A
APPENDIX A
OCEL Conceptual Design Report

WHANGANUI DISTRICT COUNCIL

CONCEPTUAL WHARF AND TRAVEL LIFT STRUCTURES REPORT
WHANGANUI PORT REVITALISATION PROJECT
REV 2

December 2021

OFFSHORE & COASTAL ENGINEERING LIMITED

OCEL House
14 Richardson Tce
PO Box 877
Christchurch 8140
Telephone 03 3790444
Email: mail@ocel.co.nz

Document Control
Title:

161008 Conceptual Wharf and Travel Lift Structures Report, Whanganui Port
Date

Rev

Author

Reviewer

Approved

30/11/2021

DRAFT

FT

21/12/2021

REV 1

FT

GT

GT

23/12/2021

REV 2

FT

GT

GT

Approval

Author signature

Approver signature

Name

Fred Teear

Name

Gary Teear

Title

Engineer

Title

Director

161008 OCEL Wharf and Travel Lift Structures Report Rev 2

1

OCEL

CONTENTS
1.0

INTRODUCTION ....................................................................................................................................... 3

2.0

EXISTING INFRASTRUCTURE ................................................................................................................ 3

3.0

PREVIOUS OCEL INVOLVEMENT ........................................................................................................... 3

4.0

DESIGN SCOPE........................................................................................................................................ 3

5.0

DESIGN REQUIREMENTS ....................................................................................................................... 4

6.0

GENERAL ARRANGEMENT ..................................................................................................................... 4

6.1

Wharf No 2 ............................................................................................................................................ 4

6.2

Wharf No 3 ............................................................................................................................................ 5

6.3

Travel Lift Bay........................................................................................................................................ 5

6.4

Hardstand Area ..................................................................................................................................... 5

6.5

RORO Slipway ...................................................................................................................................... 5

7.0

WHARF CONCEPTS ................................................................................................................................. 5

7.1

Concrete Wharf Option .......................................................................................................................... 5

7.1.1

Wharf Retaining Walls ........................................................................................................................... 6

7.1.2

Wharf Rock Revetment ......................................................................................................................... 6

7.1.3

Concrete Wharf Fendering .................................................................................................................... 6

7.2

Sheet Pile Quay Option ......................................................................................................................... 7

7.2.1

Wave Effects ......................................................................................................................................... 7

7.3

Timber Wharf Option – Wharf No 3 ....................................................................................................... 7

8.0

TRAVEL LIFT RUNWAYS ......................................................................................................................... 8

9.0

RORO SLIPWAY CONCEPT ..................................................................................................................... 8

10.0

ROCK REVETMENT WALL ....................................................................................................................... 8

11.0

SUMMARY................................................................................................................................................. 8

APPENDIX 1 – DRAWINGS ................................................................................................................................. 10

161008 OCEL Wharf and Travel Lift Structures Report Rev 2

2

OCEL

1.0

INTRODUCTION

Offshore & Coastal Engineering Limited (OCEL) was engaged by Wardale Consulting (WARDALE) on behalf of
Te Pūwaha partnership to provide professional engineering input for design of wharf and travel lift structures
associated with the marine precinct development, part of the Whanganui port revitalisation project.
OCEL understands a resource consent application is under development which will include conceptual plans for
the Whanganui port revitalisation project. This entails construction associated with a marine precinct
development, comprised of new wharf structures along Wharf No 2, No 3, a new travel lift bay and hard stand
area for a 350 tonne vessel lift. The new wharf structures are constructed within the footprint of the existing
wharves.
This report discusses a number of wharf conceptual designs which consider concrete, sheet piled and timber
wharf structures. This is not intended as a design features report since the final design concept has yet to be
established, rather it provides information as to the design options available for the port revitalisation.

2.0

EXISTING INFRASTRUCTURE

Wharf No 2 and No 3 are timber piled structures with timber capping beams and stringers supporting a reinforced
concrete deck slab. The back edge of the wharves has an integrated timber lagging retaining wall with steel tie
bars passing through back to passive pressure earth anchors which provided lateral resistance for the wharf.
The details of the earth anchors are unknown. Directly behind the wall and along a large proportion of the
respective wharf lengths sits large warehouse buildings; Red shed behind Wharf No 2, and Victory shed behind
Wharf No 3. Both wharves are in a deteriorated state and the berth pocket has been subject to ongoing
sedimentation in excess of the original design dredged depth. Loss of retained material has continued behind
the wharf structure and been reactively maintained through differing repair methodologies, though the damage
has advanced to a point where the buildings are no longer serviceable, and have been tagged for demolition.
We understand at the time of writing this report that both buildings have been demolished.

