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CHAPTER 8
SOLUTIONS

8-1 Wavelength
Given: Building 6.92 m high; f = 50.0 Hz; C = 346.12
Solution:
a. Compute wavelength

A = 34612m /s

—— = 692m
5C.0s
b. Building height in wavelengths

h:%:loo

6.92m

Building is one wavelength high @ 50 Hz

8-2  Wavelength
Given: Problem 8-1 and 500 Hz and temp. = 25 °C
Solution:
a. Calculate speed of sound (Eqgn. 8-6) with T = 25 + 273 = 298
C =20.05 (298¥ = 346.12 m/s
b. Wavelength

A= M =0.692n
50C.0s

c. Building height in wavelengths

692m

h= =10
0.69zm

Building is 10 wavelengths high @ 500 Hz
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8-3  Sum of sound levels
Given: Sound levels of 68, 68, 74, 76, 81, 82
Solution:
a. Using Figure 8-4

First difference

68-68=0 Thusadd3to68=71
Second difference

74-71=3 add1.75to 74 =75.75

Third
76 -75.75=0.22 add2.8t076=78.8

Fourth
81-78.8=2.20 add?2.05to81=283.05

Fifth
83.05-82=1.05 add 2.45to 83.05=85.50

Total = 85.5 or 86 dB
8-4  Sixteen motorcycles
Given: 16 motorcycles at 200 m. One motorcycle = 56 dBA
Solution:
a. Using Figure 8-4
For first difference
56-56=0 add3dBto59 =65
Now take advantage of symmetry and combine two pair
59-59=0 add3dBto59=62
Again using two groups of 4
62-62=0 add3dBto62=65
And finally two groups of 8
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65-65=0 add3dBto65 = 68 dBA

8-5 Given SPL when all chippers are working: 127 dB
And SPL when only one chipper is working: 120 dB

a. Solution by decibel addition:

#1 120dB

A=0dB
#2 _120dB

A=3dB
120 dB

124.75 dB

#3

#4 _ 120dB

127 dB

#5 _ 120dB

Total number of Chippers is 5.

b. Alternate solution by sound level:

127=10Log X[(10"2°"9)(X)]
12.7 =log[(10“**")(X)] = log[(10'*)(X)]

Raise both sides to the power of 10

107 =102 X
27
X = 1101? =5012

8-6  Low or mid frequency
Given: 80 dBA; 84 dBB and 90 dBC

Solution:

a. Since A, B and C scale readings are spread out this indeciaesfrequency source.
Looking at Figure 8-5 one can see that the spread occurs beélsauseighting factors
for the A scale is greater than that for the B scale and muezter than that for the C
scale (which is nil).
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8-7 Bass or soprano
Given: 109 dBA; 110 dBB; 111 dBC
Solution:
a. Since A, B and C scale readings are close together theessurnid- to high
frequency. Thus, the singer is a soprano. Looking at Figure 8-5, orseeahat the
weighting factors from 500 to 10,000 differ little for each scdlbus, when readings are
close together they will have frequencies in this range.

8-8  Equivalent A weighted level
Given: Octave band readings

Solution:

a. Using Table 8-1

Band Center Band Level Weighting Weighted
Frequency (Hz) dB Value dB
31.5 78 -39.4 38.6
63 76 -26.2 49.8
125 78 -16.1 61.9
250 82 -8.6 73.4
500 81 -3.2 77.8
1000 80 0.0 80.0
2000 80 1.2 81.2
4000 73 1.0 74.0
8000 65 -1.1 63.9

b. By decibel addition (Figure 8-4) reading = 85.5 or 86 dBA
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8-9  Equivalent A-weighted sound level for Jet aircraft

Given: Aircraft Noise spectrum

Band Center|Band Level| Weighting | Weighted apL
Frequency [dB] Walue Walue
125 85 -16.1 63.9 776247117
250 Gl -8.6 794 87096359.00
500 96 -3.2 92.8| 190546071796
1000 100 0 100( 1000000000000
2000 104 12 1056 2( 331131121458 26
4000 101 1 102| 15848931924 61
Sum = 60962363621
Log Sum = 10.79
dBiA) = 107.85
or 108 dBA

