Soft Ground Seminar-AGS Perth 14 November 2014

Ground Improvement at the Waterbank Precinct-East Perth

Alan Berry & Andrew Keep

Artist Impression Only

WorleyParsons EcoNomics

consulting practices




Design summary (19 June 2012)
Overview

Design parameters

Design targets —settlement & creep
Consolidation time
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Wick drain trial at Burswood
Monitoring results

Creep estimation long term
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Estimation of Cv & Ch for hand c

Interpreted ch
(m2/yr)...

WorleyParsons

consulting practices

Elevation (mAHD)

14

0.0

2.0

4.0

Coefficient of Consolidation, c,, (m? year)

6.0

8.0

10,0

12.0 14.0

A6 |

[ 7= 1 'S

Am

#CPTu dissipation tests
+BH1 - Cedometer
A BHZ - Qedometer
MBHE - Cedometer

ABH2 - CRS

Motes:

The resulis of 3 dissipation
tests undertaken within sandy

lenses af the Qrg have not been|

included in this plot.

EcoNomics



WorleyParsons

resources & energy

Compression Index, Cc

0.40 0.80 1.20 1.60 2.00
0
2 | 4
|
-4
-6
<
-8
o
I
<
1§
c
Ot
'§ |
| R
-14
* & BH1 - Oedometer
4.- A BH2 - Oedometer
BurSWOOd trial -16 A= < o B BH6 - Oedometer [
embankment = B 2l A BH2-CRS
\ ®la © 3
18 & 5
S
o
2
: =
lil WorleyParsons 20

consulting practices

Nomics



WorleyParsons

resources & energy

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
0

Secondary Compression Index, C,

-6

'
o)

RElevation (®AHD)

L 4

>

|21d

. BH1 - Oedometer

anfea

ubisap Areuiwi

Burswood trial .16
embankment —y—

-18

==

A BH2 - Oedometer

anjea ubisap eul4 o

Nomics

lil WorleyParsons

consulting practices




Very good simulation using Single element modelling of creep tests

Oedometer Test 2 Results Comparison
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Specimen Compression (mm)

Oedometer Test 5 Results Comparison
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Analytical solutions for consolidation aided by vertical drains

D. BASU, P. BASU and M. PREZZI*

School of Civil Engineering, Purdue University, West Lafayette, IN 47907, USA

Geomechanics and Geoengineering: An International Journal
Vol. 1, No. 1, March 2006, 63-71
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» Push down PASS Material >1.5m

» Reduce creep to acceptable levels, 200mm target value suggested by
WP

» Minimise damage to services and surrounding area. Bridge, HP sewer,
rods etc

» >80% consolidation targeted — aiming for 90%

» 90%MMDD in fill
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Revised proposed layout
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Wick drain lengths adjusted to suit Palaeo-channel

NOTES:

1. All loe dapths of Wicks on Secondary Grid to be installed
1o a constant dapth of -13.4m below platform level of
+1.4mAHD in the outer 25m of surcharging

2 Refer o DWGE 301012-04305-55-DAL-001

3. Ingede the ouber 25m stability rone consideration will be
i 1o Allwing cne wick (n & grid of 4 x 6 wicks 1o 1ot be
installed provided these Fall within the open public space
zones and not under satllement or differential selflemant
sensitive sireclures,
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Checks on Causeway bridge movements
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Figures 49(a) & (b). Lateral movements at the toe of Causeway embankment with surcharging (Figure 49a) and “doing nothing” (Figure 49b)
Note: Negative movements denote movement towards the surcharge
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Checks on Sewer pipeline distortions

----- do nothing ——&— after surcharge trial
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Checks of stormwater pipeline displacements

----- do nothing —ea— after surchargetrial
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Intersection settlements of roadways
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Verification done at the time - back-analysis of Burswood trial
without wick drains...
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Revised parameters...(no drains)

[BB : FINAL SURCHARGE REPORT PARAMETERS - 25m MUD, k=3 x k{lab}]
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Updated analysis

Nov- Dec- Mar- May- Aug- Nov- Dec- Mar-
Oct-12 12 12 Jan-13 Feb-13 13 Apr-13 13 Jun-13 Jul-13 13 Sep-13 Oct-13 13 13 Jan-14 Feb-14 14 Apr-14

a2 8 a4 sl 8 7 8 9 10 11 12 13 14  15Unload
Riverside Consolidation Estimation Based on Expected Permeability Values

