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O5' %1-,' %d1U$,5&'6d122O4O%,'&R&#2$-1-1'61$' 7b$122$1$'"%&$R-,2&5$2$' 2b&8'4&--&56,' $5' 7$,2,'&5,#4$'

eO15-$-f' 6$' 41-&#$1%&' "#,P&5$&5-&' 61%' "#,"#$,' Q12$5,' 6d1%$4&5-1U$,5&8' a' #&R",5R1Q$%&' 6&%%1'
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%d1U$,5&'&#,R$P1'6&$'-,##&5-$'"#,7%12$1%$'2b&8'#$4,6&%%156,'%1'RO"&#T$2$&'-,",7#1T$21'6O#15-&'%1'T1R&'
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6&Q,%4&5-&'2,521P,.'
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>1%&'6&T$5$U$,5&'a'R-1-1'$5-#,6,--1'61'S&-#O22$'&'>17%$1P$5$'\*BLB]h'R-O6$'2,56,--$'RO22&RR$P14&5-&'
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51-O#1' 2#$R-1%%$51' &' 4&-14,#T$21.' K,5,' %1' T12$&R' T%OP$,7%12$1%&' "$c' #&2&5-&' &' 2,R-$-O$R2,5,8' 5&%'
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&R14&.'

 &2&5-$'&6'1--O1%$8' 2,##$R",56&5-$'1%%&' T1R$'"$c' #&2&5-$'6$'4,6&%%14&5-,'
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5&%%1' ",#U$,5&' 2&5-#,9R&--&5-#$,51%&' 6&%' 3,4O5&' 6$' :,P1#1' &' "$c' "#&2$R14&5-&' 5&%%1' U,51' 6$'

<&P&#$8'<$751%&8'!7,751-&'R$5,'1$'eO1#-$&#$'6$'K.'!71Q$,8'K.'=$-1h'-1%&'2,4"%&RR,'a'2,R-$-O$-,'61%%&'
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"#,T,56$-f'a'#$R2,5-#1Q$%&'O5',#$UU,5-&'2,5-$5O,'1'-&RR$-O#1'1#7$%%,R18'2,5'O51'5,-&P,%&'2,5-$5O$-f'

%1-&#1%&.''

!%%1'Q1R&'6$'eO&R-1'"#$41' %$-,U,51'1'-&RR$-O#1'4&6$,97#,RR,%1518' R$' #$5P$&5&'O5,'R-#1-,'6$'1#7$%%&'

1UUO##&8'-1%,#1'-,#Q,R&8'2,5'ROQ,#6$51-$'%$P&%%$'R1QQ$,R$8'1R2#$P$Q$%$'1%'<$%%1T#152b$15,.'

H1' R&eO&5U1' 6&R2#$--1' $56$21' %1' "#&R&5U1' 6$' 6O&' 12eO$T&#$8' 6&$' eO1%$' $%' "#$4,' 6$' -$",' T#&1-$2,8'

,22O"15-&'%1'",#U$,5&'7#,RR,%151'R,44$-1%&'T$5,'1%%1'"#,T,56$-f'6$'2$#21'?)'4'6,P&'a'2,5-&5O-,'

61%'%$P&%%,'1#7$%%,R,'R,"#1'6&R2#$--,8'&6'$%'R&2,56,'6$'-$",'4O%-$R-#1-,'R&4$2,5T$51-,.'

H1' RO"&#T$2$&' "$&U,4& $-O1-1' 16' O51' "#,T,56$-f'

P1#$1Q$%&'61'",2b$'4&-#$'R$5,'16'O51'6&2$51'6$'4&-#$8'$5'#&%1U$,5&'1%%1'eO,-1'6&%'"$15,'214"1751'&'

1%%1'%$-,%,7$1'6$'RO"&#T$2$&8'&'#$RO%-1'$5T%O&5U1-1'RO'Q1R&'R-17$,51%&'61%%&'"#1-$2b&'$##$7O&.'

#R,'K@KKG8'2,5'O5'7#16$&5-&' $6#1O%$2,'4&6

9 4&6$,'R-$41-,'"1#$'1'X8C'E'*)9F' 9*'&6'O5'

P1%,#&'6$'-#1R4$RR$P$-f'4&6$,'"1#$'1'(8('E'*)9?'4( 9*.'S#,P&'6$'",UU,'&'6$'12eO$T&#,'&TT&--O1-&'$5'O5'

"$&U,4&-#,' "#&R&5-&' 5&$' "#&RR$' b155,' T,#5$-,' $' R&7O&5-$' "1#14&-#$' "&#' %1' T1%61' RO"&#T$2$1%&M'

-#1R4$RR$P$-f'*.B' '*)9('4(@R8'"&#4&1Q$%$-f'B.C' '*)9A'4@Rh'

'
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'

'

"&#' %1' "#&6$R",R$U$,5&' 6&%%1'

31#-1' J6#,7&,%,7$21' 6$' S=/38' R,"#1' #$",#-1-1' \*BBL]8' $56$21P15,' O5' %$P&%%,'4&6$,' 6&%%1' T1%618' $5'

2,##$R",56&5U1'6&%'R$-,'$5'&R14&8'6$'2$#21'?'9' 9*8F'48'

$5'TO5U$,5&'6&%'#&7$4&'"%OP$,4&-#$2,'&'6&%%&'1--$P$-f'$##$7O&'5&$'2151%$'&'5&%%&'#$R1$&'2$#2,R-15-$'41'

2,5'",RR$Q$%$-f'6$'#$R1%$-1'R$5,'1'eO,-&'$5T&#$,#$'1'?'4'61'".2.'''

>1%&'R,77$12&5U1'P$&5&'152b&'2,5T&#41-1'61%'S$15,'>O-&%1'!2eO&'6&%%1'=&7$,5&'S$&4,5-&8'>1P.'?'

-1-1'$5'R-#1%2$,]'2b&'$56$21'O5'P1%,#&'4&6$,'6$ circa 152-

153 m s.l.m. a fronte di una quota di piano campagna di circa 156 m s.l.m. 

!
!

$5-&#&RR1'%1'#&R-15-&'

",#U$,5&' 6&%%1' R&eO&5U1' R1QQ$,R,97b$1$,R18' T$5,' 16' O51' "#,T,56$-f' 6$' 2$#21' *))' 4h' eO&R-,'

12eO$T&#,8'6$' -$",'R&4$2,5T$51-,8'a'21"-1-,'61'-O--$' $'",UU$'2,4O51%$'&'61%%1'7#15'"1#-&'6&$'",UU$'

"#$P1-$'"#,T,56$.'

J%' %$P&%%,' "$&U,4&-#$2,'4&6$ ,#6$5&' 6&$' *)'4'61%' ".2.8' 2,5' O5' 15614&5-,' 7&5&#1%&' 6&%%&'

%$5&&' $R,"$&U,4&-#$2b&':9Kh' $' "1#14&-#$' $6#,6$514$2$8' 6&-&#4$51-$' $5' 1%2O5&'"#,P&'6$' 2,%%1O6,'6$'
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1%2O5$'",UU$'2,4O51%$8'$56$215,'O51'"&#4&1Q$%$-f'6$'?8A'E'*)9A' 9*'&6'O51'-#1R4$RR$P$-f'6$'(8)'E'*)9

(' 4( 9*h' $%' P1%,#&' 6&%' 7#16$&5-&' $6#1O%$2,' a' "$O--,R-,' P1#$1Q$%&' 61' O5' 4$5$4,' 6$' *9

41RR$4,' 6&%' L9

2,52&5-#1U$,5&' 6$' 21"-1U$,5$8' 2b&' $56O2,5,' %1' T,#41U$,5&' 6$' O5' 2,5,' 6$' 6&"#&RR$,5&' 4,%-,'

122&5-O1-,.'

:&%%&'R&U$,5$'R&7O&5-$'R,5,'#1""#&R&5-1-$'7#1T$214&5-&'7%$'1R"&--$'

R,"#1'$%%OR-#1-$.'

'

'
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'
'

'

H76 A2.;C49.C24;!?>";?.!

&56&'16';P&R-' 8' %1'T1%61'T#&1-$21'

b1'O51'R,77$12&5U1'4&6$1'6$'2$#21'?'4&-#$'2,5'O51'6$#&U$,5&'6$'T%ORR,'#&7$,51%&':_9

$5'&R14&8'RO%%1'Q1R&'6&$'61-$'1'6$R",R$U$,5&8'R$',RR&#P1'2b&'"#&RR,'%1'D#1U$,5&'6$'!7,751-&'%1'T1%61'

T#&1-$21'"#&R&5-1'O51'6$#&U$,5&'::_9KKG'&6'O51'eO,-1'"$&U,4&-#$21'4&6$1'2,4"#&R1'-#1'*F)9*FF'

4.R.%.4.'