Weighted value = Band Level + Weighting Value
SPL = 1@Neighted value/10)
dB(A) = 10(Logo(Sum))

8-10 Equivalent A-weighted Sound level for automobile

Given: Automobile noise spectrum (see previous)

Band Center|Band Level| Weighting | YWeighted 2Pl
Frequency [dB] WValue Walue
63 67 -26.2 40.8| 12022 64435
125 64 -16.1 47.9| 61659.50019
250 53 -5.6 494 87096.359
500 59 -3.2 55.8| 380189 3963
1000 59 0 59( 794325 2347
2000 55 1.2 56.2| 416869 3835
4000 a1 1 52( 158489 3192
g000 45 -1.1 43.9| 2454708916
Sum = 1935201.826
Log Sum = 6.29
dBiA) = 62.87
or 63 dBA
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8-11 Lawn Mower noise reduction

Given: lawn mower noise spectrum

Uncontrolled

Band Center [Band Level| Weighting | Weighted SPL
Frequency [dB] Value Value
63 78 -26.2 51.8( 1513561243
125 76 -16.1 59.9 9vT23T.221
250 76 -3.6 G7.4| 5495408.739
500 7T -3.2 73.8| 23958532919
1000 79 0 79| 7943282347
2000 80 12 81.2 1318256739
4000 78 1 79| 7943282347
8000 70 -1.1 BB8.9| 7762471.166
Sum = 329066123.2
Log Sum = 852
dBiA) = 8517
or 85 dBA
Improved muffler - 3 dB reduction in each frequency band
Band Center| Band Level 3dB Weighting | Weighted apL
Frequency [dB] reduction Walue Walue
63 78 75 -26.2 43.8 ThHB57.7575
125 76 73 -16.1 56.9( 489778.8194
250 76 73 -3.6 B4 4| 2754228.703
500 7T 74 -3.2 70.8| 12022644 35
1000 79 76 0 76[ 39810717.06
2000 80 7T 12 78.2| 66063443
4000 7o 75 1 76[ 39810717.06
g000 70 67 -1.1 B5.9| 389045145
Sum = 164923740
Log Sum = 822
dBiA) = 82.17
or 82 dBA
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Speed reduction resulting in 5 dB reduction in each frequency band

Band Center| Band Level 5 dB Weighting | Weighted apL
Frequency [dB] reduction Walue Walue
63 78 73 -26.2 46.8( 47863.00923
125 76 71 -16.1 54.9( 3090255433
250 76 71 -3.6 G2.4( 1737500829
500 7T 72 -3.2 BB.8| TH857TL.75
1000 79 74 0 74( 25118864 32
2000 80 75 12 76.2| 416869358.35
4000 7o 73 1 74( 25118864 32
g000 70 B5 -1.1 63.9| 2454708.916
Sum = 104059845
Log Sum = 8.02
dB(A) = 80.17
or 80 dBA

MMuffler reduction of 3 dB plus Speed reduction resulting in 5 dB reduction in each frequency band

Decibel addition of 3 dB plus 5dB = 7124426
Band Center| Band Level 3+5dB | Weighting | Weighted =
Frequency [dB] reduction Value Value
63 78| 70875574 -26.2| 44 675574 | 29346 57328
125 76| 63.875574 -16.1| 52.775574| 189477 3915
250 76| 63.875574 -3.6| 60.275574| 1065509.674
500 77| 69875574 -3.2| B6.6T55T4| 4651118 422
1000 79| 71.875574 O 71.875574| 1540130059
2000 80| 72.875574 1.2\ T4.075574| 2555979682
4000 78| 70875574 1| 71.875574( 15401300.59
2000 70| 62875574 -1.1| 61.775574| 1505072 419
sum = 638025922 48
Log Sum = 7.80
dB(A) = 78.05
or 74 dBA
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Engine redesign to reduce sound level 15 dB in five frequency bands

Band Center| Band Level 15dB | Weighting | Weighted 2pL
Frequency [dB] reduction Yalue Yalue
63 74 -26.2 51.8] 1513561248
125 76 -161 509.9) 977237241
250 76 -8.6 G7.4] 5495408.739
500 77 G2 -3.2 53.8] TEB&TT.ATA
1000 79 G4 0 B4| 2511886432
2000 al G5 1.2 GE.2) 4168693 335
4000 74 63 1 B4| 2511886432
2000 7a 85 -1.1 53.9) 245470 89116
Sum = 16620517 .25
Log Sum = 7.23
dB(A) = 72.26
or 72 dBA

