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lchthys Project

— | 100k,

W R

, Timor Sea
Northern Territory

Ichthys gas-condensate field location
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lchthys Project
ﬁ bam // 50/50 Joint Venture

Modular Offloading Facility (MOF): €110 Min
Product Loading Jetty: €290 Min

* Geotechnical Design
« Structural Design
»  Drawings

Design Team:
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Other Dutch Contractors

Van Oord
Capital Dredging
€567 Min

Dockwise (Fairstar)

Module Transport
€56 Min

Boskalis
Trench Dredging + Landfall ‘ %
€200 Min , \\ e .- "
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Site Conditions

*  Recent soils — followed by Metasiltstone, Phyllite & Sandstone
*  Quarts pebbles in between
*  Very steeply bedded

*  Foliated

E 3
i :
- -

*  Quartz veins

Challenges
« Softening in presence of free water
- Steep inclined defects: clay filling

* Varying strength

* Possible pile driving issues
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Soll investigation MOF
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Soll Investigation Jetty
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Additional Soil Investigation

+ During Basic Design

* Including DMC Site Representative

* Rotary drilling PQ3 triple barrel wireline coring
« Exploration rig -> good control

Lab Testing
Material properties

+ UCS

+ Point Load

- Slake Durability
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Example cores
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Design MOF

Temporary structure

Cellular cofferdam (alternative for piled deck)
Removal of soft materials

Monopile mooring & breasting dolphins
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Jetty Design Earth ramp

Common Trestle

LER/LIR platform

LPG Trestle

Loading Platform

LNG Trestle

W,

?1016mm, 19, 22, 25mm wall thickness
?1220mm, 25 & 30mm wall thickness
@1700mm, 45mm wall thickness
@1800mm, 45mm wall thickness

All piles equiped with pile driving shoe
350 piles in total

Mooring & Breasting Dolphins
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Geotechnical Design

AS 2159-2009 Piling — Design and Installation

* Risk assessment to determine basic geotechnical strength reduction factor
- Site, Design, Installation are key factors

TABLE 4.3.2(A)

WEIGHTING FACTORS AND INDIVIDUAL RISK RATINGS
FOR RISK FACTORS

Typical description of risk circumstances for individual risk rating IRR Wi wi * IRR ARR
Weighting (IRR)
Risk factor factor
(wy) ! 3 5
(Very low risk) (Moderate) (Very high risk)
Site
Geological 2 Horizontal strata, Some variability over |Highly variable profile or
complexity of well-defined soil and  |site, but without presence of karstic 5 2 10
site rock characteristics abrupt changcs in features or steeply
stratigraphy dipping rock levels or
faults present on site, or
combinations of these
Extent of ground 2 Extensive drilling Some boreholes Very limited 3 2 6
investigation investigation covering |extending at least investigation with few
whole site to an 5 pile diameters below |shallow boreholes
adequate depth the base of the
proposed pile
foundation level
Amount and 2 Detailed information  |CPT probes over full  |Limited amount of
quality of on strength depth of proposed simple in situ testing 1 2 2
geotechnical data compressibility of the |piles or borcholes (c.g.. SPT) or index tests
main strata confirming rock as only
proposed founding
level for piles
Design
Experience with 1 Extensive Limited None 3 1 3
similar
foundations in
similar
geological
conditions
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Geotechnical Design

TABLE 4.3.2(C)

BASIC GEOTECHNICAL STRENGTH REDUCTION FACTOR ()
FOR AVERAGE RISK RATING

Pile testing improves strength reduction factor -> 15% piles dynamic testing

Range of average ) . ) e Tor low #hep Tor high
risk rating (ARR) Overall risk category redundancy svsiems redundancy systems
ARR 1.5 Very low 0.67 0.76
1.5 < ARR =2.0 Very low 1o low 61 0.70
2.0 < ARR =1.5 Low 0.56 0.64
2.5< ARR =3.0 Low to moderate 0.52 0.6
3.0 < ARR =3.5 Moderate 048 0.56
3.5 < ARR =40 Moderate to high 045 0.53
4.0 = ARR =45 High 0.42 0.50
>4.5 Very high (.40 0.47

o oo+ (e - })* K 2 g

fu = intrinzic tes] factor =

K = testing benefit factor = 1,13*p / (p+3,3) = 1 for dynamic load testing

p = percentage df total piles that are tested and mest the =pecified acceptance criteria

p= 15 %
= 0.9%623

0.8 (for dynamic load testing of performed piles)

