Ground Improvement Trials



Problem Statement

Existing ground improvement methods used to engineer a thicker non-
liquefying soil crust to support TC3 foundation designs and/or used for
Category 8 land damage repairs are proving to be expensive and in
many cases not cost effective. The reasons are not fully understood, but
the following bullet points outline possible explanations:

* Practicalities of apply the methods on individual residential sites

* Practicalities of working below the ground water table

* Consenting requirements

* Limited supply of contractors and construction plant set up in
Christchurch to do this type of work

* Limited supply of residential ground improvement projects



Project Objectives

Expand the number of ground improvement options available by finding
alternative ground improvement methods which can be applied which
are:

* Cost effective

* Practical to construct on residential properties
Understanding the constraints of each method (e.g. vibration
characteristics, heave effects, etc)
Certainty of the effectiveness of the ground improvement work to allow
engineers to be less conservative in their ground improvement design
Development of appropriate ground improvement verification test
methods
Involve consent authorities so they can better understand what they are
consenting and enable them to develop more appropriate consent
conditions
Education for non-engineering community of what ground improvement
work involves, how it works, how it will be practically constructed on
properties, effects, and expected future performance



Ground Improvement Methods

RIC Rapid Impact Compaction
RAP Rammed Aggregate Piers
LMG Low Mobility Grout

Horizontal Permeation Grouting which has now morphed into
Horizontal Mechanical Mixing
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Horizontal Mechanical Mixing

Trench




Horizontal Mechanical Mixing
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Horizontal Mechanical Mixing
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Project Outline

|dentification of potential sites for ground improvement trials
Geotechnical characterisation for site selection — so that the trials are
undertaken in areas with soil characteristic which are representative for
90% of the TC3 residential properties

Consenting and land owner approval

Site selection and detailed site characterisation

Construct the ground improvement methods in practice areas while
varying the spacing, depth, energy levels, cement mixtures etc with pre
and post CPT testing

Evaluation of selected methodologies (i.e. selected spacing, depth, etc)
for each improvement method

Construction of specified ground improvements in the panel areas

Post improvement testing — CPT, S-Wave and P-Wave and SWS

T-Rex testing

. Test pitting through the T-Rexed ground improvements to visually

inspect what was tested
Reporting



Ground Improvement Trials — Final Site Selection
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Ground Improvement Spacing Trials
3 methods x 3 areas x 4 spacings.
Pre improvement and post improvement (14 day and 28 day) CPT

LEGEND

‘. Pre-improvement CPT test

ﬂ Post-improvement CPT test (14 days after construction)

O Rammed Aggregate Pier location

_:r Potential for additional CPT or aggregate pier test to improve statistical reliability

.....




5m x 5m T-Rex Test Layout Plan for the Ground Improvements
3 Areas

RIP RAP
Pre Improvement CPT,
SWS and S&P-wave cross
hole testing
Ground water monitoring
Instrumentation and T-Rex
testing
Post Improvement CPT,
SWS and S&P-wave cross
hole testing
Trenching and logging of

?S'bu'lt ground Horizontal Mixing LMG
improvements

Control Panel




Detailed Site Characterization — Site 3 (Wainoni) — CPT Data
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Detailed Site Characterization — Site 3 (Wainoni) — SWS Data
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Detailed Site Characterization — Site 4 (Avondale) — CPT Data
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Detailed Site Characterization — Site 4 (Avondale) — SWS Data

SWS at CPT locations,

CPT tip resistance, g, (MPa) Mo. of semi-revolutions per m

SWS at test panel locations,
MNao. of semi-revolutions per m

Sept '10 event

Feb "11 event June '11 event

0 5 10 15 20 25 o 100 200 300 400 8] 100 200 300 400 NOTE: Far all analyses at this site, groundwater is
H T 1 T ¥ H H T 24 t T t T ossumed to be 0.7 m below the ground surfoce,
i
; I
= i
= i .
.ll &
-1 25 - T i--=-r r g -
-1- 35 : ieeeet : B !
bt b . B
: ! ! : ] : .
"""" i : : : = ! [ | = .
i i i i I - I I
1 T P EREN: (P PO G RO S R - ]
S - oo w® o o o o= S - g =
- = O o - - O - =]
EEEE E5EE EEGE
GROUNDWATER LEVEL
! KEY
o4 — PT ik ——PT (= CPT 4 —— CPT 4
£ U6 —— SWS5 001 = SW5 008 —— SWS 009 — SWS 1D
2 oa — S 02— SN D03 —— WS M —— S5 005
Dews oon 0 — W5 006 —— SWS 00T
o B Peawntial o liguedy B Unlikely 10 iquefy
< ke - 45 4 < #3 e - Sapt 10 Eyvent PGA= Sg Mw= 71
%‘1’.’ gf&;'-i’« %%’1‘ %"}2’ ‘1%'1’4 J% %&-E:_\, 4-%% _%945, gz:i:g. @‘9‘; Fals “41 Ewril PGA = BADE M = 6.2
S/s 006 3%3 P Ja% f% A P " 2 s *
Time and Date B - P % B B B W % Jurie 11 Event PGA= (3% Mw =62
Client: Earthquake Commission Location:  Sited Date: 27/05/2013
Project: Ground Improvement Trials - Site 4 Jlob No.: 52020.021 Analysed by: JUL
Tonkin &Taylor Description;  Liquefaction assessment for CPT results Version No.. 1.1 Checked by:




Detailed Site Characterization — Site 6 (Bexley) — CPT Data
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Detailed Site Characterization — Site 6 (Bexley) — SWS Data
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Ground Improvement Trials — Final Site Selection
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5m x 5m T-Rex Test Layout Plan for the Ground Improvements
3 Areas

RIC RAP
Pre Improvement CPT,
SWS and S&P-wave cross
hole testing
Ground water monitoring
Instrumentation and T-Rex
testing
Post Improvement CPT,
SWS and S&P-wave cross
hole testing
Trenching and logging of

?S'bu'lt ground Horizontal Mixing LMG
improvements

Control Panel




RIC Test Panel Layout at Sites 3 and 4 with the Indicative

! RIC Second Pass

’ RIC First Pass
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Instrumentation Layout for a In-line Shaking Orientation

Construct RIC at 75% hammer drop height with 1.5m Dia. plate

Hammer until refusal or a maximum penetration of 0.5m
Complete the first pass, wait 60mins and then complete the second pass



RAP and LMG Test Panel Layout at Sites 3 and 4 with the Indicative
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Horizontal Mixing Test Panel Layout at Site 3 with the Indicative

Instrumentation Layout for a Transverse Shaking Orientation
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Construct 0.5m dia. horizontal cement mixed columns with 15% cement by weight
Top row at 1.00m spacing and bottom row at 1.00m spacing in a staggered pattern

Column row centrelines of 2.25m to 2.75m below the ground surface



Horizontal Mixing Test Panel Layout at Site 3 with the Indicative
Instrumentation Layout for a Transverse Shaking Orientation

T-Rex Base Plate 2.3 m

/N

>

<

Transverse Shaking Direction

i

- 0.50m . 0.50m

Reference Level

Elev. 1.50 m (RL)
Depth ~ 0.00m

Max GWL
Elev. 0.70 m (RL)

\ 4

= Depth~0.80 m
Min GWL

v Elev. 0.20 m (RL)

Depth~1.30 m

~ 90% Saturated
Elev. -0.50 m (RL)
Depth~2.00 m

0.5m Dia.
Cement Mixed
Column (15%
cement by
weight)

v PPT

<—é—>2D Geophone




Horizontal Mixing Test Panel Layout at Site 3 - Long Section

Starting Trench
(1.5m deep)
Receiving Trench

(1.5m deep)

Nominal 5.00m Nominal
1.5m " (Only add 15% cement by weight over this distance. 1.5m
Outside of this band, do not mix in grout)

Incline Distance to
be Determined by
the Contractor
Incline Distance to
be Determined by
the Contractor
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M T-Rex velocity transducer
@ T-Rex pore pressure transducer
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M T-Rex velocity transducer
@ T-Rex pore pressure transducer

¢ Additional piezometers (electronic divers)

“New” crust
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Liquefiable soil

M T-Rex velocity transducer
® T-Rex pore pressure transducer
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B T-Rex velocity transducer
& T-Rex pore pressure transducer
+ Additional piezometers (electronic divers)

“New” crust



