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PHGLomR� GHVWDV� SURSULHGDGHV� HP� ODERUDWyULR�� D� SDUWLU� GH� DPRVWUDV� LQGHIRUPDGDV� RX� UHPROGDGDV�� p� DWUDHQWH�

GDGD� D�PDLRU� UHSHWLELOLGDGH��2�HQVDLR�GH� FRQH�GH�TXHGD�GH� ODERUDWyULR� �)DOO�&RQH�7HVW�� FRQVWLWXL�VH� FRPR�

XPD� DOWHUQDWLYD� SDUD� HVVD� ILQDOLGDGH�� 1R� SUHVHQWH� WUDEDOKR�� R� HQVDLR� GH� FRQH� GH� TXHGD� IRL� XWLOL]DGR� SDUD�

DYDOLDomR� GD� UHVLVWrQFLD� DR� FLVDOKDPHQWR� QmR� GUHQDGD� H� GD� SODVWLFLGDGH� GH� DPRVWUDV� GH� VRORV� DUWLILFLDLV��

FRQIHFFLRQDGRV� HP� ODERUDWyULR�� D� SDUWLU� GH�PLVWXUDV� GH� FDXOLP�� EHQWRQLWD�� DUHLD� ILQD� H� iJXD� GHVWLODGD� FRP�
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2�FRQH�GH�TXHGD�GH�ODERUDWyULR��RX�³IDOO�FRQH�WHVW´��IRL�LQYHQWDGR�HP������SRU�-RKQ�2OVVRQ��
VHFUHWiULR�GD�³*HRWHFKQLFDO�&RPPLVVLRQ�RI�WKH�6ZHGLVK�6WDWH�5DLOZD\V´��0DVVDUVFK�H�)HOOHQLXV��
�������2� HQVDLR� p� UHDOL]DGR� SUHSDUDQGR�VH� XPD� DPRVWUD� GH� VROR�� H� FRORFDQGR�D� QXP� UHFLSLHQWH�
SDGURQL]DGR�� 8P� FRQH� GH� SHVR� H� GLPHQV}HV� SUHVFULWDV� p� SRVLFLRQDGR� FRP� VXD� SRQWD� DSHQDV�
WRFDQGR�D�VXSHUItFLH�GD�DPRVWUD��2�FRQH�p�OLEHUDGR�D�SDUWLU�GR�UHSRXVR��FDLQGR�HP�TXHGD�OLYUH��$�
GLVWkQFLD� SHUFRUULGD� DSyV� XP� GHWHUPLQDGR� SHUtRGR� p� PHGLGD�� $SyV� R� SHUtRGR� SUHVFULWR�� D�
H[SHFWDWLYD� p� GH� TXH� R� FRQH� HVWHMD� TXDVH� HP� UHSRXVR�� FRP� TXDOTXHU� PRYLPHQWR� VXEVHTXHQWH�
�GHYLGR� D� HIHLWRV�GH� IOXrQFLD��PXLWR� OHQWR� �+D]HOO���������1D�)LJXUD���HQFRQWUD�VH�XPD�JUDYXUD�
UHSUHVHQWDWLYD�GR�SULPHLUR�HTXLSDPHQWR�XWLOL]DGR��

�
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)LJ����±�(TXLSDPHQWR�GH�FRQH�GH�TXHGD�OLYUH�GD�³*HRWHFKQLFDO�&RPPLVVLRQ�RI�WKH�6ZHGLVK�
6WDWH�5DLOZD\V´��0DVVDUVFK�H�)HOOHQLXV���������

�
2� HQVDLR� IRL� RULJLQDOPHQWH� FRQFHELGR� SDUD� DYDOLDo}HV� GD� UHVLVWrQFLD� DR� FLVDOKDPHQWR� QmR�

GUHQDGD� H� VHQVLELOLGDGH� GH� DUJLODV� UHPROGDGDV� �+DQVER�� ������� $QiOLVHV� WHyULFDV� EDVHDGDV� HP�
FRQFHLWRV�GH�SODVWLFLGDGH�FRUURERUDP�D�LGHLD�GH�TXH�R�HQVDLR�PHGH�D�UHVLVWrQFLD�DR�FLVDOKDPHQWR�
GR�VROR��+RXOVE\��������.RXPRWR�H�+RXOVE\���������$YDOLDo}HV�H[SHULPHQWDLV�GD�UHVLVWrQFLD�DR�
FLVDOKDPHQWR�GH�DUJLODV�FRP�EDVH�QR�HQVDLR�GH�FRQH�IRUDP�UHDOL]DGDV�SRU�.DUOVVRQ���������:RRG�
��������%URZQ�H�+X[OH\���������5DMDVHNDUDQ�H�5DR��������H�7DQDND�HW�DO����������HQWUH�RXWURV���

$OpP� GLVVR�� R� HQVDLR� HUD� WDPEpP� XVDGR� SDUD� GHILQLU� XP� SDUkPHWUR� FKDPDGR� GH� ³ILQHQHVV�
QXPEHU´�� FRQKHFLGR� KRMH� FRPR� R� OLPLWH� GH� OLTXLGH]� GR� HQVDLR� GH� FRQH� �0DVVDUVFK� H� )HOOHQLXV��
�������-i�HUD�FRQKHFLGR�QR�PHLR�WpFQLFR�R�IDWR�GH�R�HQVDLR�GH�SHUFXVVmR�SDUD�PHGLGD�GR�OLPLWH�GH�
OLTXLGH]�� DSULPRUDGR� SRU� &DVDJUDQGH� �������� DSUHVHQWDU� FHUWD� YDULDELOLGDGH� QRV� UHVXOWDGRV��
FDXVDGD�SRU�YiULRV�IDWRUHV��1RUPDQ���������$VVLP��D�XWLOL]DomR�GR�HQVDLR�GH�FRQH�SDUD�DYDOLDomR�
GR�OLPLWH�GH�OLTXLGH]�GRV�VRORV�JDQKRX�LPSXOVR�UDSLGDPHQWH��EXVFDQGR�VH�XP�DSULPRUDPHQWR�HP�
WHUPRV�GH� UHSURGXWLELOLGDGH�H� IDFLOLGDGH� �6KHUZRRG�H�5\OH\���������0XLWRV� WUDEDOKRV�SRGHP�VHU�
HQFRQWUDGRV� QD� OLWHUDWXUD� WpFQLFD�� GHGLFDGRV� j� FRPSDUDomR� GRV� UHVXOWDGRV� GH� OLPLWH� GH� OLTXLGH]�
HQFRQWUDGRV�SHORV�HQVDLRV�GH�SHUFXVVmR�GH�&DVDJUDQGH�H�FRQH�GH�TXHGD�OLYUH��FRPR�SRU�H[HPSOR�
/LWWOHWRQ�H�)DUPLOR���������:RRG���������:LUHV���������0RRQ�H�:KLWH���������&DUYDOKR���������
:DVWL� H� %H]LUFL� �������� /HURXHLO� H� /H� %LKDQ� �������� 0RKDMHUDQL� �������� 6ULGKDUDQ� H� 3UDNDVK�
�������� 3UDNDVK� H� 6ULGKDUDQ� ��������g]HU� ��������*U¡QEHFK� HW� DO�� ��������0LVKUD� HW� DO�� ��������
0DWWHR���������6SDJQROL���������+UXEHVRYD�HW�DO���������H�%LFDOKR�HW�DO�����������
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$VVLP�FRPR�R�HQVDLR�GH�OLPLWH�GH�OLTXLGH]��R�HQVDLR�WUDGLFLRQDO�SDUD�GHWHUPLQDomR�GR�OLPLWH�

GH�SODVWLFLGDGH��EDVHDGR�QR�SURFHGLPHQWR�GH�URODJHP�PDQXDO�GH�FLOLQGURV�GH�VROR��DSUHVHQWDYD�RV�

PHVPRV�SUREOHPDV�HP�WHUPRV�GH�UHSURGXWLELOLGDGH�H�GLILFXOGDGH��&DPSEHOO���������2�VXFHVVR�GD�

DSOLFDomR�GR�HQVDLR�GH�FRQH�QD�GHWHUPLQDomR�GR�OLPLWH�GH�OLTXLGH]�OHYRX�QDWXUDOPHQWH�D�WHQWDWLYDV�

GH�XWLOL]DU�R�HQVDLR�WDPEpP�SDUD�GHWHUPLQDomR�GR�OLPLWH�GH�SODVWLFLGDGH�GRV�VRORV��2V�WUDEDOKRV�GH�

:RRG�H�:URWK���������%HOYLVR�HW�DO����������+DUULVRQ���������6WRQH�H�3KDQ���������)HQJ��������H�

6LYDNXPDU�HW�DO���������UHSUHVHQWDP�LPSRUWDQWHV�FRQWULEXLo}HV�QHVWH�VHQWLGR��

(VWH�WUDEDOKR�WHP�SRU�REMHWLYR�DYDOLDU�R�XVR�GR�HQVDLR�GH�FRQH�GH�TXHGD�QD�GHWHUPLQDomR�GR�

OLPLWH�GH�OLTXLGH]��//���OLPLWH�GH�SODVWLFLGDGH��/3���tQGLFH�GH�SODVWLFLGDGH��,3���H�GD�UHVLVWrQFLD�DR�

FLVDOKDPHQWR� QmR� GUHQDGD� �VX�� GH� VRORV� DUWLILFLDOPHQWH� FULDGRV� HP� ODERUDWyULR��$� FRQIHFomR� GDV�

DPRVWUDV�GH� VROR� VH�GHX� DWUDYpV�GD�PLVWXUD�GH� FDXOLP��EHQWRQLWD�� DUHLD� ILQD� H� iJXD�GHVWLODGD�HP�

DUJDPDVVDGHLUD� HOpWULFD�� $PRVWUDV� QmR� DGHQVDGDV� �HP� FRQVLVWrQFLD� GH� SDVWD�� H� DGHQVDGDV� VRE�

GLIHUHQWHV�WHQV}HV�YHUWLFDLV�IRUDP�VXEPHWLGDV�D�HQVDLRV�GH�SDOKHWD�PLQLDWXUD�SDUD�GHWHUPLQDomR�GD�

UHVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD��D�HQVDLRV�SDUD�GHWHUPLQDomR�GR�OLPLWH�GH�OLTXLGH]�FRP�R�

XVR�GR�DSDUHOKR�GH�&DVDJUDQGH��H�D�HQVDLRV�GH�URODJHP�GH�FLOLQGUR�GH�VROR�SDUD�GHWHUPLQDomR�GR�

OLPLWH� GH� SODVWLFLGDGH�� 2V� UHVXOWDGRV� GHVWHV� HQVDLRV� WUDGLFLRQDLV� IRUDP� FRPSDUDGRV� FRP� RV�

UHVXOWDGRV�GR�HQVDLR�GH�FRQH�GH�TXHGD��

��±�0$7(5,$,6�(�0e72'26�

����±�&DUDFWHUL]DomR�GRV�PDWHULDLV�

2V� VRORV� XWLOL]DGRV� QD� SHVTXLVD� IRUDP� SURGX]LGRV� DUWLILFLDOPHQWH� HP� ODERUDWyULR��

FRQIHFFLRQDGRV� D� SDUWLU� GD� PLVWXUD� GH� FDXOLP�� EHQWRQLWD�� DUHLD� ILQD� H� iJXD� GHVWLODGD�� 2V� GDGRV�

ItVLFRV� VREUH� D� EHQWRQLWD� HPSUHJDGD� VmR� DSUHVHQWDGRV� QR�4XDGUR� ��� 7UDWD�VH� GH� XPD� EHQWRQLWD�

VyGLFD� FRPHUFLDO� IDEULFDGD� SRU� %HQWRQLW� 8QLmR� 1RUGHVWH� 6�$�� 1R� 4XDGUR� �� VmR� DSUHVHQWDGRV�

UHVXOWDGRV�GH�HQVDLRV�TXtPLFRV�FRQGX]LGRV�FRP�D�EHQWRQLWD��RQGH�R�FDUiWHU�VyGLFR�D�HOD�DWULEXtGR�p�

FRQILUPDGR��

�
4XDGUR���±�&DUDFWHUtVWLFDV�ItVLFDV�GD�EHQWRQLWD�XWLOL]DGD��&DPDUJR�HW�DO����������

&DUDFWHUtVWLFD�ItVLFD� 9DORU�
3HVR�HVSHFtILFR�GRV�JUmRV��N1�P��� �����D������

3HUFHQWDJHP�GH�DUJLOD����� ���

3HUFHQWDJHP�GH�VLOWH����� ���

/LPLWH�GH�OLTXLGH]����� ����

/LPLWH�GH�SODVWLFLGDGH����� ���

7HRU�GH�XPLGDGH�QDWXUDO�GH�IiEULFD����� ���

�

4XDGUR���±�&DUDFWHUtVWLFDV�TXtPLFDV�GD�EHQWRQLWD�XWLOL]DGD��&DPDUJR�HW�DO����������

&RPSRVLomR�TXtPLFD�
S+�&D� 0J� .� 1D� $O� 3�

�FPROF�NJ��
��
����� ����� ����� ����� ����� ����� �����

�
��FPROF�NJ��FHQWLPRO�GH�FDUJD�SRU�NLORJUDPD��±�XQLGDGH�DWXDOPHQWH�HPSUHJDGD�HP�&LrQFLD�GR�6ROR�SDUD��

TXDQWLILFDU�HOHPHQWRV�WURFiYHLV���FPROF�NJ� �TXDQWLGDGH�GR�HOHPHQWR�FDSD]�GH�WURFDU�������PJ�GH�+
������

�

2� FDXOLP� XWLOL]DGR�� GH� FRU� FUHPH�� p� GD� PDUFD� 5DDEHOLP�� SURGX]LGR� SHOD� HPSUHVD� 5DDEH�

&DOFiULRV�� GD� FLGDGH� GH� 3DQWDQR� *UDQGH� �56�� %UDVLO��� 2� PDWHULDO� EHQHILFLDGR� p� HPSUHJDGR� QD�
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YXOFDQL]DomR�GH�ERUUDFKD�SRU�LQG~VWULD�GR�VHWRU�GRPLFLOLDGD�QR�PXQLFtSLR�GH�3HORWDV��56��%UDVLO���

1R�4XDGUR���VmR�DSUHVHQWDGDV�DOJXPDV�FDUDFWHUtVWLFDV�GR�FDXOLP��SHUFHQWDJHQV�HP�SHVR���

�

4XDGUR���±�&DUDFWHUtVWLFDV�JHUDLV�GR�FDXOLP�XWLOL]DGR��

&DUDFWHUtVWLFD� (VSHFLILFDomR�

S+� ���PpGLD��

3HUGD�DR�IRJR����� ����Pi[��

7HRU�GH�XPLGDGH�QDWXUDO�GH�IiEULFD����� �����Pi[��

5HWHQomR�HP�SHQHLUD��������� ��

5HWHQomR�HP�SHQHLUD���������� ���Pi[��

5HWHQomR�HP�SHQHLUD���������� ����Pi[��

3UHVHQoD�GH�6L2������ ����PLQ��

3UHVHQoD�GH�$O�2������ ����PLQ��

3HVR�HVSHFtILFR�GRV�JUmRV��N1�P��� �����

/LPLWH�GH�OLTXLGH]����� ���

/LPLWH�GH�SODVWLFLGDGH����� ���

�

$�DUHLD�IRL�REWLGD�MXQWR�DRV�GHSyVLWRV�HyOLFRV�VXSHUILFLDLV�SUHVHQWHV�QD�UHJLmR�GR�6XSHUSRUWR�

GH� 5LR� *UDQGH� �%UDVLO��� TXH�� VHJXQGR� 0DUWLQV� ������� DSXG� 7RPD]HOOL� H� 9LOOZRFN� ��������

DSUHVHQWDP� PLQHUDORJLD� HVVHQFLDOPHQWH� TXDUW]RVD�� &RP� D� DUHLD� IRUDP� UHDOL]DGRV� HQVDLRV� GH�

DQiOLVH�JUDQXORPpWULFD�GH�DFRUGR�FRP�D�QRUPD�EUDVLOHLUD�1%5�������$%17������G��H�HQVDLR�GH�

GHWHUPLQDomR� GR� SHVR� HVSHFtILFR� UHDO� GRV� JUmRV� GH� DFRUGR� FRP� D� QRUPD� EUDVLOHLUD� 1%5� �����

�$%17�� ����D��� 2� UHVXOWDGR� GR� HQVDLR� JUDQXORPpWULFR� HQFRQWUD�VH� UHSUHVHQWDGR� QD� FXUYD�

JUDQXORPpWULFD�DSUHVHQWDGD�QD�)LJXUD����FDUDFWHUL]DQGR�R�PDWHULDO�FRPR�XPD�DUHLD�ILQD�XQLIRUPH��

3DUD�R�SHVR�HVSHFtILFR�GRV�JUmRV�GD�DUHLD�IRL�HQFRQWUDGR�R�YDORU�GH������N1�Pñ���

�

�

)LJ����±�&XUYD�JUDQXORPpWULFD�GD�DUHLD�XWLOL]DGD��

�

)RUDP�DGRWDGRV�RLWR�WUDoRV�SDUD�DV�PLVWXUDV��FRQIRUPH�VXPDUL]DGR�QR�4XDGUR����

�



890379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 85-110

http://dx.doi.org/10.24849/j.geot.2018.143.05 – © 2018 Sociedade Portuguesa de Geotecnia

4XDGUR���±�7UDoRV�DGRWDGRV�SDUD�RV�VRORV�DUWLILFLDLV��SHUFHQWDJHQV�HP�SHVR���

7UDoR� &DXOLP� %HQWRQLWD� $UHLD�)LQD�

7���� ����� ��� ���

7���� ���� ��� ���

7����� ���� ���� ���

7����� ���� ���� ���

7����� ���� ��� ����

7����� ���� ��� ����

7����� ���� ��� ����

7������ ���� ���� ����

�

3DUD� D� FDUDFWHUL]DomR� LQLFLDO� GRV� WUDoRV�� XPD�SUp�PLVWXUD� GRV�PDWHULDLV� IRL� UHDOL]DGD� D� VHFR��

PDQXDOPHQWH��DWp�TXH�VH�DWLQJLVVH�R�PDLRU�JUDX�GH�KRPRJHQHLGDGH�SRVVtYHO��$�SURSRUomR�GH�FDGD�

PDWHULDO� IRL� PHGLGD� HP� SHVR�� GHVSUH]DQGR�VH� DV� XPLGDGHV� KLJURVFySLFDV�� 4XDQWLGDGHV�

SDGURQL]DGDV�GRV� WUDoRV� IRUDP�VXEPHWLGDV�D�HQVDLRV�GH�FDUDFWHUL]DomR�VLPSOHV��GHWHUPLQDomR�GR�

SHVR�HVSHFtILFR�UHDO�GRV�JUmRV��JV���$%17������D���OLPLWH�GH�OLTXLGH]�SHOR�DSDUHOKR�GH�&DVDJUDQGH�

�$%17������E��H�OLPLWH�GH�SODVWLFLGDGH�SHOR�PpWRGR�GR�FLOLQGUR�URODGR�GH�VROR��$%17������F���

5HVXOWDGRV�GD�FDUDFWHUL]DomR�LQLFLDO�HQFRQWUDP�VH�QR�4XDGUR����

�

4XDGUR���±�&DUDFWHUL]DomR��YLD�VHFD��GDV�PLVWXUDV�REWLGDV�FRP�RV�WUDoRV�DGRWDGRV��

7UDoR� //����� /3����� ,3����� JV��N1�P���

7���� ��� ��� ��� ������

7���� ��� ��� ��� ������

7����� ���� ��� ��� ������

7����� ���� ��� ���� ������

7����� ��� ��� ��� ������

7����� ��� ��� ��� ������

7����� ��� ��� ��� ������

7������ ��� ��� ��� ������

�

1D�)LJXUD���HQFRQWUD�VH�D�WUDGLFLRQDO�&DUWD�GH�3ODVWLFLGDGH�GH�&DVDJUDQGH��FRP�RV�GDGRV�GH�

FDUDFWHUL]DomR� �YLD� VHFD��GRV� WUDoRV�DGRWDGRV�QD�SHVTXLVD��2V�SRQWRV�FRUUHVSRQGHQWHV�DRV� WUDoRV�

FRP�PDLRU� TXDQWLGDGH� GH� EHQWRQLWD� ILFDUDP� j� GLUHLWD� QR� JUiILFR� H� DFLPD� GD� OLQKD�$�� LQGLFDQGR�

VRORV�GH�PDLRU�SODVWLFLGDGH��

7���

7���

7����

7����

7����

7����

7����

7�����

/LQKD $

/LQKD�%

�

��

��

��

��

��

��

��

��

��

���

���

���

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

,3
��
�
�

//����
�

)LJ����±�0LVWXUDV�HVWXGDGDV�QD�&DUWD�GH�3ODVWLFLGDGH�GH�&DVDJUDQGH��
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����±�&RQIHFomR�GDV�DPRVWUDV�GH�VROR�D�SDUWLU�GDV�PLVWXUDV�FRP�RV�WUDoRV�DGRWDGRV�

2V�PDWHULDLV�VHFRV�DR�DU�IRUDP�PLVWXUDGRV�PDQXDOPHQWH�H�SDVVDGRV�QD�SHQHLUD�GH�DEHUWXUD�GH�

�����PP��YLVDQGR�HOLPLQDU�HYHQWXDLV�SDUWtFXODV�GH�PDLRU�WDPDQKR��$�TXDQWLGDGH�GH�iJXD�GHVWLODGD�

QD� SURGXomR� GDV� SDVWDV� GRV� GLIHUHQWHV� WUDoRV� IRL� FDOFXODGD� SDUD� DOFDQoDU� XP� WHRU� GH� XPLGDGH�

SUy[LPR�GH�GXDV�YH]HV�R�OLPLWH�GH�OLTXLGH]�HQFRQWUDGR�QD�FDUDFWHUL]DomR��PpWRGR�GH�&DVDJUDQGH���

H[FHWR�SDUD�RV�WUDoRV�7�����H�7������RV�TXDLV�H[SDQGLDP�PXLWR�FRP�D�KLGUDWDomR��VHQGR�SRU�LVVR�

XWLOL]DGD�XPD�TXDQWLGDGH�GH�iJXD�PHQRU������YH]HV�R�YDORU�GR�OLPLWH�GH�OLTXLGH]���

$V�PLVWXUDV�~PLGDV��QRV�GLYHUVRV�WUDoRV��IRUDP�HQWmR�SRVWDV�SDUD�EDWHU�GXUDQWH�XPD�KRUD�HP�

XPD�DUJDPDVVDGHLUD�HOpWULFD��)LJXUD�����)RUDP�FRQIHFFLRQDGDV��SDUD�FDGD�WUDoR��GXDV�DPRVWUDV�GH�

VROR� DUWLILFLDO�� XPD� QmR� DGHQVDGD� �SDVWD� GLUHWDPHQWH� UHVXOWDQWH� GD�PLVWXUD� QD� DUJDPDVVDGHLUD�� H�

RXWUD�DGHQVDGD�DSyV�D�PLVWXUD��VRE�D�DomR�GR�SHVR�GH�GLVFRV�PHWiOLFRV��

�

�
�

)LJ����±�0LVWXUDGRU�HOpWULFR��DUJDPDVVDGHLUD���

�

3DUD�FRQIHFomR�GDV�DPRVWUDV�DGHQVDGDV��IRL�XWLOL]DGR�FRPR�PROGH�XP�FLOLQGUR�GH�FRPSDFWDomR�

3URFWRU��GH�YROXPH�LJXDO�D���OLWUR���R�TXDO�WHYH�VXD�EDVH�SHUIXUDGD�SDUD�PHOKRU�GUHQDJHP�GD�iJXD��

1D�SDUWH�VXSHULRU�GD�DPRVWUD��IRL�LQVWDODGD�XPD�SODFD�SHUIXUDGD�TXH��MXQWDPHQWH�FRP�XP�FLOLQGUR�

YHUWLFDO�GH�39&��VHUYLX�GH�DSRLR�SDUD�RV�GLVFRV�PHWiOLFRV��1DV�VXSHUItFLHV�VXSHULRU�H�LQIHULRU�GD�

DPRVWUD� IRUDP� DFUHVFHQWDGRV� DLQGD� GLVFRV� GH� SDSHO�ILOWUR�� EXVFDQGR�VH� HYLWDU� D� H[SXOVmR� GH�

SDUWtFXODV�VyOLGDV���

2� FRQMXQWR� XWLOL]DGR� SDUD� DGHQVDU� DV� DPRVWUDV� p� DSUHVHQWDGR� QD� )LJXUD� ��� RQGH� SRGHP� VHU�

YLVWRV��D��R�FLOLQGUR�GH�FRPSDFWDomR���E��R�GLVFR�SHUIXUDGR�H�VREUH�HOH�XP�GLVFR�GH�SDSHO�ILOWUR���F��

R�FLOLQGUR�GH�39&�H��G��RV�GLVFRV�PHWiOLFRV�GH�VREUHFDUJD��

$V�DPRVWUDV�IRUPDGDV�SHODV�SDVWDV�YHUWLGDV�QR�PROGH�IRUDP�VXEPHWLGDV�D�WHQV}HV�GH��������H�

��� N3D�� VHQGR� R� FDUUHJDPHQWR� LQFUHPHQWDGR� HP� HVWiJLRV� D� FDGD� ��� KRUDV�� &RPSOHWDGR� R�

FDUUHJDPHQWR� ILQDO�� HVWH�SHUPDQHFLD� DSOLFDGR�j� DPRVWUD�SRU�XP�SHUtRGR�QmR� LQIHULRU� D� VHWH�GLDV�

�)LJXUD�����

�



910379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 85-110

http://dx.doi.org/10.24849/j.geot.2018.143.05 – © 2018 Sociedade Portuguesa de Geotecnia

