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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 4 Via Fosso Nuovo
Input parameters and analysis data

Geotechnical Software

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.31 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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This software is licensed to: GEOLOG s.r.l.

CPT name: CPTU 4 Via Fosso Nuovo
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Input parameters and analysis data
Analysis method: I&B (2008)
Fines correction method: 1&B (2008)

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:
Depth to water table (insitu):

Based on Ic value
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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Ic(SBT) SBT (Robertson et al. 1986)
SBT legend
[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT name: CPTU 4 Via Fosso Nuovo
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Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.31

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio

Nom. pore pressure ratio
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 4 Via Fosso Nuovo

Liquefaction analysis overall plots (intermediate results)
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.31 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
CLiqg v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 26/06/2019, 17:42:34 4

Project file:



This software is licensed to: GEOLOG s.r.l.

CPT name: CPTU 4 Via Fosso Nuovo
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.31

Depth to water table (insitu): 1.00 m
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 4 Via Fosso Nuovo
Check for strength loss plots (Idriss & Boulanger (2008))
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.31 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 4 Via Fosso Nuovo

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPT 6 Argine sx Bevano
Input parameters and analysis data

Location :

Analysis method: I&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 3.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPT 6 Argine sx Bevano

Cone resistance

CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration: ~ 0.32 Use fill: No Limit depth applied: No [ 2 Organic r-natenal M 5. Sity sand to saT\dy sit. [l 8. Very St!ﬁ sand to.
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT name: CPT 6 Argine sx Bevano

Norm. cone resistance
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPTU 7 Via Bagnolo
Input parameters and analysis data

Location :

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Norm. cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:
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Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
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CPT basic interpretation plots (normalized)
SBTn Plot
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Nom. pore pressure ratio
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

Norm. Soil Behaviour Type
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SBTn legend
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.32

Depth to water table (insitu): 1.00 m
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 8 Via della Riforma
Input parameters and analysis data

Geotechnical Software

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
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0.1 — - Normalized friction ratio (%)
4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
O e e e e e e B I I e e geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 8 Via della Riforma

Cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:
Depth to water table (insitu): 1.00 m

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Rf (%) u (kPa)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot

Soil Behaviour Type

Clay
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SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-naterlal [J 5 Sitty sand to saT\dy sit. [ 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)
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Liquefaction analysis overall plots
FS Plot
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Factor of safety
Depth to GWT (erthg.): 1.00 m
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Ic cut-off value: 2.60

Unit weight calculation:
Use fill:
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qcliN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 9 Via Palazzone Mensa
Input parameters and analysis data

Geotechnical Software

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot
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7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground

0 ] geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 9 Via Palazzone Mensa
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| —
0.5 &
r
1 \‘
15 "\
2 )
2.5
3
3.5
4
P
5 y |
4
5.5
6
6.5 \(
~—~
E 7 3
£ 75
g1 £
809
8.5 )
9
o G
10
10.5 €
11
11.5
|l
12 {
12.5 Z
13 ?
13.5 <'
14 N
14.5 2
' R
15
1 2 3 4 5 6
gt (MPa)
Input parameters and analysis data
Analysis method: I&B (2008)
Fines correction method: 1&B (2008)

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

Based on Ic value
6.00
0.33

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots

Friction Ratio

Pore pressure
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot Soil Behaviour Type
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Ic(SBT) SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:
Depth to water table (insitu): 1.00 m

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio

Nom. pore pressure ratio
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Fr (%) Bq
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

Norm. Soil Behaviour Type
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SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to
. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel -
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 10 Via Viazza Cesena
Input parameters and analysis data

Geotechnical Software

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Input parameters and analysis data
Analysis method: I&B (2008)
Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00
Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot
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SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)
SBTn Plot
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Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Ic (Robertson 1990) SBTn (Robertson 1990)

SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: 1&B (dZOOS) | Averageffrestlllts interval: ; 6 TransitliorclI detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: . K, applied: Yes Liquefacti li Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 10 Via Viazza Cesena

Estimation of post-earthquake settlements

SBTn Plot FS Plot

Cone resistance
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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Project

title :

CPT file : CPTU 11 Via S. Cristoforo (Cesena)
Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,:

Peak grou

6.00

nd acceleration:  0.33

Cone resistance

I&B (2008)
I&B (2008)
Based on Ic value

Friction Ratio

G.W.T. (in-situ):
G.W.T. (earthqg.):
Average results interval: 1
Ic cut-off value:

Unit weight calculation:

Location :

1.00 m
1.00 m

2.60
Based on SBT

SBTn Plot
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Normalized CPT penetration resistance
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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
CRR plot FS Plot
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0.1 ] - Normalized friction ratio (%)
__'____,..--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
1 No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
] geometry
(U L L L UL UL UL ML AL DL Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 11 Via S. Cristoforo (Cesena)

Cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Rf (%) u (kPa)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot

Soil Behaviour Type
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Ic(SBT) SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT name: CPTU 11 Via S. Cristoforo (Cesena)

Norm. cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio

Nom. pore pressure ratio
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Depth to GWT (erthg.):

Average results interval:
Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

1.00 m

1

2.60

Based on SBT
No

N/A

Bq

Fill weight:

Transition detect. applied:

K, applied:

Clay like behavior applied:

Limit depth applied:
Limit depth:

1

N/A

No

Yes

Sands only
No

N/A

Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)

SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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Project

title :

CPT file : CPTU 12 S. Maria Nuova di Bertinoro
Input parameters and analysis data

Location :

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots

one resistance riction Ratio ore pressure (o) [o]] aviour lype
C ist Friction Rati P SBT Plot Soil Behavi T
e — L - 57 Sersifvefine grained
— Clay&siltyd
0.5 — 0.5 0.5 yoslycy
Clay
- b4 .
) ; ) ; ! Tnsitu Clayasityday
. —_— . < 1.5 '; gaygs!:lygay
2 % £ H ay&siltyclay
2.5 i 4 2.5 2.5 \ 7
' ) — |
2 T < 3
3 ~ ot 3 S 1.|
5 \ S
3.5 3.5 = 3.5 \ Oay
4 ‘b 4 \’ 4 \
4.5 2, 4.5 = 4.5 \ 2,
5 ‘_’5- 5 5 \ Clay&siltyclay
5.5 5.5 5.5 } Clay&siltyday
6 £ 6 6 \\ Clay
£ = | 1= g < £ £ Caysityoay
S 75 S 75 S 75 \ A S =
o } o -~ Q \ Q. [=X
g 8 kg g 8 g 8 \ o o
8.5 8.5 8.5
} . . \ é
9 3 9 < 9 Clay
9.5 § 951 ¢ 9.5 \ 3
' p; b 1 2
10 10 \; 10
10.5 10.5 10.5
Y _S
11 — 11 S 11 ygsityday
11.5 2 11.5 = 115 —
12 Pl 12 12
2 5 2 2| = Oy
12,5 12,5 12,5 \ C: _
s . ol = 3 | Oayasiyday
- 3 - 1 \
13.5 13.5 13.5 \ <
14 {"‘ 14 14 \ Cay
14.5 14.5 14.5
15 < o L R ] .
1 2 3 0 2 4 6 8 10 0 100 200 300 400 500 600 1 2 3 4 0 2 4 6 8 10 12 14 16 18
gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No SBT legend
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT name: CPTU 12 S. Maria Nuova di Bertinoro

Norm. cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)

Norm. friction ratio

Nom. pore pressure ratio

Depth (m)
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Depth to GWT (erthg.):

Average results interval:
Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

1.00 m

1

2.60

Based on SBT
No

N/A

Bq

Fill weight:

Transition detect. applied:

K, applied:

Clay like behavior applied:

Limit depth applied:
Limit depth:

1

N/A

No

Yes

Sands only
No

N/A

SBTn Plot Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)
SBTn legend
[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel -
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 13 Via Com. Montanara - Forlimpopoli
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
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4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
O e e e e e e B I I e e geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT name: CPTU 13 Via Com. Montanara - Forlimpopoli

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. cone resistance Norm. friction ratio

Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A

Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)

Depth (m)

SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 13 Via Com. Montanara - Forlimpopoli

CRR plot
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CRR & CSR

Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)

3
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Liquefaction analysis overall plots
FS Plot

1.5 2

Factor of safety
Depth to GWT (erthg.): 1.00 m
Average results interval: 1
Ic cut-off value: 2.60

Unit weight calculation:
Use fill:
Fill height:
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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15 15~ 15— : : : 15— =
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
—
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 14 Via Emilia - Bertinoro
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.34 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
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E PRy L Zone A,: Cyclic liquefaction likely depending on size and duration of cyclic loading
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT legend
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No 9
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . .
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No . 2. Organic r-natenal
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty
[ 5. silty sand to sandy silt [ 8. Very stiff sand to
. 6. Clean sand to silty sand |:| 9. Very stiff fine grained

[] 7. Gravely sand to sand
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Norm. cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)
Fines correction method: 1&B (2008)

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

Based on Ic value
6.00
0.34

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio Nom. pore pressure ratio Norm. Soil Behaviour Type
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Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No SBTn legend
Ic cut-off value: 2.60 Ko applied: ) Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
3;‘: %N"‘.alght calculation: ﬁaosed on SBT S;);tlg(:p':s f:;gﬁ;;pplled: ﬁaonds only . 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to
Fill height: N/A Limit depth: N/A . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel -
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.34 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 15 Potabilizzatore c/o Forlimpopoli (Maraldi)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.34 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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0.1 — - Normalized friction ratio (%)
4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance Friction Ratio

CPT basic interpretation plots

Pore pressure
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | nd
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No ege
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . .
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No . 2. Organic r-naterlal
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay

SBT Plot
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SBT (Robertson et al. 1986)

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty

[] 7. Gravely sand to sand
[ 5. silty sand to sandy silt [ 8. Very stiff sand to
. 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Norm. cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.34

Depth to water table (insitu): 1.00 m

Depth (m)

Norm. friction ratio

CPT basic interpretation plots (normalized)
SBTn Plot

Nom. pore pressure ratio
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: 188 (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A Bl Aimost certain it will liquefy [ Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.34 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
CLig v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 27/06/2019, 12:34:47 5

Project file:



This software is licensed to: GEOLOG s.r.l.

CPT name: CPTU 15 Potabilizzatore c/o Forlimpopoli (Maraldi)

Norm. cone resistance

Check for strength loss plots (Idriss & Boulanger (2008))
SBTn Index

Residual strength correction

Corrected norm. cone resistance

Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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Geotechnical Software

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 16 Via Fornace (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 2.00 m Use fill: No Clay like behavior

Fines correction method: I&B (2008) G.W.T. (earthqg.): 2.00 m Fill height: N/A applied: Sands only

Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No

Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A

Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
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5 =g .

1 10
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4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
O e e e e e e B I I e e geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance

Friction Ratio

CPT basic interpretation plots

Pore pressure SBT Plot Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y y :
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-naterlal [J 5 Sitty sand to saT\dy sit. [ 8. Very St!ff sand to.
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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10 15 20 25 30 35 40 45 50 55 1 2 3 4 0 50 100 150 200 012 3 456 7 8 910 0 50 100 150 200
qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
0.5 0.5 05 0.5
1 1 1 1
1.5 1.5 1.5
2 — N 1'2 2
257 257N 2.5 o 25
3 \ 3 3 3
3.5 { 3.5 3.5 3.5
4 1 4 4 ~ 4
4.5 4.5 4.5 4.5
5 5 5 5
5.5 5.5 5.5 5.5
6 6 6 6
6.5 6.5 6.5 6.5
7 ’i 7 \. 7 — 7
7.5 7.5 7.5 7.5
8 8 8 8
8.5 8.5 8.5 8.5
—~ 9 —~ —~~ 9 —~ 9 —~~ 9
E 95 E E 95 E o5 E 95
S 10 S S 10 S 10 S 10
§ 10.5 g‘ § 10.5 § 10.5 § 10.5
11 11 11 11
11.5 11.5 11.5 11.5
12 12 12 12
12.5 12.5 12.5 12.5
13 13 13 13
13.5 13.5 13.5 13.5
14 14 14 14
14.5 14.5 14.5 14.5
15 15 15 15
15.5 15.5 15.5 15.5
16 16 16 16
16.5 16.5 16.5 16.5
17 17 17 17
17.5 17.5 17.5 17.5
18 18 18 18
18.5 18.5 18.5 18.5
19 19 19 19
19.5 19.5 19.5 19.5
0 0.2 0.4 0.6 0 0.5 1 1.5 2 0 5 10 15 20 0 1 2 3 4 5 6 0
CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 applied: Yes ; ; . N -
Earthquake magnitude M,,:  6.00 Unit weight calculation: ~ Based on SBT é(ljaypliie behavior applied:  Sands only D L'qL_'efaCt'o." and no lig. are equally likely |:| Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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15 -t 15 15 15
15.5 ..3 15.5 15.5
16 16 16 16
16.5 P 16.5 i 16.5
17 17 17 17
17.5 17.5 ( 17.5
18 L3 18 18 18
18.5 &< 18.5 é 18.5 e
19—% 19 19 19 = Peak Su ratio
19.5 19.5 ‘ 19.5 = Lig. Su ratio
1 LA L L L L L L B L B T T T T T — 1 T T T T 7
10 15 20 25 30 35 40 45 50 55 012 3 456 7 8910 0 50 100 150 200 1 2 3 4 0 0.1 0.2 0.3 0.4 0.5
qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A
CLig v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 27/06/2019, 17:02:20 6
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(m)
19.22
19.26
19.30
19.34
19.38
19.42
19.46
19.50
19.54
19.58
19.62
19.66
19.70
19.74
19.78
19.82
19.86
19.90
19.94
19.98

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

Fu

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

W;

0.39
0.37
0.35
0.33
0.31
0.29
0.27
0.25
0.23
0.21
0.19
0.17
0.15
0.13
0.11
0.09
0.07
0.05
0.03
0.01

d.

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

Abbreviations

FS: Calculated factor of safety for test point

Fi:  1-FS

w;:  Function value of the extend of soil liquefaction according to depth
d;:  Layer thickness (m)

LPI: Liquefaction potential index value for test point

LPI

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Depth
(m)

19.24
19.28
19.32
19.36
19.40
19.44
19.48
19.52
19.56
19.60
19.64
19.68
19.72
19.76
19.80
19.84
19.88
19.92
19.96
20.00

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

Overall liquefaction potential: 4.06

Fu

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Wz

0.38
0.36
0.34
0.32
0.30
0.28
0.26
0.24
0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

d;

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

LPI

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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B EET e-mail mroncuzzi@gmail.com

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 17 Via Fiume di Sant'Andrea (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 3.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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a 2 A 4
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=
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qt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential

03 1 1 1 ] 1 1 1 1 1 1 ] 1 1 1 1,000_ 1 1 1 [T | 1 1 1 | T I |

Liquefaction r

Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)

B 0.1 1
r Normalized friction ratio (%)

Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 17 Via Fiume di Sant'Andrea (Cesena)

Cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 3.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure

0.5 E? o.s—lg‘&
1 17\
1.5 ), 1.5
2 2
2.5 S 2.5 -
3 3 ;
35 % 35 f Insitu
4 4 \;
4.5 4.5
5 < 5
5.5 ? 557 ¢—
o __ a——
6.5 6.5 \ =
7 L — 7 \
7.5 r,S» 7.5
8 8
9 ;x E o E
9.5 %_ 9.5 ; \ %_
10 3 10 s l 8
10.5 10.5 \
11 11
11.5 11.5
12—% 12 T\;-
12.5 12.5+
13 13
13.5 — 13.5-|
14 14
14.5- 14.5 \
15 15+
16 = 16 ;’H__E
16.5 16.5
17 ¢ 171 T
17.5—5 17.5 \
Q. 18_
181.§ L_ 18.5 \
0 2 4 6 8 10 0 100 200 300 400
Rf (%) u (kPa)
Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot

Soil Behaviour Type

Clay&siltyclay
Clay&siltyclay

Sitysad & sarysit

Clay&siltyclay
Siltysand & sandyssilt
Clay&siltyclay
Clay&siltyclay
Sltysand & silt
Sa%&siltygg,
Clay&siltyclay
Clay&siltyclay
Sad &siltysand
Sand &siltysand
Siltysand & sandysilt
Clay
Clay&siltyclay
Clay
Clay&siltyclay
Siltysand & sandyssilt
Send&silgsand
Siltysand & sandyssilt
Sand &siltysand

Clay
Clay

a .
S
Clay
Sand&siltysand
Siltysand & sardysilt
Clay&siltyclay

Sand&siltysand
Sand

Sand&siltysand
Sltysand&sadysi

Depth (m)

2 3 4 0 2 4 6 8 10 12 14
Ic(SBT) SBT (Robertson et al. 1986)

16 18

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT name: CPTU 17 Via Fiume di Sant'Andrea (Cesena)

Norm. cone resistance

CPT basic interpretation plots (normalized)

Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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61 6 6 an .
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11—% 11 = 11 Oay&sityday
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1 12_%' 1 Serd&siltysand
12.5- 12.5 12.5 Siltysand & sandysilt
13 13 13 Clay&siltyclay
13.5—§ 13.5 13.5- Clay
14 14 14 Clay
14.5 14.5- 14.5- = Clay&siltydlay
15 15 15 Sand&siltysand
15.5 15.5+ 15.5 gltywd&w'djsilt
16 16 — 16 — y .
16.5 Y 16.54 % 16.5 Shysad & saysit
- N > : Sitysand & sandysilt
17 — 17 17 Sard&siltysand
17.5 - 17.57 17.5 Siltysand & sandysilt
18 - 18 |8 18 Smd&silgsmd )
18.5- " 18.5 == . 1854 &£ Sltysand & sandysilt
0 50 100 150 200 0 2 4 6 8 10 0.2 0 02 04 06 08 1 1 2 3 4 8 10 12 14 16 18
Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ﬁ sand to.
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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0.5 0.5 0.5 0.5 P-
1 ?z 1 ;—S. 1 1 re
L5 @ LS 1.5 L5 =
2 \ 2 (' 2 2 \
2.5 2.5 2.5 2.5
3 ? 3 f, 3 3 ?
3.5 { 3.5 3.5 3.5 {
4 ; 4 4 4 ;
4.5 4.5 4.5 4.5
5 pe 5 {_ 5 5 S
5.5 5.5 5_54= 5.5
6—{ 6 ’_} 6 6
6.5 6.5 6.5 6.5 ")
7—ﬁ>— 7—J? 7 7—ﬁ_7
7.5+ &= 757 2 7.5 7.5 —
8 > 8 € 8 8 p—
~ 8.5 ~ ~ 8.5 ~ 8.5 ~ 8.5 é
E £ E of ¢ E E
~ ~ ~ % ~ ~
£ 959 & = S 9.5 ?& T sEEEEE=————————— 5 9.5
Q. Q. Q. — Q. Q.
2 1o—€ 2 g 10 = g 1 g 107
10.5 10.5 10.5 10.5+
= i —— 1]
11.5 11.5 4 11.5 11.5
12 12 12 12 S
12.5—4§ 12.5 12.5 12.5
13 13 ~ 13 13
13-5‘§ 13.5 % I et 13.5—;—
14 14 14 14
14.5—L 14.5 (_é 14.5 14.5—4 —
15 15 15 15 3
15.5 15.5 % 15.5 15.5—#’
16 - 16 16 16 ﬁ_
16.5 16.5 16.5 16.5
17 \‘ 17 f 17 17 =
17.5 — 17575 17.5 17.5 —%—'
18 L 18 18 18
™ L e
i = p=====sc =  E———————
50 100 150 200 1 2 3 4 0 50 100 150 200 012 3 456 7 8 910 0 50 100 150 200
qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 17 Via Fiume di Sant'Andrea (Cesena)

CRR plot
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Depth (m)

AN

CRR & CSR
Input parameters and analysis data
Analysis method: I&B (2008)
Fines correction method: 1&B (2008)
Points to test: Based on Ic value

Earthquake magnitude M,;:  6.00
Peak ground acceleration: 0.33
Depth to water table (insitu): 3.00 m

FS Plot

0 0.5 1

Liquefaction analysis overall plots

1.5 2

Factor of safety
Depth to GWT (erthg.):  3.00 m
Average results interval: 1
Ic cut-off value: 2.60

Unit weight calculation:
Use fill:
Fill height:

Based on SBT
No
N/A

Depth (m)

LPI
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Liquefaction potential

Fill weight:

Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:

Limit depth:
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F.S. color scheme
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Lateral displacements
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LPI color scheme
[l Very high risk
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 17 Via Fiume di Sant'Andrea (Cesena)

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
=
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 18 Via del Fiume in Ronta (Cesena)
Input parameters and analysis data

Geotechnical Software

Analysis method: I&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 3.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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qt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
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0.1 — - Normalized friction ratio (%)
4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
O e e e e e e B I I e e geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 18 Via del Fiume in Ronta (Cesena)

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ﬁ sand to.
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT name: CPTU 18 Via del Fiume in Ronta (Cesena)

Norm. cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 3.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio

Nom. pore pressure ratio
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Fr (%) Bq
Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)

SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 18 Via del Fiume in Ronta (Cesena)
Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 20 Via Parataglio (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Norm. cone resistance

CPT basic interpretation plots (normalized)

Norm. friction ratio
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m
Fines correction method: 1&B (2008) Average results interval: 1
Points to test: Based on Ic value Ic cut-off value: 2.60
Earthquake magnitude M,;:  6.00 Unit weight calculation:
Peak ground acceleration: 0.33 Use fill: No
Depth to water table (insitu): 1.00 m Fill height: N/A
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Clay like behavior applied:

Limit depth applied:
Limit depth:
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Norm. Soil Behaviour Type
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
[y
0.5 _-——-"_‘-b' 0.5 0.5 0.5 5
1 ‘<— 1 } 1 1 (
C / (
1.5 S 1.5 1.5 1.5 Z
5 < 5 5 2 5
2.5 2.5 é} 2.5 2.5 L
3 3 3 3 1
< A ——
3.5 .§ 3.5 3.5 3.5
. e d % o =
4.5 4.5 } 4.5 4.5 [;
5 < 5 ) 5 (
5.5 " 5.5 5.5 5.5 Z
6 "; % 6 6 3
S
6.5 . . .
- < - - 6.5 e - 6.5 - 6.5 {
E 7 E E 7 LY E 7 E 7 f
>
Jé 7.5 ;‘ g Jé 7.5 ) g 7.5 Jé 7.5
8 + ¢ 3 g ¢ g s 8 s
8.5 5 8.5 8.5 8.5 1
9 \ 9 f 9 9
9.5 ‘) 9.5 ) 9.5 9.5 (
10 q'“ 10 f 10 10 i
10.5 -> 10.5 ( 10.5 10.5 )
11 )" 11 11 11 )
11.5 Z 11.5 11.5 11.5
12 >>" 12 12 12 %- -
12,5 12,5 p] 12,5 12,5
13 % 13 4 13— 13—%—
13.5 i 13.5 13.5 13.5
4 . | .
14 _,._[_.r 14 14+ 14 %4
14.5 Ib é 14.5 ; 14.5 14.5
15 15 T T T T B S o e e e e e e e 15 T T T T
10 20 30 40 50 60 1 2 3 4 0 50 100 150 200 012 3 456 7 8 910 0 50 100 150 200
qcliN Ic (Robertson 1990) FC (%) Delta qcIN qclN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Ein_eiS ctorrtecttion method: IIB&B (c|20081) | ?vera;geffrestljlts interval: ; " zanSitliij detect. applied: $o . Very likely to liquefy |:| High risk
oin 0 test: ased on IC value C cut-ofIT value: . applied: es Li facti lig. Ily likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title :

Location :

CPT file : CPTU 21 Via Pisignano (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior

Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only

Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No

Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A

Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 1.00 m
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CPT basic interpretation plots

Pore pressure
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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Ic(SBT) SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)
SBTn Plot
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Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 22 Via Violone ang. Via Calabria
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Rf (%) u (kPa)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot
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SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)
SBTn Plot

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio
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Qtn Fr (%) Bq Ic (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . .
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No . 2. Organic r-naterlal
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty
[ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 6. Clean sand to silty sand |:| 9. Very stiff fine grained

[] 7. Gravely sand to sand
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
CLiqg v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 28/06/2019, 10:28:33 4

Project file:



This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 22 Via Violone ang. Via Calabria

Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Norm. cone resistance

Check for strength loss plots (Idriss & Boulanger (2008))
SBTn Index

Residual strength correction

Corrected norm. cone resistance
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 23 Via Mesola (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
0.8 ' ' ' 1 ' ' 1 1 1 1 | 1 1 1 1,000_ 1 1 ol 1 | [ I N A |
] Liquefaction r 3
0.7 I

Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
o
D

0.3 / I
oo // 5

/ B 0.1 1 10
0.1 — - Normalized friction ratio (%)
4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
O e e e e e e B I I e e geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 23 Via Mesola (Cesena)

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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1 2 3 4 0 2 4 6 8 10 0 50 100 150 1 2 3 4 0 2 4 6 8 10 12 14 16 18
gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-naterlal [J 5 Sitty sand to saT\dy sit. [ 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT name: CPTU 23 Via Mesola (Cesena)

Norm. cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio Nom. pore pressure ratio Norm. Soil Behaviour Type
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Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No SBTn legend
Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Use fill No Limit depth applied: No [ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to
Fill height: N/A Limit depth: N/A . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 23 Via Mesola (Cesena)

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
T
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qcliN Ic (Robertson 1990) FC (%) Delta qcIN qclN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 23 Via Mesola (Cesena)

Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 23 Via Mesola (Cesena)

Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v

Input parameters and analysis data

Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A

Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No

Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes

Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only

Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No

Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 23 Via Mesola (Cesena)

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
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4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
0 e e e e e e e e geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal M 5. Sity sand to saT\dy sit. [l 8. Very St!ﬁ sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-naterlal [J 5 Sitty sand to saT\dy sit. [ 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tosilty clay [] 6. Clean sand to silty sand [_] 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)

Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations

q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index

FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 25 Via Vetreto ang. Via Capannaguzzo (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot
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Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
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CPT name: CPTU 25 Via Vetreto ang. Via Capannaguzzo (Cesena)

Cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure

SBT Plot

Soil Behaviour Type
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Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No SBT legend
Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Use fill No Limit depth applied: No [ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to
Fill height: N/A Limit depth: N/A . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)

Input parameters and analysis data

Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen

Points to test: Based on Ic value Ic cut-off value: 2.60 Ko applied: ) Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
IE::I? glr]ssﬁdni%gﬁg;oﬂv: ggg 3::: %N"‘.alght calculation: ﬁaosed on SBT ﬁlgt"(l;:p':ﬁ r::)\gﬁ;;pplled: ﬁaonds only . 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A

Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No

Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No

Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 25 Via Vetreto ang. Via Capannaguzzo (Cesena)

Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 25 Via Vetreto ang. Via Capannaguzzo (Cesena)

Estimation of post-earthquake settlements
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Abbreviations
qe:

I:

FS:

Volumentric strain:

2 ..
6 8 10 12 1 2 3 4

gt (MPa) Ic (Robertson 1990)

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index

Calculated Factor of Safety against liquefaction

Post-liquefaction volumentric strain

FS Plot
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 26 Via del mare (Sala di Cesenatico)
Input parameters and analysis data

Geotechnical Software

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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2 4 6 8 0o 2 4 6 8 10 1 2 3 4 0 0.2 0.4 0.6 0 0.5 1 1.5 2
gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
0.8 ' ' ' 1 ' ' 1 1 1 1 | 1 1 1 1,000_ 1 1 ol 1 | [ I N A |
] Liquefaction r 3
0.7 I

Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
o
D

1 S

: / o I
i " B 0.1 1 10
0.1 — - Normalized friction ratio (%)
4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
O e e e e e e B I I e e geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 26 Via del mare (Sala di Cesenatico)

Cone resistance
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gt (MPa)
Input parameters and analysis data
'I:T;_Iz Sclzrr::aecfc'i-‘g: }11ethod: igg gggg;
Points to test: Based on Ic value

Earthquake magnitude M,;:  6.00
Peak ground acceleration: 0.32

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure

o.5—¥ 0.5
1 1 v
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. 1.5
E
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3 3 \\
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13 S 13 \ \S
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14 — 14 \
14.5 14.5 ‘
15 ] T T T T 15
0 2 4 6 10 0 200 400 600 800
Rf (%) u (kPa)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot Soil Behaviour Type
Sersifvefine grained
Clay
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Clay&siltyclay
Clay
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Depth (m)
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Gy
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- Sgsivey
2 3 4 0 2 4 6 8 10 12 14 16 18
Ic(SBT) SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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15 N 15 i 15
. ) . . . . . . . . —— —— ; ———
0 50 100 150 200 0 2 4 6 8 10 02 0 02 04 06 08 1 1 2 3 4 8 10 12 14 16 18
Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: No [ 2. Organic material [l 5 Sitysandtosandysitt [l 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 26 Via del mare (Sala di Cesenatico)

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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10 20 30 40 50 60 70 1 2 3 4 0 50 100 150 200 012 3 456 7 8 910 0 50 100 150 200
qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 26 Via del mare (Sala di Cesenatico)

Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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11 . 11 11 11
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13.5 . 13.5 13.5 13.5
14 . 14 14 14
14.5 14.5 14.5 i 14.5
15 T ) T T R 1 15 T T T 15 T 15
0 0.2 0.4 0.6 0 0.5 1 1.5 2 0 5 10 15 20 0 1 2 3 4 5 6 0
CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.32 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 26 Via del mare (Sala di Cesenatico)

Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 26 Via del mare (Sala di Cesenatico)

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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Geotechnical Software

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 31 Via Viona (S. Mauro Pascoli)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based

Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot

ikﬁ_ v
1 1 1 - 1
uring earthq.

NI“\"\.,"L_,. A\
|
|
|
|
1
W

2
3
4
5
6
7
8
9

4 [ |
> ——— ™ 5 E
6 6 61 —
7 — 7 — 7 =
8 ;_ 8 8 =
e Ts= | 7 =k -
~— =
S 10 10 - 10
= 1 l
A 11 1 11 I
12_7; 12+ 12 l
13 ‘ 13 13
X i
14 : 14 14 I
15 15 15 l
16 %_\ 16 16 I
17 17 — 17
p ]
18 18 ] 18 I
19 19+ 19 19 |
20 ] 20 T T 20 T T T 20 __!
1 2 3 4 5 0 2 4 6 0 0.2 0.4 06 0 05 1 15 2
qt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Liquefaction r

Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
o
D
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: “ / o I
i " B 0.1 1 10
0.1 — - Normalized friction ratio (%)
4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
O e e e e e e B I I e e geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots
Cone resistance

