Hall’s Harbour Wharf — Canada

Project Description:

Hall's Harbour Wharf is located in Hall's Harbour, Nova Scotia, Canada. It
consists of an outer timber crib/armour stone breakwater originally
constructed in 1904 to protect the inner harbour and to serve as a
functioning wharf. In the Bay of Fundy area, wharfs are subjected to
splash and tidal zones, as well as an average temperature fluctuation of -
35C and +35C. These conditions make this are one of the harshest in all
of the Maritimes.

In 1998, the middle section of wharf collapsed during a winter storm and
the community decided upon the use of innovative technologies to
produce a rehabilitation scheme which would be extremely durable and
thereby reduce the long-term burden of frequent repairs.

Figure 1: Hall's Harbour Wharf

Quick Facts:

Name and Location: Hall’'s Harbour Wharf, Hall's Harbour, Nova Scotia,
Canada

Owner: The Community of Hall’'s Harbour

Structure Category: steel free beam with arching action

Structural System: precast concrete deck supported on concrete pile
caps spaced at 4 meters. The pile caps are supported on concrete filled
steel pipe piles.

Start of SHM: September 2000-October 2001/ August 2002-present

Number of Sensors Installed: 42

Instrumentation Design: ISIS Canada — University of Manitoba/
Dalhousie University



Description of Structure:

The predominant structure is the outer timber crib/armour stone
breakwater originally constructed in 1904 to protect the inner harbour and
to serve as a functioning wharf. Since the breakwater collapsed in 1998, a
40 m section of the 120 m long breakwater was to be reconstructed. The
project demonstrates the use of glass fibre reinforced polymer (GFRP)
reinforcement, fibre reinforced concrete, high performance cement and the
steel-free bridge deck in a wharf deck and pile cap system.

Figr 2: Hall's Harbour

Purpose of Instrumentation™:
The performance of the steel-free deck is being assessed in the field
through periodic visual inspections to determine the existence and extent
of any cracking in the precast panels. The 12 panels in the structure are
divided into three groups, each with a different type of short synthetic fibre.
The cracking behaviour of each group can then be compared against the
other groups and against the cracking behaviour observed in the bridge
structures which utilize the steel-free deck concept. Due to the exposure
conditions, it was decided that a comparison of the effectiveness of each
fibre reinforced concrete type against such deterioration mechanisms such
as freeze-thaw cycles and scaling was required to provide a complete
assessment. A comparative laboratory study of the fibre reinforced
concrete mixes was initiated. The results of the laboratory results under
controlled conditions can then be compared with any observed differences
in performance under the actual field conditions. The GFRP reinforcement
and the external steel straps are instrumented in one of the 12 panels and
the strain readings will be monitored for verification of safe performance of
the innovative design as well as to assess the response of the structure to
any observed damage and to investigate the ability to predict damage

from these types of readings.
*Newhook et al



Sensor Details:

Type Number Location
Fabry-Perot Fibre Optic Strain 17 GFRP Reinforcement in Panel
Sensors
Bragg Fibre Optic Sensors 9 Beams
Resistance Foil Strain Gages 16 GFRP Reinforcement in Panel

Examples of Outcomes*:

The standard monitoring protocol is to obtain readings every 30 seconds
and record the average at 15 minute intervals. The data is stored in the
memory onsite and later downloaded to any computer with the correct
software and access. The unit is contained within the manufacturer's
environmental protection casing and then installed at site inside a second
protective panel box. No computer is required at site, only an external
power supply and a means of communication. The standard monitoring
protocol is appropriate for monitoring slow transient effects such as
thermal changes but can be altered remotely to meet the needs of load
conditions as required. A trigger or threshold value protocol can also be
utilized, however, more information is required on the response of the
structure before appropriate sensors and peak values can be selected.
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The general response pattern of these gages as well as P1 and P2 is
consistent with the general trend of the thermal changes. As expected the
response of the reinforcement and hence the structure is slightly lagged
behind that of the ambient temperature due to the low thermal conductivity
of concrete. It is seen that sharp changes in strain only occur when the
changes in ambient temperature are rapid. The thermal gradients
described above are largest during these rapid changes and it is seen that



P4 near the mid-span of the beam exhibits the greatest sensitivity with the
least sensitivity occurring in P1.
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*Newhook et al

Benefits of Using SHM Technology in Project:
Using SHM Technology in this project provided the following benefits:

e Able to monitor structure throughout usage and indicate warnings
to users of the structure if anything should happen

e Easier to tell what is causing cracks in structure

e Data from the strain monitoring program demonstrate the
complexity of response of structures to thermal loads

e Data on environmental conditions and reinforcement strain levels is
ongoing to provide a database information on GFRP performance
in field structures

e Fabry-Perot fibre optic sensing system was found capable of being
a feasible stand alone remote monitoring unit even in the extreme
conditions present at Hall’'s Harbour.
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