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Location: Forli

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

Www.engeo.it

MS3 Forli

via Madre Anna Maria Adorni 2

CPT: CPTU1

Total depth: 15.00 m
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Fines correction method:

Points to test:
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Peak ground acceleration:
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Use fill:

Fill height:

Fill weight:
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SBT (Robertson et al. 1986)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121

Depth (m)

Www.engeo.it
Project: MS3 Forli CPT: CPTU1
Location: Forli Total depth: 15.00 m
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Analysis method: 1&B (2008) G.W.T. (in-situ): 2.30m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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MS3 Forli
Location: Forli
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CPT: CPTU10
Total depth: 15.00 m
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Analysis method: 1&B (2008) G.W.T. (in-situ): 3.30m Use fill:
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.00 m Fill height:
Points to test: Based on Ic value  Average results interval: 5 Fill weight:
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied:
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied:
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SBT (Robertson et al. 1986)
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EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli

Location: Forli
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CPT: CPTU10
Total depth: 15.00 m

Depth (m)

CRR plot FS Plot
oT— 71 = = 0T
0.5 0.5
11 11
51 154
v 4
2 During earthg. 2
2.5 - 254
31 31
3.5
.
e I S 1
451
5.5 :
6 =
—
K
6.5 S
74 —_ = —
E — E
7.5 < ! <
o [ o
o) o)
8- o S, | a
8.5 85—
9] [k | B
_ — J4
9.5 — 9.5
10 010
10.5 1051
I R e 114
11.54 11540
12 12
12.54 12540
13- 131
13.54 1351
14 144
14.54 14540
15 4+—— — — — — — 15—
0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 10 15
CRR & CSR Factor of safety Liquefaction potential
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.30m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.00 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes
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Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

MS3 Forli
Location: Forli

Project:

via Madre Anna Maria Adorni 2

CPT: CPTU11
Total depth: 15.00 m
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Analysis method: 1&B (2008) G.W.T. (in-situ):
Fines correction method: R&W (1998) G.W.T. (earthq.):
Points to test: Based on Ic value  Average results interval:
Earthquake magnitude M,,: 6.14 Ic cut-off value:
Peak ground acceleration:  0.16 Unit weight calculation:
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Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
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Depth (m)

Project: MS3 Forli CPT: CPTU11
Location: Forli Total depth: 15.00 m
CRR plot FS Plot Vertical settlements
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Analysis method: 1&B (2008) G.W.T. (in-situ): 2.85m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 1.50 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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CPT: CPTU12
Total depth: 11.34 m
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SBT (Robertson et al. 1986)
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N/A applied: Sands only
N/A Limit depth applied: No
Limit depth: N/A
Yes MSF method: Method based

CLiq v.3.5.3.10 - CPTU data presentation & interpretation software - Report created on: 23/01/2025, 16:20:27
Project file: L:\FRLI.00.2423 - MS3 Forli\accessori\Liquefazione\CPTU_Forli_I&B.clq



Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

Project: MS3 Forli
Location: Forli

CPT: CPTU12
Total depth: 11.34 m
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Analysis method: 1&B (2008) G.W.T. (in-situ): 4.85 m Use fill:

Fines correction method: R&W (1998) G.W.T. (earthq.): 3.50 m Fill height:

Points to test: Based on Ic value  Average results interval: 5 Fill weight:
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied:
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied:
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applied: Sands only
Limit depth applied: No
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MSF method: Method based
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ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l
via Madre Anna Maria Adorni 2
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MS3 Forli

CPT: CPTU13
Total depth: 13.50 m
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Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

CPT: CPTU13
Total depth: 13.50 m
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Analysis method: 1&B (2008) G.W.T. (in-situ): 0.00 m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 0.00 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes
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applied: Sands only
Limit depth applied: No
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MSF method: Method based
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ENGEO .

ENGINEERING GEOLOGY Parma (PR) 43121

Project: MS3 Forli
Location: Forli

Engeo s.r.l

via Madre Anna Maria Adorni 2

Www.engeo.it

CPT: CPTU14
Total depth: 15.00 m
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Earthquake magnitude M,,: 6.14
Peak ground acceleration:  0.16
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ENGINEERING GEOLOGY

MS3 Forli

Location: Forli

Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
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CPT: CPTU14
Total depth: 15.00 m
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Analysis method:
Fines correction method:

Points

Earthquake magnitude M,,:
Peak ground acceleration:
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Factor of safety

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval: 5

Ic cut-off value: 2.60
Unit weight calculation:

0.00 m
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Based on SBT

Depth (m)
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Liquefaction potential

Use fill: No
Fill height: N/A
Fill weight: N/A
Trans. detect. applied: No
K, applied: Yes
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Depth (m)
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Vertical settlements
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Clay like behavior

applied: Sands only
Limit depth applied: No
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MSF method: Method based
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Project:
Location: Forli

MS3 Forli

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

via Madre Anna Maria Adorni 2

Www.engeo.it

CPT: CPTU15
Total depth: 15.00 m

Cone resistance

Depth (m)
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Analysis method:
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Fines correction method:

Paints to test:

Earthquake magnitude M,,:
Peak ground acceleration:
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gt (MPa) Fr (%)
1&B (2008) G.W.T. (in-situ): 12.00 m Use fill:
R&W (1998) G.W.T. (earthq.): 11.00 m Fill height:
Based on Ic value  Average results interval: 5 Fill weight:
6.14 Ic cut-off value: 2.60 Trans. detect. applied:
0.16 Unit weight calculation: ~ Based on SBT K, applied:

Norm. friction ratio
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Soil Behaviour Type
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SBT (Robertson et al. 1986)

Clay like behavior
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Limit depth applied:
Limit depth:

MSF method:
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EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
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Project: MS3 Forli
Location: Forli

CPT: CPTU15
Total depth: 15.00 m

Depth (m)

CRR plot FS Plot
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CRR & CSR Factor of safety Liquefaction potential
Analysis method: 1&B (2008) G.W.T. (in-situ): 12.00 m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 11.00 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes
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Clay like behavior

applied: Sands only

Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Project:
Location: Forli

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

Www.engeo.it

MS3 Forli

via Madre Anna Maria Adorni 2

CPT: CPTU16
Total depth: 15.00 m

Cone resistance
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Analysis method: 1&B (2008) G.W.T. (in-situ):
Fines correction method: R&W (1998) G.W.T. (earthq.):
Points to test: Based on Ic value  Average results interval:
Earthquake magnitude M,,: 6.14 Ic cut-off value:
Peak ground acceleration:  0.16 Unit weight calculation:

4
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Soil Behaviour Type
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9.5
10
10.5
11
11.5
12
1257
“
13 [
13.5
14—
o
14.5—{ R
T 15—
8 10 0o 2 4
Use fill: No
Fill height: N/A
Fill weight: N/A
Trans. detect. applied: No
K, applied: Yes

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

MS3 Forli
Location: Forli

Project:

CPT: CPTU16
Total depth: 15.00 m
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G.W.T. (in-situ):

G.W.T. (earthq.):
Average results interval:
Ic cut-off value:

Unit weight calculation:

Analysis method:

Fines correction method:
Points to test:
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Peak ground acceleration:
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ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

MS3 Forli
Location: Forli

Project:

CPT: CPTU17
Total depth: 9.16 m

Cone resistance Norm. friction ratio
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Analysis method: 1&B (2008) G.W.T. (in-situ): 0.00 m Use fill:

Fines correction method: R&W (1998) G.W.T. (earthq.): 0.00 m Fill height:

Paints to test: Based on Ic value  Average results interval: 5 Fill weight:
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied:

Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied:
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SBT (Robertson et al. 1986)

clay
& sandy B

w O o000

No Clay like behavior

N/A applied: Sands only
N/A Limit depth applied: No

No Limit depth: N/A

Yes MSF method: Method based
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via Madre Anna Maria Adorni 2
Parma (PR) 43121
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EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

CPT: CPTU17
Total depth: 9.16 m

CRR plot FS Plot LPI
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o
8asq |
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0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 5 10 15
CRR &CSR Factor of safety Liquefaction potential
Analysis method: 1&B (2008) G.W.T. (in-situ): 0.00 m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 0.00 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes
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Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO Sl Vvia Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121

Www.engeo.it
Project: MS3 Forli CPT: CPTU18
Location: Forli Total depth: 15.00 m
Cone resistance Norm. friction ratio Soil Behaviour Type
Clay
1 1 1 nd & sjlty sand
E ; R é?ay d%&f ay )
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15 15 15 C?ay
2 2 2 Clay
Clay & sitty clay
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3 3 3 Clay
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Clay
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13 13 13 Clay & silty clay
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Clay
14 14 14
| 4 Clay & sitty clay
14.5 14.5 14.5 Clay
Clay & sitty clay
154 T T T BT 15 LA L L L B B B
5 10 15 0 2 4 6 8 10 0O 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 7.10 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 6.10 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

CPT: CPTU18
Total depth: 15.00 m

Depth (m)
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CRR & CSR Factor of safety Liquefaction potential
Analysis method: 1&B (2008) G.W.T. (in-situ): 7.10 m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 6.10 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes
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Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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ENGEO .

Project: MS3 Forli
Location: Forli

Engeo s.r.l

via Madre Anna Maria Adorni 2
ENGINEERING GEOLOGY Parma (PR) 43121

Www.engeo.it

CPT: CPTU19
Total depth: 15.00 m
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Analysis method:
Fines correction method:

Points to test:

4
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1&B (2008)
R&W (1998)
Based on Ic value

Earthquake magnitude M,,: 6.14
Peak ground acceleration:  0.16
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Norm. friction ratio
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G.W.T. (in-situ): 5.00 m
G.W.T. (earthq.): 4.00 m

Average results interval: 5

Ic cut-off value: 2.60
Unit weight calculation: ~ Based on SBT

Use fill:

Fill height:
Fill weight:

Depth (m)

Trans. detect. applied:

K, applied:

Soil Behaviour Type
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SBT (Robertson et al. 1986)
No Clay like behavior
N/A applied: Sands only
N/A Limit depth applied: No
No Limit depth: N/A
Yes MSF method: Method based
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Project: MS3 Forli
Location: Forli

EN GEO S.rl.

