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IX. APPENDIX B: ACOUSTICS BREADTH CALCULATIONS

LecousTiICs PRESDT R

: 2CONDS  TRANSMISSION L-AsS = ﬂﬁiHlTecwﬂ.RL Roustics %tmrb%ﬂﬂ
e —4 BEENFORCED CONCRETE SLAR Y4 ¢ ~
- O" REwW FR.CED QoncreTe SWAR- .05
= INTEQCOLATE JEXTRAPOLATE O O&TAN Ued VALWES =56y +ad
“VALUD FoR SPECCH FREQUENCES OF 123 To 4O0g H2 \\m£?5
NOT INCLLEE AATINGS BELOW V35 B2 wricH W AL RCHEVED
MUSIT | okfiy A5 MOST ENenNTS OCCUR 1IN TR A TSR EVeMnNG
e5 on On P WweewenNd
= BXwNG STEEL STRLCTUL AL SKETEM. SCUND TRANKISSIoN CLRES
S" Con LRSTE ON 8" (oMb T2 ~STeEL Dk
Asgum(c ONL 2N e RETE TOPPING PRRTICIPATES N
EbeTiON of NB CTRANS MIESI0 N
2! Q€ INFORCETS QONcAETE 5Lae, 33 - AL FLOORS
— PROEEED CopCRETE sspeucraRr FE M. SOOND TRANSMWSSON QLA
2 REBWFoace ™ GNRETE SURE &8 - 1'5* — 4B P Fuaoks
HY RewForcED (ONRCTE suﬁg =V DO L Fl_o@?.
- STeLLTURAL SusTeEm @mpPagisonN
STe shee L™ B {4 ST tencRETez 8§

REN CR 2R Aoy TINE - AaeiTecTuZ AL ﬂcousw\cs &%im'\ub eGAN
SECTURE b CONWFERENCE poopws DM e-l\\g 2Rk '
-BANE ) RQ0ck BANDS \Ds -3 s

_ “TIS0RAL AENVERRER.ATION TINE  Lg
et —dEB R | a(lig)=z 142s F b
Soewz l.o(his): Llos

MocoWE oI 1.15)= OBS5s
T RENER BERATION TME TO Be CRLLLATED FOR BoTh Full A WALF

cc:euP g.s

E,Soc
N 2%&')(%.3‘4 NS+ e85 ) (2105 ) - 1grn F T2

Duncan Center, Dover, Delaware

Rachel Gingerich, Structural Option
124/152

Final Report




7 Sound Transmission Class Comparison

_Sound Transmission Class Data from Architectural Acoustics by David Egan

Transmission Loss (dB)

sTC ne
Building Construction 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz Rating Ratingt

31. Construction no. 30 with 5/B-in gypsum

board screwed ta resilient channels

spaced 24 in oc perpendicular to joists 30 35 44 50 54 60 47 33
32. Construction ng. 31 with 3-in glass-fiber

insulation in cavity 36 40 45 52 58 64 49 46
33 4.in reinforced concrete slab (54 ib/ft?) 48 42 45 58 57 66 a4 25
34 14-in precast concrete tees with 2-in

concrele topping on 2-in slab (75

b/fi?) 39 45 50 52 60 68 54 24
35. §-in reinforced concrete slab (75 lb/f1?) 38 43 52 59 67 72 55 34

36. B-in reinforced concrete slab with 3/4-in

T&G wood flooringon 1 1/2 by 2

wooden battens flosted on 1-in glass

fiber [83 Ib/Mt?) 38 a4 52 55 60 65 55 57
. 1B-in steel joists 16 in oc with 1 5/8-in

concrete on 5 /8-in plywood under

hzavy carpat laid on pad, and 5/8-in

gypsum board attached to joists on

ceiling side (20 Ib/ %) 27 37 45 84 60 65 a7 62

Roofs?
33. 3 by 8 wood beams 32 in oo with 2 by

8 T&G planks, asphalt feit built-up

roofing. and aravel topping 28 a3 a7 44
33, Construction no. 38 with 2 by 4s 16 in