K$' ,RR&#P1' $5,%-#&8' 61%' 2,5T#,5-,' -#1' %&' eO,-&' 1%-$4&-#$2b&' 6&%' "$15,' 214"1751' &' %&' eO,-&'

&R&5U1' 6$' O51' R,77$12&5U1'

#$6,--18'$5T&#$,#&'1'?'4'61'"$15,'214"1751'\2T#.'&%1Q,#1-,'R&7O&5-&].'
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'

J' P1%,#$' 41RR$4$' 6$' R,77$12&5U1' R$' #$R2,5-#15,' R,%$-14&5-&' 5&%' "&#$,6,' 01#U,9!"#$%&8' "#$41'

12&5U&' R$' b155,' 5&%' "&#$,6,' 6$' !7,R-,9

#$",#-15,'5&%%1' R&7O&5-&' -1Q&%%1' $' P1%,#$' 6$' R,77$12&5U1'4$RO#1-$' $5' "#,RR$4$-f'6&%' R$-,' $5'&R14&'

\[,#7,'6$'!7,751-&].'

10 Maggio 2010 3,53 m da p.c. 

7 Giugno 2010 3,97 m da p.c. 

13 luglio 2010 4.14 m da p.c. 

9 settembre 2010 4.22 m da p.c. 

18 ottobre 2010 4.06 m da p.c. 

23 febbraio 2011 4.15 m da p.c. 

9 marzo 2012 4.31 m da p.c. 

 

W51' #$2&#21' 6$' 61-$' "$&U,4&-#$2$' "# U$,5&' J##$71U$,5&' GR-9' K&R$1' b1' T,#5$-,' 1%2O5&'

4$RO#&' 6$' 41RR$41' &' 6$' 4$5$41' R,77$12&5U1' 6$' O5' "$&U,4&-#,' 2,%%,21-,' 5&%' 2&5-#,' 6$' :$QQ$1'

\2,,#6$51-&'W>0'ALF?F)G' 'F)?CA(F:]8'1'2$#21'?'g4'1':_'6&%'R$-,'$56171-,.'

Stazione piezometrica di NIBBIA - 012 a               

Quota terreno: 165,37 m s.l.m.                  

Quota punto riferimento: 165,77 m s.l.m.                 

Altezza punto riferimento: 0,40 m               



Nuovi interventi in Ambito T12  Seconda Connessione, Nuova Fermata di Agognate  Progetto Definitivo 

RELAZIONE GEOLOGICA,  SISMICA E CARATTERIZZAZIONE GEOTECNICA 23 

MEDIE ANNUALI E MENSILI - NIBBIA - (m s.l.m.)      

MESE 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

 

medie 

mensili 

Gennaio 164,49 164,34 164,30 164,21 164,32 164,20 164,31 164,34 164,28 164,29 164,30 

Febbraio 164,49 164,33 164,49 164,21 164,34 164,32 164,24 164,26 164,22 164,32 164,32 

Marzo 164,48 164,34 164,26 164,23 164,35 164,31 164,23 164,28 164,18 164,31 164,29 

Aprile 164,50 164,44 164,36 164,45 164,42 164,40 164,41 164,36 164,44 164,39 164,41 

Maggio 164,51 164,49 164,40 164,46 164,43 164,47 164,41 164,51 164,45 164,46 164,46 

Giugno 164,54 164,49 164,34 164,49 164,45 164,47 164,48 164,43 164,46 164,42 164,46 

Luglio 164,56 164,49 164,54 164,50 164,48 164,52 164,48 164,51 164,49 164,46 164,50 

Agosto 164,59 164,49 164,54 164,49 164,49 164,54 164,47 164,51 164,53 164,48 164,51 

Settembre 164,62 164,43 164,57 164,40 164,47 164,47 164,40 164,38 164,43 164,44 164,46 

Ottobre 164,50 164,33 164,37 164,41 164,36 164,36 164,30 164,32 164,41 164,40 164,37 

Novembre 164,38 164,27 164,38 164,47 164,30 164,36 164,30 164,34 164,32 164,31 164,34 

Dicembre 164,33 164,21 164,28 164,38 164,25 164,32 164,41 164,34 164,31 164,31 164,31 

MEDIE ANNUALI 164,50 164,38 164,40 164,39 164,39 164,39 164,37 164,38 164,37 164,38 164,39 

ESCURS. ANNUALI 0,30 0,28 0,29 0,29 0,25 0,34 0,25 0,25 0,35 0,19  
                    

MEDIE mensili - NIBBIA - (m s.l.m.) 

164,30
164,32

164,46

164,50

164,34

164,31

164,37

164,46

164,51

164,46

164,41

164,29

164,15

164,20

164,25

164,30

164,35

164,40

164,45

164,50

164,55

Gennaio Marzo Maggio Luglio Settembre Novembre
'

MEDIE annue - NIBBIA - (m s.l.m.) 

164,50

164,38
164,39

164,37

164,40
164,39 164,39 164,38

164,37
164,38

164,30

164,35

164,40

164,45

164,50

164,55

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
'
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ESCURSIONI medie annue - NIBBIA 

0,30
0,28

0,29 0,29

0,25

0,34

0,25 0,25

0,35

0,19

0,15

0,20

0,25

0,30

0,35

0,40

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
'
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STAZIONE PIEZOMETRICA DI NIBBIA - soggiacenze massime e minime
(Periodo 1997 - 2006)

'

+1$'61-$'R,"#1'&R",R-$'R$'&P$52&'2b&'%1'R,77$12&5U1'5&%%1'U,51'6$':$QQ$1'#$RO%-1'"$c'#$6,--1'&'"1#$'1'

2$#21'*'4'61'".2.8'2,5'&R2O#R$,5$'4,6&R-&'5&%'"&#$,6,'6$'#$T&#$4&5-,'\1%2O5&'6&2$5&'6$'2&5-$4&-#$]'

&' 2,5' O5' "$22,' 6$' #$R1%$-1' 2,%%,21-,' 5&%' "&#$,6,' 4177$,9R&--&4Q#&' &' 41RR$4,' 16' 17,R-,.'

' R&4Q#1' $56$21#&' O5' %$&P&' 41' "#,7#&RR$P,'

R,"#1'#$",#-1-,.'

H1' 6$TT,#4$-f' 6&$' P1%,#$' 6&%%1' T1%61' 6&%' "$&U,4&-#,' 6$' :$QQ$1' #$R"&--,' 1' eO&%%$' 4$RO#1-$' 5&%'

"$&U,4&-#,' R$-,' $5' 1#&1'16$12&5-&'"Ol'&RR&#&' $5-&#"#&-1-18' $5' -&#4$5$' $6#,7&,%,7$2$8' $5' #&%1U$,5&'

J5T1--$8' ,R-$-O$R2&'

R,R-15U$1%4&5-&'O5'&%&4&5-,'6#&515-&' %,21%&'6&%%1' T1%61' R,--&##15&18' 2,4&'Q&5' $%%OR-#1-,'5&%%1'
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21#-,7#1T$1'6$'S>!'"#,",R-1'$5'"#&2&6&5U18'5&%%1'eO1%&'R$',RR&#P15,'1RR$'6$'6#&5177$,'1QQ1R-15U1'

O1' \!7,7518' !#Q,751' &8' $5' 4,6,' 4&5,'

122&5-O1-,' &' "&#R$R-&5-&8' >&#6,""$,].' GP&5-O1%$' $5P&#R$,5$' 6&%' #1"",#-,' 6$' 1%$4&5-1U$,5&'

T1%61@-,##&5-&'",RR,5,'-O--1P$1'&R"%$21#R$'5&%'2,#R,'6$'&P&5-$'6$'"$&51'R-#1,#6$51#$18'6O#15-&'$'eO1%$'

&' O5' 21#1--&#&'

T#&1-$2,.'

!"#"$$%#&* &,#(/%(-(/&0&*,%-* $%##&$(#&(*

0(37#%>(*$#"*S(5"#"*"*(5%>$*%,*&-*[&@3%*T&0&)(*",*%>$*0()*7"#$&0(-"#%*#&6%#&3%)$(*"--"*6">0&"*,%&*

6()$")&-&

&-*T(##%)$%*E/(/)"*0?%*0(>$&$@&>0%*&-* -&3&$%*(00&,%)$"-%2*

,#%)"* -"* 6"-,"* "* >@,* ,&* S(5"#"* 3%)$#%* "* )(#,* ,%-* 0"7(-@(/(* -"* "-&3%)$"G* B@%>$"* ,&5%#>&$8* ,&*

>@, '

J%'R$-,'$5'&R14&'R$'2,%%,218',RR&#

6&%' 214Q$,' -#1' R$R-&41' 6#&515-&' &' R$R-&41' 1%$4&5-15-&8' 21#1--&#$UU1-,' 61' 6&"#&RR$,5&' 6&%%1'

&%' R&--,#&' 6$'

" '

J5'#$T&#$4&5-,'1$'61-$'2,5-&5O-$'5&%'S>!'()*X'\1%%.'?['K-1-,'eO15-$-1-$P,'&'-#&56'"$&U,4&-#$2$'6&%%1'

T1%61'RO"&#T$2$1%&'6&%%1'"$15O#1'"$&4,5-&R&]8'R$'#$",#-15,'$'7#1T$2$'#&%1-$P$'1%'"$&U,4&-#,'#&7$,51%&'

6$'K15'S$&-#,'0,R&UU,'SJJ??8' '

'
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J%'-#&56'"$&U,4&-#$2,'#$RO%-1'$5'%&77&#1'6$4$5OU$,5&'5&7%$'O%-$4$'*)'155$'16'&22&U$,5&'6&%'"$22,'6$'

#$R1%$-1'1PP&5O-,'5&%'()*)8'2,5'4&6$1'4&5R$%&'6$'2$#21'*.F'4'RO"&#$,#&'#$R"&--,'1%%&'1%-#&'155O1%$-f.'

'

'

+1$' 61-$' 6&%' _&Q7$R' 6$' !#"1' S$&4,5-&' 0,5$-,#177$,' 6&%%1' eO1%$-f' 6&%%&' 12eO&' RO"&#T$2$1%$' $5'

S$&4,5-&'a'",RR$Q$%&'122&6&#&'1%%&'4$RO#1U$,5$'6$'6&--17%$,'6&%'"$&U,4&-#,.'
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H1'4&6$1'6&$'P1%,#$'6$'R,77$12&5U1'#&7$R-#1-$'5&%'"&#$,6,')*.)*.()*('1%'?*.*(.()*C'a'#1""#&R&5-1-1'

5&%'7#1T$2,'R&7O&5-&'&'#$RO%-1'"1#$'1'(.*'4'2,5'4$5$4,'6$'*.FB'4'&'41RR$4,'6$'(.FB.'

'

:&%'2,#R,'6&%%&'"#,P&'"&5&-#,4&-#$2b&'6$514$2b&8'&TT&--O1-&' $5'61-1')(.)A.()(*8' %1'R,77$12&5U1'

6&%%1'T1%61'a'#$RO%-1-1'"#,RR$41'1'9('4'61'".2.'\2$#21'?'4'61%'"$15,'R-#161'"$R-1'2$2%1Q$%&8'#$%&P1-1'RO'

".2.'6$'2$#21'*.)9*.('4].'<1'-O--1P$1'#$%&P1-,'2b&'%&'"#,P&'R,5,'R-1-&'&TT&--O1-&'$5'16$12&5U1'16'O5'

21P,'$##$7O,'2,5'"#&R&5U1'6$'12eO1'$5'1%P&,.'

&1'$5'&R14&'R$'",RR15,'1RRO4&#&'$'P1%,#$'

6$' R,77$12&5U1' 4&6$1' 6&%' "$&U,4&-#,' 6$' K15' S$&-#,' 0,R&UU,8' 2,##$R",56&5-$' "&#' $%' R$-,' 1%%&'

R&7O&5-$'eO,-&'4&6$&'RO%'%$P&%%,'6&%'41#&'\#$T&#&56,R$'1%'#$%$&P,'-,",7#1T$2,'T,#5$-,]M'

 *FL.L'4'$5'"#,RR$4$-f'6&%'3151%&'31P,O#h'

 *FL.C' 4' $5' 2,##$R",56&5U1' 6&%%1' 5O,P1' #,-,561' 6$' $5-&#R&U$,5&' 2,5' $%' 21R&%%,' !A' 6$'

!7,751-&h'

 '

"1RR177$,'1'%$P&%%,'6&%%1'%$5&1'[$&%%19:,P1#1].'

3,5R$6&#156,'%&'&R2O#R$,5$'#&7$R-#1-&'5&%'"$&U,4&-#,'#&7$,51%&'6$'2,5-#,%%,8'R$'6,P#f'-&5&#&'2,5-,'

6 9C)'24'2,5'",RR$Q$%$'&R-#&4$'6$',%-#&'*'4.'

'

'

'



Nuovi interventi in Ambito T12  Seconda Connessione, Nuova Fermata di Agognate  Progetto Definitivo 

RELAZIONE GEOLOGICA,  SISMICA E CARATTERIZZAZIONE GEOTECNICA 28 

H7< :C2;C4@2;A4;!?>";?.!.!9>5.??>!@.>?>@4">!

!$' T$5$' 6&%%1' 21#1--&#$UU1U$,5&' 7&,%,7$21' &' 7&,-&25$21' 6&%' R,--,RO,%,8' R$' T1' #$T&#$4&5-,' 16' O5'

R,56177$,'1'21#,-177$,'2,5-$5O,'2,5'"#,P&'KS>'$5'T,#,'&'RO22&RR$P1'",R1'6$'"$&U,4&-#,8'&TT&--O1-,'

5&%'()**'5&%'[,#7,'6$'!7,751-&.'

'

J5,%-#&'5&%'()*(8'5&%%,'R-&RR,'R$-,8'a'R-1-,'#&1%$UU1-,'O5'5O,P,'"$&U,4&-#,'6$'2,5-#,%%,'R"$5-,'R$5,'

1'?)'4'6$'"#,T,56$-f8'61'2O$'a'R-1-,'",RR$Q$%&'6&6O##&'%1'R&7O&5-&'R&eO&5U1'%$-,R-#1-$7#1T$21M'
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 61').))'1'F'4M'R1QQ$1'1#7$%%,R1'6&Q,%4&5-&'7b$1$,R1'7$1%%1R-#1h'

 61'F.))'1'*F.))'4M'7b$1$1'R1QQ$,R1'7$1%%1R-#1h'

 61'*F.))'1'*X.))'4M'7b$1$1'&'R1QQ$1'7$1%%1R-#1h'

 61'*X.))'1'(A.))'4M'7b$1$1'R1QQ$,R1'7$1%%1R-#1h'

 61'(A.))'1'(C.))'4M'7b$1$1'2,5'R1QQ$1'1#7$%%,R1'7$1%%1R-#1.'
'

6&%%1' >!<' \D$1-&57$5&&#$578' 2,44.' !()*@*?@3@D(@=[@S=[F))@))?!' &' 2,44.'

!()*@*?@<@D(@=[@[K)L)m@))*!]' b1' 2,5R&5-$-,' 152b&'6$' ,RR&#P1#&' %&' R&eO&5U&' R-#1-$7#1T$2b&' 6$'

1%2O5$'R,56177$'2,56,--$'5&%%1'U,51'6&%'21R&%%,'1O-,R-#161%&'!A.''

J5'"1#-$2,%1#&8'R$'#$",#-15,'%&'R-#1-$7#1T$&'6&$'R,56177$'K:CL8'#&1%$UU1-,'"#&RR,'31R1'[175O61'P$2$5,'

1%%1' #,-,561' 6$' :$QQ$18' &' K*F(

%17b&--$'DJSK.'

'

!

!

!

!

!

!

'

K:CL'

K*F('
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:6H<!

'

'

S&#-15-,8'$5'-&#4$5$'R-#1-$7#1T$2$'7&5&#1%$8'$%'R,--,RO,%,'6 &--,'6$'R-O6$,'a'21#1--&#$UU1-,'

61'O51'RO22&RR$,5&'\$56171-1'6$#&--14&5-&'"&#'2$#21'?)'4&-#$]'2,R-$-O$-1' $5'"#&P1%&5U1'61'7b$1$&'
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R1QQ$,R&'2,5'O51'2,"&#-O#1'6$'2$#21'A9F'4'6$'R1QQ$&'&'7b$1$&'&'6$'R1QQ$&' %$4,R&'1%%1'R,44$-f.'H1'

R&eO&5U1' R-#1-$7#1T$21' 2,Rn' $%%OR-#1-1' 6&T$5$R2&' O51' RO22&RR$,5&' 6$' -$",' 6&)&)/F@7_"#,8' %&71-1' 1'

T12$&R'6&",R$U$,51%$'6$' -$",' T%OP$1%&@T%OP$,7%12$1%&8'6$'Q1##1'&@,'6$' 2151%&' $5'"#,T,56$-f'"1RR15-$'1'

"$151'&R,561Q$%&'1%%1'R,44$-f.'

H1'Q1R&'6&%%1'RO22&RR$,5&'R-#1-$7#1T$218',%-#&'$'(F'4'6$'"#,T,56$-f'2$#218'a'2,R-$-O$-1'61'R1QQ$&'T$5$'

166&5R1-&8'%$4,R&8'1--#$QO$Q$%$'1'R&6$4&5-1U$,5&'T%OP$1%&@T%OP$,7%12$1%&'6&%'S%&$R-,2&5&'4&6$,.'

3,5' $' 61-$' 6&%%&' "#,P&' "&5&-#,4&-#$2b&' &TT&--O1-&' 5&%% 14Q$-,' 6&%%1' #&61U$,5&' 6&%' S#,7&--,'

+&T$5$-$P,'6&%'S$15,'S1#-$2,%1#&77$1-,'\()*X]'&'6$'eO&%%&'&TT&--O1-&'5&%'R$-,'6$'$5-&#&RR&'5&%'4&R&'6$'

1"#$%&'2.1.8'a'R-1-1'&%1Q,#1-1'O51'2,##&%1U$,5&'R-#1-$7#1T$218'"#&R&5-1-1'5&7%$'&%1Q,#1-$'R&7O&5-$8'2b&'

&P$6&5U$1'O51'R&eO&5U1'%,21%&'#$2,56O2$Q$%&'1'-&##&5$'7#15O%1#$'6$'14Q$&5-&'T%OP$1%&'&'RO66$P$R$Q$%&'

$5'-#&'O5$-f'%$-,R-#1-$7#1T$2b&'\%$-,-&25$2b&]'"#$52$"1%$M'

 O5$-f'R1QQ$,R,'7b$1$,R1'R2$,%-1' '#1""#&R&5-1'%1'2,"&#-O#1'R,44$-1%&8'1%'5&--,'6&$'6&",R$-$'6$'

#$",#-,'RO"&#T$2$1%$8'6&%%1'RO22&RR$,5&'R-#1-$7#1T$21'%,21%&h'

 O5$-f'R1QQ$,R,97b$1$,R1'4&6$14&5-&'166&5R1-1' 'O5$-f'$5-&#4&6$1h'

 W5$-f' R1QQ$,R1' &' 7b$1$,R,92$,--,%,R1' 166&5R1-1' ' #1""#&R&5-1' %1' ",#U$,5&' $5T&#$,#&' 6&%%1'

RO22&RR$,5&'R-#1-$7#1T$21.'

'
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J7 4,EF;52;9.,C>!:4:94">!

J%' -&##$-,#$,' 2,4O51%&' 6$' :,P1#1' 5&%' 21-1%,7,' "1#14&-#$2,'3S>J)A' 6&7%$' &P&5-$' R$R4$2$' R-,#$2$'

"#&R&5-1'%1'R&7O&5-&'R&#$&'2,Rn'#1""#&R&5-1-1'$5',#6$5&'2#,5,%,7$2,M'

intensità 
del sito 

Data 
(g.m.anno) 

ora Denominazione del sisma 
(area epicentrale) 

Intensità 
max 

Magnitudo 
momento 

5-6 09.12.1755 13:30 vallese 8 5,90 
3 22.10.1796 04:00 Emilia orientale 7 5,63 

3-4 29.12.1854 01:45 Liguria occidentale 7-8 5,77 
4-5 25.07.1855 12:00 Vallese 8-9 5,81 
3 26.02.1885 20:48 Scandiano 6 5,22 

5-6 23.02.1887 05:21 Liguria occidentale 10 6,29 
4 07.06.1891 01:06 Valle d  9 5,71 
5 30.10.1901 14:29 Salò 8 5,67 

4-5 29.04.1905 01:46 Alta Savoia 7-8 5,79 
F 07.12.1913 01:28 Novi Ligure 5 4,72 
F 26.10.1914 03:45 Tavernette 7 5,36 
3 20.04.1929 01:09 bolognese 8 5,55 
2 17.02.1947 00:12 Alpi occidentali 5-6 4,90 
3 15.05.1951 22:54 lodigiano 6 5,24 
4 25.10.1972 21:56 Passo Cisa 5 4,95 

3-4 09.11.1983 16:29 parmense 7 5,10 
 

 

 

J%' eO16#,' 6&%%&' U,5&' R$R4,7&5&-$2b&8' -#1--,' 61%' R$-,' 6&%' /#O"",' :1U$,51%&' "&#' %1' +$T&R1' 6&$'

-&##&4,-$8' a' #1""#&R&5-1-,' 5&%%1' R&7O&5-&' 21#-1M' %1' U,51' $5' &R14&' R$' 2,%%,21' 5&%%1' U,51'

Q12g7#,O568'2,5'0R'o'F.)'\4175$-O6,'21%2,%1-1'RO%%&',56&'RO"&#T$2$1%$].'
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%$' &P&5-O1%$' &"$R,6$' R$R4$2$' 2b&' ",RR,5,' 1P&#'

$5-&#&RR1-,' %1' U,51' $5' "1RR1-,.'La consultazione del catalogo DBMI15, dal sito INGV, (Locati M., 

Camassi R., Rovida A., Ercolani E., Bernardini F., Castelli V., Caracciolo C.H., Tertulliani A., Rossi A., Azzaro 

e S., Rocchetti E. (2016). DBMI15, the 2015 version of the Italian Macroseismic 

Database. Istituto Nazionale di Geofisica e Vulcanologia. doi:http://doi.org/10.6092/INGV.IT-DBMI15 ) ha 

fornito i seguenti dati per il Comune di Novara: 

 



Nuovi interventi in Ambito T12  Seconda Connessione, Nuova Fermata di Agognate  Progetto Definitivo 

RELAZIONE GEOLOGICA,  SISMICA E CARATTERIZZAZIONE GEOTECNICA 36 

I7 4,5;@4,4!@.>@,>:C4"K.!

:&%%1'-1P,%1'R&7O&5-&'R,5,'#1""#&R&5-1-$'$'"O5-$'6$'$5617$5&h'2,5'SU'a'#1TT$7O#1-1'%1'",R$U$,5&'6&$'

",UU&--$'R-#1-$7#1T$2$h'2,5'SS+'R,5,'#1TT$7O#1-&'%&'",R$U$,5$'6&%%&'"#,P&'"&5&-#,4&-#$2b&'6$514$2b&'

1%%1'R,44$-f'6&%%1'"$R-1'2$2%1Q$%&h'2,5'%1'R$7%1'0!K_'%1'%$5&1'R$R4$21'4O%-$2151%&.'

'
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I76 82>=.!8.,.C2>9.C24"K.!54,;94"K.!

H1' "#,P1'

5T$RR$,5&' 1PP$&5&' "&#' Q1--$-O#18' 2,5' %&' R-&RR&' 4,61%$-f' 6&%%&' "#,P&' KS>8' 2b&'

2,R-$-O$R2,5,'%,'R-1561#6'6$'#$T&#$4&5-,'"&#'%&'"#,P&'"&5&-#,4&-#$2b&.'K$'2,5-15,'$'2,%"$'5&2&RR1#$'

"&#' %1'"&5&-#1U$,5&'6$' 2$1R2O5' -#1--,'6$' %O57b&UU1' R-1Q$%$-1h' %1' #&R$R-&5U1'6&%' -&##&5,'a' TO5U$,5&'

$5P&#R1'6&%%1'"&5&-#1U$,5&'"&#'2$1R2O5'2,%",'&8'6$#&--18'6&%'5O4&#,'6$' 2,%"$' \:+S]'"&#'O51'61-1'

"&5&-#1U$,5&.'

o un penetrometro dinamico pesante della Ditta GEODEEP DRILL, motorizzato e 

cingolato, con le seguenti caratteristiche tecniche: 
- diametro della punta = 51 mm 
- angolo della punta = 60° 
- area della base della punta conica = 20,43 cm2 

- diametro delle aste = 32 mm 
- lunghezza delle aste = 90 cm 
- peso delle aste = 6 kg 
- peso del maglio = 63,5 kg 
- altezza di caduta = 750 mm 
- penetrazione di riferimento = 300 mm 
- Esecutore: Giovanni Rodina 
- Data: 02.04.2021 

'

"&5&-#,4&-#$2b&'6$514$2b&'",RR,5,'&RR&#&'"#&R&5-1-$'\&@,'"1#17,51-$]'2,4&'P1%,#$'6$'#&R$R-&5U1'

#6'R&2,56,'%1'R&7O&5-&'T,#4O%1M'

' ' ' ' ' eA
HgMrd
'

 ' '

 '&'a'%1'"&5&-#1U$,5&'4&6$1'"&#'2,%",.'

&

I7< 9>5;?4CL!54!4,C.282.C;B4>,.!5.4!5;C4!

