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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : scptul
Input parameters and analysis data

Analysis method: Robertson (2009)  G.W.T. (in-situ): 2.60 m Use fill: No Clay like behavior
Fines correction method: Robertson (2009)  G.W.T. (earthq.): 1.00 m Fill height: N/A applied: All soils
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.14 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 20.00 m
Peak ground acceleration:  0.22 Unit weight calculation: Based on SBT K, applied: No MSF method: Method based
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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,
Qtn ,CS brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: scptul
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Input parameters and analysis data

Analysis method: Robertson (2009)
Fines correction method: Robertson (2009)
Points to test: Based on Ic value
Earthquake magnitude M,:  6.14

Peak ground acceleration: 0.22

Depth to water table (insitu): 2.60 m

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Depth to water table (erthg.): 1.00 m Fill weight: N/A
Average results interval: 5 Transition detect. applied:  Yes
Ic cut-off value: 2.60 K, applied: No
Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Use fill: No Limit depth applied: Yes
Fill height: N/A Limit depth: 20.00 m
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SBT (Robertson et al. 1986)
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: scptul

Norm. cone resistance
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Input parameters and analysis data
Analysis method: Robertson (2009)
Fines correction method: Robertson (2009)
Points to test: Based on Ic value

Earthquake magnitude M,:  6.14
Peak ground acceleration: 0.22
Depth to water table (insitu): 2.60 m

CPT basic interpretation plots (normalized)
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Depth to water table (erthq.):
Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:
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Fill weight:

Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:

Limit depth:
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Ic (Robertson 1990) SBTn (Robertson 1990)
SBTn legend
[l 1 Sensitive fine grained [JJ] 4. Clayey silt to silty [[] 7- Gravely sand to sand
. 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to
[l 3. Clay to silty clay [C] 6. Clean sand to silty sand [_] 9. Very stiff fine grained
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: scptul

Total cone resistance

Liquefaction analysis overall plots (intermediate results)
SBTn Index

Norm. cone resistance
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qt (MPa) Ic (Robertson 1990) Qtn Kc Qtn,cs
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.60 m Fill height: N/A Limit depth: 20.00 m
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This software is licensed to: CASTAGNETTI STEFANO CPT name: scptul

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction potential Vertical settlements Lateral displacements
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CRR & CSR Factor of safety LPI Settlement (cm) Displacement (cm)
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: Robertson (2009)  Depth to water table (erthg.): 1.00 m Fill weight: N/A B Aimost certain it will liquefy [l Very high risk
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes . Very likely to liquefy . High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K. applied: No Liquefaction and no lig. are equally likel .
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Cloay like behavior applied:  All soils [ q. - 9. qually Tikely [] Lowrisk
Peak ground acceleration:  0.22 Use fill: No Limit depth applied: Yes [ Unlike to liquefy
Depth to water table (insitu): 2.60 m Fill height: N/A Limit depth: 20.00 m . Almost certain it will not liquefy
CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 19/01/2023, 09:32:05 5

Project file: E:\Ufficio\Lavori\Microzonazione Fontanellato\liquefazione\MS3_fontanellato.clq



This software is licensed to: CASTAGNETTI STEFANO

CPT name: scptul

Liquefaction analysis summary plots
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Normalized friction ratio (%) Qtn,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.60 m Fill height: N/A Limit depth: 20.00 m
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This software is licensed to: CASTAGNETTI STEFANO CPT name: scptul

Check for strength loss plots (Robertson (2010))

Norm. cone resistance Grain char. factor Corrected norm. cone resistancs SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.60 m Fill height: N/A Limit depth: 20.00 m
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :

CPT file : cptu2
Input parameters and analysis data

Analysis method: Robertson (2009)  G.W.T. (in-situ): 1.50 m Use fill: No Clay like behavior
Fines correction method: Robertson (2009)  G.W.T. (earthq.): 1.00 m Fill height: N/A applied: All soils
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.14 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 20.00 m
Peak ground acceleration:  0.22 Unit weight calculation: Based on SBT K, applied: No 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
M,=7'/2, sigma'=1 atm base curve Summary of liquefaction potential
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Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone Ay Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: cptu2