oc between beams, 1/2-in gypsum

board supported by metzl channels on

ceifing side with 4-in glass-fiber insula-

tion in cavity 35 42 49 62 67 79 53
40. Corrugated steel, 24 gauge with 1 3/8-

in sprayed cellulose insulation on ceiling

side (1.8 b/fi2) i7 22 26 30 35 41 30
41. 2 1/2-in sand and gravel concrete {148

bjft?) on 28 gauge corrugated steel

supported by 14-in-deep steel bar joists

with 1/2-in gypsum plaster on metal

fath attached to metal furring channels

3

~

55 63 43

13 1/2 in oc on ceiling side (41 b/ft?) 32 45 45 50 57 61 49
Doors?
42 Louvered door. 25 10 30% open 10 12 iz 12 12 11 12

43. 1 3/4-in hollow-core wood door, no
gaskets, 1/4-inargapatsil (1.5

B2 14 19 23 18 17 21 19
44 Construction no. 43 with gaskers and

drop seal 19 22 25 19 20 29 21
45 1 3/4-in sohid-core wood door with gas-

kets and drop seal (4.5 Ib/fi?) 29 31 3 31 39 43 34

45. 1.3/4-in holiow-core 16 gauge steel
door, glass-fiber filed, with gaskets and

drop seal (7 Ib/f?) 23 28 36 41 39 a4 3B
Giass'?
47. 1/8-in monalithic float glass (1.4

bjf?) 18 21 26 n 33 22 26
48. 1/4-in monolithic float glass (2.9

B/i?) 25 28 3 34 30 37 3i

43 1/2-in insulated alass: 1/8-+ 1/8-n
double glass with 1/4-in airspace (3.3

B/i7) 21 26 24 33 < 34 28
£0. 1/4- + 1/8-in double glass with 2-in

s¥space i8 31 35 42 e 44 39
51. Construction no. 50 with 4-in airspace 21 32 42 48 4B 44 43
52 1/4-in laminated glass. 30-mil plastic in-

terfayer (3.6 Ib/ft?) 25 28 32 35 36 43 35

53. Double glass: 1/4-in laminated + 3/ 16-

n monolithic glass with 2-in airspace

(5.8 o/ f12) 25 34 44 47 48 55 45
54. Double glass: 1/4-in laminated + 3/16-

in monofithic glass with 4-in afrspaue

[5.8 b /ft?) 36 37 48 51 50 58 48
55 Double glass: 1/4-in laminated + 1/4-in

laminated with 1/2-in airspace (7.2
/i) 21 30 40 44 45 57 42

4 [impacs sclation class] is a singi=-nurmber rating of the impact sound of = ested ouar 3 standard frequen,

gz The higher the BiC, the more efficeent the constmction will be for reducing impact sound ransmezsion DR (enpact e F21og] prarously Was sed a5 the.

-mxheuasamuaxazanc 334 51 10 the INA number

gp,—.,m wallboard constnections. Refer 10 ASTM E 90 eboratory report and Reratwre from manufacturers
and spacing af eteal stude; glass-fher or muneral-fiber meutaton thcknase and density; and comaleta

e ety sarch . ol ST b gt
racommendstions
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1. Reverberation Time Comparison

Existing Steel Structural System Reverberation Time- Half Occupancy

Surface o 125 Hz o 500 Hz o 4000 Hz S (ft"2)
Walls
5/8" Gypsum Wall Board 0.55 0.08 0.11 954.20
Painted Concrete Block 0.10 0.06 0.08 515.10
Heavy glass 0.18 0.04 0.02 1309.40
Floors
Glazed tile 0.01 0.01 0.02 1561.31
Heavy Carpet on Concrete 0.02 0.14 0.65 3778.24
Ceilings
1/2" Gypsum Wall Board 0.29 0.05 0.09 1561.31
3/4" Acoustical Board Suspension System 0.76 0.83 0.94 3778.24
Seating & Audience
Fabric Well-Upholstered Seats 0.19 0.56 0.59 62.97
Audience 0.39 0.80 0.87 230.00
Surface 2Sa 125 Hz 2Sa 500 Hz 2Sa 4000 Hz
Walls
5/8" Gypsum Wall Board 524.81 76.34 104.96
Painted Concrete Block 51.51 30.91 41.21
Heavy glass 235.69 52.38 26.19
Floors
Glazed tile 15.61 15.61 31.23
Heavy Carpet on Concrete 75.56 528.95 2455.86
Ceilings
1/2" Gypsum Wall Board 452.78 78.07 140.52
3/4" Acoustical Board Suspension System 2871.47 3135.94 3551.55
Seating & Audience
Fabric Well-Upholstered Seats 11.96 35.26 37.15
Audience 89.70 184.00 200.10
a (sabins) 4329.10 4137.46 6588.76
T (s) 0.55 0.58 0.36
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Existing Steel Structural System Reverberation Time- Full Occupancy

