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Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

Table 1: Site Description for Hunt Lane (CPT 4674 - CCLIQ 12).

Yes/No Symbol in
Attribute 10-m | 20-m | 50-m | Description/Date F}i, ure 1
Buffer | Buffer | Buffer 5
Near a body of The site is situated to the S of the Avon
surface water or No No No River; its center is 184 m away from the NA
other free face nearest free-face feature, which is ~1.5 m
features? high and oriented in the E-W direction.
Eizeel;j/lesdpgi??rigg No No No i:l;er:%l spreadilng was not observed by the NA
the CES? pping team.
Building coverage of the 10-m, 20-m, and
Nearby buildings 50-m buffers is 29%, 27%, and 37%, White Fill +
or Structures? Yes Yes Yes | respectively. Buildings are in the NE, NW, Brown
) and SW quadrants of the 10-m buffer and in | Outline
all quadrants of the 20-m and 50-m buffers.
Sloping land? No No No Flat land, residential area. NA
Step changes in
the ground No No No NA NA
surface?
Retaining walls? No No No NA NA
Trees and bushes cover 9% of the 10-m -
. buffer, 219% of the 20-m buffer and 29% of | 11t Fill +
Vegetation? Yes Yes Yes . Green
the 50-m buffer. They are in all quadrants Outline
of the three buffers.
Removal of five buildings outside of the NW
and SE quadrants of the 50-m buffer
between Dec 2012 and Feb 2014. One
building was built at the same SE property Building
Anthropogenic by Aug 2014. Two buildings outside of the E | Removal
changes to the site No No No and NW portions of the 50-m buffer were from 2012
between the removed between Aug 2014 and Sep 2015. | to 2015:
LiDAR surveys? Two new buildings were added at these Orange
properties by Feb 2016. Earthwork was Crossline
performed in the SW quadrant of the 20-
and 50-m buffers between Feb 2014 and
Aug 2014.
Low-motor-vehicle-volume roadway Ei(;la i lg(:gy
occupies 19% of the 10-m buffer and 18% Outline:
of the 20-m buffer, affecting the E half of the Drivew'ay'
10-m buffer and the NE, SE, and SW White Fill.+
Other important Yes Yes Yes quadrants of the 20-m buffer. The 50-m Gray
factors? buffer is affected by this roadway and low- Outline:
motor-vehicle-volume driveway that .
altogether occupy 5% of its area, affecting Tra'mpo.llne.
all its quadrants. Trampoline is in the SW White Fill +
. Purple
portion of the 50-m buffer. .
Outline

Note: Buffer is the area within a circle of a specified radius with CPT investigations done at its center

(172.692150°, -43.503948°).

! Canterbury Geotechnical Database. (2012). "Observed Ground Crack Locations", Map Layer CGD0400 - 23
July 2012, retrieved July 09, 2018 from https://canterburygeotechnicaldatabase.projectorbit.com/
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Figure 1: Site plan with areas where LiDAR survey data is considered.

Note 1: Three patches (outlined in red) in the free field were initially selected for settlement
assessment as areas free of vegetation and structures. Further analyses such as proximity of a patch
to a CPT, proximity of a patch to a property subjected to addition and/or demolition of a structure,
frontyard/backyard alterations (e.g., ploughing, rubble, scrap), aerial distribution of sediment ejecta,
and density of LiDAR points for 2003 resulted in Patches A and B being selected for detailed
settlement assessment and the third patch being discarded in detailed settlement assessment. In
addition, since significant amounts of ejecta were observed on roads in the CES, the entire portion of
the road within the 50-m buffer was considered for settlement assessment. Roads as hard, relatively
flat surfaces provide many ground-classified points. Therefore, it is very useful to compare
settlement estimates on roads with settlement estimates for the unpaved patches.
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Table 2: LiDAR flight error adjustments, global adjustments for the difference
between average LiDAR point elevations and benchmark survey elevations, and
vertical tectonic movement adjustments.

Adjustments (mm)

Earthquake . . Global Tectonic Vertical
Ever?t(s) LIDAR Flight Error Offset? Movement

Sep-10 0 -3 0

Feb-11 0 16 -40

Jun-11 0 38 -45
Dec-11 0 -65 3

CES 0 -14 -82

Post Sep 2010 LiDAR survey affected by ejecta?” Yes

Notes: The negative sign indicates the subtraction from the ground surface subsidence, while the
positive sign indicates the addition to the ground surface subsidence; * indicates the presence of the
blind sand boil within Patch B at the time of all post Feb-11 LiDAR surveys but Oct-15 LiDAR survey

hence requires the addition of 20-mm ground surface subsidence for the Feb-11 EQ and the CES for
Patch B.

Table 3a: LiDAR Measurement Error for Patch A.

Area Averaged
Difference %Reduction in 6
Surveys Buffer Indicating ©*individual LiDAR due to Area
Repeat points (Mm) Averaging of
Measurement LiDAR Points
Error (mm)
Post Feb 2011: 10-m 58
Mar 2011 and May 20-m 58 59 [98,98]
2011 50-m 58
10-m 5
Post Dec 2011:
Feb 2012 and Oct 2015 |20 > 70 7.7]
50-m 5

*Standard deviation.

2 Russell, ]., & van Ballegooy, S. (2015). Canterbury Earthquake Sequence: Increased liquefaction vulnerability
assessment methodology. New Zealand: Tonkin & Taylor Ltd.
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Table 3b: LiDAR Measurement Error for Patch B.