(Ds/Dw = 3)
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Figure 2: Wick drain spacing vs consolidation time results for Ds/Dw = 3.
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Time after start of loading (years)
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0.0 +¢ . 7
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-20 creep possible
depending on
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I M i { ! ! . a Lﬁermeability, with
25 —=—6m fill, 1.5m wick drain spacing piir RL+3m
——6m fill, 2m wick drain spacing (RL +4m finish
—=—6m fill, 3m wick drain spacing I could double
o~ Upper bound permeability 1.25m cc wick drains | {
@ Lower bound permeability 1.25m cc wick drains | Pl th(?se values
30 I 111 T 1 1 1 1111 using current
: methodology!)
Note: based on finished max RL of +3mAHD, after 6m surcharge
filling: Note that creep affected by effective permeability, mud
thickness, wick drain length, final RL , surcharge duration and
magnitude of unloading and timing thereof
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lil WorleyParsons EcoNomics

consulting practices



Effect of +4mRL instead of +3mRL

Predicted Settlement Beneath Surcharge

Time after start of loading (years)
1

0.01 0.1 10 100
0.0 - - - : -
-0.5 T
w—+3m1 Cut-0fFFf - Bridge Side =1
+4m Cut-Off - Bridge Side 1 | As seen here, initial mndell.lng indicates
1.0 1 | that the long term creep will
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; +3m Cut-Off - Centre Surcharge | increasing the cut-off level by 1m
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ﬁ ——e—— — — —
200mm 1
-2.0 +
i e
M A4 —
-2.5 150mm 1
W .
300mm :
-3.0 1
Post meeting Note: this calc was done using the
optimistic permeability-the previous slide shows the
creep goes from 200-500mm with the lower
worleyparsons permeability- hence effect may be doubled again EcoNomics

| — ) ‘
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(hence this slide understates the likely effect of
+4mRL: its intent is to highlight that creep in the
previous slide is doubled by RL+4m



Stability checks CONSTRUCTION SEQUENCE AND
SURCHARGE DURATION
LIFT | MAXLAYER | wamnG MATERAL HERGHT FOR
HEIGHT THICKMESS TIME INTERMAL AREAS
[wilkin i1} {days) THICKMESS, H
125 Trom o)
approx 14mnths
1.0m 1.0m the fibe)
1.0m 1.0m 35 ne
1.0m 1.0m 10 e
1.0m 1.0m 25 0om
1.0m 1.0m 25 im
1.0m 1.0m 10 2m
1.0m 1.0m 10 2m
1.0m 1.0m 10 2m
Total 125

TYPICAL SECTION SHOWING CONSTRUCTION SEQUENCE

&m fill height
10m bench at a fill height

10m [Banch \._
Worl mmmma— o) Natural Ground Level EcoNomics
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Wick drain installation

Plate 1: Wick drains along eastern edge of site (pink flag indicates auger refusal)

WorleyParsons
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o re approximate only|
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Approximate Percentages of Auger Refusal



Monitoring
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Settlement plates

consulting practices

WorleyParsons Compiled Settlement Plate Data (27/10/2014)
resources & energy
Riverside settlement plates: Number of days since commencement of filling on 24/09/2012
0 100 200 300 400 500 600 700 800
Q ) } —
&
-
[
5
m
g
500 =
F
2
F
=
2
5
‘E‘ 1000 % - - = =
E . o 5 =] = 9 =
- w 2 ~ ~ b=} ~
< 2 c 3 3 3
@ 2 & < 2 o
E = = = = =
a " = ™ " m
£ 1500 i
"
2
=
v
=
E
o 2000 —_— - —
2500 & 1 I
Mote: Approximately S50mm settlement
occurred due to 500mm working platform
prior to commencement of fill placement. [r——
3000 ' 1
s in Predicted Settlement {modelling) % Predicted Settlement (modelling) =iy SP0 [wicks @ 1.3m cc) == 5P1 (wicks @ 1.3m cc)
—d— 5P2 [wicks @ 1.3m cc} —8—5P3 (wicks @ 1m cc) —8— 5P4 [wicks @ 1.3m cc) —8— 5P5 [wicks @ 1.3m cc)
== SPE {wicks @ 1m cc) —#—5P7 (wicks @ 1m cc) —tr—SP8 [wicks @ 1.3m cc) ~—#— 5P3 [wicks @ 1.3m cc)
—8— 5P10 (wicks @ 1m cc) —d— 5P11 |wicks @ 1.3m cc) —#— SP12 {wicks @ 1.3m cc) —dr— 5P13 (wicks @ 1.3m cc)
—— 5P14 (wicks & 1.3m cc) —{—5P15 [wicks @ 1m cc} —@— SP16 {wicks @ 1.3m cc) —{— 5P17 (wicks @ 1m cc)
—— SP18 (wicks @ 1.3m cc) ~@— 5P19 (wicks @ 1.3m cc) -t 5P20 (wicks @ 1.3m cc)
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Settlement Plate measurements as of 17 May 2014

