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Raw Data Soil Classification Cyclic Stress Ratio Factor of Safety Liquefaction
SET tip tesistance; o (MPa) Soil Classification Index (Ic) Cyclic Stress Ratio Fos
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Frction Ratio (Rf) (%) —— Water Table —— Water table —— Factor of Safety B Water table
—— Gravelly to Dense Sand (lc<1.3) - hJ”JLf:/'V to
— Water table C_iean to Silty Sand (1 :3¢Ic€2 1) qutent]al to
Normalized Friction Ratio — EHLIS::;EI? Sandy Sit B jquety
— Tip Resistance Silty Clay to Organic Soil —— Water table —— CRR7.5
(2.6<lc<3) — CSR7.1
—— Qrganic Soil - Peat (lc=3)
Surcharge used. (Assumed predrill values)
CPT Name Database ID Investigation Date Event and PGA Magnitude PGA GWD  Trigger Method Settlement Method Pre-drill Depth Qc (MPa) Fs (MPa) Y (kN/m3)
@ (m) (m)
INPUT:  [CPT-BEX-13 165 11/4/2010] CHCH Sept, UoC PGA | 7.1] 0.1823] 1.42621B ZRB | 0.8 7| 0.01] 18
S - Calculated deformation (mm)  CTL - Cumulative Thickness of Liquefaction (m) LPI - Liquefaction Potential Index LSN - Liquefaction Severity Number CT - Crust Thickness (m)
OUTPUT: | 174] 5.8] 10| 46| 15|
CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .
Tonkin &Taylor V11 Case Study CPT - Red Zone, TC3, TC2 520200200  |pace  Figure D2.A




Raw Data Soil Classification Cyclic Stress Ratio Factor of Safety Liquefaction
SET tip tesistance; o (MPa) Soil Classification Index (Ic) Cyclic Stress Ratio Fos
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Frction Ratio (Rf) (%) —— Water Table —— Water table —— Factor of Safety B Water table
—— Gravelly to Dense Sand (lc<1.3) - mt:/'y to
— Water table C_iean to Silty Sand (1 :3¢Ic€2 1) Potential to
Normalized Friction Ratio — ;‘?'2'"13’“5::2‘13'? Sandy Sit B jquety
—— Tip Resistance Silty Clay to Organic Soil —— Water table = CRR7.5
(2.6<lc<3) — CSR7.1
—— Qrganic Soil - Peat (lc=3)
Surcharge used. (Assumed predrill values)
CPT Name Database ID Investigation Date Event and PGA Magnitude PGA GWD  Trigger Method Settlement Method Pre-drill Depth Qc (MPa) Fs (MPa) Y (kN/m3)
@ (m) (m)
INPUT:  [CPT-ARN-26 26| 5/12/2011| CHCH Sept, UoC PGA 7.1] 0.1806] 251418 ZRB | 12 7| 0.01] 18
S - Calculated deformation (mm)  CTL - Cumulative Thickness of Liquefaction (m) LPI - Liquefaction Potential Index LSN - Liquefaction Severity Number CT - Crust Thickness (m)
OUTPUT: | 82] 2.4] 1 1] 2.6]
CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .
Tonkin &Taylor V11 Case Study CPT - Red Zone, TC3, TC2 520200200  |pace  Figure D2.B




Raw Data Soil Classification Cyclic Stress Ratio Factor of Safety Liquefaction
SET tip tesistance; o (MPa) Soil Classification Index (Ic) Cyclic Stress Ratio Fos
0 5 10 15 20 1 2 3 00 02 04 06 08 10 0.0 1.0 20
0.0 0.0 - 0.0 - 0.0 0.0
lﬁ P
4.0 4.0 , , 4.0 40 4.0
S 8ol i 8.0 8.0 8.0
: 5 i. g 5
z : £ z
: i |
12.0 12.0 .r 12.0 12.0 12.0
5——--—= -é=
16.0 ; i < =
16.0 i | 16.0 16.0 16.0
20.0 i A il
10 8 6 4 2 0 20.0 . . A 20.0 20.0 20.0
Frction Ratio (Rf) (%) —— Water Table —— Water table —— Factor of Safety B Water table
—— Gravelly to Dense Sand (lc<1.3) - hJ”JLf:/'V to
— Water table C_iean to Silty Sand (1 :3¢Ic€2 1) qutent]al to
Normalized Friction Ratio — EHLIS::;EI? Sandy Sit B jquety
— Tip Resistance Silty Clay to Organic Soil —— Water table —— CRR7.5
(2.6<lc<3) — CSR7.1
—— Qrganic Soil - Peat (lc=3)
Surcharge used. (Assumed predrill values)
CPT Name Database ID Investigation Date Event and PGA Magnitude PGA GWD  Trigger Method Settlement Method Pre-drill Depth Qc (MPa) Fs (MPa) Y (kN/m3)
@ (m) (m)
INPUT:  [CPT-ARN-09 9| 5/13/2011| CHCH Sept, UoC PGA | 7.1] 0.1918] 2.0897]1B ZRB | 12 7| 0.01] 18
S - Calculated deformation (mm)  CTL - Cumulative Thickness of Liquefaction (m) LPI - Liquefaction Potential Index LSN - Liquefaction Severity Number CT - Crust Thickness (m)
OUTPUT: | 69| 19| 1 8| 13.6]
CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .
Tonkin &Taylor V11 Case Study CPT - Red Zone, TC3, TC2 520200200  |pace  Figure D2.C




