COURTNEY PERRIN - STRUCTURAL OPTION SHERMAN PLAZA - EVANSTON, IL

ACOUSTICS
BREADTH STUDY

PENNSYLVANIA STATE UNIVERSITY
ARCHITECTURAL ENGINEERING — SENIOR THESIS 1




COURTNEY PERRIN - STRUCTURAL OPTION SHERMAN PLAZA - EVANSTON, IL

Acoustics Breadth Study

Introduction:

By changing the primary structural system of Sherman Plaza from reinforced
concrete to structural steel, other building systems were also impacted. The building’s
acoustics were affected, because the new structural materials have a different Sound
Transmission Class than the existing materials. The new system should provide the
same, if not better, sound isolation as the existing system. In cases when the sound
transmission value was too high, other alternatives were considered to bring the
sound pressure levels to acceptable values.

The sound transmission was considered in locations that were directly affected by the
change of structural materials. The first case to be considered was the sound
transmission through the floor, because the new floor system is considerably thinner
than the original floor. The second case considered an area that contained a concrete
shear wall in the original structural design. The new design, therefore, would need to
provide a new wall design that would provide comparable transmission loss.

Floor System Transmission Loss:

The transmission loss of the floor system was analyzed between the residential and
retail portions of the building. The transition between the retail and residential was a
critical area, because the retail area, which contains a health club, had a higher sound
level and required a greater sound barrier to isolate sound from the residential
dwellings.

First, the transmission loss (TL) of the floor systems was determined from tables of
TL data for common building elements. The source room sound pressure level (L1)
was also determined from a table of noise level data for common building activity
noise sources. The Noise Reduction value of the floor system was found using the
following equation:

NR =TL + 10 log(a/S)

The value of the variable “a” was found by multiplying the surface area of the
receiving room’s materials by their sound absorption coefficient. The noise reduction
is then used to find the receiving room’s sound pressure level (L2) using the
following equation:

L2=L1-NR
The acceptable range of noise criteria for a residential space is from NC-25 to NC-35.

To be conservative, the sound pressure levels will be compared with NC-25. These
decibel values can be found from Figure 22.
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Figure 22: Noise Criteria Curve

The original floor system is composed of an eight inch thick concrete slab. The
original floor system was found to have acceptable transmission loss, but the new
floor system did not. The new floor system is made up of a three inch concrete slab
on composite metal deck. The calculations can be found in Tables 10-11. Figures 23-
24 show the residential sound pressure level versus the NC-25 noise criteria curve.
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Original Floor Systent 8" Reinforc ed Concrete Floor
Source Room: Health Club
Feceiving Room: Residential Area
Surface Ares: Sound Absorption Coefficdents
Concrete Walls 430 01 0ns 006 0.07 o039 0.0a
Partition VWalls 2170 0.55 014 0os 0.04 012 011
Floor 1344 0.04 o004 0a7 0.06 0.06 o.07
Ceiling 1344 0.0 0.0 ooz 0.0z 0.0z 0.0z
Windows 1} 0.35 0.25 015G 012 o.o7 0.04
a = S*alpha 13087 3955 323.96 22862 41202 395.86
TL of Floor 38 45 o6 B0 &7 72
10 logials) -] 1 1} 0 1 1
MR = TL + 10 logia/s) 44 49 o6 B0 65 73
Sound Pressure Level 78 G4 g9 g6 a0 72
L2=L1-NR 34 35 33 26 12 1]
MNC-25 44 37 33 27 25 23
Table 10: Noise Reduction Original Floor System
Hew Floor Systenx 3" Concrete Slab on Composite Metal Deck
= ource Room: Health Club
Feceiving Room: Residential Area
Surface Area: Sound Absorption Coefidents
Concrete Walls 490 0.1 0.0s5 0.0g 0.7 0.09 0.05
Partition Ywalls 2170 0.55 014 o0g 0.04 012 o1
Floor 1344 0.04 0.04 oor 0.06 0.06 0.07
Ceiling 1344 0.01 0.01 o0z 0.0z 0.0z 0.0z
Windows 0 0.35 0.25 018 012 0.07 0.04
a = S*alpha 1309.7 3955 323.96 22862 41202 395.56
TL of Floor 43 42 45 56 a7 BG
10 logiaS) 5 1 0 1] 1 1
MF = TL + 10 logla/S) a4 43 45 o6 bt EY
Sound Pressure Lewvel T g4 fage] g6 a0 T2
L2=11-MR 24 41 44 3n 22 5
MC-25 44 37 33 27 25 23

