VIAV

PROGETTISTA r

=3 SAIPEM
|

COMMESSA UNITA’
NR/20049 000

LOCALITA’
REGIONE TOSCANA

REL-SIS-E-03024

PROGETTO / IMPIANTO
RIFACIMENTO METANODOTTO LIVORNO PIOMBINO
DN 750 (30”), DP 75 bar ed opere connesse

Rev.

0

Rif. SAIPEM: 023113-010-SPC-LA-E-83024

Rifacimento metanodotto Livorno - Piombino

DN 750 (30"), DP 75 bar
ed opere connesse

CARATTERIZZAZIONE DELLA SISMICITA

E

VERIFICA ALLO SCUOTIMENTO SISMICO

ALLEGATO 5

Pieramelio Baldelli £ GEOH0G! DE >
Signed \:(\\/. ‘ \ “ /%)
g < pieramelio BALDELLL ¢

Geologo Spetialista m
Nk IN. 206
ALBO o

24/03/2022

@
(]




SAIPEM S.p.A.

Geatechnicasl Software EEE

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-A-C02

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 3.50m
Analysis type: Deterministic Earthquake magnitude My: 4.75
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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4.00 | 4,50 4,50 4.507
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SAIPEM S.p.A.

Project subtitle : LP-A-

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Co3

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 13.50 m
Analysis type: Deterministic Earthquake magnitude My: 4.75
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
38.79 138.79 0.00] =  0.00 =  0.007
0.00T——= 0.50- 0.50 0.507]
1 %ﬁ 1.00 1.00 1.00
1.00 1.507 1.50 1.50]
i 2.00] 2.00 2.00+
2.00 2.507 2.50] 2.50
| 3.007 3.007 3.00
3.00 § 3.50- 3.507 3.507
] b 4.00 4.00 4.007]
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5'00_ < 5.50] 5.50] 5.50
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-A-C04

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 7.50 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
115.59 315.59 0.00 0.00 0.00
0.00 0.50- 0.50 0.507
1 - 1.007 1.007 1.00~
1.00 1.50] 1.507 1507
i 2.00- 2.00 2.007
2.00 5 2.507 2.50] 2.50-
i L 3.00~ 3.00 3.00—
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5.00 5.00 5.00]
5007 ‘g 5.50- 5.50 5.50—
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6.00 - ] N
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K ( 14.50] 14.50 14.50]
15.00—1 r 15.00~— r T r 15.00 """ 15.00
2,580.00 7,580.C 0 05 1 15 2 0 1 2 3 4 5 0.00
— s —om] —Fs_—rse1)
M. =7'/2, sigma'=1 atm base curve
0.6 IR | I 1 M | L I | I 1 M| L1
1 Liquefaction L
0.5
0.4 //
5 0s // _
0.2 //
0.1
] _— | L
| csnell LiqueFaction
0 20 40 60 80 100 120 140 160 180 200
qciN,cs

LigIT v.4.7.7.5 - Soil Liquefaction Assesment Software



SAIPEM S.p.A.

Project subtitle : LP-A-

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

C06

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 7.50 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
00 2524 12524 225.24 0.00 0.00 0.00]
—— 0.50 0.50 0.507
] % 1.00+ 1.00+ 1.007
1.00 = 1.50] 1.50 1.507
1 2.00- 2.00 2.00
2.00 =4 2.507 2.507 2.507
I J 3.00 3.00 3.00
3.00 3.50] 3.501 3.501
4 oo- 4,00~ 4,00 4.00]
] K‘i 4.50 4.50 4.50-
5.00 ™ 5.00- 5.00 5.00-
] g 5.50 5.50 5.50
6.00 6.00 6.00
6.00 - ] N
] / 3 ~ 650 6.50 6.50]
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el ff/ 8.50- 8.507 8.50-
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14.00 14.00] 14.00 14.00-
1 z 14.50 14.50+ 14.50
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SAIPEM S.p.A.

Project subtitle : LP-A-C07

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 7.50 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
22.91 72.91 122,91 172.91 0.00 0.00 0.00]
00 0.50 0.50 0.507
1 = 1.00] 1.00 1.007
1.00 1.507 1.50 =  1.50-
1 2.00~ 2.00 2.00]
2.00 2.50- 2.50] 2.507
i 3.00— 3.00 3.007
3.00 é\ 3.507 3.50 3.50
il 4.00 4.00 4.007
4.00 ] 4.50] 4.50] 4.50-
5.00 5.00 5.00-
5‘”_? 5.50- 5.50 5.50—
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£ 7.00- E 7.007 7.00] 7.007
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% 9.50] 9.50 9.50
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-A-C08