�
�

�

)LJ����±�&RQMXQWR�XWLOL]DGR�SDUD�R�DGHQVDPHQWR�

GDV�DPRVWUDV��

)LJ����±�$PRVWUD�HP�DGHQVDPHQWR��

�

����±�(TXLSDPHQWR�SDUD�HQVDLR�GH�FRQH�GH�TXHGD�

1D� )LJXUD� �� p� PRVWUDGR� R� HTXLSDPHQWR� GH� FRQH� GH� TXHGD� XWLOL]DGR� QD� SHVTXLVD�� 2�

HTXLSDPHQWR� p� FRQVWLWXtGR� SRU� XP� FRQH� PHWiOLFR� FRP� SHVR� GH� ��� �� ����� JI� H� FRP� SRQWHLUD�

IRUPDQGR�XP�kQJXOR�GH������������GH�YpUWLFH��GHL[DGR�FDLU�SRU�SHVR�SUySULR�D�SDUWLU�GD�VXSHUItFLH�

GD�DPRVWUD�GH�VROR��$�SHQHWUDomR�QD�DPRVWUD�p�TXDQWLILFDGD�SRU�XP�UHOyJLR�FRPSDUDGRU�SUySULR�GR�

HTXLSDPHQWR��

�

)LJ����±�(TXLSDPHQWR�SDUD�HQVDLR�GH�FRQH�GH�TXHGD�OLYUH��

2V�HQVDLRV�GH�FRQH�GH�TXHGD�VHJXLUDP�R�SURFHGLPHQWR�GHVFULWR�QD�QRUPD�EULWkQLFD�%6������

�%6,���������2�HQVDLR� LQLFLD�DSyV�D�SRQWD�GR�FRQH�HQFRVWDU� OHYHPHQWH�QD�VXSHUItFLH�GD�DPRVWUD��

VHQGR�R�DSDUHOKR�WUDYDGR�H�]HUDGR�QHVVH�PRPHQWR��(P�VHJXLGD��R�FRQH�p�OLEHUDGR�HP�TXHGD�OLYUH�

SRU�XP�SHUtRGR�GH�������V��2�YDORU�GD�SURIXQGLGDGH�GH�SHQHWUDomR�DWLQJLGD�SHOR�FRQH�p� OLGR�QD�

HVFDOD�SUySULD�GR�HTXLSDPHQWR��DWUDYpV�GR�UHOyJLR�FRPSDUDGRU���
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����±�'HWHUPLQDomR�GD�UHVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD�

$� UHVLVWrQFLD� QmR� GUHQDGD� GH� XP� VROR� �VX�� p� HQWHQGLGD� FRPR� D� UHVLVWrQFLD� DR� FLVDOKDPHQWR�

RIHUHFLGD�SHOR�VROR�TXDQGR�VROLFLWDGR�UDSLGDPHQWH��VHP�TXH�KDMD�FRQGLomR�GH�GUHQDJHP�GD�iJXD�

LQWHUVWLFLDO�� 2V� HQVDLRV� SDUD� REWHQomR� GD� UHVLVWrQFLD� DR� FLVDOKDPHQWR� QmR� GUHQDGD� �HQVDLR� GH�

SDOKHWD� PLQLDWXUD� H� HQVDLR� GH� FRQH� GH� TXHGD�� IRUDP� UHDOL]DGRV� HP� DOJXPDV� GDV� DPRVWUDV�

DGHQVDGDV��$SyV�R�SHUtRGR�GH�DGHQVDPHQWR��RV�SHVRV�H�R�SDSHO�ILOWUR�VXSHULRU�HUDP�UHWLUDGRV�GD�

SDUWH�VXSHULRU�GDV�DPRVWUDV��H�HQWmR�D�IDVH�GH�HQVDLRV�GH�SDOKHWD�H�FRQH�HUD�LQLFLDGD��1D�)LJXUD���p�

LOXVWUDGD�D�SRVLomR�GRV�HQVDLRV�HP�UHODomR�j�iUHD�WRWDO�GD�DPRVWUD��

�

�

�

�

�

�

�

�

�

�

�

�

)LJ����±�3RVLomR�GRV�HQVDLRV�GH�SDOKHWD�PLQLDWXUD�H�GH�FRQH�GH�TXHGD�OLYUH�HP�FDGD�DPRVWUD��

2V�HQVDLRV�GH�SDOKHWD�PLQLDWXUD�VHJXLUDP�R�URWHLUR�GHVFULWR�HP�+HDG���������5HVXPLGDPHQWH��

R�HQVDLR�FRQVLVWH�HP�JLUDU�D�SDOKHWD�QR�LQWHULRU�GD�PDVVD�GH�VROR��DWp�TXH�VH�Gr�D�UXSWXUD�GR�VROR�DR�

UHGRU�GD�SDOKHWD��VHQGR�PHGLGR�R�WRUTXH�QR�PRPHQWR�GD�UXSWXUD��$�PDQLYHOD�TXH�SURGX]�D�URWDomR�

GR�HL[R�GD�SDOKHWD�p�JLUDGD�D�XPD�YHORFLGDGH�GH���YROWD�SRU�VHJXQGR��$GPLWLQGR�VH�LVRWURSLD�HP�

UHODomR�j�PRELOL]DomR�GH�UHVLVWrQFLD�GR�VROR��H�TXH�D�UHVLVWrQFLD�QmR�GUHQDGD�VHMD�PRELOL]DGD�DR�

PHVPR�WHPSR�HP�WRGD�D�VXSHUItFLH�GR�FLOLQGUR�GH�UHYROXomR��WRSR��EDVH�H�VXSHUItFLH�ODWHUDO��JHUDGR�

SHOD�URWDomR�GD�SDOKHWD��D�UHVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD�VX�SRGH�VHU�FDOFXODGD�D�SDUWLU�GD�

VHJXLQWH�HTXDomR��

�

¸
¹

·
¨
©

§
���S

 

�

'

�

+
'

7
V

�

PD[
X

� ����

RQGH�7PD[� p� WRUTXH�Pi[LPR�PHGLGR�QR� HQVDLR��'�p�R�GLkPHWUR�GR� FLOLQGUR�GH� UHYROXomR�JHUDGR�

SHOD�SDOKHWD�H�+�p�D�DOWXUD�GD�SDOKHWD��

��

1D�)LJXUD���p�PRVWUDGR�R�HTXLSDPHQWR�SDUD�HQVDLR�GH�SDOKHWD�PDQXDOPHQWH�RSHUDGR�XWLOL]DGR�

QD�SHVTXLVD��&DGD�XPD�GDV�PRODV�TXH�DSDUHFHP�QD�IRWR�WHP�XPD�ULJLGH]�GLIHUHQWH�H��SRUWDQWR��XPD�

FRQVWDQWH� GH� FDOLEUDomR� �UHODomR� HQWUH� kQJXOR� GH� URWDomR� H� WRUTXH�� GLVWLQWD�� $� SDOKHWD� WHP� DV�

GLPHQV}HV�GH������PP�GH�DOWXUD�H������PP�GH�ODUJXUD��

2V� HQVDLRV� GH� SDOKHWD� PLQLDWXUD� IRUDP� UHDOL]DGRV� QRV� SRQWRV� �� H� �� �)LJXUD� ���� WHQGR� VLGR�

FDOFXODGD� D� UHVLVWrQFLD� DR� FLVDOKDPHQWR�PpGLD� GRV� GRLV� SRQWRV��$� GLVWkQFLD� GH� ���PP� HQWUH� RV�

HL[RV�GRV�IXURV�YLVD�HOLPLQDU�RV�SRVVtYHLV�HIHLWRV�GH�XP�HQVDLR�VREUH�R�RXWUR��$�SURIXQGLGDGH�GD�

EDVH�GD�SDOKHWD�HP�UHODomR�DR�WRSR�GD�DPRVWUD�IRL�GH������PP����YH]HV�R�GLkPHWUR�GD�SDOKHWD���1D�

)LJXUD����p�PRVWUDGD�D�VHTXrQFLD�GH�HWDSDV�GR�HQVDLR�GH�SDOKHWD��

�

���PP�

'LkPHWUR�GD�DPRVWUD��#�����PP�

���PP�

���PP�

���PP�

��

��

��

��

��
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�

)LJ����±�(TXLSDPHQWR�SDUD�HQVDLR�GH�SDOKHWD�PLQLDWXUD��³PLQL�YDQH´���

�
�D�� �E�� �F��

)LJ�����±�6HTXrQFLD�GR�HQVDLR�GH�SDOKHWD�PLQLDWXUD���D��SUHSDUDomR�GR�HQVDLR���E��SHQHWUDomR�

GD�SDOKHWD���F��URWDomR�H�OHLWXUD�GR�kQJXOR�GH�URWDomR�GD�PROD�FDOLEUDGD��

�

)LJ�����±�&RUSR�GH�SURYD�UHWLUDGR�GR�PROGH��



94 0379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 85-110

http://dx.doi.org/10.24849/j.geot.2018.143.05 – © 2018 Sociedade Portuguesa de Geotecnia

$SyV�RV� HQVDLRV� GH� SDOKHWD�PLQLDWXUD�� FDGD� FRUSR�GH�SURYD� IRL� FXLGDGRVDPHQWH� H[WUDtGR�GR�

PROGH�� FRP� R� DX[tOLR� GH� SHTXHQD� SUHVVmR� DSOLFDGD� DWUDYpV� GD� SODFD� SHUIXUDGD� QD� VXSHUItFLH�

VXSHULRU��2� GLVFR� GH� SDSHO�ILOWUR� LQIHULRU� IRL� UHWLUDGR�� H� R� FRUSR� GH� SURYD� UHSRXVDGR� VREUH� XPD�

SODFD�GH�YLGUR�OXEULILFDGD�FRP�YDVHOLQD��FRQIRUPH�PRVWUDGR�QD�)LJXUD�����

2� FRUSR� GH� SURYD� DVVLP� H[WUDtGR� HUD� HQWmR� FRUWDGR� D� �� FP� GD� VXSHUItFLH� VXSHULRU�� SDUD� D�

UHDOL]DomR�GR�HQVDLR�GH�FRQH�GH�TXHGD�OLYUH�QR�PHVPR�SODQR�RQGH�KRXYH�D�SHQHWUDomR�H�JLUR�GD�

SDOKHWD��(VWH�SURFHGLPHQWR�IRL�VHJXLGR�SDUD�TXH�IRVVHP�FRPSDUDGRV�UHVXOWDGRV�GH�HQVDLRV�GH�YDQH�

H�GR�FRQH�GH�TXHGD�SDUD�HOHPHQWRV�GH�VROR�TXH�VH�HQFRQWUDYDP�VRE�R�PHVPR�HVWDGR�GH�WHQV}HV�

HIHWLYDV�� LVWR�p��QmR�VH�VDEHQGR�TXDO�R�HIHLWR�GR�DWULWR� ODWHUDO�HQWUH�R�FLOLQGUR�PROGH�H�D�DPRVWUD�

GXUDQWH�R�DGHQVDPHQWR��DGPLWH�VH�TXH�QXP�PHVPR�SODQR�KRUL]RQWDO�RV�HVWDGRV�GH�WHQV}HV�HIHWLYDV�

VHMDP� RV� PHVPRV�� TXDOTXHU� TXH� VHMD� D� SRVLomR� GR� HOHPHQWR� D� VHU� HQVDLDGR� QDTXHOH� SODQR�� 2�

VHJPHQWR�GR�FRUSR�GH�SURYD�IRL�FRQWLGR�ODWHUDOPHQWH�SRU�XP�DQHO�GH�39&��

)RUDP� HQVDLDGRV� SHOR� FRQH� GH� TXHGD� RV� SRQWRV� ��� �� H� �� �)LJXUD� ���� WHQGR� VLGR� FDOFXODGD� D�

SHQHWUDomR�PpGLD�GRV�WUrV�SRQWRV��1D�)LJXUD����HVWmR�LOXVWUDGDV�DV�HWDSDV�GH�UHDOL]DomR�GR�HQVDLR��

�

�
�D�� �E�� �F��

)LJ�����±�6HTXrQFLD�GR�HQVDLR�GH�FRQH�GH�TXHGD�OLYUH���D��SUHSDUDomR�GR�HQVDLR���E��

SHQHWUDomR�GR�FRQH���F��PHGLomR�GD�SURIXQGLGDGH�GH�SHQHWUDomR��

�

+DQVER� �������� EDVHDGR� HP� FRQVLGHUDo}HV� GH� RUGHP� PHFkQLFD�� H� :RRG� H� :URWK� ��������

DWUDYpV�GH�DQiOLVH�GLPHQVLRQDO��HVWDEHOHFHUDP�XPD�UHODomR�WHyULFD�HQWUH�D�SHQHWUDomR�GR�FRQH�H�D�

UHVLVWrQFLD�QmR�GUHQDGD�GR�VROR��GD�VHJXLQWH�IRUPD��

�
�X
G

4
.V � � ����

RQGH� 4� p� R� SHVR� GR� FRQH�� G� p� D� SURIXQGLGDGH� GH� SHQHWUDomR� GR� FRQH� H� .� p� D� FRQVWDQWH� GH�

SURSRUFLRQDOLGDGH��³IDWRU�FRQH´���

�
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.DUOVVRQ� ������� LQGLFRX�SDUD� DUJLODV�XP�YDORU�GH�.� LJXDO� D����� �kQJXOR�GH�YpUWLFH�GR� FRQH�

LJXDO�D������H�������kQJXOR�GH�YpUWLFH�GR�FRQH�LJXDO�D�������:RRG��������VXJHUH�RV�YDORUHV�GH������

H�������UHVSHFWLYDPHQWH��SDUD�DUJLODV�LQGHIRUPDGDV��

$SyV� D� UHDOL]DomR� GRV� GRLV� HQVDLRV� �SDOKHWD� H� FRQH� GH� TXHGD� OLYUH��� IRL� PHGLGR� R� WHRU� GH�

XPLGDGH� GH� FDGD� XP� GRV� �� SRQWRV� HQVDLDGRV�� $V� GHWHUPLQDo}HV� GH� WHRU� GH� XPLGDGH� IRUDP�

UHDOL]DGDV� SRU� VHFDJHP� HP� HVWXID� SRU� ��� KRUDV�� QD� WHPSHUDWXUD� GH� ����&�� (VWD� WHPSHUDWXUD� IRL�

DGRWDGD�HP�YLUWXGH�GD�H[LJrQFLD�GH�RXWUDV�SHVTXLVDV�FRQFRPLWDQWHV�QR� ODERUDWyULR��TXH� OLGDYDP�

FRP�DPRVWUDV�FRQWHQGR�PDWpULD�RUJkQLFD��

�

����±�'HWHUPLQDomR�GR�OLPLWH�GH�OLTXLGH]�

2� OLPLWH� GH� OLTXLGH]� GH� XP� VROR� �//�� p� R� WHRU� GH� XPLGDGH� TXH� VHSDUD� R� HVWDGR� OtTXLGR� GR�

SOiVWLFR�� QR� TXDO� R� VROR� DSUHVHQWD� XPD� UHVLVWrQFLD� DR� FLVDOKDPHQWR� EDVWDQWH� UHGX]LGD�� 1D�

GHWHUPLQDomR�GR�OLPLWH�GH�OLTXLGH]�GDV�DPRVWUDV�GH�VROR�DUWLILFLDO��SHORV�PpWRGRV�GH�&DVDJUDQGH�H�

GH�FRQH�GH�TXHGD��D�YDULDomR�GH�XPLGDGH�QDV�DPRVWUDV�QmR�DGHQVDGDV�HUD�DOFDQoDGD�VHFDQGR�VH�D�

DPRVWUD�VRE� OkPSDGD� LQFDQGHVFHQWH� �)LJXUD���D���-i�QDV�DPRVWUDV�DGHQVDGDV�R�SURFHGLPHQWR�IRL�

LQYHUVR�� XPHGHFHQGR�VH� JUDGDWLYDPHQWH� R� VROR� DWUDYpV� GH� DGLomR� GH� iJXD� �)LJXUD� ��E�� H�

KRPRJHQHL]DomR�PDQXDO��9DOH� UHVVDOWDU� TXH� HVWH� SURFHVVR� UHVXOWRX� QR� DPROJDPHQWR� GD� DPRVWUD�

SUHYLDPHQWH�DGHQVDGD���

�

�
�D�� ��������������������������������������������E��

)LJ�����±�&RQGLFLRQDPHQWR�GR�WHRU�GH�XPLGDGH�SDUD�RV�HQVDLRV�GH�OLPLWHV�GH�$WWHUEHUJ��

�

3DUD� UHDOL]DomR�GR�HQVDLR�GH�&DVDJUDQGH�� WUDQVIHULX�VH��FRP�XPD�HVSiWXOD��SDUWH�GD�DPRVWUD�

SDUD�D�FRQFKD�GR�DSDUHOKR��GH�IRUPD�D�VH�REWHU�XPD�FDPDGD�FRP�HVSHVVXUD�GH����PP�QD�VHomR�

PDLV� SURIXQGD�� $� VHJXLU�� IH]�VH� XPD� UDQKXUD� XWLOL]DQGR�VH� FLQ]HO� HVSHFtILFR�� $� PDQLYHOD� GR�

DSDUHOKR� IRL� HQWmR� JLUDGD� j� YHORFLGDGH� GH� GXDV� YROWDV� SRU� VHJXQGR�� H� IRL� FRQWDGR� R� Q~PHUR� GH�

JROSHV�QHFHVViULRV�SDUD�TXH�DV�GXDV�ERUGDV�LQIHULRUHV�GD�UDQKXUD�VH�XQLVVHP�SRU�XP�FRPSULPHQWR�

GH����PP��D�VHJXLU��IRUDP�FROHWDGDV�SDUWHV�GH�VROR�MXQWR�jV�ERUGDV�TXH�VH�XQLUDP��SDUD�SRVWHULRU�

GHWHUPLQDomR�GR�WHRU�GH�XPLGDGH��

(VWH�SURFHGLPHQWR�IRL�UHSHWLGR�GH�FLQFR�D�VHLV�YH]HV��YDULDQGR�VH�R�WHRU�GH�XPLGDGH�GR�VROR�

HP�FDGD�SRQWR�GR�HQVDLR��SDUD�D�REWHQomR�GH�SDUHV�GH�YDORUHV�WHRU�GH�XPLGDGH�H�Q~PHUR�GH�JROSHV�

HQWUH����H�����2V�GDGRV�REWLGRV� IRUDP�UHSUHVHQWDGRV�JUDILFDPHQWH��FRP�R�Q~PHUR�GH�JROSHV�QD�

RUGHQDGD�HP�HVFDOD�ORJDUtWPLFD�H�R�WHRU�GH�XPLGDGH�FRUUHVSRQGHQWH�QD�DEVFLVVD��DMXVWDQGR�VH�XPD�

OLQKD�UHWD�DRV�SRQWRV�H[SHULPHQWDLV��2�WHRU�GH�XPLGDGH�FRUUHVSRQGHQWH�D����JROSHV��VREUH�D�OLQKD�
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UHWD�DMXVWDGD��SRU�GHILQLomR�GD�QRUPD�EUDVLOHLUD�1%5�������$%17������E���p�R�OLPLWH�GH�OLTXLGH]�

GR�VROR��

3DUD�D�UHDOL]DomR�GR�HQVDLR�GH�FRQH�GH�TXHGD�OLYUH��SDUWH�GD�DPRVWUD�SUHYLDPHQWH�SUHSDUDGD�

IRL�FRORFDGD�HP�XP�PROGH�FLOtQGULFR�GH�39&�FRP���FP�GH�GLkPHWUR�H���FP�GH�DOWXUD��HQFKHQGR�D�

DWp� R� WRSR� SURFXUDQGR� QmR� GHL[DU� YD]LRV� H� HYLWDQGR� D� IRUPDomR� GH� EROKDV� GH� DU� QR� LQWHULRU� GD�

DPRVWUD���

$SyV�UHDOL]DomR�GR�HQVDLR�GH�FRQH�GH�TXHGD�OLYUH��UHWLURX�VH�XP�SRXFR�GD�DPRVWUD�HP�WRUQR�

GR�SRQWR�GH�SHQHWUDomR��SDUD�GHWHUPLQDomR�GR�WHRU�GH�XPLGDGH��(VWH�SURFHGLPHQWR�IRL�UHDOL]DGR�GH�

�� D� �� YH]HV�� YDULDQGR�VH� R� WHRU� GH� XPLGDGH� GR� VROR�� H� REWHQGR�VH� YDORUHV� SHQHWUDomR� H� WHRU� GH�

XPLGDGH�SDUD�FDGD�UHSHWLomR���

5HSUHVHQWRX�VH�� QXP� JUiILFR�� D� SHQHWUDomR� QD� RUGHQDGD� H� R� WHRU� GH� XPLGDGH� QD� DEVFLVVD��

DMXVWDQGR�VH�XPD�OLQKD�UHWD�DRV�SRQWRV�H[SHULPHQWDLV��3RU�GHILQLomR�GD�QRUPD�EULWkQLFD�%6������

�%6,�� ������� R� YDORU� GR� WHRU� GH� XPLGDGH� FRUUHVSRQGHQWH� D� ���PP�GH�SHQHWUDomR� p� FRQVLGHUDGR�

LJXDO�DR�OLPLWH�GH�OLTXLGH]�GR�VROR���

1D� )LJXUD� ��� VmR� PRVWUDGRV� RV� HTXLSDPHQWRV� XWLOL]DGRV� QRV� HQVDLRV� SHORV� PpWRGRV� GH�

&DVDJUDQGH�H�GH�FRQH�GH�TXHGD��

�

�
�

)LJ�����±�0pWRGRV�SDUD�D�GHWHUPLQDomR�GR�OLPLWH�GH�OLTXLGH]�±�FRQH�GH�TXHGD��j�HVTXHUGD��H�

DSDUHOKR�GH�&DVDJUDQGH��j�GLUHLWD���

�

����±�'HWHUPLQDomR�GR�OLPLWH�GH�SODVWLFLGDGH�H�GR�tQGLFH�GH�SODVWLFLGDGH�

2�OLPLWH�GH�SODVWLFLGDGH��/3��SRGH�VHU�GHILQLGR�FRPR�R�WHRU�GH�XPLGDGH�DEDL[R�GR�TXDO�R�VROR�

SHUGH� D� VXD� FDSDFLGDGH�GH� VH�GHIRUPDU�PDQWHQGR�D� FRQWLQXLGDGH�GR� FDPSR�GH�GHVORFDPHQWRV� H�

GHIRUPDo}HV�� LVWR� p�� DEDL[R� GR� OLPLWH� GH� SODVWLFLGDGH� R� VROR� VH� GHIRUPD� DSUHVHQWDQGR� ILVVXUDV�

�0DUWLQV�� ������� /RJR� DSyV� FDGD� HQVDLR� SDUD� GHWHUPLQDomR� GR� OLPLWH� GH� OLTXLGH]�� HUD� UHDOL]DGR�

WDPEpP�R�HQVDLR�SDUD�GHWHUPLQDomR�GR� OLPLWH�GH�SODVWLFLGDGH��GH�DFRUGR�FRP�D�QRUPD�EUDVLOHLUD�

1%5�������$%17������F���2�DSDUDWR�QHFHVViULR�j�UHDOL]DomR�GR�HQVDLR�FRQVLVWH�HP�XPD�SODFD�GH�

YLGUR� FRP� XPD� IDFH� HVPHULOKDGD� H� XP� FLOLQGUR� SDGUmR� FRP� �� PP� GH� GLkPHWUR� H� ���� PP� GH�

FRPSULPHQWR�� FRQIRUPH� UHSUHVHQWDGR� QD� )LJXUD� ���� 2� HQVDLR� LQLFLD�VH� URODQGR�� VREUH� D� IDFH�

HVPHULOKDGD�GD�SODFD��XPD�DPRVWUD�GH�VROR�FRP�XP�WHRU�GH�XPLGDGH�LQLFLDO�SUy[LPR�GR�OLPLWH�GH�

OLTXLGH]��DWp�TXH�GXDV�FRQGLo}HV�VHMDP�VLPXOWDQHDPHQWH�DOFDQoDGDV��D��D�DPRVWUD�URODGD�GH�VROR�

WHQKD� XP�GLkPHWUR� LJXDO� DR� GR� FLOLQGUR� SDGUmR�� E�� RFRUUD� R� DSDUHFLPHQWR�GH� ILVVXUDV� �LQLFLR� GD�

IUDJPHQWDomR��� 2� WHRU� GH� XPLGDGH� GD� DPRVWUD� URODGD�� QHVWDV� FRQGLo}HV�� UHSUHVHQWD� R� OLPLWH� GH�

SODVWLFLGDGH�GR�VROR��2�HQVDLR�p�UHSHWLGR�GH���D���YH]HV��SDUD�REWHQomR�GH�XP�YDORU�PpGLR�SDUD�R�

OLPLWH�GH�SODVWLFLGDGH���

�
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�

)LJ�����±�(QVDLR�SDUD�GHWHUPLQDomR�GR�OLPLWH�GH�SODVWLFLGDGH��

'RV�GLIHUHQWHV�tQGLFHV�UHODFLRQDQGR�RV�OLPLWHV�GH�$WWHUEHUJ��R�PDLV�WUDGLFLRQDOPHQWH�XWLOL]DGR�

p�R� tQGLFH�GH�SODVWLFLGDGH� �,3���GLIHUHQoD�HQWUH�R� OLPLWH�GH� OLTXLGH]�H�R� OLPLWH�GH�SODVWLFLGDGH��2�

tQGLFH� GH� SODVWLFLGDGH� GH� XP� VROR� Gi� D� DPSOLWXGH� GR� LQWHUYDOR� GH� XPLGDGH� HP� TXH� R� VROR� VH�

PDQWpP�SOiVWLFR��LVWR�p��R�LQWHUYDOR�QR�TXDO�R�VROR�VH�GHIRUPD�VHP�DSUHVHQWDU�GHVFRQWLQXLGDGHV�QR�

FDPSR� GH� GHVORFDPHQWRV� H� GHIRUPDo}HV�� RX� VHMD�� R� VROR� QmR� DSUHVHQWD� ILVVXUDV� DR� VH� GHIRUPDU�

�0DUWLQV��������H�DR�PHVPR�WHPSR�QmR�IOXL�DR�VHU�DPROJDGR��:RRG�H�:URWK��������GHILQLUDP�R�

tQGLFH�GH�SODVWLFLGDGH�FRPR�VHQGR�D�UHGXomR�QR�WHRU�GH�XPLGDGH�TXH�SURGX]�XP�DXPHQWR�GH�����

YH]HV�QD�UHVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD��

%HOYLVR� HW� DO�� �������� FRP�EDVH� HP�FRQFHLWRV� RULXQGRV� GD�0HFkQLFD� GRV�6RORV� GRV�(VWDGRV�

&UtWLFRV� �6FKRILHOG� H� :URWK�� ������ H� QD� UHODomR� UHSUHVHQWDGD� SHOD� (TXDomR� ��� DSUHVHQWDP� D�

GHGXomR�GH�XPD�H[SUHVVmR�WHyULFD�TXH�UHODFLRQD�D�SURIXQGLGDGH�GH�SHQHWUDomR�GR�FRQH�GH�TXHGD�

OLYUH�FRP�R�tQGLFH�GH�SODVWLFLGDGH�H�R�WHRU�GH�XPLGDGH�GH�XP�VROR���

� Z� �,3�ORJ���G���&� ����

RQGH�Z�p�R�WHRU�GH�XPLGDGH��G�p�D�SURIXQGLGDGH�GH�SHQHWUDomR�GR�FRQH�H�&�p�XPD�FRQVWDQWH��

�

1D�GHGXomR�GD�(TXDomR����%HOYLVR� HW� DO�� ������� DGPLWHP�TXH� D� UHVLVWrQFLD�QmR�GUHQDGD�QR�

OLPLWH� GH� SODVWLFLGDGH� p� ���� YH]HV� PDLRU� GR� TXH� D� UHVLVWrQFLD� QR� OLPLWH� GH� OLTXLGH]�� UD]mR�

DSUR[LPDGD�REWLGD�SRU�6NHPSWRQ�H�1RUWKH\��������DWUDYpV�GH�UHVXOWDGRV�H[SHULPHQWDLV���

1D�SUHVHQWH�SHVTXLVD��R�tQGLFH�GH�SODVWLFLGDGH��REWLGR�SHOD�GLIHUHQoD�HQWUH�R�OLPLWH�GH�OLTXLGH]�

�PHGLGR� DWUDYpV� GR� HQVDLR� FRP� R� DSDUHOKR� GH� &DVDJUDQGH�� H� R� OLPLWH� GH� SODVWLFLGDGH� �PHGLGR�

DWUDYpV� GR� HQVDLR� GH� URODJHP�GR� FLOLQGUR� GH� VROR��� IRL� FRPSDUDGR� FRP�R� tQGLFH� GH� SODVWLFLGDGH�

REWLGR�GD�DSOLFDomR�GD�(TXDomR���DRV�GDGRV�H[SHULPHQWDLV���

��±�5(68/7$'26�

����±�5HVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD�

1R�4XDGUR���VmR�PRVWUDGRV�RV�UHVXOWDGRV�GH�UHVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD�PHGLGRV�

DWUDYpV�GH�HQVDLRV�GH�SDOKHWD��VXY���SURIXQGLGDGH�GH�SHQHWUDomR�PHGLGRV�QRV�HQVDLRV�GH�FRQH��G��H�

WHRU�GH�XPLGDGH��Z���REWLGRV�HP�VHLV�DPRVWUDV�GD�SHVTXLVD��1R�4XDGUR���WDPEpP�VmR�LQGLFDGDV�DV�

WHQV}HV�YHUWLFDLV�GH�DGHQVDPHQWR�DSOLFDGDV�D�FDGD�DPRVWUD��

1R�JUiILFR�GD�)LJXUD����p�PRVWUDGD�D�UHODomR�HQWUH�D�UHVLVWrQFLD�QmR�GUHQDGD��VXY���HP�HVFDOD�

ORJDUtWPLFD��H�R�WHRU�GH�XPLGDGH��Z��GDV�DPRVWUDV�HQVDLDGDV��6mR�PRVWUDGDV�WDPEpP�DV�HTXDo}HV�

GDV�UHWDV�GH�PHOKRU�DMXVWH�DRV�SRQWRV�H[SHULPHQWDLV��FRUUHVSRQGHQWHV�DRV�WUDoRV�7�����H�7�������

�

�
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4XDGUR���±�5HVXOWDGRV�GH�UHVLVWrQFLD�QmR�GUHQDGD�PHGLGD�QR�HQVDLR�GH�SDOKHWD�H�SHQHWUDomR�

PHGLGD�QR�HQVDLR�GH�FRQH�GH�TXHGD�OLYUH��

$PRVWUD�

7HQVmR��

YHUWLFDO�GH�

DGHQVDPHQWR�

�N3D��

G��PP�� VXY��N3D�� Z�����

7������ ��� ����� ���� ����

7������ ��� ����� ���� ����

7������ ��� ����� ���� ����

7����� ��� ����� ���� ���

7����� ��� ����� ���� ����

7����� ��� ����� ���� ����

�

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

VXY��N3D�

��

��

���

���

���

7����������N3D�

7����������N3D�

7����������N3D�

7���������N3D�

7���������N3D�
7���������N3D�

Z� ����������ORJ���VXY�

Z� �����������ORJ���VXY�

�
)LJ�����±�5HODomR�HQWUH�UHVLVWrQFLD�QmR�GUHQDGD�H�WHRU�GH�XPLGDGH��

�

1R� JUiILFR� GD� )LJXUD� ��� VmR� PRVWUDGRV� RV� SRQWRV� H[SHULPHQWDLV� FRUUHODFLRQDQGR� VXY� H� D�

SURIXQGLGDGH�GH�SHQHWUDomR��G��PHGLGD�QR�HQVDLR�GH�FRQH�GH�TXHGD���

�

�
)LJ�����±�5HODomR�HQWUH�SURIXQGLGDGH�GH�SHQHWUDomR�GR�FRQH�H�UHVLVWrQFLD�QmR�GUHQDGD��

�
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)RL�UHDOL]DGD�WDPEpP�D�SHVTXLVD�GR�YDORU�GR�IDWRU�FRQH�.�TXH�FRQGX]LD�DR�PHOKRU�DMXVWH�HQWUH�

RV�SRQWRV�H[SHULPHQWDLV�H�D�FXUYD�RULXQGD�GD�UHODomR�WHyULFD�H[SUHVVD�QD�(TXDomR����3DUD�R�WUDoR�

7������R�YDORU�yWLPR�HQFRQWUDGR�SDUD�.�IRL�LJXDO�D�������HQTXDQWR�TXH�SDUD�R�WUDoR�7������R�YDORU�

GH�.�DMXVWDGR�IRL� LJXDO�D�������R�WUDoR�7�����QmR�SRVVLELOLWD�DMXVWH�GH�.��SRLV�Vy�FRQWD�FRP�XP�

~QLFR�SRQWR�H[SHULPHQWDO���2V�YDORUHV�DMXVWDGRV�GH�.�HVWmR�SUy[LPRV�GRV�YDORUHV�SURSRVWRV�SRU�

.DUOVVRQ��������H�:RRG��������SDUD�FRQHV�FRP�kQJXOR�GH�YpUWLFH�LJXDO�D������$SHVDU�GD�GLVSHUVmR�

H�GR�SHTXHQR�Q~PHUR�GH�UHVXOWDGRV�H[SHULPHQWDLV��RV�GDGRV�GR�SUHVHQWH� WUDEDOKR� LQGLFDP�TXH�D�

H[SUHVVmR� WHyULFD� SURSRVWD� SRU� +DQVER� ������� H�:RRG� H�:URWK� ������� SHUPLWH� XPD� UD]RiYHO�

HVWLPDWLYD�GD�UHVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD�GDV�DUJLODV��D�SDUWLU�GD�SHQHWUDomR�GR�FRQH�

GH�TXHGD��2V�UHVXOWDGRV�WDPEpP�VXJHUHP�TXH�SRVVD�H[LVWLU�XPD�UHODomR�HQWUH�R�IDWRU�FRQH�.�H�D�

PLQHUDORJLD�GR�VROR���

�

����±�/LPLWH�GH�OLTXLGH]�

2V�UHVXOWDGRV� UHODFLRQDGRV�FRP�R� OLPLWH�GH� OLTXLGH]�GDV�DPRVWUDV�GH�VROR�DUWLILFLDO� Mi� IRUDP�

SDUFLDOPHQWH� GLVFXWLGRV� HP� WUDEDOKR� DQWHULRU� �3LQWR� HW� DO��� ������� 3DUD� D� FRPSDUDomR� HQWUH� RV�

UHVXOWDGRV� GRV� GRLV� PpWRGRV� �&DVDJUDQGH� H� FRQH� GH� TXHGD��� RV� HQVDLRV� IRUDP� UHDOL]DGRV�

VLPXOWDQHDPHQWH��$�FDGD�SRQWR� UHDOL]DGR�SHOR�FRQH�GH�TXHGD��D�PHVPD�DPRVWUD� �FRP�R�PHVPR�

WHRU�GH�XPLGDGH�� IRL�VXEPHWLGD�DR�HQVDLR�GH�&DVDJUDQGH��)RUDP�UHDOL]DGRV����HQVDLRV�SRU�FDGD�

PpWRGR�� GRLV� SRU� WUDoR�� VHQGR� XP� HQVDLR� XWLOL]DQGR� VROR� DGHQVDGR� H� RXWUR� HQVDLR� XWLOL]DQGR�

GLUHWDPHQWH� D� SDVWD� PLVWXUDGD� PHFDQLFDPHQWH�� 1D� )LJXUD� ��� HVWmR� VXPDUL]DGRV� RV� UHVXOWDGRV�

REWLGRV�SHOR�PpWRGR�GH�&DVDJUDQGH��UHODFLRQDQGR�R�ORJDULWPR�GR�Q~PHUR�GH�JROSHV�FRP�R�WHRU�GH�

XPLGDGH� �SRQWRV� H[SHULPHQWDLV� H� OLQKDV� GH� DMXVWH��� $� VLJOD� �$�� GHQRWD� DV� DPRVWUDV� DGHQVDGDV��

HQTXDQWR�TXH�D�VLJOD��3��GHQRWD�DV�SDVWDV�PLVWXUDGDV�PHFDQLFDPHQWH���

�

��

���

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

1
��
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7�����

�$�

7������3�

7������3�

7�����$�

7������$�

7�����$�

7�����3�

7������3�

7������$�

7�����3�

/LQKD�� ���*ROSHV

7�������$�

7�������3� 7������3�

7������3�

7������$�

7������$�

��
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��

��

��

��

��

�
)LJ�����±�5HVXOWDGRV�GRV�HQVDLRV�GH�&DVDJUDQGH��3LQWR�HW�DO����������

�

2V�YDORUHV�GH�OLPLWH�GH�OLTXLGH]��FKDPDGR�GH�//S��GHVLJQDQGR�DVVLP�R�HQVDLR�GH�SHUFXVVmR�GH�

&DVDJUDQGH��REWLGRV�SDUD�FDGD�PLVWXUD�VmR�PRVWUDGRV�QR�4XDGUR����1R�PHVPR�TXDGUR�� WDPEpP�

VmR�UHSURGX]LGRV�RV�UHVXOWDGRV�GH�//�GRV�WUDoRV�REWLGRV�SRU�YLD�VHFD�QD�IDVH�GH�FDUDFWHUL]DomR�GRV�

PDWHULDLV��

�
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4XDGUR���±�5HVXOWDGRV�GRV�HQVDLRV�GH�&DVDJUDQGH��

$PRVWUD�
//S�����

$GHQVDGD� 3DVWD� 9LD�VHFD�

7���� ��� ��� ���

7���� ��� ��� ���

7����� ���� ���� ����

7����� ���� ���� ����

7����� ��� ��� ���

7����� ��� ��� ���

7����� ��� ��� ���

7������ ���� ���� ���

�

2EVHUYD�VH� XPD� GLIHUHQoD� HQWUH� RV� UHVXOWDGRV� GH�//S� REWLGRV� QD� IDVH� GH� FDUDFWHUL]DomR�GRV�

PDWHULDLV� �YLD� VHFD�� H� RV� UHVXOWDGRV� REWLGRV� D� SDUWLU� GDV� SDVWDV�PLVWXUDGDV�PHFDQLFDPHQWH� H�GRV�

FRUSRV� GH� SURYD� DGHQVDGRV� �YLD� ~PLGD��� $� GLIHUHQoD� p� PDLV� DFHQWXDGD� QRV� WUDoRV� FRP� PDLRU�

SUHVHQoD� GH� EHQWRQLWD�� R� TXH� LQGLFD� D� PDLRU� VHQVLELOLGDGH� GRV� DUJLORPLQHUDLV� FRPSRQHQWHV� GD�

EHQWRQLWD�DR�SURFHVVR�H�DR�WHPSR�GH�PLVWXUD�GRV�PDWHULDLV��

1D� )LJXUD� ��� VmR� PRVWUDGRV� RV� UHVXOWDGRV� REWLGRV� SHOR� PpWRGR� GR� FRQH� GH� TXHGD��

UHODFLRQDQGR� D� SHQHWUDomR� GR� FRQH� FRP� R� WHRU� GH� XPLGDGH� �SRQWRV� H[SHULPHQWDLV� H� OLQKDV� GH�

DMXVWH����

�

�

�

��

��

��

��

��

��

��

��

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

3
HQ
HW
UD
om
R
��
P
P
�

Z����

7������$�

7������3�

7������$�

7�����3�

7������3�

7�����$�
7�����3�

7������3�

7�����$�

7������3�
/LQKD�� ���PP

7�������$�

7�������3�

7������$�

7������$�

7������$�

7������3�

�
)LJ�����±�5HVXOWDGRV�GRV�HQVDLRV�GH�FRQH�GH�TXHGD�OLYUH��3LQWR�HW�DO����������

�

$OJXQV�HQVDLRV�SHOR�PpWRGR�GR�FRQH�QmR�DOFDQoDUDP�D�OLQKD�GH����PP��1HVWDV�VLWXDo}HV��SDUD�

HQFRQWUDU�R�YDORU�GR�OLPLWH�GH�OLTXLGH]�FRUUHVSRQGHQWH�D�HVVD�SHQHWUDomR��IRL�XWLOL]DGD�D�HTXDomR�

GD� OLQKD� GH� DMXVWH� GH� FDGD� WUDoR� SDUD� H[WUDSRODomR��2�4XDGUR� �� VXPDUL]D� RV� UHVXOWDGRV� REWLGRV�

SHORV�HQVDLRV�GH�FRQH�GH�TXHGD��RQGH�//F�GHVLJQD�R�OLPLWH�GH�OLTXLGH]�REWLGR�SHOR�HQVDLR�GH�FRQH��

1R�JUiILFR�GD�)LJXUD����PRVWUDP�VH�RV�YDORUHV�GH�OLPLWHV�GH�OLTXLGH]�REWLGRV�SHOR�PpWRGR�GH�

&DVDJUDQGH�� IUHQWH� DRV� YDORUHV� SHOR� PpWRGR� GR� FRQH� GH� TXHGD� OLYUH�� 2EVHUYD�VH� TXH�� SDUD� RV�

YDORUHV�GH�OLPLWHV�PDLV�EDL[RV�D�GLIHUHQoD�QmR�p�VLJQLILFDWLYD��FRP�OHYH�WHQGrQFLD�GH�//F�VHU�PDLRU�

GR�TXH�//S��3RUpP��TXDQGR�R�YDORU�GR�OLPLWH�p�VXSHULRU�D������D�GLIHUHQoD�VH�DFHQWXD��SDVVDQGR�R�

//S�D�VHU�PDLRU�GR�TXH�R�//F��(VVH�IDWR�H[SHULPHQWDO�p�FRUURERUDGR�SRU�GLYHUVRV�DXWRUHV��FRPR��



1010379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 85-110

http://dx.doi.org/10.24849/j.geot.2018.143.05 – © 2018 Sociedade Portuguesa de Geotecnia