ENGINEERING GEOLOGY Parma (PR) 43121

Engeo s.r.l
via Madre Anna Maria Adorni 2

Www.engeo.it

CPT: CPTU19
Total depth: 15.00 m

Depth (m)

CRR plot

T T ‘

A4

4 S o carhd

o]
|

8.5

10

10.5

11

11.5

12

1259

13

135

i

1459

G- S R S— SRR SE—————
0 0.2 0.4

CRR & CSR

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

1&B (2008)
R&W (1998)

Based on Ic value

6.14
0.16

FS Plot

Depth (m)

0 0.5 1 1.5
Factor of safety

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval: 5

Ic cut-off value: 2.60
Unit weight calculation:

5.00 m
4.00 m

Based on SBT

Depth (m)

10

10.5

11

11.5

12

12.5

13

13.5

14+

14.5

Use fill:
Fill height:
Fill weight:

5 10 15
Liquefaction potential

No
N/A
N/A

Trans. detect. applied: No

K, applied:

Yes

20

Depth (m)

14

14.5

15

Vertical settlements

0 2 4 6

Settlement (cm)

Clay like behavior
applied:
Limit depth applied: No

Limit depth:
MSF method:

Sands only

N/A
Method based
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Project:
Location: Forli

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l
via Madre Anna Maria Adorni 2

Www.engeo.it

MS3 Forli

CPT: CPTU2

Total depth: 15.00 m

Cone resistance

Depth (m)
~
[6)]
|

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14.5

154

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

T T
4 6
qt (MPa)

1&B (2008)
R&W (1998)

Based on Ic value

6.14
0.16

Depth (m)

Norm. friction ratio

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14.5

154

G.W.T. (in-situ):

G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

4
Fr (%)

2.05m

1.00 m

5

2.60

Based on SBT

Use fill:
Fill height:
Fill weight:

Depth (m)

Soil Behaviour Type

0
R
0.5 :
Clay & sitty clay
! Silty sand & sandy s
L5 Clay & sity clay
2 gilliti)ysand & sandy|s
8@5 & silty clay
” Clay
3
35 Clay & sitty clay
| Silty sand & sandy|s
47 Silfy-sand-& sandy |s
4.5 Sand & silty sand
> —— Silty sand & sandy s
Cléyy & silty clay y
55 Clay & sitty clay
Clay & silty clay
8 Clay
Clay & sitty clay
6.5 Clay
7 Clay & sitty clay
7.5 Clay
8 Clay & silty clay
Clay
8.5 .
8|g¥ & s?lty clay
9 glay & silty clay
ay
- Clay & sitty clay
I Silty sand & sandy s
10 — S||ty sand & Sandy <
10.5 Silty sand & sandy s
- giay & sitty clay
a
" Clay & silty clay
11.5—|m— Sily sand & sandy s
Silty sand & sandy s
12 glay & sty clay
ay
12 Clay & silty clay
13 Clay
Clay & silty clay
Silty sand & sandy [s
1 Clay & sitty clay
14 8@// & silty clay
14.5 Clay

0 2 4
SBT (Robertson et al. 1986)

No
N/A
N/A

Trans. detect. applied: No

K, applied:

Yes

10 12 14 16 18

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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EN GEO S.rl.

MS3 Forli
Location: Forli

Project:

Engeo s.r.l
via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121

Www.engeo.it

CPT: CPTU2
Total depth: 15.00 m

Depth (m)

CRR plot

[\ e — ]
0.5 :
1 ! h 4
During earthg.

'd

754

o]
|

Depth (m)

85

o1 Z

105

e

1.5 ;

1259

135

i

145

154p—rtl

0.2 0.4

FS Plot

0 0.5 1

15 2

CRR & CSR

Factor of safety

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

1&B (2008)

R&W (1998)
Based on Ic value
6.14

0.16

G.W.T. (in-situ): 2.05m
G.W.T. (earthq.): 1.00 m
Average results interval: 5

Ic cut-off value: 2.60

Unit weight calculation:

Based on SBT

Depth (m)

10

10.54

11

11.5

12

12.5

13

13.5

14+

14.5

10 15

Liquefaction potential

Use fill: No
Fill height: N/A
Fill weight: N/A
Trans. detect. applied: No
K, applied: Yes

20

Vertical settlements

U o |

Depth (m)

14.5

8

Settlement (cm)

Clay like behavior
applied:

Limit depth applied:
Limit depth:

MSF method:

Sands only
No

N/A

Method based
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Engeo s.r.l

EN GEO ¢l via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: CPTU20
Location: Forli Total depth: 13.92 m
Cone resistance Norm. friction ratio Soil Behaviour Type
0 0
Clay & silty clay
0.5 0.5 :
Sitty sand & sandy s
. . Clay & silty clay
15 15 Silty sand & sandy s
) ) Sand & silty sand
Sand & sjlty sand
Silty sand & sandy s
2.5 2.5 Sand & silty sand
Clay & silty clay
3 3 Clay & silty clay
Clay & silty clay
3.5 3.5 .
Clay & silty clay
4 4 Clay
Clay
4.5 4.5 Clay
Clay & sitty clay
° ° Clay
Clay
5.5 5.5
Clay
61 61
~ 6.5 ~ 6.5 ~ Clay & silty cla:
£ £ £ y & silty clay
N N N
< . c | c
a2 a2 =1 _
8 8 & Silty sand & sandy [s
7.5 7.5+ Sand & silty-sand
Silty sand & sandy s
8 8
Clay & silty clay
8.5 8.5 ;
Sitty sand & sandy|s
Clay & silty clay
9 9 Sand & sily sand
Silty sand & sandy s
9.5+ 9.5+ Clay & silty clay
Clay & silty cla:
10 10 Silty sand'& sa¥1dy <
Silty sand & sandy s
10.5 10.5 10.5 .
ity sand & sandy |s
— éllgy sﬂty c?ay y
114 114 114 Silty sand & sandy s
[ lay & silty cla
11.5 11.5 11.5 g@saml & Sa¥'dy ©
. . " . Clay & silty clay
Silty sand & sandy s
12.5 12.5 12.5
134 134 13 Clay & silty clay
13.5 13.5 13.5
—— Sitty sand & sandy s
T T T T T T T T T T T T T T T T T T TTr T 7T T TT
5 0 15 20 25 0 2 4 6 8 10 0 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 4.80m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 3.80m Fill height: N/A applied: Sands only
Paints to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

CPT: CPTU20
Total depth: 13.92 m

Depth (m)

CRR plot
(R e — " ]

FS Plot

10

10.5

11

11.5

12

12.5

13

13.5

T T T T T
0.2 0.4 0.€
CRR & CSR

Analysis method: 1&B (2008)

Fines correction method: R&W (1998)

Points to test:
Earthquake magnitude M,,:
Peak ground acceleration:

6.14
0.16

Based on Ic value

Depth (m)
Depth (m)

10.5

i
|
|
=
»d
—
<
=
-—
[ |

11

11.5

12

12.5

10

134

1354

0 0.5 1
Factor of safety

G.W.T. (in-situ): 4.80 m
G.W.T. (earthq.): 3.80m
Average results interval: 5

Ic cut-off value: 2.60

Unit weight calculation: ~ Based on SBT

Fill
Fill

15 2 0 5

Use fill:

Trans. detect. applied:
K, applied:

10
Liquefaction potential

15

No
N/A
N/A
No
Yes

height:
weight:

20

Depth (m)
~

Vertical settlements

0 5

Wet: 0.00 (cm
T
10
Settlement (cm)

Clay like behavior

applied:

Limit depth applied:
Limit depth:
MSF method:

Sands only
No

N/A

Method based
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Project:
Location: Forli

ENGEO .

ENGINEERING GEOLOGY Parma (PR) 43121

Engeo s.r.l

Www.engeo.it

MS3 Forli

via Madre Anna Maria Adorni 2

CPT: CPTU3
Total depth: 15.00 m

Cone resistance

Depth (m)
~
[6)]
|

9.5

10

Norm. friction ratio

Depth (m)
~
[6)]
|

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14.5

154

10.5

11

11.5

12

12.5

13

13.5

14

14.5

15—,

Analysis method:

Fines correction method:

Paints to test:

Earthquake magnitude M,,:
Peak ground acceleration:

qt (MPa)

1&B (2008)
R&W (1998)

Based on Ic value

6.14
0.16

:

G.W.T. (in-situ):
G.W.T. (earthq.):

Average results interval:

Ic cut-off value:
Unit weight calculation:

2

—
4
Fr (%)

2.55m
1.55m

5

2.60

Based on SBT

6

8

Use fill:
Fill height:
Fill weight:

Depth (m)

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14.5

Trans. detect. applied:

K, applied:

No
N/A
N/A
No
Yes

Soil Behaviour Type

Clay & silty clay
Sitty sand & sandy

Sitty sand & sandy
Clay & silty clay

th (n

Clay &silty clay

Silty sand & sandy
Sand & silty sand

N

Clay & silty clay
G

N

Clay

Clay & silty clay

Clay

Clay & sily cla
Siltyysandty& sa¥1dy
Clay
ey 3
Clay & silty clay
Sitty sand & sandy

Sand & silty sand
Clay & silty clay

N

N

Clay
Clay & silty cla
Cla¥ Y cay

Clay
Clay & silty cla
Cla¥ Y cay

Clay

Clay & silty clay
Clay & silty clay
Clay & silty cla:
CIa¥ & sil%; cla¥
Clay

Clay & silty clay
Clay & silty clay
AT
8 10 12 14 16 18
SBT (Robertson et al. 1986)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

MS3 Forli
Location: Forli

Project:

CPT: CPTU3
Total depth: 15.00 m

Depth (m)

FS Plot

CRR plot
(R e — " ]

During earthg.

Depth (m)

o]
|

10

10.5

11

11.5

12

12.5

13

13.5

14+

14.5

(T S N

0 0.2 0.4

. . 0.5 1 15 2
CRR & CSR

Factor of safety

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

1&B (2008)

R&W (1998)
Based on Ic value
6.14

0.16

G.W.T. (in-situ): 2.55m
G.W.T. (earthq.): 1.55m
Average results interval: 5

Ic cut-off value: 2.60

Unit weight calculation: ~ Based on SBT

Depth (m)

10

1059

s

159

124

1254

134

1354

i

1459

10
Liquefaction potential

Use fill:

Fill height:

Fill weight:

Trans. detect. applied:
K, applied:

15

No
N/A
N/A
No
Yes

20

Vertical settlements

Depth (m)

14.5

T T T 1
10

Settlement (cm)

Clay like behavior

applied:

Limit depth applied:

Limit depth:

MSF method:

Sands only
No

N/A

Method based
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ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

via Madre Anna Maria Adorni 2

Www.engeo.it
Project: MS3 Forli CPT: CPTU4
Location: Forli Total depth: 14.08 m
Cone resistance Norm. friction ratio Soil Behaviour Type
0 —— 0 I Clay & silty clay
0.5 0.5 0.5 Silty sand & sandy/s
I Clay & silty clay
. . ! Clay & silty clay
Silty sand & sandy |s
15 15 15 Clay & silty clay
2 P Clay
Clay & silty clay
2.5 2.5 25 Sitty sand & sandy s
Clay & silty clay
3 3
3.5 3.5 3.5
4 4
4.5 4.5 4.5
54 54
5.5 5.5 5.5
6 6 Clay
_. 6.5 _. 6.5 _. 65
S S S
N— N— N—
< 74 < 74 <
=1 =1 =1
o) o) o)
O 754 O 754 O 75
8 8
8.5 8.5 8.5
9 9 Clay & silty clay
Clay
0.5 0.5 o5 Clay & silty clay
10 10 10
Clay
10.5 10.5 10.5
114 114 1 Clay & silty clay
11.5 11.5 11.5 Clay & silty clay
Cla
12 12 12 y
Clay
12.54 12.54 12.5 C|ay & S||[y C|ay
Clay & silty clay
137 137 13 Clay & sity clay
Clay
13.5 13.5 13.5 CIay & Sl"y Clay
14 14 14 Sitty sand & sandy s
T T T T T T T T T LI rYTrYrrTrrrTrrrTrrTTrrTTrToTTT
i1 2 3 4 5 6 0 2 4 6 8 10 0O 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 450 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 3.50 m Fill height: N/A applied: Sands only
Paints to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Project: MS3 Forli
Location: Forli

Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

CPT: CPTU4
Total depth: 14.08 m

Depth (m)

CRR plot
(R e — " ]

v
During earthg.

Depth (m)

9.5

10

10.5

114

11.5

12

12.5

13

135

R
T T T

0 0.2 0.4 0.€
CRR & CSR

Analysis method: 1&B (2008)

Fines correction method: R&W (1998)
Points to test: Based on Ic value
Earthquake magnitude M,,: 6.14

Peak ground acceleration:  0.16

FS Plot

0 0.5 1

15 2

Factor of safety

G.W.T. (in-situ):

G.W.T. (earthq.):
Average results interval:
Ic cut-off value:

Unit weight calculation:

4.50 m
3.50m

5

2.60

Based on SBT

Depth (m)

9.5

10

10.5

114

11.5

12

12.5

13

13.5

0 5 10

15

Liquefaction potential

Use fill:

Fill height:

Fill weight:

Trans. detect. applied:
K, applied:

No
N/A
N/A
No
Yes

20

Vertical settlements

Depth (m)

Dry: 0.00 (cm)
=|Wet: 0.00 (cm

T T
0.5 1
Settlement (cm)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Project: MS3 Forli
Location: Forli

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

via Madre Anna Maria Adorni 2

Www.engeo.it

CPT: CPTUS
Total depth: 15.00 m

Cone resistance

Norm. friction ratio

0 0 0
0.5 0.5 0.5
1 1 1
1.5 1.5 1.5
2 2 2
2.5 2.5 2.5
3] 3] 3
3.5 3.5 3.5
4 4 4
4.5 4.5 4.5
5 5 5
5.5 5.5 5.5
6 6 6
6.5 6.5 6.5
~ 7 ~ 7 ~ 7
S S S
N— N— N—
S 7.5 S 7.5 S 75
o o o
8 8 8
8- 8- 8
8.5 8.5 8.5
9] 9] 9
9.5 9.5 9.5
10 10 10
10.5 10.5 10.5
114 114 11
11.5 11.5 11.5
12 12 12
12.5 12.5 12.5
13- 13- 13
13.5 13.5 13.5
14— 14— 14
14.5 14.5 14.5
157 T T T T T LB 7 LI — 15
1 2 3 4 5 6 0 2 4 6 8 10
qt (MPa) Fr (%)
Analysis method: 1&B (2008) G.W.T. (in-situ): 4.15m Use fill:
Fines correction method: R&W (1998) G.W.T. (earthq.): 3.15m Fill height:
Points to test: Based on Ic value  Average results interval: 5 Fill weight:
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied:
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied:

Soil Behaviour Type

Silty sand & sandy s
Clay & silty clay
Clay
Clay & silty clay
Clay
Clay & sitty clay
Clay & sitty clay
Clay
rT1rr T r T r T T TTrT U
0 2 4 6 8 10 12 14 16 18
SBT (Robertson et al. 1986)
No Clay like behavior
N/A applied: Sands only
N/A Limit depth applied: No
No Limit depth: N/A
Yes MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121

Www.engeo.it
Project: MS3 Forli CPT: CPTUS
Location: Forli Total depth: 15.00 m
CRR plot FS Plot Vertical settlements
(0 e — — E— 0 R I E—
0.5 054 K&
14 4
1.5 e
2] 294
2.5 254
3 1 v 1 37 31k
During earthg.
3594 | 1 3.5 354 K
a4 44 a4
4.5 a5 F
5 54 K
5.5 554 &
6] T N [
6.5 654§}
—~ —~ —~ 7 ~ -ty
S S S S
N— N— N— N—
e e < - e ]
2 2 g e g e
8 8 8 8
R 8] &1 &
8.5 8.5 854 &
9 9 ot K
9.5 9.5 954 K
10 10 o4 fF
10.5 10.5 w054 ®B
11 11 R A
11.54 11.54 51 r
12 12 e A
12.54 12.54 254 K
134 13- R A
13.54 13.54 354 K
144 14 N
14.54 14.54 4514 B
; ; Dry: 0.00 (cm)
154 L I ,,,,,,,,, S I ,,,,,,,, S— 15 15— Wet: 0.00 (cm) |
0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 5 10 15 20 0
CRR & CSR Factor of safety Liquefaction potential Settlement (cm)
Analysis method: 1&B (2008) G.W.T. (in-situ): 4.15 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 3.15m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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MS3 Forli
Location: Forli

Project:

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

via Madre Anna Maria Adorni 2

Www.engeo.it

CPT: CPTU6
Total depth: 15.00 m

Cone resistance

0 0
0.5 0.5
14 14
1.5 1.5
2 24
2.5 2.5
3 3
3.5 3.5
4 4
4.5+ 4.5+
54 54
5.5 5.5
6 6
6.5 6.5

Depth (m)
~
[6)]
|

Norm. friction ratio

Depth (m)
~
[6)]
|

8.5 8.5
o
9] 9]
9.5 9.5
10 10
10.5 10.5
114 114
11.5 11.5
12 12
12.5 12.5
13- 13-
13.5 13.5
14— 14—
14.5 14.5
15 T T T T 159—5%
2 4 6 8 0
gt (MPa)
Analysis method: 1&B (2008) G.W.T. (in-situ):
Fines correction method: R&W (1998) G.W.T. (earthq.):
Paints to test: Based on Ic value  Average results interval:
Earthquake magnitude M,,: 6.14 Ic cut-off value:
Peak ground acceleration:  0.16 Unit weight calculation:

4
Fr (%)

4.05m
3.05m

5

2.60

Based on SBT

Soil Behaviour Type

N R
0.5/ — Silty sand & sandy s
' Silty sand & sandy s
1 Sitty sand & sandy s
15 Silty sand & sandy s
' Clay & silty clay
Sla .
agf & silty clay
2.5 Clay
8|g¥ & silty clay
3.5 Clay
Clay & sitty clay
Clay
4.5 Clay & sitty clay
5.5
Clay
6.5
E
T 75 Clay & sitty clay
o)
0 g4 Silty sand & sandy [s
. Clay & sitty clay
8.5 Clay & silty clay
Silty sand & sandy s
o+ Sitty sand & sandy|s
— & silty cla
0. gllla san(J & sa¥|d <
O m— Clg & silty clay y
10— Clay & silty cla
Clay & silty cla¥
105 Clay & iy clay
11 Clay & silty clay
Sillty sanc} & slandy <
Clay & silty cla:
115 CIa¥ & silg cIa¥
Clay
S Silty sand & sandy |
| Silfy sand & sandy s
125 Silty sand & sandy s
13- Sand & silty sand
135 Silty sand & sandy s
' Sand & silty sand
14:1- Sitty sand & sandy s
145 Clay & silty clay
Silty sand & sandy s
— K e B B pma pn R S R
8 10 0O 2 4 6 8 10 12 14 16 18
SBT (Robertson et al. 1986)
Use fill: No Clay like behavior
Fill height: N/A applied: Sands only
Fill weight: N/A Limit depth applied: No
Trans. detect. applied: No Limit depth: N/A
K, applied: Yes MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

MS3 Forli
Location: Forli

Project:

CPT: CPTU6
Total depth: 15.00 m

Depth (m)

CRR plot FS Plot
oT— 71 — — 0T
0.5
14
151
PN
254
34
354
4
451
54
55
6d
6.5
7 e I S ~ ~ 71
S S
~ | ~
T < <
7.5 ,g = %
4 ¥ 8 E 8
8.5 —
- —
9.5 —
“=
10
.
> |
10.5 — 1051 |
e
11 >3 u4 |
11.54 11540 |
12 — 12 |
12.54 12540 §
13- " 37
13.54 135
-
14 I | B
14.54 1454
15 —!— 15—
0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 5 10 15
CRR & CSR Factor of safety Liquefaction potential
Analysis method: 1&B (2008) G.W.T. (in-situ): 4.05 m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 3.05m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes

20

Vertical settlements

Depth (m)

10 15 20
Settlement (cm)

25

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Project:

ENGEO .

MS3 Forli

Location: Forli

Engeo s.r.l

via Madre Anna Maria Adorni 2
ENGINEERING GEOLOGY Pgrma (PR) 43121

Www.engeo.it

CPT: CPTU7
Total depth: 15.00 m

Cone resistance

0TT 0 T Clay & sWty clay
0.5 0.5 0.5 nA&sa¥| <
§ [}Z(f % Sty san
. . . ty san sanay|s
Sitty sand & sandy <
Sand & silty sand
1.5 1.5 1.5
2 2 2 Silty sand & sandy|s
N N 1 Clay & sitty clay
25 25 25 Silty sand & sandy s
. . 5 Clay & silty clay
Clay
3.5 3.5 3.5 Clay
Clay
] ] T alg &?andy <
4.5+ 4.5+ 4.5 Clay & S|Ity clay
5 5 5
5.5 5.5 5.5
6 6 6 C|ay
6.5 6.5 6.5
~ 77 ~ 77 ~ 7
S S S
N— N— N—
S 7.5 S 7.5 S 75
Q Q o .
8 | 8 | 2 Clay & silty clay
8 8 8 C|ay
8.5 8.5 8.5 :
Clay & silty clay
9 9 9
Clay
9.5 9.5 9.5
10 10 10 Clay & silty clay
10.5 10.5 10.5 élllg/ q andy <
114 114 11 y ty
Clay & silty clay
11.5] 11.5] 115 Clay
Clay
127 127 12 Clay & silty clay
12.57 12.57 125 Clay
Clay & sity cla
13 13 13 y ty y
Clay
13.5] 13.5] 135 Sitty sand & sandy |
14 14 14 Clay & sitty clay
14.54 14.54 14.5 — S||’(y sand & Sandy <
15_I T T T T T T 155 T T T T T T T T T 15 T T T T T T ISIIItyl Slar.IId I& 'SalncIiy ¢
1 2 3 4 5 6 7 0 2 4 6 8 10 0O 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 8.10 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 7.10 m Fill height: N/A applied: Sands only
Paints to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based

Norm. friction ratio

Soil Behaviour Type
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Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

CPT: CPTU7
Total depth: 15.00 m

Depth (m)

CRR plot FS Plot
oT— 71 — — 0
0.5 0.5
11 1
1.5 1.5
2 2
254 2.5
31 3]
3.5 3.5
4 44
4.5 4.5
59 5
55 5.5
6 6
6.5 6.5
7 — ~ 7
S S
N— N—
7.5 = S 7.5
2 g e
8 8
8 8-
85 8.5
9 9
9.5 9.5
107 10
10.51 10.5
11 11
1151 11.54
12 12
1254 R oo 12,57
13- 13-
13.54 13.54
14 14
14.54 14.54
15 15
0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 5 10 15
CRR & CSR Factor of safety Liquefaction potential
Analysis method: 1&B (2008) G.W.T. (in-situ): 8.10 m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 7.10 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes

20

Vertical settlements

Depth (m)

14

14.5

15

0 0.1 0.2 0.3 0.4

Settlement (cm)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO S|, Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

Project: MS3 Forli
Location: Forli

CPT: CPTUS8
Total depth: 7.86 m

Cone resistance

Norm. friction ratio

5 10 15 20 25 0 2 4 6 8 10 0
gt (MPa) Fr (%)
Analysis method: 1&B (2008) G.W.T. (in-situ): 0.00 m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 0.00 m Fill height: N/A
Paints to test: Based on Ic value  Average results interval: 5 Fill weight: N/A

Earthquake magnitude M,,: 6.14
Peak ground acceleration:  0.16

Ic cut-off value: 2.60 Trans. detect. applied: No
Unit weight calculation: ~ Based on SBT K, applied: Yes

Soil Behaviour Type

/ B

/ B

8 10 12 14 16 18

SBT (Robertson et al. 1986)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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MS3 Forli
Location: Forli

Project:

EN GEO S.rl.