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
95.05 295.05 0.00 0.00 0.00
0.00 1 § 1
050 R 0.50 0.50 0.50]
1'00' 1.00 1.00 1.00
1'50' E% 1.50 1.50 1.50
200' .:e 2.00 2.00 2.007]
2'50'/ P 2.50 2.50 2.50
3.00 1 L{\ 3.00 3.00 3.00
3.504 (/ 3.50 3.50 3.507]
4,004 <> 4.00 4.00 4.00
2 4.50] {? E 4.507 4.50 4.50-]
< 500'( £ 5.00 5.00 5.00
a > 2 b ] 1
8 550 ? 5.507 5.50] 5.507]
G'OOJR 6.00 6.00 6.00]
6.504 6.50 6.50 6.50
7.00 3 7.00 7.00 7.007
7. 50J% 7.507 7.507] 7.50
8.00 b 8.00] 8.00 8.00-]
8.50 8.50] 8.50] 8.501]
9.00 9.00 9.00 9.00
9.50_J 9.50] 9.50 9.507]
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-A-C09

Input parameters and

analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
0.00 127.98 327.98 0.00 0.00 0.007
0.5 1T _— 0.50 0.50 0.50
o0 1.00 1.00 1.00-
e / I 1,50 — 1.50 - 1.50
1.50 1= 1 .
500 1 2.00 2.00 2.00
2'50' \ﬁ\L 2.50 2.50 2.507
300' / ; 3.00 3.00 3-00_
3,504 / 3.50 3.50 3.50
. 1 f(/ o | -
4.00 __4.00 4.00 4.00
o { &€ 4501 4.50- 4.50-
= 4.50 ( <) £ el hadl s
{53“15.00 { & 5.007] 5.007] 5.007
5.50 5.50 5.50 5.50
6.00 ﬂ 6.00 6.00 6.00
6.504 J% 6.50 6.50- 6.507
7.00 ( 7.00 7.00 7.00
7.50 ; 7.507 7.507 7.507]
8.00 J 8.007 8.007] 8.00
8.50 P 8.50 8.50 8.50
9.00 9.00 9.00 9.00
9.50 T T 9.50— T T T 9.50—TTTTT T 9.50-—— T T
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LigIT v.4.7.7.5 - Soil Liquefaction Assesment Software




SAIPEM S.p.A.

Geotechnical

Softw

— EE

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-A-C10

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢
Fines correction method: Robertson (1998) User defined F.S.: 1.00

CPT data graph Shear stress ratio Factor of safety Settlements (cm)
17.56 117.56 217.56 317.56 0.00 0.00-] 0.00
. 0.50 0.50] 0.50
0.50 . . .
4 1.00 1.00- 1.00+
1.00 . . .
] 1.50] 1.50- 1.50
1.50 i i ]
1 2.00 2.00- 2.00-
2.00-] i i i
] 2.50] 2.50 2.50-]
2.50-] _ i _
— 3,00 3.00] 3.00
3.50 2:30] S I | N 1 —
4, 00_- 4.00- 4.00- I T 4.00
~ b g 4_50__ 4_50—- 4.50
é4.50—_ = ] i |
& 5,00 § 5.00-] 5.00] 5.00-]
8 5.504 5.50-] 5.50] 5.50]
6.00] 6.00 6.00] 6.00
6.50] 6.50 6.50-] 6.50
7.00- 7.00- 7.00-] 7.00
7,504 7.50 7.50 7.50
8.00 8.00 8.00-] soo
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- 9.00 : 9.00] 9.00
9.00] il i he
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SAIPEM S.p.A.

Project subtitle : LP-A-

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

C11

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.75
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
41.66 241.66  441.66 0.00 0.00 — 0.007
0.00 0.20 0.20+ 0.207
\ 0.40 0.40 0.407
0.50 0.60 0.60+ 0.60
J é 0.80 0.80 0.807
1.00 1.00 1.00
100 2 1.201 1.207 1.207
T f K 1.40 1.40+ 1.40
1.50 1.607 1.60 1.60]
1 / / 1.80 1.80+ 1.80-]
2.00 2.00 2.00
2.00 2.20 2.20 2.20+]
1 2.40 2.40 2.40-
2.50 ~ 2.60 2.60 2.60]
E fg E 2.80] 2.807 2.807
£ 3.00 £ 3.00 3.00 3.00
2 i . 8 3.204 3.20 - 3.209
8 — 3.40+ 3.40+ 3.40+
3.50 3.60 3.60 3.60
1 2: 3.80 3.80 3.80
4.00 4.00 4,00+ 4.00
i 4.20 4.20 4.20
\ 4.40 4.407 4.40-
4.50 4.60 4,60 4.60]
1 \} 4.80 4.80 4.80
5.00 5.00] 5.00 5.00]
J 5.20 5.20] 5.20-
5.40 5.40 5.40]
550 =4 5.60 5.60 5.60]
] ?7 5.80] 5.80] 5.80]
6.00 T T 6.00 T T T T 6.00 T T T T T 6.00 1
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] [ e
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SAIPEM S.p.A.