SRU�H[HPSOR��3UDNDVK�H�6ULGKDUDQ���������*U¡QEHFK�HW�DO����������0LVKUD�HW�DO���������H�%LFDOKR�HW�

DO�����������

�

4XDGUR���±�5HVXOWDGRV�GRV�HQVDLRV�GH�FRQH�GH�TXHGD��

$PRVWUD�
//F�����

$GHQVDGD� 3DVWD�

7���� ��� ���

7���� ��� ���

7����� ��� ���

7����� ���� ����

7����� ��� ���

7����� ��� ���

7����� ��� ���

7������ ���� ����

�

7���

7���

7����

7����

7����
7����

7����

7�����

�

��

��

��

��

���

���

���

���

���

���

� �� �� �� �� ��� ��� ��� ��� ��� ���

/
/
F
��
�

//S ���

3DVWD

$GHQVDGD

�
�

)LJ�����±�5HVXOWDGRV�GH�OLPLWHV�GH�OLTXLGH]�QD�FRPSDUDomR�HQWUH�DSDUHOKR�GH�&DVDJUDQGH�H�

FRQH�GH�TXHGD�OLYUH��

�

6ULGKDUDQ� H� 3UDNDVK� ������� GLVFXWHP� DV� GLIHUHQoDV� QRV� PHFDQLVPRV� GH� FRQWUROH� TXH�

LQIOXHQFLDP� RV� HQVDLRV� SDUD� GHWHUPLQDomR� GH� //�� H� FRQFOXHP� TXH� R� HQVDLR� GH� SHUFXVVmR� GH�

&DVDJUDQGH� WHQGH� D� IRUQHFHU� PDLRUHV� YDORUHV� GH� //� SDUD� VRORV� FRP� SUHSRQGHUkQFLD� GH�

PRQWPRULORQLWD�HP�VXD�FRPSRVLomR��H�TXH�R�HQVDLR�GH�FRQH�WHQGH�D�IRUQHFHU�PDLRUHV�YDORUHV�GH�

//�SDUD�VRORV�FRP�SUHSRQGHUkQFLD�GH�FDXOLQLWD��2V�UHVXOWDGRV�GD�SUHVHQWH�SHVTXLVD�LQGLFDP�TXH�RV�

YDORUHV� GH� //S� VmR� PDLRUHV� GR� TXH� RV� YDORUHV� GH� //F� QDV� DPRVWUDV� FRP� PDLRU� SUHVHQoD� GH�

EHQWRQLWD�HP�VHX�WUDoR��

(P�EXVFD�GH�XPD�PHOKRU�FRUUHODomR�HQWUH�RV�GRLV�PpWRGRV�GH�HQVDLR��DV�HTXDo}HV�GDV�OLQKDV�

GH� DMXVWH� GR� HQVDLR� GH� FRQH�� PRVWUDGDV� QD� )LJ�� ���� IRUDP� XWLOL]DGDV� SDUD� SUHYHU� TXDO� VHULD�

SHQHWUDomR� GR� FRQH� FRUUHVSRQGHQWH� DR� OLPLWH� GH� OLTXLGH]�PHGLGR� QR� HQVDLR� GH�&DVDJUDQGH��1R�

JUiILFR�GD�)LJXUD����IRUDP�FRPSDUDGRV�RV�YDORUHV�GRV�OLPLWHV�GH�OLTXLGH]�REWLGRV�SHOR�PpWRGR�GH�

&DVDJUDQGH��H�DV�FRUUHVSRQGHQWHV�SHQHWUDo}HV�GR�FRQH�GH�TXHGD��

�



102 0379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 85-110

http://dx.doi.org/10.24849/j.geot.2018.143.05 – © 2018 Sociedade Portuguesa de Geotecnia

���

����

����

����

����

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

3
HQ
HW
UD
om
R
��
P
P
�

//S ���

7������$�

7������3�

7������3�

7�����$�

7������$�

7�����$�

7�����3�

7������3�

7������$�

7�����3�

7�������3�

7�������$�

7������3�

7������3�

7������$�

7������$�

�

)LJ�����±�5HODomR�HQWUH�R�OLPLWH�GH�OLTXLGH]�PHGLGR�SHOR�PpWRGR�GH�&DVDJUDQGH�H�D�

SHQHWUDomR�GR�FRQH�GH�TXHGD��

2EVHUYD�VH� TXH� D� SHQHWUDomR� FRUUHVSRQGHQWH� DR� //� GH� &DVDJUDQGH� DXPHQWD� GH� IRUPD�

DSUR[LPDGDPHQWH� OLQHDU� FRP� R� DXPHQWR� GD�PDJQLWXGH� GR� OLPLWH�� QD� IDL[D� GH� //S� HQWUH� ���� H�

�����2V�YDORUHV�GH�SHQHWUDomR�QHVWD�IDL[D�YDULDUDP�HQWUH����H����PP��3DUD�//S�DFLPD�GH������RV�

UHVXOWDGRV�VXJHUHP�TXH�D�UHODomR�HQWUH�//S�H�SHQHWUDomR�GR�FRQH�SDVVD�D�VHU�QmR�OLQHDU��DWLQJLQGR�

XP�YDORU�GH�SHQHWUDomR�Pi[LPR�HP�WRUQR�GH����PP��

1R�JUiILFR�GD�)LJXUD����VmR�PRVWUDGRV�RV�GDGRV�GR�SUHVHQWH�WUDEDOKR��HP�FRQMXQWR�FRP�GDGRV�

UHODWDGRV� SRU� 0RKDMHUDQL� �������� 6KHUZRRG� H� 5\OH\� ������� H� DOJXQV� UHVXOWDGRV� UHODWDGRV� SRU�

05'�4OG� ������� SDUD� GLYHUVRV� VRORV�� � (VVHV� GDGRV� GH� RXWURV� WUDEDOKRV� FRQILUPDP� TXH� D�

SHQHWUDomR� GR� HQVDLR� GH� FRQH�� FRUUHVSRQGHQWH� DR� OLPLWH� GH� OLTXLGH]� PHGLGR� QR� HQVDLR� GH�

&DVDJUDQGH�� DXPHQWD� FRP� R� YDORU� GR� OLPLWH�� DWLQJLQGR� XP� Pi[LPR� HP� WRUQR� GH� ��� PP� SDUD�

OLPLWHV�GH�OLTXLGH]�PDLRUHV�GR�TXH�������

�

����

����

����

����

����

����

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

3
HQ
HW
UD
om
R
��
P
P
�

//S ���

3UHVHQWH�WUDEDOKR

0RKDMHUDQL�������

6KHUZRRG�H�5\OH\�������

05'�4OG�������

�

)LJ�����±�/LPLWHV�GH�OLTXLGH]�SHOR�DSDUHOKR�GH�&DVDJUDQGH�YHUVXV�SHQHWUDomR�GR�FRQH�GH�

TXHGD��



1030379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 85-110

http://dx.doi.org/10.24849/j.geot.2018.143.05 – © 2018 Sociedade Portuguesa de Geotecnia

8PD� GLVFXVVmR� IUHTXHQWH� QD� OLWHUDWXUD� WpFQLFD� GL]� UHVSHLWR� DR� YDORU� GD� UHVLVWrQFLD� DR�

FLVDOKDPHQWR�QmR�GUHQDGD�GH�VRORV�UHPROGDGRV�QR�OLPLWH�GH�OLTXLGH]��9iULRV�UHVXOWDGRV�UHSRUWDGRV�

QD� OLWHUDWXUD� �6NHPSWRQ� H� 1RUWKH\�� ������ 1RUPDQ�� ������:URWK� H�:RRG�� ������:K\WH�� ������

:DVWL�H�%H]LUFL��������VXJHUHP�TXH�R�YDORU�GHVWD�UHVLVWrQFLD�QmR�p�~QLFR��PDV�SRGH�YDULDU�HP�XPD�

IDL[D�HQWUH�����H�����N3D�SDUD�VRORV�GH�EDL[D�D�DOWD�SODVWLFLGDGH��1D�)LJXUD����VmR�DSUHVHQWDGRV�

YDORUHV� GH� UHVLVWrQFLD� DR� FLVDOKDPHQWR� QmR� GUHQDGD�� PHGLGRV� QR� OLPLWH� GH� OLTXLGH]� DWUDYpV� GR�

HQVDLR�GH�FRQH��FRQWUD�RV�YDORUHV�GH�//�GH�&DVDJUDQGH��

2V� UHVXOWDGRV� PRVWUDGRV� QD� )LJXUD� ��� LQGLFDP� TXH� D� UHVLVWrQFLD� QmR� GUHQDGD� QR� OLPLWH� GH�

OLTXLGH]�GHFUHVFH�FRP�R�YDORU�GR�OLPLWH��SDUD�XPD�IDL[D�GH�YDULDomR�GR�OLPLWH�HQWUH�����H�������

$FLPD�GHVWH�YDORU��D�WHQGrQFLD�p�GH�TXH�D�UHVLVWrQFLD�QmR�GUHQDGD�DWLQMD�XP�YDORU�DVVLQWyWLFR��HP�

WRUQR�GH�����N3D��

�

���

���

���

���

���

���

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

V X
F
�N
3
D�

//S ���

3UHVHQWH�WUDEDOKR

0RKDMHUDQL�������

6KHUZRRG�H�5\OH\�������

05'�4OG�������

�

)LJ�����±�/LPLWHV�GH�OLTXLGH]�SHOR�DSDUHOKR�GH�&DVDJUDQGH�YHUVXV�VX�HVWLPDGR�D�SDUWLU�GR�
HQVDLR�GH�FRQH��GDGRV�GR�SUHVHQWH�HVWXGR�H�GH�RXWURV�DXWRUHV���

����±�ËQGLFH�GH�SODVWLFLGDGH�

'HQWUH�DV�GLYHUVDV�SURSRVWDV�SDUD�GHWHUPLQDomR�GR�OLPLWH�GH�SODVWLFLGDGH��/3��H�GR�tQGLFH�GH�

SODVWLFLGDGH� �,3�� D� SDUWLU� GR� HQVDLR� GH� FRQH� GH� TXHGD�� DGRWRX�VH� QD� SUHVHQWH� SHVTXLVD� D� UHODomR�

WHyULFD�DSUHVHQWDGD�SRU�%HOYLVR�HW�DO���������HQWUH�R�tQGLFH�GH�SODVWLFLGDGH��SHQHWUDomR�GR�FRQH�GH�

TXHGD�OLYUH�H�WHRU�GH�XPLGDGH��(TXDomR������

2V�SRQWRV�H[SHULPHQWDLV�DSUHVHQWDGRV�QD�)LJXUD����IRUDP�DMXVWDGRV�D�OLQKDV�UHWDV��GD�VHJXLQWH�

IRUPD��

� Z� �&����&��ORJ���G� ����

RQGH�Z�p�R�WHRU�GH�XPLGDGH��G�p�D�SURIXQGLGDGH�GH�SHQHWUDomR�GR�FRQH��&��p�R�FRHILFLHQWH�OLQHDU�GD�

OLQKD�UHWD�H�&��p�R�FRHILFLHQWH�DQJXODU�GD�OLQKD�UHWD��

1R� 4XDGUR� �� VmR� PRVWUDGDV� DV� HTXDo}HV� GDV� OLQKDV� GH� PHOKRU� DMXVWH�� DVVLP� FRPR� R�

FRUUHVSRQGHQWH�FRHILFLHQWH�GH�GHWHUPLQDomR��5����

�

�



104 0379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 85-110

http://dx.doi.org/10.24849/j.geot.2018.143.05 – © 2018 Sociedade Portuguesa de Geotecnia

�

4XDGUR���±�(TXDo}HV�GDV�OLQKDV�GH�DMXVWH�HQWUH�R�WHRU�GH�XPLGDGH��Z��H�R�ORJDULWPR�GD�

SURIXQGLGDGH�GH�SHQHWUDomR�GR�FRQH��ORJ���G���

$PRVWUD�
$GHQVDGD� 3DVWD�

(TXDomR� 5�� (TXDomR� 5��

7���� Z� ��������ORJ���G���������� ������ Z� ��������ORJ���G��������� ������

7���� Z� ��������ORJ���G��������� ������ Z� ��������ORJ���G��������� ������

7����� Z� ���������ORJ���G�±�������� ������ Z� ���������ORJ���G�±�������� ������

7����� Z� ��������ORJ���G���������� ������ Z� ��������ORJ���G���������� ������

7����� Z� ��������ORJ���G���������� ������ Z� ��������ORJ���G���������� ������

7����� Z� �������ORJ���G���������� ������ Z� �������ORJ���G���������� ������

7����� Z� ��������ORJ���G���������� ������ Z� ��������ORJ���G��������� ������

7������ Z� ��������ORJ���G���������� ������ Z� ��������ORJ���G���������� ������

�

2V�UHVXOWDGRV�PRVWUDGRV�QD�)LJXUD����VXJHUHP�XPD�UHODomR�HQWUH�D�LQFOLQDomR�GDV�OLQKDV�UHWDV�

H�R�WUDoR�GD�PLVWXUD��1D�)LJXUD����VmR�PRVWUDGRV�JUDILFDPHQWH�RV�FRHILFLHQWHV�DQJXODUHV�GDV�UHWDV�

�

��

��

��

��

���

���

���

���

���

���

����

Z
��
�
�

3HQHWUDomR��PP�

7������$�

7������3�

7������$�
7�����3� 7������3�

7�����$�

7�����3�

7������3�

7�����$�

7������3�

7�������$�

7�������3�
7������$�

7������$�

7������$�7������3�

���� ���� ����

�

)LJ�����±�5HODomR�HQWUH�R�ORJDULWPR�GD�SHQHWUDomR�GR�FRQH�GH�TXHGD�H�R�WHRU�GH�XPLGDGH��

�

��

��

��

��

���

���

���

���

7��� 7��� 7���� 7���� 7���� 7���� 7���� 7�����

&
�

$PRVWUD

$GHQVDGD

3DVWD

�
)LJ�����±�&RHILFLHQWHV�DQJXODUHV�GDV�OLQKDV�UHWDV�GH�DMXVWH�HQWUH�R�WHRU�GH�XPLGDGH��Z��H�R�

ORJDULWPR�GD�SURIXQGLGDGH�GH�SHQHWUDomR�GR�FRQH��ORJ���G���



1050379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 85-110

http://dx.doi.org/10.24849/j.geot.2018.143.05 – © 2018 Sociedade Portuguesa de Geotecnia