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: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A SBT I d
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes egen
Points to test: Based on Icvalue  Ic cut-off value: 2.60 K, applied: No [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils . . o - -
Peak ground accelerationmzl 0.22 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . >- Sty sand to Sahdy silt . 8.' Very St!ff. sand to.
Depth to water table (insitu): 1.50 m Fill height: N/A Limit depth: 20.00 m B 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: CASTAGNETTI STEFANO CPT name: cptu2

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: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes n legen
Points to test: Based on Icvalue  Ic cut-off value: 2.60 K, applied: No [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils . . o - -
Peak ground acceleration: 0.2 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . >- Sty sand to saT\dy silt . 8.' Very St!ff. sand to.
Depth to water table (insitu): 1.50 m Fill height: N/A Limit depth: 20.00 m B 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: CASTAGNETTI STEFANO CPT name: cptu2

Liquefaction analysis overall plots (intermediate results)

Total cone resistance SBTn Index Norm. cone resistance Grain char. factor Corrected norm. cone resistanc
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qt (MPa) Ic (Robertson 1990) Qtn Kc
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.50 m Fill height: N/A Limit depth: 20.00 m
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: cptu2

CRR plot

Depth (m)

Depth (m)

CRR & CSR

Input parameters and analysis data

Analysis method: Robertson (2009)
Fines correction method: Robertson (2009)
Points to test: Based on Ic value

Earthquake magnitude M,:  6.14
Peak ground acceleration: 0.22
Depth to water table (insitu): 1.50 m

0 0.5

1

Liquefaction analysis overall plots
FS Plot

1.5

Factor of safety

Depth to water table (erthg.): 1.00 m

Average results interval:
Ic cut-off value:

Unit weight calculation:
Use fill:

Fill height:

5

2.60

Based on SBT
No

N/A

2

Liquefaction potential

Depth (m)
=

Fill weight:

Transition detect. applied:

K, applied:

Clay like behavior applied:

Limit depth applied:
Limit depth:

10 15

LPI

N/A

Yes

No

All soils
Yes
20.00 m

Depth (m)

20

Vertical settlements

Depth (m)

0 0.5 1 1.5
Settlement (cm)

F.S. color scheme

O
|
5]

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

Almost certain it will not liquefy

Lateral displacements

15 20
Displacement (cm)

LPI color scheme
[l Very high risk
[] Highrisk

[] Low risk
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: cptu2

Liquefaction analysis summary plots

0.8 1 1 1 1 1 1 1 1 1 1 1 1 . !
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) et _ I A (cptu2 (0.57))
] No Liquefaction [ b - Y o
N T (O e o e e B —— 0.0 T T T T T T T T T
0.1 . 1 . 10 0 20 40 60 80 100 120 140 160 180 200 0 2 3 4 5 6 7 10
Normalized friction ratio (%) Qtn,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.50 m Fill height: N/A Limit depth: 20.00 m
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: cptu2

Norm. cone resistance

Check for strength loss plots (Robertson (2010))
SBTn Index

Grain char. factor

Corrected norm. cone resistanc
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Qtn Qtn,cs Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.50 m Fill height: N/A Limit depth: 20.00 m
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :

CPT file : cptu3
Input parameters and analysis data

Analysis method: Robertson (2009)  G.W.T. (in-situ): 2.50 m Use fill: No Clay like behavior
Fines correction method: Robertson (2009)  G.W.T. (earthq.): 1.00 m Fill height: N/A applied: All soils
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.14 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 20.00 m
Peak ground acceleration:  0.20 Unit weight calculation: Based on SBT K, applied: No MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
0 0 = 7 0 I 0
1 1 1 =] 1 1 v 1
) : During earthq.
2 ( 2 a2 2 2
3 \ 3 "F,, 3 3 3
4 4 -\F 4 4 4
5 { 5 > 5 5 5
; g
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7 7 ' 7 7 j 7
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S u I& 114 11 11
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14 14 14 14
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16 L 16 16 16
17 S 174 17 17
18 $ 18 18 18
19 5 19 19 19
20 20 e 20 20 20
5 10 0 2 4 6 8 10 1 2 3 4 0 0.2 0.4 0.€ 0 0.5 1 1.5 2
gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
M,=7'/2, sigma'=1 atm base curve Summary of liquefaction potential
0.8 ! ! ! ! ! ! ! ! ! ! 1[000 ! ! [ N | ! ! | T I |