Project subtitle : LP-A-C12

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
141.49 341.49 0.00 0.00 0.00
0.00 J J i
\ 0.50 0.50 0.50
0.50 J J .
] )} \ 1.00 1.00 1.00
1.00 / | | -
| / 1.50 1.50 1.50
1.50 / § ] ] ]
i 2.00
500 J /( 2.00_ 2.00_ |
1 2.50
550 S{ 2.50_ 2.50_ ]
-~ ] = 3.00 3.00 3.00
£ 3.00 $g E ] i _
~ 4 £z
8 3.50 § 3.50 3.50 3.50
8] u ] ] ]
4.00 4.00 4.00 4.00
4.50 < ? 4.50 4.50 4.50
5.00 < 2 5.00 5.00 5.00
5.50 lS E 5.50 5.50 5.50
6.00 \ f 6.00 6.00 6.00
6.50 — 6.50 — 6.50 _‘é 6.50
T T T T T T T T T T | 1
9,080.00 19,080. 0 05 1 15 2 0 1 2 3 4 5 0.00
— s — o) —Fs_—Fs]
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-A-C13

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.25¢g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
99.48 199.48 0.00 0.00 0.007
0.003 0.50] 0.50 0.50]
0.507 1.00- 1.00] 1.007]
1.007 F 1.50- 1.50 1.50
1507 N 2.007 2.007 2.007]
el — 2.50 2.50 2.507
et /T 3.00- 3.004 3.007
350 N Y~— 3.50] 3.50] 3.507
4,001 ! i 4.00~ 4.00 4.00
4.50] D > 4.50- 4.50 4.50
5.00-] < 5.00- 5.00 5.007
5.50-] J é( _. 5.50] 5.50 5.507]
o] & L € 6.007 6.00 6.00-
£ o] ¢ = ] 6.507 6.50 6.50
g 7.00] L 7z & 7.007 7.00 7.00
7.50 — 7.50 7.50 7.50
1 e
8.00"<&— 8.00 8.00 8.00
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-A-C14

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.77
Analysis method: Robertson (1998) Peak ground accelaration: 0.24g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
0.00 46.11 96.11 146.11 0.00 0.00 0.0~
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-A-C15

Input parameters and analysis data

In-situ data type:
Analysis type:

Cone Penetration Test
Deterministic

Depth to water table:
Earthquake magnitude My: 4.76

1.00 m

Analysis method: Robertson (1998) Peak ground accelaration: 0.24g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-A-C16

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 5.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.19g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
53.73 103.73 0.00 0.00 0.00
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Project subtitle : LP-A-C17

SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno Piombino

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.23 g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
0.00 72.33 172.33 0.00] 0.00 0.007
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1.60 / A 1.60 1.60 160
= 1.80 e > E 180 1.80 1.80
£ 5 00 | f ] 2.00 2.00 2.00
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-A-C17a

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.23 g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
85.75 285.75 0.00+ 0.00] 0.007
0.00 p— 0.50+ 0.50+ 0.507
? < 1.007 1.00 1.00
1.00 1.501 1.507 1.507]
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SAIPEM S.p.A.

Project title : Met. Livorno-Piombino

Project subtitle : LP-A-

Input parameters and analysis data

In-situ data type:
Analysis type:

Analysis method:

Fines correction method:

CPT data graph

LIQUEFACTION ANALYSIS REPORT

C17b

Cone Penetration Test
Deterministic
Robertson (1998)
Robertson (1998)

0 64.51 264.51 464.51 664.51
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\.
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Depth to water table: 1.00 m
Earthquake magnitude My: 4.76
Peak ground accelaration: 0.23 g
User defined F.S.: 1.00
Shear stress ratio Factor of safety Settlements (cm)
0.00 0.00 0.00
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Project subtitle : LP-A-C18

SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.22g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
0.00 149.81 349.81 549.81 0.00 0.00 0.00]
0'20- ™~ 0.20] 0.20] 0.20
0'40- ) 0.40] 0.40] 0.40]
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0.60 1 1
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£2 = ] ] i
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-A-C19

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.76
Analysis method: Robertson (1998) Peak ground accelaration: 0.22g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
116.16 316.16 0.0047— ] 0.00 1 0.00
0.00 4 —| J i
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SAIPEM S.p.A.

Project subtitle : LP-B-

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

C19a

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 6.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.78
Analysis method: Robertson (1998) Peak ground accelaration: 0.20g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
0.00 113.25 313.25 0.00 0.00 0.00
. " J J .
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C19b

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 6.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.78
Analysis method: Robertson (1998) Peak ground accelaration: 0.20g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

E
”mn muE
LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C20

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.78
Analysis method: Robertson (1998) Peak ground accelaration: 0.20g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C20a

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 11.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.82
Analysis method: Robertson (1998) Peak ground accelaration: 0.19g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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180 \ AN 3.50] 1.807 1.807
2.007 / < 4.00 2.007 200
5201 S - 2.20 2.201
240 _ 0 2.40 2.407
560 ) \ E 5.007] 2.607 2.60
£ 2.80 \] (\ 2 5.50] 2.807 2.807
83004 & 8 6.00- > ot
T0] 2 6.50 3,40 3.40
360 e Y 7.00- 3.60 3.60
3.807 (3 P 2.50 3.807 2-32_
4.00 i 4.007 -007
4,20 e 8.007 4,207 = 4.20
1 8.50 4.40 4.40
4.40+ 3 — i ] ]
4.60 C 9.00] 4.60 4.60
4.80 % 9.50 4.80] 4.807]
5.00] - = 0 00- 5.00] 5.00
5.207 — it 5.20] 5.20
5.40] — 10.50 5.40 5.40
| — N
5.60 T . 11.00— . . . 5.60 "7 5.60
3,359.63  13,359.63  23,359. 0 05 1 15 2 0 1 2 3 4 5 0.00

= —ow]  [Crs_—re)

M. =7'/2, sigma'=1 atm base curve

0.6|||I|||I|||I||||||I|||I|||I|||

Liquefaction

/
| /

CSR*
o
w

0.2 /
0.1 1 821068 1093 8@4 21086 cHeTFD78[
] —— ) N L
. AA A A AW ML .
) cnetl A A A |queFactlon
0 20 40 60 80 100 120 140 160 180 200
qciN,cs

LigIT v.4.7.7.5 - Soil Liquefaction Assesment Software



SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C21

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 10.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.82
Analysis method: Robertson (1998) Peak ground accelaration: 0.19g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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Project subtitle : LP-B-21a

SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 10.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.82
Analysis method: Robertson (1998) Peak ground accelaration: 0.18g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C21b

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 10.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.82
Analysis method: Robertson (1998) Peak ground accelaration: 0.18g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
0.00 105.62 305.62 505.62 705.62 0.00 0.00 0.007
. \ 0.50 0.50 0.50
0.50 § 1 §
i T 1.00 1.00 1.00
1.00 7 E 1
] — 1.50 1.50 1.50
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I 3.50 ] ]
b 3.50 3.50
3.507] g 4.00 . ]
_ - 4,00 4.00
’g 4.00 _<\ \E/ 4_50__ 4 -
= 4.50 £ 5.00- 4.507] C 4.50]
5 1N < a i P
o 5.00
5.00 & _ 5.00
850 = 5.50] i 17 i
5.50_2 6.00- 5.507 d\ 5.50]
6.00 = 6.501 6.00] { 6.007
6.50 l (Z 7.00- 6.507] f 6.50]
7009 7.50 I } 7.00] . 7.00
7.50 ] B 8.00 7.50 ~ 7.50
8.00 < 8.50-] 8.00 >/ 8.00
8.50 < 9.00] 1 8.50 <\> 8.50
9.00- _——— 9.50 9.00- —~ 9.00-
1L —~= ] o = e
T T T 10.00 T T T T T T T T T
410.00 5,410.00 10,410.00 15,410. 0 05 1 15 2 0 1 2 3 4 5 0.00

e [ e

M. =7'/2, sigma'=1 atm base curve

06:::I|||I|||I||||||I|||I|||I|||

Liquefaction

| /

23 [
No Lijquefaction

0 20 40 60 80 100 120 140 160 180 200
qciN,cs

LigIT v.4.7.7.5 - Soil Liquefaction Assesment Software



SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C22

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 6.15m
Analysis type: Deterministic Earthquake magnitude My: 4.82
Analysis method: Robertson (1998) Peak ground accelaration: 0.17 g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
0.00 155.54  355.54 0.00 0.00 0.00]
. ~—— T
0500~ — | 0.50+ 0.50 0.507
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C22a

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 6.15m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.16 g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
23.25 223.25 423.25 0.00 0.00 0.00+
00— 0.50- 0.50 0.50-
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3'50- 3.50~ 3.50 3.50
.00 ] 4,00 4.00 4.00]
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Geotechnical

SAIPEM S.p.A.

Softwa
>3 ,.i-'l’f'

Project title :

Project subtit

LIQUEFACTION ANALYSIS REPORT

Met. Livorno Piombino

le : CPTU LP-B-C22b

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 3.50m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.16 g
Fines correction method: ~ Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C22c

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 9.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.15g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno Piombino

Project subtitle : LP-B-C23

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 450 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.14 g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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£ . \ = 2.807] / 2.80 2.80-
£ | 3.00 3.00 3.00
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C24

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.13 g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-

C25

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.13 g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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1 fﬂ_ 13.50~ 13.50 13.50~
14.00 14.00 14.00 14.00
1 §§ 14.50 14.50+ 14.50
15.00 T T T 15.00~— r T r 15.00 """ 15.00
9,570.00 19,570.00 29,570. 0 05 1 15 2 0 1 2 3 4 5 0.00
e I Gl
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SAIPEM S.p.A.

Project title :

LIQUEFACTION ANALYSIS REPORT

Met. Livorno-Piombino

Project subtitle : LP-B-C26

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 2.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.13 g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
69.52 169.52 269.52 0.00- 0.00] 0.00-]
000777 = 0.50 0.50 0.507
0.507 1.00 1.00 1.00]
L0 1.50 1.50 1.507
;gg — 2007 2.00 2.007
550 XY 25047 2.50 2507
et 14 3.00-] 3.00 3.00]
ot — 3.50 3.50 3.50-]
4,001 3 4.00 4.00 4.00
4.50] S 4.50~ 4.50 4.50+]
s00] & 5.00 5.00 = 5.0
_ 550 SO 2 5.50- 5.50 5.50-
E o] =% = 6.00] 6.00] —| 6.00]
£ 6.501 R — g 6.507 6.50 6.50-
8 7.004 ggf 8 7.00] 7.00 7.007
7.50 7.50 = 7.501 ; 7.50
800 —— 8.00 8.00 —  8.00-
ss0l| 2 8.50- 8.50 8.50-
9.00] s~ 9.00~ 9.00 9.00~
9.50- < 9.50~ 9.50 9.50-
10.00+] 1L 10.00+ 10.00] 10.00~
10.50] 5~ 10.50~ 10.50 10.50-
11.00 \< 11.00 11.00 11.00
11.50 & 11.50+ 11.50 < 11.50+]
12.00 — 12.00 12.00 12.00
12.50 '{::_\IS : 12.50I= . . . 1250 | e— 12.50
1,480.00 21,480.00 41,480. 0 05 1 15 2 0 1 2 3 4 5 0.00
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C27