GH�DMXVWH�GH�FDGD�WUDoR��2EVHUYD�VH�D�WHQGrQFLD�GH�DXPHQWR�GR�FRHILFLHQWH�DQJXODU�j�PHGLGD�TXH�D�

SUHVHQoD�GH�EHQWRQLWD�DXPHQWD�QR�WUDoR��H�D�WHQGrQFLD�GH�UHGXomR�GR�FRHILFLHQWH�DQJXODU�j�PHGLGD�

TXH�D�SUHVHQoD�GH�DUHLD�ILQD�DXPHQWD�QR�WUDoR��j�H[FHomR�GR�WUDoR�7������TXH�PRVWUD�LQFOLQDomR�

VXSHULRU�j�GR�WUDoR�7������TXH�WHP�PDLRU�TXDQWLGDGH�GH�EHQWRQLWD���

$� SDUWLU� GDV� HTXDo}HV� GDV� OLQKDV� GH� PHOKRU� DMXVWH� DRV� SRQWRV�� SRGH�VH� REWHU� R� tQGLFH� GH�

SODVWLFLGDGH�GR�VROR��TXH�VHUi�LJXDO�DR�FRHILFLHQWH�DQJXODU�GD�UHWD�REWLGD��2V�YDORUHV�HQFRQWUDGRV�

SDUD�FDGD�WUDoR��FKDPDGRV�GH�,3F�SDUD�GHVLJQDU�R�HQVDLR�GH�FRQH��HQFRQWUDP�VH�QR�4XDGUR�����

�

4XDGUR����±�9DORUHV�GH�,3�HVWLPDGRV�D�SDUWLU�GR�HQVDLR�GH�FRQH�GH�TXHGD�OLYUH��

$PRVWUD�
,3F�����

$GHQVDGD� 3DVWD�

7���� ��� ���

7���� ��� ���

7����� ���� ����

7����� ��� ���

7����� ��� ���

7����� �� ��

7����� ��� ���

7������ ��� ���

�

1R�4XDGUR����HVWmR�VXPDUL]DGRV�RV�UHVXOWDGRV�GH�OLPLWH�GH�OLTXLGH]�SHOR�PpWRGR�GR�DSDUHOKR�

GH�&DVDJUDQGH� �//S��� R� OLPLWH� GH� SODVWLFLGDGH� GDGR� SHOR� HQVDLR� GH� URODJHP�GR� FLOLQGUR� GH� VROR�

�/3U��� TXH� SRU� VXEWUDomR� LQGLFDP� RV� YDORUHV� GH� tQGLFH� GH� SODVWLFLGDGH� �,3SU��PHGLGRV� GD� IRUPD�

FRQYHQFLRQDO��

�

4XDGUR����±�9DORUHV�GH�,3�PHGLGRV�SHORV�PpWRGRV�FRQYHQFLRQDLV�GH�HQVDLR��

$PRVWUD�
$GHQVDGD� 3DVWD�

//S����� /3U����� ,3SU����� //S����� /3U����� ,3SU�����

7���� ��� ��� ��� ��� ��� ���

7���� ��� ��� ��� ��� ��� ���

7����� ���� ��� ��� ����� ��� ���

7����� ���� ��� ���� ���� ��� ����

7����� ��� ��� ��� ��� ��� ���

7����� ��� ��� �� ��� ��� ��

7����� ��� ��� ��� ��� ��� ���

7������ ���� ��� ��� ���� ��� ���

�

$�FRPSDUDomR�JUiILFD�HQWUH�RV�YDORUHV�GH�,3F�H�,3SU�HQFRQWUD�VH�QD�)LJXUD�����2EVHUYD�VH�XPD�

ERD�FRUUHODomR�DSHQDV�SDUD�WUDoRV�FRP�tQGLFH�GH�SODVWLFLGDGH�LQIHULRU�D������$FLPD�GHVWH�YDORU��

H[FHWXDQGR�VH�RV�UHVXOWDGRV�GR�WUDoR�7������R�,3SU�SDVVD�D�VHU�PDLRU�GR�TXH�R�,3F��$�UD]mR�HQWUH�DV�

UHVLVWrQFLDV�DR�FLVDOKDPHQWR�QmR�GUHQDGDV�QR�//�H�QR�/3��DGPLWLGD�FRQVWDQWH�H� LJXDO�D�����SRU�

%HOYLVR�HW�DO�� ��������SRGH�VHU�D�FDXVD�GHVWD�GLVFUHSkQFLD�SDUD�VRORV�FRP�SODVWLFLGDGH�PDLV�DOWD��

(VWD�UD]mR�WHP�VLGR�TXHVWLRQDGD�SRU�YiULRV�DXWRUHV��FRPR��SRU�H[HPSOR��+DLJK�HW�DO����������$OpP�

GLVVR�� DV� GLIHUHQoDV� QRV� PHFDQLVPRV� GH� FRQWUROH� TXH� LQIOXHQFLDP� RV� HQVDLRV� GH� SHUFXVVmR� GH�

&DVDJUDQGH� H� GH� FRQH�� SDUD� GHWHUPLQDomR� GH� //�� SRGHP� WDPEpP� HVWDU� DIHWDQGR� RV� UHVXOWDGRV�

REWLGRV�SDUD�R�,3��6ULGKDUDQ�H�3UDNDVK���������

�



106 0379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 85-110

http://dx.doi.org/10.24849/j.geot.2018.143.05 – © 2018 Sociedade Portuguesa de Geotecnia

�

��

��

��

��

���

���

���

���

� �� �� �� �� ��� ��� ��� ���

,3
F
��
�

,3SU ���

$GHQVDGD

3DVWD

7������$�

7������3�

7������3�

7������$�

7�������3�

7�������$�

�
�

)LJ�����±�9DORUHV�GH�,3SU��HQVDLRV�FRQYHQFLRQDLV�GH�ODERUDWyULR��YHUVXV�,3F��HVWLPDWLYD�WHyULFD�
GHVGH�RV�HQVDLRV�GH�FRQH�GH�TXHGD�OLYUH���

��±�&21&/86®(6�

2�FRQH�GH�TXHGD�IRL�XWLOL]DGR�SDUD�DYDOLDomR�GD�SODVWLFLGDGH�H�UHVLVWrQFLD�DR�FLVDOKDPHQWR�GH�

VRORV�DUWLILFLDLV��SURGX]LGRV�HP�ODERUDWyULR�D�SDUWLU�GH�PLVWXUDV�GH�FDXOLP��EHQWRQLWD��DUHLD�ILQD�H�

iJXD�GHVWLODGD��$V�SULQFLSDLV�FRQFOXV}HV�GD�SHVTXLVD�VmR�DV�VHJXLQWHV���

�

±� $�H[SUHVVmR�WHyULFD�GH�+DQVER��������H�:RRG�H�:URWK���������UHODFLRQDQGR�D�UHVLVWrQFLD�

DR�FLVDOKDPHQWR�QmR�GUHQDGD�FRP�D�SURIXQGLGDGH�GH�SHQHWUDomR�GR�FRQH�GH�TXHGD��WHYH�

UD]RiYHO� DMXVWH� DRV� GDGRV� H[SHULPHQWDLV� GD� SHVTXLVD�� DSHVDU� GRV� SRXFRV� HQVDLRV�

UHDOL]DGRV��

±� 2V�UHVXOWDGRV�GRV�HQVDLRV�GH�&DVDJUDQGH�H�FRQH�GH�TXHGD�GLYHUJLUDP�HP�UHODomR�DR�YDORU�

GR� OLPLWH� GH� OLTXLGH]� GDV� DPRVWUDV�� $� GLYHUJrQFLD� p� WDQWR� PDLRU� TXDQWR� PDLRU� p� R�

SHUFHQWXDO�GH�EHQWRQLWD�GR�WUDoR�GH�VROR�DUWLILFLDO��(VWD�GLYHUJrQFLD�p�DPSODPHQWH�UHODWDGD�

QD� OLWHUDWXUD�� H� SRGH� HVWDU� UHODFLRQDGD� jV� GLIHUHQoDV� QRV� PHFDQLVPRV� GH� FRQWUROH� H�

PRELOL]DomR� GH� UHVLVWrQFLD� GRV� GRLV� HQVDLRV�� $� DGRomR� GH� XP� YDORU� ~QLFR� SDUD� D�

SHQHWUDomR� GR� FRQH� GH� TXHGD� ���� PP��� FRUUHVSRQGHQWH� DR� OLPLWH� GH� OLTXLGH]� GR� VROR��

LQGHSHQGHQWHPHQWH� GR� WLSR� GH� VROR� H� GH� VXD� FRPSRVLomR� PLQHUDOyJLFD�� WDPEpP� SRGH�

FRQWULEXLU�SDUD�D�GLYHUJrQFLD�REVHUYDGD��

±� 3DUD�RV� VRORV� DUWLILFLDLV� XWLOL]DGRV�QHVWD�SHVTXLVD�� D�SHQHWUDomR�GR� FRQH�GH�TXHGD� OLYUH��

FRUUHVSRQGHQWH� DR� OLPLWH� GH� OLTXLGH]� SHOR� DSDUHOKR�GH�&DVDJUDQGH�� DXPHQWRX�GH� IRUPD�

DSUR[LPDGDPHQWH�OLQHDU�FRP�R�DXPHQWR�GR�YDORU�GR�OLPLWH��QD�IDL[D�GH�OLPLWHV�GH�OLTXLGH]�

HQWUH�����H������2V�YDORUHV�GH�SHQHWUDomR�QHVWD�IDL[D�YDULDUDP�HQWUH����H����PP��3DUD�

YDORUHV�GH�OLPLWHV�GH�OLTXLGH]�DFLPD�GH������RV�UHVXOWDGRV�VXJHUHP�TXH�D�UHODomR�HQWUH�R�

OLPLWH�GH�OLTXLGH]�SHOR�PpWRGR�GR�DSDUHOKR�GH�&DVDJUDQGH�H�D�SHQHWUDomR�GR�FRQH�SDVVD�D�

VHU� QmR�OLQHDU�� DWLQJLQGR� XP� YDORU� GH� SHQHWUDomR� Pi[LPR� HP� WRUQR� GH� ��� PP�� (VWHV�

UHVXOWDGRV�VmR�VHPHOKDQWHV�DRV�UHODWDGRV�SRU�RXWURV�DXWRUHV��

±� &RP� UHODomR�j�GHWHUPLQDomR�GR� tQGLFH�GH�SODVWLFLGDGH�GRV� VRORV� DUWLILFLDLV� HQVDLDGRV��R�

SURFHGLPHQWR� SURSRVWR� SRU� %HOYLVR� HW� DO�� ������� WHYH� ERP� DMXVWH� DRV� UHVXOWDGRV� GRV�
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HQVDLRV�GH�&DVDJUDQGH��SHUFXVVmR�SDUD�//�H�URODJHP�GH�FLOLQGURV�SDUD�/3��DSHQDV�SDUD�

RV� WUDoRV� FRP� ,3� LQIHULRU� D� ����� 3DUD� VRORV� FRP� ,3� DFLPD� GH� ����� D� REWHQomR� SHORV�

SURFHGLPHQWRV�GH�&DVDJUDQGH� IRL� VXSHULRU�j�PHGLGD�SHOR�HQVDLR�GH�FRQH� �j�H[FHomR�GH�

XPD�GDV�DPRVWUDV��GH�WUDoR�7�������2V�PHVPRV�IDWRUHV�TXH�DIHWDP�D�GHWHUPLQDomR�GR�//�

SHOR�PpWRGR�GH�SHUFXVVmR�GH�&DVDJUDQGH�H�SHOR�PpWRGR�GH�FRQH��SRGHP�HVWDU� WDPEpP�

DIHWDQGR�D�GHWHUPLQDomR�GR�,3��

±� 4XDQWR�j�UHVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD��DSHVDU�GRV�SRXFRV�HQVDLRV�UHDOL]DGRV��

REVHUYRX�VH� TXH� D� H[SUHVVmR� WHyULFD� GH� +DQVER� ������� H� :RRG� H� :URWK� ��������

UHODFLRQDQGR�VX�FRP�D�SURIXQGLGDGH�GH�SHQHWUDomR�GR�FRQH�GH�TXHGD��WHYH�UD]RiYHO�DMXVWH�

DRV�GDGRV�H[SHULPHQWDLV�GD�SHVTXLVD��SULQFLSDOPHQWH�SDUD�R�WUDoR�7������WUDoR�FRP�PDLRU�

TXDQWLGDGH�GH�EHQWRQLWD�QD�PLVWXUD���$�LQIOXrQFLD�GD�PLQHUDORJLD��H�WDPEpP�GH�SRVVtYHLV�

HIHLWRV�YLVFRVRV��QR�PRGHOR�GH�+DQVER�VmR�SRQWRV�TXH�GHYHUmR�VHU�DERUGDGRV�HP�IXWXURV�

WUDEDOKRV��

�

(P� VtQWHVH�� R� HQVDLR� GH� FRQH� GH� TXHGD� VH�PRVWUD� XP� LPSRUWDQWH�PpWRGR� SDUD� DYDOLDomR� GD�

UHVLVWrQFLD�DR�FLVDOKDPHQWR�QmR�GUHQDGD�H�GD�SODVWLFLGDGH�GRV�VRORV��1D�FRPSDUDomR�FRP�RXWURV�

HQVDLRV� SDUD� GHWHUPLQDomR� GR� VX�� R� HQVDLR� GH� FRQH� WHP� YDQWDJHQV� HP� UHODomR� j� VLPSOLFLGDGH� H�

UHSHWLELOLGDGH��-i�QD�FRPSDUDomR�FRP�RV�HQVDLRV�FRQYHQFLRQDLV�SDUD�GHWHUPLQDomR�GRV�OLPLWHV�GH�

$WWHUEHUJ�� R� HQVDLR� GH� FRQH� PRVWUD� DLQGD� PHQRU� LQIOXrQFLD� GR� RSHUDGRU�� (QWUHWDQWR�� FRPR�

FRUURERUDP� RV� UHVXOWDGRV� REWLGRV�� GHYH�VH� DWHQWDU� j� YDOLGDGH� GH� FRUUHODo}HV� HVWDEHOHFLGDV� QD�

OLWHUDWXUD�IUHQWH�j�QDWXUH]D�GRV�VRORV�TXH�DV�JHUDP���

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6�

$%17������D���Grãos de pedregulho retidos na peneira de abertura 4,8 mm - Determinação da 

massa específica, da massa específica aparente e da absorção de água��1%5�������$QH[R�

%��*UmRV�GH� VROR�TXH�SDVVDP�QD�SHQHLUD�GH�����PP�±�'HWHUPLQDomR�GD�PDVVD�HVSHFtILFD���

$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�7pFQLFDV��5LR�GH�-DQHLUR��

$%17������E���Solo – Determinação do limite de liquidez��1%5�������$VVRFLDomR�%UDVLOHLUD�GH�

1RUPDV�7pFQLFDV��5LR�GH�-DQHLUR��

$%17������F���Solo – Determinação do limite de plasticidade��1%5�������$VVRFLDomR�%UDVLOHLUD�

GH�1RUPDV�7pFQLFDV��5LR�GH�-DQHLUR��

$%17� �����G��� Solo – Análise granulométrica�� 1%5� ������ $VVRFLDomR� %UDVLOHLUD� GH� 1RUPDV�

7pFQLFDV��5LR�GH�-DQHLUR��

%HOYLVR��5���&LDPSROL�� 6���&RWHFFKLD��9��� )HGHULFR��$�� ��������Use of the cone penetrometer to 

determine consistency limits��*URXQG�(QJLQHHULQJ��YRO������Q�����SS���������

%LFDOKR��.�9���*UDPHOLFK��-�&���&XQKD��&�/�6���6DUPHQWR�-U���5�*����������Estudo dos valores do 

limite de liquidez obtidos pelos métodos de Casagrande e cone para diferentes argilas��

*HRWHFQLD��YRO�������SS����±����

%URZQ��3�-���+X[OH\��0�$����������The cone factor for a 30o cone��*URXQG�(QJLQHHULQJ��YRO������

Q������SS���������

%6,� ��������Methods of test for soils for civil engineering purposes�� %6� ������0LOWRQ�.H\QHV��

%ULWLVK�6WDQGDUGV�,QVWLWXWLRQ��8QLWHG�.LQJGRP��

&DPDUJR��.�5���%DVWRV��&�$�%���6LOYD��&�)����������Análise da permeabilidade e de propriedades 

de compactação de solos compactados com adição de bentonita para uso como barreira 
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mineral�� $QDLV� GR� ;9� &RQJUHVVR� %UDVLOHLUR� GH� 0HFkQLFD� GRV� 6RORV� H� (QJHQKDULD�

*HRWpFQLFD����S���*UDPDGR��

&DPSEHOO�� '�-�� ��������Plastic limit determination using a drop-cone penetrometer�� -RXUQDO� RI�

6RLO�6FLHQFH��YRO������SS�����������

&DUYDOKR��-�%�4����������The applicability of the cone penetrometer to determine the liquid limit 

of lateritic soils��*pRWHFKQLTXH��YRO������Q�����SS�����������

&DVDJUDQGH��$����������Research on the Atterberg limits of soils��3XEOLF�5RDGV��YRO������Q�����SS��

���������

)HQJ��7�:����������Fall cone penetration and water content relationship of clays��*pRWHFKQLTXH��

YRO������Q�����SS�����±�����

*U¡QEHFK��*�/���1LHOVHQ��%�1��� ,EVHQ��/�%�� ��������Comparison of liquid limit of highly plastic 

clay by means of Casagrande and fall cone apparatus�� 3URFHHGLQJV� RI� WKH� ��WK� 3DQ�

$PHULFDQ�&RQIHUHQFH�RQ�6RLO�0HFKDQLFV�DQG�*HRWHFKQLFDO�(QJLQHHULQJ����S���7RURQWR��

+DLJK��6�.���9DUGDQHJD��3�-���%ROWRQ��0�'����������The plastic limit of clays��*pRWHFKQLTXH��YRO��

����Q�����SS�����������

+DQVER��6����������A new approach to the determination of the shear strength of clay by the fall-

cone test��3URFHHGLQJV�RI�WKH�5R\DO�6ZHGLVK�*HRWHFKQLFDO�,QVWLWXWH��Q������6WRFNKROP��

+DUULVRQ��-�$����������8VLQJ�WKH�%6�FRQH�SHQHWURPHWHU�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�SODVWLF�OLPLW�RI�

VRLOV��*pRWHFKQLTXH��YRO������Q�����SS�����±�����

+D]HOO��(����������Numerical and experimental studies of shallow cone penetration in clay��3K��'��

7KHVLV��2[IRUG�8QLYHUVLW\��8.��

+HDG��.�+����������Manual of soil laboratory testing��9RO�����3HQWHFK�3UHVV��/RQGRQ��

+RXOVE\��*�7����������Theoretical analysis of the fall cone test��*pRWHFKQLTXH��YRO������Q�����SS��

���������

+UXEHVRYD�� (�� /XQDFNRYD�� %�� %URG]NL�� 2�� ��������Comparison of liquid limit of soils resulted 

from Casagrande test and modificated cone penetrometer methodology.� 3URFHGLD�

(QJLQHHULQJ��YRO�������SS�����±������

.DUOVVRQ�� 5�� �������� Suggested improvements in the liquid limit test, with reference to flow 

properties of remolded clays�� 3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6RLO�

0HFKDQLFV�DQG�)RXQGDWLRQ�(QJLQHHULQJ��YRO�����SS�����������3DULV��

.RXPRWR��7���+RXOVE\��*�7����������Theory and practice of the fall cone test��*pRWHFKQLTXH��YRO��

����Q�����SS�����������

/HURXHLO��6���/H�%LKDQ��-�3����������Liquid limits and fall cones��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO��

YRO������SS�����������

/LWWOHWRQ�� ,��� )DUPLOR�� 0�� �������� Some observations on liquid limit values with reference to 

penetration and Casagrande tests��*URXQG�(QJLQHHULQJ��YRO������Q�����SS�����������

0DUWLQV��,�6�0����������&RPXQLFDomR�SHVVRDO��

0DVVDUVFK��.�5��)HOOHQLXV��%�+����������Early swedish contributions to geotechnical engineering��

3URFHHGLQJV�RI�WKH�*HR&RQJUHVV�������SS�����������2DNODQG��
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0DWWHR�� /�� �������� Liquid limit of low-to medium-plasticity soils: comparison between 

Casagrande cup and cone penetrometer test�� %XOOHWLQ� RI� (QJLQHHULQJ� *HRORJ\� DQG� WKH�
(QYLURQPHQW��YRO������Q�����SS����±����

0LVKUD�� $�.��� 2KWVXER�� 0��� /L�� /�<��� +LJDVKL�� 7�� �������� Influence of various factors on the 

difference in the liquid limit values determined by Casagrande’s and fall cone method��
(QYLURQPHQWDO�(DUWK�6FLHQFHV��YRO������Q�����SS����±����

0RKDMHUDQL��$����������A suggested calibration for the cone penetrometer liquid limit��$XVWUDOLDQ�
*HRPHFKDQLFV��YRO������Q�����SS���������

0RRQ��&�)���:KLWH��.�%����������A comparison of liquid limit tests results��*pRWHFKQLTXH��YRO������
Q�����SS����������

05'�4OG���������Assessment of the relationship between liquid limit and associated results of the 

cone penetrometer and Casagrande test.�0DLQ�5RDGV�'HSDUWPHQW��4XHHQVODQG��

1RUPDQ��/�(�-����������A comparison of values of liquid limit determined with apparatus having 

bases of different hardness��*pRWHFKQLTXH��YRO�����Q�����SS���������

g]HU�� 0�� ��������Comparison of liquid limit values determined using the hard and soft base 

Casagrande apparatus and the cone penetrometer.�%XOOHWLQ�RI�(QJLQHHULQJ�*HRORJ\�DQG�WKH�
(QYLURQPHQW��YRO������Q�����SS�����±�����

3LQWR��3�%���5RVD��.�/���$OYHV��$�0�/���%DVWRV��&�$�%����������Comparação entre resultados de 

ensaios de Casagrande e de cone de queda livre para determinação do limite de liquidez��
$QDLV�GR�;9,�&RQJUHVVR�%UDVLOHLUR�GH�0HFkQLFD�GRV�6RORV�H�(QJHQKDULD�*HRWpFQLFD����S���
,SRMXFD��

3UDNDVK�� .��� 6ULGKDUDQ�� $�� �������� Critical appraisal of the cone penetration method of 

determining soil plasticity��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO��YRO������Q�����SS�����������

5DMDVHNDUDQ��*��5DR��1�� ��������Falling cone method to measure the strength of marine clays��
2FHDQ�(QJLQHHULQJ��YRO������Q���������SS������±������

6FKRILHOG��$�1���:URWK��&�3����������Critical State Soil Mechanics��0F*UDZ�+LOO��1HZ�<RUN��

6KHUZRRG�� 3�7��� 5\OH\��0�'�� ��������An investigation of a cone penetrometer method for the 

determination of the liquid limit��*pRWHFKQLTXH��YRO������Q�����SS�����������

6LYDNXPDU��9���*O\QQ��'���&DLUQV��3���%ODFN��-�$����������A new method of measuring plastic limit 

of fine materials��*pRWHFKQLTXH��YRO������Q������SS�����±�����

6NHPSWRQ��$�:���1RUWKH\��5�'�� ��������The sensitivity of clays��*pRWHFKQLTXH��YRO�����Q�����SS��
�������

6SDJQROL��*����������Comparison between Casagrande and drop-cone methods to calculate liquid 

limit for pure clay��&DQDGLDQ�-RXUQDO�RI�6RLO�6FLHQFH��YRO������Q�����SS�����������

6ULGKDUDQ��$���3UDNDVK��.����������Percussion and cone methods of determining the liquid limit of 

soils: controlling mechanisms��*HRWHFKQLFDO�7HVWLQJ�-RXUQDO��YRO������Q�����SS�����±�����

6WRQH��.�-�/���3KDQ��&�'����������Cone penetration tests near the plastic limit��*pRWHFKQLTXH��YRO��
����Q�����SS�����±�����

7DQDND�� +�� +LUDED\DVKL�� +��� 0DWVXRND�� 7��� .DQHNR�� +�� �������� Use of fall cone test as 

measurement of shear strength for soft clay materials��6RLOV�DQG�)RXQGDWLRQV��YRO������Q�����
SS�����±�����
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7RPD]HOOL��/�-���9LOOZRFN��-�$����������Mapeamento geológico de planícies costeiras: o exemplo 

da costa do Rio Grande do Sul��*UDYHO��Q�����SS�����±������

:DVWL��<��%H]LUFL��0�+����������Determination of the consistency limits of soils by the fall cone 

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

:K\WH�� ,�/�� �������� Soil plasticity and strength - a new approach using extrusion�� *URXQG�

(QJLQHHULQJ��YRO������Q�����SS���������

:LUHV��.�&�� ��������The Casagrande method versus the drop-cone penetrometer method for the 

determination of liquid limit��&DQDGLDQ�-RXUQDO�RI�6RLO�6FLHQFH��YRO������Q�����SS�����������

:RRG��'��0����������Cone penetrometer and liquid limit��*pRWHFKQLTXH��YRO������Q�����SS������

�����

:RRG��'�0����������Some fall cone tests��*pRWHFKQLTXH��YRO������Q�����SS���������

:RRG��'�0���:URWK��&�3����������The use of the cone penetrometer to determine the plastic limit 

of soils��*URXQG�(QJLQHHULQJ��YRO������Q�����S������

:URWK��&�3���:RRG��'�0����������The correlation of index properties with some basic engineering 

properties of soils��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO��YRO������Q�����SS�����������


