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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: ~ 0.05 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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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: 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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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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Ejecta Severity Estimation

Corrected norm. cone resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
0T 0 0 0 0 = 0 ==
| \ —|\ - ovo (EQ) \ — hexc —— LD: 0.00
05 05 ™y 05 05 —uo (EQ) | 05 — a'vo=0 || 1 — CR: 14171 I
—-E - hA v
i \ Q \ 2 Ejecta severity |
1 { 1 1 ‘\ 1 \l D None I
1 3
1.5 1.5 1.5 1.5 1 1.5 |
< \ ;
2 2 2 2 2
{ \ :
2.5 2.5 2.5 2.5 2.5
T 1 \ 6
3 3 3 3 3 7

3.5 3.5 3.5 l \ 3.5
L\

4 4 \ 4 4 \ 4 \\ 9
45 45 ; 45 45 \ 45 \ \ 10
£ 5-\SSEEENS—— E sl e E s E s i' E s E" [
5 e - W W - AV
2 55 2 55 Q 55 Q 55 \ \ 2 55 Q |
a [a) a a o o 13

\ . \\ el |
A . S0 T W \ | o
\

6.5 6.5 6.5

17

8 8 5 8 8 \ 8 18
8.5 8.5 i ; 8.5 8.5 i \ 8.5 \ \ 19
/2 i N 20
9 9138 F 9 9 9
\ VA
9.5 9.5 — 9.5 9.5 9.5 [
| ?»1 \ \ ‘ \ 2
104 10 10 10 10 [
| 4 \ 23
10'5 : » 10> —— 10> R R REE s 10> ) 10> T T T —— 24 I
0 100 200 1 2 3 4 0 0.5 1 1.5 2 0 100 0 2 4 6 8 10 0 50 100
Qtn,cs Ic (Robertson 1990) Factor of safety Stresses (kPa) hexc (m) LD (kN/m)
CLig v.3.5.2.10 - CPT Liquefaction Assessment Software 180

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



Lander Geotechnical Consultants Limited
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COCLERRREARERE 0 PO Box 97 385, Manukau, Auckland 2241
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LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPT17
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: 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:  0.05 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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Cone resistance

0
0.5 >
1
1.5 §
14
2.5
3 E——
3.5 gL\
E 4 S €
ey =
g 45l < =
[9) [0
o o
5
6 f
6.5 {
7
7.5
8
d_f
8.5 —
5 10 15
gt (MPa)
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: 0.05

Depth to water table (insitu): 1.00 m
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CPT basic interpretation plots
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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
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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:  0.05 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: 0.05
Depth to water table (insitu): 1.00 m

Depth (m)

Liquefaction analysis overall plots (intermediate results)
SBTn Index

1 2 3

Ic (Robertson 1990)

Depth to GWT (erthq.):
Average results interval: 3
Ic cut-off value:

Unit weight calculation:
Use fill: No
Fill height:

1.00 m

2.60
Based on SBT

N/A

Depth (m)

0 j 0
0.5 0.5
1 <\! 1
1.5 f> 1.5
2 2
2.5 2.5
é— i
—
3 ? 3=
3.5 3.5
4 ég g 4
ey
45 - g as
3 8 e
5 5
5.5 5 5.5
6 is 6
6.5 z 6.5
7 7
7.5 N 7.5
8 8
8.5 ‘5 8.5
50 100 150 20( 01 2 3 456 7 8 910
FC (%) Delta gc1N
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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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:  0.05 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: ~ 0.05 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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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: 0.05 Use fill: No
Depth to water table (insitu): 1.00 m Fill height: N/A

loss plots (Idriss & Boulanger (2008))
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Transition detect. applied:  Yes
K, applied: Yes
Clay like behavior applied: ~ Sands only
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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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CPT name: CPT17

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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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:  0.05 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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0.1 3 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 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, 4:49:32 pm 191