3.0

PREVIOUS OCEL INVOLVEMENT

OCEL prior involvement with Wharf No 3 has included carrying out a dive inspection in 2018 to select parts of the
wharf to gain a general understanding of the below deck and below water condition of structural elements. That
inspection found the wharf to be in poor condition, the heavily deteriorated connections worse than the timber
elements which were visible. The original design dredged level had been infilled significantly by ongoing siltation
concealing the condition of the piles at depth and their condition below the mudline was not known. Further
testing was advised in the way of test pit dredging alongside select piles to gain a representative idea of the
general pile condition, as well as placing test loads on the wharf deck to approximate imposed loads consistent
with light traffic loading. No further investigative work was carried out and we understand the current plan is to
demolish the entire wharf structure outright.
In 2020, OCEL provided a memorandum outlining a number of options which considered both reinstating and
replacing Wharf No 3, both outcomes looking to preserve the Victory shed building. A concept for a new wharf
structure was considered for Wharf No 2, again with the view to preserve the Red shed. The project has since
evolved to include demolition of both Wharf No 2 and Wharf No 3 and replacement with new wharf structures
within the existing footprint, as well as the inclusion of a travel lift bay for a travel lift machine. This is discussed
in the following sections.

4.0

DESIGN SCOPE
-

Provide design concepts for new wharf structures at Wharf No 2 and No 3

-

Design of piled runway structures to support proposed travel lift machine
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-

Design of sheet piled retaining structures and their tie back walls associated with the travel lift bay

-

Design of concrete and sheet pile options to retain the soil inshore of new wharf structures

-

Design of rock armour revetment below wharf to the dredged berth pocket

-

Design of rock armour revetment wall between Wharf No 3 and the public boat ramp

-

Design of fendering to accommodate vessel berthing impacts

-

Design of slipway structure integrated with the western end of Wharf No 2 to facilitate roll-on/roll-off
(RORO) vessels

5.0

DESIGN REQUIREMENTS

The following requirements are considered within the design of structures for the port revitalisation project.

6.0

-

Minimum 50 year design life on all structures

-

Wharf design to accommodate HN/HO traffic loads

-

Dredged depth -4.5 m CD (lowest atmospheric tide) at Wharf No 2

-

Dredged depth -2.5 m CD at Wharf No 3

-

Runway and retaining structures to support high imposed loads from a 350 tonne travel lift machine and
movement of traffic from paved to wharf structures

-

Pavement design of hardstand areas to support high imposed traffic and stockpile loads – to be done by
others

-

Slipway design to accommodate RORO vessel MV Firefly and future vessels to be confirmed

-

Evaluation of vessel berthing impact

-

Consideration of wave action

GENERAL ARRANGEMENT

OCEL drawing DR-161008-050R4 demonstrates the general arrangement of the marine precinct, showing new
wharf structures at Wharf No 2, No 3 and a new travel lift bay with hardstand area, and rock armoured revetment
walls. Additionally, a slipway structure has been integrated with the western end of Wharf No 2 to facilitate rollon/roll-off (RORO) vessels. This is illustrated in plan on OCEL drawing DR-161008-080R3. Each component is
discussed in further detail in the following sections.
6.1

Wharf No 2

Wharf No 2 is considered the main commercial wharf. Its dredged depth has been set at -4.5 m CD to reflect the
type of vessels which are anticipated to berth there however no information has been provided to define the
design vessel. The length of the rebuilt structure is in the order of 144 m which accounts for a proportion of the
existing wharf length being designated for the travel lift runway and the RORO slipway structure and berth
pocket. The wharf width is set at approximately 8.5 m, consistent with the original design wharf as to not exceed
the original footprint. Design of the wharf is to accommodate at minimum Class 1 conforming vehicle loads
(0.85HN/HO) which is considered appropriate for a commercial wharf structure.
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6.2

Wharf No 3

Wharf No 3 has a proposed dredged depth of -2.5 m which reflects smaller commercial and recreational vessels
anticipated to berth alongside. The length of a new wharf structure is approximately 159 m. A proportion of the
original length is designated part of the travel lift bay. As for the adjacent wharf, Wharf No 3 has been set at
approximately 8.5 m as to not extend past the original wharf berth face. Given the wharf is not being branded for
commercial use the question has been raised as to whether the load rating could be reduced accordingly. This is
discussed in Section 7.1.
6.3