8-12 Comparing X and
Given: Readings of 42, 50, 65, 71 and 47 dB
Solution:
a. Arithmetic average

X = 42+ 50+ 655+ 11+47 _ 5548

b. Logarithmic average (Egn. 8-13)

L, = 20Iog%(104%° +105%0 +106%0 +107%0 +104%oj

L, = 20 log (0.2)(125.89 + 316.23 + 3548.13 + 223.87)
L, = 20 log (1198.48) = 61.57 or 62 dB

c. Arithmetic averaging underestimates
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8-13 Comparing X and

Given: Readings of 76, 59, 35, 69, 72
Solution:

a. Arithmetic average

_76+59+35+69+72
5

X =62dBb. Logarithmic average (Eqn. 8-13)

L, = 20Iogé(107%° +10720 410720 +1072 + 107%0)

L, = 20 log(0.2)(6309.57 + 891.25 + 56.23 + 2818.38 + 3981.07)
L, =20 log (2811.3) = 68.97 or 69 dB
c. Arithmetic average underestimates.
8-14 Computing bq
Given: Hourly average noise levels
Solution:

a. Using Eqgn. 8-15

L, =10 09{(104%0)(2_641) " (10‘%)(%J " (10%)(%J " (10%)(%]}

Leq= 10 log [3,962.23 + 10,540.92 + 14,617.96 + 12,500]
Leq= 10 log [41 621.12] = 46.19 or 46 dBA
b. It is a quiet neighborhood.

8-15 Computing bq

Given: Hourly average noise levels
Solution:

a. Using Eqgn. 8-15
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S (L) 62 62 )

Leg = 10 log [3,962.23 + 26,352.31 + 263,523.12 + 4,166,666.67 + 525,797.78 +
41,765.60]

Leq=10 log [5,028,067.74] = 67.01 or 67 dBA
8-16 Computing lgn
Given: hourly Noise

Highlighted time period is to note the 10 dBA "penalty” period

Time interval Time Sound Level Ex Exp x il
[h] interval [s] [dBA] *P *p Ul
0000-0500 18000 52| 1584893.192 2 BRE+10
0500-0700 7200 78| 630957344 5 4 84E+12
0700-1130 16200 901 1000000000 1.62E+13
1130-1200 1800 70 10000000 1 80E+10
1200-1530 12600 901 1000000000 1.26E+13
1530-1800 8000 52| 158489.3192 1.43E+09
1800-2200 14400 B0 1000000 1.44E+10
2200-0000 7200 52| 1584893.192 1.14E+10
Sum = 3.3416TE+13
log Sum = 13.52
10 log Sum = 13524
L{dn) = 85.54
or g5 dBA

8-17 Computing lgn

Given: hourly Noise
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Highlighted time period is to note the 10 dBA "penalty” period

Time interval Time Sound Level Ex Exo x ti)
[h] interval [s]  [dBA] P Xpx i)
0000-0700 25200 52( 1554893192 399393058450
0700-0900 7200 82( 155489319.2| 1.14112E+12
0900-1200 10300 60 1000000| 10300000000
1200-1300 3600 BB 3162277.66| 11384199577
1300-1500 T200 60 1000000| 7200000000
1500-1700 T200 TA[ 31622776.6| 2.2T684E+11
1700-1500 3600 90( 1000000000 3.6E+12
1800-2200 14400 60 1000000| 14400000000
2200-0000 7200 52| 1584893 .192| 11411230986
Sum = 5 06394E+12
log Sum = 12.704438571
10 log Sum = 127 0445871
Lidn) = 77 64485708

ar 78 dBA

8-18 Power Plant Noise Level

Given: 139 dB 4000 Hz at power plant clear winter night, wind speed of 45 m/
temperature of 0.0° C, Relative humidity of 30%, and barometric pressafH.3 kPa.

Boiler at 12 m and height of the receiver is 1.5m.

a. Calculate the air attenuation from Eq 8-26 using table 8-8 at 0.8AdC30%

humidity we find a0 = 69dB/km.