J%' "&5&-#,4&-#,' O-$%$UU1-,' #$R"&--1' %,' R-1561#6' P$7&5-&8' eO$56$' a' ",RR$Q$%&' O-$%$UU1#&' -O--1' %1'

%&--&#1-O#1' "#,6,--1' "&#' %&' "#,P&' KS>.' S#$41' 6$' ",-&#' &RR&#&' O-$%$UU1-,' "&#' #$21P1#&' $' "1#14&-#$'

7&,-&25$2$' 6&$' -&##&5$' 1--#1P&#R1-$8' $%' P1%,#&' 6$' :R"-' 6&P&8' -O--1P$18' &RR&#&' ,77&--,' 6$'

$56,--1'61%'6$R",R$-$P,'6$'Q1--$-O#1'6&%%&'1R-&.''

I7<76 ,>29;?4BB;B4>,.!24:8.CC>!;??;!82.::4>,.!5.?!C.22.,>7!

+1-,'2b&' %1' #&R$R-&5U1'1%%1'"&5&-#1U$,5&'1O4&5-1' $5'4,6,' %$5&1#&' 2,5' %1'"#,T,56$-f8'eO$56$'5&%'
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,"&#1#&' O51' 2,##&U$,5&' #$T&#&56,' $' P1%,#$' 6$' :' 16' O51' "#&RR$,5&' P&#-$21%&' &TT$212&' 6$' *' g7@24('

R&2,56,'%1'T,#4O%1M'' NCN N1 '

 :'a'$%'5O4&#,'6$'2,%"$'4$RO#1-$h'

 :*'a'$%'P1%,#&'6$':'#$T&#$-,'16'O5'P1%,#&'O5$-1#$,'6$ ,h'

 3:'p'*@ ,
\5]'

 3,5'5'p').F'\H$1,'&'_b$-4158'*BXF].'

'"&#'R1QQ$&'T$5$M' 100/1
2
'
0v

NC
'&'"&#'

R1QQ$&'7#,RR,%15&M' 100/2
3
'
0v

NC
8'2b&'&5T1-$UU15,'4&5,'$'P1%,#$'6$'3:'"&#'Q1RR$'P1%,#$'6$'

"#&RR$,5&'&TT$212&.'

I7<7< ,>29;?4BB;B4>,.!24:8.CC>!;?!54:8>:4C4=>!54!M;CC4CF2;!

:,#41%4&5-&' $%' #&56$4&5-,' 6&$' 6$R",R$-$P$' O-$%$UU

2$5&-$21'5,4$51%&'\AC?.A'q,O%&]'6&%%1'41RR1'6$'O5'417%$,'6$'L?.F'g7'2b&'216&'

44M'",$2bj'5&%' 21R,'R"&2$T$2,' $%' #&56$4&5-,'a' RO"&#$,#&8' R$' #&56&' $56$R"&5R1Q$%&'&TT&--O1#&'O51'

2,##&U$,5&'R&2,56,'%1'#&%1U$,5&M'
N

ER
Ni M

60 60 '' ' '

:L)'p'5O4&#,'6$'2,%"$'2,##&--,'"&#'#$T&#$#%,'16'O5'#&56$4&5-,'6&%'L)rh'

G=$0'p'#&56$4&5-,'4&6$,'&R"#&RR,'$5'"&#2&5-O1%&h'

:'p'5O4&#,'6$'2,%"$'4$RO#1-,.'

J%' P1%,#&' 5,#41%$UU1-,' 6$':' 2b&' -&571' 2,5-,' R$1' 6&%%1' "#&RR$,5&'6&%' -&##&5,' R,P#1R-15-&' 2b&'6&%'

#&56$4&5-,'6&%'R$R-&41'6$'$5T$RR$,5&8'6$P$&5&M'\:*]L)'p'3:'\G=$0@L)]:'p'G=$0' P,.'

!6,--156,' $%' P1%,#&' 6$' \:*]L)' &' #$R"&--156,' %&' $56$21U$,5$' 6&%%1' S#,2&6O#1' 6$' =$T&#$4&5-,'

21#1--&#$R-$2b&'6&%'-&##&5,.'

I7<7D ,>29;?4BB;B4>,.!24:8.CC>!;??;!?F,@K.BB;!54!8.,.C2;B4>,.!

H1'2,##&U$,5&'a'R-1-1'$5-#,6,--1'O-$%$UU156,'%1'T,#4O%1U$,5&'6$'H13#,$E'&'Y,#5'\*BC?]''

'

'

'

_' p' "&R,' 6&%'417%$,' \g7]' Y' p' 1%-&UU1' 6$' 216O-1' \24]' +' p' 6$14&-#,' 6&%' 2,5,' \24e]' H' p' "&5&-#1U$,5&'

R-1561#6'\24]' ':'p'5O4&#,'6&$'2,%"$'4$RO#1-,'5&%%1'"#,P1'5,5'R-1561#6.'

I7<7G ,>29;?4BB;B4>,.!24:8.CC>!;??;!?F,@K.BB;!5.??.!;:C.!
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6$'*)'48'$'T1--,#$'6$'2,##&U$,5&'4,R-#1-$'$5'T$7.'(.X'",RR,5,'&RR&#&'1""%$21-$'1%'5O4&#,'6&$'2,%"$'"&#'

R1QQ$1h'"&#'1R-&'"$c'%O57b&'6$'*)'48'5&RRO51'2,##&U$,5&'P$&5&'1""%$21-1.''

'

I7D 8;2;9.C24!24";=;C4!

I7D76 8.:>!54!=>?F9.!

[#OR2b$ NOP6QR6PDNSTPTHDQ,JTUTPTT66Q,JT<STPTTTTTIJQ! ,JTDV! &'

eO&%%1'6$'3b1$75&1O)!R67<IQ?(R1WVS6G7JDV, 4&6$156,'$'#$RO%-1-$. 

I7D7< 5.,:4CL!2.?;C4=;!R52V!

+$R",5&56,' 6&%' P1%,#&' 5,#41%$UU1-,' 6$' :KS>' s\:*]L)t8' %1' 4$7%$,#&' 2%1RR$T$21U$,5&' #$RO%-1' eO&%%1'

"#,",R-1'61'>&#U17b$'&'S&2g'\*BAX]'&'61'Kg&4"-,5'\*BXL]8'O-$%$UU156,'%1'2,##&%1U$,5&'R,6VJTX51<!!Y!

JT8'"&#'+#'u'?Fr.'

I7D7D ;,@>?>!54!;CC24C>!.AA4";".!R! V!

J5515U$-O--,8'R$'6&P&'R,--,%$5&1#&'2b&8'1'21OR1'6&%%1'P1#$1Q$%$-f'5&$'P1%,#$':KS>8'%1'P1%O-1U$,5&'6&%%1'

"#,P1'$5'-&#4$5$'6$'#&R$R-&5U1'1%'-17%$,'6&P&'&RR&#&'2,5R$6&#1-1'2,4&'O51'R-$41'%1'2O$'1--&56$Q$%$-f'

6$"&56&'61'P1#$'T1--,#$8'61'P1%O-1#&'1--&5-14&5-&'$5'TO5U$,5&'6&%'2,5-&R-,'$5'2O$'R$',"&#1.''

Hd157,%,' 6$' #&R$R-&5U1' 1%' -17%$,' 6&%' 41-&#$1%&' $56171-,' "Ol' &RR&#&' P1%O-1-,' 1--#1P&#R,' 6O&'

21-&7,#$&'6$'4&-,6$M' $'4&-,6$'6$' 2,##&%1U$,5&'6$#&--1':R"-9 &' $'4&-,6$'6$' 2,##&%1U$,5&' $56$#&--1.'

:&%'21R,'$5'&R14&'a'R-1-1'R2&%-1'%1'2,##&%1U$,5&'6$#&--18'O-$%$UU156,'%1'T,#4O%1U$,5&'6$'_,%TT'"&#'$%'

P,%O4&'2,R-15-&.''

I7D7G 9>5F?>!54!5.A>29;B4>,.!R>!54!Z>F,@V!

v'61-,'61%'#1"",#-,'-#1'R,%%&2$-1U$,5&'&'6&T,#41U$,5&'2,##$R",56&5-&'$5'O5'41-&#$1%&'2b&'R$'-#,P1'

R,--,'$%'%$4$-&'6$'"#,",#U$,51%$-f'\%&77&'6$'Y,,g&]'RO%%1'2O#P1'R,%%&2$-1U$,5&96&T,#41U$,5&.''

J' 4,6O%$' 6$' 6&T,#41Q$%$-f' ,"&#1-$P$8' 61-,' $%' 2,4",#-14&5-,' 5,5' %$5&1#&' 6&$' -&##&5$8' 6$"&56,5,'

61%%&' &TT&--$P&' 6&T,#41U$,5$' $56,--&' &@,' 61%' 7#16,' 6$' 4,Q$%$-1U$,5&' 6&%%1' #&R$R-&5U1' 1%' -17%$,.' J%'

4,6O%,'6$'^,O57',"&#1-$P,'"Ol'&RR&#&'1RRO5-,'"1#$'1'eO&%%,'2,##$R",56&5-&'1'-&5R$,5$'6$'2$#21'$%'
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(Fr'6$'eO&%%&'1'#,--O#1'\G(F]8'21%2,%1Q$%&'2,5'%&'T,#4O%&'6$'K-#,O6'\*BXB]','6$'q14$,%g,wRg$'\*BXX].'