Friction Ratio

Pore pressure

SBT Plot

Soil Behaviour Type

05 Sgetiefinegrand |
0.5 — . 0.5 Clay&siltyd
& — v ay &siltyclay
1 1
15 rd 15 ‘,—-ﬁ" 1 ; Insitu
5 ‘ - ? 2 Clay
A { A <
. 2.5 .
’ g < > 3 =i ’ f = Clay&siltyclay
3.5 (,? 3.5 x-f-? 35114 Clay
4 { 4 4 \ l Clay&siltyclay
4.5 " 4.5 4.5 \ . Clay&siltyclay
5 5 e 5 | 1 Clay .
5.5 5.5 5.5 \ Sitysand & sandysilt
6 6 sy 83
6.5 6.5 6.; L gwgg:gga},
7 / — y SI &y
7.5 7.5 { 7.5 \ Clay&siltyday
8 8 81} | gay
8.: 8.: 8.: \ Gg&sillyday
~—~ ~— ~— ~— ~— .
ol =" E ool - € oo 3l E E Cysiydy
< 4 4 < 104 < 4 | = = Clay
= 10 = 10 = = 10 =} =}
S 1057 S 105 8 105 | g ol Gy
a8 a8 — Pl I o] o Claysittyclay
?’ = T Clay&siltyclay
11.5 .
11.5 11.5 | Clay&siltydlay
12 § 12+ 12 o Cay
12.5 12.5 12.5 \ Clay&siltyclay
137 4 13- 13 \ Clay
1354 K 13.5 13.5 Clay
14 14 & 14 — Gay&sﬂlyday
14.5 14.5 ( 14.5 \\ \ Clay
15 < 15 £ 15 \ \.z Clay&siltyday
15.5 15.5 15.5
< \ 2 Cay
168 % 168 = 5 \ i
: S : S~ : Clay&siltyd
17.5 17.5 17.5 \ Clay&siltyclay
18 C 18 18 | Clay&siltyclay
18.5 18.5 18.5 .
I
19 19 19 \\ gz&s tyclay
19.5 19.5- 19.5 % .
Clay&siltydl
20 Zo_ﬁ T T T 20 \ T 1T 71T IayI Ily'ayl LI
1 2 3 4 0 4 6 10 0 200 400 600 2 3 4 0 2 4 6 8 10 12 14 16 18
gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: No [ 2. Organic material [l 5 Sitysandtosandysitt [l 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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20 . . . . 20 . . . 20— T ———
0 50 100 150 200 0 2 4 6 8 10 02 0 02 04 06 08 1 1 2 3 4 0 2 4 6 8 10 12 14 16 18
Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: No [ 2. Organic material [l 5 Sitysandtosandysitt [l 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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13575 13.5 b 135 13.57%
14 14 14 14
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C
20 T 20 T T T T 20T 20 T T T T
10 20 30 40 50 60 70 80 1 2 3 4 0 50 100 150 200 012 3 456 7 8 910 0 50 100 150 200
qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 applied: Yes ; ; . N -
Earthquake magnitude M,,:  6.00 Unit weight calculation: ~ Based on SBT é(ljaypliie behavior applied:  Sands only D L'qL_'efaCt'o." and no lig. are equally likely |:| Low risk
Peak ground acceleration: ~ 0.32 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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:: Post-earthquake settlement due to soil liquefaction ::