Area Averaged
Difference 6% ndvidual %Reduction in 6
Indicating awvicaa due to Area
Surveys Buffer LiDAR points .
Repeat (mm) Averaging of
Measurement LiDAR Points
Error (mm)
Post Feb 2011: 10-m NA
Mar 2011 and Ma 20-m 63 59 107,107
y
2011 50-m 63
Post Dec 2011: 10-m NA
Feb 2012 and Oct 20-m NA 70 [NANA]
2015 50-m NA

*Standard deviation; Oct-2015 LiDAR survey was not considered due to the earthwork that was done
between Feb 2014 and Aug 2014 within Patch B.

Table 3c: LIDAR Measurement Error for Road.

Area Averaged
Difference " %Reduction in 6
. . ©*individual
Indicating due to Area
Surveys Buffer LiDAR points :
Repeat (mm) Averaging of
Measurement LiDAR Points
Error (mm)
Post Feb 2011: 10-m 54
Mar 2011 and May 20-m 50 59 [85,92]
2011 50-m 49
Post Dec 2011: 10-m 30
Feb 2012 and Oct 20-m 35 70 [43,50]
2015 50-m 35

*Standard deviation.

Table 4a: Ground surface subsidence adjustments for Patch A due to LiDAR
measurement error.

Opre-EQ LIDAR Opost-EQ LiDAR Ototal Area Average
Earthquake Event(s) survey (mm) survey (mm) (mm) | Adjusted 6 (mm)"
Sep-10 158 56 134 +132
Feb-11 56 59 59 +58
Jun-11 59 61 62 +61
Dec-11 61 70 87 +85
CES 158 70 124 +122

“Based on the highest %Reduction in Table 3a.
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Table 4b: Ground surface subsidence adjustments for Patch B due to LiDAR
measurement error.

Opre-EQ LIDAR Opost-EQ LiDAR Ototal Area Average
Earthquake Event(s) survey (mm) survey (mm) (mm) AdeStEd 6 (mgm)**
Sep-10 158 56 134 +143
Feb-11 56 59 59 +63
Jun-11 59 61 62 +66
Dec-11 61 70 87 +92
CES 158 70 124 +133

**Based on the highest %Reduction in Table 3b.

Table 4c: Ground surface subsidence adjustments for Road due to LiDAR
measurement error.

Opre-EQ LIDAR Opost-EQ LiDAR Ototal Area Average
Barthquake Event(s) survey (IMm) survey (mm) (mm) | Adjusted 6 (mgm)**
Sep-10 158 56 134 +123
Feb-11 56 59 59 +54
Jun-11 59 61 62 +57
Dec-11 61 70 87 +79
CES 158 70 124 +114

**Based on the highest %Reduction in Table 3c.

Table 5a: Raw liquefaction-related ground surface subsidence for
Patch A using original LiDAR points.

Average Ground Surface Subsidence (mm)

Earthquake Event(s) | 10-m Buffer | 20-m Buffer | 50-m Buffer
Sep-10 126 126 126
Feb-11 168 168 168
Jun-11 102 102 102
Dec-11 70 70 70

CES 466 466 466

Table 5b: Raw liquefaction-related ground surface subsidence for
Patch B using original LiDAR points.

Average Ground Surface Subsidence (mm)

Earthquake Event(s) | 10-m Buffer | 20-m Buffer | 50-m Buffer
Sep-10 NA 12 12
Feb-11 NA 150 150
Jun-11 NA 90 90
Dec-11 NA 62 62

CES NA 314 314
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Table 5c: Raw liquefaction-related ground surface subsidence for
Road using original LiDAR points.
Average Ground Surface Subsidence (mm)

Earthquake Event(s) | 10-m Buffer | 20-m Buffer | 50-m Buffer
Sep-10 9 68 34
Feb-11 98 120 142
Jun-11 92 106 111
Dec-11 45 40 37

CES 244 334 324

Table 6a: Corrected liquefaction-related ground surface subsidence for Patch
A using original LiDAR points with the calculated adjustments in Table 2.

Average Calculated Ground Surface Subsidence (mm)

Earthquake 10-m Buffer 20-m Buffer 50-m Buffer
Event(s)
Sep-10 1234125 123+125 123+125
Feb-11 144450 144450 144450
Jun-11 95+50 95+£50 95+50
Dec-11 8175 8+75 8175
CES 370+125 3701125 3701125

Notes: Plus/minus values are same as those in Table 4a, but rounded to the nearest 25;
Positive overall values indicate ground surface subsidence, while negative overall values
indicate ground surface uplift.

Table 6b: Corrected liquefaction-related ground surface subsidence for Patch
B using original LiDAR points with the calculated adjustments in Table 2.

Average Calculated Ground Surface Subsidence (mm)

Earthquake 10-m Buffer 20-m Buffer 50-m Buffer
Event(s)
Sep-10 NA 94150 94150
Feb-11 NA 146+75 146+75
Jun-11 NA 83+75 83175
Dec-11 NA 0+100 0+100
CES NA 2374125 2374125

ground surface uplift.

Notes: Plus/minus values are same as those in Table 4b, but rounded to the nearest 25; Positive
overall values indicate ground surface subsidence, while negative overall values indicate
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Table 6c: Corrected liquefaction-related ground surface subsidence for Road
using original LiDAR points with the calculated adjustments in Table 2.

Average Calculated Ground Surface Subsidence (mm)

Earthquake 10-m Buffer 20-m Buffer 50-m Buffer
Event(s)
Sep-10 6+125 65+125 31+125
Feb-11 74450 96150 118450
Jun-11 85+50 99450 104450
Dec-11 -17+75 -22+75 -26+75
CES 1484125 239+£125 227+125

Notes: Plus/minus values are same as those in Table 4c, but rounded to the nearest 25;
Positive overall values indicate ground surface subsidence, while negative overall values
indicate ground surface uplift.