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
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
0-7 0 0 0 Clay & sity cla
1 1 E 1 f' 1 | {l )
I — Insitu i i
> 5 5 5 . 1n anic soil
! j Clay
3 34 - 3 = y
: 1 == ([ganic soll
1 M 4 ertsitive fine grained
5] 5 F 5 5 rganic soil
| . 6 . bk
6 , 6 6 ' Qrganic soil
7% 7 _F_-_‘h_ ------ H— 7 7 1y
8 8 4 : 8 \ 8 — Cl \i
9 9 . 9 3 2 Clay
10 10—+~ - - 10 10 ;
L : - { Clay:& silty cla
11 1 . 1 k 11 y Y )
12 12 e 12 \ 12
~ 13 ~ 13 > ~ 13 - ~ 13 Clay
E E - E N\ E E
= 14 = 14 = 14 = = 14
g 15 g s g 15 \ \) = & 15
16 16 16 16 af&Silty.c
» H A
o o <L o Silty sand & sandy silt
: 1 — ilty sand & sandy silt
184 18 \j 18 and &'silty-sanad™--+
T — : 19 19 - §ﬁty sand & sandy silt
S ; S ™ ====g Silty sand & sandy silt
21D 21 _ o a Clay & silty clay |
] = ity sand & sandy si
2] T —— 2 - S Saha & S St
= : : ity sand & sandy s
2 = > \ 3 ' lay & silty clay
24 A ; 24 24 ' lay &-silty- clay--+--
( \ . §|!Ty sa nd% sandy silt
25 25 25 . o
Ay \ Sifty sand & sandy silt
264" 264 X 26 ay &csilty clay
27 —_— 27 ' Clay & silty cla i
= | 2 10
28 - 28 x » B/ S0 By i
294 i - 29 oy PANCiE BTy S
0 2 4 6 8 10 8 10 0 200 400 012345678 9101112131415161718
qt (MPa) 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:  0.05 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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CPT name: CPT18

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 (%) 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:  0.05 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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CPT name: CPT18

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: ~ 0.05 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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CRR plot

Liquefaction analysis overall plots

FS Plot
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Input parameters and analysis data

B&I (2014)
B&I (2014)
Based on Ic value

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

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
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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: Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value 2.60 K, applied: Yes
Earthquake magnitude M,,: Unit weight calculation: ~ Based on SBT Clay like behavior applied:  Sand & Clay
Peak ground acceleration: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m 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: ~ 0.05 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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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: 2899
I. maximum check value: 3.00 Total points excluded: 351
I. change ratio value: 0.0100 Exclusion percentage: 12.11%
Minimum number of points in layer: 4 Number of layers detected: 35
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This software is licensed to: LDE Ltd

CPT name: CPT18

Cone resistance

Depth (m)

Depth (m)

Estimation of post-earthquake settlements

SBTn Plot

Depth (m)

© 0 N OO0 1 AW N = O

29 i 29
0 2 4 6 8 10
qt (MPa) Ic (Robertson 1990)
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: CPT18

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 : CPT19A
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
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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qt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
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
T \ 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
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This software is licensed to: LDE Ltd

CPT name: C

PT19A

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
T 0 0 Clay & Sity clay
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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 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:  0.05 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: CPT19A

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:  0.05 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: CPT19A

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) 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: ~ 0.05 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: CPT19A

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 I:l q_ - q qually Y I:l Low risk
Peak ground acceleration:  0.05 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: CPT19A

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: ~ 0.05 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: CPT19A

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

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v

0] 0 0 0
1 —II 1 1 1
2 2 2 2 2 — L
3 3 3 3 3 {
4 4 4 4 4
e ——
5 5 5 5 5= —
6 6 6 6 6 :
7 7 7 g 7 7 4
8. 8 8 8 8
9 9 9 ' 9 9 1 5
10} 10 10 > 10 10>
11| 1 1 ; 1 A -
£ | £ £ £ S L
= 12+ =12 =12 =12 =12 -t ena S ——
N i < = = =] |
a P a a a a
S 13- S 13 2 13 3 S 13 2 13 _
[a) i (=] [a) ; [a) [a) i
14+ 14 14 14 14 L
15— 15 15 15 15
A \
16 16 16 N 16 16
17 17 17 17 17
18- 18 18 [ 18 18 =
19} 19 19 19 19 ———
20 20 20 20 20 s
211 21 21 l 21 21
22 22 22 22 22
23 23 23 23 23
<L —_———
24— ; 24 24 24 24 - _ _
! == Peak Su ratio == Lig. Su ratio I
T B L B T —— T ———
0 100 200 300 01 2 3 456 7 8 910 0 50 100 150 20( 1 2 3 4 0 0.1 0.2 0.3 0.4 0.t
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: ~ 0.05 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, 4:49:33 pm 207