FDA on warking piles

062 (Fllowing a 20% reduction for tension)
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Geotechnical Design

Vertical Loaded Piles

*  Overburden: API RP2A WSD (2010) skin friction & end bearing
* Rock: based on rock strength: % UCS, with lower and upper limit
* Axial pile reaction (T-z, Q-z): API
* Point of Virtual Fixity: Tomlinson 1.4R for OC clays and rock
1.8T for NC clays and granular soils
R, T = Stiffness factor depending on pile stiffness and subsoil modulus

«  Correlation between I1s50 (point load) and UCS (unconfined compressive strength)

Sub unit Axial Point Load Test Diametral Point Load Test
Mean Value Mean Value
3aii 16.0 15.2
3aiii 16.5 14.5
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Geotechnical Design

Laterally Loaded Piles

- Soil: APl RP2A WSD (2010)

* Rock: Cemented Soil (Evans & Duncan). Parameters through Hoek-Brown
Weak Rock model (Reese). Input parameters: Effective weight, UCS,
Young’s modulus, RQD

«  Geotechnical reduction factor applied directly to p-y for geot. capacity, for energy adsorption
other way around.

«  Point of virtual fixity determined by matching deformations and bending moments with
structural model (SCIA).

Soil Profile Undrained Strength, Su, kPa Uniaxial Compressive Strength, qu, kPa
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Geotechnical Design

i&SQO' a5

Pile forces through Scia Engineer
«  Point of virtual fixity
«  Pile reaction (T-z, Q-2)

Iterative process
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Variability

Design UCS Profile

UCS values [MPa]
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Variability

Design UCS Profile 25m away
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Pile Driveabillity

Qualitative

- Borehole description

- Core photos

- Site visit during soil investigation
« Local experience

Quantitative

- GRLWEAP / PDPwave (Profound)

* Build expected and upperbound scenarios
* Pile driveability test

Anticipated hammers
IHC S200, S280, S500 hydrohammers

Delta Marine
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Pile Load Testing

Test pile program

- PDA (EOID) 13-07-2013
 DLT (SORD-1) 16-07-2013
DLT (SORD-2) 29-07-2013
 SLT Compression 11-08-2013
* SLT Tension 14-08-2013

Used as design verification and calibration of PDA/DLT

Delta Marine
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Pile Load Testing

[T \ v’/‘ o
=
«tﬂ-,._. -
(F7
= SR
=
e T - © @762mm pile
3 = i - At exact borehole location
TR, = < 7mintorock
T =0 - Jack-up barge with test nose
= - 12500kN compression test capacity
. - 9000kN tension test capacity
Delta Marine
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Pile Load Testing

10000 25

9000 | —Applied load

8000 | ——Displacement 1 20

— Deflection criteria

7000 A

6000 -

5000 +

Load [kN]

4000 -

Total displacement [mm]

3000 A

2000 +

1000 -

1 Il L L L L L W n L L L Il L Il 0
0 32 64 139 171 214 261 302 356 403 453 507 539
Time (min)

compression | Tension

[kN] [kN] «  DLT results conservative

Design Capacity (Py) 4644 3732

PDA Capacity (End Of Initial Drive EQID) 10748 4542 |———> ° Set-up

Dynamic Load Test (DLT) Capacity (Re-strike . . .
SORD-2) 17276 9332 « Compression + tension capacity >> calculated.

Static Load Test (SLT) Capacity >12000 >9000
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Pile Load Testing

1P14-50R0-1

Force and Velocity x Impedance ( Blow Number: 28 )

(=" Force | === Velccilyx Impedance Pile Number ST14 Restike2dn
| | ADC Blow Number 34
rrrrrrrrrr Blow Number 28
: Pile Penetration 14.300 [m]
; Wave Velocity 518874 [mis]
_______ o N Blow Count Pile 0.02 [blws/0 25m]
. Blow Count Report 0.02 [bl/25cm]
o Blow Rate 59 [bl/min]
g Max. Compr. Meas . 2547 [MPa]
------ BTt MASELIELLE S Dnving Resist. 155806 [kN]
(U Soil Model Case (Vi)
g Transfemed Enemgy 1757 [KNm]
,,,,,,,,,,, LA | RatedEnemgy 2800 [Km]
- : : Centricity Blow 87 1%
- - ForceVel. xImp. 1.034 H
1 £ cwvalk/c-max {\ 1.101 H
T E c-max = vmaxeds-max 471471
N A\
£ ! £ : : :

