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The Krannert Center for the Performing Arts at the University of Illinois Urbana-Champaign
serves as a showcase for fine arts and a place for students to learn about music, dance, and per-
formance. Room DRK2500, a dance rehearsal hall, suffers from a long reverberation time, which
makes course instruction and music rehearsal difficult. The goal of this project is to reduce the re-
verberation time of the room using equipment made in-house and acoustic foam paneling provided
by the Krannert Center. This report outlines some basic theory of acoustics, instrumentation, data
analysis methodology, and describes an attempt at using acoustic panels to reduce the reverberation.

I. INTRODUCTION
A. DRK2500

Opened in 1969, the Krannert Center for the Perform-
ing Arts (KCPA) is the University of Illinois Urbana-
Champaign’s (UIUC) performing arts complex. It has
several state-of-the-art performance facilities, as well as
many workshops and rehearsal spaces. Previously, Uni-
versity of Illinois physics students measured the acoustic
properties of the Foellinger Great Hall, the primary per-
formance space. The Great Hall serves as an example of
a performance area with ideal acoustic properties for its
purpose.

DRK2500, however, is the subject of many complaints
regarding its acoustical qualities, namely that its rever-
beration time is too long. Located in the basement of
the KCPA (Figs. 1-3), this room is primarily used as a
rehearsal hall for dance instruction, but it is also used as
a performance space, often with live music from a piano
and drum kit. The long reverberation time causes a sig-
nificant loss in speech clarity while music and/or dancing
is occurring. Thus, the goal of this project is to reduce
the reverberation time of the room to a more acceptable
level.

B. SPL and RT60

The ISO (International Organization for Standardiza-
tion) standard 3382 lays out several parameters for quan-
titatively describing the acoustics of a room. A room’s
reverberation time is quantified by its RT60, which is de-
fined as the time required for the sound pressure level
(SPL) of a tone to decrease by 60 dB [2].

SPL is a logarithmic scale of an acoustic wave’s pres-
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FIG. 1. Floor plan of the Krannert Center stage floor includ-
ing dance studio DRK2500 (highlighted in yellow) [1].

sure and is given by

p
L, = 2010g10(p )s Pref =20 uPa (1)

re

where L, is the SPL of the wave and p is the root mean
square (rms) acoustic pressure of the wave measured in
Pascals (Pa). Acoustic pressure is defined as

P = Ptotal — Patmospheric (2)

and is typically between 20 x 10~% Pa and 60 Pa. When
finding the difference in SPL, a reference pressure is un-
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FIG. 2. DRK2500 as seen from a wall opposite to the obser-
vation deck.

FIG. 3. DRK2500 as seen from the entrance, which can be
seen on the left side of Fig. 2.

necessary since the properties of logarithms simplifies the
equation to

AL, =20 1og10<pf;§“l ), (3)

where pg is the inital acoustic pressure (Pa). This sim-
plification also allows peak or rms values to be used in
the calculation of AL,, since

inal, . inal,peak
Dfinal,rms _ Pfinal,pea , (4)

Po,rms Po,peak

as long as the choice is consistent between measurements.
In this project, peak values are used for simplicity. [3]

One method for calculating the RT60 of a room relies
on fitting the decay of the acoustical pressure to an ex-
ponential, which is true in an ideal setting. The equation
for such a setting is

p = poe*=), (5)

where a (s) is the time the decay starts, ¢ (s) is the time
passed since the start of the decay, and k (1) is the decay
constant. Plugging Eq. 5 into Eq. 3 and setting SPL to
-60 dB gives

—60 = 20logo(e*t=). (6)

Solving for t, which is relabeled as Tgp to represent the
RT60 time, gives

0.001

Teo =1 _— .
60 n k (7)

From the propagation of uncertainty principles, the un-
certainty of the RT60 time, orrgo, can then be calculated
from the variance of k, 0%7 which is the element pcov, ; in
the covariance matrix returned by the curve_fit func-
tion:
8—2
0T,
ORT60 = 820 ‘71%- (8)

Applying the partial derivative:

8T60 _ 111(0001)
ok K2 ®)

Thus, the uncertainty on RT60 is:

In(0.001) 9—
ORT60 = —(k2 ) oz (10)

Another method for calculating the RT60 of a room
relies on finding the absorption constants of the materials
in the room. In a room, the decay of sound is typically
facilitated by absorption

>
A= Siai, (].].)

where A is the total absorption of the room measured
in sabins, S is the area of an absorbing surface in the
room, « is the surface’s absorption coefficient, and the
summation is over all of the different absorbing surfaces
in the room. This can be used to empirically determine
the RT60 of a room using Sabine’s formula

Teo = 0.1612, (12)

where V is the volume of the room in meters (a different
constant is necessary for different units). [1] Using the
dimensions of the room and properties of the walls, one
can obtain an estimate of the RT60 time.

DRK2500 is 13.55 meters wide, 22.45 meters long, and
6.01 meters in height. The room also includes an observa-
tion deck, which includes two rows of seats for instructors
and students to watch practice sessions. It has a height
of 2.58 meters, a width of 13.55 meters, and extends 2.48
meters beyond the rest of the hall. These measurements
were done using a laser distance meter.
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