Cumulative Calc Def v Depth
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Surcharge used. (Assumed predrill
values)
CPT Name Database Investigation Event and PGA Magnitude PGA (g) GWD (m) Trigger Method Settlement Method Pre Drill Depth (m) Qc (MPa) Fs (MPa) y (KN/m3)
ID Date
. CPT-BEX-13 165 11/4/2010 CHCH Sept, UoC PGA 7.1 0.1823 1.4262/1B ZRB 0.8 2 0.01 18
. CPT-ARN-26 26 5/12/2011 CHCH Sept, UoC PGA 7.1 0.1806 2.514 1B ZRB 1.2 2 0.01 18
CPT-ARN-09 9 5/13/2011 CHCH Sept, UoC PGA 7.1 0.1918 2.0897 IB ZRB 1.2 2 0.01 18
CLIENT, PROJECT LOCATION
Tonkin & Taylor
) o EQC Christchurch
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER
- TITLE
Ton kln & Taylor V1.1 Case Study CPT - Red Zone, TC3, TC2 52020.0200

DATE 3/4/2013
ANALYSED JLSS

CHECKED
PAGE Figure D2.D




Raw Data Soil Classification Cyclic Stress Ratio Factor of Safety Liquefaction
OFT fip tesistance; ge (MPa) Soil Classification Index (lc) Cyclic Stress Ratio FoS
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— Water table C_!ean to Silty Sand (1 :3¢Ic¢2 1) Potential to
Normalized Friction Ratio — ;‘?'2'"13’“5::2"5"]’ Sandy Sitt ety
— Tip Resistance Silty Clay to Organic Soil —— Water table —— CRR7.5
(2.6<lc<3) — CSR6.2
—— Qrganic Soil - Peat (lc=3)
Surcharge used. (Assumed predrill values)
CPT Name Database ID Investigation Date Event and PGA Magnitude PGA GWD  Trigger Method Settlement Method Pre-drill Depth Qc (MPa) Fs (MPa) Y (kN/m3)
@ (m) (m)
INPUT:  [CPT-BEX-13 165 11/4/2010| CHCH Feb, UoC PGA | 6.2 0.5084] 1.2339]IB ZRB | 058 7| 0.01] 18
S - Calculated deformation (mm)  CTL - Cumulative Thickness of Liquefaction (m) LPI - Liquefaction Potential Index LSN - Liquefaction Severity Number CT - Crust Thickness (m)
OUTPUT: | 307| 155| 39| 62 13|
CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .
Tonkin &Taylor V11 Case Study CPT - Red Zone, TC3, TC2 520200200  |pace  Figure D3.A




Raw Data Soil Classification Cyclic Stress Ratio Factor of Safety Liquefaction
SET tip tesistance; o (MPa) Soil Classification Index (Ic) Cyclic Stress Ratio Fos
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Frction Ratio (Rf) (%) —— Water Table —— Water table —— Factor of Safety B Water table
—— Gravelly to Dense Sand (lc<1.3) - hJ”JLf:/'V to
— Water table C_iean to Silty Sand (1 :3¢Ic€2 1) qutent]al to
Normalized Friction Ratio — ;‘?'2'"13’“5::2‘13'? Sandy Sit B jquety
—HpReslsrnce Silty Clay to Organic Soil — Water table  —— CRR7.5
(2.6<lc<3) — CSR6.2
—— Qrganic Soil - Peat (lc=3)
Surcharge used. (Assumed predrill values)
CPT Name Database ID Investigation Date Event and PGA Magnitude PGA GWD  Trigger Method Settlement Method Pre-drill Depth Qc (MPa) Fs (MPa) Y (kN/m3)
@ (m) (m)
INPUT:  [CPT-ARN-26 26| 5/12/2011] CHCH Feb, UoC PGA | 6.2] 0.4496| 2.3234|1B ZRB | 12 7| 0.01] 18
S - Calculated deformation (mm)  CTL - Cumulative Thickness of Liquefaction (m) LPI - Liquefaction Potential Index LSN - Liquefaction Severity Number CT - Crust Thickness (m)
OUTPUT: | 267| 133 2] 35| 2.4]
CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .
Tonkin &Taylor V11 Case Study CPT - Red Zone, TC3, TC2 520200200  |pace  Figure D3.B




