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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT415A
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.05 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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This software is licensed to: LDE Ltd

CPT name: CPT415A
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:
Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.05
Depth to water table (insitu): 1.00 m
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CPT basic interpretation plots
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This software is licensed to: LDE Ltd

CPT name: CPT415A

CPT basic interpretation plots (normalized)
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
H : . o ied: . . A
Points to test: Based on Ic value Ic cut-off value 2.60 K, applied Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.05 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT415A

Norm. cone resistance

Apparent fines content

Liquefaction analysis overall plots (intermediate results)
SBTn Index

"Fines" adjustment

Corrected norm. cone resistanc
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.05 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT415A

Liquefaction analysis overall plots

CRR plot FS Plot
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Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m

Fines correction method: B&I (2014) Average results interval: 3

Points to test: Based on Ic value Ic cut-off value: 2.60
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT
Peak ground acceleration: 0.05 Use fill: No

Depth to water table (insitu): 1.00 m Fill height: N/A
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This software is licensed to: LDE Ltd

CPT name: CPT415A

Liquefaction analysis summary plots
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.05 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed

to: LDE Ltd

CPT name: CPT415A

Norm. cone resistance

Check for strength

Residual strength correction

loss plots (Idriss & Boulanger (2008))
SBTn Index

Corrected norm. cone resistanc
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.05 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:49:52 pm 387

Project file: C:\Users\j.mattocks\OneDrive - Land Development And Engineering LTD\Desktop\J01627-Specialist Software Models-SLS Liquefaction CPT File-285833 (ID 285833).clq



This software is licensed to: LDE Ltd CPT name: CPT415A

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.
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Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 1583
I. maximum check value: 3.00 Total points excluded: 80
I. change ratio value: 0.0100 Exclusion percentage: 5.05%
Minimum number of points in layer: 4 Number of layers detected: 11
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This software is licensed to: LDE Ltd

CPT name: CPT415A

Estimation of post-earthquake settlements

Cone resistance
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Abbreviations

G: Total cone resistance (cone resistance g.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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This software is licensed to: LDE Ltd

CPT name: CPT415A

Corrected norm. cone resist:
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APPENDIX 7.3
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Lander Geotechnical Consultants Limited
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Project title :
Location :

Overall vertical settlements report
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Overall Liquefaction Severity Number report
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CLig v.3.5.2.10 - CPT Liquefaction Assessment Software
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTO1
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M, :  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: LDE Ltd

CPT name: CPTO1

CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m

SBT Plot
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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: LDE Ltd

CPT name: CPTO1

Norm. cone resistance
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Input parameters and analysis data
Analysis method: B&I (2014)
Fines correction method: B&I (2014)

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

Based on Ic value
6.50
0.19

Depth to water table (insitu): 1.00 m
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Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
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Fill weight: N/A
Transition detect. applied:  Yes
K, applied: Yes
Clay like behavior applied: ~ Sands only
Limit depth applied: Yes
Limit depth: 10.00 m

SBTn 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:

LDE Ltd

CPT name: CPTO1

Norm. cone resistance

Liquefaction analysis overall plots (intermediate results)
SBTn Index
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"Fines" adjustment
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qciN Ic (Robertson 1990) FC (%) Delta gc1N qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPTO01

CRR plot
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Fines correction method:
Points to test:
Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19
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This software is licensed to: LDE Ltd

CPT name: CPTO1

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPTO1

Check for strength loss plots (Idriss & Boulanger (2008))
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qciN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPTO01

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 906
I. maximum check value: 3.00 Total points excluded: 46
I. change ratio value: 0.0100 Exclusion percentage: 5.08%
Minimum number of points in layer: 4 Number of layers detected: 5
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This software is licensed to: LDE Ltd

CPT name: CPTO1

Estimation

of post-earthquake

settlements

Cone resistance SBTn Plot FS Plot Strain plot
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Abbreviations
G: Total cone resistance (cone resistance g.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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This software is licensed to: LDE Ltd CPT name: CPTO01

Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
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Lander Geotechnical Consultants Limited
EE Level 3, 3 Osterley Way
- PO Box97 385, Manukau, Auckland 2241
B = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPT02
Input parameters and analysis data

T T T TTT] Mty |
AR« DATRRINE i

Location :

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior

Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay

Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes

Earthquake magnitude M, :  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m

Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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This software is licensed to: LDE Ltd

CPT name: CPT02

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: BRI (2014) Average results interval: 3 Transition detect. applied: ~ Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m

SBT Plot Soil Behaviour Type
0 Sysands Sandy Sit |
1 ! ganic soil
[ 3 sﬁ{y clay
2 'I . .
r[a%mc SQil .
3 Sensitive-fine grai
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° Cl
a
6 y
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10 Clay
g lay & silty clay
12
=3 Clay
] 13 Clay &silty-cl
14 Clay .
Clay& silty clay
15 o
16 ay X
. Clay:& silty cla
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Clay
19
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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: LDE Ltd CPT name: CPT02

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 (%) Bqg Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT02

Norm. cone resistance

Liquefaction analysis overall plots (intermediate results)
SBTn Index

Apparent fines content

"Fines" adjustment

Corrected norm. cone resistanci
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qciN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT02

CRR plot

FS Plot

Liquefaction analysis overall plots
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:
Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19
Depth to water table (insitu): 1.00 m

B&I (2014)
B&I (2014)

Based on Ic value

Depth (m)

0.5
Factor of safety

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:

Unit weight calculation:
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Fill weight: N/A
Transition detect. applied:  Yes

K, applied: Yes

Clay like behavior applied: ~ Sand & Clay
Limit depth applied: Yes

Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT02

Liquefaction analysis summary plots
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT02

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

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A

Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes

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

Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay

Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes

Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT02

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
0 0 Sifty sand & sandy Sit
1 . Clﬁy |
i ay |
2 8|<l¥ i B
Serisitive fine grained
3 Clay i
Clay & silty clay
4
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6
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¢ Clay
8 Clay-& silty-clay
Organic soil | ~
9
10 Clay
—_ —_ ic soil
€ g1 %l%a& Sﬁ@.ﬂay
= pappS rganic soil
=3 =3 Clay i 1
8 8 13 QOrganic soil
Organic soil
14
15 6ia y
16
17 Organic soil
Organic soil
18
19 (JIQ y
20 20
21 21 Clay & silty clay
Clay & silty clay
22 22
2 . Clay
lay & silty cla
2 s . EEE. 1
1 2 3 4 0 123456 7 8 9 1011 12131415 16 17 18
Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 2425
I. maximum check value: 3.00 Total points excluded: 111
I. change ratio value: 0.0100 Exclusion percentage: 4.58%
Minimum number of points in layer: 4 Number of layers detected: 13
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This software is licensed to: LDE Ltd

CPT name: CPT02

Cone resistance

Estimation of post-earthquake settlements

SBTn Plot

FS Plot

Strain plot

Vertical settlements
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qt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
G: Total cone resistance (cone resistance g.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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This software is licensed to: LDE Ltd CPT name: CPT02

Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Liq. ejecta demand
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Lander Geotechnical Consultants Limited

EE“E anicEsIws 4 ﬁ-, Level 3, 3 Osterley Way
L Gaiiiiiis o PO Box 97 385, Manukau, Auckland 2241