I7D7H 9>5F?>!.5>9.C24">!9T!

H1'2,4"#&RR$Q$%$-f'6$'O51'-&##1'"Ol'&RR&#&'&R"#&RR1'61%'2,&TT$2$&5-&'6$'2,4"#&RR$Q$%$-f'4PM'$3!Y!RU

','61%'#1"",#-,'$5P&#R,8'6&T$5$-,'4,6O%,'&6,4&-#$2,M' U .'

S&#' P1%O-1#&' eO&R-,' 4,6O%,' R$' O-$%$UU1' %1' #&%1U$,5&' 6$' 01k5&' x' D#,R-' \*BXX]' ,' %1' #&%1U$,5&' 6$'

0&5U&Q12b'&'01%2&P8'P1%$61'"&#'-&##&5$'$52,&#&5-$8'&'eO&%%1'6$'K2bO%-U&'x'0&5U&Q12b'\*BL*]8'"&#'$'

-&##&5$'2,&R$P$.''

I7D7J 9>5F?>!54!C;@?4>!54,;94">!@T!

_#,-b'2b&'#$21P1'$%'0,6O%,'/)'61%%1'#&%1U$,5&'@TY6H7HJQ,JT
T7JO'.'

I7D7I ">.AA4"4.,C.!54!8>4::>,!

S&#' %&' "#,P&' 6#&51-&' R$' "Ol' #$21P1#&' R&2,56,' %1' #&%1U$,5&' 6$' >#1O-415' &' `O%b1wkM!!

! "#$%"#& '()!6,P&! '()*+* !,-./01."0#*

I7D7O ">.AA4"4.,C4!54![4,\?.2!

J' 2,&TT$2$&5-$' 6$'_$5g%&#' R,5,' #$21P1-$' 61%%&' T,#4O%&' 6$' >&#U17b$8' *BX?' \:op*)]h'0,1k&68' ())L' 9'

[#OR2b$8' ()**' \:u*)].' K$' #$2,#61' 2b&' $' P1%,#$' 6&P,5,' &RR&#&' #$-&5O-$' "O#14&5-&' $56$21-$P$' 5,5'

-#1--156,R$'6$'"#,"#$&-f'$5-#$5R&2b&'6&%'-&##&5,.'
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I7G .?;M>2;B4>,.!5;C4!!

8]!<!T,56,'1%P&,'21P,'$##$7O,8'2$#21'9(.)@(.('4'61'"$15,'"$R-1'2$2%1Q$%&.!

).)9).F)'4M'%$4,'R1QQ$,R,'

u).F)'4M'7b$1$1'&'R1QQ$1''

'

'

885!6'eO,-1'p'R,44$-f'"$R-1'2$2%1Q$%&'

Prof. N Nspt Ce CR N60 peso 
terreno 

tensione 
totale 

pressione 
neutra 

tensione vert. 
Eff. 

CN 
adottato N1(60) 

m N 1.48 1.1   t/mc t/mq t/mq kg/cmq CN  

0.3 10 10 10 0.75 7 1.70 0.51   0.051 1.46 11 
0.6 16 16 16 0.75 12 1.80 1.05   0.105 1.43 17 
0.9 14 14 14 0.75 10 1.77 1.58   0.158 1.39 14 
1.2 6 6 6 0.75 4 1.60 2.06   0.206 1.36 6 
1.5 4 4 4 0.75 3 1.54 2.53   0.253 1.33 4 
1.8 16 16 16 0.75 12 1.80 3.07   0.307 1.30 15 
2.1 45 44 44 0.75 33 2.03 3.68   0.368 1.27 42 
2.4 38 37 37 0.75 28 2.00 4.28   0.428 1.24 35 
2.7 34 33 33 0.75 25 1.98 4.87   0.487 1.21 30 
3.0 29 29 29 0.75 21 1.94 5.45 0.0 0.545 1.18 25 
3.3 25 25 25 0.75 18 1.90 6.02 0.3 0.572 1.17 22 
3.6 33 32 32 0.75 24 1.96 6.61 0.6 0.601 1.15 28 
3.9 30 30 30 0.75 22 1.94 7.19 0.9 0.629 1.14 25 
4.2 26 26 26 0.85 22 1.94 7.77 1.2 0.657 1.13 25 
4.5 28 28 28 0.85 23 1.95 8.36 1.5 0.686 1.12 26 
4.8 22 22 22 0.85 18 1.89 8.93 1.8 0.713 1.11 20 
5.1 21 21 21 0.85 18 1.88 9.49 2.1 0.739 1.10 19 
5.4 15 15 15 0.85 13 1.80 10.03 2.4 0.763 1.09 14 
5.7 28 28 28 0.85 23 1.95 10.61 2.7 0.791 1.07 25 
6.0 28 28 28 0.85 23 1.95 11.20 3.0 0.820 1.06 25 

'
'
'
'



Nuovi interventi in Ambito T12  Seconda Connessione, Nuova Fermata di Agognate  Progetto Definitivo 

RELAZIONE GEOLOGICA,  SISMICA E CARATTERIZZAZIONE GEOTECNICA 42 

'
K-#1-,'
5.'

J5-&#"#&-1U$,5&'%$-,%,7$21'' S#,T.'4' ,6RJTV! ''
g:@4?'

+='r' '
+&0&%%,'

'
_,%TT'

G(F'q14.'
g7@24('

0'g7@24('

*' =$",#-,' ).)9).B' 6G! *C.?' AX' (X.B' ?*.(' 9' 9'

('
K1QQ$1'2,5'7b$1$1'&'2$,--,%$'

K2$,%-1'
).B9*.X' O! *L.(' ?A' (L.A' (B.L' FB.F' LL.F'

?' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' *.X9A.X' <O! *B.(' LX' ?*.?' ?F.)' *B(.(' (XF.('

A' K1QQ$1'7b$1$,R1' A.X9F.A' 6J! *X.)' F(' (B.?' ?*.B' *?).C' *BF.F'

F' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' F.A9L.)' <H! *B.*' LF' ?).B' ?A.?' *B?.)' (X?.*'

'

K-#1-,'5.' J5-&#"#&-1U$,5&'%$-,%,7$21' S#,T.'4' /)'0"1'
Wroth ' w 

kg/cm3 
*' =$",#-,' ).)9).B' C?.C' ).*B' **.B'

('
K1QQ$1'2,5'7b$1$1'&'2$,--,%$'

R2$,%-1'
).B9*.X' FF.)' ).*C' *.C'

?' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' *.X9A.X' *??.C' ).(F' *F.L'

A' K1QQ$1'7b$1$,R1' A.X9F.A' BX.A' ).()' *(.F'

F' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' F.A9L.)' *?(.B' ).(A' *F.)'

'

'

'

!

!

!

!

!

!

!

!

!
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8]!6!T,56,'1%P&,'21P,'$##$7O,8'2$#21'9(.)@(.('4'61'"$15,'"$R-1'2$2%1Q$%&.!

).)9).A)'4M'%$4,'R1QQ$,R,'

u).A)'4M'7b$1$1'&'R1QQ$1''

' '

'

885!<'eO,-1'p'R,44$-f'"$R-1'2$2%1Q$%&'

Prof. N Nspt Ce CR N60 peso 
terreno 

tensione 
totale 

pressione 
neutra 

tensione vert. 
Eff. 