Raw Data Soil Classification Cyclic Stress Ratio Factor of Safety Liquefaction
SET tip tesistance; o (MPa) Soil Classification Index (Ic) Cyclic Stress Ratio Fos
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— Water table C_!ean to Silty Sand (1 :3¢Ic¢2 1) qutent]al to
Normalized Friction Ratio — EHLIS::;EI? Sandy Sitt B jquety
g Reskiencs Silty Clay to Organic Sail — Waterfable —— CRR7.5
(2.6<lc<3) — CSR6.2
—— Qrganic Soil - Peat (lc=3)
Surcharge used. (Assumed predrill values)
CPT Name Database ID Investigation Date Event and PGA Magnitude PGA GWD  Trigger Method Settlement Method Pre-drill Depth Qc (MPa) Fs (MPa) Y (kN/m3)
@ (m) (m)
INPUT:  [CPT-ARN-09 9| 5/13/2011] CHCH Feb, UoC PGA | 6.2 05177 1.8618]IB ZRB | 12 7| 0.01] 18
S - Calculated deformation (mm)  CTL - Cumulative Thickness of Liquefaction (m) LPI - Liquefaction Potential Index LSN - Liquefaction Severity Number CT - Crust Thickness (m)
OUTPUT: | 240| 13| 18] 28] 2
CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .
Tonkin &Taylor V11 Case Study CPT - Red Zone, TC3, TC2 520200200  |pace  Figure D3.C




umulative LSN vs Depth
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Surcharge used.
values)
CPT Name Database Investigation Event and PGA Magnitude PGA (g) GWD (m) Trigger Method Settlement Method Pre Drill Depth (m) Qc (MPa) Fs (MPa) y (KN/m3)
ID Date

. CPT-BEX-13 165 11/4/2010 CHCH Feb, UoC PGA 6.2 0.5084 1.2339/1B ZRB 0.8 0.01 18
. CPT-ARN-26 26 5/12/2011 CHCH Feb, UoC PGA 6.2 0.4496 2.3234 1B ZRB 12 2 0.01 18

CPT-ARN-09 9 5/13/2011 CHCH Feb, UoC PGA 6.2 0.5177 1.8618 1B ZRB 1.2 2 0.01 18

CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .

Tonkin &Taylor V11 Case Study CPT - Red Zone, TC3, TC2 520200200  |pace  Figure D3.D




Raw Data Soil Classification Cyclic Stress Ratio Factor of Safety Liquefaction
CET ip fesislance; So(MPa) Soil Classification Index (Ic) Cyclic Stress Ratio Fos
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—— Gravelly to Dense Sand (lc<1.3) - mt:/'y to
— Water table C_iean to Silty Sand (1 :3¢Ic€2 1) Potential to
Normalized Friction Ratio — EHLIS::;EI? Sandy Sitt B jquety
— Tip Resistance Silty Clay to Organic Soil —— Water table —— CRR7.5
(2.6<lc<3) — CSR6.2
—— Qrganic Soil - Peat (lc=3)
Surcharge used. (Assumed predrill values)
CPT Name Database ID Investigation Date Event and PGA Magnitude PGA GWD  Trigger Method Settlement Method Pre-drill Depth Qc (MPa) Fs (MPa) Y (kN/m3)
@ (m) (m)
INPUT:  [CPT-BEX-13 165 11/4/2010| CHCH June, UoC PGA | 6.2 0.2602] 1.0481]IB ZRB | 058 7| 0.01] 18
S - Calculated deformation (mm)  CTL - Cumulative Thickness of Liquefaction (m) LPI - Liquefaction Potential Index LSN - Liquefaction Severity Number CT - Crust Thickness (m)
OUTPUT: | 193] 6.3] 17| 55] 13|
CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .
Tonkin &Taylor V11 Case Study CPT - Red Zone, TC3, TC2 520200200  |pace  Figure D4.A