W ®m = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT03
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M, :  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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qclN,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: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTI d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT name: CPT03

Norm. cone resistance
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Input parameters and analysis data

Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,,;: ~ 6.50

Peak ground acceleration: 0.19

Depth to water table (insitu): 1.00 m

0_

CPT basic interpretation plots (normalized)

Norm. friction ratio
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Unit weight calculation:
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SBTn legend
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Norm. cone resistance

Liquefaction analysis overall plots (intermediate results)
SBTn Index

Apparent fines content

"Fines" adjustment

Corrected norm. cone resistanc
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qciN Ic (Robertson 1990) FC (%) Delta gc1N qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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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: B&I (2014) Depth to GWT (erthq.):  1.00 m Fill weight: N/A Bl Amost certain it will liquefy [l Very high risk
Fines correction method: B&I (dZOl4I) | ?vere;geﬁrestlilts interval: ; 6 'IK'ransitliorcll detect. applied: \;es . Very likely to liquefy D High risk
Points to test: Based on Ic value C cut-off value: . applied: es ; ; : ; .
Earthquake magnitude M,;: ~ 6.50 Unit weight calculation: ~ Based on SBT cré]ypﬁ(e behavior applied: ~ Sand & Clay ] L'ql_’efaCt'?” and no lig. are equally likely [] Lowrisk
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes [ Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . Almost certain it will not liquefy
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CPT name: CPT03

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
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qciN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 754
I. maximum check value: 3.00 Total points excluded: 88
I. change ratio value: 0.0100 Exclusion percentage: 11.67%
Minimum number of points in layer: 4 Number of layers detected: 9
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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
G: Total cone resistance (cone resistance g.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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Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Liq. ejecta demand
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTO3A
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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This software is licensed to: LDE Ltd

CPT name: CPT03A

Cone resistance
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Input parameters and analysis data

Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,,;: ~ 6.50

Peak ground acceleration: 0.19

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

Transition detect. applied:

K, applied:

Clay like behavior applied:

Limit depth applied:
Limit depth:
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This software is licensed to: LDE Ltd

CPT name: CPT03A

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:

B&I (2014)

B&I (2014)

Based on Ic value
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0.19

Depth to water table (insitu): 1.00 m
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CPT basic interpretation plots (normalized)
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Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:

Unit weight calculation:
Use fill:

Fill height:
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K, applied:
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This software is licensed to: LDE Ltd

CPT name: CPT03A

Norm. cone resistance

Liquefaction analysis overall plots (intermediate results)
SBTn Index

Apparent fines content

"Fines" adjustment

Corrected norm. cone resistanc
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPTO3A
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: B&I (2014) Depth to GWT (erthq.):  1.00 m Fill weight: N/A Bl Amost certain it will liquefy [l Very high risk
Fines correction method: B&I (dZOl4I) | ?vere;geﬁrestlilts interval: ; 6 'IK'ransitliorcll detect. applied: \;es . Very likely to liquefy D High risk
Points to test: Based on Ic value C cut-off value: . applied: es ; ; : ; .
Earthquake magnitude M,;: ~ 6.50 Unit weight calculation: ~ Based on SBT cré]ypﬁ(e behavior applied: ~ Sand & Clay ] L'ql_’efaCt'?” and no lig. are equally likely [] Lowrisk
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes [ Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . Almost certain it will not liquefy
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This software is licensed to: LDE Ltd

CPT name: CPT03A

Liquefaction analysis summary plots

0.8 1 1 1 1 1 1 1 1 1 1 1 . !
1 Liq'E'efaci ion L 12.0 AnalySIS PGA: 0.19
] L S
L ] o B
0.7 | 110 =
1 ] O _
J - o
J - 10.0
© 0.6 : 3 1 -
2 ] ~ 9.0
IS 1 T
R o ] oo ] B
0 - ()
Q 4 - > 80
“ n 0.5 !
< S 7 L2 2 Mox, oo n _
8 . - L2, ¥ fH ow2000al  F
° el 1 S 7/ o b A AR
5 5 ] : R : z :
] © K - x 1 _'f "h —
c X 04 a = H
8 %) 4 © 6.0
g ] 5 :
& =} i <t : g : _
© I £ 50 =
E S 031 G i =
s S ] 8 40
£ 1 g " T o
= 0.2 z | = i
2 £ 30
1 2.0
0.1 : 1 -2 B
b [ 10 .
] No Liquefaction | . L -
0+ S E LA e 0.0 T T T T T T T T T
0.1 . 1. . 0 20 40 60 80 100 120 140 160 180 200 0 2 3 4 5 6 7 8 10
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT03A

Check for strength loss plots (Idriss & Boulanger (2008))
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT03A

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
0 g - ensitive fine grained
I —— Silty sand & sandy silt
' ' &silty clay: .
0.6 ﬁys En(} & sandy silt
0.8 !
1 ;
| il
> ay & silty clay
L4 iity sand & sandy silt
16 lay & silty cla
1.2 ilty sand & sandy sl
ity sand & sandy silt
22 B gy s
24 i rganic soil
2.6 :
2.8
3
3.2
~ ~ 34
E E s Clay
e °
= = 3.8
o] o 4
a a
4.2
44 :
46 Clay & silty clay
4.8
5
5.2
5.4 ay &silty-clay
5.6
5.8
6 bt
ilty sand & sandy silt
6.2 ity sand & sandy silt
6.4 :
6.6 Clay SIJI;y_an,
° Ity sgnd & sandy s
/sand & sandy silt
7.2 ! @9% sfrty o
74 e Sand R sity sand
1 2 3 4 0123456 7 8 9 10111213 14 15 16 17 18
Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 752
I. maximum check value: 3.00 Total points excluded: 114
I. change ratio value: 0.0100 Exclusion percentage: 15.16%
Minimum number of points in layer: 4 Number of layers detected: 14
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Soil Behaviour Type Index
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Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Liq. ejecta demand
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Lander Geotechnical Consultants Limited

EE INNICEBILIE _" " -ﬁ:‘.‘ Level 3,3 Osterley Way
ALULRIFITRRNLE ]

MW ® = www.landergeotechnical.co.nz

iy P O Box 97 385, Manukau, Auckland 2241

LIQUEFACTION ANALYSIS REPORT

Project title : Location :

CPT file : CPT04A
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 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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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 grounc
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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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m

SBT Plot Soil Behaviour Type
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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

CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:16:45 pm

42

Project file: C:\Users\j.mattocks\OneDrive - Land Development And Engineering LTD\Desktop\J01627-Specialist Software Models-Liquefaction CPT File-281339 (ID 281339).clq
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CPT name: CPT04A

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 (%) Bqg Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT name: CPT04A

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: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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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: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy [l Very high risk
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes . Very likely to liquefy D High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefaction and no lig. are equally likel .
Earthquake magnitude M,; ~ 6.50 Unit weight calculation: ~ Based on SBT  Clay like behavior applied: ~ Sand & Clay [ , _ q qually Tikely [] Low risk
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes [ Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . Almost certain it will not liquefy
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CPT name: CPT04A

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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Norm. cone resistance

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

Residual strength correction

Corrected norm. cone resistanc

SBTn Index
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.
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Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 2994
I. maximum check value: 3.00 Total points excluded: 103
I. change ratio value: 0.0100 Exclusion percentage: 3.44%
Minimum number of points in layer: 4 Number of layers detected: 11
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This software is licensed to: LDE Ltd