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 3.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.13 g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
78.55 278.55 478.55 0.00 0.00 0.007
0.50-\\3_,}_ 0.50 0.50 (1)-(5)2_
1 = 1.00] < 1.00+ .00
1003 1.50 1.507 1.507
L0 ———— 2.00- 2.00 2.00]
;gg 5 - 2.50 2,501 2.50-
el I = 3.00~ 3.00 3.00
3003 X 3.507 3.50 3.507
i'gg- \ ‘\g 4.00] 4.00 4.00
4507 s > 4.50] 4,507 4,501
s00] <= _><’> 5.00- 5.00] | 500
g 5.50 5.50 5.50
600l | 2 _ eoogf 6.00-] 6.00-
t 6.50—_%{ £ 6.507 6.50 6.50]
£ 7.00 £ 7.00- 7.00 7.00]
& 750] = g 7.507 7.50 7.50-
8 8o (< 8.00 8.00 8.00-
g0 } 8.50- 8.50 8.50
9.00-] %42 9.00+ 9.00+ 9.00
9.50 ¢ — 9.50 9.50 9.50]
10.00+ 7 = 10.00 10.00 10.00
10.50 3 < 10.50 10.50 10.50
11.00 \ 11.00 11.00+ 11.00~
11.507 3 11.50 11.50 11.50
12.00 = 12.00 12.00+ 12.00
12.50 iy 12.50+ 12.50 12.50+
13.00 4 13.00 13.00+ 13.00
13.50 [ 13.50 13.50 13.50
14009 | 5 14.00] 14.00 14.00]
360.00 10,360.00 20,360.00 30,360. 0 05 1 15 2 0 1 2 3 4 5 0.00
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C28

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 6.20 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.12g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
17.56 117.56 217.56 317.56 0.00] 0.00 0.007
00 ————— 0.50 0.50 0.507
i - 1.00] 1.00+ 1.007
1.00 = 1.501 1.50] 1.507
1 { 3 2.00- 2.00 2.00
2.00 % 2.50] 2.507 2.50
i 3.00 ——  3.00 3.00—
3.007 ik 3.50] 3.501 =  3.50
— 4.00+ 4.00 4.00~
4007 4.507 4,507 4.50-
5.00 5.00 5.00
5'00_ > 5.50] f 5.50] 5.50]
6.00 6.00 6.00
6.007] *? - 6.50_'( 6.50 6.50]
E 7.00 E 7.00° 7.00 7.007
p= ] ?‘; £ 7.50] 7.507 7.507
fg“l 8.00 8 8.00] 8.00] 8.00]
| é } 8.50 8.50 8.50
9.00 9.00+] 9.00 9.00]
| Q{ 9.50- 9.50] 9.50-
10.00 10.00{{— 10.00] }" 10.00-
i f j 10.50- 10.50 1 10.50]
11.00 11.00] 11.00 L 11.00
- é f 11.50+ 11.50 11.50]
12.00 12.00+ 12.00 12.00]
. g 12.50+ 12.50 12.50]
13.00 | 13.00] 13.00 13.00]
. % 13.50] 13.50 ——| 13.50
14.00 14.00+ 14.00 14.00+
. 14.50+ 14.50 14.50+
15.00 T ; 15.00— . . . 15.00+————T+T+— 15.00
8,510.00 18,510. 0 05 1 1.5 2 0 1 2 3 4 5 0.00
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C29

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 10.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.12g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
79.23 179.23 279.23 0.00] 0.00 0.007
0.00 S 0.50- 0.50 0.507]
i {% 1.00] 1.00 1.007
1.00 > — 1.50 1.501 1.507
] /<\ 2.00] 2.00] 2.007]
2.00 2.507 2.507 2.50
3 00' {- 3.00- 3.00 - 3.00
. ﬁ:?_ 3.507 3.50 — 3.50+
400' P— 4.00+ 4.00+ 4.00+
S T 4.50] 4.50 4.50
5.00 3 5.00~ 5.00] 5.00]
el €< 5.50-] 5.507 5.50
= 6.00 6.00 6.00
6.00 - ] i
| Z§ 2 6503 e‘ 6.50 —] 6507
E 7.00 = < 7.004 7.00 7.00
= | i/ £ 7.507 < 7.507 7.507
5
§ 8.00 — & 8.00 8.00 8.00
ha 8.50 L 8.50 8.50
sod = 9.007 9.007 9.007
i g 9_5(}_ = ——| 9_50_ 9_50_
10.00 10.00 10.00+ 10.00
] 1050 — 10.50] 10.50
11.00 > 11.00-R= 11.00] 11.00
. 11.50 11.50+ 11.50
12.00 = 12.00 12.00 12.00
1 g <>; 12.507 12.507 12.50
13.00 13.00] 13.00 13.00
1 = 13.50 13.50+ 13.50
14.007 14.00 14.00 14.00
. é 14.50 14.50 14.50
15.00———= T ; 15.00~— T . T 15.00 T 15.00 ]
6,450.00 16,450.00 26,450. 0 05 1 15 0 1 2 3 4 5 0.00
— s — o) —Fs_—Fs]
M. =7'/2, sigma'=1 atm base curve
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SAIPEM S

