODVWLFLGDGH� QDV� FRUUHODo}HV� HPSLULFDV� HQWUH� //F� H� //S� IRUDP�

XWLOL]DGRV� UHVXOWDGRV� GH� HQVDLRV� ODERUDWRULDLV� UHDOL]DGRV� SHORV� DXWRUHV� HP� DPRVWUDV� GDV� DUJLODV�

QDWXUDLV� GD�*UDQGH�9LWyULD�� ORFDOL]DGD� QR�(VWDGR� GR�(VStULWR� 6DQWR� �*9�(6�� UHJLmR� VXGHVWH� GR�

%UDVLO�H�GH�HQVDLRV�SXEOLFDGRV�SDUD�VRORV�FRHVLYRV�GH�EDL[D�SODVWLFLGDGH�GH�GLIHUHQWHV�UHJL}HV�GR�

%UDVLO� �3LQWR� 	� &DVWUR�� ������ 6LOYHLUD�� ������� $V� DUJLODV� QDWXUDLV� DQDOLVDGDV� VmR� FRQVWLWXLGDV�

HVVHQFLDOPHQWH� GH� FDXOLQLWDV�� $V� DUJLODV� *9�(6� UDUDPHQWH� DSUHVHQWDP� PDLV� GH� ���� UHWLGR� QD�

SHQHLUD�Q~PHUR������DEHUWXUD�GH�PDOKD�������PP���RX�VHMD��WDPDQKR�GH�JUmRV�PDLRUHV�TXH�VLOWH�RX�

DUJLOD��$V�DUJLODV�HQVDLDGDV�IRUDP�REWLGDV�D�SURIXQGLGDGH�HQWUH��P�H���P�H�DSUHVHQWDP�YDORUHV�GH�

XPLGDGH�QDWXUDO�HQWUH����H������//F�HQWUH����H�����//S�HQWUH����H�����H�,3�HQWUH����H�����

)RUDP� WDPEpP� XWLOL]DGRV� UHVXOWDGRV� GH� HQVDLRV� UHDOL]DGRV� SHORV� DXWRUHV� HP� XPD� EHQWRQLWD�

�0RQWPRULORQLWD� VyGLFD�� H� PLVWXUDV� KRPRJHQHL]DGDV� GD� EHQWRQLWD� H� DUHLD� TXDUW]RVD� ILQD� QDV�

SRUFHQWDJHQV�GH������������H������GH�EHQWRQLWD��IUDomR�DUJLOD��&��HP�UHODomR�DR�SHVR�WRWDO�GD�

PLVWXUD� ILQDO�� $V� DPRVWUDV� HQVDLDGDV� IRUDP� SUHYLDPHQWH� EHP� KRPRJHQHL]DGDV�� $�

KRPRJHQHL]DomR� GD� PLVWXUD� GH� %HQWRQLWD�� DUHLD� ILQD� H� iJXD� p� XP� IDWRU� LPSRUWDQWH� QD�

GHWHUPLQDomR� GR�//� SHORV� GRLV�PpWRGRV�� (� R� WHPSR�PtQLPR�QHFHVViULR� SDUD� D� KLGUDWDomR� FRP�

DGLomR�GH�iJXD�GHVWLODGD�GD�EHQWRQLWD�IRL�LQYHVWLJDGR��2V�UHVXOWDGRV�LQGLFDUDP�R�WHPSR�PtQLPR�GH�

��GLDV�SDUD�D�KLGUDWDomR�GD�DPRVWUD�SDUD� UHDOL]DomR�GRV� HQVDLRV�GH�GHWHUPLQDomR�GH�//S� SDUD� D�

EHQWRQLWD� HQVDLDGD�� $VVLP� QRV� HQVDLRV� UHDOL]DGRV� FRP� DV� PLVWXUDV� GH� EHQWRQLWD� H� DUHLD� ILQD�

DGLFLRQRX�VH� iJXD� D� FDGD� PLVWXUD� GHL[DQGR� HP� GHVFDQVR� SRU� PDLV� GH� XPD� VHPDQD� SDUD� TXH�

KRXYHVVH� D� KLGUDWDomR� FRP� R� WHPSR�� 2� PpWRGR� GH� &DVDJUDQGH� SDUD� GHWHUPLQDomR� GH� //F� p�

GHVFULWR�SHOD�QRUPD�1%5�������$%17����������

$� )LJXUD� �� PRVWUD� D� ORFDOL]DomR� GRV� VRORV� HVWXGDGRV� QR� iEDFR� GH� &DVDJUDQGH� FRP� D�

FODVVLILFDomR� SURSRVWD� SHOR�6LVWHPD�8QLILFDGR� GH�&ODVVLILFDomR� �68&��SDUD� VRORV� ILQRV��2�68&�

XWLOL]D�RV�YDORUHV�GH�//�GHWHUPLQDGRV�SHOR�PpWRGR�GLQkPLFR�� DVVLP�VHQGR��RV� UHVXOWDGRV�GH�//�

DSUHVHQWDGRV�QD�)LJXUD���VmR�RV�YDORUHV�GH�//F��$�UHODomR�HQWUH�//�H�,3�GDV�DUJLODV�QDWXUDLV�GD�

*9��(6�WHQGH�D�FRQYHUJLU�SDUD�D�UHWD�A�FRQVLGHUDGD�FRPR�D�GLYLVmR�DUELWUDGD�HQWUH�VLOWHV�H�DUJLODV�

QR�iEDFR�GH�&DVDJUDQGH��2V�YDORUHV�GH�//S� VmR�JHUDOPHQWH�PDLRUHV�TXH�RV�YDORUHV�GH�//F�SDUD�

HVVDV� DUJLODV� QDWXUDLV��2V� UHVXOWDGRV� H[SHULPHQWDLV� HP�PLVWXUDV� KRPRJHQHL]DGDV� GH� EHQWRQLWD� H�

DUHLD� ILQD� FRP�&�!�����PRVWUDP�TXH� D� UHODomR� HQWUH�//�H� ,3� WHQGH� D�FRQYHUJLU�SDUD�D� UHWD�8��

)LJ������/RFDOL]DomR�GRV�VRORV�HVWXGDGRV�QR�iEDFR�GH�&DVDJUDQGH��
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GHILQLGD�FRPR�,3� ������//�����QR�iEDFR�GH�&DVDJUDQGH���2V�UHVXOWDGRV�H[SHULPHQWDLV�SXEOLFDGRV�

SRU� 1DJDUDM� HW� DO�� �������� UHDOL]DGRV� HP� FLQFR� DUJLODV� QDWXUDLV� PRQWPRULORQLWDV� REWLGDV� GH�

GLIHUHQWHV�RULJHQV�JHROyJLFDV�FRP�&�������H�//F��������//S���������VmR�WDPEpP�DQDOLVDGRV�

QHVWH�HVWXGR�SDUD�DYDOLDU�D�LQIOXrQFLD�GR�WLSR�GH�PLQHUDO�DUJtOLFR�H�FiWLRQ�WURFiYHO��2V�UHVXOWDGRV�

SXEOLFDGRV�SRU�1DJDUDM�HW�DO���������WHQGHP�D�FRQYHUJLU�SDUD�D�UHWD�$�QR�iEDFR�GH�&DVDJUDQGH��

�

$�)LJXUD���DSUHVHQWD�D�YDULDomR�GRV�YDORUHV�PHGLGRV�GH�//F�FRP�//S�SDUD�DV�DUJLODV�QDWXUDLV�

GD� *UDQGH� 9LWyULD� �(6�� H� DV� PLVWXUDV� GH� EHQWRQLWD� H� DUHLD� ILQD�� )RUDP� WDPEpP� LQFOXtGRV� RV�

UHVXOWDGRV�H[SHULPHQWDLV�SXEOLFDGRV�SRU�3LQWR�	�&DVWUR� �������FRP�//F� HQWUH������H�������H�

6LOYHLUD� �������SDUD�VRORV� WURSLFDLV�EUDVLOHLURV�GH�GLIHUHQWHV� ORFDLV�FRP�//F���������$�)LJXUD���

VXJHUH�TXH�D� WUDQVLomR�HQWUH�YDORUHV�GH�EDL[R�//�H�DOWR�//�p�GH�DSUR[LPDGDPHQWH�������H�TXH�

H[LVWH�PDLRU�GLVSHUVmR�HQWUH�RV�YDORUHV�PHGLGRV�GH�//F�H�//S�SDUD�YDORUHV�GH�//�!��������$VVLP��

IRUDP�GHILQLGDV�GXDV�FRUUHODo}HV�HPStULFDV�QHVWH�HVWXGR��XPD�SDUD�//���������H�RXWUD�SDUD�//�!�

��������

�

�

)LJ����±�9DULDomR�GRV�YDORUHV�GH�//F�FRP�//S�SDUD�RV�VRORV�DUJLORVRV�EUDVLOHLURV�H�PLVWXUDV�GH�

EHQWRQLWD�H�DUHLD�ILQD�FRP�&�!�����HVWXGDGRV��

$� FRUUHODomR� HPStULFD�� GHILQLGD� DWUDYpV� GD� UHJUHVVmR� OLQHDU�� REWLGD� FRP� FRHILFLHQWH� GH�

GHWHUPLQDomR��5���GH�DSUR[LPDGDPHQWH�������SDUD�//�HQWUH����H�����IRL��)LJXUD�����

� �������� � pc LLLL � ����

2V�UHVXOWDGRV�REWLGRV�H�DSUHVHQWDGRV�QD�)LJXUD���PRVWUDP�TXH�//S�p�JHUDOPHQWH�PDLRU�������

TXH�R�//F�H�HVWi�GH�DFRUGR�FRP�SXEOLFDo}HV�SUpYLDV�SDUD�DUJLODV�FRP�D�FRPSRVLomR�PLQHUDOyJLFD�

GH�HVVHQFLDOPHQWH�&DXOLQLWDV�H�,OLWDV�GH�GLIHUHQWHV�RULJHQV�JHROyJLFDV�H�YDORUHV�GH�//�HQWUH����H�

�����)RMWRYi�HW�DO���������RX�VHMD����������'L�0DWWHR��������RX�VHMD�����������

$V�YDULDo}HV�REVHUYDGDV�HQWUH�D�HTXDomR���H�DV�HTXDo}HV�VXJHULGDV�SRU�)RMWRYi�HW�DO���������H�

'L�0DWWHR��������HVWmR�HQWUH�������H������� �(VWD�YDULDomR�p�SUy[LPD�GR�YDORU�GH�������REWLGR�

SHOD� GLIHUHQoD� HQWUH� RV� YDORUHV�Pi[LPR�H�PtQLPR�GRV�YDORUHV�GH�//F� GHWHUPLQDGRV�SRU� HQVDLRV�

UHSHWLGRV�FRP�PHVPR�VROR��SURFHGLPHQWR��RSHUDGRU��FRQGLo}HV�GH� ODERUDWyULR�H�FXUWR�HVSDoR�GH�
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WHPSR�� 1R� FDVR� GH� HQVDLRV� UHSHWLGRV� XVDQGR� R� PpWRGR� GR� &RQH� HVWD� GLIHUHQoD� p� GH�

DSUR[LPDGDPHQWH��������'L�0DWWHR���������$�)LJXUD���PRVWUD�TXH�D�PDLRU�SDUWH�GRV�UHVXOWDGRV�

H[SHULPHQWDLV�TXH�GHILQLUDP�D�HTXDomR���DSUHVHQWDP�//F���//S��FRP�//F�HQWUH�����//S�H�����//S���

$�FRUUHODomR�HPStULFD�GHILQLGD�SHOD�UHJUHVVmR�OLQHDU�FRQIRUPH�D�HTXDomR��E��FRP�5��LJXDO�D�

DSUR[LPDGDPHQWH�������DSOLFDGD�DRV�YDORUHV�PHGLGRV�GH�//F�H�//S�SDUD�DV�PLVWXUDV�GH�EHQWRQLWD�H�

DUHLD�ILQD��//�!��������p���

� ��������� � pc LLLL � ����

$�)LJXUD��� LOXVWUD�D�YDULDomR�GRV�YDORUHV�GH� OLPLWH�GH� OLTXLGH]�GHWHUPLQDGRV�SDUD�DUJLODV�GH�

EDL[D�H�DOWD�SODVWLFLGDGH�SHORV�GRLV�PpWRGRV��//F�H�//S��2V�UHVXOWDGRV�H[SHULPHQWDLV�REWLGRV�SDUD�

DV� PLVWXUDV� GH� EHQWRQLWD� H� DUHLD� ILQD� DSUHVHQWDP� //F� !� //S�� FRP� � YDORUHV� GH� //F��

DSUR[LPDGDPHQWH�LJXDO�D�����//S��2�WHRU�GH�DUJLOD��&��QmR�LQIOXrQFLD�D�YDULDomR�HQWUH�//F�H�//S�

QDV� PLVWXUDV� GH� EHQWRQLWD� H� DUHLD� ILQD� TXDQGR� D� PDWUL]� DUJLORVD� GRPLQD� R� FRPSRUWDPHQWR� GD�

PLVWXUD��RX�VHMD�QmR�H[LVWH�FRQWDWR�HQWUH�RV�JUmRV�GH�DUHLD��&����������(�QHVWH�FDVR�SUHGRPLQD�D�

LQIOXrQFLD�GD�PLQHUDORJLD�GD�DUJLOD�QD�UHODomR�HQWUH�//F�H�//S����

�

)LJ������&RUUHODo}HV�HPStULFDV�GHILQLGDV�SRU�//F�H�//S�PHGLGRV�SDUD�RV�VRORV�HVWXGDGRV�H�

OLPLWHV�GH�YDULDomR�GRV�YDORUHV�//F�REWLGRV��//S������//S���

2V�UHVXOWDGRV�SXEOLFDGRV�SRU�1DJDUDM�HW�DO���������SDUD�FLQFR�DUJLODV�QDWXUDLV�PRQWPRULORQLWDV�

FRP�GLIHUHQWHV�RULJHQV�JHROyJLFDV�H�YDORUHV�GH�&�HQWUH�����H�����VmR�WDPEpP�DSUHVHQWDGRV�QD�

)LJXUD� �� HPERUD� QmR� WHQKDP� VLGR� FRQVLGHUDGRV� SDUD� D� GHWHUPLQDomR� GDV� HTXDo}HV� �� H� ��� 2V�

UHVXOWDGRV� SXEOLFDGRV� SRU� 1DJDUDM� HW� DO�� �������� ORFDOL]DGRV� SUy[LPRV� j� OLQKD� $� QR� iEDFR� GH�

&DVDJUDQGH� �)LJXUD� ��� SDUD� VRORV� DUJLORVRV� QDWXUDLV�� DUJLOR� PLQHUDO� PRQWPRULORQLWD� &D���

DSUHVHQWDP�YDORUHV�GH�//F�HQWUH���//S�H�����//S��)LJXUD������2V�GDGRV�SXEOLFDGRV�SRU�1DJDUDM�HW�

DO���������QmR�SHUPLWHP�LQYHVWLJDU�D�LQIOXrQFLD�GH�&�QDV�FRUUHODo}HV�HQWUH�//F�H�//S�XPD�YH]�DV�

DUJLODV� QDWXUDLV� SRVVXHP�GLIHUHQWHV� RULJHQV� JHROyJLFDV�� �9HULILFD�VH� TXH� DV� DUJLODV� QDWXUDLV� FRP�

YDORUHV�GH�//F�������H�//S��������H�GH�,3�������DSUHVHQWDP�YDORUHV�GH�//F�!�//S���1HVWH�FDVR�D�

UHODomR�HQWUH��//F���//S�TXH�YDULD�HQWUH���H������(VWHV�UHVXOWDGRV�PRVWUDP�TXH�R�YDORU�GR�OLPLWH�GH�

OLTXLGH]���//��QmR�p�R�~QLFR�IDWRU�TXH�GHILQH�VH�//F���//�S�RX�//F�!�//�S��2�WLSR�H�D�TXDQWLGDGH�GR�
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DUJtOR�PLQHUDO� H�R� WLSR�GH�FiWLRQ� WURFiYHO� WDPEpP� LQIOXHQFLDP�DV�GLIHUHQoDV�HQWUH�RV�YDORUHV�GH�

OLPLWH�GH�OLTXLGH]�GHWHUPLQDGRV�SHORV�GRLV�PpWRGRV�H�GHYHP�VHU�FRQVLGHUDGRV�QDV�FRUUHODo}HV�//F�

H�//S��

$�)LJXUD� �� DSUHVHQWD� RV� UHVXOWDGRV�GD�YDULDomR�GH�//F� H�//S�FRP�D�)UDomR�$UJLOD��&� �����

SDUD�DV�PLVWXUDV�GH�EHQWRQLWD�H�DUHLD�ILQD��//!���������%LFDOKR�HW�DO���������YHULILFDUDP�DWUDYpV�

GH� HQVDLRV� GH� OLPLWHV� GH� $WWHUEHUJ� HP� PLVWXUDV� GH� EHQWRQLWD� H� DUHLD� ILQD� TXH� SDUD�

DSUR[LPDGDPHQWH� &� !� ����� D�PDWUL]� DUJLORVD� GRPLQD� R� FRPSRUWDPHQWR� GR� VROR� VHP� TXH� KDMD�

FRQWDWR�HQWUH�RV�JUmRV�GH�DUHLD��H�QHVWH�FDVR�YHULILFD�VH�D�OLQHDULGDGH�HQWUH�RV�YDORUHV�GH�//F�H�&��

2V�UHVXOWDGRV�DSUHVHQWDGRV�QD�)LJXUD���FRQILUPDP�D�OLQHDULGDGH�GD�UHODomR�HQWUH�//F�H�//S�H�&��

FRP�5��!�������SDUD�DV�PLVWXUDV�GH�EHQWRQLWD�H�DUHLD� �&����������)RL�FRQVLGHUDGR�QHVWH�HVWXGR�

YDORUHV�GH�&��������SDUD�GHILQLU�XPD�FRUUHODomR�HQWUH�//F�H�//S��SDUD�DUJLODV�GH�DOWD�SODVWLFLGDGH��

RX�VHMD�FRP�//F�!�//S��XPD�YH]�TXH�%XGKX��������REVHUYRX�SDUD�VRORV�FRP�&�������YDORUHV�GH�

//F���//S���

�
)LJ������9DULDomR�GRV�YDORUHV�PHGLGRV�GH�//F�H�//S�FRP�D�)UDomR�$UJLOD���&������SDUD�DV�PLVWXUDV�

GH�EHQWRQLWD�H�DUHLD�ILQD��

�

$V�HTXDo}HV�TXH�GHILQHP�D�YDULDomR�OLQHDU�//F�H�//S�FRP�&�DSUHVHQWDP�5��!�������)LJXUD�����

H�VmR�H[SUHVVDV�FRPR��6HHG�HW�DO���������

� CLLc ���� � ��D��

� CLLp ���� � ��E��

$�FRPELQDomR�GDV�HTXDo}HV��D�H��E�GHILQHP�D�VHJXLQWH�UHODomR�OLQHDU��

� pc LLLL ����� � ����

$�FRUUHODomR�REWLGD�QHVWH�WUDEDOKR��SDUD�DUJLODV�EUDVLOHLUDV�TXH�VH�ORFDOL]DP�SUy[LPDV�GD�OLQKD�

$�QR�iEDFR�GH�&DVDJUDQGH��FRP�YDORUHV�GH�//�HQWUH����H��������VXJHUH�TXH�//S�p�PDLRU�������

TXH�//F��$�FRUUHODomR�REWLGD�SDUD�PLVWXUDV�GH�EHQWRQLWD�H�DUHLD�ILQD�TXH�VH�ORFDOL]DP�SUy[LPDV�GD�

OLQKD�8�GR�iEDFR�GH�&DVDJUDQGH�LQGLFD�TXH�//F�p�JHUDOPHQWH�PDLRU�TXH�R�//S��DSUR[LPDGDPHQWH�

pc LLLL ���� ���
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2�4XDGUR���DSUHVHQWD�RV�HUURV� UHVLGXDLV� HQWUH�RV�YDORUHV�PHGLGRV�H�RV�YDORUHV�SUHYLVWRV�GH�

//F��RX�VHMD��D�GLIHUHQoD�HQWUH�RV�YDORUHV�GH�//F�PHGLGRV�H�SUHYLVWRV�SHODV�HTXDo}HV������H���SDUD�

DV�DUJLODV�EUDVLOHLUDV��//�������H�DV�PLVWXUDV�GH�%HQWRQLWD�H�$UHLD�)LQD��//!��������2V�YDORUHV�

//F� SUHYLVWRV� SHOD� HTXDomR� �� IRUQHFHP� PHQRUHV� HUURV� UHVLGXDLV� SDUD� DV� DUJLODV� GH� EDL[D�

SODVWLFLGDGH��//���������2V�YDORUHV�GH�//F�SUHYLVWRV�SHOD�HTXDomR����FRP�R�LQWHUFHSWR�TXH�SDVVD�

SHOD�RULJHP��VmR�PXLWR�SUy[LPRV�GRV�YDORUHV�GH�//F�SUHYLVWRV�SHOD�HTXDomR���H�IRUQHFHP�PHQRUHV�

HUURV�UHVLGXDLV�SDUD�DV�PLVWXUDV�GH�%HQWRQLWD�H�$UHLD�)LQD��//!�������TXH�D�HTXDomR����(�QHVWH�

FDVR��R�WHRU�GH�DUJLOD�QmR�LQIOXrQFLD�D�YDULDomR�HQWUH�//�GHWHUPLQDGRV�SHORV�PpWRGRV�GR�FRQH�H�GH�

&DVDJUDQGH�SDUD�DV�PLVWXUDV�GH�EHQWRQLWD�H�DUHLD�ILQD��$�YDULDomR�HQWUH�//F�H�//S�GHSHQGH�GR�WLSR�

GH�DUJLORPLQHUDO�H�FiWLRQ�WURFiYHO���

�

4XDGUR�����9DULDo}HV�UHVLGXDLV�HQWUH�YDORUHV�SUHYLVWRV�H�PHGLGRV�GH�//F�SDUD�DV�DUJLODV�QDWXUDLV�

GD�*UDQGH�9LWyULD��(6��H�DV�PLVWXUDV�GH�EHQWRQLWD�H�DUHLD�ILQD�

6ROR����� //F� (T���� (T���� (T����

$�
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%� ������ ������� ������ ������
���
� 6ROR�$��DUJLODV�QDWXUDLV�GD�*UDQGH�9LWyULD��(6��H�6ROR�%��PLVWXUDV�GH�EHQWRQLWD�H�DUHLD�ILQD��

��±�&21&/86®(6�

2V�YDORUHV�GH�OLPLWH�GH�OLTXLGH]��//��GH�XP�VROR�DUJLORVR�YDULDP�FRP�R�PpWRGR�XWLOL]DGR�SDUD�

GHWHUPLQDomR� GR� //� GHVWH� VROR�� 2V� UHVXOWDGRV� PRVWUDP� TXH� DV� YDULDo}HV� HQWUH� //F� H� //S�

GHSHQGHP�GD�SODVWLFLGDGH�H�PLQHUDORJLD�GR�VROR�HQVDLDGR��$�UHODomR�OLQHDU�HQWUH�//F�H�//S�SDUD�RV�

GDGRV�H[SHULPHQWDLV�LQYHVWLJDGRV�QHVWH�DUWLJR�VLWXDP�HQWUH�DV�OLQKDV�OLPLWHV�//F� �����//S�H�//F� �

����//S���
2V� UHVXOWDGRV� H[SHULPHQWDLV� UHDOL]DGRV� SRU� GLIHUHQWHV� RSHUDGRUHV� LQGLFDP� XPD� SHTXHQD�

GLIHUHQoD� �DSUR[LPDGDPHQWH� ���� HQWUH� RV� YDORUHV� GH� //F� H� //S� PHGLGRV� SDUD� GLIHUHQWHV� VRORV�

EUDVLOHLURV�FRP�//F�HQWUH����H�������2V�UHVXOWDGRV�HVWmR�GH�DFRUGR�FRP�DV�SXEOLFDo}HV�SUpYLDV��

)RMWRYi� HW� DO�� ������� H� 'L� 0DWWHR� �������� SDUD� DUJLODV� GH� GLIHUHQWHV� ORFDLV� �,WiOLD�� 7XUTXLD� H�

5HS~EOLFD� &KHFD��� H� //����� FRP� D� FRPSRVLomR�PLQHUDOyJLFD� GH� HVVVHQFLDOPHQWH�&DXOLQLWDV� H�

,OLWDV��$�PDLRU�SDUWH�GHVVHV�HVWXGRV�DSUHVHQWDP�//F��//S�FRP�//F�HQWUH�����H�����GH�//S�H�HVWmR�

ORFDOL]DGRV�SUy[LPRV�D�OLQKD�$�QR�iEDFR�GH�&DVDJUDQGH��

2EVHUYD�VH�XPD�PDLRU�GLVSHUVmR�HQWUH�RV�YDORUHV�GH�//F�H�//S�PHGLGRV�SDUD�DV�PLVWXUDV�GH�

XPD�DUJLOD�EHQWRQLWD� �PRQWPRULORQLWD�1D��FRP�XPD�DUHLD� ILQD�TXDUW]RVD��FRP�&�!������ WDO�TXH�

//F�p�DSUR[LPDGDPHQWH��LJXDO�D�����//S��2�YDORU�GH�&�QmR�LQIOXHQFLD�D�UHODomR�OLQHDU�HQWUH�//F�H�

//S�QDV�PLVWXUDV�GH�EHQWRQLWD�H�DUHLD�ILQD�TXDQGR�D�PDWUL]�DUJLORVD�GRPLQD�R�FRPSRUWDPHQWR�GD�

PLVWXUD��RX�VHMD�QmR�H[LVWH�FRQWDWR�HQWUH�RV�JUmRV�GH�DUHLD��&����������(��QHVWH�FDVR�SUHGRPLQD�D�

LQIOXrQFLD� GD� PLQHUDORJLD� GD� DUJLOD� QD� UHODomR� HQWUH� //F� H� //S�� (VVHV� VRORV� HVWmR� ORFDOL]DGRV�

SUy[LPRV�D�OLQKD�8�GR�iEDFR�GH�&DVDJUDQGH��9HULILFD�VH�TXH�DUJLODV�QDWXUDLV�PRQWPRULORQLWDV�GH�

GLIHUHQWHV�RULJHQV�JHROyJLFDV�FRP�YDORUHV�GH�//F�������H�//S�������H�,3��������H�ORFDOL]DGDV�

SUy[LPRV� D� OLQKD�$� QR� iEDFR� GH� &DVDJUDQGH�� DSUHVHQWDP�PHQRUHV� GLIHUHQoDV� HQWUH� //F� H� //S��

1HVWH� FDVR� D� UHODomR� HQWUH�//F� ��//S� TXH�YDULD� HQWUH���H������$V�FRUUHODo}HV�DSUHVHQWDGDV�QHVWH�

HVWXGR�VmR�SDUD�R�&RQH�FRP�YDORUHV�GH�PDVVD�H�kQJXOR�GH�DSUR[LPDGDPHQWH�LJXDO�D����J�H������
$V� GLIHUHQoDV� REVHUYDGDV� HQWUH� RV� YDORUHV� GH� OLPLWH� GH� OLTXLGH]� GHWHUPLQDGRV� SHORV� GRLV�
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PpWRGRV�VmR�MXVWLILFDGDV�QmR�VRPHQWH�SHOR�YDORU�GR�//�GR�VROR�DUJLORVR�HQVDLDGR��2�WLSR�H�WHRU�GR�

DUJtOR�PLQHUDO�GRPLQDQWH�H�R� WLSR�GH�FiWLRQ� WURFiYHO� WDPEpP� LQIOXHQFLDP�DV�GLIHUHQoDV�HQWUH�RV�

YDORUHV� GH� OLPLWH� GH� OLTXLGH]� GHWHUPLQDGRV� SHORV� GRLV� PpWRGRV� H� GHYHP� VHU� FRQVLGHUDGRV� QDV�

FRUUHODo}HV�//F�H�//S���

��±�$*5$'(&,0(1726�

2V�DXWRUHV�DJUDGHFHP�DR�&13T�SHOD�EROVD�GH�SURGXWLYLGDGH�SDUD�D�SULPHLUD�DXWRUD�H�j�&$3(6�

SHOD�EROVD�GH�HVWXGRV�FRQFHGLGD�j�VHJXQGD�H�WHUFHLUD�DXWRUDV��

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6��

$QGUDGH��)�$���$OTXUHVKL��$���%��	�+RW]D��'����������Measuring the plasticity of clays: A review��

$SSOLHG�&OD\�6FLHQFH�����SS�������

$%17�1%5������������� Determinação do limite de liquidez��$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�

7pFQLFDV��5LR�GH�-DQHLUR��������

%6��������������Methods of Test for Soils for Civil Engineering Purposes - Part 2: Classification 

tests.�%ULWLVK�6WDQGDUG�,QVWLWXWLRQ��/RQGUHV��������

%LFDOKR��.��9���&DYDVVDQL��0��5��3���&DVWHOOR��5��5��	�3ROLGR��8��)�� ��������Características de 

Compressibilidade de Argilas Arenosas Moles.� ,Q�� ���&RQJUHVVR�1DFLRQDO� GH�*HRWHFQLD��

$QDLV����/LVERD��6RFLHGDGH�3RUWXJXHVD�GH�*HRWHFQLD��SS�����������

%LFDOKR��.��9���*UDPHOLFK��-��&��	�&XQKD��&��/����������Comparação entre os valores do Limite 

de Liquidez obtidos pelos métodos de Casagrande e cone para solos argilosos brasileiros��

&RPXQLFDo}HV�*HROyJLFDV��������SS���������������

%XGKX��0����������The effect of clay content on liquid limit from a fall cone and the British cup 

device��*HRWHFK��7HVW��-������SS���������

&DVDJUDQGH��$����������Research on the Atterberg Limits of Soils.�3XEOLF�5RDGV������SS�����������

&DVDJUDQGH��$����������Notes on the design of the liquid limit device.�*HRWHFKQLTXH�����SS���������

'L� 0DWWHR�� /�� �������� Liquid limit of low- to medium-plasticity soils: comparison between 
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