Table 11: Noise Reduction New Floor System

Figure #23: Noise Reduction: Original Floor System
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Figure #24: Noise Reduction: New Floor System
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In order to improve the transmission loss of the floor system, several alternative
systems were analyzed. First, suspended acoustical ceiling tiles were added to the
floor system. The tiles improved the sound absorption of the room, but still did not
result in acceptable sound pressure levels. Second, carpeting with a foam
underlayment was added, but this system also did not have acceptable values. Next,
the entire system was considered with both acoustical ceiling tiles and a carpeted
floor. This system had values that were almost acceptable for NC-25 and were
acceptable for NC-30, which is still in the preferred range for residential spaces.
Tables 12-14 show the calculations for these floor systems, and Graphs 25-27 show
the residential area sound pressure level versus the noise criteria curves.

Hew Floor Systene Including Acoustical Ceiﬁng Tiles
Source Room: Health Club
Fecziving Room: Residential &rea
Surface Area: Sound Abzorption Coeflidents
Concrete Walls 430 o1 ons 0.06 o.av 003 003
Partition Yalls 270 0.55 014 0.08 0.04 012 011
Flaaor 1344 .04 on4 o.ar 0.06 006 o.aor
Ceiling 1344 076 043 033 0.a9 093 0.4
Windows a 0.33 025 013 0.1z o.ar 0.04
a = S*alphs ZHFY 1B 85 1M2E 19323 1715.7  1635.54
TL of Flaor 45 42 43 a6 ar 51
10 loglsi=) g 7 E E T 7
MR = TL + 10 loglaiSs) 56 49 51 G2 G4 73
Sound Pressure Level 78 G4 g9 g6 a0 72
L2=L11-MR 22 35 38 24 16 u}
MWC-25 44 37 33 27 25 23

Table 12: Noise Reduction Floor System with Ceiling Tiles

Hew Floor Systene Including Sound Absorbing Floor Material
Source Room: Health Club
Fecziving Room: Residential Area
Surface Ares: Sound Aksorption Coeficients
Concrete Walls 430 oA 005 0.06 o0.a7 o049 0.0g
Partition Yalls 2170 0.55 014 0.0s8 0.04 012 011
Flaaor 1344 0.0z 024 057 0.69 o7 n7r3
Ceiling 1344 0o oo ooz 0.0z ooz ooz
Windows a 0.35 025 018 012 o.ar 0.04
a = S*alpha 1363.46 GEd .3 99596  1075.34 128362 12859
TL of Flaar 45 42 43 56 v BE
10 loglsd=) =3 3 5 5 E =3
MR = TL + 10 logla/s) 54 45 50 g1 B3 72
Sound Pressure Lewvel 75 G4 &9 &6 80 72
L2=1L1-MR 24 39 39 25 17 u}
MWC-25 44 37 33 27 25 23

