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ABSTRACT: Indoor arenas play an important role in the rural and urban communities across 
Canada as venues for a large variety of indoor entertainment and sporting events throughout the 
year. The Halifax Metro Centre in Nova Scotia is one such venue that plays host to a variety of 
major events such as musical concerts, ice skating competitions and major hockey other sport 
tournaments and can accommodate over 12,000 spectators under its roof. A majority of the 
events involve suspension of audio-visual equipment, known as the entertainment loads, from 
various structural members of the roof structure. During the winter months, occurrence of a 
major snow load event while the entertainment loads are suspended is a major safety concern.  

Since the construction of the Halifax Metro Centre in 1978, the National Building Code of 
Canada (NBCC) underwent two major revisions in 1995 and 2005 which has led to a significant 
increase in the design snow loads. A structural analysis indicated that, theoretically, the roof 
structure did not have sufficient capacity to carry these new design snow loads. Two options 
were presented to the managers of the facility. The first option was to upgrade the structure 
immediately based on the theoretical analyses while the second option was to monitor the 
structure using an SHM system for at least 2 years, and determine if an upgrade was really 
warranted. The first option would require an immediate and significant capital expenditure and 
would add an additional 12.5 tonnes of dead weight on the roof structure. Judging from the past 
performance of the roof structure under several major snow storms, the management of the 
facility opted to implement the second option. A Structural Monitoring System, comprising 36 
fiber optic sensors mounted at strategic locations and a laser based deflection measuring device, 
was designed and implemented and data gathered during several major snow storms and three 
major concerts.  

This paper will discuss the loading conditions, structural analysis and the details of the 
Structural Health Monitoring System and the risk management plan which was implemented 
For the Halifax Metro Centre. The primary intent of this paper is to demonstrate the field 
application of SHM to address the risks associated with snow and entertainment loads. 
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1 INTRODUCTION 

The Halifax Metro Centre (the Metro Centre, Figures 1 a, b) was constructed in 1978 to provide 
an indoor venue to stage a multitude of entertainment, cultural and sports events. It can 
accommodate up to 12,000 spectators and is adaptable to be used as an ice rink or to host a 
major entertainment event. The majority of entertainment events involve the use of heavy 
audiovisual equipment which is typically suspended from the roof structure. A review of the 
entertainment load data provided by the event organizers indicates that each event has its own 
unique load layout plan and that the entertainment loads have kept getting heavier with 
increased sophistication of audiovisual equipment. The managers of the Metro Centre, who are 
responsible to ensure the safety of the roof structure, seek professional advice for those events 
that require suspension of significantly large magnitudes of entertainment loads.  

 

Figure 1. (a) Roof of Halifax Metro Centre,                   (b) View of arena from inside 

1.1 Roof Structure 

The roof structure of the Metro Centre main arena measures approximately 63 m x 63 m on 
plan. Four pairs of longitudinal structural steel warren trusses designated A, A’, A” and B, span 
between two main trusses designated Truss C. In the transverse direction, the trusses are 
connected by six bridging trusses at each intermediate node designated BR-1, BR-2 and BR3. A 
layout plan of the roof structure system is shown in Figure 2a and a 3-dimensional view is 
shown in Figure 2b.  
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Figure 2. (a) Roof Truss layout of Metro Centre Arena, (b) 3-Dimensional view of roof structure 

1.2 Loads 

The roof is subjected to several different types of loads. In addition to the dead load and wind 
load, the three other load types that have the most significant effect on the roof structure are 
superimposed dead load, snow load and entertainment load. Of particular concern is the case 
when the snow and entertainment loads act together.  

The superimposed dead loads include permanent lighting and sound systems, several large air 
handling units and associated network of cables and arrays of electrical panels and a grid-work 
of catwalks that extend for the entire length and width of the structure and provide access to the 
above equipment. Each end truss B partially supports a series of viewing boxes, known as the 
Skyboxes, which are located along its length. The roof system also supports a massive 
electronic score board and clock system at the centre of the arena (seen in Figure 1b). 

