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PROBASE

Job No P19511
10t September 2019

BUILTsmart Homes
496 Thermal Explorer Highway
HUNTLY

Attention: Cameron Beverland

RE: PROPOSED NEW BUILDINGS AT SITES ADJACENT TO EXISTING HUNTLY YARD - LETTER OF
RECOMMENDATION FOR SITE DEVELOPMENT SUITABILITY

INTRODUCTION

Probase Engineering has been engaged by BUILTsmart Homes to undertake a preliminary geotechnical site
assessment to determine the suitability of the subject site for the proposed new buildings/yard extension at
the BUILTsmart Homes assembly yard in Huntly. This letter has been prepared for preliminary planning
purposes only.

PROPOSED DEVELOPMENT

It is proposed to construct two new trade/industrial buildings and extend the existing yard for BUILTsmart
Huntly. The western-most building consists of 11 construction bays and has a 110m x 20m footprint (2,200m?),
and the eastern-most building consists of 22 constructions bays and has a 100m x 30m footprint (3,300m?), for
a combined total footprint of 5,500m2. The proposed yard extension area is a total of 9,000m?, and is to be
finished in concrete surfacing. Preliminary site development plans are attached in Appendix A.

SITE INVESTIGATIONS

Probase Engineering Ltd carried out two augers with in-situ strength testing, one auger with falling head
permeability, and one Piezocone Penetration Test (CPTu) on the 9" September 2019. The locations were set
out in relation to the site layout and conceptual plans provided to Probase Engineering and are indicated on
the attached Figure 2 (Site Plan). Auger test logs are presented in Appendix B, along with CPT test logs in
Appendix C.

PRELIMINARY FINDINGS

The ground conditions encountered during the investigation have been interpreted from CPTu data gathered
on-site. Based on the DCP/CPTu test results, the natural subgrade underlying topsoil material achieved an
ultimate bearing capacity of 60kPa at an approximate depth of 0.7m bgl, and the ultimate bearing capacity of
150kPa is achieved at an approximate depth of 2.3m bgl. Summary of the liquefaction induced ground
deformations included in Table 1 below (refer to Appendix D for liquefaction analysis plots). CPT data suggests
soil is variable in strength with depth over the extent of the test logs.
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TABLE 1 Summary of liquefaction vulnerability for a SLS & ULS EQ event

Vertical Settlement to Tested Lateral Spread/Stretch Potential
Earthquake Scenario

Depth (mm) (mm)
SLS <5 <5
ULS 270-400 900-1600

PRELIMINARY RECOMMENDATIONS

Following preliminary geotechnical investigation, we have determined that site is suitable for the proposed
Industrial development. Additional testing in relation to the proposed development will be required prior to
detailed design of the proposed developments. All proposed building foundations will require specific
engineering design.

ADDITIONAL TESTING PROPOSED DURING THE DETAILED DESIGN STAGE
Given the proposed development shown on preliminary plans at the time of reporting, we recommend the
following testing be conducted prior to detailed design (estimate for planning purposes only, final number of
tests and test locations up to the discretion of the project designer/geotechnical engineer):

e 20x 4m auger with in-situ strength testing to guide shallow building recommendations/design

e 20x 1m auger with in-situ strength testing to guide pavement recommendations/design

e 4x 20m CPT to guide liquefaction analysis/deep soil investigations

e 2x 20m core auger to guide liquefaction analysis/deep soil investigations

PREPARED BY REVIEWED BY
BEN MCKAY RAGULAN KANAPATHIPPILLAI
GEOTECHNICAL ENGINEER PRINCIPAL GEOTECHNICAL ENGINEER

CPEng No. 1025615

LIMITATIONS

This report, prepared by Probase Engineering Ltd, at the request of our Client, is exclusively for our Client’s use, is not to be relied upon by any other
person, and is strictly limited to the matters herein. No responsibility or liability to any third party is accepted for any loss or damages whatsoever
arising out of the use of or reliance on this report by any third party, outside of our Client. Nor may the report be used for the Building consent or any
purpose other than preliminary planning. The report and its contents are not to be quoted or published without Probase Engineering Ltd consent.