Surface o 125 Hz o 500 Hz o 4000 Hz S (ft"2)
Walls
5/8" Gypsum Wall Board 0.55 0.08 0.11 954.20
Painted Concrete Block 0.10 0.06 0.08 515.10
Heavy glass 0.18 0.04 0.02 1309.40
Floors
Glazed tile 0.01 0.01 0.02 1561.31
Heavy Carpet on Concrete 0.02 0.14 0.65 3778.24
Ceilings
1/2" Gypsum Wall Board 0.29 0.05 0.09 1561.31
3/4" Acoustical Board Suspension System 0.76 0.83 0.94 3778.24
Seating & Audience
Fabric Well-Upholstered Seats 0.19 0.56 0.59 125.94
Audience 0.39 0.80 0.87 460.00
Surface 2Sa 125 Hz 2Sa 500 Hz 2Sa 4000 Hz
Walls
5/8" Gypsum Wall Board 524.81 76.34 104.96
Painted Concrete Block 51.51 30.91 41.21
Heavy glass 235.69 52.38 26.19
Floors
Glazed tile 15.61 15.01 31.23
Heavy Carpet on Concrete 75.56 528.95 2455.86
Ceilings
1/2" Gypsum Wall Board 452.78 78.07 140.52
3/4" Acoustical Board Suspension System 2871.47 3135.94 3551.55
Seating & Audience
Fabric Well-Upholstered Seats 23.93 70.53 74.31
Audience 179.40 368.00 400.20
a (sabins) 4430.76 4356.72 6826.01
T (s) 0.54 0.55 0.35
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Proposed Concrete Structural System Reverberation Time- Half Occupancy

Surface o 125 Hz o 500 Hz o 4000 Hz S (ft"2)
Walls
5/8" Gypsum Wall Board 0.55 0.08 0.11 954.20
Rough Concrete 0.01 0.04 0.10 515.10
Heavy glass 0.18 0.04 0.02 1309.40
Floors
Glazed tile 0.01 0.01 0.02 1561.31
Heavy Carpet on Concrete 0.02 0.14 0.65 3778.24
Ceilings
Rough Concrete 0.01 0.02 0.02 1561.31
1/2" Gypsum Wall Board Suspension System 0.15 0.05 0.09 3778.24
Seating & Audience
Fabric Well-Upholstered Seats 0.19 0.56 0.59 62.97
Audience 0.39 0.80 0.87 230.00
Surface 2Sa 125 Hz 2Sa 500 Hz 2Sa 4000 Hz
Walls
5/8" Gypsum Wall Board 524.81 76.34 104.96
Rough Concrete 5.15 20.60 51.51
Heavy glass 235.69 52.38 26.19
Floors
Glazed tile 15.61 15.61 31.23
Heavy Carpet on Concrete 75.56 528.95 2455.86
Ceilings
Rough Concrete 15.61 31.23 31.23
1/2" Gypsum Wall Board Suspension System 566.74 188.91 340.04
Seating & Audience
Fabric Well-Upholstered Seats 11.96 35.26 37.15
Audience 89.70 184.00 200.10
a (sabins) 1540.84 1133.28 3278.26
T (s) 1.55 2.11 0.73
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Proposed Concrete Structural System Reverberation Time- Full Occupancy