_ (69dB/ km)(408m)
1000m/ km

=28.15dB

A

b. Calculate the ground elevations at the source zone
a. Calculate length of the source zone
30 h =30 (12m) = 360m
b. From the sketch, note that 50m of the source zone is hard and 310mt.are sof
So that

c=219 = 086
36(

c. Using Table 8.9 the equation for 4,000 Hz is
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As= (1-G) - 1.5
As = (1-0.86)-1.5 = -1.36

c. Calculate the ground attenuation at the receiver zone
a. Calculate the length of the receiver zone
30h=30(1.5m)=45m
b. Note from the sketch that the entire receiver zone is soft so that G=1.
c. Using Table 8-9the equation for 4,000 hz is
A=(1-G)-15
Ar=(1-1)-15=-15
d. Note that B+ h = 408 + 45 = 453 m. Thus the source and receiver zones overlay and
there is no middle zone.
e. The total attenuation is
Aer-Aer=28.15-1.36 -1.5 = 25.29
f. Using the basic point source Model (Equation 8-25) the SPL at the receiver is

Lp>= 139 — 20 log(408)- 11-25.29 = 50.5 or 50 dB

8-19 Jet Engine Test Cell

Given: 149 dB at 125 Hz, clear summer morning, wind speed = 1.5 m/s,r&unpe
25°C, relative humidity of 70% and Barometric pressure of 101.3 kPa.céksind
receiver are at 1.5 m and the receiver is 1,200 m downwind.
a. Calculate air attenuation (Eq 8-26)
Using Table 8-8 at 125 Hz, for 25°C, we need to interpolate between 20 and 30°C

034—(Mj = 030dB/km
Then
a, = (0300B)L200M) _ (o
1000m/ km

b. Calculate the ground attenuation of the source zone
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a. Calculate length of the source zone
30h,=30(1.5)=45m
b. From the sketch note that 100% f the source zone is hard and that G = 0.0
c. Using Table 8-9 the equation for 125 Hz is
As=[(@)(G)]-1.5
From the table a = 6.6
As=[6.6(0)]-1.5 =-1.5
c. Calculate the ground attenuation at the receiver
a. Calculate length of the receiver zone
30h,=30(1.5)=45m
b. From the sketch note that 45-10 = 35 m f the receiver zone is soft
G = (35/45)(1) =0.78
c. Using Table 8-9 the equation for 125 Hz is
As=[(@)(G)]-1.5
From the table a = 6.6
As=[6.6(0.78)]-1.5 =5.15-1.5 = 3.65
d. Calculate the ground attenuation in the middle zone
a. The middle zone composition is
Grass: 300 m +300 m + (400 m-35 m) =965 m
Where 35 m is the receiver zone, which is grass
Asphalt: (100 m-45 m)+ 50 m+40 m =145 m
Where 45 m is the source zone
The fraction which is grass is then

96—5“ = 087
96EM +14Em

The value of G is then
G =(0.87)(1.0) = 0.87
b. The equation for the middle zone is
An =-3e(1-G)
c. Using Equation 8-27
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e=l{M} =1—{ﬂ} = 093

1,200 1,200

d. The attenuation in the middle zone is
An =-3(0.93)(1-0.87) =-0.36
e. The total ground attenuation is
Aer=-15+3.65-0.36 = 1.79
f. The Sound Pressure Level at the receiver (Egn 8-25)
L,, =149~ 20l0g(1200) -11- 036~ 179=7427dB or 74 db @ 125 Hz

8-20 Jet Air Plane

Given: Band level table, jet is 2,000 m from receiver, clear semmorning, wind speed
of 250 m/s, temperature of 20°C and relative humidity of 70% and baromessure of
101.3 kPa. Source and receiver are 1.5 m above ground.
Solution:
a. Calculate the G values for the source, receiver and middle zones
Source zone attenuation
30hh=30(1.5m)=45m
From the sketch note that 25 m of this length is grass so the fraction that is soft is