ENGINEERING GEOLOGY

Engeo s.r.l

Parma (PR) 43121
Www.engeo.it

via Madre Anna Maria Adorni 2

CPT: CPTUS8
Total depth: 7.86 m

Depth (m)

CRR plot

0 0.2 0.4 0.€ 0 0.5 1 1.5 2
CRR & CSR Factor of safety
Analysis method: 1&B (2008) G.W.T. (in-situ): 0.00 m
Fines correction method: R&W (1998) G.W.T. (earthq.): 0.00 m
Points to test: Based on Ic value  Average results interval: 5
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT

FS Plot

i
|
f

Depth (m)

LPI

3.8

Usi
Fil

e fill:
| height:

Fill weight:
Trans. detect. applied:

Ko

applied:

10

15
Liquefaction potential

No
N/A
N/A
No
Yes

Vertical settlements

. [Dry: 0.00 (cm)
""""""""""" | Wet: 0.00 (cm
T

5 10
Settlement (cm)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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MS3 Forli
Location: Forli

Project:

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

via Madre Anna Maria Adorni 2

Www.engeo.it

CPT: CPTU9
Total depth: 15.00 m

Cone resistance

0 0
0.5 0.5
14 14
1.5 1.5
24 24
2.5 2.5
3 3
3.5 3.5
4 4
4.5+ 4.5+
54 54
5.5 5.5
6 6
6.5 6.5

Depth (m)
~
[6)]
|

Norm. friction ratio

Depth (m)
~
[6)]
|

Soil Behaviour Type

8.5 8.5

9 9

9.5 9.5

10 10

10.5 10.5

114 114

11.5 11.5

12 12

12.5 12.5

13 13

13.5 13.5

14— 14—

14.5 14.5
157 T T T T T T 15—

1 2 3 4 5 6 7 0

qt (MPa)
Analysis method: 1&B (2008) G.W.T. (in-situ):
Fines correction method: R&W (1998) G.W.T. (earthq.):

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

Based on Ic value

6.14
0.16

Average results interval:

Ic cut-off value:
Unit weight calculation:

4
Fr (%)

7.00 m

6.00 m

5

2.60

Based on SBT

0 Clay & sity clay
e Clay & silty clay
0.5
1 Silty sand & sandy|s
L 5_— Clay & silty clay
Silty sand & sandy s
24 Clay & sitty clay
! Clay & sitty clay
2.5 Clay & sitty clay
‘ Clay & silty clay
3 & silty cl
gillzti)ysar?(qty&cs%dy <
3.5 Clay
4 Clay
Clay & sitty clay
4.5
- Clay & silty clay
5 Silty sand & sandy s
. Clay & silty clay
35 - Clay & silty clay
o4 Silty sand & sandy s
Sand & silty sand
6.5 Silty sand & sandy|s
7 Sand & silty sand
E .
) nd & sjlty san
S 75— gﬁty sand%san s
S Sand & silty sand
S Clay & silty clay
85 Clay & silty clay
: Clay & silty clay
a
9 E’a% % si‘% c‘a
ay & Sl cay
05 ay & siiy cla:
Clay
10 .
Clay & silty clay
10.5 Clay & silty clay
Clay & silty cla:
11 Clay-& silty Cla¥
Clay
11.5 .
Clay & silty clay
12— ity sand & sandy s
Siltyysand & sandy|s
12.5
Clay
13 Clay & silty clay
Clay = .
135 Clay & sity clay
Clay
14
s Clay & silty clay
Sitty sand & sandy s
— 1 NS y
8 10 0o 2 4 8 10 12 14 16 18
SBT (Robertson et al. 1986)
Use fill: No Clay like behavior
Fill height: N/A applied: Sands only
Fill weight: N/A Limit depth applied: No
Trans. detect. applied: No Limit depth: N/A
K, applied: Yes MSF method: Method based
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EN GEO S.rl.

MS3 Forli
Location: Forli

Project:

ENGINEERING GEOLOGY

Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

CPT: CPTU9
Total depth: 15.00 m

Depth (m)

CRR plot

0T T E— Qe

v

During earthq.

o]
|

8.5

10

10.5

11

11.5

12

12.5

13

13.5

14+

14.5

15—

0 0.2 0.4
CRR & CSR

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

6.14
0.16

1&B (2008)
R&W (1998)
Based on Ic value

FS Plot

Depth (m)

0 0.5 1 1.5
Factor of safety

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval: 5

Ic cut-off value: 2.60
Unit weight calculation:

7.00 m
6.00 m

Based on SBT

Depth (m)

10

10.5

11

11.5

12

12.5

13

13.5

14+

14.5

Use fill:

Fill height:
Fill weight:

5 10 15
Liquefaction potential

No
N/A
N/A

Trans. detect. applied: No

K, applied:

Yes

20

Depth (m)
~
o

14

14.5

15

Dry: 0.00 (cm)
Wet: 0.00 (cm) |

Clay like behavior
applied:

Settlement (cm)

Sands only

Limit depth applied: No

Limit depth:
MSF method:

N/A
Method based
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Project: MS3 Forli
Location: Forli

Engeo s.r.l

EN GEO ¢l via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

CPT: SCPTU1
Total depth: 11.10 m

Cone resistance

Norm. friction ratio

0.6 0.6
0.8 0.8
1 1
1.2 1.2
1.4 1.4
1.6 1.6
1.8 1.8
2 2
2.2 2.2
2.4 2.4
2.6 2.6
2.8 2.8
3] 3]
3.2 3.2
3.4 3.4
3.6 3.6
3.8 3.8
4 4
4.2 4.2
4.4 4.4
4.6 4.6
4.8 4.8
5 5
5.2 5.2
. 5.4 _ 5.4
£ 5.6 £ 5.6
%_ 52: %_ 52:

o o
6.2 6.2
6.4 6.4
6.6 6.6
6.8 6.8
7 7
7.2 7.2
7.4 7.4
7.6 7.6
7.8 7.8
8 8
8.2 8.2
8.4 8.4
8.6 8.6
8.8 8.8
9] 9]
9.2 9.2
9.4 9.4
9.6 9.6
9.8 9.8
10 10
10.2 10.2
10.4 10.4
10.6 10.6
10.8 10.8
114 114

T T T T T
5 10 15 20 25
gt (MPa)

Analysis method: 1&B (2008) G.W.T. (in-situ):
Fines correction method: R&W (1998) G.W.T. (earthq.):

Points to test: Based on Ic value
Earthquake magnitude M,,: 6.14
Peak ground acceleration:  0.16

Average results interval:

Ic cut-off value:

Unit weight calculation:

4
Fr (%)

0.00 m

0.00 m

5

2.60

Based on SBT

Use fill:
Fill height:
Fill weight:

Trans. detect. applied:

K, applied:

Depth (m)

Soil Behaviour Type

0.6
0.8

1.2
1.4
1.6
1.8

N

2.2
2.4
2.6
2.8

w

3.2
3.4
3.6
3.8

4.2
4.4
4.6
4.8

(63}

5.2
5.4
5.6
5.8

[<2]

6.2
6.4
6.6
6.8

~

7.2
7.4
7.6
7.8

o]

8.2
8.4

94
9.2
9.4
9.6

8T

10.4

10
-

10.6
10.8
11

N

and Sl 2nd”

Silty sand & sandy

N

Clay & silty cla:
Cla¥ Y cay
Clay & silty clay

Clay

Clay & silty clay

Silty sand & sandy
Clay & silty clay

N

Clay
Clay & silty clay

Clay

Clay & silly clay

Clay

Clay & silty clay

Clay
Clay & silty clay

T

Silty sand & sandy

N

N

Sand & silty sand
2y Bl s
Clay & silty clay
3l 2hd & hdy
Sand & silty sand
Silty sand & sandy

N

tnen

N

0

No

1
2

4

6

8

10 12 14 16 18

SBT (Robertson et al. 1986)

N/A
N/A

No

Yes

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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EN GEO S.rl.

MS3 Forli
Location: Forli

Project:

Engeo s.r.l

via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

CPT: SCPTU1
Total depth: 11.10 m

Depth (m)

FS Plot

CRR plot

0 0.2 0.4 0.€
CRR & CSR
Analysis method: 1&B (2008)
Fines correction method: R&W (1998)
Points to test: Based on Ic value
Earthquake magnitude M,,: 6.14
Peak ground acceleration:  0.16

0 0.5 1
Factor of safety

15 2

G.W.T. (in-situ): 0.00 m
G.W.T. (earthq.): 0.00 m
Average results interval: 5

Ic cut-off value: 2.60

Unit weight calculation:

Based on SBT

Depth (m)

LPI

5.6
5.8

6
6.2
6.4
6.6
6.8

74
7.2
7.4
7.6
7.8

g
8.2
8.4
8.6
8.8

o —| -

924 f

9.4

9.6

9.8

10

10.2

10.4

1064

108

e

10

Liquefaction potential

Use fill:

Fill height:

Fill weight:

Trans. detect. applied:
K, applied:

No
N/A
N/A
No
Yes

15

20

Vertical settlements

Depth (m)

Settlement (cm)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO ¢l via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: SCPTUZ2
Location: Forli Total depth: 21.82 m
Cone resistance Norm. friction ratio Soil Behaviour Type
"= ° ™ Cl
ay
0.5 0.5 Silty sand & sandy s
1 1 Silty sand & sandy |
1.5 1.5 .
) ) Clay & sitty clay
2.5 2.5 Clay
34 34 Clay & silty clay
3.5 3.5
47 47 Clay
4.5 4.5
5+ 5+
5.5 5.5 Clay & sitty clay
6 6 Clay & silty clay
_ _ Clay
6.5 6.5 Clay & sitty clay
74 7 lay & s(il cla
§| [}Z ds%n ty& sa¥|gy <
7.5+ 7.5+ al silty san
8- 8- Clay & silty clay
8.5 8.5 Clay
9 9 Clay
9.5 9.5 Clay & silty clay
10 10 cl
~—~ ~—~ ~—~ a
E 10.57 £ 1057 £ y
< < < .
5 M 5 M o Clay & silty clay
0 11.59 0 11.59 a Cla
12 12 y
12.5 12.54 Clay & sity clay
134 134 Clay & silty clay
13.5 13.5 Clay
14 14 Clay-& sitty-clay
14.5] 14.5]
Clay
15 15 ;
Clay & silty clay
15.5 15.5 . %:@y & S(ijlty&dayd
Iy san sandy s
16 16 I y
16.5 16.5 _ Silty sand & sandy [
17 17 - Sand & silty sand
T T Clay & silty clay
17.5 17.5 — Clay & silty clay
18 18 I Clay & silty clay
18.54 18.54 — Clay & silty clay
: : — alg S nq & ?andy <
19 19 y & silty clay
19.5] 19.5]
207 207 Clay & sitty clay
20.5- 20.5-
21+ 21+
_ _ Silty sand & sandy|s
215 215 Sand & sitty sand
T T T T T T T T T T T T T T LI DL L L R R LI B
5 10 15 20 25 0 2 4 6 8 10 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 2.75m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 1.75m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

Engeo s.r.l

via Madre Anna Maria Adorni 2

Parma (PR) 43121
Www.engeo.it

CPT: SCPTU2
Total depth: 21.82 m

Depth (m)