CPT name: CPT04A

Cone resistance

Estimation of post-earthquake settlements

SBTn Plot
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Abbreviations
G: Total cone resistance (cone resistance g.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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This software is licensed to: LDE Ltd

CPT name: CPT04A

Ejecta Severity Estimation

Corrected norm. cone resista _ziBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
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Lander Geotechnical Consultants Limited

EE InnIcERIwE o 'ﬁ‘?, Level 3, 3 Osterley Way
COCLERRREARERE 0 PO Box 97 385, Manukau, Auckland 2241
MW ® = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTO5
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 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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qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: LDE Ltd CPT name: CPT05

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: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A

Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes SBT legend

Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand

Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only 2 : il 5. Silty sand to sandy silt 8. Very stiff sand to

Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . - Organic r.natena . - Silty ) e . : Very ' . )

Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT05

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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SBTn legend
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. 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: LDE Ltd CPT name: CPT05

Liquefaction analysis overall plots (intermediate results)
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qciN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT05

CRR plot
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Input parameters and analysis data
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Liquefaction analysis overall plots
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This software is licensed to: LDE Ltd

CPT name: CPT05

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT05

Norm. cone resistance
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Input parameters and analysis data
Analysis method: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value

Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19
Depth to water table (insitu): 1.00 m
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Depth to GWT (erthg.): 1.00 m

Average results interval: 3

Ic cut-off value: 2.60

Unit weight calculation: ~ Based on SBT

Use fill: No

Fill height: N/A

loss plots (Idriss & Boulanger (2008))
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This software is licensed to: LDE Ltd CPT name: CPT05

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
0 Sensiiive ine grained
Clay & silty. cla
0.5 silty clay
Ceg/é silﬁ/c a
1 C ﬂ]/ﬁ g|: y clal
1.5 (‘I"\Jl si y-clay
2
3
3.5
lay 8 084%0 lay , |
i andy silt
4 i C‘@yy%a& ty clay ~
45 ilty-sand & sa \lsi,l%
ity sand & sandy si
5 apd & silty.sand
- —~ 55 Silty sand & sandy silt
E E —— Sil%/rsind & sandy S:Ff
S £ 6 ity s: Nnag & Saf dy i
2 2 B N oot
o o 65 B |-l?,’S,.."." &-Sal “‘\JI I'"%
, E— Clay & silty clay
Cl silty cla
75 Silaysa_n, )é saydv silt
Clay & silty cla
8 Cla Y 51|t¥l a\
o Glay & iy iy
. Clay & silty cla
] and & silty sand
95 - llty sand & sandy silt
: , ity sand & sandy silt;
10 lay & silty clay
B
s+
, = Silty sand & sandy silt
115 Very densefstiff soil -~
12 ~Very dej oo
1 2 3 4 0123 456 7 8 9 10111213 14 1516 17 18
Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 1204
I. maximum check value: 3.00 Total points excluded: 240
I. change ratio value: 0.0100 Exclusion percentage: 19.93%
Minimum number of points in layer: 4 Number of layers detected: 32
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This software is licensed to: LDE Ltd CPT name: CPT05

Estimation of post-earthquake settlements
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Abbreviations
G: Total cone resistance (cone resistance g.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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This software is licensed to: LDE Ltd

CPT name: CPT05

Ejecta Severity Estimation

Corrected norm. cone resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
0 0 0 0 — — 0 —_— 0 === —==—==============
§ 1\ — ovo (EQ) — hexc — LD: 0.00
0.5 0541 0.5 0.5 - Ecc)g (EQ) | 0.5 - EX0=0 1 — CR:2.95
— EQu -
1 1 EIIA ; 1 1 \ 1 \\ 2 Fjerfa S e\zerjty
< \ . \h O None |
1.5 15475~ x """ 1.5 1.5 \ 1.5 \ 3
2.5 2.5 (, 2.5 2.5 ] \ 2.5 5
3 3 3 344 \ 3 \ 6
3.5 3.5 3.5 3.5 3.5 \ 7
4 4 4 £ 4 ]£1 4 8
4.5 4.5 J 4.5 \ 4.5 \ 9
5 5 5 5 \ 10
g 5.5 E 5.5 i E g 5.5 E E 11 I
S5 6 = 6 S S 6 = s 12
Q. o Q. Q. o Q.
o) ) g [) o) ) [) I
O 65 O 65 a 0 65 a 0 13
7 7 é P R P orrr e 7 14 I
7.5 7.5 g 7.5 7.5 " 15
8 8 8 : L : 8 : 16
4<$
8.5 8.5 8.5 8.5 8.5
_I_ ‘ 17
9 9 P 9 9 9 S 18
> S \
10 10 r- 10 10 1\ 10 ‘\ 20
. 10.5 } 10.5 10.5 \ 10.5 21 |
1 1 11 \ 1 22 |
. 11.5 z 11.5 11.5 11.5 23
: : R Rt e 12 124 . . . . 24 |
0 200 1 2 3 4 0 05 1 1.5 2 0 100 200 2 4 6 8 10 1 2
Qtn,cs Ic (Robertson 1990) Factor of safety Stresses (kPa) hexc (m) LD (kN/m)
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Lander Geotechnical Consultants Limited
Level 3, 3 Osterley Way
P O Box 97 385, Manukau, Auckland 2241

MW ® = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPT06

Input parameters and analysis data

Location :

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 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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M,=7'/2, sigma'=1 atm base curve Summary of liquefaction potential
0.8 ! ! ! ! ! ! ! ! ! ! 1[000 ! ! [ ! ! [ N I |
] Liquefaction ’ 3
0.7 [ 3
i [
] -8
4 - (2]
i i 'g
06 ] - c 100
—~ i - kel 7
* 4 -+ -
% o r £
O 05 - © .
= 4 - c _
£ 1 L g
B ] - =
2 04 S
w / L S 10
2 ] / S
) =
0 i 3 ©
o 03 L g
S / L5
@] 4 / | =
0.2 * i
] XN // L 1
] Py - 0.1 . 1. . 10
0.1 r Normalized friction ratio (%)
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qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry

CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:16:47 pm
Project file: C:\Users\j.mattocks\OneDrive - Land Development And Engineering LTD\Desktop\J01627-Specialist Software Models-Liquefaction CPT File-281339 (ID 281339).clq

61



This software is licensed to: LDE Ltd

CPT name: CPT06

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure
0 T—— 0
! h 4
1 . 1: Insitu
2 _ 2
3 34
e = 4
5
ity
St
8-
9 N
1043
11
12+
13
E E Eu E
S S £ 15 S
Q. o o Q.
[0 (0] (0] 16 [0
a a a \ a
184 18 Y
19 19 1 &
20 20 [
21 5 21 ]
22 22 1
23 é 23 [ -
24 24
25 i\ 25 X\ l
26 { 26 [
28 28 _}c_——ﬂ;
29 < 29 1 __L‘_>.
30 30 — T ; T 30
0 5 10 15 0 2 4 6 8 10 0 500 1,000
qt (MPa) Rf (%) u (kPa)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m

SBT Plot Soil Behaviour Type
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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: LDE Ltd