.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C30

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 12.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.12g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
137.08 337.08 0.00 0.00 0.00
0.00 0.50 J 1
- \ . -
0.50 \ — 1.00_ 0.50 0'50_
] 2 1.50- oo 100
1.00 2.00 J ]
1 2.5G_ 1.50 1.50
1.50 3.00 | |
2.00 3.50- 2.00 2.00
dl ﬁ ‘S 4.00- 1 1
2.50 j 4.50- 2.50 2-50_
] 5.00
= 7 3.00 3.00
= 3.00 \ ; £ 5.507 | _ 4
~ T £z
£ B 6.00] 3.50 3.50
§3'5°_ ﬁ 8 6.507 \ ] i
7.00 4.00 4.00
4.00 ]
] <>é 7.50 1 .
4.50 Vs 8.00-] 4.50 4.50
] yd ) 8.507 500- 5.00
5.00_%{ f 9.00] 007 007
5.50 ( 9.507 5.50 5.50
] { > 10.00- 1 .
6.00 10.50] 6.00 6.00
. % 1 11.00-] . .
6.50 \ 11.50_ 6.50 6.50
T T 12.00~— ; ; ; e a mma ma S L
7,910.00 17,910. 0 05 1 15 2 0 1 2 3 4 5 0.00
— s —ow) —Fs_—Fsi)
M,,=7'/2, sigma’'=1 atm base curve
0.6 IR | I 1 M | L I | I 1 M| L1
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SAIPEM S.p.A.

E
”mn muE
LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C31

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.11g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
0 26.43 12643 226.43 0.00] 0.00 8.C5)g_
~——~ 0.50] 0.50+ .50
1 \EI 1.00] 1.007 1.007
1.00 1.501 — 150 1.507]
i T ——— 2.00] | 2.007 2.00
2.00 e 2.50] 2.50 2.50
2,00 T ——— 3.00] 3.00 3.00
: ? 3504 3.50 3.507
4,00 S 4.007 4.007 4.007
el 3*\ 4,507 4.50 4.50
500 — 5.00- 5.00 5.007
007 g < 5.50- 5.50 5.50
6.00 —— 6.00 6.00 6.00
| ? = ~ 6.50- 6.50] 6.50
£ 7.00 = E 7.009 7.007 7.00
= | é i £ 7.507 7.507 7.507
2 & 8.00 8.00 8.00
8 8007 i,i — 8.50] 8.50 8.50
9.00 X 9.00 9.00 9.00
] 1 i 9.507 9.507 9.50
10.00 10.00 10.00 10.00
- j 10.50 10.50+ 10.50
11.00 — 11.00~ 11.00+ 11.00
- %‘:\? 11.50] 11.50+ 11.50
12.00 12.00 12.00 12.00
. 2 12.50 12.50+ 12.50
13.00 — 13.00 13.00 13.00
] { ? 13.50] 13.50 13.50
14.00 14.00] 14.00 14.00
. % § 14.50 14.50+ 14.50
15.00—% ; T 15.00== . . . 15.00+———+TTTTT 15.00 ]
5,320.00 15,320.00 25,320. 0 05 1 15 2 0 1 2 3 4 5 0.00

—cr—ow]  [Crs_—rea)

M. =7'/2, sigma'=1 atm base curve
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C31a

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.11g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
36.09 86.09 136.09 0.00 0.00 0.00
0.00 0.50 B 7]
0.20 1.007 0.20 0.207
] 1.50 0.40 0.40
0.40 2.00~ 1 :
. X 2.50- 0.60 0.60
0.60 <\ 3.00 E -
] ] 0.80 0.80
0.80 S\ 2-32_ 1 ]
1 =002 1.00
1.00 ( / 4.50 1.00 i J
1 5.00 1.20
1.20 ( ) 5.50-] 1.20 i -
1.401 // 6.00- 1.40 1.40-
J ~ 6.50
-~ E . 1.60
€ 1.60 A 3 7.00] 1.60-] ]
~ 4 £z
£ B 7.50] 1.80 1.80
g 1807 \ & 8.00 ; -
8 2.00 8.50] 2.00 2.00
. 9.00 ] i
2.20 > \7\ 6.50- 2.20 2.20
i / 10.007 2.40 2.40
2.407 10.50] i i
2.60 11.00-] 2.60 2.60
1 A 11.50+ i i
2.80 / / 12.00 2.80 2.80
i 12.50- 1
| 3.00 3.00
3.00] 13.00] 1 |
3.20 13.507 3.20 3.20
1 \ 14.00- 1 i
3.40 14.50 3.40 3.40
L T T 15.00~— ; ; ; tr——T—T1T1 L ;
9,840.00 19,840. 0 05 1 15 2 0o 1 2 3 5 0.00
— s — o) —Fs_—Fs]

