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SUMMARY

The Department of Fisheries and Oceans is responsible for
the provision and maintenance of fishing harbour facilities in
Newfoundland. Wharf construction accounts for a large portion of
the funds expended. There are currently several types of wharf
designs used. Ballast filled crib wharves are the most common type
and, although expensive, they are necessary in unsheltered harbours.

For more sheltered locations, treated, round timber pile

wharves are a less expensive alternative. They require less
material than crib wharves and do not need ballast. They are
cheaper than steel pile wharves and are easier to maintain. This

type of wharf can be utilized wherever bottom conditions allow
driving of wooden piles.

The concrete deck for the wharf has to be poured onto
formwork, as opposed to pouring onto the prepared ballast of a crib
wharf. To facilitate this a steel floor decking should be used for
the formwork. The Westeel-Rosco Hi-bond T-30-6 floor system, or
similar material, 1is adequate for this purpose, with 3m X 3m panels
between the pile caps. The formwork is left in place but does not
contribute to the permanent strength of the structure.

The concrete strength should be specified as 30 MPa and
the deck poured to a minimum of 200 mm increasing by a 2% grade for
drainage. Adequate positive reinforcement consists of a grid of 20
mm bars at 165 mm centre to centre and a cover of 40 mm. Negative
‘reinforcement should be provided by 20 mm bars at 165 mm, with a
minimum of 50 mm cover, to provide strength in the vicinity of the
pile caps. Cover will increase as the deck thickness increases to
provide drainage.

Adequate inspection during construction should ensure that

proper concrete placement techniques are adhered to. The deck
should not be subjected to 1loadings until the concrete has
sufficiently cured, and after curing the 1loading should be

restricted to one MS-200 load.

This design is for a small to medium size wharf and is
meant to provide general guidelines only. The design 1is a
conservative one and considerable savings may be realized if a
professional engineering detailed design was completed.
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1.0 INTRODUCTION

The Department of Fisheries and Oceans of Canada is
responsible for a wide range of activities, 1including the provision
of a national system of fishing and recreational boating harbours.
More specifically the Harbours and Infrastructure Branch develops,
maintains, and administers appproximately 500 1locations in the

Newfoundland Region. [Brown, 1982]

This report deals with the construction and maintenance of
a particular type of wharf for some coastal areas of Newfoundland.
In particular, the design of the concrete deck section of a wood
pile wharf is presented. The design is a typical design and is not
meant to be specific to any one particular location but can be
easily adapted or modified for a wharf in any location where harbour

conditions are similar.

The report gives background information on different types
of wharves buillt in Newfoundiand and gives justification for the
selection of this particular type of wharf in some Jlocations. A
detailed design of the concrete deck 1is given as well as
construction methods and procedures to ensure that the wharf has a

maximum 1ife span and 1ow maintenance.



2.0 TYPES OF WHARVES
Y

There are currently several different wharf designs used
in Newfoundland. The particular type chosen depends on bottom
conditions, degree of shelter, and number and size of vessels using
the facility. These include: full crib timber wharf, crib and
span timber wharf, steel pile wharf, and timber pile wharf. Also,
there are many variations and combinations of the above types. The
surface of a wharf is wood or concrete, preferably concrete, and the

method of construction varies with the type of structure used for

the foundation.

The full crib wharf is heavily ballasted with rock placed
inside the crib and the concrete, essentially, poured onto the
ballast. This type of wharf is expensive because of the large
amounts of timber and ballast used and the Tlabour required.
However, for non-sheltered harbours this type is required because of
its ability to W1thstand forces from heavy seas and ice and for the

mooring shelter provided on the protected side of the structure.

The c¢rib and span wharf is an attempt to reduce cost by
eliminating some of the timber and ballast used in the construction.
It consists of spaced cribs that are spanned by the concrete deck.

Although the cost 1s reduced there are problems encountered 1n



attaching the fendering system, and the protection on the sheltered

side is reduced. [Stonel. A typical wharf crib is shown in Figure 1.