B4B3360

84683340

5463320

6463300

B463280+

B463260+

B463240

B463220

5463200

B463180

Settlement (mm)
T

B463160+

5463140

6463120

6463100

B463080+

B463060—

6463040 T T T T T T T T T T T T T T T T T T T T T T T T
394100 3594120 3594140 394160 354180 354200 394220 394240 394260 354280 394300 394320 394340 394360 394380 394400 394420 3594440 394460 394450 304500 394520 354540 394560
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Piezometers No 1

WorleyParsons PZ1 Excess Pore Pressures (initial readings zeroed)
"""" = (Central Surcharge 1.0 m Drain Spacing 04/08/2014)
100 T T T T T T 7
Interpreted PZ1-1 - Upeak (7.5 m depth)
e It prEted PZ1-2 - Upeak (12.5 m depth)
= . e N ==+ =+ ——— Intarpreted #21-3- Upask (17.5 m depth) N
L s ‘e INterpreted PZ1-3 - UaVE (17.5 m depth) 3
80 { ———— PZ1-3 Modelled [SP10, Madel &)
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~ -~ ! ! t tr 1 1 1 Basu & Prazzi Estimation (sP10)
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i e
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Fill Height Increase (510} [, " o Excess PP / Aov M’\’«\ .
10 From [m) To (m]) PZ1-1 PZ1-2 PZ1-3 a W Moy ay e
— -y
2.9 5.1 37.3 55% 52% 68% EX M, | N
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Breakdwon of piezometer calculations

] worteyParsons PZ1-3 Excess Pore Pressures (initial readings zeroed; uncorrected vs interpreted data)
= (Central Surcharge 1.0 m Drain Spacing 04/08/2014)

300 I T I T I T 200

e PT1-3 Unicorrected Reading

e PZ1-3 - Upzak [interpreted using avg water level from STE13/GW1E)

Il . 1 T T T == Estimated settlement of PZ1-3 |Plaxis) 150
= A S e | | | vt
/i ' TS - ! g
e A Rt v e A e e N b b m e i
| METNAN AnEE g
@ 150 “'lm / o data - assume i
. | s L s R ‘s‘
3 - L T a——— 0.00
; TS~— | | | P NJM/P :
Fo i
@ | r~ M“‘W\_Aw; N i |
- | | S B s e e == Sy | -
[} / . - . | | - v‘j‘w— -150

a; o, 0, 1] 15 o, 3, ) a; 0 3. /| 2
s, , B, Brragy, g, iz, Oy Otoa, s, Btg,, Os,, , Bossy "y, P, W0y, g, gy, iz, P, oy, P, ey, Ois, Tos, s, Wby, e, 2,
2 2 2 2 2 £ i3 3 i3 F LE] £ 13 3 3 3 3 £ 24 4 &4 ] £ ] 4 T £
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Estimation of t90...

SPO : 1.3m wick spacing. Estimation of t80 & t90.

time in days

] 100 200 300 400 300 600 700
0 ¥
—— Plot t80
~A— Plot t90:
500 === SP0D
——Terzaghi Theory: Hmax=2.4m, t90=16
maonths
=== Radial drainage, ch=4m2/yr |, Smear
E 1000 fagtor=0.175 ,Spacing=L.3mjSmax=2.4m
g_- == 31-May-14
a
c
o
E
z
£
& 1500
2000
2500
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Asaoka plots...