The entertainment loads comprise a wide range of audiovisual equipment that is necessary to 
create those special effects that set one show apart from another. The equipment that includes 
lighting clusters, mega speakers, movable electronic screens, platforms and hoisting motors is 
typically suspended from the roof trusses. Each event has its own unique entertainment load 
layout. The individual loads are suspended directly from the trusses, when possible. In most 
cases, however, the loads are suspended from steel cables stretching between two different 
trusses. Such loads subjects various truss members to a complex combination of gravity and 
lateral loads. With the constantly growing reliance on the audiovisual effects, the entertainment 
loads have increased significantly over the years.  The total entertainment load on the can be as 
high as 35,000 kg and is randomly distributed within the space between Trusses A, A’, A” and 
Truss C.  

A major factor in the design of the roof structures in Canada is the snow load. A major concern 
of the managers of the Metro Centre is the possibility of a major snowfall event occurring while 
the entertainment loads are still suspended from the roof structure during the winter season. The 
snow loads are extremely site specific.  

The Metro Centre was designed based on the 1977 version of the NBCC with a design snow 
load of 1.28 kPa (27 pounds per square foot). Since then, the Code underwent major revisions to 
the determination of snow load such that 2005 design snow for this building is now 2.6 kPa.  
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1.3 Effect of Design Snow Load on Roof   

A 3-D model of the roof structure was created and analyzed using the new design snow load. 
The results indicated that, under the latest design snow load, all the roof trusses would be 
overloaded with the exception of the two main trusses at the centre which would be just below 
their theoretical load capacity. In fact, 4-6 of the members (i.e., 13 members) would be over-
stressed by more than 5%. Consequently, the roof structure would not be bale to support the 
entertainment loads in conjunction with the snow load major snowstorm. 

2 RISK MANAGEMENT THROUGH MONITORING 

Faced with this scenario, the managers of the Metro Centre considered several options to ensure 
the safe operation of the facility.  

While large scale strengthening and upgrade of the structure was considered, a risk management 
strategy using structural health monitoring was selected. This was based on two issues.  Snow 
load based on code estimates is highly theoretical and the roof had performed satisfactorily for 
25 years.  Site specific snow load data should be collected to confirm the theoretical predictions. 
Due to the variability of future entertainment loads, a professional engineer would invariably be 
involved for assessing the loads for each event if only the strengthening was employed. 

Furthermore, the monitoring system could also be utilized to monitor the effects of 
entertainment loads in real time, while increasing the safety of the occupants and improving 
management capabilities. Finally, the strengthen approach would require significant disruption 
to Centre operations and hence loss of revenue for an extended period of time. The monitoring 
option could be implemented quickly with no disruption to service. 

2.1 Structural Health Monitoring System for Metro Centre 

An SHM system based on fiber optic sensors was selected to monitoring strains and 
temperatures in key truss members. An independent laser based system to monitor the deflection 
of roof trusses was also selected.  

 
2.1.1 Fiber Optic System Specifications 

The strain and temperature monitoring system comprised of 36 fiber optic strain sensors and a 
four channel reading unit and the associated software. The system is based on Fiber Bragg 
Gratings technology. 

2.1.2 Sensor distribution and layout  

The sensors were distributed among the trusses based on the results of structural analysis and on 
the likelihood of a truss supporting significant entertainment loads. To assess the bending 
effects two sensors were provided on certain truss members. The sensor layout is shown in 
Figure 3.  
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Figure 3. SHM system layout 

2.1.3 Installation of SHM System  

The sensors were installed on individual truss members be attaching sensor brackets and 
inserting the sensor. The sensor was later calibrated during the commissioning. The sensor leads 
were routed the connection boxes installed at two convenient locations on the structure and then 
to the central measurement point located in one of the Skyboxes.  An installed sensor and a 
close up view of the mounting bracket is shown in Figure 4.  

Figure 4. View of installed sensor  
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2.1.4 Testing and Commissioning  

After the installation was complete, the system was tested and commissioned in August 2007. 
The commissioning was carried over a period of one week. As the sensors were daisy chained, 
the available wavelength was distributed among the sensors. The wavelength for each sensor 
was adjusted by manipulating the sensor installation brackets. After all the sensors were 
adjusted, tests were carried out by suspending a concrete block weighing approximately 500 kg 
was suspended from the several truss joints. Sensor data was recorded and reviewed to confirm 
that the system was functional.   