The conclusions of the report are based on the interpretation of a limited number of tests at specific locations, and information gathered from nearby
sites and other sources. It shall not be relied upon for any other purpose. The reliance by other parties on the information or opinions contained in this
report shall, be at such parties’ sole risk. Probase Engineering Ltd will not accept liability for global stability issues on this site where investigation on a
limited number of sites could not reasonably assess the global stability issues.
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PROBASE

CLIENT: Buildsmart
Job Name: Soils test
Address 492 SH1 Huntly

Job No:
Date:

P19511
2019-9-9

Tested By: AM

Note Test Location 1
Depth| No Scale Penetrometer Depth | Undrained
of ( Blows /100mm ) Soil Description Shear
(m) (Blows| o 2 4 @& &8 0 12 " 1w (m) | (kPa)
S e Lot o RAD
020, 2 N = 0.20
030 2 8 0.30
040, 1 S 0.40
0.50, 2 > " 0.50
060 1 °© 0.60
070 1 ° 0.70
080 2 |+ e e, 080
090 2 ® 8 0.90
1.00 1 ° o 1.00
1.10 1 | A 1.10
1.20| 2 » = 1.20
1.30| 1 o 1.30
140, 2 e S 1.40
1.50| 1 o 1.50
1.60| 2 NI 1.60
170, 2 & " @1700mm becomes wet 1.70
180! 1 & o @1800mm becomes fine to medium grained & 1.80
speckled light brown
1.90| 2 ® K 1.90
200, 3 ® = 2.00
210| 3 ® n 2.10
220| 2 v 2.20
230) 2 7o @2300 trace pumiceous gravel 230
240| 3 g 1 @2400mm becomes fine grained & grey 2.40
250 3 > = 2.50
260| 3 © n 2.60
270| 4 ® L 2.70
280| 5 P i 2.80
290| 6 ® = | Cont on next page 290




PROBASE

CLIENT: Buildsmart
Job Name: Soils test
Address 492 SH1 Huntly

Job No:
Date:

P19511
2019-9-9

Tested By: AM

Note Test Location 1 cont
Depth| No Scale Penetrometer Depth | Undrained
of ( Blows /100mm ) Soil Description Shear
(m) Blows 0 2 4 6 8 10 12 14 16 (m) (kPa)
2.60 = om Continued from previous 2.60
page
2.70 - ~m SAND - brown; fine 2.10
grained, loose to medium
2.80 - 9 dense, moist to wet 2.80
2.90 - o 2.90
3.00 = " SAND, trace gravel - 3.00
brownish grey; medium
3.10 _ i dense, saturated 3.10
3.20 = © 3.20
3.30 = A 3.30
3.40 - 2 3.40
3.50 - 9 3.50
3.60 = N 3.60
3.70 - e 3.70
3.80 - NG 3.80
3.90 - > 3.90
4.00 - NS 4.00
4.10 - o 4.10
4.20 = o sandy, silty. CLAY - 4.20
light bluish grey; firm
to stiff, wet, high
4.30 o Q& plasticity 4.30
4.40 - N 4.40
4.50 - 2 4.50
4.60 - » silty SAND, trace gravel 4.60
& clay - bluish grey;
I fine to coarse grained,
4.70 - w medium dense, saturated sl
4.80 = i 4.80
4.90 & o 4.90
5.00 - s 5.00
5.10 - 1% 5.10
@5200mm to 5400mm trace cobbles
5.20 - > 5.20
5.30 - D 5.30
5.40 _ @ EOB 5.5m 5.40
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CLIENT: Buildsmart Job No: P19511
Job Name: Soils test Date: 2019-9-9
Address 492 SH1 Huntly Tested By: AM
Note Test Location 2
Depth| No Scale Penetrometer Depth | Undrained
of ( Blows /100mm ) Soil Description Shear