Travel Lift Bay

The travel lift bay consists of runways aligned with the berth face of Wharf No 2 with an internal width of 11.6 m.
The runways are variable in length to facilitate the movement of a travel lift machine from shore to out over water.
The construction of the travel lift bay is formed by a piled structure with a series of retaining walls to support the
area landward of the runways.
6.4

Hardstand Area

The hardstand area shown hatched in drawing DR-161008-050R3 is an engineered pavement designed to
support high stockpile loads associated with vessels as well as movement of the travel lift machine. This design
will be carried out by others.
6.5

RORO Slipway

The RORO slipway structure width is consistent with Wharf No 2 at 8.5 m wide and has been set at
approximately 20 m long in order to facilitate the operation of the design RORO vessel MV Firefly. The slipway
will require a berth pocket dredged to -4.5 m CD. In order to accommodate MV Firefly and vessels of similar size
a proportion of the existing hardstand area behind the original timber wharf would require excavation and
retaining to form the desired berth pocket as illustrated on DR-161008-081R2. The slipway would be designed to
accommodate heavy traffic loads consistent with Wharf No 2.

7.0

WHARF CONCEPTS

7.1

Concrete Wharf Option

The wharf design provided by OCEL is a reinforced concrete structure comprising of a cast insitu concrete deck
over precast concrete deck slabs and capping beams supported on driven steel cased, reinforced concrete filled
piles. The design is capable of supporting minimum Class 1 conforming vehicle loads represented by 85% of the
bridge design normal loading, i.e., 0.85HN-72. Maintenance of the concrete wharf structure over the 50 year
design life is also expected to be minimal, not including damage or degradation to elements caused by impact.
Concrete construction is inherently durable on the basis concrete cover requirements have been maintained
through design appropriate to the conditions.
Both Wharf No 2 and Wharf No 3 could essentially adopt the same design given the wharf width is consistent –
refer DR-161008-051R2 for cross section details. The only variable is the dredged depth of the berth pocket
which affects the retaining wall height along the landward side of the wharf structure – refer Section 7.1.1. The
concrete wharf design is considered an economical structure which balances the number of piles, deck spans
and minimum concrete slab thickness set by design code NZS3101 to accommodate the imposed design load.
From a material cost perspective pile and capping beam sizes have been optimised and reducing the size of the
concrete elements for Wharf No 3 to reflect a lower suggested load rating is not recommended based on the
following points.
-

With wharf construction the majority of the cost is weighted against setup, installation and construction
of structural elements. The pile installation constitutes a large proportion of the cost through
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requirement to use heavy equipment, therefore the number of piles has been reduced with deck
elements designed for larger spans.
-

Reducing the deck slab thickness by order of one half the 450 mm design thickness to reflect a lower
imposed load would not actually comply with NZS3101 design code requirements for minimum deck
thickness. Reducing the pile spacing to accommodate a reduced thickness deck slab would
subsequently increase the number of piles installed however would not reduce the pile size significantly.

-

For concrete construction minimum sized piles 500 – 600 mm are required in order to adequately fit the
reinforcing steel. The pile diameter then sets the minimum capping beam dimensions which require
minimum cover concrete over the reinforcing for durability. Cost savings in deck slab thickness would
be offset or exceeded by cost increases in the number of piles driven. The cost savings through
reduction in thickness of the concrete deck and depth of the capping beams would not be significant
when compared to the cost of construction itself considering additional piles required.

-

Concrete construction involves inherently heavy elements with the majority of the structure sized to
accommodate its own self weight, up to a point where the imposed load exceeds self weight, say in the
form or heavy cranes running along the deck. Loads of that magnitude require deck slabs in the order
of 750 mm thick versus 450 mm as indicated in the conceptual designs for Wharf No 2 and No 3.