Table 13: Noise Reduction Floor System with Sound Absorbing Floor
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Hew Floor Systeme Including Sound Absorbing Floor and Ceiling Materials
Source Room: Health Club
Feceiving Room: Residential &rea
Surface Ares: Sound Absorption Coeficients
Concrete Walls 430 oA 005 0.06 o0.a7 o049 0.0g
Partition YWalls 70 .55 014 0.0s 0.04 012 011
Flaar 1344 0.03 024 057 0.69 0.7 073
Ceiling 1344 0.76 043 0.53 0.93 0.4849 0.94
Windows u} 0.3s n2s 018 012 oar 004
a = S*alpha 237146 130078 20846 237902 25893 252238
TL of Floor 415 432 45 56 57 EE
10 loglads) a 7 g g 9 q
MF = TL + 10 loglaS) a6 49 53 G4 5131 75
Sound Pressure Lewvel 78 G4 g9 g6 a0 72
L2=L11-MR 22 35 36 22 14 u}
MC-25 44 37 33 27 25 23

Table 14: Noise Reduction Floor with Sound Absorbing Floor and Ceiling

Figure 25: Noise Reduction: New Floor System with Acoustical Figure 26: Noise Reduction: New Floor System with Sound
Ceiling Tiles Absorbing Floor Material
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Figure 27: Noise Criteria: New Floor System with Sound
Absorbing Floor and Ceiling Materials
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Shear Wall Transmission Loss:

The transmission loss of the wall systems was analyzed in a location where there was
a concrete shear wall in the original structural design. The area providing the source
sound pressure level is a mechanical room, and the receiving room is a residential
unit. The existing concrete wall was analyzed to determine if it provided adequate
transmission loss. Next several alternative walls were analyzed, and the one with the
best sound transmission loss was chosen to replace the existing wall.

This analysis uses the same procedure as the floor transmission loss calculations. The
original shear wall is a 12 inch reinforced concrete wall and has an adequate
transmission loss to produce sound pressure levels that are below the noise criteria

curve, NC-25.
O riginal Wall Systent 12" R einforced Concrete Shear Wall
Source Room: Mechanical Raom
Feceiving Room: Residential Area
Surface Area: Sound Absorption Coefficients
Concrete Walls 972 0.1 0.0s 0.06 0.a7 008 008
Floor oz 0.0z 0.03 0.03 0.03 003 0oz
Ceiling 702 o 0.0 0.0z 0.0z o0z ooz
a = S*alpha 118.26 TG 65 93 42 103.14 122.58 105.84
TL ofwall 44 45 56 58 G4 &7
10 log(als) i] 0 i] i] 0 0
MR =TL+ 10 logla/s) 44 43 56 58 G4 67
Sound Pressure Lewel =] g3 g4 g3 g2 g0
L2=L1-NR 42 37 28 25 18 13
MiC-25 44 37 33 27 248 23
Table 15: Noise Reduction Original Wall System
Figure 28: Noise Reduction: Original Wall System
50
45 4
40 R
.| K
Tz 35
©
2 30 -
-
[
5 25 —_——
2]
%]
8 20 4 \\
o
2 15 —,
=]
[=]
n 10
5 .|
0 T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Octave Band Center Frequency (Hz)
‘—Q—Sound Level: Residential Area —s— NC-25

PENNSYLVANIA STATE UNIVERSITY
ARCHITECTURAL ENGINEERING - SENIOR THESIS 7



COURTNEY PERRIN - STRUCTURAL OPTION SHERMAN PLAZA - EVANSTON, IL

Next, these calculations were performed on several wall assemblies until one was
found that had acceptable transmission loss values. The walls that were considered
were:
1. 234" steel channel studs 24 in. o.c. with 5/8” gypsum board both sides,
with 2 glass-fiber insulation in cavity
2. 2" steel channel studs 24 in. o.c. with two layers 5/8” gypsum board
one side, one layer other side, with 2” glass-fiber insulation in cavity
3. 35/8” steel channel studs 24 in. o.c. with two layers 5/8” gypsum
board both sides, with 3” mineral-fiber insulation in cavity

The calculations can be found in Tables 16-18, and Figures 29-31 show the sound
pressure levels versus NC-25. The calculations show that the first two alternative
walls were inadequate, but the third wall produced acceptable values.