CPT name: CPT06

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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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: LDE Ltd

CPT name: CPT06

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qciN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT06

CRR plot

Liquefaction analysis overall plots
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Input parameters and analysis data

Analysis method:

Fines correction method:
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Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19
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This software is licensed to: LDE Ltd

CPT name: CPT06

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT06

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

Norm. cone resistance Residual strength correction Corrected norm. cone resistancs SBTn Index
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qciN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT06

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 2994
I. maximum check value: 3.00 Total points excluded: 118
I. change ratio value: 0.0100 Exclusion percentage: 3.94%
Minimum number of points in layer: 4 Number of layers detected: 14
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This software is licensed to: LDE Ltd

CPT name: CPT06

Cone resistance
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Estimation of post-earthquake settlements
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Abbreviations
G: Total cone resistance (cone resistance g.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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This software is licensed to: LDE Ltd CPT name: CPT06

Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Liq. ejecta demand
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Lander Geotechnical Consultants Limited

EE InnIcERIwE o 'ﬁ‘?, Level 3, 3 Osterley Way
COCLERRREARERE 0 PO Box 97 385, Manukau, Auckland 2241
MW ® = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTO7
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 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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qclN,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: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTI d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.naterlal . 5. Silty sand to saT\dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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) SBTh (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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 resistanc
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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CPT name: CPT07

CRR plot
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Input parameters and analysis data

Analysis method:

Fines correction method:
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Liquefaction analysis overall plots
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Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 1416
I. maximum check value: 3.00 Total points excluded: 222
I. change ratio value: 0.0100 Exclusion percentage: 15.68%
Minimum number of points in layer: 4 Number of layers detected: 23
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations

G: Total cone resistance (cone resistance g.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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Ejecta Severity Estimation

Corrected norm. cone resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
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LIQUEFACTION ANALYSIS REPORT

f—'u?

Project title : Location :
CPT file : CPT08
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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=" I Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
No Liquefac'tion | Zone Ay: Cyclic liquefaction and strength loss likely depending on loading and grounc
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0 LI L L DL I I LU IR LR UL 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.
qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: LDE Ltd CPT name: CPT08

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: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A SBTI d
Fines correction method: BRI (2014) Average results interval: 3 Transition detect. applied: ~ Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only . . . " 5
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes [ 2 Organic r.natenal [J 5 Sitty sand to saT\dy it [ 8. Very St!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m B 3. Clay tossilty clay [0 6. Clean sand tosilty sand [] 9. Very stiff fine grained
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This software is licensed to:

LDE Ltd

CPT name: CPT08

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: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only . . . " 5
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes [ 2 Organic r.natenal [J 5 Sitty sand to saT\dy it [ 8. Very St!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m B 3. Clay tossilty clay [0 6. Clean sand tosilty sand [] 9. Very stiff fine grained
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This software is licensed to: LDE Ltd

CPT name: CPT08

Norm. cone resistance

Liquefaction analysis overall plots (intermediate results)
SBTn Index

Apparent fines content

"Fines" adjustment

Corrected norm. cone resistanc
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qciN Ic (Robertson 1990) FC (%) Delta gc1N qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT08

CRR plot
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Liquefaction analysis overall plots
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This software is licensed to: LDE Ltd

CPT name: CPT08

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT08

Check for strength loss plots (Idriss & Boulanger (2008))
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qciN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT08

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index
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Transition layer algorithm properties

I. minimum check value: 1.70
I. maximum check value: 3.00
I. change ratio value: 0.0100

Minimum number of points in layer: 4

General statistics

Total points in CPT file: 813
Total points excluded: 31
Exclusion percentage: 3.81%
Number of layers detected: 5
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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
G: Total cone resistance (cone resistance g.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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CPT name: CPT08

Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
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| Lander Geotechnical Consultants Limited
EE“E anIicesIwy ¢ 1 ﬁ-, Level 3, 3 Osterley Way
SOGLARREEARERE 0 0 PO Box 97 385, Manukau, Auckland 2241
B = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT09
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M, :  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 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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0 LI L L DL I I LU IR LR UL 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.
qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPT09
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Input parameters and analysis data

Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,,;: ~ 6.50

Peak ground acceleration: 0.19

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 (erthq.):
Average results interval:
Ic cut-off value:

Unit weight calculation:
Use fill:

Fill height:
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6
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12 \
: 9.5
10 -50 0 50
u (kPa)
1.00 m Fill weight: N/A
3 Transition detect. applied: ~ Yes
2.60 K, applied: Yes
Based on SBT Clay like behavior applied: ~ Sands only
No Limit depth applied: Yes
N/A Limit depth: 10.00 m

SBT Plot Soil Behaviour Type
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SBT (Robertson et al. 1986)
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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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CPT name: CPT09

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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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT09

Norm. cone resistance

Liquefaction analysis overall plots (intermediate results)
SBTn Index

Apparent fines content

"Fines" adjustment

Corrected norm. cone resistanc
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qciN Ic (Robertson 1990) FC (%) Delta gc1N qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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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: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy [l Very high risk
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes . Very likely to liquefy D High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefaction and no lig. are equally likel .
Earthquake magnitude M,;: ~ 6.50 Unit weight calculation: ~ Based on SBT ~ Clay like behavior applied: ~ Sands only [ , ’ q qually Tikely [] Low risk
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes [ Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . Almost certain it will not liquefy
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CPT name: CPT09

Normalized CPT penetration resistance

Liquefaction analysis summary plots

0.8 1 E 1 1 1 1 1 1 1 1 1
Liquefaction L

0.7 L

0.6

0.5 i

[
/|

Cyclic Stress Ratio* (CSR*)

02 : w: oy :
0.1 o) I
L s :
| No Liquefaction |

0 TTT T TTT T TTT i TTT T TTT i T TTT

0.1 . 1 . 10 0 20 40 60 80 100 120 140 160 180 200
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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CPT name: CPT09

Norm. cone resistance

Check for strength

Residual strength correction
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m
Fines correction method: B&I (2014) Average results interval: 3
Points to test: Based on Ic value Ic cut-off value: 2.60
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT
Peak ground acceleration: 0.19 Use fill: No
Depth to water table (insitu): 1.00 m Fill height: N/A

loss plots (Idriss & Boulanger (2008))
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Fill weight: N/A
Transition detect. applied:  Yes

K, applied: Yes

Clay like behavior applied: ~ Sands only
Limit depth applied: Yes

Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT09

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 951
I. maximum check value: 3.00 Total points excluded: 106
I. change ratio value: 0.0100 Exclusion percentage: 11.15%
Minimum number of points in layer: 4 Number of layers detected: 14
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CPT name: CPT09

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
G: Total cone resistance (cone resistance g.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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CPT name: CPT09

Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Liq. ejecta demand
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Lander Geotechnical Consultants Limited
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTO9A
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 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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qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: LDE Ltd

CPT name: CPT09A

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: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTI d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes 1. Sensitive fine grained 4. Clayey silt to sil 7. Gravely sand to sand
o [¢] yey ty y
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT09A
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Input parameters and analysis data

Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,,;: ~ 6.50

Peak ground acceleration: 0.19

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

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: 3 Transition detect. applied:  Yes
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: Yes
Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT09A