Table 7a: Corrected liquefaction-related ground surface subsidence for Patch A using
LiDAR DEMs.

Estimated Ground Surface Subsidence (mm)

10-m Buffer 20-m Buffer 50-m Buffer
Earthquake 16th 50th 84th | 1eth | 50th | 84th | 16th | 50th | 84th
Event(s) %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile
Sep-10 50 100 100 50 100 100 50 100 100
Feb-11 150 150 150 150 150 150 150 150 150
Jun-11 50 50 100 50 50 100 50 50 100
Dec-11 100 100 100 100 100 100 100 100 100
CES 400 450 450 | 400 | 450 | 450 | 400 | 450 | 450

Note: These percentiles are not the exact statistical measures; they indicate the spatial variability of
ground surface subsidence.

Table 7b: Corrected liquefaction-related ground surface subsidence for Patch B using
LiDAR DEMs.

Estimated Ground Surface Subsidence (mm)

10-m Buffer 20-m Buffer 50-m Buffer

Earthquake 16th 50th 84th | 16th | 50th | 84th | 16th | 50th | 84th
Event(s) %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile
Sep-10 NA NA NA 50 50 100 50 50 100
Feb-11 NA NA NA 100 150 150 100 150 150

Jun-11 NA NA NA 50 50 50 50 50 50
Dec-11 NA NA NA 50 100 150 50 100 150
CES NA NA NA 350 350 400 350 350 400

Note: These percentiles are not the exact statistical measures; they indicate the spatial variability of
ground surface subsidence.
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Table 7c: Corrected liquefaction-related ground surface subsidence for PFY using LiDAR
DEMs.

Estimated Ground Surface Subsidence (mm)

10-m Buffer 20-m Buffer 50-m Buffer

Earthquake 16th 50th 84th 16th 50th 84th 16th 50th 84th
Event(s) %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile
Sep-10 50 50 100 50 50 100 50 50 100
Feb-11 100 100 150 100 100 250 100 150 250

Jun-11 50 50 50 50 50 50 50 50 50
Dec-11 50 50 50 50 50 50 50 50 150
CES 350 350 350 350 350 450 350 350 500

Note: These percentiles are not the exact statistical measures; they indicate the spatial variability of
ground surface subsidence.
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Figure 2: Comparison between ground surface subsidence determined from original LiDAR
survey points and ground surface subsidence (50t %ile) estimated using LiDAR DEMs for
Patch A.
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Patch B (20- and 50-m buffers)
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Figure 3: Comparison between ground surface subsidence determined from original LiDAR
survey points and ground surface subsidence (50t %sile) estimated using LiDAR DEMs for

Patch B.
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Figure 4: Comparison between ground surface subsidence determined from original LiDAR
survey points and ground surface subsidence (50t %ile) estimated using LiDAR DEMs for
Road for the 10-m buffer.
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Road (20-m buffer)
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Figure 5: Comparison between ground surface subsidence determined from original LiDAR

survey points and ground surface subsidence (50t %ile) estimated using LiDAR DEMs for
Road for the 20-m buffer.
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Figure 6: Comparison between ground surface subsidence determined from original LiDAR
survey points and ground surface subsidence (50t %ile) estimated using LiDAR DEMs for
Road for the 50-m buffer.
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Note 2: The ground surface subsidence values determined from original LiDAR survey points are
similar to the ground surface subsidence values estimated using LiDAR DEMs for all earthquake
events.

Table 8a: Ejecta-Induced settlement for the top 20 m of the soil profile for Patch A for the

50th %ile PGA, P.=50%, and Crc=0.13 using BI-2014, ZRB-2002, and Ic cutoff of 2.6.

Earthquake Depth to Svip
Event(s) Mw PGA (g) Grou?ri\)/vater St(mm) (mm) SeL (mm)
Sep-10 7.1 0.18 2.2 123£125 8120 1154127
Feb-11 6.2 0.36 1.8 144450 105450 39171
Jun-11 6.2 0.25 1.2 95450 46125 49456
Dec-11 6.1 0.30 1.5 8175 68+50 -60+90

Notes: St = Total settlement (Table 6); Svip = Average vertical settlement due to volumetric compression
using Boulanger and Idriss (2014) (BI-2014) and Zhang et al. (2002) (ZRB-2002) procedures and de Greef
and Lengkeek (2018) thin-layer correction; Sg.L = Ejecta-induced settlement as the difference between the
LiDAR-based St and Svip; NA = Not available.

Table 8b: Ejecta-Induced settlement for the top 20 m of the soil profile for Patch B for the

50th %ile PGA, PL=50%, and Crc=0.13 using BI-2014, ZRB-2002, and Ic cutoff of 2.6.

Earthquake Depth to Svip
Event(s) Mw PGA (g) Grou?rix)/vater St(mm) (mm) SeL (mm)
Sep-10 7.1 0.18 2.2 9+150 9120 0+151
Feb-11 6.2 0.36 1.8 146475 74+50 72190
Jun-11 6.2 0.25 1.2 83175 43125 40+79
Dec-11 6.1 0.30 1.5 0£100 55450 -55+112

Notes: St = Total settlement (Table 6); Svip = Average vertical settlement due to volumetric compression
using Boulanger and Idriss (2014) (BI-2014) and Zhang et al. (2002) (ZRB-2002) procedures and de Greef
and Lengkeek (2018) thin-layer correction; Sg. = Ejecta-induced settlement as the difference between the
LiDAR-based St and Svip; NA = Not available.
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Table 8c: Ejecta-Induced settlement for the top 20 m of the soil profile for Road within the
50-m buffer for the 50th %ile PGA, PL.=50%, and Crc=0.13 using BI-2014, ZRB-2002, and
Ic cutoff of 2.6.