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: CPT19A

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: 2490
I. maximum check value: 3.00 Total points excluded: 118

I. change ratio value: 0.0100 Exclusion percentage: 4.74%
Minimum number of points in layer: 4 Number of layers detected: 9
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This software is licensed to: LDE Ltd

CPT name: CPT19A

Cone resistance

7

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

FS Plot
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This software is licensed to: LDE Ltd CPT name: CPT19A

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 : CPT20
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:  0.05 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: CPT20
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Fines correction method:
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This software is licensed to: LDE Ltd

CPT name: CPT20

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:  0.05 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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This software is licensed to: LDE Ltd

CPT name: CPT20

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: ~ 0.05 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: CPT20

CRR plot
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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: 0.05

Depth to water table (insitu): 1.00 m

Depth (m)

FS Plot

Liquefaction analysis overall plots
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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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This software is licensed to: LDE Ltd CPT name: CPT20

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: ~ 0.05 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: CPT20

Norm. cone resistance

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

Residual strength correction

Corrected norm. cone resistanc

SBTn Index
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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: ~ 0.05 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: CPT20

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: 1030
I. maximum check value: 3.00 Total points excluded: 190
I. change ratio value: 0.0100 Exclusion percentage: 18.45%
Minimum number of points in layer: 4 Number of layers detected: 26
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This software is licensed to: LDE Ltd

CPT name: CPT20

Estimation of post-earthquake settlements

Strain plot

Cone resistance SBTn Plot FS 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: CPT20

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 : CPT21A
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
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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e w Py : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
1 ‘. No Liquefaction | Zone Ay Cyclic liquefaction and strength loss likely depending on loading and grounc
E i /

H geometry

LENLL I B L L L L BRLINL 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: CPT21A

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:  0.05 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: CPT21A

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:  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: CPT21A

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:  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: CPT21A

CRR plot
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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: 0.05
Depth to water table (insitu): 1.00 m

Depth (m)

FS Plot

Liquefaction analysis overall plots
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Depth to GWT (erthq.):
Average results interval:
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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
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This software is licensed to: LDE Ltd

CPT name: CPT21A

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: ~ 0.05 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: CPT21A

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: 0.05

Depth to water table (insitu): 1.00 m
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Depth (m)

Corrected norm. cone resistanc SBTn Index
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This software is licensed to: LDE Ltd CPT name: CPT21A

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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1 2 3 4 01 23456 7 8 9 10111213 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: 1837
I. maximum check value: 3.00 Total points excluded: 95
I. change ratio value: 0.0100 Exclusion percentage: 5.17%
p 9
Minimum number of points in layer: 4 Number of layers detected: 12
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This software is licensed to: LDE Ltd CPT name: CPT21A

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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This software is licensed to: LDE Ltd

CPT name: CPT21A

Corrected norm. cone resist: SBTn Index 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 : CPT22
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
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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’ h 4
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16 y 163 16 :
p
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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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2 /[ T %
L i - N
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4 / -2
O I =

0.2 // I
/ R 10.1

/ 1 10
0.1 3 Normalized friction ratio (%)
T B T p— : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
B i 1 *oﬂhuef&:ﬂoﬂ | Zone Ay: Cyclic liquefaction and strength loss likely depending on loading and grounc
4 ! ! ! ! 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
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This software is licensed to: LDE Ltd

CPT name: CPT22

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
0 0= 0 0 Sifty sand & sandy Sif|
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3 3 3 Cla
. . . 3.5 :
33 3 337 Clay & silty cla
4 - 4 44" 4
— ai ity sand & sandy sitt
45 454 45 [ 45 and & silty'sand
5 } 5 — 5 ] 5 = Sfl't'y':o d &-san 'él‘lt’
55 5.5 55 5.5 1|Iy d & sandy silt
. elf . 1 | —— ilty sand & sandy silt
[ —— Ity Sang ¢ Sangy S|
6.5 6.5 6.5 ] 6.5 y-sand: &-sandy
7 7 L 7 | 7 Clay: & silty clay
75 I 75 { 75 I _ _ 7.5 y&?éiliy o
£ 8 £ 8 € 8 1S 1S 8 e : i--d .
£ 85T  8s = s} = £ 8s - 2l sand & sandy st
[0) 9~ [0] 9 — fo] 9 ) ) 9 =1 & sil H
a a : a 1 fat a : y &Sy G
9.5 9.5 1 9.5 9.5 ) y Y ‘71
10 10 % 10 % 10d G 2 § jg{l{i%{av
| ! | v .
10.5 10.5 10.5 ] \ 105 Qlity-sand & sanay 3|1+t'
11 % 11 - -yt 1 : (S\.'Et‘\‘;’g" lti Clay i
o - Ity Sand & :sanay Sl
11.5 11.5 11.5 { 11.5 itV sand & san SIE
12 12 : 12 | 12 /-sand &-sandy
12,5 12,5 L 12,5 A Silty-sand: & sandy silt
el . 3 = 3 1 3 (ay &sity day =
1355 13.5 135 Yo 135 = Ia s‘&agiﬁgé sandy silt
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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:  0.05 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: CPT22