Liquefaction analysis overall plots (intermediate results)
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed

to: LDE Ltd

CPT name: CPT09A
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M, :
Peak ground acceleration:

B&I (2014)
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Liquefaction analysis overall plots
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This software is licensed to: LDE Ltd

CPT name: CPT09A

Liquefaction analysis summary plots
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT09A
Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT09A

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Transition layer algorithm properties General statistics

I. minimum check value: 1.70 Total points in CPT file: 1138

I. maximum check value: 3.00 Total points excluded: 150

I. change ratio value: 0.0100 Exclusion percentage: 13.18%
Minimum number of points in layer: 4 Number of layers detected: 20
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This software is licensed to: LDE Ltd

CPT name: CPT09A

Estimation of post-earthquake settlements
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Abbreviations

G: Total cone resistance (cone resistance g.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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This software is licensed to: LDE Ltd

CPT name: CPT09A

Corrected norm. cone resist:
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Lander Geotechnical Consultants Limited

EE“E anicEsIws 4 ﬁ-, Level 3, 3 Osterley Way
LUEITIRING PO Box 97 385, Manukau, Auckland 2241

MW ® = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT10
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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This software is licensed to: LDE Ltd CPT name: CPT10

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: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTI d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes 1. Sensitive fine grained 4. Clayey silt to sil 7. Gravely sand to sand
o [¢] yey ty y
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT10

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio

Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m

SBTn Plot Norm. Soil Behaviour Type
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SBTn legend
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This software is licensed to: LDE Ltd CPT name: CPT10

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistanc
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qciN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT10

CRR plot
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:
Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19
Depth to water table (insitu): 1.00 m

B&I (2014)
B&I (2014)

0.€

Based on Ic value

Depth (m)

Liquefaction analysis overall plots

FS Plot

0 0.5 1

Factor of safety

Depth to GWT (erthg.): 1.00 m
Average results interval: 3

Ic cut-off value: 2.60

Unit weight calculation: ~ Based on SBT
Use fill: No

Fill height: N/A

Depth (m)

Liquefaction potential
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114
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Fill weight: N/A
Transition detect. applied:  Yes

K, applied: Yes

Clay like behavior applied: ~ Sands only
Limit depth applied: Yes

Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT10

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT10

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

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
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qciN Delta qc1N-Sr qciNcs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT10

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 1212
I. maximum check value: 3.00 Total points excluded: 94
I. change ratio value: 0.0100 Exclusion percentage: 7.76%
Minimum number of points in layer: 4 Number of layers detected: 11
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This software is licensed to: LDE Ltd

CPT name: CPT10

Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations

G: Total cone resistance (cone resistance g.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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This software is licensed to: LDE Ltd CPT name: CPT10

Ejecta Severity Estimation

Corrected norm. cone resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
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Project title :
CPT file : CPT11

LIQUEFACTION ANALYSIS REPORT

Input parameters and analysis data

Location :

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
0 —|§ 0 —T 0 0 0
1] 1 5 1 1 { _v 1
\DUrmg earthq.
2 2 : 2 2 \ 2
3 3 . 3 3 3
—
4 4 . ' 4 4" e 4
S - 5  —— 5 5 P : 5
6 6 6 6 ' 6
7 74 7 e H— 7
8 8- 8 8 8
I v -
_ 9 9 ; s 9 9 : e --------------t---- .
é 10:] 10—, . 10 - e | () —EEEEEEEEEEERR R
S 11 11 f | T | .
o 1
8 12 12 T
13 13 ] 13 -
14:]. 14
15 15
16 BT e et S J LRy - -~~~ -~~~ -~~~ -~~~ [ e
17 B e [ SRS I WAy - - - - - - - - - - - -~ -~~~ ~ S
18:]. e B s st (N X By - -~~~ ———————— -~ [ LR
194 19 o 10- SR
20 20 20 PURS ---------————----- S
21 21 21 AR - -----------L----EE
0 20 40 8 10 1 2 4 0 0.2 0.4 0.€ 0 0.5 1
qt (MPa) 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 I |
] Liquefaction ’ 3
0.7 [ 3
i [
] -8
4 - (2]
i i 'g
06 ] - c 100
—~ i - kel 7
* 4 -+ -
% o r £
O 05 - © .
= i - c _
£ 1 L g
B ] - =
2 04 S
2 /[ T %
o i - N
- =
0 i 3 ©
o 03 L g
S / L5
@] 4 / | =
0.2 o v I
i / 3 1
] Py - 0.1 . 1. . 10
0.1 r Normalized friction ratio (%)
] : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
B No Liquefac'tion | Zone Ay: Cyclic liquefaction and strength loss likely depending on loading and grounc
T H geometry
0 LI L L DL I I LU IR LR UL 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.
qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry

CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:16:53 pm

121

Project file: C:\Users\j.mattocks\OneDrive - Land Development And Engineering LTD\Desktop\J01627-Specialist Software Models-Liquefaction CPT File-281339 (ID 281339).clq



This software is licensed to: LDE Ltd CPT name: CPT11

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: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTI d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT11

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:
Depth to water table (insitu): 1.00 m

B&I (2014)

B&I (2014)

Based on Ic value
6.50

0.19

CPT basic interpretation plots (normalized)

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: 3 Transition detect. applied:  Yes
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sand & Clay
Use fill: No Limit depth applied: Yes
Fill height: N/A Limit depth: 10.00 m

SBTn Plot Norm. Soil Behaviour Type
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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: LDE Ltd

CPT name: CPT11

Liquefaction analysis overall plots (intermediate results)
SBTn Index

Norm. cone resistance

Apparent fines content

"Fines" adjustment

Corrected norm. cone resistanci
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qciN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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CPT name: CPT11

CRR plot

Liquefaction analysis overall plots
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Input parameters and analysis data

B&I (2014)
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Analysis method:

Fines correction method:
Points to test:
Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19
Depth to water table (insitu): 1.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT11

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT11

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

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT11

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 2189
I. maximum check value: 3.00 Total points excluded: 161
I. change ratio value: 0.0100 Exclusion percentage: 7.35%
Minimum number of points in layer: 4 Number of layers detected: 23
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This software is licensed to: LDE Ltd

CPT name: CPT11

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot

Strain plot
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Abbreviations

G: Total cone resistance (cone resistance g.corrected for pore water effects)
I Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain

1

2

3

4

5

Volumentric strain (%)

Depth (m)

10
11
12
13
14
15
16
17
18
19
20

21

Vertical settlements

0.05 0.1
Settlement (cm)

0.15

CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:16:53 pm

Project file: C:\Users\j.mattocks\OneDrive - Land Development And Engineering LTD\Desktop\J01627-Specialist Software Models-Liquefaction CPT File-281339 (ID 281339).clq

129



This software is licensed to: LDE Ltd CPT name: CPT11

Ejecta Severity Estimation

Corrected norm. cone resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
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Lander Geotechnical Consultants Limited

EE InnIcERIwE o 'ﬁ‘?, Level 3, 3 Osterley Way
COCLERRREARERE 0 PO Box 97 385, Manukau, Auckland 2241
MW ® = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT12
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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qt (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
E No Liquefac'tion | Zone Ay: Cyclic liquefaction and strength loss likely depending on loading and grounc
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0 LI L L DL I I LU IR LR UL 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.
qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: LDE Ltd CPT name: CPT12

