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Introduction

Cowichan Bay Improvement District requested that Herold Engineering Limited provide a seismic
review of the Cowichan Bay Fire Rescue Centre. The purpose of this review is to establish the
expected performance of this building in a code level seismic event and make
recommendations for possible upgrading work that may be necessary.
Lee Rowley P.Eng. met with representatives from the Board of Trustees on the 28th of September,
2016 to discuss the expected outcomes of this report. Key items agreed were as follows:

2.



The review would be done using the most recent code available, which is the 2015
National Building Code (NBC). This has significantly higher seismic values than the present
2012 British Columbia Building Code (BCBC). The BCBC typically adopts the NBC seismic
requirements but will not be replaced until next year at the earliest. However to make the
report relevant to the possible time of construction, the newer code was chosen as the
basis of the report.



The report will look at several options including:
o The practicality of upgrading the building to meet the Post Disaster requirements
of the NBC.
o The requirements for upgrading the building to meet the some of the Post Disaster
requirements of the NBC.
o The requirements to upgrade the building to meet the Life Safety Requirements of
the NBC.



The review will look at the opportunities the recent Energy Audit Report by City Green
Solutions provides to combine seismic upgrading with energy saving work such as adding
a new building envelope.



Provide capital-planning options for discussion by the board, making recommendations
for next steps.

Building Description

The building was designed in 1977 and sealed structural drawings were made available for
review. The building was designed to the National Building Code of 1975 as a fire hall and
appears substantially unchanged since construction.
The building is a two-storey structure of approximately 860m2 and comprises a three bay
apparatus bay, storage and offices at the main level. On the second floor is meeting, kitchen
and function space. On the rear elevation is an attached hose tower, which extends up to the
same height as the main building.
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The apparatus bay is constructed in masonry with a post and beam steel structure supporting
the wood floor above. The hose tower is constructed in masonry and is built to the rear of the
apparatus bay. Adjacent the apparatus bay is the wood frame storage and office areas also
supporting a wood floor above.
The second floor comprises 2x12 floor joists spanning over the post and beam frames in the
apparatus bay and the 2 x 6 stud walls in the administration and storage areas. Walls at the
second floor are 2 x 6 studs, which support parallel-chord timber roof trusses. The exterior walls,
floor and roof are sheathed in 3/8” plywood.
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Building location

The building is located near the intersection of Highway 1 and Koksilah Rd approximately 5 Km
south of Duncan. There is a vacant lot to the rear of the site, which could be used for
replacement fire hall if so desired.

Koksilah Road

Vacant Lot

Cowichan Bay Fire
Rescue Centre

4.

Seismic Performance of Existing Building

We have performed a desk top review based on the original 1977 drawings. In the 1975 NBC
some consideration of seismic detailing was required. We have reviewed the performance of
various elements of the building relative to the 2015 NBC way of comparison.
Three code related options were considered:
1. Life Safety – Normal Occupancy
2. Post Disaster – Full Code Compliance (Rd = 2.0)
3. Post Disaster – Partial Code Compliance* (Rd = 1.5)
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For option 3: the building is designed for the strength needed for post disaster but not the
ductility. In this case, although the detailing requirements are much simpler the applied loads
are increased.
Our findings are as follows:

Main Floor Masonry Structure
The 197 masonry code required minimum reinforcing for seismic loads. This is shown on the
drawings. Using the reinforcing arrangement and material strengths indicated on the drawings
we have found the following:
In the north-south direction there is very little seismic resistance provided by the masonry piers
separating the apparatus bay doors. Some resistance could be provided by the adjacent wood
frame structure however, it is unlikely that the two sections are adequately connected together.
We estimate in this direction there is resistance ranging from 5% to 10% of NBC 2015 seismic
requirements for life safety and post disaster occupancies.
In the east-west direction, the masonry walls are longer and have greater capacity. The walls
meet the life safety requirements of the NBC 2015. However, the walls only meet the 73% of Post
Disaster requirements and do not have the required ductility to meet code.
The floor diaphragm comprises wooden floor joists overlaid with plywood sheathing. The
sheathing is 68% of the NBC 2015 life safety requirements and 45% of the NBC 2015 post disaster
requirements.

Second Floor Wood Frame Structure
We have assumed only the stud walls bearing on the masonry walls are actually carrying seismic
loading, as they are the most direct route to the foundations. Based on this the walls running
above the apparatus bay doors have resistances ranging from 5% to 10% of NBC 2015 seismic
requirements for life safety and post disaster occupancies.
In the east-west direction less windows are present there are higher resistances but the floor
diaphragm comprises wooden floor joists overlaid with plywood sheathing. The sheathing is 47%
of the NBC 2015 life safety requirements and 31% of the NBC 2015 post disaster requirements.

Foundations
No geotechnical report was provided for this review. An allowable bearing pressure for the soils
was given on the drawings as 2000psf or 100kPa. For the analysis and estimated Ultimate Bearing
of 200kPa was assumed and a site class D. All assumptions require verification for the purposes of
detailed design.

Foundations appear to be shallow strip footings and are likely the governing factor in the
reduced seismic resistance of the masonry walls in the north south direction. The mode of failure
is rocking of the masonry piers, between the apparatus-bay door openings.
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In the east west direction, the masonry walls are longer and so rocking is less likely to be an issue.
However, the ultimate bearing pressure capacity of the soil may govern the capacity of the
walls. This will need checking as part of a more detailed seismic review.

Connectivity and Load Path
Due to the age of the building, attention to detailing of building connections for seismic loading
will not be adequate. For example the attachment of the roof trusses to the stud walls will only
be designed for significantly lighter wind forces. The following connections require upgrading:






Roof diaphragm and trusses to top of stud walls.
Floor Diaphragm to masonry and stud walls.
Second floor stud walls to masonry walls.
Second floor stud walls to first floor stud walls.
Masonry and stud walls to foundations.

Summary of Building Lateral Resisting System Capacity (north-south direction)
Element

Roof Diaphragm
2nd Floor Walls
Floor Diaphragm
1st Floor Walls
Foundations

% of Life Safety:
Rd = 1.5
47%
5%
68%
5%
5%

% of NBC 2015
% of Post Disaster:
Rd = 2.0
42%
7.5%
60%
7.5%
7.5%

% of Post Disaster:
Rd = 1.5
31%
10.0%
45%
10.0%
10.0%

Summary of Building Lateral Resisting System Capacity (east-west direction)
Element

Roof Diaphragm
2nd Floor Walls
Floor Diaphragm
1st Floor Walls
Foundations

% of Life Safety:
Rd = 1.5
32%
5%
46%
136%
TBD

% of NBC 2015
% of Post Disaster:
Rd = 2.0
28%
7.5%
40%
97%
TBD

% of Post Disaster:
Rd = 1.5
21%
10.0%
30%
90%
TBD

Note these are based on preliminary calculations only and require verification by more
detailed study.
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Upgrading Options

Based on the findings above it is easy to conclude that the building requires a seismic upgrade.
It is particularly weak in the east west direction due to the apparatus bay doors.
We can categorize the options as follows:





No upgrade
Upgrade to Life Safety requirements of Code.
Upgrade to full Post Disaster Compliance of Code
Upgrade to Strength only requirements for Post Disaster

No Upgrade
There is a high likelihood of a seismic event occurring near or on Vancouver Island in the next 50
years. Therefore, as this is a critical piece of infrastructure needed in such an event some
mitigation of the risk to this buildings function should be considered. This could be a new building,
a seismic upgrade or a change of location or function.

Life Safety
A life safety upgrade is for normal occupancy suitable for an administrative or general assembly
type space. Note that this is lowest level of upgrade recommended.
Percentages of code less that 100 percent are allowed down to 60% in certain jurisdiction
however, we recommend that 100 percent should be strived for where possible.
In this case, the scope of a 60 percent upgrade would be similar to a 100 percent upgrade as
the same elements would still need to be upgraded.

Full Post Disaster Compliance
To achieve full compliance for the Post Disaster Requirements of the Code not only does the
building have to resist higher seismic loading but also the detailing and construction
requirements are far more restrictive.
With the masonry portion of the building these detailing requirements will require replacement
with or the addition of, lateral resisting elements that fully comply with the today’s standards.
With the wood frame elements the shear walls, roof and floors will require extensive blocking
requiring removal and replacement of the exterior plywood or the interior drywall surfaces.
This would be a very expensive solution approaching the replacement value of the fire hall. We
can investigate this option further if requested to do so, however at this time it is considered the
most costly option of the four discussed in this report.

Post Disaster Upgrading for Strength (Rd = 1.5)
This is fundamentally the same as the Life Safety Retrofit however the building is designed for 1.5
more loading.
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Due to low ductility of the elements in the building, more damage is likely to occur during a NBC
2015 sized event than the full Post Disaster Upgrade. This is because the detailing is not as good
as dissipating the energy of the earthquake. This is a result of the lack of ductility in isolated
structural members required to dissipate seismic energy through deformation and yielding.
However, for smaller earthquakes the stronger design will mean the building will resist damage
well.
This is considered the second most cost effective upgrade for the building.
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Combining Seismic Upgrading with a Building Envelope Project

Combining a building envelope upgrade does save costs rather than doing the work separately.
However the costs savings are not significant. What it does avoid is doing elements of work twice,
especially if the envelope work is after the seismic upgrade.
Ideally, the seismic upgrade is done before the envelope upgrade, if available, funding means
only one scope of work can be done at a time. Doing this first avoids redoing elements of the
building envelope in order to do the seismic upgrading work later.
We have reviewed the City Green Solutions Energy Audit report dated March 11, 2016 and
identified that the biggest overlap of scope which is the recommendation to provide exterior
insulation and cladding to the Apparatus Hall. This would allow exterior areas of blockwork to be
upgraded and covered for aesthetic reasons.
In addition, recommendations for insulating the wood frame walls and roof were also made.
Blown-in insulation was suggested as a solution that did not require the ceiling drywall or
roof/floor sheathing to be replaced. As the upgrade would involve installing blocking on the
plywood panel edges in the shear wall and diaphragm locations, the framing will need to be
exposed. The blocking may also make blown-in insulation difficult to do and so batt insulation or
surface applied rigid insulation may be easier to install.
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Capital Planning Considerations

With the variety options for upgrading and their cost, other options may be worth considering
further. Some options are listed below with some advantages and disadvantages for discussion.
Note costs are construction only. Project costs are typically upwards of 1.25 x construction costs:

Option 1
Full post disaster upgrade: Fire hall remains in service with minor repairable damage

Advantages
1. Building remains in service and performs well during a major seismic event

Disadvantages
1. Other systems with the possible exception of building envelope remain unchanged.
2. Operational costs remain the same. Unless energy efficiency measures taken.
3. Expensive. Budget construction cost $2500/m2 (approximately $2,150,000).
Option 2
Post Disaster Equivalent Upgrade: Continue use as a fire hall with minor damage due to poor
detailing.

Advantages
1. Building remains in service and performs well during a major seismic event.

Disadvantages
1.
2.
3.
4.
5.

Other systems with the possible exception of building envelope remain unchanged.
Operational costs remain the same. Unless energy efficiency measures taken.
More repairs likely after the earthquake.
Expensive. Budget construction cost $2000/m2 (Approximately $1,720,000).
Temporary Fire Hall required during construction.

Option 3
Life Safety Upgrade: Building is safe but likely damaged needing significant repair.

Advantages
1. Building keeps occupants safe.
2. Still can function as a community facility.
3. Lowest cost upgrading option. Budget construction cost $1,500/m2 (Approximately
$1,290,000).

Disadvantages
1. Doesn’t function as a fire hall after the event.
2. Operational costs remain the same. Unless energy efficiency measures taken.
3701 Shenton Road, Nanaimo BC V9T 2H1
mail@heroldengineering.com
(250) 751-8558

Seismic Review of Cowichan Bay Fire Rescue Station
Project No. 4032-001
November 21, 2016 – DRAFT

Page 12 of 15

3. Possibly cannot get vehicles out of bays.
4. Possible need to demolish building after the earthquake.

Option 4
Demolish Fire hall and Build New purpose built facility to provide same level of services.

Advantages
1. A brand new fully code compliant facility.
2. Energy efficient with low operating costs.

Disadvantages
1. Requires a new site (adjacent lot is available).
2. Costs. Budget construction cost $3,500/m2. Code will likely require a bigger building.
Budget construction cost of $3,600,000.

Option 5
Keep and upgrade old hall to life safety and build new smaller hall nearby.

Advantages
1. New hall that is post disaster compliant.
2. New hall is energy efficient.
3. Keeps community functionality in upgraded structure.

Disadvantages
1. Two facilities to maintain and operate.
2. Costs. Allowing for a simple fire hall of pre-engineered or wood construction of similar
area as the ground floor of the existing hall at $2500/m2. Budget construction cost of
$1,290,000 plus $1,075,000 for the new hall is $2,365,000.
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Conclusion and Recommendation

The new 2015 National Building Code highlights a significant increase in seismic knowledge of
the Vancouver Island Region. As such seismic design criteria have been increased significantly.
The current fire hall (although well-built and in good condition) is at significant risk of damage in
a seismic event. In a code level seismic event partial collapse is a possibility.
We would therefore recommend some form of seismic mitigation be performed. We have
outlined five tentative options for consideration.
To summarize:
The lowest operational cost solution is a new fire hall, however this has the highest capital cost
(Option 4).
The lowest capital cost solution is a life safety upgrade, however the operational costs remain
high and the fire hall would likely be out of service following an earthquake (Option 3).
The post disaster upgrades (options 1 and 2) have high construction costs and high operational
costs.
Option 5 is a compromise solution that provides the fully code compliant fire hall facility at the
lowest cost. It also allows phasing of the project for budgeting purposes with the new hall being
Phase 1 and the seismic upgrading of the existing hall Phase 2.

3701 Shenton Road, Nanaimo BC V9T 2H1
mail@heroldengineering.com
(250) 751-8558

Seismic Review of Cowichan Bay Fire Rescue Station
Project No. 4032-001
November 21, 2016 – DRAFT

9.

Page 14 of 15

Closing Comments

We trust the information contained within this report satisfies your current requirements.
Should you have any comments, questions or concerns, please do not hesitate to contact the
undersigned.
Please refer to the attached Schedule 1c for liability.
Yours truly,

HEROLD ENGINEERING LIMITED

Prepared By:

Lee Rowley P.Eng.
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