CRR plot

0 0.2 0.4 0.€
CRR & CSR
Analysis method: 1&B (2008)
Fines correction method: R&W (1998)
Points to test: Based on Ic value
Earthquake magnitude M,,: 6.14
Peak ground acceleration:  0.16

FS Plot
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G.W.T. (earthq.):
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Use fill:

Fill height:

Fill weight:
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15

No
N/A
N/A
No
Yes

20

Vertical settlements

Depth (m)
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Dry: 0.00 (cm)
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applied:

Limit depth applied:
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Method based
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MS3 Forli
Location: Forli

Project:

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

Www.engeo.it

via Madre Anna Maria Adorni 2

CPT: SCPTU3
Total depth: 30.00 m

Cone resistance

Norm. friction ratio

Soil Behaviour Type

0 5 0 o 0.5 Ciay i
.i:_ .i:_ . Clay & silty clay
Clay & silty clay
i 4 1.5 !
" " Sitty sand & sandy|s
55 55 25 Clay & silty clay
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4 4
4.5 4.5 4.5
5 5
5.5 5.5 5.5
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6.5 6.5
7 7
7.5 7.5
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9 9 .
9.5 9.5 Clay & silty clay
e
10 10 ay & silty cla
10.5 10.5 E) .ty y
11 11 Clay & siy clay
11.5 11.5 Clay & silty clay
124 124 Sitty sand & sandy |
12.5 12.5 STnd & silty sand
. . ) S|y Cla!
Ry £
: : | N sangy|s
~ 14 ~ 14 ~ a%(f %( Silty sangy
E 145 E 145 E Clay
g_ 15 g_ 15 g_
& 1557 & 1557 & Clay
16.5 16.5
17+ 17+ .
17.5- 17.5- SI% &sity clay
18- 18] :
18.5-] 18.5-] Clay & sitty clay
19 19 Clay
19.5 19.5 :
20 20 Clay & silty clay
2057 2057 Sity sand & sandy|s
21 21 21 Sand & sitty sand
21.57 21.57 21.57 ; <
22 22 2 Silty sand & sandy s
22.57 22.57 22.5-
23 23 23 ;
23.5 23.5- 23,5 Silty sand & sandy|s
24 24 24 -
24.5- 24.5- s Clay & silty clay
257 257 25 Sitty sand & sandy|s
25.57 25.57 25.5-
2 -
26 5 26 5 ot Clay & silty clay
27 27 274
272;:‘ 272;:‘ 27.54 Silty sand & sandy s
N N 28
28.57 28.57 28.54 Clay & silty clay
297 297 29 Sand & sifty sand
29.5 29.5 29.5 éind '% sgl& iand
30 T T T 0 F———7 L — 30
5 10 15 20 0 2 4 6 8 10 0 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.50 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.50m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

Project: MS3 Forli
Location: Forli

CPT: SCPTU3
Total depth: 30.00 m

CRR plot FS Plot
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CRR & CSR Factor of safety Liquefaction potential

Analysis method: 1&B (2008) G.W.T. (in-situ): 3.50m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.50m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes

20

Vertical settlements

Depth (m)

T T
0 2 4
Settlement (cm)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Project:
Location: Forli

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l
via Madre Anna Maria Adorni 2

Www.engeo.it

MS3 Forli

CPT: SCPTU4
Total depth: 21.74 m

Cone resistance
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Average results interval: 5
Ic cut-off value:
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Soil Behaviour Type
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SBT (Robertson et al. 1986)
No Clay like behavior
N/A applied: Sands only
N/A Limit depth applied: No
No Limit depth: N/A
Yes MSF method: Method based
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EN GEO S.rl.

ENGINEERING GEOLOGY

Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: SCPTU4
Location: Forli Total depth: 21.74 m
FS Plot Vertical settlements

CRR plot
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CRR & CSR Factor of safety Liquefaction potential
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.30m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.00 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes

20
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Dry: 0.00 (cm)
Wet: 0.00 (cm

T
10 20
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applied:
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Engeo s.r.l

EN GEO ¢l via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: CPTUl - 20 |ive||0
Location: Forli Total depth: 14.99 m
Cone resistance Norm. friction ratio Soil Behaviour Type
0 0qe— Sensitive fine graing
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45 45 45 Clay & silty clay
5 5 5 Clay & silty clay
Clay & silty clay
5.5 5.5 5.5 Silty sand & sandy s
Silty sgnd & slandy <
y Sifty cla
67 67 6 %E{/sandty& sa¥|dy <
6.5 6.5 6.5 a
%?tyy sand & sandy|s
_ _ ay
—~ 7 ~ 7 =) 7
E E E Sy sgnd & sandy
£ 757 £ 757 £ 75 y & silty clay
8 o 8 o 8 . Clay & sitty clay
Sitty sand & sandy|s
g5 g5 65 Clay & silty clay
' Silty sand & sandy |
o o 0 Silty sand & sandy s
ity sand & sandy|s
2y Y
9.5 9.5 9.5 Silty sand & sandy s
10 10 1 C.Ilay & s:jlty&clay
I nd & sandy|s
10.5] 10.5] 10.5 .a%ds%‘ Sity Sa”gy
8||Igysand & sandy|s
114 114 1 Clay & silty clay
e e e Silty sand & sandy s
' ' ’ C_Iay & silty clay
124 124 12 8|Ilgysand & sandy|s
12.5 12.5 12.5 Silty sand & sandy|s
Clay & sitty clay
134 134 i
13 Sitty sand & sandy s
Clay & silty clay
13.5 13.5 135 g:ay
ay
14 14 14 Clay & sitty clay
Sitty sand & sandy|s
14.5 14.5 14.5 Sand & silty-sand
and & sitty sand
15 T T T LT
0 10 20 30 0 2 4 6 8 10 0 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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EN GEO S.rl.

ENGINEERING GEOLOGY

Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

CPT: CPTUL - 2° livello

Project: MS3 Forli
Location: Forli Total depth: 14.99 m
CRR plot FS Plot LPI Vertical settlements
oIT— 71 T T 0 = (Vi 0
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2 2+ 2
2.5 254 2.5
3 31 3
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15— 15 15— . : 15 ; T
0 0.2 0.4 0.€ 0 0.5 1 1.5 0 5 10 15 20 0 5 10 15
CRR & CSR Factor of safety Liquefaction potential Settlement (cm)
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Engeo s.r.l

EN GEO sl via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: CPTU2 - 20 |ive||0
Location: Forli Total depth: 13.01 m
Cone resistance Norm. friction ratio Soil Behaviour Type
0 0T 0 ™ -
| - Sensitve fine graing
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Sitty sand & sandy|s
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Sand & silty sand
3 3 3 and <
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3.5 3.5 35 Clay & sitty clay
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4 4 4 Clay & iy clay
4.5 4.5 4.5 Clay
o g o . 8igy & silty clay
Clay & silty clay
5.5 5.5 5.5
Clay
£ £ £ Clay & silty clay
S 6.5 f £ 6.5 < 65 CIay & silty clay
oy oy oy Clay
Qa Qa Qa Clay & silty clay
7 7 7 C|ay
Clay & silty cla:
7.5 7.5 7.5 CIa¥ y clay
Clay
8] 8] 8 C|ay
Clay
8.5 8.5 8.5 Clay
Sllty sand & sandy s
7 7 o E CIay & sty cIay
ty cla:
9.5+ 9.5+ 95— gEysand sa¥|dy <
10- 10- 10 Silty sand & sandy s
I Clay & silty clay
10.5 10.54 10.5—{ M C|ay & S||[y C|ay
11+ 11+ . Clay & silty clay
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0 10 20 30 0 2 4 6 8 10 0 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121

Www.engeo.it
Project: MS3 Forli CPT: CPTUZ2 - 2° livello
Location: Forli Total depth: 13.01 m
CRR plot FS Plot Vertical settlements
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Dry: 0.00 (cm)
e e N E 13 P Wet. 0.00 fem
0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 5 10 15 20 0 2 4 6
CRR & CSR Factor of safety Liquefaction potential Settlement (cm)
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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MS3 Forli
Location: Forli

Project:

ENGEO .

ENGINEERING GEOLOGY Parma (PR) 43121

Engeo s.r.l

Www.engeo.it

via Madre Anna Maria Adorni 2

CPT: CPTUS3 - 2° livello

Total depth: 19.80 m

Cone resistance

Norm. friction ratio
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T T T T T T T L L R I R R R
0 1 2 3 4 5 6 0 2 4 8 10
qt (MPa) Fr (%)
Analysis method: 1&B (2008) G.W.T. (in-situ): 2.20m Use fill:
Fines correction method: R&W (1998) G.W.T. (earthq.): 1.20 m Fill height:
Points to test: Based on Ic value  Average results interval: 5 Fill weight:
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied:
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied:

Soil Behaviour Type
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SBT (Robertson et al. 1986)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l
via Madre Anna Maria Adorni 2

EN GEO S.rl.

MS3 Forli
Location: Forli

Project:

ENGINEERING GEOLOGY Parma (PR) 43121

Www.engeo.it

CPT: CPTU3 - 2° livello
Total depth: 19.80 m
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CRR plot FS Plot LPI Vertical settlements
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134 13
1354 135
144 14
1454 14.5
54 15
1554 155
164 16
1654 16.5
74 17
1754 175
184 18
1854 18.5
1949 19
19590 19.5
0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 I 5 I 10 I 15 20 0 1 2I 3I
CRR & CSR Factor of safety Liquefaction potential Settlement (cm)
Analysis method: 1&B (2008) G.W.T. (in-situ): 220 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 1.20 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Project: MS3 Forli
Location: Forli

Engeo s.r.l

EN GEO Sl Vvia Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

CPT: CPTU4 - 2° livello
Total depth: 20.06 m

Cone resistance Norm. friction ratio Soil Behaviour Type
07 07 = g,(latynsmvedﬂge gr%me
0.5 0.5 o5 Iy Sana & sanay |
Sand & silty sand
1 14 17 Sily sand & sandy s
154 154 1.5 Sand & silty sand
5 5 - Silty sand & sandy |s
. _— Very gense/slu'ff SOi
2.5 2.5 . y Slity Cla
5 m— gl'l%)lsanc]ty& sa¥1dy <
3 3 Silty sand & sandy s
3.5 3.5 3.5 g & silty-clay
4 4 4 a .
Clay & sitty clay
4.5 4.5 4.5
5 5 5 Clay
5.5 5.5 55 Clay & sitty clay
61 61 6 Clay
6.5 6.5 6.5 C'llay &Sgty CIayd
N N — Silty sand & sandy s
7 7 7 8||Ig s nq & srandy <
7.5 7.5 7.5 y & siy ciay
8- 8- s Clay & sitty clay
8.5 8.5 8.5 g:g));
9 9 9
€ 9.5 € 9.5 € 95
E E E Clay
é 10 é 10 é 10
o) o) o) .
A 10.54 A 10.54 a 10.5 C|ay & S"ty C|ay
11 11 11 ol
ay
11.5- 11.5- 11.5 :
Clay & sitty clay
12+ 12+ 12 E Clag
12.5-] 12.5-] 125 Clg
13 13 13 E g!gg & silty clay
13.57 13.57 13.5 C|a & S" C|a
14 14 14— S!"yysandty& sa¥1dy <
e Silty sand & sandy |s
14.57 14.5 14,5 Clay & silty clay
| | — §|| sang §§ sang <
15 15 15— ity sand & sandy|s
15.5 15.5 155 Silty sand & sandy |s
164 164 16 Clay & silty clay
16.5 16.5 16.5 Clay
177 177 17 Clay & silty clay
17.54 17.54 17.5 Clay & silty clay
187 187 18 Clay
18.5 18.5 185 Silty sand & sandy/|s
197 197 19 Clay & silty clay
19.5 19.5 19.5 Clay
20_I T T T T T T 204 T T T T T T 20 T -Swﬁﬁﬂd‘&‘saﬁd‘y‘s
0 2 4 6 8 10 12 0 2 4 6 8 10 0 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 7.00 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 6.00 m Fill height: N/A applied: Sands only
Paints to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121