TP14 -SORD-1
Upward Wave [MN]
,,,,, 6
i i i i i PILE DATA
0 10 20 30 40 50 Tral:\sferr?d Energy.Pile Top 163.1 [kNm] 5
Time [ms] Maximum pile toe displ. 1.8 [mm]
: Penetration pile toe 14.300 [m]
Blow count Refusal 4
Max. compression stress 271.9 [MPa]
Max. Tension stress 82.8 [MPa]
]
SOIL DATA
Max. driving resistance 14.354 [MN]
Mobilized static resistance 18.652 [MN] 2
Mob. static resistance toe 3.376 [MN]
Mob. static resist. shaft 7.276 [MN]
1
MATCH QUALITY DATA
Signal match quality upward wave : yaN
Up to toe 1.97[%] (Good) 0
Toe 1 0.41[%](Excellent)
Toe 2 ©.65[%] (Excellent)
After Toe 0.77[%] (Excellent) 1
Al/c till 6L/c 8.83[%] Good)
6L/c till End 1.15[%] (Fair)
Overall 1.99[%] (Good) 2
0 10 20 30 40 50 60
Time [ms]
=== C(alculated ) ) )
e Measured Upward travelling wave as function of Time at level = 0.000
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Plle Installation

Dolphins

Pile

BD-N-01,BD-N-02, BD-N-03, BD-N-04

1700x45/60

Final {1) . .
Design toe
blowcount Ie%e\ NO (4) Site Engineer assesses Dei;gvr:!::ore NO (4)
YES ~50/25cm hed Refusal N>10/1cm DLT results Refusal N>10/1cm
reache reached

=,

Pile driving complete

Drive Overlength

Final (1)

blowcount
=50/25cm

Instruction (2)

P1700mm Vertical
LNG Breasting Dolphin Piles

Management

‘ Survey Seabed Level

H Infarm Design /Site Engineer

Toe level
sufficient for

stability

Restrike-DLT test

Site Engineer assesses
DLT results
T

Axial

(3)

Pile driving complete

- Mount DLT-sensors
DLT on Start driving )
il 0.5-1.0m before design
Start driving that pile max Energy 500kNm toe level €

Axial
capacity
sufficient

Drive Overlength

Pile driving completa

Contact Design/Site Engineer for
Instruction (2)

Compression suffi

Site Engineer assesses
DLT results

Pile driving complete

Toe level
sufficient for
horizontal

@ -
L'l stabili
" "W vy
Toe level gi?::: Contact Design/Site Engineer for
[ Pile driving complete sufficient for Instruction (2)
Tension \L,
Site Engineer assesses Axial
DLT results NO capacity
sufficient
Installation Axial YES
Mount DLT-sensors data smllgrto capacity YES
tested piles sufficient Pile driving complete

sufficient Note (1):  Final blow counts to be determined more accurately with PDA/DLT results as they become available from the

first driven dolphin pile. Total blow count regime should be judged by Design/Site engineer

Figure conservatively detrmined from Detailed Design Driveability Assessment (Scenario Al)

of LNG Breasting Dolphins.

Note (2):  Engineering instruction shall be communicated to JKC
Contact Design/Site Engineer for Note {3): Installation data assessment shall be communicated to JKC
Instruction (2) Note (4):  For piles where Horizontal Stability and/or Tension governs the design, refusal criteria has been
o determined such as to prevent pile toe failure and allow for mitigation actions.

\/
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In Practice

- Pile capacities far exceeding design

« Highly variable driving conditions

- Early refusals, also in weak material
already apparent after test driving

* No pile driving at night

- Limitations on allowable driving energy

Fall Back Scenarios

*  Prove sufficient capacity with PDA/DLT
«  Drill out to design toe level and redrive
Drill out and install rock anchor
- Shear keys installed during fabrication
- Reinforcement designed and rebars
ready on site
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Cantilever Bridge (CLB)
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Cantilever Bridge

Cantilever Bridge




Questions?
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