Surface o 125 Hz o 500 Hz o 4000 Hz S (ft"2)
Walls
5/8" Gypsum Wall Board 0.55 0.08 0.11 954.20
Rough Concrete 0.01 0.04 0.10 515.10
Heavy glass 0.18 0.04 0.02 1309.40
Floors
Glazed tile 0.01 0.01 0.02 1561.31
Heavy Carpet on Concrete 0.02 0.14 0.65 3778.24
Ceilings
Rough Concrete 0.01 0.02 0.02 1561.31
1/2" Gypsum Wall Board Suspension System 0.15 0.05 0.09 3778.24
Seating & Audience
Fabric Well-Upholstered Seats 0.19 0.56 0.59 125.94
Audience 0.39 0.80 0.87 460.00
Surface 2Sa 125 Hz 2Sa 500 Hz 2Sa 4000 Hz
Walls
5/8" Gypsum Wall Board 524.81 76.34 104.96
Rough Concrete 5.15 20.60 51.51
Heavy glass 235.69 52.38 26.19
Floors
Glazed tile 15.61 15.61 31.23
Heavy Carpet on Concrete 75.56 528.95 2455.86
Ceilings
Rough Concrete 15.61 31.23 31.23
1/2" Gypsum Wall Board Suspension System 566.74 188.91 340.04
Seating & Audience
Fabric Well-Upholstered Seats 23.93 70.53 74.31
Audience 179.40 368.00 400.20
a (sabins) 1642.51 1352.55 3515.51
T (s) 1.46 1.77 0.68
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Sound Absorption Data from Architectural Acoustics by David Egan