Depth (m)

Www.engeo.it
Project: MS3 Forli CPT: CPTU4 - 2° livello
Location: Forli Total depth: 20.06 m
CRR plot FS Plot LPI Vertical settlements
o =7 [\ — ‘ ‘
0.5 054
194 14
1.5 15
2 29
254 254
31 31
3.5 354
4 4=
a5 ) 454
54 591
551 | A from 554
6 D;uringvearth(ﬁ. 1
651 | [ [ 6.5
71 : : ow
7.5 754
8 81
8.5 854
9 91
954 | € 954 G
N N
104 -é 104 -é
1059 & 1054 8
1 14
11.5 11.5-{ R
12— 124
1254 12540
13— 134
13.54 13540
14 144
1454 14540
15— 154
15.5 1554
16— 164
16.5 165
17— 174
17.54 17540
8 184
1851 18.5 (o
19— 194
1959 | | 19.590 ’ | Dry: 0.00 (cm)
20— | [ . 204 : : ; Wet: O.OIO cm
0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 5 10 15 20 . 1
CRR & CSR Factor of safety Liquefaction potential Settlement (cm)
Analysis method: 1&B (2008) G.W.T. (in-situ): 7.00 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 6.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Engeo s.r.l

EN GEO sl via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: CPTUS - 2° livello
Location: Forli Total depth: 14.88 m
Cone resistance Norm. friction ratio Soil Behaviour Type
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B itve fine grain
— s
057 057 0.5 Sanyd &sitty sand
L L gllty ds?&nd“y sangy
- T 1 and & silty-san
I Clay & silty clay
1.5 1.5 1.5 Silty sand & sandy
Clgy & silty clay
27 27 2 8|a¥ & silty clay
2.5 2.5 2.5

37 37 3 Clay
3.5 3.5 35
47 47 4 Clay & sitty clay
Clay & silty cla:
4.5+ 4.5+ 45 Clay-& silty-cla
5 5 5
5.5 5.5 5.5
Clay
6 6 6
6.5 6.5 6.5
= 7 = 7 = 7 Clay & silty clay
g 757 g 757 g 75 Clay & sitty clay
@ ) ) Clay
o 4 o 4 e Clay & silty clay
Sitty sand & sandy s
8.5 8.5 8.5 Sand & silty sand
Sitty sand & sandy|s
9 9 9 Clay & sity clay
9.5 9.5 9.5 Clay
10 10 10 Clayd& sil clayd
Sand & silty san
10.5 10.5] 10.5] Sand & silfy sand
Sand & silfy sand
11 11 11 nd-& sjity-san
— gﬁty sand % sangy <
11.5 11.5 11.5 Sand & silty sand
Sitty sand & sandy s
124 124 124 Sand & silty sand
Silty sand & sandy |s
12.5 12.5 12.5
13 13 13
Clay
13.5 13.5 13.5
14 14 14 Clay & silty clay
Clay & silty clay
14.5 14.5 14.5 Clay
T T T T T T T T T T T T T T T rT1rr T r T r T T TTrT U
0 2 4 6 8 10 0 2 4 6 8 10 0O 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

CPT: CPTUS - 2° livello
Total depth: 14.88 m
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CRR plot
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Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:
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Based on Ic value
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Depth (m)
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Factor of safety

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval: 5

Ic cut-off value: 2.60
Unit weight calculation:

3.00 m
2.00 m

Based on SBT

Depth (m)
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Fill height:
Fill weight:
Trans. detect. applied:
K, applied:

Liquefaction potential
fill: No
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N/A
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Depth (m)
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Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO sl via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

MS3 Forli
Location: Forli

Project:

CPT: CPTUG - 2° livello
Total depth: 13.78 m

Cone resistance Norm. friction ratio

Soil Behaviour Type

0 0= " -
Sensitve fine graing
0.5 0.5 Clay & sitty clay
' ' lay & silty cla
glllitiyysandty& sa¥|dy <
17 17 | Sand&silty sand
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c|a
27 27 %%ysand & sandy s
CIay & silty clay
2.5 2.5
3 3
3.5 3.5
Clay
4 4
4.5 4.5
MR
5 5 — g <
— ay & sity clay
5.5 5.5 5.5 nd & sjlty san
g?ty sand % sangy <
_|_ Sitty sand & sandy |
6 6 6 — Silty sand & sandy|s
Sitty sand & sandy s
E %7 E %7 E %7 Sand & sitty sand
< < < Sand & silty sand
B 77 & 77 8 77 Silty sand & sandy s
— — — Sand & sitty sand
' ' ' E Silty sand & sandy s
87 87 8 lay & silty cla
= gl'lftiyysandty& sa¥|dy <
8.5 8.5 8.5 - Clay & silty clay
Silty sand & sandy <
9 9 9—_ Clay & silty clay
Sllty sand'& sandy <
_ _ _ Silty sand & sandy|s
9.5 9.5 9.5
Sand & silty sand
| | | Sitty sand & sandy |
10 10 10 Sand & silty sand
Silty sand & sandy|s
10.5 10.5 10.5 Sand & S||ty sand
. Clay & silty clay
o
Clay & silty clay
11.5 11.5 11.5 Sand & Sl|ly Sand
12 12 124 Sand
12.5 12.5 12.51 Sand & silty sand
134 134 134 Sllty sand & sandy|s
- g SIl cIa
13.5 13.5- %— 13.5-| ty san san <
T T T T T T T T T T T T T
0 10 20 30 0 2 4 6 8 10 0 2 4 6 8 10 12 14 16 18
qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 5.00 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 4.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

Engeo s.r.l

via Madre Anna Maria Adorni 2

Parma (PR) 43121
Www.engeo.it

CPT: CPTUG - 2° livello
Total depth: 13.78 m

Depth (m)

CRR plot
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Analysis method:
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Use fill:

Fill

Fill weight:
Trans. detect. applied:
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Clay like behavior

applied: Sands only
Limit depth applied: No
Limit depth: N/A

MSF method:

Method based
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Project: MS3 Forli
Location: Forli

Engeo s.r.l

EN GEO sl via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

CPT: CPTU7 - 2° livello

Total depth: 19.87 m

Cone resistance

Norm. friction ratio

0 0 -
0.5 0.5
1 1
1.5 1.5 —
24 24
2.5 2.5
3 3
3.5 3.5
4 4
4.5 4.5
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14— 14—
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16.5 16.5
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17.5 17.5
18- 18-
18.5 18.5
19 19
19.5 19.5
T T T T L — — T
0 5 10 15 0 2 4 6 8 10
qt (MPa) Fr (%)
Analysis method: 1&B (2008) G.W.T. (in-situ): 450 m Use fill:
Fines correction method: R&W (1998) G.W.T. (earthq.): 3.50 m Fill height:
Points to test: Based on Ic value  Average results interval: 5 Fill weight:
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60

Peak ground acceleration:  0.16

Unit weight calculation:

Based on SBT

Depth (m)

Soil Behaviour Type

Organic soil
Clay & silty clay
! Silty sand & sandy [s
15 Silty sand & sandy s
2
2.5
3 Clay
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4 Clay & silty clay
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6
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75 Clay & silty clay
8- Clay & sitty clay
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8.5 Clay & sitty clay
Silty sand’& sandy |s
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Clayd& sil clayd
10
B S e
: Clay & silty cla:
11_-: Cla¥ & siI,ty cla
Sand & sifty sand
11.5 Sand & silty sand
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134 Sand & silty sand
13.5
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14.57 Sand & silty sand
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15.5
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16.5 Silty sand & sandy s
17 Clay & sity clay
Clay
175 Clay & silty clay
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I itty cl
* ST G
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SBT (Robertson et al. 1986)

No
N/A
N/A

Trans. detect. applied: No

K, applied:

Yes

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Project:

EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli

Location: Forli

Engeo s.r.l

via Madre Anna Maria Adorni 2

Parma (PR) 43121
Www.engeo.it

CPT: CPTU7 - 2° livello
Total depth: 19.87 m

Depth (m)
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CRR & CSR Factor of safety

Analysis method: 1&B (2008) G.W.T. (in-situ): 4.50 m

Fines correction method: R&W (1998) G.W.T. (earthq.): 3.50 m

Points to test: Based on Ic value  Average results interval: 5

Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60

Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT

Depth (m)
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Liquefaction potential

Use fill:

Fill height:

Fill weight:

Trans. detect. applied:
K, applied:
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N/A
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Vertical settlements

Depth (m)
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~{Dry: 0.00 (cm)
Wet: 0.00 (cm
T
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T
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Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO ¢l via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

Project: MS3 Forli
Location: Forli

CPT: CPTUS - 2° livello
Total depth: 19.80 m

Cone resistance Norm. friction ratio

Soil Behaviour Type

0.5 0.5 0.5
1 1 1

1.5 1.5 1.5
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g 9.5 g 9.5 g 9.5
g 10 T 10 & 10
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0 2 4 6 8 0 2 4 6 8 10 0
qt (MPa) Fr (%)
Analysis method: 1&B (2008) G.W.T. (in-situ): 450 m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 3.50 m Fill height: N/A
Paints to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes
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SBT (Robertson et al. 1986)

Clay like behavior

applied:

Limit depth applied: No
Limit depth: N/A
MSF method:
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EN GEO S.rl.

MS3 Forli
Location: Forli

Project:

Engeo s.r.l
via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121

Www.engeo.it

CPT: CPTUS - 2° livello
Total depth: 19.80 m
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Fines correction method:
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Engeo s.r.l

EN GEO Sl Vvia Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: CPTU9 - 2° livello
Location: Forli Total depth: 20.20 m
Cone resistance Norm. friction ratio Soil Behaviour Type
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0.5 0.5 . Clay
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17 17
17.5+ 17.5+ .
18- 18-
18.54 18.54 S Silty sand & sandy |s
19 19 Silty sand & sandy |s
19.57 19.57 _ - Clay & sitty clay
<:—=‘ Silty sand & sandy |s
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qt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.70m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.70m Fill height: N/A applied: Sands only
Paints to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: CPTU9 - 2° livello
Location: Forli Total depth: 20.20 m
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Analysis method: 1&B (2008) G.W.T. (in-situ): 3.70m Use fill: No Clay like behavior

Fines correction method: R&W (1998) G.W.T. (earthq.): 270 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A

Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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MS3 Forli
Location: Forli

Project:

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

Www.engeo.it

via Madre Anna Maria Adorni 2

CPT: CPTU10 - 2° livello
Total depth: 20.05 m

Cone resistance

Norm. friction ratio
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qt (MPa) Fr (%)
Analysis method: 1&B (2008) G.W.T. (in-situ): 3.60m Use fill:
Fines correction method: R&W (1998) G.W.T. (earthq.): 2.60 m Fill height:
Points to test: Based on Ic value  Average results interval: 5 Fill weight:
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied:
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied:

Soil Behaviour Type
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Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

CPT: CPTU10 - 2° livello
Total depth: 20.05 m
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Use fill:

Fill height:

Fill weight:

Trans. detect. applied:
K, applied:

G.W.T. (in-situ): 3.60m
G.W.T. (earthq.): 2.60m
Average results interval: 5

Ic cut-off value: 2.60

Unit weight calculation: ~ Based on SBT

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

1&B (2008)

R&W (1998)
Based on Ic value
6.14

0.16
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Vertical settlements
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Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Project:
Location: Forli

ENGEO .