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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15 Clay & silty clay . .
15.5 15.5 15.5 b) 15.5 Siity-sand &-sandy silt
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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:  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: CPT22

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:  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: CPT22

Liquefaction analysis overall plots

CRR plot FS Plot
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Depth (m)
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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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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: CPT22

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: ~ 0.05 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: CPT22

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:  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: CPT22

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: 1719
I. maximum check value: 3.00 Total points excluded: 319
I. change ratio value: 0.0100 Exclusion percentage: 18.56%
Minimum number of points in layer: 4 Number of layers detected: 42
CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:49:37 pm 238

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: CPT22

Estimation of post-earthquake

Cone resistance SBTn Plot FS 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: CPT22

Ejecta Severity Estimation

Corrected norm. cone resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
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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 : CPT401
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: 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:  0.05 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: CPT401

CPT basic interpretation plots

Cone resistance Friction Ratio

Pore pressure

SBT Plot

Soil Behaviour Type
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q
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:  0.05 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: CPT401

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: 0.05

Depth to water table (insitu): 1.00 m

CPT basic interpretation plots (normalized)

Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Fr (%) Bq Ic (Robertson 1990) SBTh (Robertson 1990)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 3 Transition detect. applied:  Yes SBTn legend
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
Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only h . - " :
Use fill: No Limit depth applied: Yes . 2. Organic r.natenal . 5. Silty sand to sa?dy silt . 8.. Very st!ff. sand to.
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: CPT401

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: ~ 0.05 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: CPT401

CRR plot

0+
0.5

1.5+
2_
2.5
3_
3.5+
4_
4.5+
5_

h 4
During earthq.

55141

6_

6.5 ﬁ

Depth (m)

7
7.5

8_

8.5+ s

97 =

9.5

10
10.5-
114
11.5
124
12,5
134
13.5
14+
14.5

T
0 0.2

T
0.4 0.€

CRR & CSR

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
6.50

0.05

Depth to water table (insitu): 1.00 m

Depth (m)

FS Plot

Liquefaction analysis overall plots
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Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
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This software is licensed to: LDE Ltd

CPT name: CPT401

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: ~ 0.05 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: CPT401

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: ~ 0.05 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: CPT401

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: 1459
I. maximum check value: 3.00 Total points excluded: 439
I. change ratio value: 0.0100 Exclusion percentage: 30.09%
Minimum number of points in layer: 4 Number of layers detected: 49
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This software is licensed to: LDE Ltd

CPT name: CPT401

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS 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

Strain plot
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This software is licensed to: LDE Ltd

CPT name: CPT401

Corrected norm. cone resist: SBTn Index Plot

Depth (m)
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Ejecta Severity Estimation

FS plot Stresses vs Depth
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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 : CPT402
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:  0.05 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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This software is licensed to: LDE Ltd CPT name: CPT402

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:  0.05 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: CPT402

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:  0.05 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: CPT402

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: ~ 0.05 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: CPT402

CRR plot
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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: 0.05
Depth to water table (insitu): 1.00 m

Depth (m)

FS Plot

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

CPT name: CPT402

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: ~ 0.05 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: CPT402

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: ~ 0.05 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: CPT402

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: 1125

I. maximum check value: 3.00 Total points excluded: 201

I. change ratio value: 0.0100 Exclusion percentage: 17.87%
Minimum number of points in layer: 4 Number of layers detected: 31
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This software is licensed to: LDE Ltd

CPT name: CPT402

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS 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

Strain plot
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This software is licensed to: LDE Ltd CPT name: CPT402