Earthquake Depth to Svip
Event(s) Mw PGA (g) Grou?r(rilx)/vater St(mm) (mm) SeL (mm)
Sep-10 7.1 0.18 2.2 31+125 11+20 20+102
Feb-11 6.2 0.36 1.8 118450 105150 13+71
Jun-11 6.2 0.25 1.2 104450 57+25 47456
Dec-11 6.1 0.30 1.5 -26+75 76450 | -102490

Notes: St = Total settlement (Table 6); Svip = Average vertical settlement due to volumetric compression
using Boulanger and Idriss (2014) (BI-2014) and Zhang et al. (2002) (ZRB-2002) procedures and de Greef
and Lengkeek (2018) thin-layer correction; Sg.L = Ejecta-induced settlement as the difference between the
LiDAR-based St and Svip; NA = Not available.

Note 3: The uncertainty for volumetric settlement was derived based on the sensitivity of volumetric
settlement to PGA, Crc, and Py, for each earthquake event for VsVp 57203 Shirley Intermediate School
and CCLIQ 1 - CPT 5586 - Vivian Stsites. Taking the 50t percentile as the baseline case, the minimum
and maximum values corresponding to the difference between the 25th percentile and the 50t
percentile and the 75t percentile and the 50t percentile were determined. The arithmetic mean of
the range of the minimum and maximum difference was evaluated for each patch at the two sites.
The maximum arithmetic mean for each earthquake event was rounded to the nearest five and used
as the uncertainty value. Accordingly, the 1-D volumetric settlement uncertainties of £20, £50, +25,
and 50 mm for the Sep-10, Feb-11, Jun-11, and Dec-11 earthquake events, respectively, were used
for all sites in this study.

Table 9a: Coverage area and height of ejecta estimates for Patch A

using aerial and/or ground photographs and engineering judgement.

Ear];:c‘l;‘(jrl:?ke HE thick (mm) A('rsrtlhzl;k é{;l;:;; Agthin (m?) | At (m?2)
Sep-10 0 0 0 0 18.5
Feb-11 200-300 8.1 40-60 2.6 18.5
Jun-11 NA NA NA NA 18.5
Dec-11 0 0 10-30 4.3 18.5

Note: Agtick/thin = Coverage area of thick/thin ejecta layers; He thick/thin = Lower-
upper estimate of height of thick/thin ejecta layers; Thin and thick layers
correspond to light gray and dark gray colors of ejecta observed in aerial
photographs; Ar= Total assessment area of a buffer being considered; * indicates
reduction in Ar due to the presence of objects within the assessment area.
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Table 9b: Coverage area and height of ejecta estimates for Patch B using

aerial and/or

ground photographs and engineering judgement.

Earthquak
arEvgr‘:ta ® | Hemin(mm) | Agmin(m?) | Hemick (mm) | Agghick (m2) Ar (m?)
Sep-10 0 0 0 0 69.4
Feb-11 40-60 32.5 0 0 69.4
Jun-11 10-20 22.7 0 0 69.4
Dec-11 10-30 52 0 0 69.4

Note: Agmick/tmin = Coverage area of thick/thin ejecta layers; Hethick/thin = Lower-upper
estimate of height of thick/thin ejecta layers; Thin and thick layers correspond to light gray
and dark gray colors of ejecta observed in aerial photographs; At = Total assessment area
of a buffer being considered; Blind sand boil (i.e., the mound formed by the liquefied soil
trapped underneath the topsoil) with the height of 350 mm and the area of 3.5 m2 formed
as a result of the Feb-11 EQ but was not accounted for in the analysis because the soil was
not ejected onto the ground surface.

Table 9c: Coverage area and height of ejecta estimates for Road within the 50-m buffer
using aerial and/or ground photographs and engineering judgement.

EQ HEthint | AEthin1 HEthinz | AEthin2 HE thick1 AE thick1 HE thick2 AE thick2 At
Event (mm) (m?) (mm) (m?) (mm) (m?) (mm) (m?) (m?)
Sep-10 0 0 0 0 0 0 0 0 410
Feb-11 2-4 196 40-70 166 150-250 20.9 200-300 15 401"
Jun-11 3-6 325 10-20 33.3 20-40 51.9 0 0 410
Dec-11 3-6 13.2 20-40 35.0 40-80 4.8 50-100 5.4 421

Note: Ak ick/thin = Coverage area of thick/thin ejecta layers; H thick/thin = Lower-upper estimate of height
of thick/thin ejecta layers; Thin and thick layers correspond to light gray and dark gray colors of ejecta
observed in aerial photographs; Ar= Total assessment area of a buffer being considered; * indicates

reduction in At due to the presence of objects within the assessment area.

Note 4: The values in Table 9 correspond to the coverage area of ejecta outlined in aerial photographs
(Figures 88 through 94) and the lower and upper estimates of ejecta height based on geometry,
ground photographs (Figures 100 and 101), EQC LDAT property inspection notes (Figures 95
through 99) and reports from Aug 2011. The ejecta-induced settlement using photographs and

engineering judgment, Sg p, is estimated as

a b a b
_ Xi=14g thicki * Hethicki + Xj=148thinj * Hething  Xi=1Vethicki + Xj=1VE thin j

Ar

Ar

Ag thick,i and Hg ¢pick ; are the area and the height of a thick ejecta layer, respectively;

Ag thin,j and Hg pin j are the area and the height of a thin ejecta layer, respectively;

Ar is the total assessment area for a buffer being considered (Figure 1).
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Table 10: Ejecta-induced settlement estimates based on aerial and/or ground
photographs.