Hew Wall Systent Typical Residential Wall Partition
Source Room: Mechanical Room
Fecziving Room: Residential Area
Surface Area: Sound Absorption Coefficients
P artition W alls 72 0.53 014 0.08 0.04 012 011
Flaar 7oz o0z 0.03 0.03 0.03 0.03 0.0z
Ceiling vo2 0.7G 0.93 0.83 0489 0.89 0.94
a= S*alpha 108216 810 E&1 48 754 892 832.68 78084
TL ot all 26 41 52 ) 45 21
10 low(ais) 7 3 ] 5 ] ]
MR =TL+ 10 loglars) 33 45 ar 28 a0 26
Sound Pressure Level 86 a5 g4 g3 g2 g0
L2=L11-NR a3 39 27 24 32 24
MC-25 44 37 33 27 25 23

Table 16: Noise Reduction Wall Alternative 1

Figure 29: Noise Reduction: Typical Residential Wall Partition
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Hew Wall Systent Residential Partition Wall with E xtra Layer Gypsum Board
Source Room: Mechanical Room
Fecziving Room: Residential Ares
Surface Area: Sound Absorption Coefficients
P aritionalls a72 0.55 014 0.05 0.04 o1z 011
Flaar yoz 0.0z 0.03 0.03 0.03 0.03 0.0z
Ceiling yoz 0.76 0.93 0.83 0.99 0.99 0.94
a= S*alpha 106216 10 551 .45 754 .82 §32.65 Ta0.54
TL ofvvall 3 43 55 55 E1 51
10 loglais) 7 5 g 5 5 5
MFE =TL+ 10 logla/s) 35 45 EO B3 [:1:] 56
Sound P ressure Lewvel =11 g5 ) g3 g2 =41
L2=L1-MNR 45 37 24 20 16 24
MW C-25 44 37 33 27 25 23

Table 17: Noise Reduction Wall Alternative 2

Figure 30: Noise Reduction: Residential Wall Alternative 2
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Hew Wall Systenme Residential Partition Wall with Two Extra Layers Gypsum Board
Source Room: Mechanical Room
Receiving Room: Residential Ares
Surface Ares: Sound Ahsorption Coefficients
Partition Wallz 72 0.55 o114 0.0a no4 o1z 011
Floor Joz 0.0z 003 0.03 no3 no3 o0z
Ceiling Joz 0ys 093 0.83 nss nag 094
a = S*alpha 108216 810 E31 43 54 92 83268 Ta0a4
TL afviall 38 52 59 EQ SE E2
10 loglals) 7 ] 5 5 5 5
MR =TL+ 10 loglai=) 45 =7 B4 =] B E7
Sound P ressure Lewvel =11 g5 ) g3 g2 =41
L2=L1-MR 4 28 20 18 1 13
MiC-25 44 37 33 27 25 23

Table 18: Noise Reduction Wall Alternative 3

Figure 31: Noise Reduction: Residential Wall Alternative 3
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Conclusion:

The first acoustical analysis was between the existing 8 inch concrete floor system
and the new floor system of a 3 inch slab on metal deck. The existing floor system
was found to have an adequate transmission loss. The new system, however, was not
acceptable according to the NC-25 noise criteria curve. The first two alternatives
were also not acceptable. The final alternative combined both acoustical ceiling tiles
and a sound absorbing floor material. This system was close to being adequate for
NC-25, but was below the values of NC-30, which is in the preferred range for a
residential area.

The second analysis investigated the transmission loss of one of the concrete shear
walls from the original structural system. The shear wall was found to have an
acceptable transmission loss to reduce the mechanical room noise. Based on the
acceptable sound pressure levels, a new wall system was chosen to replace this wall.
Three alternatives were analyzed. The chosen wall system was made up of 3 5/8”
steel channel studs with two layers 5/8” gypsum board on both sides and 3” mineral-
fiber insulation in the cavity.
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