(m) (Blows| o 2 4 @& &8 0 12 " 1w (m) | (kPa)
0.10 = om Topsoil 0.10

0.20 1 NN 0.20

030 2 v @ 0.30

0.40 1 LR 0.40

050, 1 | 1 (e e, 050

0.60 1 © = 0.60

0.70 1 °| R 0.70

0.80| 2 A = 0.80

0.90 1 ® o 0.90

1.00| 2 ® = 1.00

110 2 e " 1.10

120 3 » . 1.20

130 3 | ¢ ¢ QL300 hesomes fneto med gned & | 1.3

140, 3 N? . 1.40

E NI S 158

160 3 | © % A 1.60

moist

1.¥0| 3 ® . 1.70

1.80] 3 & n 1.80

1.90| 4 ® L 1.90

2.00 - @ 2.00

210 - & 2.10

220 - » 2.20

2.30 - W 2:30

240 - s 2.40

2.50 - > 2.50

2.60 - ? 2.60

270 - # 2.70

2.80 B ¥ Cont on next page 2.80

2.90 - ® 2.90




PROBASE

CLIENT: Buildsmart Job No: P19511
Job Name: Soils test Date: 2019-9-9
Address 492 SH1 Huntly Tested By: AM
Note Test Location 2 cont
Depth| No Scale Penetrometer Depth | Undrained
of ( Blows /100mm ) Soil Description Shear

(m) |Blows o 2 4 &8 B 10 12 14 18 (m) (kPa)
3.10 = om Cont from previous page 3.10

3.20 - Gl Er%[:lvﬁilstrzagcrz)? 2:\(;6; rI-( 3.20

330 | . | = et i de; 3.30

moist

340 - » @3200mm becomes wet 3.40

3.50 = b 3.50

3.60 = o 3.60

3.70 = © 3.70

3.80 - A 3.80

3.90 = ® 3.90

4.00 - 9 4.00

4.10 - D 4.10

4.20 & K 4.20

4.30 & v 4.30

4.40 = =2 4.40

4.50 = n> 4.50

4.60 - » 4.60

4.70 - "» 4.70

4.80 _ A @4800mm becomes coarse grained 4.80

and gravelly

4.90 a L 4.90

5.00 - 2 5.00

5.10 - w® 5.10

5.20 - " 5.20

5.30 = i 5.30

5.40 = 7 5.40

5.50 = s 5.50

5.60 - P 5.60

5.70 - +® 5.70

5.80 - P 5.80

= ® | EOB 5.8m




PROBASE

CLIENT: Buildsmart Job No: P19511
Job Name: Soils test Date: 2019-9-9
Address 492 SH1 Huntly Tested By: AM
Note Perc test location Test Location 3
Depth| No Scale Penetrometer Depth | Undrained
of ( Blows /100mm ) Soil Description Shear

(m) (Blows| o 2 4 @& &8 0 12 u 1w (m) | (kPa)
0.10 = om Topsoil 0.10

0.20 - oL 0.20

0.30 - v 0.30

Al = | ki, 1o0aa. st By

0.50 - > 0.50

060 - ® 0.60

0.70| - © 0.70

0.80 - A 0.80

0.90 - ® 0.90

1.00| - ® 1.00

1.10| - e 1.10

1.20] - R 1.20

1.30] - < 1.30

140 - & @1400mm becomes moist to wet 1.40

1.50| - > 1.50

160 - N EOB 1.5m (perc test) 160

1.70| - & 1.70

180 - i 1.80

1.90| - e 1.90

2.00 - ¥ 2.00
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Probase Engineering Ltd
Geotechnical, Civil & Structural Engineers
96 Vickery St, Te Rapa
www.probase.co.nz

Project: 492 SH1, Huntly
Location: 492 SH1, Huntly

CPT: CPTO1

Total depth: 17.29 m, Date: 10/09/2019
Surface Elevation: 0.00 m

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

Cone rﬁﬂwce qt

Fricmﬁlnlhsgtiu

Depth (rm)
Depth (m)

a 10 20
Tip resistance (MPa)

Depth (m)

300 1,000

Pressure (kPa)

Depth (m)