Raw Data Soil Classification Cyclic Stress Ratio Factor of Safety Liquefaction
SET tip tesistance; o (MPa) Soil Classification Index (Ic) Cyclic Stress Ratio Fos
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Frction Ratio (Rf) (%) —— Water Table —— Water table —— Factor of Safety B Water table
—— Gravelly to Dense Sand (lc<1.3) - hJ”JLf:/'V to
— Water table C_iean to Silty Sand (1 :3¢Ic€2 1) qutent]al to
Normalized Friction Ratio — ;‘?'2'"13’“5::2‘13'? Sandy Sitt B jquety
—— Tip Resistance Silty Clay to Organic Soil —— Water table = CRR7.5
(2.6<lc<3) — CSR6.2
—— Qrganic Soil - Peat (lc=3)
Surcharge used. (Assumed predrill values)
CPT Name Database ID Investigation Date Event and PGA Magnitude PGA GWD  Trigger Method Settlement Method Pre-drill Depth Qc (MPa) Fs (MPa) Y (kN/m3)
@ (m) (m)
INPUT:  [CPT-ARN-26 26| 5/12/2011] CHCH June, UoC PGA | 6.2 0.2774] 2.2585(IB ZRB | 12 7| 0.01] 18
S - Calculated deformation (mm)  CTL - Cumulative Thickness of Liquefaction (m) LPI - Liquefaction Potential Index LSN - Liquefaction Severity Number CT - Crust Thickness (m)
OUTPUT: | 138 6.3] 5| 22] 2.4]
CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .
Tonkin &Taylor V11 Case Study CPT - Red Zone, TC3, TC2 520200200  |pace  Figure D4.B




Raw Data Soil Classification Cyclic Stress Ratio Factor of Safety Liquefaction
SET tip tesistance; o (MPa) Soil Classification Index (Ic) Cyclic Stress Ratio Fos
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—— Gravelly to Dense Sand (lc<1.3) - hJ”JLK:/'V to
— Water table C_!ean to Silty Sand (1 :3¢Ic¢2 1) qutent]al to
Normalized Friction Ratio — EHLIS::;EI? Sandy Sit B jquety
—— Tip Resistance Silty Clay to Organic Soil —— Water table = CRR7.5
(2.6<lc<3) —— CSR6.2
—— Qrganic Soil - Peat (lc=3)
Surcharge used. (Assumed predrill values)
CPT Name Database ID Investigation Date Event and PGA Magnitude PGA GWD  Trigger Method Settlement Method Pre-drill Depth Qc (MPa) Fs (MPa) Y (kN/m3)
@ (m) (m)
INPUT:  [CPT-ARN-09 9| 5/13/2011] CHCH June, UoC PGA | 6.2 0.3098] 1.6066]IB ZRB | 12 7| 0.01] 18
S - Calculated deformation (mm)  CTL - Cumulative Thickness of Liquefaction (m) LPI - Liquefaction Potential Index LSN - Liquefaction Severity Number CT - Crust Thickness (m)
OUTPUT: | 105] 45| 7| 1] 19|
CLIENT, PROJECT LOCATION DATE 3/4/2013
Tonkin & Taylor EQC
- o Christchurch ANALYSED  JLSS
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER CHECKED
- TITLE .
Ton kll‘l & Tayl.or V1.1 Case Study CPT - Red Zone, TC3, TC2 52020.0200 PAGE Figure D4.C




Cumulative LPI v Depth Cumulative LSN vs Depth
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Surcharge used. (Assumed predrill
values)
CPT Name Database Investigation Event and PGA Magnitude PGA (g) GWD (m) Trigger Method Settlement Method Pre Drill Depth (m) Qc (MPa) Fs (MPa) y (KN/m3)
ID Date
. CPT-BEX-13 165 11/4/2010 CHCH June, UoC PGA 6.2 0.2692 1.0481 /1B ZRB 0.8 0.01 18
. CPT-ARN-26 26 5/12/2011 CHCH June, UoC PGA 6.2 0.2774 2.2585 IB ZRB 1.2 2 0.01 18
CPT-ARN-09 9 5/13/2011 CHCH June, UoC PGA 6.2  0.3098 1.6066 1B ZRB 12 2 0.01 18
CLIENT, PROJECT LOCATION
Tonkin & Taylor
) o EQC Christchurch
Environmental and Engineering Data analysis of increased vulnerability to liquefaction for the Canterbury Earthquake Sequence
consultants JOB NUMBER
- TITLE
Ton kln & Taylor V1.1 Case Study CPT - Red Zone, TC3, TC2 52020.0200

DATE 3/4/2013
ANALYSED JLSS

CHECKED
PAGE Figure D4.D




LSN response to PGA

LPI response to PGA
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CPT Name Database ID Investigation Date Event and PGA Magnitude PGA (g) GWD (m) Trigger Method Settlement Method Pre Drill Depth (m) Qc (MPa)  Fs (MPa) Y (KN/m3)
. CPT-BEX-13 165 11/4/2010 CHCH June, UoC PGA 6.2 0.2692 1.0481 1B ZRB 0.8 2 0.01 18
. CPT-ARN-26 26 5/12/2011 CHCH June, UoC PGA 6.2 0.2774 2.2585/ 1B ZRB 1.2 2 0.01 18
CPT-ARN-09 9 5/13/2011 CHCH June, UoC PGA 6.2  0.3098 1.6066 1B ZRB 12 2 0.01 18
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