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1.0

EXECUTIVE SUMMARY

The overall objective of this assignment was to determine the physical condition of the Albert Stella Memorial Arena
from a structural perspective and to determine how well the structure performs under today’s building code standards.
A two-stage process was involved for this assignment. The first stage involved a physical review of the condition of
the structural members. The second stage involved performing a structural analysis to determine the capacity of the
structure in comparison to the current load demands. The scope of work has been limited to the structure only,
mechanical, electrical, life safety and building envelope (including insulation) were not reviewed.
The first stage, involving the physical review of the structure, revealed that the main timber structure is in fair
condition, relative to the original construction. Some areas did show signs of damage and deterioration, however.
The detailed findings for this stage are included in Section 3 of this report.
The second stage involved a desk-top structural analysis to determine the stress levels in the building members and
connections under the environmental loads prescribed by the building code. The majority of structural elements were
found to be inadequate under snow, live and wind loads. The detailed description of loads and stresses are included
in Section 5.0 of this report.
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2.0

INTRODUCTION

Stantec Consulting Ltd. was retained by Melvin Bohmer, the Director of Development for the Municipality of
Crowsnest Pass, to conduct a visual inspection of the long span glulam arches for the Albert Stella Memorial Arena,
located at 12602 17th Avenue in Blairmore, Alberta. Unfortunately, existing drawings were not available for this
building.
The purpose of the investigation was to identify any visible defects in the arena which might indicate structural
inadequacy. Also, the investigation gathered field data on the arch geometry, member sizes and connections. The
contents in Section 3 of this report provide the findings from our investigation and our opinions on the condition of the
arena from a structural perspective.
Additionally, we were retained to determine the structural capacity of the arena. A quantitative analysis was
performed to determine member demand loads by use of structural modeling software and current building code
requirements. We then compared these load demands with the calculated capacities of the truss members and
connections. Also, we conducted global stability and lateral capacity checks of the arena. Section 5.0 of this report
summarizes the results from this analysis and provides an overall conclusion to the strength of the arena roof.
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3.0

BUILDING DESCRIPTION

Our investigation included a two-day site visit by two professional structural engineers, Gerda Bolton and Kerri
Bowser, to the arena on November 1st and 2nd, 2018. A local crew assisted with the investigation by being available
to drive a scissor lift, providing ladders, and removing some interior building finishes where requested by the
engineers. Unfortunately, the lift could not be used indoors, due to ventilation concerns, however enough information
was gathered without its use.
The arena is comprised of two different glulam three-pinned arch structures. According to a Crowsnest Pass Facility
Evaluation Report by Arndt Tkalcic Bengert dated Octorber 2014, the larger structure was built in 1959 and originally
housed an ice hockey rink and a smaller curling rink was added on in 1972. Change rooms were added along the
side of the original structure, with masonry walls and steel roof structure in 1991. The ice has been removed from
both areas and the original building is now used for field hockey. The newer addition has been converted into a skate
park and a gymnastics area with a climbing wall. The image below shows an aerial view of the arena.

Figure 1: Google Map Satellite View
(Background image was provided by Google Maps®)
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Figure 2: Exterior Views of Building
The original arched roof structure has two accompanying structures: the change rooms (exterior) and
storage/Zamboni room (exterior). The original structure also has a second and third floor lounge and bar area within
the lobby area. The additional arched roof structure has an accompanying mechanical room (exterior).

3.1

ORIGINAL ARCHED STRUCTURE

The field hockey arena is 31.939 x 64.157 m (105’ x 210’-6” approximately) out to out and 10.943 m (36’
approximately) high at the peak. The roof is supported by stylish, tapered timber glulam arches, spaced at 3.46 m
(11’-4”). Each arch is made of two, mirrored, glulams that are 138 mm (5 7/16”) wide and between 560 mm to 780
mm (22” to 30 5/8”) deep. Each arch is 665 mm (26 3/16” at the bottom, then deepens to 780 mm (30 5/8”)
approximately 3.7 m (12’) above the floor slab and then narrows to 560 mm (22”) at the peak. Each glulam (half an
arch) is laterally supported with two sets of cross-bracing. Purlins, 38x140 mm (2x6), sit on top of the arches, running
perpendicular. These support 140 mm (6”) wide tongue and groove decking that is placed diagonally to the purlins
and measured to be an actual depth of approximately 25 mm (1”). Corrugated metal panels have been connected the
outside of the plank decking to protect it from the elements.
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Figure 3: Original Arch Roof
The arches appear to be constructed as a tudor-shaped, three-pin, meaning that each arch is not continuous for the
entire span and there is a hinged connection at the top (two glulams mirror each other per arch). The two glulams
forming the arch were connected at the top with a side-lapped piece of lumber.

Figure 4: Glulam Connection at Roof Peak
Each arch is cast into a concrete base with a corresponding abutment, visible on the outside of the building. There is
a perimeter curb around the building that supports the base of the arched-wall. The slab appears to be a slab-ongrade and therefore is supported by the soil below. We suspect the arches are supported by strip footings, but an
underground investigation was not performed. A small portion appears to be trenched, adjacent to the demolished
mechanical room, to allow for mechanical services to run under the slab.
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Figure 5: Abutments Brace Each Arch

3.1.1

End Walls

The gable walls on each end of the original structure are simple stick frame construction. The west wall has 38x184
(2x8) horizontal slats over 38x140 mm (2x6) studs spaced at 610 mm (2’) on centre. The studs are discontinuous at
the midspan as the wall appears to have been built in two halves (top and bottom, separated at the top of the white
portion seen in figure 6). Braces, connected to the second glulam, have been installed to laterally stabilize the wall
close to this location.

Figure 6: West End Stick Frame Gable Wall
The end gable wall on the east end of the building is best viewed from within the skate park. Large windows can be
seen across the entire main floor and most of the second floor, negating its ability to act as a shear wall (to resist
wind loads).
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Figure 7: East End Stick Frame Gable Wall with Windows

3.1.2

Second and Third Floor Lounge and Bar

At the east end of the structure, second and third floors have been added, which are independent of the arches
above. The floors are supported off the east end wall, a line of columns and an interior wall on the west side. Both
walls have large windows along the length of the wall between the main floor to the second floor and the second floor
to the third floor. Some of the window panes have been boarded up, but they would not offer lateral stability.

Figure 8: Second and Third Floor Column and Wall Support
The second floor consists of 19 mm (3/4”) thick tongue and grove decking that is supported by rough sawn 50x275
mm (2x11 approximately) spaced at 450 mm (21”) running east-west. The floor is framed into the east end wall and
interior wall, between the sets of windows. The central 140x140 mm (6x6) columns are inconsistently placed, but
most commonly spaced at roughly 3000 mm (10’). The floor joists are supported by a 3-ply 38x286 mm (2x12) builtup beam for the, shorter, end bays, while 4-ply built-up beams using the same dimension lumber are used for the
longer, interior spans. The built-up beams run over top of the columns and plank dimensional lumber has been used
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to span over the joists and act as the sub-floor. The columns sit on square concrete pilasters, which are suspected to
sit on spread footings underground.

Figure 9: Second Floor Framing Top of Column and Beam
The 19 mm (3/4”) tongue and grove third floor is supported on 38x184 mm (2x8) floor joists spaced at 610 mm (2’) on
centre. The central beam line is comprised of 3-ply 50x299 mm (2x12 approximately) actual dimensions built-up
beams spanning between 140x140 mm (6x6) columns. The column spacing is 2875 mm (9’-5”) for the outer bays
and 5297 mm (17’-4”) for the interior bays. While the columns between the second and third floor are in the same line
as the columns below, they are not directly above the columns below, presumably done to accommodate different
floor plan layouts on each level. Therefore, the built-up beams supporting the joist also serve as transfer beams to
support the columns that do not track from level to level.

Figure 10: Third Floor Support Framing
The third floor is divided into two areas, a large balcony overlooking the playing field and a small bar. The columns
that support the ceiling framing above the third-floor bar have been hidden within a timber wall.
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Figure 11: Third Floor Bar

3.2

ADDITIONAL ARCHED STRUCTURE

The skate park, gymnastics room and climbing wall are housed within a second arched arena structure that was built
beside the existing, original structure. It is 18.316 x 45.530 m (60’ x 149’-3” approximately) in plan view and 7.750 m
(25’-6”) high at the peak. Most of the roof structure was insulated, however it appears that the same structural
members were used throughout. The insulation was removed around one arch to verify framing and dimensions.

Figure 12: Additional Arch Structure
Similar to the field hockey arena, the skate park also utilizes a glulam, 3-pin, tudor arch system. The dimension of the
arches is constant, 38x210 mm (1½x 8¼) spaced at 610 mm (2’). The occasional glulam is doubled-up, often around
a door. Horizontal 140 mm (6”) tongue and groove decking were used to form the roof/walls of the arch. Metal panels
have been used as cladding.
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Figure 13: Arched Glulams at 610 mm (2’)
The slab-on-grade was visible and appeared to be in very good condition.

Figure 14: Skate Park Slab

3.2.1

End Walls

It appears that the skate park arena was directly connected to the east wall of the original structure as shown in
Figure 7, therefore the skate park does not have an indpendent west wall. Often in newer construction, an expansion
joint is designed between the new addition and the original structure to allow free and independent lateral movement
of the two separate structures. This was not the case in this building.
The east wall was cladded on both sides so we were not able to review the construction of the structural member.
However, diaganol bracing could be seen coming out of the wall, similar to the west end wall of the hockey arena.
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Figure 15: East Wall of Skate Park Arena

3.3

SMALL ADDITIONS

3.3.1

Change Rooms

Masonry loadbearing walls with steel beams and metal deck roof were used to build the change rooms onto the side
of the original structure. The room to the west uses steel I-beams to support the roof structure, while the other rooms
use open web steel joists. The original arched glulams are being utilized to support a portion of the corridor roof,
between the arches and the change rooms.

Figure 16: Change Room Framing

bg 20190111_albert_stella_arena.docx

12

ALBERT STELLA ARENA ROOF INVESTIGATION

Figure 17: Change Room Corridor Framing
The above grade portion of the abutments along the change rooms has been removed, presumably to create a clear
flow for use within the corridor. It is unknow if this alteration to the original foundation was engineered.

3.3.2

Zamboni/Storage Room

On the west face of the original structure, a Zamboni room was built, which is now used for storage. The structure
was fully cladded on both sides so Stantec staff were unable to assess the structure. The room is 3.175 x 3.647 m
(10’-6” x 12’ approximately) and 7.614 m (25’) high at the peak. It is suspected to be steel stud construction with a
slab-on-grade floor.
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Figure 18: Zamboni/Storage Room

3.3.3

Mechanical Room

A mechanical room has been built onto the side of the additional arched structure. It is a stick framed timber structure
with an inconsistent beam and column layout. The room is 7.028 x 12.172 m (23’ x 40’). It appears that the room
was originally built with a single span roof as it was cladded on the interior and 140x140 mm (6x6) beams and
columns were added later, localized in the areas where snow would drift and collect. As with the Zamboni room,
Stantec staff were unable to view the original structural elements as they were clad

Figure 19: Mechanical Room
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4.0

STAGE 1: OBSERVATIONS (DAMAGE AND DEFICIENCIES)

Overall, the structure of the building and its addition appeared to be in fair condition. Deterioration of the building
envelop was not part of our assignment but since it directly affected the condition of the structure in some instances
we have included those conditions in this report. Every structure should have capacity to resist two main types of
load: gravity (vertical forces - snow loads, the dead load of the structure, occupancy, etc.) and lateral loads
(horizontal forces – wind and seismic loads). To ensure a structure is safe under these loads, designers identify and
detail a clear load path, from the source of these loads to the supporting sub-surface soils.

4.1

BUILDING EXTERIOR

The building’s exterior cladding shows the most damage as this building has endured environmental elements for
many years.

4.1.1

Metal Panel Cladding

The quality, upkeep and replacement of cladding plays a vital role in extending the lifespan of any building as it
protects the architectural features, structural members and mechanical and electrical services. The majority of the
cladding material on the structure is corrugated metal panels. Some of the panels appeared to be missing, damaged,
loose and peeled up. As the metal panels are different colours, replacements of different sections over the lifespan of
the building are evident. Signs of water infiltration in the form of light staining to substantial rot could be seen on
various structural members of the original arena’s roof and west wall. We attribute the majority of this damage to
failure of the building envelope such as the metal panel cladding.
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Figure 20: Cladding Deficiencies

4.1.2

Cementitious Cladding

Below the metal panels on the north side, the original building is clad with cementitious grout, adhered to metal mesh,
like stucco found on homes. It appears that the finish has sustained impacts over its life and was not properly finished
on the underside. The south side is clad with metal panels.

4.1.2.1 Cracked and Damaged
Cracking and possible impacts can be seen along the cementitious wall. These would allow water to penetrate the
cladding. Most occur in areas where snow may slide off the arch above and collect beside the wall.
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Figure 21: Cracks in Cementitious Cladding

4.1.2.2

Improper Repairs

The cladding has been visibly repaired in one location, but it is not smooth and flush with the surrounding finished
surface. This appears to be withstanding the elements and is more of a cosmetic concern then an envelope concern.
The corners and underside of the cladding does not appear to be finished or detailed properly as exposed timber
elements can be seen and the majority of the sill plate overhangs the concrete foundation. This wood was not
pressure treated and has gone to chuck, significantly reducing its structural capabilities and exposing other structural
elements to the potential for deterioration.
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Figure 22: Improper Repairs and Finishing

4.1.3

Masonry Walls

The loadbearing exterior masonry walls of the change rooms show signs of deterioration: water damage and
cracking.

4.1.3.1 Water Damage
A vertical gutter and vertical metal liner behind the gutter were present at each of the change roof scupper locations.
However, the drainage system appears to be leaking or inadequate for the flow as there was significant evidence of
water having infiltrated under the exterior painted wall surface. We suspect that water is flowing between the
masonry wall face and painted surface. The paint was stained, peeled, and bubbled up from the wall surface at
several locations along this wall. At one location, it appears that only the paint (which is bubbled up) is holding the
metal liner and gutter to the building. This water infiltration has visibly damaged and compromised the concrete block
at a few locations. This damage likely has been exacerbated by freeze-thaw action. We suspect the worst locations
to be those that are exposed but the extent of the any damage to the structural block is unknown as the paint is
mostly intact.

4

ALBERT STELLA ARENA ROOF INVESTIGATION

Figure 23: Water Damage in Masonry Walls

4.1.3.2 Cracking
Vertical cracks were seen in a few of the mortar lines of the masonry walls. These are not unusual in masonry walls,
and, given their size and infrequency along the wall, did not give cause for any structural concern.
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Figure 24: Vertical Crack in Masonry Wall

4.2

ORIGINAL ARCHED STRUCTURE

4.2.1

Tongue and Groove Decking Around Arches

Timber planks are used to create the curved roof and exterior wall surfaces in both arch structures. This is an
important structural element as they transfer gravity and wind loads to the purlins and glulams below and act as shear
walls, ensuring the structure can resist the high wind loads in the area. Both arch structures utilize the same decking
system: 19x140 mm (3/4”x6”) tongue and groove lumber. The planks are placed at a 45̊ angle to the glulams in the
original structure and perpendicular in the addition. The planks in the original structure showed the most signs of
damage and deterioration: deteriorating connections to the cladding, rot, water damage, shrinkage and splitting, and
a compromised connection to the foundation wall.
Unfortunately, site reviewers were unable to review most of the plank decking in the additional arched structure as it
was hidden behind architectural finishes and insulation. It was not possible to get the lift into the space, which further
limited the accessible areas to review. The small portions that were visible did not appear to show signs of damage or
wear. For the remainder of the roof, we are unable to speculate as to the actual condition of the wood. The items
discussed below are therefore restricted to the original structure.

4.2.1.1 Connections to the Cladding
Using the proper nails is important for timber construction. Nails with the wrong composition of metals can degrade
timber over time, as evident with black stains developing around the nails. Often, the timber and the nail itself may be
compromised when this is visible.
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Figure 25: Timber Degradation around Nails

4.2.1.2 Rot
The worst area of rot was found in the south-west corner of the original structure and small cracks of light might have
been seen through the planks. This area appears to be limited to the first bay (between the west wall and the first
arched glulam), reaching approximately half way up the wall. Rot could also be seen on the wall under the bleachers.
Continued use of the building would necessitate replacing the damaged timber as rot decreases the structural
capacity of a timber member significantly and would not be considered sound. The presence of this rot and moisture
also causes indoor air quality concerns.

7

ALBERT STELLA ARENA ROOF INVESTIGATION

Figure 26: Rotted Plank Decking
Water staining was evident on the underside of the roof decking in some other areas throughout the arena, however,
these areas were small in nature and staining less severe than this corner of the building. Therefore, we suspect that
the significant rot is more or less confined to this first bay area of the roof, however, without the use of a lift, site
reviewers were unable to confirm this definitively.
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Figure 27: Possible Areas of Rot in Plank Decking

4.2.1.3 Water Staining
Timber water staining is evidence of a leak or water exposure. One-off leaks can cause water staining, which may not
be a structural concern, provided it only happens a few times and the timber can dry fully. Continued water exposure
does deteriorate timber products and leaks should be fixed quickly to prevent compromising the structure. Water
staining could be seen throughout the original structure, particularly at the roof peak, running along the slats and
upper vents, suggesting that the vents are or were not watertight.
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Figure 28: Water Staining on Plank Decking

4.2.1.4 Shrinkage and Splitting
It is common to see timber members shrink and split as they dry over time. Extensive splitting does reduce the
structural capacity of a timber member yet minor splitting that is not localized around a connection is accounted for in
proper structural analysis. Localized splitting was spotted in the decking at a few spots but is not considered
structurally significant.
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Figure 29: Splitting of Plank Decking

4.2.1.5 Compromised Connection to the Foundation Wall
Typically, a sill plate is connected to the foundation wall with anchor bolts. This connection resists in-plane and outof-plane wind forces of the wood structure. Along the north side of the original arched structure, no bolts were visible
in the sill plate connection and a gap could be seen between the plank decking and the foundation wall. We would
consider this a deficiency in the original construction by today’s standards. This is also the plate that was found to
overhang the foundation wall in Figure 21. Debris has collected under the plank decking, between it and the
foundation wall.

11

ALBERT STELLA ARENA ROOF INVESTIGATION

Figure 30: Compromised Connection from Plank Decking and Foundation Wall

4.2.2

Purlins

The purlins span between the glulams, supporting the tongue and groove decking. They carry gravity loads and
laterally brace the top of the glulams. The purlins show water staining and the effects of heat or incomplete
combustion from the heaters.

4.2.2.1 Water Staining
Water staining could be seen on many of the purlins. In the locations where the purlins were accessible, the water
staining did not appear to have developed into rot, even in the first bay where rot had developed in the tongue and
groove decking. It is possible that rot has developed in other areas and this should be reviewed should the venue
remain open, possibly close to the roof vents, but the site reviewers were unable to verify this without the use of a
scissor lift. The three purlins at the top, by the roof vents, were noticeably darker than the others. This may be a sign
of damage or a different species of wood may have been used.
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Figure 31: Water Staining on Purlins

4.2.2.2 Discolouration due to Heat and Incomplete Combustion
The purlins above the heaters have darkened, possibly due to heat and the carbon produced by incomplete
combustion from the gas heaters below. We do not suspect that the purlins have been structurally compromised from
this exposure.
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Figure 32: Darkened Purlins above Heaters

4.2.3

Glulams

Glulams are a common engineering timber product, produced by taking laminations (lam’s) and bonding them
together. The waterproof adhesives used, with the high temperatures that the member is exposed do, create a
product that is stronger than the original timber lams. The manufacturing process also allows for the creation of
curved and very long structures. In general, the glulams in the original structure appeared to be in very good
condition. However, some delamination, cracked glue and water staining were seen.

4.2.3.1 Delamination
Delamination occurs when the lams within the beam separate or split. This can be due to many factors, but humidity
or water are the most common causes. The delamination seen did not appear to be extensive or structurally
significant, especially given the age of the structure.
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Figure 33: Minor Delamination of Glulams

4.2.3.2 Cracked Glue and Water Staining
Cracked glue and water staining could also be seen on the glulams. This was not extensive enough to be considered
a structural concern.

Figure 34: Minor Glue Cracking and Water Staining

4.2.4

End Walls

A stick-framed end walls were constructed on both ends of the original arch building.
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4.2.4.1 Water Staining
A large louver was built into the wall for ventilation. With the extensive water staining and discoloration of the wood in
this area it was obvious that the vent allows water ingress into the building. The site reviewers were not able to
reach the members above the 12-foot height (ladder height) but due to the extensive staining, the members closest to
the vent are suspected to be structurally compromised. Additionally, a referee stand was built on this wall and did not
appear to be structurally sound, we advise against use of this stand. It should be removed or boarded to prevent
access. It could be replaced with a properly engineer stand, if it is still needed.

Figure 35: West End Wall Water Staining

4.2.5

Second and Third Floor Structure

The second and third floor structure did not appear to be in use, except by the maintenance staff.

4.2.5.1 Deflection Concerns
Permanently deflected (sagging) beams were noticed on the underside of the third-floor and a perceptible bounce
could be felt while walking across the third floor, even with very light loading. These symptoms are considered
serviceability issues with floor deflection and vibration. Serviceability issues can indicate a structural member that is
undersized. Refer to Section 5.2.4 for our analysis of these members. The second-floor construction was much the
same as the third floor and similar concerns are held for that floor.
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Figure 36: Permanently Deflected Beam Supporting 3rd Floor

4.2.6

Concrete

The concrete slab-on-grade under the bleachers and the abutments showed signs of damage.

4.2.6.1 Cracked Slab
The concrete slab in most of the arena was not visible at the time of the review as it was covered in field hockey turf.
However, the slab under the bleachers was not covered and several cracks were noted. Cracking is nearly always
present in concrete slabs even with proper reinforcing and control joints. Cracking under the bleachers was greater
than what would typically be desired by today’s construction standards. The slab also appeared to be unlevel, with it
seemingly raised away from the exterior wall. This could be the result of differential settlement of the perimeter
foundation wall from the slab on grade soil, or minor soil swelling or frost heave under the interior slab. These slab
defects are not considered to be a structural issue but more of a serviceability issue in terms that the cracking may be
unsightly, and the unevenness could affect use. However, since the surface is hidden under the bleachers and the
field and it does not seem to have affected the use of the arena for its current purpose, it is not considered a critical
concern.
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Figure 37: Cracked Concrete Slab

4.2.6.2 Demolished Abutments
The above grade portion of the buttresses along most of the north side of the original arched structure have been
removed, possibly when the change rooms were built as not to obstruct the hallway. The buttresses were installed to
resist horizontal thrust forces that are inherent in an arched structure. A crack can be seen in several of the arch
foundations but is not in the direction of the loading so is not a structural concern.
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Figure 38: Damaged Arch Foundations

4.3

ADDITIONAL ARCHED STRUCTURE

Unfortunately, site reviewers were not able to complete a comprehensive review of the additional arched structure as
insulation covered most of the roof and could not be removed due to access restrictions previously described. Of the
portions of the structure that were exposed, all members appeared to be in very good condition and without signs of
deterioration or damage.

4.4

CHANGE ROOMS

The masonry and steel change rooms did have exterior signs of water damage, as referenced in the Building Exterior
section of this report. Some limited evidence of water damage and cracking were noted on the interior.

4.4.1

Water Damage

Rust coloured water staining could be seen in multiple locations within the changerooms suggesting issues with the
roof-wall building envelope. There is not current evidence that this compromised the structure significantly, but it
should be rectified as water infiltration over time can lead to corrosion of reinforcing within the masonry wall and the
steel members.
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Figure 39: Water Damage within the Change Rooms

4.4.2

Cracked Masonry

Vertical cracking in the mortar joints on the interior of the masonry walls was noted, similar to those described in the
Building Exterior section. Given the hairline nature of these, we do not find these cracks to be cause of significant
structural concern. However, if they are noticed to widen over time or if further cracks develop, it would be more of a
concern and the underlying cause should be investigated.

Figure 40: Cracked Masonry

4.5

STAGE 1 SUMMARY OF OBSERVATIONS

The following table summarizes the structural items showing physical signs of damage or deterioration at the time of
our review.

20

ALBERT STELLA ARENA ROOF INVESTIGATION

Table 1: Summary of Damage and Deterioration of Structural Elements
Location
Building Exterior

Member Type

Damage or Deficiency

Metal Panel Cladding

4.1.1

Not Secured, Bent and Missing

Cementitious Cladding

4.1.2.1

Cracked and Damaged

4.1.2.2

Improperly Repaired

4.1.3.1

Water Damage

4.1.3.2

Cracking

4.2.1.1

Deteriorating Connections to Cladding

4.2.1.2

Rot

4.2.1.3

Water Staining

4.2.1.4

Shrinkage and Splitting

4.2.1.5

Deficient Connection to Foundation Wall

4.2.2.1

Water Staining

4.2.2.2

Discolouration due to Heat

4.2.3.1

Delamination

4.2.3.2

Cracked Glue and Water Staining

End Walls

4.2.4.1

Water Staining

Second and Third Floor

4.2.5.1

Deflection Concerns

Concrete

4.2.6.1

Cracked Slab

4.2.6.2

Demolished Buttresses

Masonry Walls

Original Arched Structure

Reference

Tongue and Groove

Purlins

Glulams

Additional Arched Structure

General Condition

4.3

Change Rooms

Roof-Wall Connection

4.4.1

Water Damage to Masonry

4.4.2

Cracked Masonry

5.0

STAGE 2- GENERAL STRUCTURAL ANALYSIS

The purpose of this stage of the project was to gain a general sense of the structural adequacy of the two main
arched structures making up the facility. Some simplifications were used during our analysis such as disregarding
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the effects of low roofs framing into the arches and drift load on the curling rink roof due to the adjacent end wall of
the higher roof.

5.1

LOADS

The dead load of the structure was calculated by manually adding up the weights of the roofing materials and
structural members sizes measured on site. A miscellaneous load of 0.10 kPa (2.1 psf) was used to account for the
lighting and other items hung from the roof structure. Climatic loads were taken from the Alberta Building Code 2014
for Coleman, the closest town with climatic data listed in the building code. Below is a summary of the climatic data
and loads used in our analysis.

Table 2- Climatic Data and Loads

CLIMATIC INFORMATION
SNOW LOAD (1/50), Ss

2.7 kPa (56 psf)

SNOW LOAD (1/50), Sr

0.3 kPa (6 psf)

ONE DAY RAIN (1/50)

86 mm (3 3/8”)

HOURLY WIND PRESSURE (1/10)

0.48 kPa (10 psf)

HOURLY WIND PRESSURE (1/50)

0.63 kPa (13 psf)

SEISMIC RESPONSE, Sa(0.2)

0.24

SEISMIC RESPONSE, Sa(0.5)

0.13

SEISMIC RESPONSE, Sa(1.0)

0.07

SEISMIC RESPONSE, Sa(2.0)

0.04

SEISMIC RESPONSE, PGA

0.12

SITE INFORMATION
IMPORTANCE CATEGORY

Normal

WIND EXPOSURE TYPE

Open Terrain

INTERNAL PRESSURE CATEGORY

2

FOUNDATION SITE CLASS

D (Assumed)

DESIGN LOADS
ROOFS
SUPERIMPOSED DEAD LOAD

0.16 kPa (3 psf)

STRUCTURE SELF-WEIGHT DEAD LOAD

0.34 kPa (7 psf)

TOTAL DEAD LOAD

0.50 kPa (10 psf)

BALANCED SNOW LOAD, S

See Figure 41 Below

UNBALANCED SNOW LOAD, S

See Figure 42 Below

WIND, PERPENDICULAR TO RIDGE, W

See Figure 43 Below

WIND, 30 DEGREES TO RIDGE, W

See Figure 44 Below

WIND, PARALLEL TO RIDGE, W

See Figure 45 Below
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Figure 41: Balanced Snow Load

Figure 42: Unbalanced Snow Load

Figure 43: Wind Load Acting Perpendicular to Ridge
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Figure 44: Wind Load Acting 30 Degrees to Ridge

Figure 45: Wind Load Acting Parallel to Ridge
The uniform snow load corresponds to an actual snow depth of approximately 720 mm (2’-4”). The unbalanced snow
load is a loading condition prescribed in the current building code which is meant to account for wind blowing snow
from one side of the arched roof to the other side with a triangular distribution of 0 kPa at the windward side to the
peak of the roof and 5.70 kPa (119 psf) at the maximum snow accumulation of the leeward side for an arch shape.
The 5.70 kPa (119 psf) corresponds to an approximate depth of 1800 mm (5’-11” approximately).
The snow loads noted in the Alberta Building Code represent the estimated weight of snow on a roof located in
Coleman, Alberta for a one in fifty-year winter season. It is possible that this structure has not seen snow loads this
high, however, this is the minimum requirement specified in the building code.
Load factors and combinations were taken from the current building code (Alberta Building Code 2014). Which
references the use of Commentary L of the “User’s Guide – NBC 2010 Structural Commentaries (Part 4 of Division
B)” for evaluation. This portion of the building code is specifically for the structural evaluation and upgrading of
existing buildings. The commentary allows some reductions to the load factors used in structural analysis of existing
structures. The amount of reductions is a function of how critical the element is to the stability of the structure, how
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many people utilize the facility, and historical performance of the structure. The reduction in load factors per this
commentary reduced the factored loads used in analysis by about 6%.

5.2

ANALYSIS OF EXISTING STRUCTURAL MEMBERS

5.2.1

Wood Grades

As there were no existing drawings for this project, the following species and grades of lumber were assumed in the
structure. These species were based on the structures age and what species of woods were typically available and
commonly used during construction of the building.
Component

Species

Assumed
Grade

Decking

Spruce

Commercial
Grade

Lumber (members smaller than 6x6)

Douglas Fir

Structural
Select

Glulam Arch

5.2.2

Douglas Fir

24f-Ex

Decking and Purlins

From the site visit, the roof deck at the original arched structure was found to be 140 mm (6”) wide tongue and grove
decking with an actual depth of approximately 25 mm (1”). The maximum center to center spacing of the purlins is
400 mm (16”), creating a decking span of approximately 566 mm (1’-10”) along the diagonal. Calculations reveal that
the decking has sufficient strength for this span.
The roof deck for the smaller arched structure was found to be 140mm (6”) wide tongue and grove decking with an
actual depth of approximately 19mm (3/4”). The maximum center to center spacing of the purlins is 600mm (24”).
This decking is also sufficient for the spans, based on our calculations.
At the original arch, 38x140 mm (2x6) Douglas Fir purlins span approximately 3460 mm (11’-4”) between the trusses.
The tributary loading width is 400 mm (16”) as the purlins are spaced equally. The purlins were found to be adequate
under uniform snow loading. However, on the drifting snow load prescribed by the building code for arched roofs, the
purlins were found to be overstressed in bending by a maximum of 53%. This is considered a significant overstress.

5.2.3

Arch Members

5.2.3.1 Original Arched Structure
Analysis revealed that the original arched glulam members are overstressed when the bending and axial
compression forces are combined, with a maximum stress utilization of 285%. The limiting load case was the
unbalanced snow with wind, which created maximum negative bending and axial compression in the arches. When
balanced snow was considered, the glulam arch member was also overstressed with a utilization of 188%.
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5.2.3.2 Additional Arched Structure
Analysis revealed that the glulam arched members are overstressed in combined bending and compression forces
with a maximum stress utilization of 388%. The limiting design check was maximum bending with compression in the
arch supporting unbalanced snow accumulation.

5.2.4

Second and Third Floor Structure

The stick frame second and third floor structures are not currently in use. The beams on the third floor show
permanent deflection (sag) and the floor has a perceivable movement (bounce) when walking across it. The structural
members sizes and layout was analyzed structurally, relative to the current building code. The floor joists were found
to be adequately sized to transfer light loads, but the beams (the 3 or 4 ply built-up beams) are quite undersized for
the spans.

5.2.5

Comparison Using Previous Design Codes

Due to the poor performance of the structural members in our analysis, we also performed an analysis under the
historical building codes for the original arch and the small arena. This analysis was done to check if the structures
could be considered adequate under the code they should have been designed under. Unfortunately, we found
similar overstress percentages under these codes.

5.3

STAGE 2 CONCLUSIONS

The majority of structural elements were found to be inadequate in strength to resist the snow, wind and live loads
prescribed in today’s and previous building codes. The level of overstress found in our analysis cause us to have
significant concerns for the safety of users of the facility.

6.0

CONCLUSIONS AND RECOMMENDATIONS

The physical assessment in Stage 1 of this assignment revealed some overall deficiencies with the building envelope
system and some localized concerns of damage and deterioration of structural elements. A complete list is provided
in Section 4.5 of this report.
More significantly, the analysis in Stage 2 of this assignment revealed that the structural members are significantly
overstressed throughout the facility. The level of overstress found in our analysis causes us to have substantial
concerns for the safety of users of the facility.
Our analysis of both arena roof arched structures showed significant member overstresses under wind and snow
conditions. We realize this facility provides important recreational opportunities to the community, however, public
safety must come first and therefore, closing of the facility should be considered and a perimeter around the building
should have restricted access in case of structural failure. If the Municipality wishes to continue operating the facility
for the community, then access should be restricted to favorable weather conditions only, namely when there is not
snow falling on the roof and there are not significant winds. Also, it is our understanding that the second and third
floors are closed for asbestos concerns and only accessed occasionally by maintenance staff. We recommend, from
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a structural perspective, that this space continues to be closed to public use and live load is limited to occasional
access by maintenance staff only.
It is possible that additional detailed analysis could provide further guidelines on use of the facility and potentially
provide a larger window of environmental conditions in which the facility may be used. For instance, building code
loads may be conservative as they are meant to cover a broad range of buildings and locations. A consulting firm
specializing in determining site specific snow and wind loads could be engaged to find more specific environmental
loads for this structure in the hopes that their study would reveal lower snow and wind loads then prescribed by the
building code. Additionally, or alternatively, we could be further engaged to determine specific amounts of snow or
wind that the structure could safely support, and a monitoring program of roof snow load could be implemented.
The structure could also be retrofitted and reinforced so that it could be deemed safe. However, due to the level of
inadequacies found and given the building shape, it is our professional opinion that reinforcing the structure would not
provide an economical solution compared to the costs and benefits of building a new facility for the community.
We trust this report meets your needs at this time. If you have questions or concerns, feel free to contact us.
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