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Project Background

« Port expansion Project in India

« EPC Contract, AECOM is
Contractor’s designer

* Reclamation and seawall for
—container stack area,

—access road

—railway picking up area

Piled quay structure in dredged
basin further away connected by
link bridge

(design and constructed by others)

Project Background
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Site Conditions
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Site setting — Very soft clay

CH67 mto430m CHE50 mt0o 930 m
CH 430 m to 650 m
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PVD Principles
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PVD - What is a PVD (Prefabricated Vertical Drain)?

Shorten the drainage path
of excess pore water

» Accelerate consolidation

« Increase the shear strength / modulus
PVD is only the measure

Ground treatment - Increase in effective
stress by surcharging/dewatering/vacuum
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PVD principle - Why uncommon for seawall foundation in HK

 Lower strength without overburden —

-

« Long consolidation time
« High uncertainty
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PVD - Installation
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PVD principle - Why uncommon for seawall foundation in HK

« Deep seabed level in HK and loading on soft clay foundation is high and
mostly not feasible

« Very Flatten seawall slope occupied large foreshore area and environmental
not preferred
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Considerations and Approach
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Considerations and Approach to the design — Tender Stage

—Stone columns : - Sand compaction piles:

Source for clean sand is restricted

JunBuit tp@d/Ber a better world A=ECOM

Considerations and Approach to the design — Tender Stage

* Basis of the use of PVD as seawall foundation?

« Limited choice of ground treatment due to
o Site conditions

0 Available local technique / experience
o Availability of material (sand, gravel)
o Method preferred by Contractor Client
o Price to win the bid

Built to deliver a better world
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Considerations and Approach to the design — Tender Stage

—Deep Cement mixing
Not available in local market
and expensive

- Dynamic compaction / replacement:
Not suitable for soft clay and
difficult for plant establishment

Built to deliver a better world
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Technical Approach in Tendering Submission Technical Approach in Tendering Submission
CH67 mto430m
Very softclay _  © s w s 2 2 0 s w0 e % Low strength of Clay Over-consolidation,
|
atsurtace N High shear strength Surcharging stage stability Stage loading allow strength gain

14 '\zi ] ] " increment with depth

=T = I Su/o.~0.3 Short term stability Overfilling platform before strength gain
opecsat] I v~ 0.

== [ | Control construction loading at edge area

5 \

8 #1—

=i 1 153 = How to effectively utilize
=T — the soil behaviour ? Slope Toe area improvement Extent PVD to overfilling platform
ST ——
: ‘{ ] — Permanent Edge stability Geo-synthetic reinforcement
n O I L Mudwave control by marine placing
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Technical Approach - Stability of Leading Edge Technical Approach - Stability of Leading Edge

« Place initial fill layer
(up to 2m to 3 m) carefully
o0 By sprinkling (Manual or
computer controlled Sprinkler
barges)

<J7 Reclamation Fill ;

e =
platform Z W\ 200m

Separator
£ Geotextile

« Using geotextiles will help in
stabilising the seabed

Marine Mud

Firm to stiff Alluvium
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* Maintaining a gentle leading edge




Technical Approach — Stage preloading

Name: Lomsr Uni 1 (Fil Lo 4.5 w/ 80% conscl )

Unit Weght 15 KM

C-Top of Layer: 27.8 kP

‘C-Ralo o Chango: 086 kPaim

Name: Upger Urit 1 (Fl 10 8.0 w 50% consol)
sght- 15 km®

Package AR3 Section 1-1 s W T
Temporary Condition Sec1_(4.3.1)_2015.02.26.gsz

Name: il (Stage 1) Name:Fil (Stage)  Name: Upper Unit (i) Name:Uppr
UntWeght 17KNI®  UnitWeight 18K\ Unit Weight 15 kNim* A a
C-Top of Laer 9kPa i e S

C-Rate o Change: 5 kPaim

Phi:30"

me: Lower Uni 1 (Fil o +9.0wl 50% censol)

UnitWeight: 15 kNm*
Name: Fil(Stoge2)  Namo: il (Sage 4) Name:Lover Unit 1 (nsu) CTop ol Layer R340
Unit Weight 18K UnitWeight 18 KM Ut waight 15 ki CRateof Ghange: 0.6 kPaim
Cohesio 5 kPa hesion: CTopof Layer: 19K Name: Upper Unit 1 Fill0 +3.0 i 50% consal )
P35 G Raool Chango: 088 KPaim Unit Weight- 15 kN
cy1 CTopal
‘CRateof Ghange: 5 KPaim

=
Name: Lowes Unit 1 (F0-+3.0 / 50% consol)

Unit Weght 15 k>

C-Top of Layer: 225 kPa.

C-Rate of Change: 0.86 kPam

Ground line in permanent
and seismic conditions

Water Level:0.76m

Elevation (RL - m)

1 ayer of geogrid wilh long term allowable tensile sirength of 1.200KN/m.
This geogri is assumed to be extended to CY1 and the lenglh willbe finaized in CY design package.
Reclamation stages:

Stage 1: Carry outland band filing for yellow zone s presented above. Install PVD drains in 1m spacing clc. Wait for 40 days.

Stage 2: Carry outland band filing for blue zone as presented above. Wait for 25 days.

Stage 3: Carry outland band filing for brown zone as presented above. Wait for 15 days.

Stage 4: Carry outland band fillng for green zone as presented above. Wit for 108 days
to+7. it i

il later stage of the project

AZCOM
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Commencement of work

Contractor client win the bid
No construction jetty around
e Only murrum fill bring by truck

« Marine access is very limited
if not impractical

* No marine fill placement
Land placement is only choice

* Reassess all stability and
construction sequence

Built to deliver a better world

Design and Construction
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Technical Approach during Construction Stage - What contractor need?

« Contractor need a stable land platform for
—Install PVD and monitoring devices
—Placing drainage and geotextile filter

Built to deliver a better world

- Field testing
- Surcharge in stages
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Construction Stage — End Tipping

« End tipping and land filling is unavoidable
* How we can

« Control it

* maintain Stability
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Construction Stage — End tipping and Mudwave
Mud pocket? post filling boreholes Utilising the mud? Place on land
with vane shear test as surcharge

Leftin place as long as
= = possible

> ey _« Remove lump of heaved
mud by dredger

Built to deliver a better world
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Construction Stage — End tipping

CHE7mto430m
« Displace very weak soil away Shear strengeh, €, (kPa)
—Very weak at top 2-3m © 5 10 15 20 25 30 35 40 45 50
—stronger at about -1mCD

Displacing the very soft mud away can
significantly improve the stability

o
Vv

* How to
—Ensure workmanship
—Utilise mud in stabilisation
—Removal o

RL (mCD)
R S

Built to deliver a better world

Construction Stage — Observational approach

Prepare the design

Test with full scale intermediate
embankment to:

—verify consolidation strength gain
—verify amount of settlement
—verify amount of deformation

Obtained back analysis parameters

verify the design of subsequent phase
seawall

Built to deliver a better world
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Construction Stage — Seawall design and construction Construction Stage — Seawall design and construction

« Create 10m wide access road by land filling « Overfilling platform in front of permanent seawall
— Post-fill placement borehole ¢ Mud wave as toe weight
— verify displacement of mud and potential mud pocket « Adequate platform width > Smaller deformation at permanent seawall area
— More filling front to speed up progress

« Fill between access road to form land platform e

2

AR3
-« CYIA LT

Y A A A B i 2 A A A

Elevation R.L (mCD)

Distance (m)
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Construction Stage — Seawall design and construction Construction Stage — Seawall design and construction
« Filing > Pause period - Verify Strength gain > Next filing stage - Pause pis
Period ... until surcharge top e os0 [m o
'y p— [%[EFE]XTELE GEOTHATIL s, 7000 e
_ 1 L5 s
T ] e
7 FILL REPLACENIENT] |
» : UNIT-1a r P
!
by e | .
* Check | o
- stability - geotextile anchor length - surcharge pressure and period SECTION C-C BED ROCK
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Geotextile Reinforcement /
Deformation Assessment

Built to deliver a better world

Construction Stage — Geotextile Specification

« Woven type geotextile with 3 ultimate strength (950, 750, 550kN) for different area

PRODUCT PROPERTIES

MATERIAL

100%, High Tenacity Polye
Weight 22

TF1-31000

Filament Yar With Molecular
000 and CEG <30

Construction Stage — Geotextile Reinforcement

 Provide lateral support during filling
« Sufficient long to provide anchorage until global slip is stable

. OVA | AR
20m

CY1A | AR3

ottty 000 | ccccccccccceae= A

R —

AR TR -
T vt vren WSROI £ i B
T

) Iy retained strength

ASTM D 45
ASTM D 4355

N

MECHANICAL
Ultimate Tensile Strength (MD/CD) ENISO 10319 KN'm = 1000/50
Strain at Ultunate Teusile Strength (MD/CD) ENISO 10319 0 10
Tensile Strength at 5% s (MDy EN IS0 10319 kN/m 415
Tensile Suengi at (MD) EN IS0 10319 KN/m 1000
Tensile Modulus at (MD) EN IS0 10319 KN/m 8100
(MD) EN ISO 10319 kN/m 10000
kN/m > 635
ENISO 12236 N 1300
300