The conceptual wharf design provided for Wharf No 3 could conceivably be modified by trimming the element
sizes down although wholesale reduction in section size by 25-50% for imposed loads consistent with say 3
tonne axle loading is not allowable by code requirements, notwithstanding non economical. Furthermore, placing
low imposed load limits on structures becomes problematic and potentially short sighted because at some point
in future it is inevitable wharf users will want to place higher loads on the structure. With the conceptual wharf
design element sizes are considered economical with capacity to accept Class 1 conforming vehicle loads which
is considered an appropriate imposed load level for current use and for future use.
7.1.1

Wharf Retaining Walls

Wharf No 2 and No 3 require differing retaining wall requirements based on the variation in dredged depth.
Wharf No 2 concrete wharf concept features a main sheet pile wall retaining approximately 4 m of soil along the
inshore edge of the wharf. The main wall is tied back to a secondary continuous sheet pile wall in order to
accommodate the retained loads as well as the imposed loads from movement of traffic across the wharf/land
interface. The sheet piling would require a cathodic protection system, i.e., anodes to mitigate corrosion in
addition to sizing the sheet piles to accommodate a degree of sacrificial section loss through corrosion effects.
A concrete gravity type retaining wall concept has been considered for Wharf No 3 based on the reduced
retained height. The concrete wall construction would consist of a combination of precast panels and insitu
concrete.
7.1.2

Wharf Rock Revetment

Rock armouring is required as part of the concrete wharf option to provide protection to the exposed bank from
the landward side to the berth pocket. The minimum slope of 1V:1.75H has been nominated considering stability
of the revetment during seismic movement. The revetment would comprise of 2 layers of well graded rock
typically between 0.5 m to 1 m diameter placed over a filter rock layer. The riprap stabilises the riverine bank
material, reduces the erosion effects from vessel propwash and may also provide some benefits for ecological
biodiversity. Placement of the rock revetment wall would occur following installation of the piles.
7.1.3

Concrete Wharf Fendering

Fendering would comprise of equispaced PE sleeved timber piles restrained at deck level with chains which
under deflection from berthing impact compress elastomeric rubber cylindrical fenders along the length of the
wharf. Typical spacing is in the order of 2 m.
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7.2

Sheet Pile Quay Option

This option explores sheet pile construction to form a key structure at Wharf No 2 and No 3. This could either
comprise of a main sheet pile wall tied back to a secondary wall as illustrated conceptually in DR-161108-011R4,
or alternatively a cofferdam structure as shown in DR-161008-031R3. The former concept would consist of a 16
m long main sheet pile wall tied back to a 6 m continuous sheet pile wall some 20 m back from the berthing face.
The latter cofferdam structure concept would comprise two 12 m long sheet pile walls tied together with tie rods
to form a gravity structure to resist static and seismic induced loads from the retained soil behind the cofferdam
plus surcharge from vehicle loads. End walls would close off the cofferdams and the space in between backfilled
to form a quay structure. Both solutions would incorporate a concrete capping beam would be constructed along
the length of the berthing face with mooring bollards tied into the capping beam. Cathodic protection would be
implemented through use of anodes to limit the corrosion effects, these would be subject to periodic
maintenance.
The wharf fendering system could comprise recycled materials including refurbished timber wharf piles which
under deflection compress against recycled elastomeric rubber cylindrical fenders along the capping beam berth
face. Alternatively, floating pneumatic fenders could be deployed along sections of the wharf. These cylindrical
rubber fenders rise and fall with the tide and are tied off to bollards along the capping beam. The pneumatic
fenders come in varying diameters and lengths and can be readily repositioned dependent on the size and
number of berthing vessels. The original mooring bollards that are on the existing timber wharf could be
refurbished and used within the new wharf construction to retain heritage value.
The construction methodology would require the original wharf deck, stringers and capping beams to be removed
to facilitate construction of the sheet piling, although it is envisaged the original piles could conceivably remain in
place during backfilling so as to reduce pile extraction costs. Excavation of soft surficial sediment would be
carried out prior to backfilling the space between the walls with imported granular fill. The finished surface could
consist of a paved surface.
7.2.1

Wave Effects

Structures such as sheet pile quays can be subject to effects of wave reflection by virtue of their impermeable
construction, however this is largely conditional on the wharf alignment relative the wave direction and the wave
environment. There is a narrow aperture for swell passing through the harbour entrance to directly reach the
quay face and any ocean swell that does is at an angle of 30 degrees to the face of the quay. Once through the
breakwaters the swell loses energy to either side, as the channel widens out, through the process of diffraction
and refraction. By the time the swell reaches the quay it will be much diminished in height. The remnant swell
that reflects off the quay will not create a standing wave system as it would if the approach was normal to the
wharf. The incident and reflected waves will cross with low height peaks where the crests coincide but this will
have minor effects on shipping at the quay. The implementation of wave modelling could assist in assessing the
effect of waves at the berth.
7.3