Soil Behaviqur Type

0.5 0.5 — ity sand 4 sandy sitt
1 1 s Ll sl
Clay & sty cla
e 2 et 5 Ei'ltj' ﬁ'ﬁ?'&'ﬂbdﬁ"ii!f ......
2.3 2.3 g Clay & sty elay

3 2 i < sty sand--
a5 a5 nd & sifty zand
4 4 i
4.5 4.5
3 3
5.9 5.5 G
& & “Clay &sify clay
5.5 5.5 . Fan & sifty-sand -
74 7 .. Eand & sty sand. G
T3 q — T3 S - Ve
g E 5 O ...... 5 "sirf:f'sanﬁ'a'zahug.- st
o2 g o Siidhe
2.5 O 9.5
104 10 (...
10.5 4 10.5
114 11
11.59 11,5 A ... - Sand sty sand
1 2 . 1 2 .................................... MR
12.5 | 12,5 ... B G2 s [ -
13.5 40 13,5 ... 5.
144 14 N ... iy sand & aniy
14,549 14,5 —joe—. '\-'HT ﬂ,gm.m“..
154 15 |:|a.:|- &smﬂay ...............
15.5 | 15.5 ! ity sami 4 sandy sift
164 16 Clay & sifty clay .0
16.5 4 : 16.5 B Sa s
; Clay &zifty clay
174 ANE 17 y e ity an & sahay sl
| B I e LA 'l P AL AE PO
1 2 3 4 o 2 4 & 8 10 12 14 16 18
I(SBT) SBT (Robertson, 20107
SBT legend

[l 1 Sensitive fine grained [l 4 Clayey silt to silty clay
. 2. Organic material

[l 3- Clay tossilty clay

. 7. Gravely sand to sand
[] 5 Silty sand to sandy sitt  [I] 8. Very stiff sand to clayey sand
. 6. Clean sand to silty sand |:| 9. Very stiff fine grained

CPeT-IT v.2.1.1.8 - CPTU data presentation & interpretation software - Report created on: 10/09/2019, 8:48:27 AM

Project file:



Probase Engineering Ltd
Geotechnical, Civil & Structural Engineers
96 Vickery St, Te Rapa
www.probase.co.nz

Project: 492 SH1, Huntly
Location: 492 SH1, Huntly

CPT: CPTO02

Total depth: 19.70 m, Date: 10/09/2019
Surface Elevation: 0.00 m

Coords: X:0.00, Y:0.00
Cone Type: Uknown

Cone Operator: Uknown

Cone resistance gt Friction ratio Pore pressure u

] ? D—'-!
1 S
2_. .................... 2
-
3 3_ ..... e
4_ .....................
5_ .......................
6_ .......
?_ ......................
o]
E ® E E
£ 10 ¥ B
Li] [k} [k}
(= o )
1z 1z : 1z i
4
132 [T |. YR SO 12
<
14 14 14
15_ 15 .......... 15
16 16 3 ............ 16
1?_ 1? { .......... 1?
18_5 18_[ ............ 18
19_ 19 r ............ 19
: T T T T T LA B
u] ] _1El 20 u] 2 q B 2 10 u} S00
Tip resistance (MPa) Rf (=50 Pressure (kPa)

Depth (m)

SBT Index

Depth (m)

11

1 2 3
I(SBT)
SBT legend

[l 1 Sensitive fine grained [l 4 Clayey silt to silty clay
[] 5- Silty sand to sandy silt

. 6. Clean sand to silty sand |:| 9. Very stiff fine grained

. 2. Organic material
[l 3- Clay tossilty clay

10~

12
13+
14
15+
16
17
12+

19 4

o 2 4 & =B

Soil Behaviour Type

Clay & sitty clay

S I
ity S s

T e
Clay :

sty sand & sandy it

Clay

_....g|55-“.||

ity zan &sarid:.' zilt:

dy sitt
il
Pl

d]'.siné,. .......

