N

k American Association
m of Port Authorities

Alliance of the Ports of Canada, the Caribbean, Latin America and the United States

2017 Facilities Engineering Seminar
October 24-26, 2017

New Marine Container Terminal
at Haifa

(Hamifratz Port)

Bill Paparis, Project Manager, D. P.E.



Preliminary Port Layou

Lee/East Revetment
(Rubble Mound) N

\

East Revetment/

Breakwater
Main Breakwater (Caissons)
Extension

Turning
Circle

Kishon
Breakwater

R Y7 3w omn
75T 701 *am NINGA LI
*TBN RI7100 4100
qmen 7SN now

ma roo @
nwa N
AN 1
0IIND D)

MR




AR perial View of Existing Port
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AAPA

Major Issues

* Moderately high level of earthquake accelerations, and associated
potential for liquefaction of hydraulic fill and breakwater/revetment
foundations

* Site exposed to waves

 Difficulty in obtaining adequate quantities of suitable sand from
dredging for reclamation

* Environmentally sensitive location



Maximum and Minimum
Size Vessel Parameters

Vessel Type Container Ship Container Ship Container Ship

(Maersk EEE) (Post Panamax) (Panamax)
TEU Capacity 18,000
Deadweight Tonnage (dwt) - 110,800 45,850 9,000
Length Overall (LOA), m 400 337 254 145
Beam, m 59.0 45.6 32.3 19.5
Loaded Draught, m 16.0 15.0 11.78 7.8
Loaded Displacement, tonnes 240,000 147,000 62,750 14,247




AAPA 3D Model Testing of Port

Layout
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AAPA

Seismic Study

* Developed seismotectonic model taking into account regional tectonic
setting, historical seismicity and mapped faults, including fault slip rates.

* Most important source is the Carmel Fault, located between 1.7 km and 2.9
km from the site.

* Model also includes the Dead Sea Transform Fault and Cyprus Trench, as
well as more local sources such as the Levant Fault and the Gilboa Fault.

* Model was input into a computer program and Probabilistic Seismic Hazard
Assessments were conducted for return periods of 72, 475, 975, and 2,475

years.



AAPA

Three Levels of Seismic Design

e Contingency Level (10% Probability of Exceedance in 50 Years): Peak
Ground Acceleration = 0.38 g (M=6.5-7.0)

e Operating Level (50% Probability of Exceedance in 50 Years): Peak Ground
Acceleration =0.12 g (M=4.5-5.0)

e Contingency Level for D&H Cargo (2% Probability of Exceedance in 50
Years): Peak Ground Acceleration= 0.86 g



ARPN Rubble Mound Breakwater &
Revetment Seismic Design Criteria

 Main Breakwater and Lee Breakwater were considered to be PIANC
Grade A (primary) structures, so that minimal damage is expected in an
OLE, while the damage in a CLE is controlled and repairable, and the
structure is to remain serviceable

* For the CLE the stability of the structures was assessed in terms of the
magnitude of the deformation

 Maximum permissible deformation under CLE= 1.0 m

* Maximum side slopes were determined to be 1V to 2H



AAPA

MAIN BREAKWATER EXTENSION
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3D Physical Model Testing of
Main Breakwater Extension




AAPA Typical Section Along Trunk of

Main Breakwater Extension
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Mm Typical East Breakwater

Cross Section
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Mm Seismic OLE Slope Stability Analysis

of East Revetment Caisson—9.6 m
Clay Removal

N
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East Revetment Caizson
Cwerall Stability Analysis - Planar (Wedge) Slip Surface
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Seismic (CLE) Displacements of
East Revetment Caisson

Displacements from FLAC Analyses Allowable Displacements
for the CLE Condition As Defined in PIANC Document
Displacements:atthe End of I\{Iagmtude of Degree Il Damage Degree | Damage
Esrtivauaiis Shaili Displacements Level Level
9 8 (Approx.) (for CLE Condition) (for OLE Condition)
Horizontal Displ t at
Gl o 15 cm - 20 cm 30 cm to 90 cm 30 cm
Caisson Seaward Face
Settlement at Caisson Toe 12 cm N/A N/A
Settlement at Caisson Heel 2cm N/A N/A