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 : CPT403
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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Input parameters and analysis data
B&I (2014)
Fines correction method: B&I (2014)
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Earthquake magnitude M, :
Peak ground acceleration:

Cone resistance
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Input parameters and analysis data

Analysis method:
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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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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: ~ 0.05 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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Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,,;: ~ 6.50
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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: ~ 0.05 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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Norm. cone resistance

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

Residual strength correction

Corrected norm. cone resistanc

SBTn Index

Liquefied Su/Sig'v

0 0 0 7 0] 0
05 <_;__,r 0.5 0.5 ( 0.5- 0.5
1 { 1 1 1
- =
1.5 1.5 1.5 1.5 1.5 |
2 2 2 2
)
2.5 2.5 2.5 2.5+ 2.5
3 \ 3 3 \ 3 i
3.5 — 3.5 3.5 3.5- 3.5 e
4 ) 4 4 ) 4
4.5 4.5 4.5 4.5 4.5
£ ( £ £ { € £
S < =] S =] S
Q. o Q. o o
— LY
8 5.5 — 8 5.5 8 5.5 } 8 5. 8 5.5 \
6 ; 6 6 6
1 s :
6.5 2‘ 6.5 6.5 ;) 6.5 6.5
7 7 7 4 7
7.5 e 7.5 7.5 } 7.5 7.5 A
8 8 8 8
,} 4
8.5 g:b 8.5 8.5 8.5 8.5 [
e 3 3
9 s) 9 9 3 9 )
9.5 o 9.5 9.5 9.5 9.5 .
10 3 10 10 10 10 g
% J | == Peak Su ratio == Lig. Su ratio I
7 — T T T T T T T L B e e e
0 20 40 60 01 2 3 45 6 7 8 910 0 50 100 150 20( 1 2 3 0.1 0.2 0.3 0.4 0.t
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: ~ 0.05 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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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: 1035
I. maximum check value: 3.00 Total points excluded: 111
I. change ratio value: 0.0100 Exclusion percentage: 10.72%
Minimum number of points in layer: 4 Number of layers detected: 11
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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

FS Plot

0.5
Factor of safety

Strain plot

0.5

1.5

2.5

3.5

4.5

Depth (m)

7.5

8.5

9.5

10

1

2

3

4

5

Volumentric strain (%)

Depth (m)

0.5

1.5

2.5

3.5

4.5

wu

o)}

6.5

7.5

8.5

9.5

10

Vertical settlements

0
Settlement (cm)

CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:49:40 pm

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

269



This software is licensed to: LDE Ltd

CPT name: CPT403

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 : CPT404
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:  0.05 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: CPT404

Cone resistance
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115 P
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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: 0.05
Depth to water table (insitu): 1.00 m

Friction Ratio

CPT basic interpretation plots
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\J

10.5

0 2 4 6

RF (%)

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

Unit weight calculation:
Use fill:

Fill height:
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3 Transition detect. applied: ~ Yes SBT legend
2.60 Kapplied: _ Yes [l 1 Sensitive fine grained ] 4. Clayey silt to silty [O] 7. Gravely sand to sand
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N/A Limit depth: . 10.00 m [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: CPT404

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. cone resistance Norm. friction ratio
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Input parameters and analysis data
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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:  0.05 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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This software is licensed to: LDE Ltd CPT name: CPT404

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: ~ 0.05 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: CPT404

CRR plot
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Input parameters and analysis data

Analysis method: B&I (2014)
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Fines correction method:
Points to test:

Earthquake magnitude M, :
Peak ground acceleration:

B&I (2014)

Based on Ic value
6.50

0.05

Depth to water table (insitu): 1.00 m

Depth (m)

FS Plot

Liquefaction analysis overall plots
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Factor of safety

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

Unit weight calculation:
Use fill:

Fill height:
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0-
0.5
1]
1.5-
2
2.5
3-
3.5
4-
4.5
5
5.5
6-
6.5
7-
7.5
8_
8.5
9-
9.5
10+
10.5-
114
11.5-
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This software is licensed to: LDE Ltd

CPT name: CPT404

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: ~ 0.05 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: CPT404
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Input parameters and analysis data

Analysis method:
Fines correction method:

Points to test:
Earthquake magnitude M,,;: ~ 6.50
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Based on Ic value
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Residual strength correction
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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: CPT404