SOUND ABSORPTION DATA FOR COMMON BUILDING MATERIALS AND
FURNISHINGS

Sound Absorption Coefficient NRC
Material 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz Number®
Wallsit2 s 121
Sound-Reflecting:
1. Brick, unglazed 0.02 0.02 0.03 0.04 0.05 0.07 0.05
2. Brick, unglazed and painted 0.01 0.01 0.02 002 0.02 0.03 000
3. Concrete, rough 0.01 0.02 004 006 0.08 0.10 005
4. Concrete block, painted 0.10 005 0.06 0.07 0.08 0.08 0.05
5. Glass. heavy (large panas) 0.18 Q.06 004 0.03 0.02 0.02 0.05
6. Glass. ordinary window 0.35 0.25 0.18 0.12 0.07 0.04 0.15
7. Gypsum board, 1/2 inthick (nafadto 2 X 4s, 16 in 0.29 0.10 0.05 0.04 0.07 0.08 005
oc)
~— B. Gypsum board, 1 layer, 5/8 in thick (screwed to 1 X 0.85 0.14 008 0.04 0.12 011 0.10
3s, 16 in oc with airspaces filed with fibrous
= insulation)
9. Construction no. 8 with 2 layers of 5/B-in-thick 0.28 012 010 0.07 0.13 0.09 0.10
gypsum board
10. Marble or glazed tile 001 0.01 0.01 0.01 0.02 0.02 0.00
11. Plaster on brck 0.01 0.02 0.02 003 0.04 0.05 0.05
12. Plaster on concrete block (or 1in thick on lath) 0.12 009 0.07 0.05 0.05 [eXe2 0.05
13. Piaster on lath 0.14 Q.10 0.06 0.05 0.04 0.03 0.05
14. Piyweod, 3/8-in paneling 0.28 022 017 0.08 0.10 011 0.15
15. Stes! 0.05 0.10 0.10 0.10 0.07 0.02 0.10
16. Venetian blinds. metal 0.06 0.05 0.07 0.15 013 017 0.10
17. Weod. 1/4-in panefing, with airspace behind 0.42 0.z21 0.10 0.08 0.06 0.08 0.10
18. Wood. 1-in pansfing with sirspace behind 018 0.14 0.08 0.06 0.08 005 0.10
Sound-Absarbing:
19. Concrete block, coarse 0.36 0.44 031 0.29 0.39 0.25 035
20. Lightweight drapery, 10 oz/yd?, fiat on wall (Note: 0.03 0.04 0.11 0.17 0.24 0.35 Q.15
Sound-reflecting at most frequencies. )
21. Mediumyveight drapery, 14 oz/yd?. draped (o half area 0.07 031 049 075 0.70 080 055
{1.e.. 2 ft of drapery to 1 ft of wall)
22. Heawywsight drapery, 18 oz/yd?, draped to half area 0.14 035 0.55 0.72 0.70 0.65 0.80
23. Fiberglass fabric curtain, 8 1/2 oz/yd?, draped to hatf 0.039 032 0.68 0.83 0.39 0.76 0.55
area (Nore: The deeper the arspace behind the drapery
{up to 12 ), the greater the low-frequency
ahsorption. )
24. Shredded-wood fiberboard, 2 in thick on concrete 0.15 0.26 0.62 0.94 0.64 0.92 0.60
{mig. A}
25. Thick, fibrous matenal behind open facing 060 075 082 080 0.60 0.38 075
26. Carpet, heavy, on 5/B-in perforsted mineral fiberboard 0.37 0.41 0.63 0.85 0.96 0.92 0.70
with airspace behind
27. Wood, 1/2-in paneling, perorated 3/ 16-in-diameter 0.40 090 0.80 050 040 0.30 0.65
holes, 119 open area. with 2 1/2-in glass fiber in
airspace behind
Flmi?, 1m)
Sound-Reflecting:
28. Concrete or 1emazzo 0.01 0.01 0.02 0.02 0.02 0.02 0.00
29. Linoleumn, rubber, or asphalt vl on concrete 002 0.03 0.03 0.03 0.03 0.02 0.05
30. Marble or glazed tile 0.01 0.01 0.01 0.01 0.02 0.02 0.00
31. Wood 0.15 0.11 0.10 007 0056 007 0.10
32. Wood parguet on concrete 0.04 0.04 0.07 0.05 0.06 0.07 0.05
Sound-Absorbing:
~33. Carpet, heavy. on concrete 002 006 0.14 037 0.60 0.65 030
34, Campst, heavy. on foam rubber 008 024 0.57 0.69 0.71 0.73 0.55
35. Carpsat, heavy, with impermeable latex backing on fosm  0.08 Q.27 0.39 0.34 0.48 0.63 035
rebber
36. Indoor-outdoor carpat 0.01 0.05 0.10 0.20 045 0865 020
Ceilings's &1
Sound-Reflecting:
37. Concrete 0.01 0.01 0.02 0.02 0.02 0.0z 0.00
38. Gypsum beard, 1/2 in thick 028 0.10 0.05 0.04 0.07 0.09 0.05
39. Gypsum board. 1/2 in thick, n suspens:on system 0.15 0.10 0.05 0.04 007 0.09 005
40. Plaster on lath 0.14 0.10 0.06 005 004 003 005
41. Flywood, 3/8 in thick 0.28 0.22 0.17 009 0.10 0.1 0.15
Sound-Absorbing:
— 42. Acoustical board, 3/4 in thick, in suspension sysiem 076 0.a3 083 099 089 094 095
(mig. E)
43. Shredded-wood fiberboard, 2 in thick on lay-in grid 059 051 053 073 0.88 0.74 0.65
{mig. E)
52 sounD ABSORPTION
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Sound Absorption Coefficient NRC
Material 125Hz 250Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz Number®

44, Thin, porous sound-absorbing material, 0.10 0.60 0.80 0.82 0.78 0.60 0.75
3/4in thick (mtg. B)
45. Thick, porous sound-gbsorbing material, 2 in thick 0.38 0.60 0.78 0.80 0.78 0.70 0.75
(mtg. B), or thin material with airspace behind
{mig. D}
48. Sprayed cefulase fibers, 1 in thick on concrete {mitg. 0.08 0.28 0.75 0.88 093 0.76 0.75
A)
47. Gass-fiber roof fabric, 12 oz/yd? 065 0.71 0.82 0.86 0.76 0.62 0.80
48 Glass-fiber roof fabric, 37 1/2 oz/yd? (Note: Sound- 0.38 0.23 0.17 0.15 0.09 0.06 0.15
refiecting at most frequencies.)
49 Potyurethans foam, 1 in thick, open cell, reticulated 0.07 0.11 0.20 0.32 0.60 085 0.30
50. Parae! glass-fiberboard panels, 1 in thick by 18 in 0.07 0.20 040 052 0.60 0.67 045
desp, spaced 18 in apart, suspended 12 in below
cefing
51, Paralel glass-fiberboard panels, 1 in thick by 18 in 0.10 029 0.62 1.12 133 1.38 0.85
deep, spaced 6 1/2 in apant, suspended 12 in below
ceing
Seats and Audience!™®7-%1¢
~52. Fabric wellupholstered seats, with perforated seat 0.19 0.37 056 067 0861 059
pans, unoccupied
53. Lesther-covered upholstered seats, unoccupied! 044 0.54 0.60 0.62 0.58 0.50
“54. Audience, ssated in upholsiered seats! 039 057 0.80 0.94 0.92 087
55. Congregation, seated in wooden pews 057 0.61 075 086 0.91 0.86
56. Chax, metal or wood seat, unoccupied 0.15 0.19 0.22 033 0.38 0.30
57. Students, informally dressed, seated in tablet-arm chairs  0.30 0.41 0.49 084 0.87 084
Openings'#
58. Deep balcony. with upholstered seats 0.50-1.00
58 Diffusers or grifes, mechanical system 0.15-0.50
€0. Stage 025075
Miscellaneous'* * 1
61. Gravel, loose and moist, 4 in thick 0.25 0.60 0.65 0.70 0.75 0.80 0.70
62. Grass, marion bluegrass, 2 in high 011 0.26 060 068 0.92 0.93 060
63. Snow, freshly fallen, 4 in thick 0.45 0.75 0.20 0.95 095 085 0.90
64. Sod, rough Q.15 025 0.40 055 0.60 0.60 0.45
5. Trees, balsam firs, 20 f2 ground area per ree, 8 ft high  0.03 0.06 [VAR] 0.17 0.27 031 0.15
0.01 001 0.01 0.02 0.02 003 Q00

65. Water surface |swimming pool)

*NRC (noise reduction coefficient) is a single-number rating of the sound absorption coefficients of a material. It is an
average that only includes the coefficients in the 250 to 2 Hz frequency range and therefore should be used with
caution, See page 50 for a discussion of the NRC rating method.

tRefer to manufacturer's catalogs for ahsorption data which should be from up-to-date tests by independent acoustical
laboratories according to current: ASTM procedures.

1Coefficients are per square foot of seating floor area or per unit. Where the audience is randomly spaced (e.g.,
courtroom, cafeteria), mid-frequency absorption can be estimated at about 5 sabins per person. To be precise,
coefficients per person must be stated in relation to spacing pattern.

$§The floor area occupied by the audience must be calculated to include an edge effect at aisles. For an aisle bounded
on bath sides by audience, include a strip 3 ft wide; for an aisle bounded on only one side by audience, include a strip 1
1/2 ft wide. No edge effect is used when the seating abuts walls or balcony fronts (because the edge is shielded).
The cosfficients are also valid for orchestra and choral areas at 5 to 8 fiZ per person. Orchestra areas include people,
instruments, music racks, etc. No edge effects are used around musicians.

SCosfiicients for openings depend on absorption and cubic velume of opposite side.

Test Reference

“"Standard Test Method for Sound Absorption and Sound Absorption Coefficients by
the Reverberation Room Method,”” ASTM C 423. Available from American Society for
Testing and Materials {ASTM), 1916 Race Street, Philadelphia, PA 19103.

Sources
1. L. L. Beranek, “Audience and Chair Absorpticn in Large Halls,” Joumal of the
Acoustical Society of America, January 1969.
2. A. N. Burd et al., “Data for the Acoustic Design of Studios,” British Broadcasting
Corporation, BBC Engineering Monograph no. 64, November 1966.
3. E. J. Evans and E. N. Bazley, “'Sound Absorbing Materials,” H. M. Stationery Office,
London, 1964.
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