2.1.5 Thresholds and Alarms  

The maximum allowable strain level for each structural member being monitored was 
determined from the structural analysis carried out during the design stage. The threshold level 
set for each sensor was set at 75% of the maximum allowable strain level. The strain data 
gathered so far indicates that the maximum recorded strains are well below the threshold levels.  

2.1.6 Data acquisition 

The monitoring commenced in the late August 2007. Initially, the data were recorded at 30-
minute intervals. Subsequently, the recording interval was increased to 60 minutes. The data 
were downloaded at regular intervals. 

2.2 Data Review and Interpretation 

The main focus of the monitoring is the management of risks associated with the snow and 
entertainment load. The data is reviewed in the light of various events such as concerts 
involving entertainment loads or snowfalls with more than 50 mm of snow accumulation. A log 
of snowfall events, including the start and end time, the depth and extent of snow on the roof is 
maintained to correlate with the monitoring. The density of the accumulated snow on ground is 
determined whenever possible. A record of various events held at the Metro Centre is also 
maintained for the same purpose. 

 The winter of 2007/2008 was an active one and produced several major snow storm events, 
which in many cases, were followed by heavy rain that washed away most of the accumulated 
snow. There were also several concerts held during the 2007/2008 winter season.   

 
2.2.1 Snow Load Effects 

A typical plot of the data recorded between December 18 and December 28, 2007 for the sensor 
placed on the bottom chord of Truss C is shown in Figure 5. The theoretical limiting strain on 
safe operating threshold is also shown in the plot for comparison purpose. The effect of snowfall 
and subsequent rain is relatively insignificant when compared to the high value of limiting strain 
and can not be easily discerned. 

In order to better appreciate the effects of snow and rain event, Figure 6 displays the data within 
the upper and lower boundaries of the recorded data. The increase in strain due to snowfall and 
the subsequent decrease following heavy rains are quite apparent. 



4th International Conference on Structural Health Monitoring of Intelligent Infrastructure (SHMII-4) 2009 

22-24 July 2009, Zurich, Switzerland 

 

 

- 8 - 

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400

12/18/07 0:00 12/20/07 0:00 12/22/07 0:00 12/24/07 0:00 12/26/07 0:00 12/28/07 0:00
Date & Time

St
ra

in
 (m

LIMITING STRAIN

SNOW HEAVY RAIN

Figure 5. Strain levels in bottom chord of Truss C during snow and rain events 
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Figure 6. Snow and rain effects on bottom chord strain of Truss C 

 
2.2.2 Snow and Entertainment Loads 

In January 2008, three concerts were held over a very short period of time. Snow storms, rains 
and freezing rains also occurred during the same period thus providing an opportunity to study 
the combined effect of snow and entertainment loads. Results for the strain sensors on Truss A 
are shown in Figure 8. The suspension of entertainment loads typically begins 12-24 hours prior 
to the concert and is completed within 6 to 12 hours. The unloading commences immediately 
after the concert is finished and completed within the following 12 hours. The plot of the data 
from two sensors recorded between January 19 and February 6, 2008 is presented in Figure 8.  
Two concerts were held on the evenings of January 26 and January 28 and a third concert on the 
evening of February 1, 2008.  The increase in the strain due to the addition of entertainment 
loads for the first show and subsequent spike in the peak strain at the commencement of the 
snowfall and freezing rain during the second show are effectively demonstrated by the sensor 
data. The peak strains recorded for the third event are comparable to those recorded for the first 
concert and the reduction in strain after the removal of the entertainment load is quite apparent.  
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Figure 7. Snow and rain effects on bottom chord strain of Trusses A 

The maximum allowable strain level for each structural member being monitored was 
determined from the structural analysis carried out during the design stage. The threshold level 
set for each sensor was set at 75% of the maximum allowable strain level. The strain data 
gathered so far indicates that the maximum recorded strains are well below the threshold levels.  

3 CONCLUSIONS 

The project demonstrates that: 

• SHM can be effectively used for risk management of transient loads in lieu of 
carrying out outright repairs; 

• Structure can be maintained in a safe operational condition through SHM;  

• SHM can be used to gather site specific data for calibration of analysis, especially 
snow load; 

• SHM can be used as an operational tool to manage the combination of snow and 
entertainment loads and eliminate the need for consulting contracts for each 
occasion 

• SHM can be used to obtain site-specific information on environmental and live load 
in stead of relying on theoretical predictions. 
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