ENGINEERING GEOLOGY Parma (PR) 43121

MS3 Forli

Engeo s.r.l
via Madre Anna Maria Adorni 2

Www.engeo.it

CPT: CPTU11 - 2° livello
Total depth: 20.10 m

Cone resistance

Norm. friction ratio
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Soil Behaviour Type
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SBT (Robertson et al. 1986)

0 0.
0.5 0.5
1 1
1.5 1.5
2 2
2.5 2.5
3 3
3.5 3.5
4 4
4.5 4.5
5 5
5.5 5.5 —
6 6
6.5 6.5
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Analysis method: 1&B (2008) G.W.T. (in-situ): 5.50 m Use fill:
Fines correction method: R&W (1998) G.W.T. (earthq.): 4.50 m Fill height:
Points to test: Based on Ic value  Average results interval: 5 Fill weight:
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied:
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied:

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l
via Madre Anna Maria Adorni 2
Parma (PR) 43121

EN GEO S.rl.

ENGINEERING GEOLOGY

Project: MS3 Forli
Location: Forli

Www.engeo.it

CPT: CPTU11 - 2° livello
Total depth: 20.10 m

CRR plot FS Plot LPI Vertical settlements
= o 0
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| R 1
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2541 2.5
3 7] — 3
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591 5
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-é 01 -é 10
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rrrrrrrr i | 204 : : 20 ~LWwet: O.IOO (cm)
0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 5 10 15 20 0 2 4 6 8
CRR & CSR Factor of safety Liquefaction potential Settlement (cm)
Analysis method: 1&B (2008) G.W.T. (in-situ): 5.50 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 4.50 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

via Madre Anna Maria Adorni 2

CPT: CPTU12 - 2° livello

Project: MS3 Forli
Location: Forli Total depth: 20.20 m
Cone resistance Norm. friction ratio Soil Behaviour Type
0 0 Sensitive fine graing
0.5—1 0.5 O.S-I-: Sla .
ay & silty clay
17 17 7 Clay & silty clay
1.5 1.5 1.5 Silty sand & sandy |s
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- - 4
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= Sy oo &S
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S
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6 6 67 <
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6.5 6.5 6.5
agf & silty clay
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s 8 8 Clay
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12.5 12.5 12.5 Clay
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| y &3y ey
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& S|Ity c
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[ T .,.,.,.,.,.,.
0 0 6 0 2 4 10 12 14 16 18
Fr (%) SBT (Robertson et al. 1986)
Analysis method: G.W.T. (in-situ): 3.50 m No Clay like behavior
Fines correction method: G.W.T. (earthq.): 250 m N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 N/A Limit depth applied: No
Earthquake magnitude M,,: Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration: Unit weight calculation: ~ Based on SBT Yes MSF method: Method based
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EN GEO S.rl.

ENGINEERING GEOLOGY

Project: MS3 Forli
Location: Forli

Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

CPT: CPTU12 - 2° livello
Total depth: 20.20 m
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Analysis method: 1&B (2008)
Fines correction method: R&W (1998)
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fill:

G.W.T. (earthq.): 250 m Fill height:
Points to test: Based on Ic value  Average results interval: 5 Fill weight:

Ic cut-off value: 2.60

Unit weight calculation: ~ Based on SBT K, applied:
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Project:

ENGEO .

MS3 Forli

Location: Forli

Engeo s.r.l

via Madre Anna Maria Adorni 2
ENGINEERING GEOLOGY Parma (PR) 43121

Www.engeo.it

CPT: CPTU13 -

2° livello
Total depth: 18.01 m

Cone resistance

Depth (m)
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Analysis method:
Fines correction method:

Paints to test:

Earthquake magnitude M,,:
Peak ground acceleration:
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G.W.T. (in-situ): 0.00 m Use fill: No
G.W.T. (earthq.): 0.00 m Fill height: N/A
Average results interval: 5 Fill weight: N/A
Ic cut-off value: 2.60 Trans. detect. applied: No
Unit weight calculation: ~ Based on SBT K, applied: Yes

Norm. friction ratio

Soil Behaviour Type
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applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

Project: MS3 Forli
Location: Forli

CPT: CPTU13 - 2° livello
Total depth: 18.01 m
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Analysis method: 1&B (2008) G.W.T. (in-situ): 0.00 m Use

Liquefaction potential

fill:

Fines correction method: R&W (1998) G.W.T. (earthq.): 0.00 m Fill height:
Points to test: Based on Ic value  Average results interval: 5 Fill weight:

Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60
Peak ground acceleration:  0.16

10

Trans. detect. applied:
Unit weight calculation: ~ Based on SBT K, applied:

No
N/A
N/A
No
Yes

15

20

Vertical settlements

Depth (m)

Dry: 0.00 (cm)
Wet: 0.00 (cm

Settlement (cm)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO ¢l via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

MS3 Forli
Location: Forli

Project:

CPT: CPTU14 - 2° livello
Total depth: 12.43 m

Cone resistance Norm. friction ratio

Soil Behaviour Type

Sensitive fine grain

Clay

Clay & silty clay
S st b by
Clay & sitty clay
Sitty sand & sandy
Clay & silty clay

Clay & silty clay

D

N

N

Clay = .
Clay & silty clay
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Clay & silty clay
Clay & silty clay
Clay & sitty clay
gay & silty cl

ay & silty cla
Cla¥ & silttg/l cIa¥
Clay

Clay
Clay & silty clay
Clay &silty clay
Clay
Clay & silty clay
Clay
Clay
Clay

Silty sand & sandy
Clay & silty clay
Clay

N

Clay

Clay

Clay & silty clay
Clay & silty clay
Clay
gi'liti)ys%r?(qty&csl%dy
Clay & silty clay
Silty sand & sandy
Silty sand & sandy

N

h(n

Clay——

Clay & silty clay
Sand & silty sand
Silty sand & sandy
Clay =

Clay & silty clay
SI% & silty clay

Clay

N

Clay & silty clay

Clay
Clay

gi\%ys%r?(qty&csl%dy

N

0 0
0.2 0.2
0.4 0.4
0.6 0.6
0.8 0.8
1 1
1.2 1.2
1.4 1.4
1.6 1.6
1.8 1.8
2 2
2.2 2.2
2.4 2.4
2.6 2.6
2.8 2.8
3] 3]
3.2 3.2
3.4 3.4
3.6 3.6
3.8 3.8
4 4
4.2 4.2
4.4 4.4
4.6 4.6
4.8 4.8
5 5
5.2 5.2
5.4 5.4
5.6 5.6
~ 5.8 ~ 5.8 —~
E 6 E 6 E
< 6.2 < 6.2 <
T 6.4 < 6.4 <
O 6.6 O 6.6 o
6.8 6.8
7 7
7.2 7.2
7.4+ 7.4+
7.6 7.6
7.8 7.8
8- 8-
8.2 8.2
8.4 8.4
8.6 8.6
8.8 8.8
9] 9]
9.2 9.2
9.4 9.4
9.6 9.6
9.8 9.8
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10.2 10.2
10.4 10.4
10.6 10.6
10.8 10.8
114 114
11.2 11.2
11.4 11.4
11.6 11.6
11.8 11.8
12 12
12.2 \l‘ 12.24
12.4- — 12.4 .
T T T T T LA I B B B I B T
0 10 20 30 40 0 2 4 6 8 10 0
qt (MPa) Fr (%)
Analysis method: 1&B (2008) G.W.T. (in-situ): 2.20m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 1.20 m Fill height: N/A
Paints to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes

N B e e e e
4 6 8 10 12 14 16 18
SBT (Robertson et al. 1986)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based

CLig v.3.5.3.10 - CPTU data presentation & interpretation software - Report created on: 23/01/2025, 16:20:50
Project file: L:\FRLI.00.2423 - MS3 Forli\accessori\Liquefazione\CPTU_Forli_I&B.clq



Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

Project: MS3 Forli
Location: Forli

CPT: CPTU14 - 2° livello
Total depth: 12.43 m

Depth (m)

CRR plot FS Plot
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12—

0 0.2 0.4 0.€ 0 0.5 1 15 2 0

CRR & CSR. Factor of safety

Analysis method: 1&B (2008) G.W.T. (in-situ): 2.20m Use

fill:

Fines correction method: R&W (1998) G.W.T. (earthq.): 1.20 m Fill height:
Points to test: Based on Ic value  Average results interval: 5 Fill weight:

Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60
Peak ground acceleration:  0.16

Unit weight calculation: ~ Based on SBT K, applied:

10 15
Liquefaction potential

No
N/A
N/A

Trans. detect. applied: No

Yes

20

Vertical settlements

Depth (m)

~{Dry: 0.00 (cm)
Wet: 0.00 (cm

T
4

Settlement (cm)

Clay like behavior
applied:

Limit depth applied:
Limit depth:

MSF method:

Sands only
No

N/A

Method based

T
6
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Engeo s.r.l

EN GEO S|, Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121

Www.engeo.it
Project: MS3 Forli CPT: CPTU15 - 2° livello
Location: Forli Total depth: 2.49 m
Cone resistance Norm. friction ratio Soil Behaviour Type
o.osﬂr 0.05 _
014 o1 Sensitive fine graing
0.15 0.15
0.2 0.2 \ Silty sand & sandy |s
oae oae \) Clay & silty clay
0.3 0.3 / Clay
0.35 0.35 , :
/ Clay & silty clay
0.4 \ 0.4 l
0.45 0.45 Sitty sand & sandy|s
0.5 \ 0.5 / -
0.55 \ 0.55 \ Sand & silty sand
0.6 / 0.6 \\
0.65 / 0.65 \
0.7 0.7
0.75 0.75
0.8 0.8
0.85 0.85 J
0.9 0.9
0.95 ( 0.95
1 1 Silty-sand-& sandy s
1.05 1.05
1.1 1.1
1.15 1.15
~— ~— ~—
E 12 E 12 \ £
e e e
..g 1.25 ..g 1.25 / ..g
A 1.3 \ A 1.3 A
1.35 \’ 1.35
N
1.4 / 1.4 ~—_
1.45 1.45 N\ :
L5 {\ L5 ) Clay & silty cla
1.55 1.55 //
1.6 1.6
1.65 1.65 \ Silty sand & sandy|s
1.7 1.7
1.75 1.75
1.8 \\\ 1.8 //
1.85 1.85 /
1.9 1.9
1.95 / 1.95
2 2
2.05 / 2.05 \
2.1 l 2.1 \ i
: / : \ Sand & silty sand
2.15 2.15 \
2.2 2.2
2.25 2.25 }
2.3 2.3
2.35 2.35 I
2.4 ~~ 2.4 /
~—_ /
2.45 \\ 245 [
0 10 20 30 40 2 4 6 8 10 0O 2 4 6 8 10 12 14 16 18
gt (MPa) Fr (%) SBT (Robertson et al. 1986)
Analysis method: 1&B (2008) G.W.T. (in-situ): 0.00 m Use fill: No Clay like behavior
Fines correction method: R&W (1998) G.W.T. (earthq.): 0.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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EN GEO S.rl.