10 12 14 16 18

SBT (Robertsan, 20107

. 7. Gravely sand to sand
. 8. Very stiff sand to clayey sand

CPeT-IT v.2.1.1.8 - CPTU data presentation & interpretation software - Report created on: 10/09/2019, 8:48:28 AM
Project file:
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This software is licensed to: Probase Engineering

CPT name: CPT01 SLS

CRIIS IOB

D AUGER

Depth (m)
[oe]
(9]

12.5
13
13.5--¢
14
14.5
15
15.5
1612 $ Q==
17 ¢

]

10.5 %
11

11.5 ?
12 ?

0 0.2 0.4 0.6
CRR & CSR

Input parameters and analysis data

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

Earthquake magnitude M,:  5.80
Peak ground acceleration: 0.06
Depth to water table (insitu): 2.50 m

Depth (m)

0 0.5 1
Factor of safety

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

Unit weight calculation:
Use fill:

Fill height:

Liquefaction

1.5

1.00 m

3

2.60

Based on SBT
No

N/A

Depth (m)

10.5

11
11.5

12

12.5
13

13.5

14

14.5
15

15.5

16
16.5

17

LPI

Fil weight:

Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:

Limit depth:

15 20

N/A

Yes

Yes

Sands only
No

N/A

analysis overall plots

Liquefacti&r& d:AﬂléE'gtial

Depth (m)

AND APJ’G Iétlcal settlements

5.5

6.5

7.5

8.5

9.5

Depth (m)

10
10.5

11
11.5

12

12.5

13

13.5
14

14.5
15

15.5

16

16.5

m
()]

EOCDMm;

0
Settlement (am)

. color scheme

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

Almast certain it will not lianefv

CLiq v.2.3.1.14 - CPT Liquefaction Assessment Software - Report created on: 10/09/2019, 10:44:59 AM
Project file: C:\Users\Ben\Dropbox\Projects 2019\P19511 - Builtsmart Huntly - Soils, Lig\Soils\liq assessment.clq

HAND kgéﬁral displacements

10.5
11
11.5
12
12.5
13
13.5
14
14.5
15
15.5
16
16.5
17

0
Displacement (am)

LPI color scheme

. Very high risk
High risk

L ow risk




This software is licensed to: Probase Engineering CPT name: CPTO1 ULS

Liquefaction analysis overall plots

. quuefactl&r& d:AﬂléE'gtlal . Vertical ﬁAe,\‘tDtlA%gEsnts . Lateral dlﬁmgf&r&ents
0.5 0.5 0.5
7 1 1 y 1
— 1.5 1.5 1.5
! 2 2 I 2 f
2.5 2.5 /[ 2.5
3 3 / 3 /
3.5 3.5 3.5
E 4 4 4
45 45 4.5
5 5
— 5.5 5.5 5.5
- 6 6 / 6
6.5 6.5 6.5
7 7 7
7.5 / 7.5 // 7.5 /
g g g s g s Vi G
c 8 [ < £ 85 / < 85 / £ 85 7
g ° o) g ° / g ° 7/ g 1/
a 95 a a 95 0 95 )f a 95
10 ] 10 10 / 10
10.5 10.5 10.5 10.5
11 . 11 /[ 11 / 11
11.5 € ! 11.5 l 11.5 / 11.5
12 = 12 12 12
12.5 == 12.5 II 12.5 [] 12.5
13 ! g 134 13 / 13
13.5------ - 13.5 13.5 13.5
14 . 14 14 14
14.5 14.5 14.5 14.5
15+ 15 15 15
15.5 i 15.5 15.5 15.5
16 — 16 16 16
165 "%o - S ! 16.5 16.5 16.5
17 ,P ir , , 17 , , , 17 17
0 0.2 0.4 0.6 0 0.5 1 1.5 0 5 10 15 20 0 10 20 0 50 100 150
CRR & CSR Factor of safety LPI Settlement (an) Displacement (am)
Input parameters and analysis data F.S. color scheme LPI color scheme
Andysis method: B&I (2014) Depth to GWT (erthq.):  1.00 m Fil weight: N/A N Almost certain it will liquefy B Very high risk
Fin_es correction method: B&J (2014) Average results interval: 3 Transitipn detect. applied:  Yes . Very likely to liquefy Hiah risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes . ’ _ i 9 '?'S
Earthquake magnitude M,:  5.80 Unit weight calculation: ~ Based on SBT Cly like behavior applied:  Sands only Liquefaction and no liq. are equally likely I ow risk
Peak ground acceleration: 0.22 Use fill: No Limit depth applied: No O Unlike to liquefy
Depth to water table (insitu): 2.50 m Fill height: N/A Limit depth: N/A . Almoct cortain it will nat lianefu