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
T Sty sand & sandy Silt
05 CE}\Ilé s_ﬂ,ty cla
Clay | |
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i, Gy & sl &8
2 ; .
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. Iayé si tynz!'lgy
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S e 55
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E 5 64 .
S S — Silty sand & sandy silt
e 2 654
7 ) silty € ;
! i sanJ{’& safidy it
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. S- ¢ 2 i & a dv “t
’ ) e S
e d & silty sand
83 Sﬁltlgjl sand & sandy sif
9 & silty clay .
] Wsan, & sandy silt
95 | Clay & silty clay " :
—— Silty sand & sandy silt
. Clay & silty cla
105 ; Clay & silty clay
-l Silty sand & sandy silt
1 Clay & silty clay
115 iity sand & sandy silt
Sty sand & sandy sit
1 2 3 4 0123456 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: 1184
I. maximum check value: 3.00 Total points excluded: 233
I. change ratio value: 0.0100 Exclusion percentage: 19.68%
Minimum number of points in layer: 4 Number of layers detected: 31
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This software is licensed to: LDE Ltd

CPT name: CPT404

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot

Depth (m)
MJ\JP‘/
Depth (m)

Depth (m)

10.5
11
11.5
5 10 1 2 3 4 0 0.5
gt (MPa) Ic (Robertson 1990) Factor of safety

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: CPT404

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
Level 3, 3 Osterley Way

EE“E LIS RNELIE
LU . PO Box 97 385, Manukau, Auckland 2241
www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Project title :

Location :

CPT file : CPT405
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:  0.05 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
i Miquefaction i Zone A;: Cyclic liquefaction and strength loss likely depending on loading and grounc
] | | | | | 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
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This software is licensed to: LDE Ltd CPT name: CPT405

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 BTI d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes S 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:  0.05 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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CPT name: CPT405

CPT basic interpretation plots (normalized)
SBTn Plot
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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:  0.05 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
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Norm. cone resistance
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Input parameters and analysis data
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CRR plot
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Analysis method:

B&I (2014)

Fines correction method: B&I (2014)
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Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.05
Depth to water table (insitu): 1.00 m
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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: ~ 0.05 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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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: ~ 0.05 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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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: 1169
I. maximum check value: 3.00 Total points excluded: 88
I. change ratio value: 0.0100 Exclusion percentage: 7.53%
Minimum number of points in layer: 4 Number of layers detected: 13
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CPT name: CPT405

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

3

4

5

Volumentric strain (%)

Depth (m)

Vertical settlements

0.5

1.5

2.5

3.5

4.5

5.5

6.5

7.5

8.5

9.5

10

10.5

11

11.5

0
Settlement (cm)

CLiq v.3.5.2.10 - CPT Liquefaction Assessment Software - Report created on: 13/02/2023, 4:49:42 pm
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

289



This software is licensed to: LDE Ltd CPT name: CPT405

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“; 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 : CPT406
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:  0.05 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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B ﬁ No Liquefac'tion | Zone Ay: Cyclic liquefaction and strength loss likely depending on loading and grounc
] \ \ ! 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
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CPT name: CPT406
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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: 0.05

Depth to water table (insitu): 1.00 m
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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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Depth to water table (insitu): 1.00 m
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CPT basic interpretation plots (normalized)
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This software is licensed to: LDE Ltd

CPT name: CPT406

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: ~ Sands only
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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CRR plot
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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: ~ 0.05 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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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: ~ 0.05 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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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: 1013
I. maximum check value: 3.00 Total points excluded: 83
I. change ratio value: 0.0100 Exclusion percentage: 8.19%
Minimum number of points in layer: 4 Number of layers detected: 11
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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 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 : CPT407
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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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, 4:49:44 pm 301
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
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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:  0.05 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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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:  Sand & Clay . X . . .
Peak ground accelerations 0.05 Use fill No Limit depth applied: Yes . 2. Organic r.natenal . 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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This software is licensed to: LDE Ltd CPT name: CPT407

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:  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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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: ~ 0.05 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: CPT407

Liquefaction analysis summary plots
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Normalized friction ratio (%) 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:
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied:
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:
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth:
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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 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:  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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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: 1066
I. maximum check value: 3.00 Total points excluded: 131
I. change ratio value: 0.0100 Exclusion percentage: 12.29%
Minimum number of points in layer: 4 Number of layers detected: 20
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS 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

Strain plot
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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
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 : CPT408
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:  0.05 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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This software is licensed to: LDE Ltd