Timber Wharf Option – Wharf No 3

An alternative construction option could be considered utilising a light weight timber wharf structure comprising
driven piles supporting an 8.5 m wide timber deck structure. This would only apply to Wharf No 3 given the
modern design requirements for commercial wharves (Wharf No 2) would prevent the use of timber based on
connection detail limitations and supply of hardwood fit for purpose.
Wharf No 3 timber wharf option would necessitate strict load limits applied not dissimilar to a timber jetty, for
example 1.5 tonne axle load, with no provision to take higher loads in future without extensive upgrades. The
structural capacity in timber wharf design is often limited by the strength of the connections and the structure
would be subject to shorter maintenance schedules compared to concrete structures. Construction costs would
be lower compared to concrete wharf structure however maintenance costs would be higher over the lifetime of
the structure due to durability factors inherent with timber construction. This option is not recommended
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principally on the fact that the wharf load rating may wish to be increased beyond the design capacity at some
point within the structure’s design life, in addition to higher frequency of maintenance required.

8.0

TRAVEL LIFT RUNWAYS

The travel lift structure construction methodology is closely aligned with that for the concrete wharf, comprising of
drive steel cased reinforced concrete filled piles supporting a concrete deck, therefore the impact is very much
the same as for the wharf construction. Retaining walls will be provided in the form of tied back sheet pile walls
around the landward side of the travel lift bay and connect in with the alignment of the adjacent wharf structures.
A cross section of the general arrangement is shown in DR-161008-052R1.
Hard stand area pavement design is beyond the scope of this report and will be done by others. The design
would need to consider the imposed load effects of a 350 tonne travel lift machine.

9.0

RORO SLIPWAY CONCEPT

The design of the RORO slipway comprises a cast insitu sloping concrete deck, gradient 1V:10H (6˚) over
precast deck slabs and capping beams supported on concrete piles. This is essentially the same arrangement
as that applied for the aforementioned concrete wharf options and would tie in appropriately with Wharf No 2
concrete design option. The slipway length is approximately 20 m, top of slope set even with wharf deck level at
+4.65 m CD. The slipway is curtailed at +2.65 m CD to allow the design vessel, MV Firefly to operate at all tidal
states subject to its operational draft which may vary reflective of its payload. A fendering system would be
installed along the leading edge of the slipway to protect against damage to both the concrete structure and to
the vessel upon berthing. The applicability of other vessels or future RORO vessels would need to be confirmed
during the detailed design phase and the arrangement adjusted accordingly.
A sheet piled slipway option could also be considered and would integrate with the sheet piled wharf option at
Wharf No 2, essentially becoming a continuation of that structure with an incorporated sloping ramp. Both the
concrete slipway and sheet pile slipway option will require a designated sheet pile wall to support the landward
area between Wharf No 1 and Wharf No 2 following excavation/demolition of the existing hardstand area and
original wharf and subsequent dredging to form a berth pocket wide enough to accommodate the RORO vessel.
That sheet pile design would consist of a similar arrangement to that of the wharf and travel lift retaining walls
which incorporate a continuous secondary sheet pile wall to anchor the main wall.

10.0

ROCK REVETMENT WALL

An existing rock revetment wall covers approximately 60% of the section of riverbank between Wharf No 3 and
the public boat slipway as shown on DR-161008-050R4, aerial background image dated 2017. Review of aerial
photography indicates a stormwater culvert was subsequently constructed through the revetment wall in 2018.
The revetment wall has undergone changes to its profile over time as a consequence of the wave climate and
possible effects of the stormwater culvert. It is recommended it is reinstated with material specification and
revetment slope reflective of the wave environment, the existing rock armouring reused subject to confirmation of
its size and quality. For continuity, the revetment wall could be extended along the remaining portion of the
riverbank and tie into Wharf No 3. That area is currently protected by a collection of concrete blocks added ad
hoc which have shown evidence of apparent erosion. The total frontage of the rock armour revetment wall is in
the order of 50 m with a conceptual arrangement illustrated on DR-161008-051R3.

11.0

SUMMARY

From a practical and future use perspective the concrete option and alternative steel sheet pile quay options put
forward by OCEL are considered robust design concepts, either being suitable. Both options would integrate
with a slipway of similar construction at the end of Wharf No 2 to facilitate RORO operations. Construction and
reinstatement of a rock revetment wall along the riverbank between Wharf No 3 and the public boat ramp would
tie with new revetment walls associated with the wharf structures and provide continuity across the marine
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precinct. It is understood that the decision on which conceptual option to proceed with will be heavily influenced
by the budget allocated via the Provincial Growth Fund (PGF) as well as consideration of the values of the
Whanganui River.
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