Liquefaction

0.5 /
/

Cyclic Stress Ratio* (CSR*)

100

Normalized CPT penetration resistance

’ / - 10
0.3 // L
0.2 // i
- cooom I !
: * oo - 0.1 T 10
0.1 r Normalized friction ratio (%)
:#""M [ Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
- No Liquefaction | Zone Ay Cyclic liquefaction and strength loss likely depending on loading and ground
7| H geometry
U o L S B B B S B 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,
Qtn ,CS brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: cptu3

Cone resistance
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Input parameters and analysis data

Analysis method: Robertson (2009)
Fines correction method: Robertson (2009)
Points to test: Based on Ic value

Earthquake magnitude M,:  6.14
Peak ground acceleration: 0.20
Depth to water table (insitu): 2.50 m

CPT basic interpretation plots

Friction Ratio
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Depth to water table (erthg.): 1.00 m

Average results interval:
Ic cut-off value:

Unit weight calculation:
Use fill:

Fill height:

5

2.60

Based on SBT
No

N/A

Pore pressure

Insitu
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185 1[ :
19 I
19.5 -
20 | £
0 200 400 600
u (kPa)
Fill weight: N/A
Transition detect. applied:  Yes
K, applied: No
Clay like behavior applied:  All soils
Limit depth applied: Yes
Limit depth: 20.00 m

Depth (m)

SBT Plot Soil Behaviour Type
00— —
0.5 0.5
14 1
1.5 1.5
2- 2
2.5- 2.5
3] 3
3.5- 3.5
4- 4 Clay
4.5 45
5- 5
5.5 5.5
6 6
6.5 6.5
74 7 iy
7.5 7.5 viay & 3*: clay
8- 8 Clay: & silty clay
el L % Sand & sity san
9.5 E 95 Silty sand & sandy silt
10+ £ 10 Cla
10.5- 3 10.5 Clay & sity dlay
114 1 A8y LSy
11.5- 115 Clay &silty clay
12- 12 Clay &silty clay
12.5- 125 Clay & silty clay
7 13 8%’& silty cla
13.5+ 13.5 -
14+ 14
145+ 145 Clay
154 15
15.5- 155 Clay: &silty-clay
16 16 Cla
16.54] 16.5
174 17 g
17.5+ 175 Clay &silty clay
18+ 18 Clay---
e 131-3 Clay & silty ¢l
1954 19.5 ' Clay -
20 20 e Glav &silty clay
1 2 3 4 01234567 8 9101112131415161718
Ic(SBT) SBT (Robertson et al. 1986)
SBT legend
[l 1 Sensitive fine grained [JJ] 4. Clayey silt to silty [[] 7- Gravely sand to sand
. 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to
[l 3. Clay to silty clay [C] 6. Clean sand to silty sand [_] 9. Very stiff fine grained
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This software is licensed to: CASTAGNETTI STEFANO CPT name: cptu3

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 15 g 15 4 15— 15 Clay
15.5 15.5 15.5 15.5] 15.5
16 16 i‘g 16 - 16- 16
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175 { 17,5 Fd 175 ; 17.54 175 Y .r-ty"ay
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes n legen
Points to test: Based on Icvalue  Ic cut-off value: 2.60 K, applied: No [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils . . o - -
Peak ground acceleration:  0.20 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . >- Sty sand to saT\dy silt . 8.' Very St!ff. sand to.
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m B 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: CASTAGNETTI STEFANO CPT name: cptu3

