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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�
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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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�

)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��

Ç�A�ìXôôôÆ�=�îìXíîó

Zø�A�ìXõôò

Ç�A�íXíôïÆ�=�îíXóîò

Zø�A�ìXõõó

Ç�A�íXìòôÆ�=�ðïXîìï

Zø�A�ìXõõó

ì

ïì

òì

õì

íîì

íñì

íôì

îíì

îðì

îóì

ì ïì òì õì íîì íñì íôì îíì

d
�
v
�]
�
v
��
�
v
P
�
v
�]
�
o�
~l
W
�
�

d�v�]�v�s���]��o�~lW��
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�
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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��
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������±�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@� ����

�



23

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��



24

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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�� �� �� �� �� �� �� �� �� �� �� ��
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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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&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��



28

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�����������������


