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Pitch Perfect
Acoustic engineering takes the stage
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oronto’s downtown Yonge Street 
strip in the 1950s and ‘60s was a 
mecca of live music performance 
venues, flanked by the elegant 
Carlu to the north and esteemed 
Massey Hall on the strip’s south end. 
Between them were various bars of 

assorted repute offering live music almost daily. 
Most have now disappeared, except the Carlu, 
which reopened after an extensive restoration,  
and Massey Hall, which is currently undergoing  
a two-year, $145-million restoration, complete  
with a new, multi-floor building to provide more 
performance space.

Spaces devoted to live music—where the sound 
of the performance is paramount—are an engineer-
ing and architectural challenge requiring teams 
of experts to carefully consider the effects of the 
design and materials on the overall acoustics of the 
room. Engineers are also presented with unique 
challenges when restoring older venues that were 
built before amplification systems. Bill Gastmeier, 
P.Eng., can attest to these acoustic challenges. 
Gastmeier is an acoustic engineer and principal of 
HGC Engineering, an employee-owned firm based 
in Mississauga, Ontario, that specializes exclusively 
in noise, vibration and acoustics. He has worked on 
the design of many performance theatres, concert 
halls and the restoration of heritage buildings. 
Notably, HGC was involved in the 2003 restora-
tion of the Carlu, an esteemed performance venue 
that opened in 1930 in Toronto’s then Eaton’s Col-
lege Street store (now College Park). Designated a 
heritage site, the Carlu was mothballed for nearly 
25 years after Eaton’s moved down the street to 
today’s Eaton Centre.

“Restoration of old music halls implies that 
we try to keep the acoustics consistent with the 
original intent and music styles of the time,” Gast-
meier notes. “That was certainly the case with the 
Carlu, which was strongly associated with Glenn 
Gould.” Gastmeier notes that many owners and 
user groups request that performance venues 
have “perfect acoustics,” an ideal that Gastmeier 
says is subjective. Instead, Gastmeier speaks about 
“having good acoustics for a range of speech and 
musical performance, requiring an incorporation of 
physical elements that can modify, or even make 
variable, the acoustics to be more ‘perfect’ for a 
broader range of performance.” 

Restoration of older performance buildings offer unique chal-
lenges to Gastmeier’s team. For the Carlu, it included substantial 
modifications and additions to the floor and walls to provide acoustic 
isolation and noise escaping to the building’s lower floors and the 
adjacent College Park residential building and the introduction of 
modern ventilation and air conditioning, both of which have acous-
tic implications that Gastmeier says “keep architects and mechanical 
engineers up at night. Challenges need to be met so it does not 
negatively impact the original architecture, acoustics and levels of 
background sound.” It is also challenging to determine older spaces’ 
absorptive/reflective nature, as there may be no acoustic data for 
them, as Gastmeier’s team discovered at the University of Waterloo 
School of Architecture in Cambridge, ON.

THE SCIENCE BEHIND ACOUSTICS
When designing a performance venue, the acoustic engineers must 
take into consideration the orientation of the room’s surfaces and 
physical volume. Importantly, though, they must account for how 
sound reflection, absorption and diffusion factor into our perception 
of sound quality by providing:
• uniform propagation of sound to the seats to minimize  

dead spots;
• relief from acoustic defects, such as focusing on echo;
• early laterally reflected sound for spatial localization  

and intimacy;
• low background sound (ambient noise);
• supportive levels of reverberation; and
• sufficient dynamic range (loudness), from pianissimo to forte.

And because musicians hear a different experience while  
performing, acoustic engineers have specific considerations for  
the performers, who must be able to:
• perform in an environment that enhances their performance;
• hear each other;
• play coherently; and
• avoid excessive levels of sound to minimize hearing damage.

According to Gastmeier, a further challenge is understanding how 
the acoustics of spaces differ by size: Studios are considered “small 
rooms”; indoor theatres are “large rooms”; and outdoor theatres are 
“no rooms.” Gastmeier says that wavelength is the biggest factor: 
“Wavelength of sound ranges from eight metres at 40 Hertz, the  
lowest note on a double or electric bass, to eight centimetres at 4000 Hz, 
the highest note on a standard piano keyboard, so in smaller rooms, 
wavelength effects such as standing waves must be dealt with, or 
they can drastically colour the sound.”

In large rooms, effects can include reverberation, echo, early lateral 
reflections and large diffusing surfaces which must be carefully con-
sidered, not to mention reducing noise intrusion from elsewhere. 
Interestingly, Gastmeier has worked on outdoor theatres—notably 
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Most people attach fond, lifelong memories to their favourite concerts but rarely think about the 
science behind acoustics and its impact on the spaces where they hear music. We explore the  
delicate teamwork that acousticians, architects and, importantly, engineers are doing behind  
the scenes at some of Toronto’s most-loved performance venues. By Adam Sidsworth
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Canada’s Wonderland’s Kingswood Music The-
atre—where “the propagation of sound into the 
neighbourhood is a major factor.”

QUANTIFYING ACOUSTIC SPACES
The science behind acoustics gets more complex, 
as it’s necessary to measure both the background 
noise and the level of sound absorption and/or 
reflection by a room’s surface. Modern building 
codes mandate complex mechanical and engineer-
ing systems that can make lots of noise—think of 
heating, ventilation and air conditioning (HVAC)—
and all that potential noise must be controlled by 
slowing air velocities and the inclusion of silencers. 
It may also be necessary to isolate the entire build-
ing from ground-born noise and vibration caused 
by subways and roads, as Brian Howe, P.Eng., 
another HGC Engineering principal partner, did for 
Toronto’s CBC Broadcast Centre. 

These background noises need to be quantified. 
The N1 criterion, which is the threshold of hearing, 
is the most stringent and used for critical spaces 
like Toronto’s Massey Hall. More widely used is the 
Noise Criteria (NC) and Preferred Noise Criteria, 
which were developed by the American Society 
of Heating, Refrigerating and Air Conditioning 
Engineers. These rating systems can specify targets 
in the design of the mechanical and electronic 
systems, and, according to Gastmeier, “utilize a 
frequency spectrum analysis in octave bands (think 
of bass to treble), making for a more detailed 
acoustic analysis and noise control design than the 
Decibel rating most people are familiar with.” 

There are other measurements such as the Noise 
Reduction Coefficient (NRC) rating, which describes 

the degree to which various surfaces of a room absorb sound. For 
example, soft porous materials and fabrics, fiberglass, mineral wool 
insulations and even people are great absorbers of sound, which 
enters their small pores and introduces friction in the vibrating air 
molecules. Sound absorption is determined through acoustic testing in 
an accredited laboratory; if a material is rated 0, it completely reflects 
the incident sound energy; if it’s rated 1, it completely absorbs sound. 

The physical volume of a room and the degree to which its 
various surfaces absorb or reflect sound determine the amount of 
reverberation. As Gastmeier notes: “The NRC is important because 
well-designed acoustic spaces need to have the proper balance of 
absorption and reflection in all those frequency bands, or they can 
sound boomy, unbalanced or harsh. High levels of reverberation are 
great for choirs and pipe organs but are tough on sound systems. 
Additionally, in performance halls, it is also important to provide 
surfaces that diffuse sound to enhance the feeling of spaciousness 
and sufficient early arriving lateral reflections to encourage intimacy. 
Rougher surfaces, particularly those with deeper relief like wood pan-
elling and millwork, tend to diffuse sound to give the reverberation a 
more pleasant sound needed for acoustic instruments and choirs.”

AN ENGINEERING GROUP EFFORT
When the lights dimmed after Gordon Lightfoot’s July 1, 2018, con-
cert at Toronto’s Massey Hall, many people were saddened that the 
iconic concert hall would close for two years to make way for a mas-
sive renovation project to restore many of the building’s long-hidden 
architectural treasures. Indeed, the Corporation of Massey Hall and 
Roy Thomson Hall—the city-run organization that owns the two ven-
ues—recognized the need to bring the building into compliance with 
modern sensibilities. On the corporation’s website, it stated: “A wire 
mesh has covered the crumbling ceiling since 1968; most of the seats 
haven’t been replaced in 70 years [some are original to 1894]; there 
are no elevators, making the upper seating areas and bathrooms in 
the gallery and basement inaccessible for many; and the hall’s two 
licensed areas…can only accommodate a fraction of the total guests, 
with limited access to washrooms.”

When Massey Hall first opened in 1894, it hosted a gamut of 
events, from Toronto’s symphony to wrestling matches. Massey Hall’s 
publication Shine a Light acknowledges this: “Built well before the 

Above: Interior of Massey Hall, 1894. Photo: Massey Hall

Above right: An exterior shot of Massey Hall, 1899
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advent of electronic amplification, and long before 
amplified performance became widespread in the 
1950s, Massey Hall was designed with one thing 
in mind: to transmit sound beautifully. Every 
surface of the room, from the floor to the walls 
and the ceiling, has an impact.” Indeed, with its 
solid design, it can be hard for Massey Hall’s con-
temporary—that is, loud and amplified—acts to 
hear themselves while playing, with slapback—
high-pressure sounds that bounce off the hall’s 
90-degree angles—a problem. Nevertheless, it is 
the desire of Massey Hall’s parent corporation to 
preserve the building’s acoustic heritage. And that 
bold undertaking goes to Bob Essert, cofounder 
of Sound Space Vision, who is designing the hall’s 
acoustics in this context. 

Marianne McKenna, partner-in-charge at KPMB 
Architects, is overseeing the Massey Hall restoration 
process. She has spent the past 20 years focusing 
on building new halls and restoring heritage 
buildings, including the Royal Conservatory of 
Canada’s Ettore Mazzoleni Hall and TELUS Centre 
for Performance and Learning, which included 
the addition of the now-world-renowned Koerner 
Hall, and Orchestra Hall in Minneapolis. Additionally, 
KPMB was responsible for Roy Thompson Hall’s 
enhancement, with McKenna later designing its 
wine bar.

“Koerner Hall was my first new concert hall; we 
began with a program and not much else,” McKenna 
says, noting that Essert also worked with her on this 
project. “It’s an N1 room—the background noise 
when you enter the room is at the threshold of 
hearing—and you don’t hear anything. You don’t 
hear the mechanics, you don’t hear the rumble of 
the subway or the ice making equipment at Varsity 
Stadium, which is directly to the south, and it’s 
because the building is sitting on a floating structure. 
There are acoustic separations in a variety of forms 
all around the room, so there’s complete separa-
tion from the vibrations and noises of downtown 
Toronto.” McKenna also worked on other Royal 
Conservatory performance rooms, such as Temerty 
Hall. “For the less demanding halls, we used the  
NC rating [to measure sound],” she notes. “The 
classrooms may be an NC25; the Temerty an NC15.” 

McKenna further reminisced about Koerner Hall. 
“At an early point in the design process, Bob [Essert] 
said, ‘For 1000 seats, and when there’s an orches-
tra on stage, I need a room that is 65 feet high,’ 
because he was looking for an acoustical volume,” 
McKenna explains. “My response was, ‘I’d like to 
put a floating ceiling in there that hangs over the 
stage and incorporate the acoustic canopy that I 
knew Bob [Essert] would want over the canopy 
over the stage to direct the noise towards the audi-
ence.’ He really taught us a lot. It’s a collaboration 
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Performance at Massey Hall,  
pre-restoration. Photo: Massey Hall

A poster of Neil Young’s legendary 
1971 Massey Hall performance

A cover of the famous live album of 
the 1953 one-off lineup of leading 
jazz musicians, including Dizzy 
Gillespie and Charlie Parker, recorded 
at Massey Hall

Blue Rodeo’s live album, recorded at 
Massey Hall in October 2014
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between many engineers, fitting their experiences 
into new parameters and creating a solution.”

The importance of co-operation is something 
that isn’t lost on Gastmeier. “Things work best 
when the acoustician is hired by the client directly, 
and the architect coordinates the activities of 
the engineering consultants,” he says. “Acoustics 
comes into play in all the disciplines: It may affect 
structural engineering because of dynamic vibra-
tion or the use of floating concrete slabs and the 
mechanical and electrical engineers in terms of 
background noise and noise control hardware.”  

Indeed, the Massey Hall project appears to 
run very much in that collaborative effort, with 
McKenna, who designed the restoration project in 
consultation with Goldsmith Borgal & Company, 
an architectural firm that specializes in restoration 
and rehabilitation projects. KPMB coordinates the 
activities of the engineering teams, with acous-
tics a paramount concern. “When we design a 
quiet room, we work closely with the structural 
and mechanical engineers to make sure we have 
the large volumes of slow-moving air,” McKenna 
says. “And we have a deep commitment from our 
contractors. As architects, we prefer to keep the 
same design team to work throughout and consult 
with the engineers to make sure what’s drawn is 
what is seen on site so that you don’t have any 
miscommunication related to acoustic bridges. If 
you change hands [partway through], you lose 
that understanding.” Although McKenna spoke at 
great length about the efforts to restore the hall’s 

elegant past, she astutely understands the corporation’s desire to pre-
serve Massey Hall’s acoustics: “We’re uncovering what’s been hidden 
for decades, and people will be amazed.”

STRUCTURAL ENGINEERING AND ACOUSTICS
Chris Fitzpatrick, P.Eng., works at Entuitive, the firm overseeing Massey 
Hall’s structural engineering requirements, and although Fitzpatrick is 
responsible for numerous aspects of projects, he has become acutely 
aware of acoustic elements. Over his seven years working on Massey 
Hall, he’s gained expertise working on performance venues, allowing 
him to take on other acoustically sensitive projects, including Ontario 
Place’s Budweiser Stage. But above all, teamwork with architect  
McKenna and acoustician Essert is paramount. Fitzpatrick points out 
that when they rebuilt the auditorium’s slab, they could have gone 
for steel, which would have been quicker, but instead chose concrete, 
noting its heavy weight: “Its mass is key for acoustics, to improve  
isolation from the Centuries bar below.”

Fitzpatrick participated in several elements at Massey Hall that 
required acoustic considerations, including the placement of steel 
decks over the east and west sides of the halls, which will have mini-
mum thicknesses because of their acoustic mass. “We have to choose 
our structural elements around acoustic waves to help Bob [Essert] 
with his sound reflection and isolation,” Fitzpatrick notes. And when 
the Albert Building—the building located directly behind Massey 
Hall—came down, Fitzpatrick had to secure the rear wall of the stage 
with support beams, as the Albert was, in part, bracing Massey Hall’s 
wall; this had an unforeseen acoustic consideration.

“When the new building is built, we’ll have to take the beams 
down because they interfere with the new building’s program 
because they overlap with the new cores, and we’ll have to embed 
new beams inside the wall to provide seating storage,” he says. “It’s 
a huge undertaking, and there’s a possibility that those beams could 

Massey Hall was originally intended to host a variety of events, 
from wrestling to the Toronto Mendelssohn Choir (pictured 
here at Massey Hall in 1911). Massey Hall’s acoustics were 
designed prior to widespread amplification in the 1950s.
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become connections between the two buildings.” 
Fitzpatrick notes that Essert had to acoustically sep-
arate the beams between the buildings: “We used 
spring isolators to support the beams.” Fitzpatrick 
says the dense geography of downtown Toronto 
played a factor in the final decision: “There are 
two utopias: mine is to keep the beams as they 
are, hanging off the building. The only issue is that 
they take up valuable real estate, and they would 
have gone through the concrete stair cores of the 
new building. We had to…put them into the exist-
ing stage wall. How do you support a 30-metre 
beam and how do you get it in that tight space? 
Our solution was to project the beam into the 
stage. So the two beams have two cranks, about 
half of each embedded and the remainder project-
ing into the new building.”

REDUCING NOISE IN MECHANICAL SYSTEMS
McKenna spoke of changes to the stage and seat-
ing area that the public will likely notice in 2020: 
“The shell behind the stage, which is gold material, 
will be replaced by something more [acoustically] 
absorbing, and the curtain, which hangs at the end 
of the stage, will have more acoustic property,” 
she says. “There will also be absorbing material 
added to the fronts of the crenellated arches and 
limited sound absorbing and scattering material at 
the back behind the second balcony…incorporated 
at Bob [Essert]’s direction.” 

But one major element will change: the roof 
over the stage. “When the original dome was 
built, amplification didn’t exist,” Fitzpatrick 
explains. “We’re taking a section of the roof off 
to increase the capacity over the stage in order to 
install a better rigging platform over the shows to 
take into account more diverse and larger shows…
We have to now consider the monitor speakers 
looking up at the dome and [ensure] the sound 
doesn’t come back.” The speakers were installed 
four years ago by Engineering Harmonics. Entuitive 
helped them reinforce the existing iron trusses to 
increase the capacity to hold the extra weight. But 
also, importantly, Fitzpatrick notes that acoustic 
plaster, which is more absorptive, is being hung 
over the stage.

Massey Hall is an old building, built before 
conventional HVAC was standard. And although 
some HVAC upgrades have certainly been made 
to Massey Hall throughout the decades, the sys-
tems are outdated. “It’s the unsuspected surprises 
that are difficult,” says Zyad Arous, senior project 
manager at EllisDon, the contractor responsible for 
carrying out Massey Hall’s revitalization and con-
struction. “With the new mechanical and electrical 
upgrades, to get them up to speed to codes and 
requirements are extensive and running through-

out the existing structure and wall assemblies requires a significant 
amount of architectural removals and reinstatements, while avoiding 
historically important decorative elements.”

James Hannaford, P.Eng., is a partner with The Mitchell Partner-
ship, which is undertaking the mechanical upgrades to Massey Hall. 
Hannaford is blunt about upgrading the HVAC in heritage buildings 
such as Massey Hall: “It can be difficult when the existing documenta-
tion of mechanical or electrical systems are not very good,” he says. 
“But the benefit [at Massey Hall] is that it’s been a complete gut. It’s 
not like we’re trying to reuse old systems. They’re trying to give it a 
renewed life. They don’t want to have to reopen the system and find 
out it’s failing five years after the renovations.”

McKenna is acutely aware of the importance of building the 
appropriate mechanical system for Massey Hall, comparing the dif-
ference to other spaces. “In an office environment, you can tolerate 
some noise from mechanical systems,” she says. “In fact, you don’t 
want the space too quiet. We introduced white noise into Manitoba 
Hydro because when the people moved in, they said it was uncom-
fortably quiet.” But in Massey Hall, the opposite is true: Noise from 
blowing air in the vents is a distraction, and McKenna notes that this 
requires “large volumes of slow-moving air.”

For Hannaford, the challenge is the velocity of the air, which must 
be much slower in Massey Hall because the biggest challenge is to make 
sure they’re not adding noise. “We have to limit velocity, and even if an 
air vent makes noise, you’re contending with things like silencers,” he 
explains. “In most buildings you have to have air silencers built into the 
duct work to limit the amount of noise travelling from the fans down 
to the occupants, but in this type of building, it becomes just that 
more stringent.” Hannaford is cognizant of the NC levels he needs to 
achieve: “In an office environment, you may be setting the NC levels 
to a 45, but at Massey Hall, certain areas may be closer to 20 or 25, so 
it’s a lot quieter.”

MASSEY HALL AWAITS ITS AUDIENCE
Describing Massey Hall’s acoustics, Essert says: “Massey’s sound is 
warm. When it’s full of people, it’s medium reverberant. When it’s 
empty or virtually empty, it’s highly reverberant, and that’s actually a 
challenge for musicians,” noting that this can cause musicians to take 
a few songs before they can adjust their sound to an audience. “One 
of our goals is to make the sound check easier so when musicians 
come out, they get it right from the first note.” People themselves 
absorb sound and the sound-absorbing nature of the audience can be 
addressed by providing the space with sound absorbing seating that 
will offset the effects of audience occupancy—which is why Massey 
Hall will soon have upholstered seats.

When music enthusiasts get back to the venue after it reopens 
in fall 2020, they can take pride in the knowledge that they too are 
shaping the sound of the music. Massey Hall is ready for its encore. e
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