¢ Long term reduction factor is about 1.5 with design strength >625 kN/m

Built t§ deliver a better world
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Construction Stage — Seawall Deformation
* Assess the amount of deformation of permanent conditions
—Consideration of the high plasticity soil, lower deformation modulus
assumed Su =100cu
Section Check Point Location Vertical (mm) Horizunh:mm,
Point A 94 10.1
CHE7-430 Point B 334 152
Point C 26.7 102
Point A 16.7 19.1
CH430-650 Point B 56.4 215
Point C 479 199
Paint A 338 251
CHE50-930 Point B 66.3 349
Point C 51.9 270
—Movement under live load after permanent seawall formed
AECOM 5 Built to deliver a better world
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Construction Stage — Seawall Deformation

. I —
=

*y

Phass displacements Pu,

Masimum valus = 0.01078 m (Sl 08 at Node 6844)

Minimum 5)
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Construction Stage — Seismic conditions

Built to deliver a better world

Deformation Assessment under seismic conditions is required, solil
degradation according to Eurocode 8, E’ reduce to 20%

No seismic design parameters obtained from field SI work
Use empirical approach to estimate the shear wave velocity Vs using
—SPT-N method for Mumbai Clay Vs =72 (N)*0.40

Mhaske and Choudhury, 2011, Geospatial contour mapping of shear wave velocity for Mumbai
city,Natural Hazards, 59(1), 317-327

—Vs from Su for San Francisco Bay Mud Vs =23 S, 0475
Wair and DeJong, 2012, Guidelines for Estimation of Shear Wave Velocity Profiles, PEER

Deformation is well within the requirement and smaller than static case
Results shown in this presentation is not the most critical section

AECOM
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Construction Stage — Seawall Deformation

« More vertical than lateral deformation, possibly due to

— Analysis does not include construction stage soil stress
(Simplify to avoid couple model with a lot of uncertainty)

— Tensile reinforcement at 0% strain at the initial stage of the model

Deformation and stressing geotextile to develop the tensile strength

 Actual situation, reinforcement placed earlier and some lock-in stress during

the earlier stage

Built to deliver a better world

Instrumentations and Monitoring
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Construction Stage — Instrumentation and monitoring plan

O

¢ Instrumentation along the

seawall to monitor

— Lateral deformation

122 Noo (Eash)

Eonerale Br) 187 s (Bt

— Settlement
T LEGEND FOR INDIVIDUAL INSTRUMENTS -
— Excess pore pressure e S e | G | s
dissipation Tl SETTLEMENT PLATE AT STAGE 1 FILL LEVEL 547 s Fach)
il CPEN STINDPPED) D
i VBRATING WRE PIEZZOVETER (V) | whecn
L po MAGNETIC EXTENSGMETER (M) + 98 Noe (Each)
T i — @
i -
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Construction Stage — Monitoring

« Relatively small Settlement ~0.8 to 1.5m for 6 to 12m thick mud

Built to deliver a better world

Construction Stage — Monitoring

« Movement controlled laterally within about 100mm along the road and 300mm within the stack
area of high surcharge load and deeper seabed

Built to deliver a better world AECOM 42

Construction Stage — Monitoring

« Excess pore pressure, always stagnation pressure

RS rm— e P |
P==tertrs A31.974_2ONES Sotom i T i E3 A3T08N_ZONES

sraseBEEE
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Lesson Learnt and Remarks
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Lesson Learnt and Remark

« Understand what you are going to built

—Work closely with the contractor on the actual method of construction
« Fully non-dredge - Partial mud wave heaving - Large displacement of mud

—Observational approach is very practical to overcome uncertainty in the soft
ground treatment design

Built to deliver a better world AECOM
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Lesson Learnt and Remark

* PVD as seawall foundation is a feasible solution but with quite a lot of
constraints

— Need very Shallow seabed / mud flat

— Allow overfilling

— Amount of strength gain is very important

— Very soft can be easily displaced and need provision to remove/treated

Geotextile reinforcement can limit the deformation and need to consider
—stressing and strain level during construction
—Subsequent-construction works protection
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The reclamation work completed and the port was open in 2018
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