ClLiq v.2.3.1.14 - CPT Liquefaction Assessment Software - Report created on: 10/09/2019, 10:45:01 AM 2
Project file: C:\Users\Ben\Dropbox\Projects 2019\P19511 - Builtsmart Huntly - Soils, Lig\Soils\liq assessment.clq



This software is licensed to: Probase Engineering

CPT name: CPT02 SLS

CRR plot

1 v
ring eal

“w"'\mm\[vw

10.5
11
11.5
12
12.5
13
13.5
14
14.5
15
15.5
16
16.5
17
17.5
18

18.5
1944, = L
19.5

0 0.2 0.4 0.6
CRR & CSR

Depth (m)
)

AT Ao B S T'

Input parameters and analysis data

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

Earthquake magnitude M,:  5.80
Peak ground acceleration: 0.06
Depth to water table (insitu): 2.80 m

Depth (m)

0 0.5 1

Liquefaction
FS Plot

1.5

Factor of safety

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

Unit weight calculation:
Use fill:

Fill height:

1.00 m

3

2.60

Based on SBT
No

N/A

Depth (m)
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LIQUEFACTION VULNERABILITY INDICATORS

Non liquefiable crust thickness

Ishihara (1985) published a paper containing observations on the protective effect that an upper layer of
non liquefied material had against the manifestation of liquefaction at the ground surface. The paper
contained graphs that plotted thickness of the upper non liquefied layer (H1), and the thickness of
underlying liquefied material (H2). The data points were divided into two main categories; sites that did not
have surface expression of liquefaction at the ground surface and sites that did have surface liquefaction
expression at the ground surface. The paper was based on observations for two earthquakes. Dividing
lines were then drawn to separate those sites which had expression of liquefaction at the ground surface
from those sites where there was no observed expression of liquefaction at the ground surface.

Youd and Garris (1995) extended this concept by considering additional data and presented data and
dividing curves for ranges of peak ground acceleration. Both papers showed that, for sites with any
substantial thickness of liquefied material, the upper non liquefied material typically had a critical
thickness, beyond which the likelihood of ground surface manifestation of liquefaction did not increase.
The paper did not directly measure damage to structures, but instead considered only whether evidence of
ejected material was observed at the ground surface. The conclusion drawn from these papers is that an
upper layer of non liquefying material has a beneficial effect in mitigating the occurrence of sand ejection
and therefore the damaging effects of liquefaction at the ground surface.

Liquefaction Potential Index (LPI)

The vulnerability of sites to liquefaction was also considered by Iwasaki (1978, 1982) and subsequently by
Juang (2005). lwasaki's Liquefaction Potential Index (LPI) is presented as a measure of the vulnerability of
sites to liquefaction effects. The LPI presents the risk of liquefaction damage as a single value. The papers
note that LPI values can range from 0 to 100, with the following indicators of liquefaction induced damage:

LPI Range Damage

0 Liquefaction risk is very low
0-5 Liguefaction risk is low
5-15 Liquefaction risk is high

>15 Liquefaction risk is very high

Liquefaction Severity Number (LSN)

The Liquefaction Severity Number LSN is a new calculated parameter developed by Tonkin & Taylor to
reflect the more damaging effects of shallow liquefaction on residential land and foundations. The equation
used to calculate LSN is presented below. LSN considers depth weighted calculated volumetric
densification strain within soil layers as a proxy for the severity of liqguefaction land damage likely at the
ground surface. The published strain calculation techniques consider strains that occur where materials
have a calculated triggering FoS that reduces below 2.0. This means that the LSN begins to increase
smoothly as factors of safety drop, rather than when the FoS reaches 1.0. One other aspect of LSN to
note is that strains self-limit based on the initial relative density as the factor of safety drops, so a given soll
profile has a maximum LSN that it tends towards as the PGA increases.