(10- 20- and 501 Patch B Road
Earthquake ’ b f’f (20- and 50-m buffers) (50-m buffer)
Event uffers)
SE,P,lower SE,P,upper SE,P,lower SE,P,lower SE,P,lower SE,P,lower
(mm) (mm) (mm) (mm) (mm) (mm)
Sep-10 0 0 0 0 0 0
Feb-11 93 140 19 28 33 55
Jun-11 NA NA 3 7 6 12
Dec-11 2 7 1 2 3 6

Note: Sgpiower and Sgpupper correspond to lower and upper estimates of Sgp, respectively; NA = Not available
due to the lack of physical evidence.

Table 11: Best final estimates of ejecta-induced settlement.

Patch A Patch B Road
EQ (10-, 20-, and 50-m buffers) (20- and 50-m buffers) (50-m buffer)

Event SEL SEp SE final SEL Sep SE final SEL Sep SE final

(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Sep-10 | 1154127 0 0 0+151 0 0 20+102 0 0
Feb-11 39171 117423 | 90430 72490 2444 40430 13+71 44411 35425
Jun-11 49456 NA NA 40179 542 15425 | 47456 943 20420
Dec-11 -60+90 4.5+2.5 545 -55+112 | 1.5+0.5 <5 -102490 | 4.5+1.5 545

Notes: SgL = Ejecta-induced settlement based on LiDAR data reported in Table 8; Sep = Median ejecta-induced
settlement for the range of values reported in Table 10; Sefina = Best final estimate of ejecta-induced
settlement rounded to the nearest 5; Final plus/minus values are also rounded to the nearest 5; NA = Not
available due to the absence of physical evidence.

Note 5:

e For Patch A, Sgfina for the Sep-10 and Dec-11 EQs is based solely on Sgp, while Sgfinal for the
Feb-11 EQ is a weighted average of Sg. and Sgp with respective weight coefficients of 1/3 and
2/3. For the Jun-11 EQ, Sgina for Patch A is not available due to the lack of physical evidence.

e For Patch B, Sgfinal is equal to Sgp for the Sep-10 and Dec-11 EQs. For the Feb-11 and Jun-11
EQs, Skfina is @ weighted average of Sg1. and Sgp with weights of 1/3 and 2/3, respectively.

o  Sgrinal for Road is based solely on Sgp for the Sep-10 and Dec-11 EQs. Sgina for the Feb-11 and
Jun-11 EQs is a weighted average of Sg. and Sgp with respective weight coefficients of 1/3 and
2/3.

e The uncertainty associated with Sgina is also a weighted average of uncertainties associated
with SgL and Sgp with the same corresponding weights.

o The weights are based on the LiDAR error bands, LPI prediction error (Maurer et al. 20143),
presence of ejecta at the time of LiDAR surveys, and completeness of visual evidence (i.e.,

3 Maurer, B. W,, Green, R. A, Cubrinovski, M., & Bradley, B. A. (2014). Evaluation of the Liquefaction Potential Index for
Assessing Liquefaction Hazard in Christchurch, New Zealand. Journal of Geotechnical and Geoenvironmental Engineering,
140(7), 04014032-1-11.doi:10.1061/(asce)gt.1943-5606.0001117
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ground and aerial photographs and EQC LDAT property inspection reports for the site). The
Hunt Lane site is not in the apparent zone of higher/lower ground surface subsidence for any
earthquake event. The site is in the zone of accurate LPI prediction to slight-moderate LPI
overprediction of liquefaction severity for both the Sep-10 and Feb-11 EQ. The LDAT
property inspection report is available for Patches A and B. There are several ground
photographs of the road.

Summary 1:

e The best estimate of the ejecta-induced free-field ground settlement at the Hunt Lane site for
the SEP 2010, JUN 2011, and DEC 2011 earthquake is 0 mm, 15125 mm (range = 0-40 mm,
mean = 15 mm), and 515 mm, respectively. During the FEB 2011 earthquake, about 70% of
the unobstructed area of the site experienced the ejecta-induced ground settlement in a range
from 40130 mm to 90+30 mm.

o The best estimate of the ejecta-induced free-field ground settlement of the road at the Hunt
Lane site for the SEP 2010, FEB 2011, JUN 2011, and DEC 2011 earthquake is 0 mm, 35125
mm, 20+20 mm, and 545 mm, respectively.

Note 6: CPT 4674 was initially named as CC LIQ 12.

Google Earth

Figure 7: Location of the site.
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Figure 9: Street view of the site showing flat land.

CCLIQ 12 -CPT 4674 (172.692150, -43.503948) - Hunt Lane 16



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

Jore7 2165208

Figure 11: Satellite image of the site taken in Mar 2009.
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oogle Earth

Figure 13: Satellite image of the site taken on5 Sep 2010.
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Figure 14: Satellite image of the site taken on 8 Mar 2011.

Figure 15: Satellite image of the site taken in Apr 2012.
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Figure 17: Satellite image of the site taken in Jan 2013.
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Figure 18: Satellite image of the site taken in Sep 2013.