CN 
adottato N1(60) 

m N 1.48 1.1   t/mc t/mq t/mq kg/cmq CN  

0.3 11 11 11 0.75 8 1.72 0.52   0.052 1.46 12 
0.6 16 16 16 0.75 12 1.80 1.06   0.106 1.42 17 
0.9 12 12 12 0.75 9 1.74 1.58   0.158 1.39 12 
1.2 7 7 7 0.75 5 1.63 2.07   0.207 1.36 7 
1.5 5 5 5 0.75 4 1.57 2.54   0.254 1.33 5 
1.8 8 8 8 0.75 6 1.65 3.04   0.304 1.30 8 
2.1 7 7 7 0.75 5 1.63 3.52   0.352 1.28 7 
2.4 15 15 15 0.75 11 1.78 4.06   0.406 1.25 14 
2.7 28 28 28 0.75 21 1.93 4.64   0.464 1.22 25 
3.0 35 34 34 0.75 26 1.98 5.23 0.0 0.523 1.19 31 
3.3 36 35 35 0.75 27 1.98 5.83 0.3 0.553 1.18 31 
3.6 31 31 31 0.75 23 1.95 6.41 0.6 0.581 1.16 27 
3.9 29 29 29 0.75 21 1.93 6.99 0.9 0.609 1.15 25 
4.2 36 35 35 0.85 30 2.00 7.59 1.2 0.639 1.14 34 
4.5 39 38 38 0.85 33 2.02 8.20 1.5 0.670 1.12 37 
4.8 38 37 37 0.85 32 2.01 8.80 1.8 0.700 1.11 35 
5.1 16 16 16 0.85 13 1.81 9.34 2.1 0.724 1.10 15 
5.4 10 10 10 0.85 8 1.70 9.85 2.4 0.745 1.09 9 
5.7 15 15 15 0.85 13 1.79 10.39 2.7 0.769 1.08 14 
6.0 21 21 21 0.85 18 1.88 10.96 3.0 0.796 1.07 19 
6.3 35 34 34 0.95 33 2.01 11.56 3.3 0.826 1.06 35 
'

'

'

'

'

'

'

'
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K-#1-,'
5.'

J5-&#"#&-1U$,5&'%$-,%,7$21'' S#,T.'4' ,*^&! ''
g:@4?'

+='r' '
+&0&%%,'

'
_,%TT'

G(F'q14.'
g7@24('

0'g7@24('

*' =$",#-,' ).)9).B' 6G! *C.(' AX' (X.X' ?*.*' 9' 9'

(' K1QQ$1'2,5'7b$1$1'&'2$,--,%$'
K2$,%-1'

).B9(.A' O! *L.(' ?A' (L.F' (B.F'
FC.X' LF.C'

?' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' (.A9A.X' D6! *B.A' C*' ?*.C' ?F.X' (*(.(' ?*F.*'

A' K1QQ$1'7b$1$,R1' A.X9F.C' 6<! *C.A' AF' (X.(' ?).X' *)*.B' *FC.L'

F' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' F.C9L.?' <I! *B.)' LL' ?*.)' ?A.C' ()F.B' ??F.X'

'
K-#1-,'
5.'

J5-&#"#&-1U$,5&'%$-,%,7$21' S#,T.'4' /)'0"1'
Wroth ' w 

kg/cm3 
*' =$",#-,' ).)9).B' C(.A' ).*B' **.X'

(' K1QQ$1'2,5'7b$1$1'&'2$,--,%$'
R2$,%-1'

).B9(.A' F?.X' ).*C' *.L'

?' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' (.A9A.X' *AA.F' ).(L' *L.F'

A' K1QQ$1'7b$1$,R1' A.X9F.C' X*.L' ).*B' **.A'

F' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' F.C9L.?' *?B.A' ).(F' *F.F'

'

'

'

' '

'

'

'

'

'

'

'

'
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885!D'eO,-1'p'R,44$-f'"$R-1'2$2%1Q$%&'

Prof. N Nspt Ce CR N60 peso 
terreno 

tensione 
totale 

pressione 
neutra 

tensione vert. 
Eff. 

CN 
adottato N1(60) 

m N 1.48 1.1   t/mc t/mq t/mq kg/cmq CN  

0.3 11 11 11 0.75 8 1.72 0.52   0.052 1.46 12 
0.6 13 13 13 0.75 10 1.76 1.04   0.104 1.43 14 
0.9 10 10 10 0.75 7 1.70 1.55   0.155 1.39 10 
1.2 4 4 4 0.75 3 1.55 2.02   0.202 1.36 4 
1.5 4 4 4 0.75 3 1.54 2.48   0.248 1.33 4 
1.8 12 12 12 0.75 9 1.73 3.00   0.300 1.30 12 
2.1 41 40 40 0.75 30 2.02 3.60   0.360 1.27 38 
2.4 38 37 37 0.75 28 2.00 4.20   0.420 1.24 35 
2.7 38 37 37 0.75 28 2.00 4.80 0.0 0.480 1.21 34 
3.0 34 33 33 0.75 25 1.97 5.40 0.3 0.510 1.20 30 
3.3 27 27 27 0.75 20 1.92 5.97 0.6 0.537 1.18 24 
3.6 22 22 22 0.75 16 1.87 6.53 0.9 0.563 1.17 19 
3.9 37 36 36 0.75 27 1.99 7.13 1.2 0.593 1.16 32 
4.2 29 29 29 0.85 24 1.96 7.72 1.5 0.622 1.14 28 
4.5 39 38 38 0.85 33 2.02 8.32 1.8 0.652 1.13 37 
4.8 26 26 26 0.85 22 1.93 8.90 2.1 0.680 1.12 24 
5.1 8 8 8 0.85 7 1.66 9.40 2.4 0.700 1.11 7 
5.4 12 12 12 0.85 10 1.74 9.92 2.7 0.722 1.10 11 
5.7 15 15 15 0.85 13 1.79 10.46 3.0 0.746 1.09 14 
6.0 36 35 35 0.85 30 2.00 11.06 3.3 0.776 1.08 33 

'
K-#1-,'5.' J5-&#"#&-1U$,5&'%$-,%,7$21'' S#,T.'4' ,*^&! ''

g:@4?'
+='r' '

+&0&%%,'
'

_,%TT'
G(F'q14.''
g7@24('

0'g7@24('

*' =$",#-,' ).)9).B' 6<! *L.B' AF' (X.?' ?).L' 9' 9'

(' K1QQ$1'2,5'7b$1$1'&'2$,--,%$'R2$,%-1' ).B9*.X' I! *F.X' (B' (F.F' (B.)' AL.C' L).)'

?' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' *.X9A.X' DT! *B.?' C)' ?*.L' ?F.L' ()?.X' ??X.?'

A' K1QQ$1'7b$1$,R1' A.X9F.C' 66! *C.)' A*' (C.L' ?).?' XX.L' *A).*'

F' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' F.C9L.)' DD! *B.L' CA' ?*.B' ?L.?' (?X.L' ?BA.C'

'

K-#1-,'5.' J5-&#"#&-1U$,5&'%$-,%,7$21' S#,T.'4' /)'0"1'
Wroth ' w 

kg/cm3 
*' =$",#-,' ).)9).B' LL.)' ).*X' **.?'

(' K1QQ$1'2,5'7b$1$1'&'2$,--,%$'R2$,%-1' ).B9*.X' AL.)' ).*L' *.?'

?' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' *.X9A.X' *A).(' ).(L' *L.A'

A' K1QQ$1'7b$1$,R1' A.X9F.C' C?.?' ).*X' *).B'

F' K1QQ$1'&'7b$1$1'2,5'2$,--,%$' F.C9L.)' *FC.L' ).(C' *C.*'

'
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O7 8;2;9.C24!5.4!C.22.,4!.!9>5.??>!@.>C.",4">!

H&':>3'#$2b$&6,5,8'"&#'%1'R2&%-1'6&$'P1%,#$'21#1--&#$R-$2$8'O5'"#,2&6$4&5-,'$5'6O&'T1R$M'

 1,%)$&6&0"'&()%* ,%&* 7"#"3%$#&* "77#(7#&"$&* "-* 7#(/%$$(L* &)* 0">(* ,&* 3(,%>$&* 5(-@3&* 0(&)5(-$&* `*
7#%6%#&C&-%* #&0(##%#%* "-* 05*3%)$#%* 0()* /#"),&* 5(-@3&* ,&* $%##%)(* 0(&)5(-$&2* 7@a* %>>%#%* @$&-&''"$(* &-*
5"-(#%*,%- *

 \"-@$"'&()%* ,%&* 5"-(#&* 0"#"$$%#&>$&0&L* 5"-(#&* 7#(>>&3&* "&* 5"-(#&* 3%,&* B@"),(* )%--(* >$"$(* -&3&$%*
0()>&,%#"$(* `* 0(&)5(-$(* @)* %-%5"$(* 5(-@3%* ,&* $%##%)(2* 0()* 0(37%)>"'&()%* ,%--%* %$%#(/%)%&$82* (*
B@"),(* -"* >$#@$$@#"* "* 0()$"$$(* 0()* &-* $%##%)(* `* ,($"$"* ,&* >@66&0&%)$%* #&/&,%''"G* 5"-(#&* 7#(>>&3&* "&*
3&)&3&*&)5%0%*>()(*/&@>$&6&0"$&*B@"),(*>()(*0(&)5(-$&*3(,%>$&*5(-@3&*,&*$%##%)(2*0()*0()0%)$#"'&()%*
,%--%* ,%6(#3"'&()&* )%--%* 7(#'&()&* ,&* $%##%)(*3%)(* #%>&>$%)$&* ,%-* 5(-@3%* >&/)&6&0"$&5(* (* &)* 0">(* ,&*
>$#@$$@#%*)()*>@66&0&%)$%3%)$%*#&/&,%;*

'
J%'21%2,%,'6&$'P1%,#$'21#1--&#$R-$2$'a'R-1-,'&TT&--O1-,'2,5'%1'R&7O&5-&'T,#4O%18'P1%$61'2,5'",2b$'61-$'

\FN'"&#2&5-$%&'6$'6$R-#$QOU$,5&'6&%%1'4&6$1'9 dg]M'

 mg'P1%,#&'4&6$,'6&%'"1#14&-#,'7&,-&25$2,h'

 6&P$1U$,5&'R-1561#6h'

 5'5O4&#,'214"$,5$h'

 $%'2,&TT$2$&5-&'6$'P1#$1U$,5&8',--&5O-,'61%' #1"",#-,'-#1'6&P$1U$,5&'R-1561#6'&'"1#14&-#,'4&6$,8'a'

R-1-,'P1%O-1-,' $5'Q1R&'1%%&' $56$21U$,5$'6$'Q$Q%$,7#1T$18'1%%1' P1#$1Q$%$-f'6&$'61-$'&6'1%'5O4&#,'6$'61-$'

6$R",5$Q$%$h'

 m'p'9

O51'6$R-#$QOU$,5&'/1ORR$151.'