M. =7'/2, sigma'=1 atm base curve
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C32

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.11g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
9.88  209.88  409.88 0.00 0.00 0.007
0.00 _‘7 0.50+ 0.50 0.50
0.50 1.00] 7 1.004
et — 150 1.00] .00
1501 P e 2.0 1.50-] 1.507]
2'20- e 2.50 2.00 2.00-
1SS~ 3.000 2.50- 2.50
2507 ;7 < 350 3.001 3.00
3.00 4.00] .00 .00
3.50] 4504 1 3.507] 3.507
4' 00 5.00] S 4.00 4.00
s N 5.507 4.50 4.50
4.50 6.00 4 4
< - 5.00 5.00
5.00 ~ 6.50] ] i
€ 5.501 —~. £ 7.007 5.50 5.50
£ 6.00 2 g 7.507 6.00 6.00
Q " 4 8.00 —— | 7 7
& 6.50 8 8.50° 6.507 6.50
7.007 s~ 9.007 7.007] 7.007]
7.50] ; 2 9.507 7.50 7.501
8.00 ~ 2 10.007 8.00 8.00
] = = 10.50-] 8.50] 8.50]
8.50 11,004 -oU7] -V ]
1 <>L U7
9.00 ] j{ 11.50_ 9-00_ 9.00 ]
9.507] :\ 12.00] 9.507 9.50-]
10.00 - = iggg 10.00 10.00]
10.507] S_;\,_> 13.50 10.507 10.50-]
11.00 ‘{é 14.00- 11.00_ 11.00_
11.50 = 14.50 11.50+ 11.50
T T 15.00 T T T T T T T T T 1
2,300.00 12,300.00  22,300. 0 05 1 15 2 0 1 2 3 4 5 0.00
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT
Project title : Met. Livorno-Piombino
Project subtitle : LP-B-C32a

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.11g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
146.22 346.22 0.00 —  0.00 0.007]
0.007 0.50- 0.10 0.10-
0-10_\ 1.00] 0.20 0.20
0.20+ 1.50 1
0zl \ > et 0.30 0.304
ol \ 2,50 0.407 0407
g"s‘g- N\ > 3007 0.50 0.507
0.60] \ 3.50- 0.60 0.607
0701 \ 4.007 0.70 0.701
0.80] P — 4.50] 0.80 0.80
ool 5.007 0.907 0.90
roo] < \ >0 1.00 1.00
tie] N ot 1.107 1.104
E1l 207 E 7-00- 1.207 1.20+
£ 1.307 7 £ 7.507 1.30 1.307
§ 1.40 \ & 8.00 1.40 1.40
1.50 8.50+ 1.50 1.50
1.60] 9.007 1.60 1.60
1.70 9303 1.70 1707
1.80-] 10.007 1.80 1.80
el 10.50 1 1.90]
1.90 11.00 1.907 i
2.00] ( 11.50- 2.007] 2.00
210047 12.00 2.10 2.107
2.20 L 12.50 2.207] 2.207
2.30 13.00- 2.30 2.30
1 X 13.50
2.40 RS _ 2.40-] 2.40
2503} 14.007 2.50 2.50]
2.60 / 14.507 2.60 2.60
T T 1500 T T T T T T T T T
7,840.00 17,840. 0 05 1 15 2 0 1 2 3 4 5 0.00
— s —ow) —Fs_—Fsi)
M. =7'/2, sigma'=1 atm base curve
0.6 L | I I L | L1 L | I I TR L
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C32b

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.11g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
113.62 313.62 513.62 0.00 0.00 0.00
0.00 0.50 . .
1 1.00- 0.05 0.05
0.05 1.50 1 1
'\ 2.00 0.10 0.10
0.10 2.50- | ]
0.5 | \ ggg 0.15 0.15
1 4.007 1 |
0.20 4.50- 0.20 0.20
1 5.001 1 i
0.25 5.50 0.25 0.25
1 / 6.00 1 ’
. 0.30 £ 6.507] 0.30 0.30
3 J £ 7.00 1 1
£ 0.35 g 7.50 0.35 0.35
g / & 8.007 1 -
0.40 8.50 0.40 0.40
] / 9.00 - -
9.50
0.45 \ 10,00 0.45 0.45
1 10.507
0.50 \ 11.00- 0.50 0.50
1 11.507
0.55 12.00° 0.55 0.55
1 \ 12.507 | i
0.60 13.00+ 0.60 0.60
1 \ 13.50 1 1
0.65 14.00] 0.65 0.65
1 / 14.50~ 1 1
T T 1500 T T T T T T T T T
16,670.00 36,670. 0 05 1 15 2 0 1 2 3 4 5 0.00
— s — o) —Fs_—Fs]
M. =7'/2, sigma'=1 atm base curve
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C32c

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.11g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
99.95 299.95 499.95 699.95 0.00-] —  0.00 0.00
0.00 0.50 7 ’
] 1.00 0.50 0.50
0.50 ) 1.50] 4 .
1 2.00
i 1. 1.00
1.00 2.507 | OG_ ]
1 3.00 |
- 1.50 1.50
1.50 3.501 = ] ]
1> 4.00 500
< 4.50 2.00 .
2.00 et
1 T> 5.00] 1 .
5.50 2.50 2.50
2307 r f> 6.00 1 |
~ 6.50 3.00 3.00
£ 3.00 >} ::E/ 7.007 | i
= il 7.50]

8 3.50 g oo 3.50 3.50
: ! ? 8.507 ] 4.00 |
4.00 9.00] 4.00 e

E 9.50+ 1 i
4.50 10.007 4.50 4.50
I > j |
5.00 11.00~ 5.00 5.00
_h 11.507] E :
12.00
5.50 i 5.50 5.50
| o 12.50 ] i
= 13.007
6.00_ 13.50] 6.00_ 6.00_
e 14.00-
6.50 14.50 6.50 6.50
- \ |< T 15.00 T T T T T T T T - 1
25,648.00 75,648.00 125,648 0 05 1 15 2 0o 1 2 3 5 0.00
— s — o) —Fs_—Fs]

M. =7'/2, sigma'=1 atm base curve

0.6 L1 L
1 Liquefaction L
0.5
0.4 //
. / ;
8] / L
0.2 //
0.1
1l _—T0 82 6 e E557
1 A A A A AMA
0 20 40 60 80 100 120 140 160 180 200
qciN,cs

ction

LigIT v.4.7.7.5 - Soil Liquefaction Assesment Software



SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-

C33

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.85
Analysis method: Robertson (1998) Peak ground accelaration: 0.11g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle

: LP-B-C36

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.92
Analysis method: Robertson (1998) Peak ground accelaration: 0.10g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Livorno-Piombino

Project subtitle : LP-B-C36a

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 15.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.92
Analysis method: Robertson (1998) Peak ground accelaration: 0.10g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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SAIPEM S.p.A.

Project subtitle : LP-A-C45

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Derivazione Rosen Rosignano

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.75
Analysis method: Robertson (1998) Peak ground accelaration: 0.22g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
98.81 198.81 0.00 0.00 0.007
0.00 0.50 0.50 0.507]
1 - 1.007 1.00] 1.00
1.00 1.50] 1.507 1.50
i 2.00- — | 2.007] 2.007]
2.00 2.507 2.507 2.50
i 3.00~ 3.00 3.00]
3.00 3.50 3.50 3.50
4 00' 4,00~ 4,00 4.00]
il l‘ﬁi 4.50 4.50 4.50
5.00 — 5.00- 5.00 5.00]
il /)f/ 5.50 5.50 5.50
6.00 6.00 6.00
6.00 - ] i
1 ~ 6.50] 6.50 6.50
E 7.00 E 7.009 7.00 7.00
et i E £ 7.507 7.507 7.507
B & 8.00 8.00 8.00
8.00 - ] i
a ] & 8.50 8.50 8.50
9.00 9.00 9.00 9.00
i f 9.50+ 9.50 9.50+
10.00 10.00~ 10.00 10.00
. 10.50 10.50+ 10.50
11.00 — 11.00~ 11.00 11.007
? 1 11.50 11.50 - 11.50
12.00 ‘L\ {3 12.00 H 12.00 12.00
1 12.50 12.50 12.50
13.00 —— 13.00] =2 13.00] 13.00]
1 13.50 13.50+ 13.50
14.00 14.00 14.00 14.00
. 14.50 14.50+ 14.50
15.00 T T r 15.00~— r T r 15.00 T 15.00——— 7
4,510.00 9,510.00 14,510. 0 05 1 15 2 0 1 2 3 4 5 0.04 0.09
— CSR — CRR] —Fs. —Fs-i
M. =7'/2, sigma'=1 atm base curve
0.6 IR | 1 M | L1 L | I 1 M| L1
i Liquefaction i
0.5
0.4 //
0o // _
0.2 //
0.1 2 3 254 2885
T4 MM i233§3ﬁ4i7n 31
] A AdAaA Mo Liqueraction
0 20 40 60 80 100 120 140 160 180 200
qciN,cs

0.14

LigIT v.4.7.7.5 - Soil Liquefaction Assesment Software



Project subtitle : LP-A-C46

SAIPEM S.p.A.

LIQUEFACTION ANALYSIS REPORT

Project title : Met. Derivazione Rosen Rosignano

Input parameters and analysis data

In-situ data type: Cone Penetration Test Depth to water table: 1.00 m
Analysis type: Deterministic Earthquake magnitude My: 4.75
Analysis method: Robertson (1998) Peak ground accelaration: 0.22g
Fines correction method: Robertson (1998) User defined F.S.: 1.00
CPT data graph Shear stress ratio Factor of safety Settlements (cm)
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