Where less protection is needed because of a better
sheltered harbour a steel pile wharf can be constructed. The cost
is less than that of a crib and span wharf. However, some problems
arise with corrosion of the steel and sometimes a costly program of
corrosion prevention 1is required. Also, maintenance of steel
structures presents problems because most local contractors are not
trained or do not have the equipment to easily repair a steel
structure. [Stone]l]. Therefore, this type of wharf is probably not a

practical alternative for small fishing harbours.

The cheapest alternative for a structure 1in sheltered
harbours 1is a wooden pile wharf, Repairs are more easily
facilitated because traditional methods of spiking and bolting the
wood can be used and specié] equipment is not needed, as for steel
structures. Also, as the water depth increases they become more
economical, compareﬁ to a crib wharf. This is because the amount of
wood required for a crib of given depth 1s much greater than that
needed for piles, and the pile construction requires no ballast.
Thus it would appear that a round timber pile wharf 1is a more

practical alternative for general use in smaller and more 1isolated
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Fig. 1. Typical Wharf Crib




locations, where harbour conditions warrant. Fig. 2 and Fi1g. 3

shows a typical round timber pile wharf,

The piles are usually of southern pine species, imported
from the United States and pressure treated at the Newfoundland
Hardwoods Limited plant in Clarenville, Newfoundland. The piles are
normally specified as No. 12 and are available in various lengths.
The pi1les are placed by conventional methods, where bottom
conditions permit. Fig. 2 shows a section of the wharf and Fig. 3

is a side view of the same structure.

This wharf projects perpendicularly from the shoreline,
with both sides of the wharf available for mooring. When this type
of wharf 1is constructed parallel to the shoreline it is termed a
marginal wharf and only one side is available for mooring, the other

s1de being adjacent to the shoreline.

The remainder of this report involves the design of a

sultable concrete deck for a round timber pile wharf.
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3.0 FORMWORK SELECTION

The formwork used to allow the placement of the wet

concrete 1s a standard roll formed steel floor deck. This steel 1is
ilable 1in various sizes and gauges and is ribbed or fluted 1n
profile for extra strength. See Appendix A. Usually this steel

decking acts with the concrete as a composite floor system.

However, 1t must be noted that 1n marine construction, while the
steel formwork 1s left 1in place, 1t 1s assumed to contribute no
strength to the wharf deck after the concrete has cured. This 1s

due to the high corrosive properties of the sea water and the
expected relatively short 1ife span of the decking. Hence, t 2
reinforced concrete slab must be designed to handle all anticipated
loads during the 11fe of the structure, while the steel formwork has
to withstand construction Jlocads during placement of the wet

concrete.

The stéel formwork 1s availlable from several manufacturers
and all have similar properties. For the purposes of this report
the Westeel-Rosco Hi-bond system 1is chosen which 1s availat =
loccally and manufactured 1n Canada. The formwork 1s also availat e

in several widths and any desirable length.
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4.0 FORMWORK DESIGN
4.1 METHOD

The formwork 1is designed using the 11mit states design
procedure. A specific type of formwork with known properties 1is
selected. This formwork is then checked to determine whether or not
it 1i1s sufficient to handle expected loadings. The span length and
concrete weight are known and a slab thickness 1is assumed. The
steel form must be able to withstand forces applied during pouring
of the concrete. Specifically, deflection and stress of the steel

formwork are checked.

4.2 RESULTS

A Westeel-Rosco Limited Hi-bond T-30-6 is selected from
the selection chart. See Appendix A. A slab thickness of 200 mm is
assumed. The span width 1s known to be 3 m. The modulus of
elasticity of steel 1s 200 GPa.

A concrete density of 2400 kg/m"3 is used. The moment of
inertia 1s 2610.6 x 1073 mm~4. The deflection i1s calculated using
CISC recommendations and 1is determined to be 9.5 mm due to the
weight of the wet concrete. See Appendix B. The maximum
permissable deflection is L/180 or 16.7 mm. Therefore, the selected
formwork meets the requirements for deflection.