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
0 0 > 0 0 Sensitive fing grained |
05 0.5 < 0.5 0.5 Clay
> A 4 1
1 ! 1 Insitu Clay
15 1.5+ L5 1.5
Clay &4si|% / ¢lay
2 2 2 2 Clay &'s ¥ %a
2.5 2.5 § 2.5 2.5
C
3 3 [s 3 3 ay
35 ? 3.5 } 3.5 3.5 Clay:&silty clay
4 \ 4 S 4 4 Clay: & silty clay
45 45 45 45 f Ity & sandy silt
2 | Sitysand&sandysit
S =—————— g" R Ar
A g g £ £ ol Randf ity sand
) 6.5 — f) 6.5 k) 6.5 ) () 6.5 vidy & SH é;
a L [a) a a [a}
7 7 S 7 7
7.5 7.5 7.5 7.5 c
a
8 8 L 8 8 Yy
4
8.5 i 8.5 Yy 8.5 8.5
ay: & silty cla
9 s 9 i 3 9 9 Cla -
9.5 z 9.5 ‘% 9.5 9.5
10 10 10¢ 10 "
1( Clay & silty clay
10.5 1 10.5 10.5 10.5
11 11 p 11 11
115 11.5 11.5-: s ity %agﬁt& sandy silt
V— ! v 1,
12 12 12 — ——————— 12 = Silty Sandi% sandy SIIt
; = _ — ery dense/stiff soil
125 12, S 12.5 e 12.5 e qng & sitty sand
0 10 0 2 4 6 8 10 0 2,000 4,000 01234567 89101112131415161718
gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTI d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT name: CPT12

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio

Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m

SBTn Plot Norm. Soil Behaviour Type
0 :
& sandy silt]
0.5 = 8&?3&!3/ 'ﬁgv s
! Clay
15
2 Clay & Sﬂ't‘f clay
3 o)
35 Clay: & silty-clay
4 i Clay & silty clay
—— iity sand. & 'sandy silt
s 2y e
nd & sjlty'sand
= %lyg,"a luliilib n 3111‘
5.5 Sand & sjlty sand .
o ilty sgnd, & sandy silt
E 5 | sity.sand ., |
S —_— ity sand & sandy silt
2 65 _. '°§I&a.;$lt
8 68 sl ¢ &
7.5
8 Clay
8.5
9 ay: & silty cla
Cla 1
. ”&Si / .
> | sané;%usa dy silt
10 1
10.5 Clay. & silty.clay
H E—
ilty sand dy silt
B — %f% ensg?‘ﬁﬁ%h‘.“
1 O — Slw%ag?]q g%%r_mg Irsylt_
- se/stiff soil:
125% e Sand & sitysand

2 3 4
Ic (Robertson 1990)

01234567 8 9101112131415161718
SBTh (Robertson 1990)

SBTn 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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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistanc
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qciN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction potential Vertical settlements Lateral displacements
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Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy [l Very high risk
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes . Very likely to liquefy D High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefaction and no lig. are equally likel .
Earthquake magnitude M,;: ~ 6.50 Unit weight calculation: ~ Based on SBT ~ Clay like behavior applied: ~ Sands only [ , ’ q qually Tikely [] Low risk
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes [ Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . Almost certain it will not liquefy
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Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index
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qciN Delta qc1N-Sr qciNcs-Sr Ic (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m

Depth (m)

Liquefied Su/Sig'v
.-
{

i

A aYa Tk

10.5
11

11.5 %

12

R
—

= Peak Su ratio == Lig. Su ratio
e L B B
0.1 0.2 0.3 0.4 0.5
Su/Sig'v

12.5

o

CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:16:54 pm
Project file: C:\Users\j.mattocks\OneDrive - Land Development And Engineering LTD\Desktop\J01627-Specialist Software Models-Liquefaction CPT File-281339 (ID 281339).clq

137



This software is licensed to: LDE Ltd CPT name: CPT12

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
0
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Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 1252
I. maximum check value: 3.00 Total points excluded: 122
I. change ratio value: 0.0100 Exclusion percentage: 9.74%
Minimum number of points in layer: 4 Number of layers detected: 10
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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
G: Total cone resistance (cone resistance g.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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Corrected norm. cone resist:

SBTn Index Plot

Ejecta Severity Estimation

FS plot

Stresses vs Depth
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Project title :

CPT file : CPT13A

Lander Geotechnical Consultants Limited

A '.%E

'
~uff

Level 3, 3 Osterley Way
P O Box 97 385, Manukau, Auckland 2241

MW ® = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Input parameters and analysis data

Depth (m)

Location :

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M, :  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 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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Summary of liquefaction potential
L1l

0.1

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 grounc

10

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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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
0 el L s 0 — B 0 Sty Sand & sandy Sit |
: }' . A4 gy
! 1 | e ! Insitu !
2 z—-'_--'-_-ﬁ‘:'_ 2 2 lay
3 i 31 s BE Sensitive fing graine
45 4- 4, 4 lay
LEE —— 5= — 5 5 Clay
— Clay & silty clay
6 6 6 6 Clay: -
| . - rganic soil
7 7 + 7 7 5
8 8 ? 8 3 ] (Z/I& ilty clay
9 9 9 ay
Z Y — i
10 == 10 10 1 10 8f nsitive fine graine
11 11 11 11 Fo-F--k--F =+
S— | Sensitive fine grained
12 12+~ 12 IrL 12 lay & silty clay
134-F 13 ;’ 13 I\ 13 lay
E 14 ¢ E 14 E 14 E E 14 Clay: :
= 5] 3= < 154 £ 15 1\ P = 15 ensitive fine grained
a E‘_ a a [ a a vlay
L 16 ' 8L 16 L 16 1 2 L 16 Ay
17 174 % 17 lay'& silty cla
v |'s v Clay
18 18- 18 18 ay & silty clay
199§ 194 19 1[ AN 19 a‘y’g ity cla
20 ( 20 20 [ 7 20 : Cia“y & myc{ay
21 21 21 ] 21 : o a¥ Lot
2 22+, 2 2 3y &-silty- clay
3 |\ Clay & sitty clay
24 ¢ 24 24 l 24 Clay
25 g 25 J 25 ] 25
27 z 27 } 27 { } 27 ﬁi’y & Hy‘éflgu
28 ? 28 , 28 [ 28
30 z IR SRR STRERRRCERVRY BRI A 30 | e S Siy-sapd &-sandy-sit
0 2 4 6 0 2 4 6 8 10 0 500 1,000 012345678 9101112131415161718
qt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT legend
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes 9
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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 (%) Bqg Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT13A

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qciN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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CPT name: CPT13A

CRR plot

Liquefaction analysis overall plots

FS Plot
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:
Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19
Depth to water table (insitu): 1.00 m

B&I (2014)
B&I (2014)

0.€

Based on Ic value

Depth (m)

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:

Unit weight calculation:

Fill height:
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3
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Fill weight: N/A
Transition detect. applied:  Yes
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Clay like behavior applied: ~ Sand & Clay
Limit depth applied: Yes

Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT13A

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
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qciN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT13A