Titling of Caisson Seaward

Facing 0.25 degree 3 to 5 degree Less than 3 degree
Horizontal Displ t of Backfill Directl
orizontal Disp ac.emen. of Backfill Directly 10.6fti N/A N/A
Behind Caisson
Settlement of Backfill
30 N/A Less than 30 to 70
Directly Behind Caisson em / €ss than o/2cm
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NN Geological Profile Along Quay 6

QUAY 6 - GEOLOGIC SECTION
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Quay 6 Typical Cross Section
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Mm Lateral Motion of Piles and Soil

Mass at Quay 6 Due to Shaking

Top| of Wall Movement = 13
cm

EL.O mv
"= Max. Wall Movement

cm
EL.-18 m (Dretjpge Depth of EL. - 7.

m; include 0.7 m for scqur and

overdredge) N

Notes:

(1) The black lines represent the pre-earthquake locations of the piles, bulkhead, and deadman; and the red lines represent
their post-earthquake locations.

(2) The green lines represent the deformed soil mesh.
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Dredging Plan - Harbor
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AAPA

Dredging Evaluation for EIA

e Evaluated preferred 70% (full) loading scenario and it was determined to be
unacceptable from an environmental standpoint due to high levels of
spillage

e Developed dredging plans for 45% parallel loading scenario and these were
used to evaluate acceptability from environmental standpoint

e Based on this, loading of dredgers will have to be limited so as not to
exceed environmental thresholds, thus resulting in higher fines content for
reclamation fill
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Construction of Lee Revetment

23



Casting of Concrete Caisson
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AAPA Ground Improvement




VA Construction of Main Breakwater

Extension




A Construction of Main BW

Extension Roundhead




AP View of Quay 7, Quay 6, and

Reclamation Area
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AAPA

Major Issues

 Site directly exposed to high waves from Mediterranean Sea

 Moderate levels of earthquake accelerations, and associated potential
for liquefaction of hydraulic fill and poor soils underlying breakwater
foundations

* Potential settlement of reclamation area and breakwaters due to deep
clay layers

* Concern over increased downtime in existing port due to construction
staging



AP Maximum and Minimum

Size Vessel Parameters

Vessel Type Container Ship Container Ship

(Maersk EEE) (Panamax)
TEU Capacity 18,000 4,000 600
Loaded Displacement, tonnes 240,000 75,000 10,000
Length Overall (LOA), m 400 270 125
Beam, m 59.0 32.2 20
Loaded Draught, m 16.0 12.0 7.6
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(Grid spacing 5 meter)

Wave Agitation Plot for
North-West Wave Direction

750 7 Case 2 Layout
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Breakwater Extension

Plan of Main
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ANAPA Main Design Issues for

Main Breakwater Extension

* Maximum significant wave height of 8.3 m
* Anticipated long-term settlement
* Potential liquefaction of underlying soils
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Geological Profile Along
Main Breakwater Extension

SECTION
300-A1-G-0028-00T
——

SECTION
300-A1-G-0010-00T

— —_—
I

| 108

LEGEND

NORTH Upper Medium Sond UNS

’ E==3 Medum Sand NS
Upper Loose Sty Sand ULS
B Loose Sondy Sit SL
Lower Sty Sond LMS
[[I[HI[] Cloyey Lens CL
Upper Logoon Clay ULC

NN Lower Logoon Ciay LLC

EZ755] medum Midde Sond MMS
[EEE upper Dense Sond UDS

- Upper Clay 1 UCI

B vooe oy 3 uC3
- Upper Kurkor UK

Y/ Middie Cloy MC
- Middie Kurkor MK
- Lower Clay LC
- Lower Kurkor LK
[F.7] veep Cloy DC
Deep Kurker (Up) DKU
B veep Dok oy 00C
Deep Kurkor (Down) DKD
Deep Sity Sond 0SS

ELEVATION (m/ILSD)

— =

B uwer Goy2 U2 E==] veep Sitstone ST
NOTES

1. ALL UNITS IN METERS UNLESS OTHERWSE NOTED.

2. COORDINATE GRID BASED ON NEW ISRAEL GRD.

ALL ELEVATIONS BASED ON ISRAELI LAND SURVEY DATUM (LSD).

ELEVATION (m/ILSD)

— } l
{ | ! ¥ {
pa— 2R3 ‘J"‘*‘“QK-H"“‘" - i A e S e e
'9’:‘:,5%” 55755557 W&Fmﬁ’ | } ‘ ’
' |

o o

THE CROSS SECTIONS ARE BASED ON INTERPOLATED DATA FROM
THE SOIL INVESTIGATION BY GEMS (ZM/IOIO) THE BOREHOLES
ARE PROJECTED PERPENDICULAR TO THE SECTH

5. THESE DRAWNGS ARE SHOWNG INFORMATION AS GATHERED DURING
THE SO INVESTIGATION BY GEMS (2009/2010). ALL SO
INVESTIGATION RESULTS (PREVIOUS INVESTIGATIONS AS WELL) ARE
AVAILABLE FOR THE CONTRACTOR'S REVIEW.

| et

| Isoogsaogéom
40 0 200 m
1000 e — e —

GRAPHIC SCALES
CHECK BEFORE USE

IF SHEET IS LESS THAN 534mm X 84imm
IT IS A REDUCED PRINT.

DISTANCE (m)

oo
25
w M
— w0
I
>

X=

SCALE 1:800 VERTICAL, 1:4000 HORIZONTAL

39



AAPA Liquefaction Assessment at

Main Breakwater Extension

» Slope stability analyses were carried out for three loading
conditions:(1) static; (2) pseudo static for contingency level
earthquake conditions; and (3) post-seismic static loading using
residual undrained shear strengths.

* The loose silty sand was determined to be liquefiable (based on a
PGA =0.12 g and M = 7.5), while the silt was determined to be
susceptible to strength reduction.

e Further analyses were then carried out assuming that the silty
sand is: (1) replaced; and (2) improved, and the maximum
earthquake induced displacements were on the order of 60-80
cm, which is considered acceptable for this type of structure, as it
can accommodate lateral deformation.

e Stone columns with an area replacement ratio of 13% were
implemented to improve the silty sand.



ection of Main Breakwater
Extension At Chainage 100
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AP 2D Stability Testing of Main
Breakwater Extension (H.R.
Wallingford, UK)
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3D Stability Testing of Lee
Breakwater Roundhead (H.R.
Wallingford, UK)
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ection of Lee Breakwater at Chainage 400
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Section at Roundhead of Lee Breakwater
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ELEVATION (m /ILSD)

Geological Profile Along Quay 27
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Quay 27 — Crane Loads

Waterside Landside
Maximum Wheel Load tonnes/wheel 160 130
Maximum Load on Crane Beam tonnes/m 130 110
ﬁﬂsﬁr;fm e e tonnes 15% of Vertical Load | 15% of Vertical Load
Anchor Pin Loads (Storm) fonnes 200 200
tonnes/corner 220 220

Tie-Down Loads
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Quay 27 — Typical Section
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50T DOUBLE HEAD
BOLLARD-

EL_+340

CONCRETE mig)s‘;vm/

150cm(H) x 150cm(W)
CRANE BEAM (TYP)

ToemfH) x /
220em(W) PILE
cap |

SCOUR PROTECTION
DWG NO. C-0603

L

Quay 28 — Typical Section

)
f

PLACE TWO (2) LAYERS OF D ROCK AT TOP OF
CAISSON. REMOVE ROCKS AND REPLACE WTH
HYDRAUUC FILL PRIOR TO VIBROCOMPACTION

FILL W/HYDRAULIC FILL

NON-WOVEN GEOTEXTILE
/ (6750/m?) SEE DWG
NO. C-0313

[[IN-PAVEMENT SuBBASE AND BASE
COURSE

CRANE RAL CRANE RAL
350 368 5825 5825 6273 | s | 350 |23 1300
= ! APPROACH SLAB (SEE DWG
= A120 CRANE RAL NO. S-3708 FOR DETALS)
(TYP) EL +355
600t |
PAVEMENT
L +200
EL +1.00
2 LAYERS OF 4m*
CONCRETE ANTIFER CUBES
&
%

PIECAP

s
]

B-520 |

1219mme STEEL PIPE PILE

914mm¢ STEEL PIPE PILE

914mme STEEL PIPE PILE

U

i
EXST MUDLINE
EL -17.241

914mm¢ STEEL PIPE PLE
914mme STEEL PIPE PLE

914mm¢ STEEL PIPE PLE

CAISSON

3.00

0-1000kg ROCK DIKE
30cm THICK 2-21kg ROCK

914mme STEEL PIPE PLE

GRAVEL BEDDING
7 -
AND REPLACED
30cm THICK \_ TR LgxsT MuDLINE
30-60mm (0-1kg) 30-60mm (0-1kg)  SURFACE FOR BOTTOM OF BERM EL-155¢
ROGK RAVEL Beliones ROCK GRAVEL BEDDNG

£ -470
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Instantaneous Steady State Wave
Disturbance Plot for Construction Phase
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AAPA Wave Heights at Existing
Quays 23, 22, and 21
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AAPA Front View of Quay 28 Model
Testing




Settlement of Reclamation Area

 Due to the questionable qualit?/ and uncertainty of the
original geotechnical data, settlement calculations were
based on the assumption that all clay layers were normally
consolidated.

* Based on the original 2009/2010 boring logs, without any
ground treatment, the maximum post-construction
settlements at the western area of the site were estimated
to be up to 70 cm.

* Analyses indicated that a wick drain ]Prog.ram_ in combination
with 2 m of surcharge would be effective in reducing the
post-construction settlements to 35 cm or less.

* An additional geotechnical investigation was performed
during construction to attempt to minimize the uncertainty.



AAPA General Subsurface

Stratigraphy

Ccornen w | Strata
S | recemo [ S
1 UMS Upper Medium Sand
2 ‘—_ =5 S Medium Sand
3 s uLS Upper Loose Sand
4 A SL Silt (not seen in the reclamation area)
5 |EBEEEEN  UDS Upper Dense Sand
— uc
E &\:& uct ruczrucs || UPPer Clay
7 6 UK Upper Kurkar

8 }/// MC Middle Clay

s | Q-AO' MK Middle Kurkar
s

10 s LC Lower Clay

)YV

11 B\ AO LK Lower Kurkar

12 _|_ + DC Deep Clay
O5¥

13 P QAO DKL Deep Kurkar (Up)

14 /'\/"" DDC Deep Dark Clay




AAPA Time-Dependent Settlement

Parameters

(Based on Additional
Geotechnical Investigation)

. 7 OCR | OCR
URE geumep | B (0 &2 [ &= | S0 || B “ | toptobot | top to bot
(mifyear) | (PCPTs) (triaxial)
uc o |30 | 0295 | 0045 [0898 | 0004 | 15 | 29t015 | 2t016
MC 8 |36 | 045 |o0057 [1183]| 00054 | 075 | 16t012 | 13
LC 94 |30 | 0247 | 0025 | 0.769 | 0.0036 1 211013 | 15
DC 07 | 23| 0248 | 0025 | 0774 | 0006 | 075 |16t015 | 15




AAPA

Key Post-Construction Settlement and
Differential Settlement Values

Differential settlement between waterside and landside rails
at Quay 27:
e 10 years after the completion of construction: 5.8 cm
e 20 years after the completion of construction: 7.4 cm
* 50 years after the completion of construction: 8.4 cm

Maximum settlement within the reclamation area:
e 10 years after the completion of construction: 15.4 cm
e 20 years after the completion of construction: 18.6 cm
* 50 years after the completion of construction: 22.2 cm



MI:“Lee Breakwater and Temporary
Retaining Structure Construction
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Lee Breakwater &
Reclamation Area Construction




Quay 28 Construction




Quay 27 Construction




Quay 27 Construction
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AAPA Main Breakwater Extension
Construction




Overall View Looking Northeast




Overall View Looking Southeast