The LSN number is likely to be a better index of surface damage than reconsolidation settlement, because
the LSN number is affected more by shallow liquefaction and less by liquefaction at depth. Liquefaction at
depth is less likely to affect the ground surface or shallow founded buildings. Using reconsolidation
settlement, the same weighting on deep liquefaction is applicable to shallow liquefaction, even though
settlement will have less impact at the ground surface with increasing depth. LSN numbers have been
correlated to observed liquefaction effects during recent earthquakes in Christchurch as shown below:

LSN Range Predominant Performance

0-10 Little to no expression of liquefaction, minor effects

10-20 Minor expression of liquefaction, some sand boils

20-30 Moderate expression of liqguefaction, with sand boils and some structural damage

30-40 Moderate to severe expression of liquefaction, settlement can cause structural damage

40-50 Major expression of liquefaction, undulations and damage to ground surface, severe
total and differential settlement of structure

>50 Severe damage, extensive evidence of liquefaction at surface, severe total and

differential settlements affecting structures, damage to services



LIQUEFACTION VULNERABILITY INDICATORS (Cont.)

Volumetric One Dimensional Free Field Settlement (s)

The c settlement indicator is based on published methods to estimate volumetric shear strains. These
strains are integrated to calculate ground settlement. The MBIE/NZGS documents recommend using the
B&l triggering method with the Zhang et al. (2002) volumetric densification calculation, which uses a
normalised tip resistance and factor of safety to estimate settlements. The Zhang et al. (2002) method
predicts strain in layers where the liquefaction factor of safety is less than 2.0. The calculated settlement
indicator increases as the factor of safety drops and the material approaches a liquefied state. Therefore,
some settlement is calculated when FoS is more than 1 even though liquefaction triggering has not
occurred. In Canterbury, land for proposed residential subdivision development is being delineated into
technical categories depending on its expected performance in the event of liquefaction. Calculated free
field settlement is being applied as a parameter to be considered in this delineation. While this guideline is
not applicable outside of Canterbury, but it can be referred to for indicative purposes. The guidance report
states that the technical categories are intended to guide foundation solution developments at each site.
The nominal criteria used to define the technical categories are presented below.

TC1: Future land damage from liquefaction is unlikely, and ground settlements from liquefaction effects
are expected to be within normally accepted tolerances. Once the technical category is confirmed, shallow
geotechnical investigations may be required (depending on the degree of damage, and in particular for a
rebuild). If the ‘good ground’ test is met, NZS 3604 foundations (as modified by B1/AS1) can be used.

TC2: Liguefaction damage is possible in future large earthquakes. Shallow geotechnical investigations
may be required (depending on the degree of damage, and in particular for a rebuild) and, subject to
establishing minimum bearing capacities, suspended timber floor or enhanced slab foundation options can
be used.

TC3: Liquefaction damage is possible in future large earthquakes. Deep geotechnical investigation (or
assessment of existing information) may be required (depending on the degree of damage, and in
particular for a rebuild) and depending on the geotechnical assessment, might require specific engineering
input for foundations.

CPT-Based Liguefaction Index Settlement

Extensive studies have been undertaken on assessing the vulnerability of land to liquefaction

damage. Tonkin & Taylor (2013) and van Ballegooy et al. (2014b) show that liquefaction triggering of soil
layers more than 10m below the ground surface provides a negligible contribution to liquefaction damage
at the ground surface. Hence, the MBIE Canterbury guidelines recommend that the thresholds provided in
the table below should be applied to the settlement calculated from the liquefying soil layers in the top 10m
of the soil profile only. The following criteria are indicated for the Technical Categorization in Canterbury
Region.

SLS Settlement Index ULS Settlement Index (mm]

Technical Criteria {mm)

TC1 criteria <15 =25

TC2 criteria <50 =100
TC3 hybrid criteria <50 =100

TC3 criteria | TC3 SLS <100mm criteria <100 N/A
TC3 5LS =100 mm criteria »=100 M/ A
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