Chick to see historical imagery from 2004

N Google Eapi

Figure 19: Satellite image of the site taken in Feb 2014.
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Figure 21: Satellite image of the site taken in Jan 2015.
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Google Earth

Figure 23: Satellite image of the site taken in Jul 2015.
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Figure 25: Satellite image of the site taken in Feb 2016.
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Figure 26: Aerial photograph of the site taken on Sep 4, 2010.
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Figure 27: Aerial photograph of the site taken on Feb 24, 2011.
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Figure 29: Aerial photograph of the site taken on ]une 16 2011
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Figure 31: Vertical Ground Movements (Surface — Tectonic) for Sep 2010 Earthquake - the
site is not in the apparent zone of overestimated ground surface subsidence.
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Figure 32: Vertical Ground Movements (Surface - Tectonic) for Feb 2011 Earthquake - the
site is not in the apparent zone of underestimated ground surface subsidence.
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Figure 33: Vertical Ground Movements (Surface - Tectonic) for June 2011 Earthquake - the
site is not in the apparent zone of overestimated or underestimated ground surface
subsidence.
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Figure 34: Vertical Ground Movements (Surface - Tectonic) for Dec 2011 Earthquake - the
site is not in the apparent zone of overestimated or underestimated ground surface
subsidence.
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Figure 35: Ground surface subsidence without tectonic component for Sep 2010
Earthquake according to the LiDAR DEM.
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Figure 36: Ground surface subsidence without tectonic component for Feb 2011
Earthquake according to the LiDAR DEM.
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Figure 37: Ground surface subsidence without tectonic component for Jun 2011
Earthquake according to the LiDAR DEM.
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Figure 38: Ground surface subsidence without tectonic component for Dec 2011
Earthquake according to the LiDAR DEM.
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Figure 39: Ground surface subsidence without tectonic component for antrury
Earthquake Sequence according to the LiDAR DEM.
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Figure 40: Absence of ground cracks indicates no lateral spreading for Canterbury
Earthquake Sequence.
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Figure 41: Vertical tectonic movements for Sep 2010 Earthquake.
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Figure 42: Vertical tectonic movements for Feb 2011 Earthquake.
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Figure 43: Vertical tectonic movements for June 2011 Earthquake.
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Figure 44: Vertical tectonic movements for Dec 2011 Earthquake.
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Figure 45: Vertical tectonic movements for Canterbury Earthquake Sequence.
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Figure 46: Jul 2003 LiDAR survey.
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Figure 47: Ground surface elevation for Patch A for Jul 2003 LiDAR survey.
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Figure 49: Ground surface elevation averaged over the 10-m buffer for Road for Jul 2003
LiDAR survey.
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Figure 50: Ground surface elevation averaged over the 20-m buffer for Road for Jul 200

LiDAR survey.
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Figure 51: Ground surface elevation averaged over the 50-m buffer for Road for Jul 2003
LiDAR survey.
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Figure 59: Ground surface elevation for Patch A for Mar 2011 LiDAR survey.
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us built-in and user-supplied sources

Figure 60: Ground surface elevation for Patch B for Mar 2011 LiDAR survey.
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Figure 61: Ground surface elevation averaged over the 10-m buffer Road for Mar 2011

LiDAR survey.
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Figure 65: Ground surface elevation for Patch A for May 2011 LiDAR survey.
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Figure 67: Ground surface elevation averaged over the 10-m buffer for Road for May 2011

LiDAR survey.
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Figure 69: Ground surface elevation averaged over the 50-m buffer for Road for May 2011
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Figure 84: Ground surface elevation for Patch B for Oct 2015 LiDAR survey.
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Figure 85: Ground surface elevation averaged over the 10-m buffer for Road for Oct 2015
LiDAR survey.
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Figure 86: Ground surface elevation averaged over the 20-m buffer for Road for Oct 2015
LiDAR survey.
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Figure 87: Ground surface elevation averaged over the 50-m buffer for Road for Oct 2015
LiDAR survey.
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Figure 89: Satellite image from 23 Feb 2011 showing ejecta at the site.
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Figure 91: Satellite image from 28 Mar 2011 showing no ejecta at the site (other than the
blind sand boil within Patch B).
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Figure 92: Aerial photograph from 14-15 Jun 2011 showing ejecta at the site.
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Figure 93: Ejecta outline for Jun-11 EQ.
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Figure 94: Ejecta outline for Dec-11 EQ.
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Contents of this figure cannot be shared as doing so is
restricted by a Non-Disclosure Agreement.

Figure 95: EQC LDAT property inspection notes for Patch A from Aug 2011.

Contents of this figure cannot be shared as doing so is
restricted by a Non-Disclosure Agreement.

Figure 96: LDAT property inspection notes for Patch B (Aug 2011).
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Contents of this figure cannot be shared as doing so is
restricted by a Non-Disclosure Agreement.

Figure 97: LDAT property inspection notes for Road (Aug 2011).

Contents of this figure cannot be shared as doing so is
restricted by a Non-Disclosure Agreement.

Figure 98: LDAT Property inspection notes for the property near Road (Aug 2011).

CCLIQ 12 -CPT 4674 (172.692150, -43.503948) - Hunt Lane

62




Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

Contents of this figure cannot be shared as doing so is
restricted by a Non-Disclosure Agreement.

Figure 99: LDAT Property inspection notes for the property near Road (Aug 2011).

Fgure 0: Ground photograph of Patch B (Aug 2011).
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Figure 102: PGA for Sep-10 EQ (st. dev. = 0.275-0.300 In units).
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Figure 104: PGA for Jun-11 EQ (st. dev. = 0.300-0.350 In units).