CPT name: CPT408

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
Eg:?qgl:gﬁdm:gcnetjgiimvy: ggg 32{? f‘_:\llﬁlght calculation: ﬁzsed on SBT E';&;Jﬁ:p?ﬁi?ﬂﬁ; C?_PP"edi 322‘15 only [ 2 Organic material O 5. Silty sand to sandy silt [ 8 Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 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: CPT408

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:  0.05 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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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 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: ~ 0.05 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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CPT name: CPT408

CRR plot
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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: 0.05
Depth to water table (insitu): 1.00 m
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CPT name: CPT408

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: ~ 0.05 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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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: ~ 0.05 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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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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Clay i @ |
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C
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= =
g g Clay & silty clay
Clay
Clay & silty clay
Silty sand & sandy silt
lay & silty clay
Silty sand & sandy silt
Clay &silty clay
1 2 3 4 0012345678 91011121314 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: 892
I. maximum check value: 3.00 Total points excluded: 40
I. change ratio value: 0.0100 Exclusion percentage: 4.48%
Minimum number of points in layer: 4 Number of layers detected: 5
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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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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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Level 3, 3 Osterley Way

P O Box 97 385, Manukau, Auckland 2241

LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPT409
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: 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:  0.05 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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E ® .* No Liquefac'tion | Zone Ay: Cyclic liquefaction and strength loss likely depending on loading and grounc
] \ ! geometry
0 LI L L DL I I LU IR LR UL Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
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qclN,cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots
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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:  0.05 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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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:  0.05 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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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: ~ 0.05 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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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: 0.05
Depth to water table (insitu): 1.00 m
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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: ~ 0.05 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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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: ~ 0.05 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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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: 1129
I. maximum check value: 3.00 Total points excluded: 91

I. change ratio value: 0.0100 Exclusion percentage: 8.06%
Minimum number of points in layer: 4 Number of layers detected: 14
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CPT name: CPT409

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot
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gt (MPa) Ic (Robertson 1990) Factor of safety
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

Strain plot
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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

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 : CPT410
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
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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CPT name: CPT410

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: 0.05

Depth to water table (insitu): 1.00 m

10.5

CPT basic interpretation plots
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Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 3 Transition detect. applied:  Yes SBT legend
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
Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sand & Clay h . - " :
Use fill No Limit depth applied: Yes . 2. Organic material . 5. Silty sand to sandy silt . 8.. Very stlff sand to
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: CPT410

CPT basic interpretation plots (normalized)
SBTn Plot

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 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:  Sand & Clay 2 ] ial
Peak ground acceleration:  0.05 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: CPT410

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 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: ~ 0.05 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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CRR plot
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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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Depth to water table (insitu): 1.00 m
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FS Plot

Liquefaction analysis overall plots
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Depth to GWT (erthq.):
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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: ~ 0.05 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, 4:49:47 pm 336

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: CPT410

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: ~ 0.05 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: CPT410

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: 1180
I. maximum check value: 3.00 Total points excluded: 143
I. change ratio value: 0.0100 Exclusion percentage: 12.12%
Minimum number of points in layer: 4 Number of layers detected: 16
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CPT name: CPT410

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS 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

Strain plot
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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
INNICERINE i’ ﬁ-’e Level 3, 3 Osterley Way
SOGLARREEARERE 0 0 PO Box 97 385, Manukau, Auckland 2241
B = www.landergeotechnical.co.nz

LIQUEFACTION ANALYSIS REPORT

Location :

Project title :
CPT file : CPT411
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:  0.05 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: CPT411
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Input parameters and analysis data

Analysis method: B&I (2014)
Fines correction method: B&I (2014)

Depth (m)

Points to test: Based on Ic value

Earthquake magnitude M,,;: ~ 6.50
Peak ground acceleration: 0.05
Depth to water table (insitu): 1.00 m

Friction Ratio

CPT basic interpretation plots
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CPT name: CPT411

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot
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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:  0.05 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
[C] 6. Clean sand to silty sand [_] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)
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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: ~ 0.05 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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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: ~ 0.05 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: ~ 0.05 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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Norm. cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:
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Earthquake magnitude M, :
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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: CPT411

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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Sand & slilry sand
1 2 3 4 01234567 8 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: 1199
I. maximum check value: 3.00 Total points excluded: 152
I. change ratio value: 0.0100 Exclusion percentage: 12.68%
Minimum number of points in layer: 4 Number of layers detected: 25
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CPT name: CPT411