Stress 1is calculated using the applied moment, M and the



section modulus s. M is calculated to be 5.3 kN.m due to the wet
concrete and s = 60.18 x 10°3 mm~3 according to manufacturer’s
information. The calculated stress is 8.8 x 10 kN/m™2. Using a
steel strength of 227 MPa the allowable stress is 14.1 x 10 KN/m~2.

Therefore, the selected formwork meets the requirements for stress.

10



5.0 SLAB DESIGN

5.1 METHOD

The concrete slab must be designed to withstand the

following loads:

1. Dead 1load, consisting of the self weight of the
slab and the equipment that may be permanently placed

on the wharft.

2. Live load, consisting of vehicle weight plus 1impact

fraction, and snow loads.

The moment and shear is determined for maximum load
combination and the slab is designed to withstand these loads. The
amount of reinforcement used controls the maximum resistant moment
while the thickness of the slab determines shear resistance.
CAN/CSA-S6-88, Design for Highway Bridges, will be used as a design
aid because a wharf deck subjected to traffic loads responds 1nA a

similar manner to a loaded highway bridge.

5.2 CALCULATION OF MOMENTS
The load due to the slab weight has been determined as 4.7
kPa. The Department of Public Works recommends a deck load of about

19 kPa [400 1b./ft"2] to account for permanent 1nfrastructure. The

11



factored dead load becomes
1.25 [4.7 kPa + 19.1 kPa] = 30 kPa

The l1ive load due to snow is given by
s = Cs x So
obtained from the supplement to the National Building Code. The
ground snow load for St. Anthony is used because this represents the
highest snhow load for the island portion of the province. With a
ground snow load of 5.7 kN/m"2 and a reduction factor for wind the

factored. . snow load becomes
1,56[0.6 x 5.7 kN/m™2] = 5 kPa

Therefore, the total uniform distributed l1oad is equal to

the dead load plus live load.
U.D.L. = 30 kPa + 5 kPa = 35 kPa

For a wharf deck consisting of 4 equal spans and
considering a one metre strip along the centre of the span the

largest positive moment occurs in the outside panel.
M pos. = 0.077 x 35kPa x 3m x 3m = 24kN.m

and the largest negative moment is

12



M neg. = 0.107 x 35kPa x 3m x 3m = 34kN.m

These are the moments due to the uniformly distributed loads.

The point load is due to vehicle l1oading and is based on
the requirement for the wharf to accommodate MS-200-77 1loads. See
Appendix B. The vehicle produces the largest moment in the slab
when it is positioned at the centre of the span. The total weight of

the vehicle is 450 kN. The point load due to one wheel becomes
P.L. = 0.15{(450 kN) = 67.5 kN

according to clause 5.3.3.2.2 of CAN/CSA-S6-88. The impact factor is

0.30 and the total vehicle l1oad becomes
(1.0+0.3) x (67.5kN) = 88 kN

This 1load 1is the design point locad applied to the middle of the

slab.

wWhen the wharf 1s restricted to one MS-200 1load the
maximum moment occurs when the 88 kN load 1s applied to the centre

of the outside span. The moments due to the vehicle become

M pos. 0.200 x 88 kKN x 3m

53 kN

M neg. 0.100 x 88 kKN x 3m

26 KN

13



The total positive moment is egual to the positive moment

due to the uniformly distributed load and the positive moment due to

the point load. (Vehicle locad). The total positive moment is

M(+) = 24 KN.m + 53 kN.m = 77 kN.m
and the negative moment becomes
M(~-) = 34 KkN.m + 26 kN.m = 60 kN.m

These are the design moments for the longitudinal direction.

These moments have been calculated by assuming that the
slab panels have one-way bending action. While this is not exactly
the case , the procedure is simplified by making this assumption.
The co-efficient method and the direct design method of two-way slab
analysis 1is not applicable 1in this case. Extensive detailed
analysis, such as the equivilent frame analysis, is necessary for a
complete and accurate analysis using a software package would be

helpful.