Liquefaction analysis overall plots (intermediate results)

Total cone resistance SBTn Index Norm. cone resistance Grain char. factor Corrected norm. cone resistanc
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qt (MPa) Ic (Robertson 1990) Qtn Kc Qtn,cs
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.20 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m
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This software is licensed to: CASTAGNETTI STEFANO CPT name: cptu3

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction potential Vertical settlements Lateral displacements
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CRR & CSR Factor of safety LPI Settlement (cm) Displacement (cm)
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: Robertson (2009)  Depth to water table (erthg.): 1.00 m Fill weight: N/A Bl Amost certain it will liquefy [l Very high risk
Fines correction method: Robe(lj*tson (20(79) Average ffrestIJIts interval: 5 Transitlior:]| detect. applied:  Yes . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K applied: No : N . : .
Earthquake magnitude M,: ~ 6.14 Unit weight calculation: Based on SBT  Clay like behavior applied: Al soils [ Luefaction and no liq. are equally kely - [T Low risk
Peak ground acceleration:  0.20 Use fill: No Limit depth applied: Yes [ unlike to liquefy
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m . Almost certain it will not liquefy
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: cptu3

Liquefaction analysis summary plots
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Normalized friction ratio (%) Qtn,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.20 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m
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CPT name: cptu3

Norm. cone resistance
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Input parameters and analysis data

Analysis method: Robertson (2009)
Fines correction method: Robertson (2009)
Points to test: Based on Ic value
Earthquake magnitude M,:  6.14

Peak ground acceleration: 0.20

Depth to water table (insitu): 2.50 m

Check for strength loss plots (Robertson (2010))

Grain char. factor
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S

T
012 3 456 7 8910

Kc

Depth to water table (erthg.): 1.00 m

Average results interval:
Ic cut-off value:

Unit weight calculation:
Use fill:

Fill height:
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Fill weight:

Transition detect. applied:

K, applied:

Clay like behavior applied:

Limit depth applied:
Limit depth:

N/A

Yes

No

All soils
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20.00 m

Depth (m)

SBTn Index Liquefied Su/Sig'v

Depth (m)
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :

CPT file : scptu4
Input parameters and analysis data

Analysis method: Robertson (2009)  G.W.T. (in-situ): 2.50 m Use fill: No Clay like behavior
Fines correction method: Robertson (2009)  G.W.T. (earthq.): 1.00 m Fill height: N/A applied: All soils
Points to test: Based on Ic value  Average results interval: 5 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.14 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 20.00 m
Peak ground acceleration:  0.22 Unit weight calculation: Based on SBT K, applied: No MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
05 0 0 == 0 O Rk
! E. 1 I : 1 1 I\ Duringveartt q 1
2 / 2 ’ 2 2 : 2
3 3 3 3 3
4 4 et 4 4 4
5% 5 . 5 5 5
6% 6 6 6 6
7 7 7 7 7
8 8 8 8 8
9 9 S 9 9 9
10 % 10 10
- 11 11 11
ELLN s
p 12 12 12
8 13 13 = = 13 =
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> G
25 2515 T T T T 25T 25 T T 25
5 10 0 2 4 6 8 10 1 2 3 4 0 0.2 0.4 0.€ 0 0.5 1 1.5 2
gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety

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

0.8 L
Liquefaction 3

0.5 / E
/o
0.3 / :_
0.2 // i

0.1 Lo

N

Cyclic Stress Ratio* (CSR*)

N\

N

No Liquefaction:

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

Summary of liquefaction potential
1 1 1 1111l 1 1 1 [ |

1,000

100

10

Normalized CPT penetration resistance

0.1 10

1
Normalized friction ratio (%)

Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone Ay Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: scptu4

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:

Robertson (2009)
Robertson (2009)
Based on Ic value
6.14
0.22

Depth to water table (insitu): 2.50 m

Friction Ratio

CPT basic interpretation plots
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Depth to water table (erthq.):

Average results interval:
Ic cut-off value:

Unit weight calculation:
Use fill:

Fill height:

1.00 m
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Pore pressure
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u (kPa)
Fill weight:
Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A

Yes

No

All soils
Yes
20.00 m

Depth (m)

SBT Plot Soil Behaviour Type
0- Clay & sifty clay
14 1
2- 2
3- 3 2y
4- 4
54 5
6- 6 lay & silty cl
. , Cly & St o8
8- 8 Clay
9- 9
Clay:& silty cla
10+ 10 Glay
114 1
12 E Clay
S
134 % 13 C'la v
y & silty clay
14 y Clay &silty clay
154 15
16 16 Clay
174 17
Clay:& silty cla
18 18 lay & I%I*cla%
19- 19 : Clay
- ] Clay & silty cla
» " — 2SIy 68
1 2 . Clay
22- 2 Clay & silty clay
pa?&sil%qla)
: E
24+ 24 E
, ,57 ity clay
B S 117 VIR S

01234567 8 9101112131415161718
SBT (Robertson et al. 1986)

1

2 3 4
Ic(SBT)

SBT legend

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

[l 3. Clay to silty clay [C] 6. Clean sand to silty sand [_] 9. Very stiff fine grained
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This software is licensed to: CASTAGNETTI STEFANO CPT name: scptu4

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
0-""&. 0 —— 0 , Clay & sifty cfay
1 1 : 1 1 — Clay . .L .
13 i . , , Clay & silty cla
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\ P4 Clay =
1734 ° - T 3% 6 lay &silty cla
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8 8 8 f 8 Clay
9 9 9 9
0] 10 10 } 10 Clay & silty cla
-
1 { 1 P _u f . _u Clay
E ‘ E — E E £
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s | £ £ £ £ Otaanic soi
813 g 13 z g 13 & 8 13 rganic soil
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e » =
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24 24 24 Al
‘ H = 24 A
0 50 100 150 20( 0 2 4 6 8 10 02 0 02 04 06 08 1 1 2 3 4 012345678 9101112131415161718
Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes n legen
Points to test: Based on Icvalue  Ic cut-off value: 2.60 K, applied: No [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils . . o - -
Peak ground accelerationmzl 0.22 Use fill: No Limit depth applied: Yes . 2. Organic r.naterlal . >- Silty sand to saT\dy silt . 8.' Very St!ff. sand to.
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m B 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: CASTAGNETTI STEFANO CPT name: scptu4

Liquefaction analysis overall plots (intermediate results)

Total cone resistance SBTn Index Norm. cone resistance Grain char. factor Corrected norm. cone resistance
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qt (MPa) Ic (Robertson 1990) Qtn Kc Qtn,cs
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: scptu4

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction potential Vertical settlements Lateral displacements
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0 0.2 0.4 0.€ 0 0.5 1 1.5 2 0 5 10 15 20 0 0.001 0.001 0.002 0.002 0.003 0 0.5 1 1.5 2
CRR & CSR Factor of safety LPI Settlement (cm) Displacement (cm)
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: Robertson (2009)  Depth to water table (erthg.): 1.00 m Fill weight: N/A B Aimost certain it will liquefy [l Very high risk
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K. applied: No Liquefaction and no lig. are equally likel .
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clcé\y like behavior applied: ~ All soils 0 q. - o quatly tikely D Low risk
Peak ground acceleration:  0.22 Use fill: No Limit depth applied: Yes [ Unlike to liquefy
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m . Almost certain it will not liquefy
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: scptu4

Liquefaction analysis summary plots
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Normalized friction ratio (%) Qtn,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: scptu4

Norm. cone resistance

Check for strength loss plots (Robertson (2010))
SBTn Index

Grain char. factor

Corrected norm. cone resistanc
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Qtn Kc Qtn,cs Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m
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Project title :
CPT file : cptu5

Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M, :
Peak ground acceleration:

Cone resistance

Robertson (2009)
Robertson (2009)
Based on Ic value
6.14
0.22

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

Unit weight calculation:

Friction Ratio
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M,=7/2, sigma’
1 1 1