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

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 : CPT412
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:  0.05 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
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B Y 1 ho tm«tion | Zone Ay: Cyclic liquefaction and strength loss likely depending on loading and grounc
] \ | 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
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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) 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:  0.05 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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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:  0.05 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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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: ~ 0.05 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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CPT name: CPT412

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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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: ~ 0.05 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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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: ~ 0.05 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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CPT name: CPT412

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

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: 1830
Total points excluded: 234
Exclusion percentage: 12.79%
Number of layers detected: 28
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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 resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Lig. ejecta demand
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Lander Geotechnical Consultants Limited

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

Location :

Project title :
CPT file : CPT413
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
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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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:  0.05 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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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 BTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes SBTn 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:  0.05 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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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) 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: ~ 0.05 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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CRR plot
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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: 0.05
Depth to water table (insitu): 1.00 m
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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:  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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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: 0.05
Depth to water table (insitu): 1.00 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: 1360
I. maximum check value: 3.00 Total points excluded: 54
I. change ratio value: 0.0100 Exclusion percentage: 3.97%
Minimum number of points in layer: 4 Number of layers detected: 6
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Estimation of post-earthquake settlements

Cone resistance
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0
0.5

1.5

2.5

3.5

4.5 ===

5.5

6.5

Depth (m)
~N

Depth (m)

Depth (m)

7.5

8.5

10
10.5
1
115
12
PR B W
13
13.5

o
[

10 1 2 3 4 0
gt (MPa) Ic (Robertson 1990)

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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Qtn,cs Ic (Robertson 1990) Factor of safety Stresses (kPa) hexc (m) LD (kN/m)
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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 : CPT414
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
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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qt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
M,=7'/2, sigma'=1 atm base curve Summary of liquefaction potential
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Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)

/ 1 10
0.1 3 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
] | 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
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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Input parameters and analysis data
Analysis method: 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:  0.05 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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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: 0.05

Depth to water table (insitu): 1.00 m

CPT basic interpretation plots (normalized)
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Norm. cone resistance

Liquefaction analysis overall plots (intermediate results)
SBTn Index

Apparent fines content
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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:  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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B&I (2014)
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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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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:  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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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistanc SBTn Index Liquefied Su/Sig'v
0 —---;7- 0 0 7 T ————r—— 0
0.5 0.5 0.5 0.5
14¢ 1 1 1
15 15 15 15 %
2 2 2 2 acor—E
2546 2.5 25 ‘ 2.5 3
3 3 3 3 o
3.5-% 3.5 3.5 3 3.5 3 ————
4% 4 4 s 4 PR ——
4.5 4.5 4.5 'S 4.5 S = —
s 5 5 g 544 | =
5.5 5.5 5.5 5.5 ?—
6 6 6 6 =
6.5-% 6.5 6.5 6.5
7 7 7 7
_ T —~ ,\ — —_ -
E 75 C E 75 E 75 [ £ E 75 [ <
s 8 { s 8 s 8 =] 5 8
Q. o Q. o o
PR
8 8.5 } 8 8.5 8 8.5 8 8 8.5
9 9 9 - 9
951 9.5 9.5 ¢ 9.5t
10-.[ 10 10 K) 10
10.5 10.5 10.5 { 10.5 <
—————]
11 —--‘i 11 11 ) 11 )
11.5 11.5 11.5 1 115
124-- 12 12 12
12.5 ; 12.5 12.5 12.5
13 13 13 13
13.5 13.5 13.5 13.5 ct
14 {' 14 14 14 -
14.5—--1 14.5 145 3 14.5 )
15 15 15 t 15
155 S 15.5 155 15 peak suratio — Lig. su rato ]|
16 55-—|— 16 e 16— T T T 16
0 50 100 012 3456 7 8910 0 50 100 150 20( 0 0.1 0.2 0.3 0.4 0.t
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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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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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Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 1600
I. maximum check value: 3.00 Total points excluded: 72
I. change ratio value: 0.0100 Exclusion percentage: 4.50%
Minimum number of points in layer: 4 Number of layers detected: 9
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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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Ejecta Severity Estimation

Corrected norm. cone resist: SBTn Index Plot FS plot Stresses vs Depth Excess Head Liq. ejecta demand
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