CCLIQ 12 -CPT 4674 (172.692150, -43.503948) - Hunt Lane 65



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

Important notice
™

Condition="
Median F¢ x>
Median PGA CoiftBLirs
—089 .
0.7 (£ (32
»

06g
0sg
049
03g *
029
—o019g _
Standard Deviation

—05

0.
. 0.3
I*Cl/

Click Contours and Bands
to view values

g0
Google Earth

0 In units).

"
Depth to Event Sper;fic
Water Table ¢®2
(with surrogates) =
Groundwater Table Depth
Abave Graund

| | 00-20m

¥
10-20m
20-30m a

+

e o 9a for bae Tababyser
act accompany g tha e and
and dan mint 2 mernd icad Lohacavar bia mas on data are rapdiced.

-~

20-40m
40-50m
50-60m
> 6.0 m below
Observation Locations
@  £QCWel, 2 12 Readings
Vied, < 12 Readings

@  ccr Monitedn

&  Drawdown Pall

Rivers and Coastline

= River - Non Tidal Reach

- fUver - Transitonal Reach
Rivar - Tidal Reach

—  Coastline

v;‘_@*’ﬁ’éﬁ'm <= [HvR e

T PO i) Towd v foee

CCLIQ 12 -CPT 4674 (172.692150, -43.503948) - Hunt Lane 66



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

[ Depth to Event Sperific
WﬁhnnA‘Mv?&‘;ﬁﬁi‘:—‘m:ﬂdh a . EQC, CERA, thwi hra and L w t T b' >
IS e el e G e s sna Rt

date s made arailabis sole'y o the bes bkt ‘ogates)

A Datakose b W M) Ay AATIY S SRaN D e bt o Groundwater Table Depth A
ez : b Above Graund ¢ |

0.0-10m
10-20m
20-30m ‘
0-4am
40-50m *
50-60m
=6.0mbolow
Locations
EQC well, > 12 Readirgs
£QC wel, < 17 Readings
ECan Mornitoring Well
€CC Monilering Well
Urawdown Faints
Rivers and Coastline
Tiver - Non Tidal Reach
River - Trangtional Reach
River - Tidal Reach
Coastline

[ o

*00Ce

GooglelEanth

Figure 107: Depth to groundwater table for Feb-lEQ. R

Important notxs »
mods wader e Act 1383 ardl/or ol Dot Depth to Event Sper;fic
on mcovery Authorty (CENAL = - BIC. CENA, ¢

Water Table
(with surrogates) w

ansinaa, ok & Tayar, e

L o ey ey

daen ix mnde availache ssidy on the basis the:
oy Tatabaen

. Aw
* Ay Databese - end
. he': -

@  EQC Wel, 2 12 Readings
©  EQC el < 12 Readings
@  £Can Maritoring wal
e
*

©CC Monitoring well

Google Eafth

Figure 108: Depth to groundwater table f ]-1 Q. |

CCLIQ 12 -CPT 4674 (172.692150, -43.503948) - Hunt Lane 67



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

[important woike "
Jjae? —_— Depth to Event Sperific
il A rrafirihnt & gy e (with surrogates)
Lo Ay Dambase voe ot ekt s anphactany Lok Sacocban i Phbrosos ool Groundwater Table Depth P
T R il b i e [} Zbove Graund
B oo @
=] 10-20m
] 20-30m ‘
n 30-40m
= 40 s0m *
50-60m
> 6.0 m below
Observation Locations =

@ EQC Wel, = 12 Readings
@ EQCWell, < 12 Readings
@  &Can Manitoring Well
(]
*

£CC Monitering Well
Drawdown Paints

= fUver - Transional Reach
== River - Tidal Reach
== Coastline

Google Eanth

Ground Surface

Elevation
Lythalon Cheatchurch
Dt City Dabum

seom W s138m

ssweom W asteisom
EELESEES RUETERTET)
astosom B 05w Mo
pwesm W Bowsm
asmeom W 2swnom
0WASm 120l 1M
2starom W 115te20m
20mzsm W 1owiLsm
iswzom W o0swiem
omiam B 00w0sm
ostatom B ostot0om
oowosm W cowesm
XK 0.5 1 contoes or

devations.

Figure 110: Ground surface elevation according to the Sep-11 LiDAR survey.
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Figure 111: Ground surface elevation according to the Sep-11 LiDAR survey (enlarged).
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Figure 112: qt and Ic profiles.

CCLIQ 12 -CPT 4674 (172.692150, -43.503948) - Hunt Lane



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

Note 7: The selection of CPTs for the area considered for settlement assessment (Figure 1) is based
on the proximity of the CPTs to the considered areas. In accordance with that, the following table
shows CPTs that were used for the volumetric settlement analysis in Clig v.3.0.3.2, a CPT soil
liquefaction software developed by GeoLogismiki. (The average volumetric settlements were
reported in Table 8.)

Table 12: CPT profiles used in volumetric settlement analysis for

areas selected for settlement assessment.

CPT ID No. Patch A Patch B Road
4674 4 v
5547 v v

26628 v
26630 v
24630 v
26627 v

Table 13: CPT-based results for the upper 20 m of the soil profile.