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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5 5 Qrganic-soil
Clay
6 6 - 8’
7 7 <;
C
Sard [
8 2 Clay sﬁllyssa
9 A
Clay : !
10 Clay & ity
11
2 Clay
13
G E 14 - :
:—é -E 5 Sensitive fine grained
Q. Q.
a a1
17
18 Clay
19
20 Clay & silty
21 e@,
22 & silty cla
23 gﬂaarYd ESIWy sand
24
25
27
28
29
-------------------------------------------- e S s g
1 2 3 4 0 123456 7 8 9 1011 12131415 16 17 18
Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 2994
I. maximum check value: 3.00 Total points excluded: 84
I. change ratio value: 0.0100 Exclusion percentage: 2.81%
Minimum number of points in layer: 4 Number of layers detected: 10
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CPT name: CPT13A

Cone resistance

Estimation of post-earthquake settlements

SBTn Plot

FS Plot

Strain plot

Vertical settlements
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qt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
G: Total cone resistance (cone resistance g.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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Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Liq. ejecta demand
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Lander Geotechnical Consultants Limited

EE InNICBERILIE v :ﬁ'. Level 3,3 Osterley Way
OGNS RRAREERERE 0 0 PO Box 97 385, Manukau, Auckland 2241

MW ® = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT14
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPT14

Cone resistance

Depth (m)
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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

Depth (m)

Based on Ic value

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: 3 Transition detect. applied:  Yes
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sand & Clay
Use fill: No Limit depth applied: Yes
Fill height: N/A Limit depth: 10.00 m

SBT Plot Soil Behaviour Type
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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: LDE Ltd

CPT name: CPT14

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 (%) Bqg Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT14

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qciN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:16:57 pm 154

Project file: C:\Users\j.mattocks\OneDrive - Land Development And Engineering LTD\Desktop\J01627-Specialist Software Models-Liquefaction CPT File-281339 (ID 281339).clq



This software is licensed to: LDE Ltd

CPT name: CPT14

CRR plot

FS Plot

Liquefaction analysis overall plots
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Input parameters and analysis data

Analysis method: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value

Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19
Depth to water table (insitu): 1.00 m

Depth (m)

0.5
Factor of safety

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:

Unit weight calculation:
Use fill:
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Fill weight: N/A
Transition detect. applied:  Yes

K, applied: Yes

Clay like behavior applied: ~ Sand & Clay
Limit depth applied: Yes

Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT14

Liquefaction analysis summary plots

0.8 1 1 1 1 1 1 1 1 1 1 1 . !
1 Liq'E'efaci ion L 12.0 AnalySIS PGA: 0.19
] L S
] 5 _
4 B (=]
0.7 | 11.0 <
1 ] O _
J - o
J - 10.0
© 0.6 : 3 1 -
2 ] ~ 9.0
IS 1 T
R o ] oo ] B
0 E 9]
Q 4 - > 80
“ n 0.5 !
< S 7 L2 2 Mox, oo n _
=1 % b - S 90 T [ w 200 gal .‘,'f
° el 1 S 7/ o b A AR
5 5 ] : R : z :
o 2 04 2 iy ] ; : i " / -
g PR / T 8 6.0 =8 - Mex ace, 2!
2 g ] (5 #300gal ff N
S 5 ] I $: Nl Max: gee s
° L « N A0 =
5] 0.3 L 5 i ot T _
N S 1 ") T o E
T . T3 40 3 e #:
£ ] IS i o] A (CPT14 (11.98)) | « .. / B
(e} Q - O . T [+ .'_,j
= 0.2 qw E 39 e @ ¥ LT
- - - i allbh's ? s - :' :'I - |—
] // [ £} om K 20 e _‘L:-'-'J“ . A,.a.-‘é"’;’d
J Y I . N O P ot a
0.1 i S a2 44 _
J e L o A L
] No Liquefaction | . L =
0+ T T T 0.0 T T T T T T T T T
0.1 . 1. . 0 20 40 60 80 100 120 140 160 180 200 0 2 3 4 5 6 7 8 10
Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT14

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

Norm. cone resistance Residual strength correction Corrected norm. cone resistancs SBTn Index
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qciN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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This software is licensed to: LDE Ltd CPT name: CPT14

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 2216
I. maximum check value: 3.00 Total points excluded: 107
I. change ratio value: 0.0100 Exclusion percentage: 4.83%
Minimum number of points in layer: 4 Number of layers detected: 13
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This software is licensed to: LDE Ltd

CPT name: CPT14

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot
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Abbreviations

G: Total cone resistance (cone resistance g.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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This software is licensed to: LDE Ltd

CPT name: CPT14

Ejecta Severity Estimation

Corrected norm. cone resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
T T T 0 Q—F==————F======g====F-===m 0 =E===========7 0 == ==
| = gvo (EQ) = |D: 0.00
1 [ PP IR S S S— I | S— — uo (EQ) 1 — CR:197.35
= EQu I
i 2 Ejecta severity
s S et GEEEE R SantTel TEERERE SR 2 - > '
== \ O None I
3 —— 3 - e 3 |
4 4 g e 4 - g - 4
- ] 5 —f-------r---mmmerem e I
5 5 g ] L I
- [ | e e e '
6 I o1 R e N TR 6o
s S B |
7 7 7 7 -, 1 - Yy - -~ ---
T I — - 8 ______ I
8 8% R SRR 8 e
L [ N A I
9 It 9 ==y - o
— 0t
- A I
— ~ 10 ~ 10 _ ~ 10—y -] ~11
E E E E E \ | E |
= s U F =R ¥ e e e [ £ R T e e e S S s 12
Q. o Q. Q. o Q.
[0) [0) _) [0) [0) [0) [0) I
a 0 124 O 12—t a o 12 0O 13
13 F e e It EERE 13 14
14 14—t 14 S R e S I
15 15t 15 e '
16 T s [ SESEER T e s e S i B I
18— mmmm oo b I
17 174------f----- oo 17F----m b
T L s Tt SRR |
18 18—f------f------f - fe o 18 ----mm b
e e l
19 19—f------dommoeo oot 19 ----b oo b
21 |
20 b e Rt EEEEEE 20 20— 2 |
21 21 ---mmde e e 21 214 23
22 - D e e B Sy 22 P e e S St s 24 I
0 200 400 1 2 3 4 0 0.5 1 1.5 2 0 200 0 2 4 6 8 10 50 100 150 200
Qtn,cs Ic (Robertson 1990) Factor of safety Stresses (kPa) hexc (m) LD (kN/m)
CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software 160

Project file: C:\Users\j.mattocks\OneDrive - Land Development And Engineering LTD\Desktop\J01627-Specialist Software Models-Liquefaction CPT File-281339 (ID 281339).clq



1nnIceaiwy °
AR« DATRRINE

Project title :
CPT file : CPT15
Input parameters and analysis data

Depth (m)

Cyclic Stress Ratio* (CSR*)

A '.%E

'
W m = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Lander Geotechnical Consultants Limited
Level 3, 3 Osterley Way

P O Box 97 385, Manukau, Auckland 2241

Location :

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:16:58 pm

161

Project file: C:\Users\j.mattocks\OneDrive - Land Development And Engineering LTD\Desktop\J01627-Specialist Software Models-Liquefaction CPT File-281339 (ID 281339).clq



This software is licensed to: LDE Ltd

CPT name: CPT15

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: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTI d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd CPT name: CPT15