ENGINEERING GEOLOGY

Engeo s.r.l

via Madre Anna Maria Adorni 2

Parma (PR) 43121
Www.engeo.it

MS3 Forli
Location: Forli

Project:

CPT: CPTU15 - 2° livello
Total depth: 2.49 m

Depth (m)

CRR plot

FS Plot

245 i
—
0 0.2 0.4 0.€ 0 0.5 1 1.5 2
CRR & CSR Factor of safety
Analysis method: 1&B (2008) G.W.T. (in-situ): 0.00 m
Fines correction method: R&W (1998) G.W.T. (earthq.): 0.00 m
Points to test: Based on Ic value  Average results interval: 5
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT

Depth (m)

LPI
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Liquefaction potential

Use fill:

Fill height:

Fill weight:

Trans. detect. applied:
K, applied:

No
N/A
N/A
No
Yes

15

20

Vertical settlements

Depth (m)

0 0.5

Clay like behavior

1 1.5
Settlement (cm)

applied: Sands only
Limit depth applied: No
Limit depth: N/A

MSF method:

Method based
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MS3 Forli
Location: Forli

Project:

ENGEO .

ENGINEERING GEOLOGY Pgrma (PR) 43121

Engeo s.r.l

via Madre Anna Maria Adorni 2

Www.engeo.it

CPT: CPTU16 -

2° livello

Total depth: 12.05 m

Cone resistance

0.2
0.4
0.6
0.8
1
1.2
1.4+
1.6
1.8
2
2.2
2.4
2.6
2.8
3]
3.2
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3.6
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4.6
4.8
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5.6
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6
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6.4
6.6
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7.6
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8.6
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9.4
9.6
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11
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Depth (m)

11.6
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121

0=

Norm. friction ratio

0.2
0.4
0.6
0.8

1
1.2
1.4+
1.6
1.8

2
2.2

Depth (m)

Analysis method:
Fines correction method:
Points to test:

Earthquake magnitude M,,:

Peak ground acceleration:

—— ]

10 15 20 25
gt (MPa)
1&B (2008) G.W.T. (in-situ):
R&W (1998) G.W.T. (earthq.):
Based on Ic value  Average results interval:
6.14 Ic cut-off value:
0.16 Unit weight calculation:

2.4
2.6
2.8
3]
3.2
3.4
3.6
3.8
4
4.2
4.4
4.6
4.8
5|
5.2
5.4
5.6
5.8
6
6.2
6.4
6.6
6.8
74
7.2
7.4
7.6
7.8
8-
8.2
8.4
8.6
8.8
9
9.2
9.4
9.6
9.8
10
10.2
10.4
10.6
10.8
11
11.2
11.4
11.6
11.8
12

Fr (%)

2.40 m
1.40m

5

2.60

Based on SBT

Soil Behaviour Type

Or anic soil
0.2 sand & sandy|s
0.4
0.6
o Clay
Clay & silty cla:
1.2 S|Ityysandty& sa¥1dy <
14 Very dense/stff sOi
.6
1_8_ Very dense/stiff soi
2 glayd& sﬂlr)(gclay
4 an
;:i ‘ X?rgl/ éiens /st?ﬁ]sm
2.6
Clay & sily cla
2.8 Silty sand & sa¥1dy <
gl é & silty clay
3.2
3.4
3.6 Clay-& silty-clay
3.8 CIay
s Clay & sity clay
ad Clay & silty clay
4.6 Clay-& sitty-clay
4.8 Clay
Clay & silty clay
5.2 Clay
:-g Clay & sitty clay
E s Cla
= 58 CIay & silty clay
g S|Ity sand & sandy s
Z'g Clay & silty clay
Pl san san <
6.8 - §| san san <
Clay & silty cla:
;'i_ S|Ityysandty& sa¥1dy <
7 e Silty sand & sandy|s
7.8 Silty sand & sandy|s
[r— a cla
o Jm— &lay & sl ey
' Sitty sand & sandy s
8.4
8.6 I Clay & silty clay
. S|Ity sand'& sandy |s
o Silty sand & sandy s
9.2 Silty sand & sandy|s
9.4
9.6 Clay & sitty clay
9.8
| — Silty sand & sandy [s
Olg S|Ig sand & sand¥ <
10'4 Sensitive fine graing
106 Clay & silty clay
10.8 | — éllg & ?andy <
111; Silty sand & sandy <
11.4-m S|Ity sand & sandy|s
116 Silty sand & sandy s
11.8 Sand-& silty-sand
12 | L LI LI L LI L L L
10 0O 2 4 6 8 10 12 14 16 18
SBT (Robertson et al. 1986)
Use fill: No Clay like behavior
Fill height: N/A applied: Sands only
Fill weight: N/A Limit depth applied: No
Trans. detect. applied: No Limit depth: N/A
K, applied: Yes MSF method: Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

Project: MS3 Forli
Location: Forli

CPT: CPTU16 - 2° livello
Total depth: 12.05 m

Depth (m)

CRR plot FS Plot

Depth (m)

10
024
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e
a4
1.6
1.8

e NG IR L M

0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 5 10 15
CRR & CSR Factor of safety Liquefaction potential

Analysis method: 1&B (2008) G.W.T. (in-situ): 2.40m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 1.40 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes

20

Vertical settlements

Depth (m)

T T
0 5 10 15
Settlement (cm)

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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Engeo s.r.l

EN GEO ¢l via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Pgrma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: CPTU17 ospedale - 2° livello
Total depth: 20.11 m

Location: Forli

Cone resistance Norm. friction ratio

Soil Behaviour Type

1.5
2
2.5
3]
3.5
4

4.5

5.5

6
6.5

Depth (m)
Depth (m)

— —
7.5 7.5 .
8- 8-

8.5 8.5 8.5
9 9 9
9.5 9.5 9.5
10 10 10

10.5 10.5 .
114 114 11
11.5 11.5 11.5
12 12 12
12.5 12.5 12.5
13 13 13
13.5 13.5 13.5
14— 14— 14
14.5 14.5 14.5
15 15 15
15.5 15.5 15.5
16 16 16
16.5 16.5 16.5
17 17 17
17.5 17.5 17.5
18- 18- 18
18.5 18.5 f 18.5
19 19 19
19.54 19.54 19.5
20 20 20

T T T T T
2 4 8 10

6 4
qt (MPa) Fr (%)
Analysis method: 1&B (2008) G.W.T. (in-situ): 0.00 m Use fill: No
Fines correction method: R&W (1998) G.W.T. (earthq.): 0.00 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: No
Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes

Depth (m)
)
[8)]

1.5 .
2.5 2.5
37 3
3.5 3.5
4 4
4.5 4.5
54 5]
5.5 5.5
6 6
6.5 [ R
7 7
7.5
8
——

Sensitive fine grain|
Clay & sitty clay

\%leary %esrqg/efslgﬁ( Soi

Very dense/stiff soi

Clay

Clay & silty clay
Very dense/stiff soi

Clay
Very dense/stiff soi
Silty' sand & sandy
Clay

Clay

Clay & silty clay
Clay & sy
8|g¥ silty clay

Clay
gilliti)ys%r?(qty&csl%dy
Silty sand & sandy

Sand & silty sand

Sitty sand & sandy
Clay & silty clay

Clay

Clay & silty clay
Clay

Clay & silty clay
Clay

Clay & silty cla
Cla¥ & silg cla¥
Clay & silty cla
CIa¥ & silg cla¥
Clay & silty cla:
Cly 8l o)
Clay

Clay & silty clay
Clay

Clay & silty clay
Clay & silty clay

8@5 & silty clay
Clay & silty clay

Clay & silty clay
Clay

LI Ll et” A NI L B

10 12 14 16 18

SBT (Robertson et al. 1986)

Clay like behavior
applied:

Limit depth applied: No
Limit depth: N/A
MSF method:
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EN GEO S.rl.

ENGINEERING GEOLOGY

MS3 Forli
Location: Forli

Project:

Engeo s.r.l

via Madre Anna Maria Adorni 2
Parma (PR) 43121
Www.engeo.it

CPT: CPTU17 ospedale - 2° livello
Total depth: 20.11 m
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CRR plot

9.5

10

i

o

o
|

[N
[N
1

11.5

12
12.5
134
13.5
14+
14.5
15
15.5

16

16.5-
174
17.5

18

18.5

19
19.54

20

T T T
0 0.2 0.4 0.€
CRR & CSR

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

1&B (2008)
R&W (1998)
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Based on Ic value

FS Plot
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Factor of safety

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval: 5

Ic cut-off value: 2.60
Unit weight calculation:
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Based on SBT
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Fill height:
Fill weight:

Liquefaction potential

fill: No
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Trans. detect. applied: No

K, applied:
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Vertical settlements
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)
ol

=
=

11.5

1958 ‘

T T T T
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Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based
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MS3 Forli
Location: Forli

Project:

ENGEO .

ENGINEERING GEOLOGY Parma (PR) 43121

Engeo s.r.l

Www.engeo.it

via Madre Anna Maria Adorni 2

CPT: CPTU18 parcheggio fiera -
Total depth: 20.25 m

2° livello

Cone resistance

Norm. friction ratio
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Analysis method:
Fines correction method:
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Earthquake magnitude M,,:

Peak ground acceleration:
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G.W.T. (earthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:
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250 m

5
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Based on SBT

Use fill:
Fill height:
Fill weight:

Trans. detect. applied:

K, applied:

Depth (m)
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Soil Behaviour Type
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Clay like behavior
applied:

SBT (Robertson et al. 1986)

Sands only

Limit depth applied: No

Limit depth:
MSF method:

N/A
Method based
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Engeo s.r.l

EN GEO Sr|. Via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

Project: MS3 Forli CPT: CPTU18 parcheggio fiera - 2° livello
Location: Forli Total depth: 20.25 m
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Analysis method: 1&B (2008) G.W.T. (in-situ): 3.50 m Use fill: No Clay like behavior

Fines correction method: R&W (1998) G.W.T. (earthq.): 2.50m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
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Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Location: Forli
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ENGINEERING GEOLOGY Parma (PR) 43121

MS3 Forli
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CPT: CPTU19 rotonda -

2° livello
Total depth: 20.20 m
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Engeo s.r.l

ENGINEERING GEOLOGY Parma (PR) 43121
Www.engeo.it

Project: MS3 Forli
Location: Forli

EN GEO Sr|. Via Madre Anna Maria Adorni 2

CPT: CPTU19 rotonda - 2° livello
Total depth: 20.20 m
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MS3 Forli
Location: Forli

Project:

Engeo s.r.l
via Madre Anna Maria Adorni 2
ENGINEERING GEOLOGY Parma (PR) 43121

Www.engeo.it

CPT: CPTU20 scuola - 2° livello

Total depth: 20.04 m
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Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: No
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Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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EN GEO S.rl.

Engeo s.r.l

via Madre Anna Maria Adorni 2

ENGINEERING GEOLOGY Parma (PR) 43121
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Project:

MS3 Forli

Location: Forli

CPT: CPTU20 scuola - 2° livello

Total depth: 20.04 m
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Peak ground acceleration:  0.16 Unit weight calculation: ~ Based on SBT
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