CPTID
EQ Event Parameter 4674 5547 26628 26630 24630 26627
Svip (mm) 8 9 16 6 13 14
LSN 1 2 3 1 3 3
Sep-10 LPI 0 0 0 0 0 0
LPIish 0 0 0 0 0 0
Drs<1 (m) undet. undet. 8.79 undet. undet. undet.
Svip (mm) 105 74 121 73 140 114
LSN 22 18 23 17 28 24
Feb-11 LPI 6 6 10 5 12 10
LPIish 4 5 5 3 8 6
Drs<1 (m) 1.90 2.17 2.36 2.01 2.08 2.44
Svip (mm) 46 43 68 37 78 70
LSN 12 11 14 10 18 16
Jun-11 LPI 2 2 3 2 4 4
LPlish 1 1 1 0 0 0
Drs<1 (m) 2.04 2.26 2.57 2.67 2.69 2.46
Svip (mm) 68 55 90 51 104 90
LSN 16 14 18 13 23 20
Dec-11 LPI 3 4 6 3 7 6
LPIish 1 2 3 1 3 3
Drs<1 (m) 2.00 2.24 242 2.04 2.13 2.44

Notes: Drs<1 = Depth to the first liquefiable layer (FSL<1) that is at least 200-mm thick, as determined by the
Boulanger and Idriss (2016) liquefaction-triggering procedure (PL=50%, Crc=0.13, and Iccutoff =2.6), and
exported from (/ig v.3.0.3.2; undet. = the specified soil layer was not detected.
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Note 8: Based on the borehole log (BH 13695, Figure 1), the groundwater table is at a depth of 3.0 m
below the ground surface. The soil profile consists of (1) asphalt and gravelly fill to a depth of 0.4 m,
(2) fine to medium sand, SP, the Yaldhurst member of the Springston formation to a depth of 1.5 m,
(3) silt, ML, the Yaldhurst member of the Springston formation to a depth of 4.0 m, and (4) fine to
medium sand, SP, of the Christchurch formation to a depth of 20 m.

Note 9: The ejecta-induced free-field settlement provided in Table 11 is an areal average settlement
due to ejecta, which is based on the total settlement assessment area, Ay (provided in Table 9 and
repeated in Table 14). However, the considered area was not always covered completely with ejecta;
thus, it is important to provide the localized ejecta-induced settlement, too. The localized settlement
due to ejecta is estimated using photographic evidence only as

Vg
SE,P_localized = A_
E

where Vp is the total volume of ejecta within A and A is the total coverage area of ejecta within
Ar. Please note that the areal ejecta-induced settlement provided in Table 14 as Sg p greq; is the
same as Sg p in Table 11, which was estimated as

Vg
SE,P_areal = SE,P = A_
T

where Vp is the total volume of ejecta within A and Ay is the total settlement assessment area.

Table 14a: Areal and localized ejecta-induced settlement estimates
for Patch A (10-, 20-, and 50-m buffers) based on photographic

evidence.
Earthquake AT AE VE SE,P,areal SE,P,localized
Event (m?) (m?) (m3) (mm) (mm)
Sep-10 18.5 0 0 0 0
Feb-11 18.5 10.7 1.7-2.6 115425 200440
Jun-11 18.5 NA NA NA NA
Dec-11 18.5 4.3 0.04-0.1 545 20£10

Notes: Sgpareal = Sgp reported in Table 11 = areal ejecta-induced settlement;
SEP_localized = localized ejecta-induced settlement; At = total settlement assessment
area; Ve = total volume of ejecta within Ar; Ag = total area of ejecta within Ar; The
estimates of both areal and localized ejecta-induced settlement are rounded to the
nearest 5; Final plus/minus values are also rounded to the nearest 5; NA = Not
available.
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Table 14b: Areal and localized ejecta-induced settlement estimates
for Patch B (20-m and 50-m buffers) based on photographic

evidence.
Earthquake AT AE VE SE,P_areal SE,P_localized
Event (m?) (m?) (m3) (mm) (mm)
Sep-10 69.4 0 0 0 0
Feb-11 69.4 32.5 1.3-2.0 25+5 50+10
Jun-11 69.4 22.7 0.2-0.5 545 1545
Dec-11 69.4 5.2 0.05-0.2 <5 20+10

Notes: Separeal = Sgp reported in Table 11 = areal ejecta-induced settlement;
SEp localized = localized ejecta-induced settlement; At = total settlement assessment
area; Ve = total volume of ejecta within Ar; Ag = total area of ejecta within Ar; The
estimates of both areal and localized ejecta-induced settlement are rounded to the
nearest 5; Final plus/minus values are also rounded to the nearest 5.

Table 14c: Areal and localized ejecta-induced settlement estimates
for Road (50-m buffer) based on photographic evidence.

Earthquake AT AE VE SE,Pfareal SE,P,localized
Event (m?) (m?) (m3) (mm) (mm)
Sep-10 410 0 0 0 0
Feb-11 401 401 13.2-22.3 45110 45+10
Jun-11 410 410 2.3-4.7 10+£5 10£5
Dec-11 421 58.4 1.2-2.4 545 30+10

Notes: Sgpareal = Sgp reported in Table 11 = areal ejecta-induced settlement;
SEP_localized = localized ejecta-induced settlement; At = total settlement assessment
area; Ve = total volume of ejecta within Ar; Ag = total area of ejecta within Ar; The
estimates of both areal and localized ejecta-induced settlement are rounded to the
nearest 5; Final plus/minus values are also rounded to the nearest 5.

Summary 2:

o The best estimate of the localized ejecta-induced free-field ground settlement at the Hunt Ln
site for the SEP 2010, FEB 2011, JUN 2011, and DEC 2011 earthquake is 0 mm, 200140 mm,
1545 mm, and 20110 mm, respectively.

o The best estimate of the localized ejecta-induced settlement of the road at the Hunt Ln site
for the SEP 2010, FEB 2011, JUN 2011, and DEC 2011 earthquake is 0 mm, 45+10 mm, 1045
mm, and 30+10 mm, respectively.
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