For the purposes of calculation only, 1t is assumed that
the action 1is one way. The amount of transverse reinforcement
provided will be egual to the amount of main reinforcement. Also,
the amount of positive reinforcement will be the same for all

panels. In both cases it will be equal to the amount necessary for

14



the panel with the greatest moment. This makes 1t easy to put the
rebar in place because it becomes a grid pattern, identical for each
panel. It must be noted however, that this leads to a conservative
design and the amount of reinforcing steel used could probably be

reduced if a more accurate analysis was done,.

5.3 SLAB THICKNESS

The slab thickness is calculated according to Table 29 of
CAN/CSA-S6-88. For a 3m span the slab thickness i1s calculated to be
200 mm. A shear analysis will be performed later to determine if
this is adequate, but the initial design will be based on the 200 mm
thickness. The minimum cover for reinforcement for a slab is 50 mm,
from Table 27 of CAN/CSA~-S6-88. However, this can be reduced to 40
mm because of the protection provided by the steel formwork. The

effective depth d, then becomes

d = 200mm - 40 mm - 0.5 x 20 mm = 150 mm

where 20 mm is the diameter of the steel reinforcement bar.

5.4 REINFORCEMENT
The reinforcement is calculated based on a one metre
strip of concrete, a concrete strength of 30 MPa, and a steel

strength of 400 MPa. The area of steel required has been calculated

15



as 1740 mm~2/m. The actual amount used becomes 6, 20 mm bars at 300
mm~2 each, for 1800 mm~2 per metre strip. The calculated spacing is

167 mm. The actual spacing is specified as 165 mm.

For negative reinforcement the cover is 50 mm since there
is no steel formwork to provide added protection. The effective
depth d’, then becomes 140 mm and the calculated reinforcement steel
area 1is 1414 mm~2/m. For simplification however, the negative
reinforcement provided shall be the same as the positive

reinforcement. That is, 20 mm bars at 165 mm spacing.

5.5 SHEAR CHECK

The shear force V, in the slab can be approximated by
considering a one metre strip of the slab. The shear force is due
to the uniform load and the point load. The maximum shear force
occurs at a distance from the support equal to d, ¢the effective
depth of the slab. It is also assumed that the point load due to

the vehicle is at the same distance d, from the support.

V= wx Im x (L/2-d) + (P x b)/L

where 1 = length of the clear span and the other terms are explained
in Appendix C. V 1is determined to be 120 kN. The shear resistance

is given by

16



Vr = 0.2 x @ xJfex b x d

Vr 1is determined to be 140 kN. Therefore, the slab has sufficient

shear strength.

17



6.0 CONCLUSIONS AND RECOMMENDATIONS

1. A round timber, pile wharf is an acceptable alternative to crib
wharves 1in sheltered harbours, where bottom conditions permit the

driving of wooden piles.

2. This type of wharf costs less than any of the other types

currrently 1n use, and is especially cost effective in deeper water.

3. An 8 inch concrete deck is recommended for the wharves. To
accommodate this the piles should be placed to form a 3m Xx 3m

section between pile caps.

4, On site inspection of the wharf construction should be carried
out and particular attention should be paid to the placing and

curing of the concrete deck.

5. 1t is recommended that a thorough engineering study be completed
to determine the best design for the concrete deck to ensure
adequate support for the expected locadings and to avoid over design

of the structure.

18
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Table 1.15: Moments and Reactions in Continuous Beams Uniformly Distributed Loads
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Table 1.16: Moments and Reactions in Continuous Beams Central Point Loads
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Table 1.14: Beam Diagrams

Simple Beam — uniformly distributed load Y]
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Simple Beam — load increasing uniformly to one end '
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Simpile Beam — load increasing uniformly to centre !
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Note:

w: Distributed load per unit length. In the case of triangular distribution, w represents the maximum intensity of load per unit length.
P:  Concentrated load. ’ .
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Table 1.14:

(Continued)

Simple Beam — uniform loed pertiaily distributed

R, = V, (max. when a< ¢)
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Beam fixed at both ends — symmetrical trapezoidal load
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Simpie Beam — concentrated load at any point
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Note:

w: Distributed load per unit length. In the case of triangular distribution, w represents the maximum intensity of load per unit length.

P: Concentrated load.
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