=1 atm base curve

Location :

Based on SBT

Use fill: No Clay like behavior
Fill height: N/A applied: All soils
Fill weight: N/A Limit depth applied: Yes
Trans. detect. applied: Yes Limit depth: 20.00 m
K, applied: No MSF method: Method based
SBTn Plot CRR plot FS Plot
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Summary of liquefaction potential
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:____,.,-""""'-H i : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
- | Zone Ay Cyclic liquefaction and strength loss likely depending on loading and ground
0 7| geometry
R L L L Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
Qtn ,CS brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: CASTAGNETTI STEFANO CPT name: cptu5

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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qt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A SBT I d
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes egen
Points to test: Based on Icvalue  Ic cut-off value: 2.60 K, applied: No [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M :  6.14 Unit weight calculation: Based on SBT Clay like behavior applied:  All soils . X . . .
Peak ground acceleration: 0.2 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . >. Silty sand to saT\dy silt . 8.' Very St!ff. sand to.
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m B 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: CASTAGNETTI STEFANO CPT name: cptu5

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: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes n legen
Points to test: Based on Icvalue  Ic cut-off value: 2.60 K, applied: No [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils . . o - -
Peak ground accelerationmzl 0.22 Use fill: No Limit depth applied: Yes . 2. Organic r.naterlal . >- Sty sand to saT\dy silt . 8-' Very St!ff- sand to.
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m B 3. Clay tossilty clay [0 6. Clean sand tosilty sand [] 9. Very stiff fine grained
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CPT name: cptu5

Liquefaction analysis overall plots (intermediate results)
SBTn Index

Total cone resistance

Norm. cone resistance

Grain char. factor

Corrected norm. cone resistanc
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qt (MPa) Ic (Robertson 1990) Qtn Kc Qtn,cs
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m
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CPT name: cptu5

CRR plot
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Input parameters and analysis data

Analysis method: Robertson (2009)
Fines correction method: Robertson (2009)
Points to test: Based on Ic value
Earthquake magnitude M,:  6.14

Peak ground acceleration: 0.22

Depth to water table (insitu): 2.50 m

Depth (m)

0 0.5

1

Liquefaction analysis overall plots
FS Plot
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This software is licensed to: CASTAGNETTI STEFANO

CPT name: cptu5

Liquefaction analysis summary plots

0.8 1 1 1 1 1 1 1 1 1 1 1 1 . !
1 Liqlhefaci ion L 12.0 gnaIVSIS PGA: 0.22
] - ] g- B
4 I o
0.7 ) | 11.0 g
] I 7 a -
E 3 10.0
g 0.6 / TE A -
tc) T I ~ 9.0
2 ] r T
i) o b . ] B
a . 9]
o % 05 - & 80 i:
5 S ] / T 3 5 -
g 5 [ 5 70 o5 2
40-3 ?B' 1 I o | él !l A 2 / |
c £ 04 e c "
8_ @ 4 | E 6.0 = - B .-EE{-:“‘I':':'{ i IF
= o . @ i ¥ - §300gal . »
o = J F S ; L o o
3 S 5] / - 2 50 -~ S :
o] L = ol =
8 g °37 / o %g -
© O i ] -3
g ] i g 4.0 & E ; o)
2 0.2- / SR . B
= / - |'E 3.0 : . -
] «*oﬂn oo of . -
] B 2.0 P
o / » I ) ] .:-'/' y -
] [ 10 -
el . T L optus (1.12)
_ No Liquefaction | ] e T -
[ —— T 0 0.0 : : : : — : :
0.1 . 1 . 10 0 20 40 60 80 100 120 140 160 180 200 0 2 3 4 5 6 7 10
Normalized friction ratio (%) Qtn,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m
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Norm. cone resistance

Check for strength loss plots (Robertson (2010))
SBTn Index

Grain char. factor

Corrected norm. cone resistanc
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Input parameters and analysis data
Analysis method: Robertson (2009) Depth to water table (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 5 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,:  6.14 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: 20.00 m
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