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 (%) Bqg Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 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: LDE Ltd

CPT name: CPT15

Norm. cone resistance

Liquefaction analysis overall plots (intermediate results)

SBTn Index

Apparent fines content

"Fines" adjustment

Corrected norm. cone resistanci
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qciN Ic (Robertson 1990) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthq.): Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: Limit depth: 10.00 m
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This software is licensed to: LDE Ltd

CPT name: CPT15

Liquefaction analysis overall plots

CRR plot FS Plot
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Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m

Fines correction method: B&I (2014) Average results interval: 3

Points to test: Based on Ic value Ic cut-off value: 2.60
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT
Peak ground acceleration: 0.19 Use fill: No

Depth to water table (insitu): 1.00 m Fill height: N/A
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Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: BRI (2014) Average results interval: 3 Transition detect. applied: ~ Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 2536
I. maximum check value: 3.00 Total points excluded: 230
I. change ratio value: 0.0100 Exclusion percentage: 9.07%
Minimum number of points in layer: 4 Number of layers detected: 27
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CPT name: CPT15

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot
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Abbreviations
G: Total cone resistance (cone resistance g.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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Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Liq. ejecta demand
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Lander Geotechnical Consultants Limited

EE“E anicEsIws 4 ﬁ-, Level 3, 3 Osterley Way
LUEITIRING PO Box 97 385, Manukau, Auckland 2241

MW ® = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT16
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPT16

CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTI d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only 2 ] ial
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . - Organic r.natena
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m B 3. Clay to silty clay

[l 1 Sensitive fine grained [JJ] 4. Clayey silt to silty
. 5. Silty sand to sandy silt . 8. Very stiff sand to
[C] 6. Clean sand to silty sand [_] 9. Very stiff fine grained

[[] 7- Gravely sand to sand
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CPT name: CPT16

CPT basic interpretation plots (normalized)
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only 2 ] ial
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . - Organic r.natena
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m B 3. Clay to silty clay

[l 1 Sensitive fine grained [JJ] 4. Clayey silt to silty
. 5. Silty sand to sandy silt . 8. Very stiff sand to
[C] 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)
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qciN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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CPT name: CPT16

CRR plot
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:
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CPT name: CPT16

Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A

Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes

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

Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only

Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes

Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
0 Sensitive fine grained
0.5
1 Clay
15
5 Sensitive:fine grained
25
Clay
3
32 Clay & silty clay
4 Clay & silty cla
4.5 lay
G E s .
g g Clay & silty clay
a |
[9) [9)
[a) [a)
Silty sand & sandy silt
rall S]‘Ityn
Clay & silty clay
Clay &silty clay:
Clay & silty-clay
Clay & silty clay
Clay &silty clay---+--+--4--]
. S_an’d & silty sand |
10 'r - s3nd & sandy silt
and & silty sand
10.5 } d & silty sand
1 2 3 4 012345678 910111213 141516 17 18
Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 1065
I. maximum check value: 3.00 Total points excluded: 76
I. change ratio value: 0.0100 Exclusion percentage: 7.14%
Minimum number of points in layer: 4 Number of layers detected: 10
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations
G: Total cone resistance (cone resistance g.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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Ejecta Severity Estimation

Corrected norm. cone resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
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Lander Geotechnical Consultants Limited

(1 e ™,

Level 3, 3 Osterley Way
LU

MW ® = www.landergeotechnical.co.nz

iy P O Box 97 385, Manukau, Auckland 2241

LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPT17
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m
Points to test: Based on Ic value  Average results interval: 3

Earthquake magnitude M, :  6.50
Peak ground acceleration: .19

Ic cut-off value: 2.60
Unit weight calculation:

Friction Ratio

Cone resistance
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Based on SBT

SBTn Plot

Ic (Robertson 1990)

Liquefaction ’
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\
NS

Cyclic Stress Ratio* (CSR*)

Y

02 /

Use fill: No Clay like behavior

Fill height: N/A applied: Sands only

Fill weight: N/A Limit depth applied: Yes

Trans. detect. applied: Yes Limit depth: 10.00 m

K, applied: Yes MSF method: Method based
CRR plot FS Plot

4 0 0.2 0.4 0.€ 0 0.5 1
CRR & CSR Factor of safety

Summary of liquefaction potential
1,000 I [ N B B | — [ B

100

10

Normalized CPT penetration resistance

*’ A d ®
- e ®eo 0.1 R T 10
0.1 @ - Normalized friction ratio (%)
] : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
E No Liquefac'tion | Zone Ay: Cyclic liquefaction and strength loss likely depending on loading and grounc
T \ geometry
0 L L L L L L L IR LU LN L L 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.
qclN,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: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19

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: 3 Transition detect. applied:  Yes
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: Yes
Fill height: N/A Limit depth: 10.00 m

SBT Plot

Soil Behaviour Type
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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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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
Earthquake magnitude M_:  6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only . . . " 5
Peak ground acceleration:  0.19 Use fill: No Limit depth applied: Yes . 2. Organic r.naterlal . 5. Silty sand to saT\dy silt . 8.. Very st!ff. sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m . 3. Clay to silty clay . 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: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.19
Depth to water table (insitu): 1.00 m

Depth (m)

Liquefaction analysis overall plots (intermediate results)
SBTn Index
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Transition detect. applied:  Yes
K, applied: Yes
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Limit depth applied: Yes
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CRR plot
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Input parameters and analysis data

Analysis method: B&I (2014)

Fines correction method:
Points to test:

Earthquake magnitude M, :
Peak ground acceleration:

B&I (2014)

Based on Ic value
6.50
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Depth to water table (insitu): 1.00 m
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Average results interval:
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Unit weight calculation:
Use fill:
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Transition detect. applied:
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Liquefaction analysis overall plots
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Liquefaction analysis summary plots
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Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: ~ 0.19 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 10.00 m
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Norm. cone resistance

Check for strength

Residual strength correction
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m
Fines correction method: B&I (2014) Average results interval: 3
Points to test: Based on Ic value Ic cut-off value: 2.60
Earthquake magnitude M,,;: ~ 6.50 Unit weight calculation: ~ Based on SBT
Peak ground acceleration: 0.19 Use fill: No
Depth to water table (insitu): 1.00 m Fill height: N/A

loss plots (Idriss & Boulanger (2008))
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Fill weight: N/A
Transition detect. applied:  Yes
K, applied: Yes
Clay like behavior applied: ~ Sands only
Limit depth applied: Yes
Limit depth: 10.00 m
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TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I.is fast (i.e. delta I.is small).

The SBT,, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type
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Transition layer algorithm properties General statistics

I. minimum check value: 1.70 Total points in CPT file: 866

I. maximum check value: 3.00 Total points excluded: 241

I. change ratio value: 0.0100 Exclusion percentage: 27.83%
Minimum number of points in layer: 4 Number of layers detected: 22
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
G: Total cone resistance (cone resistance g.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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Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot
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Lander Geotechnical Consultants Limited

EE InnIcERIwE o 'ﬁ‘?, Level 3, 3 Osterley Way
COCLERRREARERE 0 PO Box 97 385, Manukau, Auckland 2241
MW ® = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT18
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sand & Clay
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,:  6.50 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 10.00 m
Peak ground acceleration:  0.19 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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0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity.
qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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