Depth Jeinges FS ey (%) DF Settlement Depth Jein,es FS ey (%) DF Settlement
(m) (cm) (m) (cm)
1.00 30.34 2.00 0.00 1.00 0.00 1.02 30.40 2.00 0.00 1.00 0.00
1.04 30.20 2.00 0.00 1.00 0.00 1.06 29.16 2.00 0.00 1.00 0.00
1.08 28.45 2.00 0.00 1.00 0.00 1.10 27.92 2.00 0.00 1.00 0.00
1.12 28.04 2.00 0.00 1.00 0.00 1.14 27.67 2.00 0.00 1.00 0.00
1.16 27.09 2.00 0.00 1.00 0.00 1.18 25.80 2.00 0.00 1.00 0.00
1.20 24.62 2.00 0.00 1.00 0.00 1.22 24.49 2.00 0.00 1.00 0.00
1.24 24.69 2.00 0.00 1.00 0.00 1.26 25.02 2.00 0.00 1.00 0.00
1.28 24.51 2.00 0.00 1.00 0.00 1.30 22.29 2.00 0.00 1.00 0.00
1.32 21.96 2.00 0.00 1.00 0.00 1.34 22.32 2.00 0.00 1.00 0.00
1.36 22.40 2.00 0.00 1.00 0.00 1.38 22.81 2.00 0.00 1.00 0.00
1.40 23.30 2.00 0.00 1.00 0.00 1.42 23.43 2.00 0.00 1.00 0.00
1.44 23.85 2.00 0.00 1.00 0.00 1.46 23.52 2.00 0.00 1.00 0.00
1.48 24.70 2.00 0.00 1.00 0.00 1.50 25.33 2.00 0.00 1.00 0.00
1.52 25.13 2.00 0.00 1.00 0.00 1.54 25.89 2.00 0.00 1.00 0.00
1.56 27.37 2.00 0.00 1.00 0.00 1.58 28.09 2.00 0.00 1.00 0.00
1.60 27.73 2.00 0.00 1.00 0.00 1.62 27.63 2.00 0.00 1.00 0.00
1.64 27.26 2.00 0.00 1.00 0.00 1.66 27.21 2.00 0.00 1.00 0.00
1.68 27.44 2.00 0.00 1.00 0.00 1.70 27.57 2.00 0.00 1.00 0.00
1.72 28.55 2.00 0.00 1.00 0.00 1.74 28.44 2.00 0.00 1.00 0.00
1.76 29.28 2.00 0.00 1.00 0.00 1.78 30.74 2.00 0.00 1.00 0.00
1.80 31.25 2.00 0.00 1.00 0.00 1.82 31.33 2.00 0.00 1.00 0.00
1.84 30.41 2.00 0.00 1.00 0.00 1.86 29.95 2.00 0.00 1.00 0.00
1.88 29.95 2.00 0.00 1.00 0.00 1.90 29.20 2.00 0.00 1.00 0.00
1.92 29.12 2.00 0.00 1.00 0.00 1.94 29.40 2.00 0.00 1.00 0.00
1.96 29.52 2.00 0.00 1.00 0.00 1.98 30.14 2.00 0.00 1.00 0.00
2.00 30.30 2.00 0.00 1.00 0.00 2.02 29.66 2.00 0.00 1.00 0.00
2.04 30.04 2.00 0.00 1.00 0.00 2.06 30.32 2.00 0.00 1.00 0.00
2.08 29.61 2.00 0.00 1.00 0.00 2.10 29.82 2.00 0.00 1.00 0.00
2.12 29.82 2.00 0.00 1.00 0.00 2.14 30.24 2.00 0.00 1.00 0.00
2.16 29.65 2.00 0.00 1.00 0.00 2.18 29.23 2.00 0.00 1.00 0.00
2.20 28.68 2.00 0.00 1.00 0.00 2.22 28.51 2.00 0.00 1.00 0.00
2.24 28.71 2.00 0.00 1.00 0.00 2.26 29.12 2.00 0.00 1.00 0.00
2.28 29.24 2.00 0.00 1.00 0.00 2.30 28.85 2.00 0.00 1.00 0.00
2.32 28.92 2.00 0.00 1.00 0.00 2.34 28.04 2.00 0.00 1.00 0.00
2.36 28.04 2.00 0.00 1.00 0.00 2.38 28.74 2.00 0.00 1.00 0.00
2.40 28.77 2.00 0.00 1.00 0.00 2.42 29.76 2.00 0.00 1.00 0.00
2.44 30.00 2.00 0.00 1.00 0.00 2.46 30.92 2.00 0.00 1.00 0.00
2.48 31.57 2.00 0.00 1.00 0.00 2.50 31.41 2.00 0.00 1.00 0.00
2.52 31.66 2.00 0.00 1.00 0.00 2.54 31.40 2.00 0.00 1.00 0.00
2.56 31.73 2.00 0.00 1.00 0.00 2.58 31.27 2.00 0.00 1.00 0.00
2.60 31.56 2.00 0.00 1.00 0.00 2.62 32.15 2.00 0.00 1.00 0.00
2.64 3231 2.00 0.00 1.00 0.00 2.66 32.27 2.00 0.00 1.00 0.00
2.68 31.98 2.00 0.00 1.00 0.00 2.70 31.76 2.00 0.00 1.00 0.00
2.72 31.92 2.00 0.00 1.00 0.00 2.74 31.62 2.00 0.00 1.00 0.00
2.76 31.15 2.00 0.00 1.00 0.00 2.78 30.34 2.00 0.00 1.00 0.00
2.80 29.87 2.00 0.00 1.00 0.00 2.82 30.32 2.00 0.00 1.00 0.00
2.84 30.94 2.00 0.00 1.00 0.00 2.86 30.97 2.00 0.00 1.00 0.00
2.88 31.05 2.00 0.00 1.00 0.00 2.90 30.21 2.00 0.00 1.00 0.00
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Geotechnical Software

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 33 Via Donegallia - Bellaria Igea Marina (RN)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthqg.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: 20.00 m
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Normalized CPT penetration resistance
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o
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S
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4 __,.,--'/ L Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7] No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 33 Via Donegallia - Bellaria Igea Marina (RN)

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m

SBT Plot Soil Behaviour Type
STEMefegrand |
0.5
1
1.5 Clay
2
2.5 Clay&siltycl
3 S@Isad sgyd/silt
3.5 Clay&siltyclay
4 Clay
4.5 Clay&siltyclay
5 Clay
5.5 Clay
6 Clay
6.5 Clay&siltyclay
7 Clay&siltyclay
7.5
8 Clay
8.5
~ 9 Clay&siltyclay
E o5 Qay
S 10 Clay&siltyday
S 105 Clay
a Cay
11 Clay&siltydlay
11.5 Clay
12 Clay
a
Gy
Clay&siltyclay
Clay&siltyclay
Clay
Clay
Clay&siltyclay
Clay
Clay&siltyclay
Clay
Clay
Clay&siltyclay
Clay&siltyclay
Sltysand & sandysilt
| L L L L L
2 3 4 0 2 4 6 8 10 12 14 16 18
Ic(SBT) SBT (Robertson et al. 1986)
SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to
. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: Yes [ 2. Organic material [ 5 sSitty sand to sandy siit [ 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m B 3. Clay tossilty clay [] 6. Clean sand to silty sand [_] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.32 Use fill: No Limit depth applied: Yes . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qcliN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations
qe:

Ic:

FS:
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gt (MPa) Ic (Robertson 1990)

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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