3000

2800

2600

e 5P

y=0.8

R

764x +294.31
=0.9374

2400

2200

= Asymptotic line

= Asaoka final settlement

Current %

— Linear (3P0) =01.8%
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s

P4

/’

1200

1000

Ground settlement (mm) during measurement no. N

200
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=2381 mm
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Inclinometers—North

WorleyParsons
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Inclinometer INCS (04/08/2014)

Depth below ground surface (m)

Previgus readings

25/07/2014

= = PLAXIS prediction (end of surcharge construction)

EcoNomics



Inclinometers - West

WorleyParsons
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|||||||||||

Depth below ground surface (m)

G

5

[

e Previous readings

— 25072014

= = PLAXIS prediction [end of surchange construction)

EcoNomics



Inclinometer - south

WorleyParsons
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WorleyParsons

Inclinometer INC-10 [04/08/2014)

lateral displacement {mm)
150 200 250 300 350

400 450

Depth below ground surface {m)

s Previows readings

— 15072004

== = PLAXIS prediction (=nd of surcharge construction)
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Inclinometers-near
bridge

WorleyParsons
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|||||||||||

Inclinometer INC-1 (04/08/2014)

Lateral displacement {mm)

R

) Bim,f_);p
( r].'}".f 7 /

Depth below ground surface (m)
I

]

s Previous readings

— 5072014

= == PLAXIS prediction end of surcharge construction)
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Survey points xyz

Bridge Survey Points
Total Movements Plot (25/07/2014)

Lateral movements of each of the survey
points located on the bridge are shown in red
with the trangle indicating the current
displacement and the vertical movements
are shown in blue (negative indicating
settlement)

Data included is to 23/07/2014

Tiltm locations and axes of
measurment are shown in orange.

WorleyParsons EcoNomics
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Bridge movements

Bridge Lateral Displacements (25/07/2014)
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Bridge Vertical Displacements (25/07/2014)
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Delayed removal to minimise creep...

SP0 Creep settlements - constant water level

consulting practices

Years since start of surcharging (24-5ep-2012)
1 10 100
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Lateral deflection
estimates for long term -
effect on piles...

WorleyParsons
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Unit Cell model (SP8)
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i & soil
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"L__ coefficient from fully- '
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Plane Strain 2D Section 7 model

Infinite fill surcharge to
model 1D consolidation
behaviour

Sub-soil stratigraphy
matches SP8 model

Multiple PVDs modelled, each with a
single layer of smeared zone on each
side of the PVD instead of multiple
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mesh of 4 elements in the
undisturbed soils column , and 1
element on each side of smeared
zone.
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ua g matches SP8 model =
E

3 ] Even more PVDs drawn with the

3 | — . .
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Lateral model calibration..

WorleyParsons
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Predicted present day (June 2014 before fill cut-off) consolidation behaviour comparison

Excess PP (-ve kPa : excess, +ve : suction)
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Comparison of results...

Depth below ground level (mBGL)

Lateral ground movement at INC-5 (mm)
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24 e 'PLAXIS prediction of inclinometer deflection on June 2014

26 / e Actual INCS measurements (Oct2012 - June 2014)
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Lateral creep over time

Section 1B line B-B : Additional long-term lateral soil movement (max) at fill surcharge embankment toe after completion of fill surcharge
works (mm)
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Comparison of creep methodologies...

4 (A—x) _
0 ||=‘ S € Cas_ L, ] fw—[OCR](A s
2

£ Caz

Where 1 may be approximated by C“["‘}fg,g or from incremental
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Discussion of "recompression design for
secondary settlement reduction”, by D MNash
University of Bristol, in Alonso E. E, Gens. A. &
Lloret, A. (2001). Geotechnique 51, No 9, 822~
826.
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Resulting creep estimates...

Expected 20 year creep settlements

Base Case (trim 1/8/2014) 1 Month Wait (trim 1/9/2014)

20 year creep settlement (mm)

i iar
[past tirmming] have
ot been inchided in

saifiement calzulaticns
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Expected 100 year creep settlements (constant water level)

Base Case (trim 1/8/2014)

WorleyParsons
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