'
S&#'%1'R-$41'6&$'P1%,#$'21#1--&#$R-$2$'6&7%$'1%-#$'"1#14&-#$'R,5,'R-1-$'O-$%$UU1-$'$'P1%,#$'4&6$.'

J%'4,6&%%,' 7&,-&25$2,' a' #$",#-1-,' 5&%%1' T$7O#1' 1%%1' "17$51' RO22&RR$P18' 6$' R&7O$-,' $' "1#14&-#$' 6&$'

-&##&5$M'

SPESSORE 
m STRATO Nspt 

medio kN/m3 
m 

De 

Mello 

m 

Wolff 
COV 'K  

DeMello 
'K  

Wolff 
Ek 25 

kg/cm2 
Mk

kg/m2 

0.9 =$",#-, 13 17.1 28.7 31.0 12 25.4 27.4 - - 

0.9-1.5 K1QQ$1'2,5'7b$1$1'&'
2$,--,%$'R2$,%-1 8 16.1 26.1 29.4 7 24.4 27.4 54.7 64.1 

0.9 K1QQ$1'7b$1$,R1 13 17.5 28.4 31 6 26.8 29.2 107.1 164.0 

2.4 ->3.0 K1QQ$1'&'7b$1$1'2,5'
2$,--,%$ 29 19.3 31.4 35.3 6 30.1 33.9 207.6 325.4 

'

STRATO G0 Mpa 
Wroth 

Kw 
Kg/cm3 

=$",#-, 70.7 0.19 11.7 
K1QQ$1'2,5'7b$1$1'&'2$,--,%$'R2$,%-1 51.6 0.17 1.5 

K1QQ$1'7b$1$,R1 84.4 0.19 11.6 
K1QQ$1'&'7b$1$1'2,5'2$,--,%$ 141.4 0.26 16.0 

*

*

*

n
xxk 645.1
_
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La definizione della cate piano di riferimento a 0 m, 
da verificare in fase di progettazione esecutiva  imposta 
delle fondazioni.  

Il fattore di amplificazione topografica risulta compreso nella categoria T1  St=1.0 
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Condizioni topografiche 
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Qualora la condizione 1 non risulti soddisfatta, le indagini geotecniche devono essere finalizzate almeno alla 

determinazione dei parametri necessari per la verifica delle condizioni 2, 3 e 4. 

 

Relativamente al punto 1, considerando i parametri sismici sopra rappresentati, per il sito in esame 

è stato ricavato un valore (SLC) di amax di 0.565 m/s2 che va diviso per il valore di g, pari a 9.81 

m/s2: la condizione ag<0.1g risulta verificata. 



Nuovi interventi in Ambito T12  Seconda Connessione, Nuova Fermata di Agognate  Progetto Definitivo 

RELAZIONE GEOLOGICA,  SISMICA E CARATTERIZZAZIONE GEOTECNICA 57 

6D7 ">,"?F:4>,4!

KO%%1' Q1R&' 6&$' 61-$' #$21P1-$' 61%%&' $5617$5$' 7&,75,R-$2b&8' R$' ",RR,5,' -#1##&' %&' R&7O&5-$'

2,5R$6&#1U$,5$M'

*. %&' $5617$5$' 7&,75,R-$2b&' b155,' "&#4&RR,' 6$' #$2,R-#O$#&' O5' 0,6&%%,' 7&,%,7$2,' 2b&' b1'

&P$6&5U$1-,' %1'"#&R&5U18'5&%%1'",#U$,5&'6$'R,--,RO,%,'6$' $5-&#&RR&8'6$'(' %$P&%%$'"#$52$"1%$'6$'

R&6$4&5-$' $52,&#&5-$' 2,5' QO,5&' 21#1--&#$R-$2b&' 7&,-&25$2b&8' 2,"&#-$' 61' O5' -&#U,' %$P&%%,'

2,R-$-O$-,' 61' R&6$4&5-$' R1QQ$,R,' 7b$1$,R$' 61' R2$,%-$' 1' ",2,' 166&5R1-$' &' 61' O51' 2,%-#&' 6$'

6&",R$-$'6$'#$",#-,8'%&71-1'1%%1'2,R-#OU$,5&'6&%%1'5O,P1'"$R-1'2$2%1Q$%&.'

(. %1'T1%61'T#&1-$218'RO%%1'Q1R&'6&%%&'4$RO#1U$,5$'6$R",5$Q$%$8'R$'1--&R-1'1'eO,-&'4&6$&'6$'2$#21'(9

(.F'4'2,5'",RR$Q$%$-f'6$'#$R1%$-&'R$5,'1'"#,T,56$-f'6$'2$#21'*.)9*.F'4'61'".2.'$5'2,52,4$-15U1'

2,5'&P&5-$'4&-&,#$2$'"#,%O571-$'&6'$5-&5R$'&'",#-1-&'6$'"$&51'6&%'#&-$2,%,'$6#$2,'"#$52$"1%&'

&' 4$5,#&h' :&%%&' "#,P&' "&5&-#,4&-#$2b&' %1' T1%61' a' R-1-1' #$R2,5-#1-1' 1' 2$#21' ?' 4' 61%%1'

R,44$-f' 6&%%1' "$R-1' 2$2%1Q$%&8' $5' T#&7$,' 1%' 2151%&' $##$7O,' $5' 2,56$U$,5$' 6$' R21#R,'

1612eO14&5-,.'

?. $5'Q1R&'1%%1' R-#1-$7#1T$1' #$%&P1-1' R$' $56$21' 2b&' %&' ,"&#&'6$' T,561U$,5&'6,P#155,'1--&R-1#R$'

RO%%,'R-#1-,'2,R-$-O$-,'61'R1QQ$1'&'7b$1$1'2,5'2$,--,%$8'",R-,'1'2$#21'('4&-#$'6$'"#,T,56$-f8'

2b&'"#&R&5-1'21#1--&#$R-$2b&'7&,-&25$2b&'4,%-,'QO,5&.''

'

!%' -&#4$5&' 6&%%&' 2,5R$6&#1U$,5$' #$1RRO5-&' 1$' "O5-$' "#&2&6&5-$' a' ",RR$Q$%&' 1TT&#41#&' 2b&8' 1%%&'

2,56$U$,5$'R,"#1'&R",R-&8'%1'#&1%$UU1U$,5&'6$'eO15-,'$5'"#,7&--,'#$RO%-&#f'2,4"1-$Q$%&'2,

7&,%,7$2,8' 7&,4,#T,%,7$2,'&6' $6#,7&,%,7$2,' %,21%&8' R$1' 2,5R$6&#156,' $%' "O5-,'6$' P$R-1' 7&,%,7$2,9

-&25$2,' '

-&5&56,'R&4"#&'$5'"#&4$5&5-&'

2,5R$6&#1U$,5&8'$5',75$'T1R&'&'2$#2,R-15U18'%1'R-1Q$%$-f'7&5&#1%&'6&%% R-&5-$.'

H1'P1%$6$-f'6&%%&'$",-&R$'6$'"#,7&--,'6,P#f8'2,4O5eO&8'&RR&#&'P&#$T$21-1'6O#15-&'%1'#&1%$UU1U$,5&'6&$'

415OT1--$'2,5R$6&#156,8',%-#&'1$'61-$'#122,%-$' $5'eO&R-1'T1R&8'152b&'eO&%%$',--&5O-$'2,5'4$RO#&'&6'

,RR&#P1U$,5$'5&%'2,#R,'6&$'%1P,#$'"&#'16&7O1#&8'&P&5- '

'