@ = 056
45m

The value of G is
G = (0.56)(1.0) = 0.56
b. Calculate the ground attenuation at the receiver
30 hr =30 (1.5m) =45 m
Using the sketch note that 100% of the zone is grass. Therefore G = 1.0

c. Calculate the ground attenuation in the middle zone
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Note that 80% of this zone is grass, therefore
G =(0.80)(1.0) =0.80
The value for e is

oz 1_{30(1.5+ 15)

=1-0.045=0.9550or 0.96
2,000

d. Use a computer spreadsheet to complete the solution

Distance = 2000 m G= 0.56 1.00 0.80
Band Band | Div Alph Adr Ground Ground | | | Att A
Frequency Ley EImEIEI |aer|gk|39nce IEIEI’E Attenuation | Atten. A{s) | Atten. Ar U;?E . IEIH Ly [dB] | Weighting | Exponent |Exponetial
Hz] evel [dB] [dB] [dB/km] [dB] (4] (dB] (m) [dB] (dB]
125 144 77.0 0.34 0.68 2196 51 -0.576 59.6 -16.1) 4.34794) 2228127
250 148 77.0 110 22 3.204 6.9 -0.576 583 86| 506514 1161823
500 1585 77.0 2.80 56 214 a -0.576 658 -312| 626154 1826165
1000 160 77.0 5.00 10 -0.324 06 -0.576 733 0.0 7.32794| 21278451
2000 165 77.0 9.00 18 -1.06 -1.50 -0.576 731 12| 7.43154| 27010959
4000 168 77.0 23.00 46 -1.06 -1.50 -0.576 481 1.0] 4.91154| 81571.79
Sum = 50335611
Lag = 7.70
dBA = 77

8-21 Vehicle spacing and noise level (ideal)
Given: 1200 VPH; speed = 40 km/h; autos emit 71 dBA at 8 m
Solution:
a. Center to center spacing

40km/h

—————=0.033F%m or 33.3m
1200v/ph

b. Number of vehicles in 1.0 km length

1200sph

— = 30vehicles
40km/h
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c. Sound level at edge of 8 m wide, i.e. 4 m to centerline

L, =71- 20Iog(6—fj
Lpo=71-23.52 = 47.48 or 48 dBA
8-22 Noise level at 80.0 km/h
Given: Problem 8-21
Solution:

a. Center to center spacing

80km/h _ 4 0666%m or 66.67 m
1200/ph
b. Number of vehicles in 1.0 km length

1200sph
8Ckm/ h

=15vehicles

c. Sound level at edge of 8 m wide, i.e. 4 m to centerline

Some intuition and insight are called for here. From Figureahd/¢r Problem 8-4) we
note that twice the number of sources at the same SPL causesease in SPL of 3 dB.
We may deduce that likewise, a reduction in sources by a fafctao reduces the SPL
by 3 dB. Thus, the SPL at roadside would be:

Lp1=71-3=68.

L,, =68- 20Iog[%)j
Lp> = 68 - 23.52 = 44.48 or 44 dBA
8-23 Lo Noise Level
Given: Highway traffic situation

Solution:

a. Use noise prediction worksheet on the next page. Note that
I.  Autos and medium trucks may be combined using the equation:
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Vc=Va + 10 Vi
Ve = 1,500 + 10 (150) = 3,000
ii.  There are no heavy trucks

b. Use the Lp nomograph (see next page) to compute the unshielded L

c. Use the barrier nomograph (see next page) to determine é¢fdirghi Because the
medium trucks have been combined with the autos, there is no value in the
unshielded L10 box for ] and no heavy trucks; yielding no value for unshielded
L10 for Tu.

8-24 L10 Noise level
Given: Highway traffic situation
Solution:

a. Use noise prediction worksheet on the next page. Note that
I. Autos and medium trucks may be combined using the equation:
Vc=Va + 10 Vi
Vc = 2,000 + 10 (200) = 4,000
ii. There are no heavy trucks

b. Use the Ly nomograph (see next page) to compute the unshielded L

c. Use the barrier nomograph (see next page) to determindiéléirg). Because the
medium trucks have been combined with the autos, there is no value in hreddats
L10 box for Ty and no heavy trucks; yielding no value for unshielded L10 for T
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8-27 Leq for traffic noise of Prob. 8-25
Given: Problem 8-25
Solution:
Using Egn. 8-29 with D = 75.0 - 28.65 = 46.35
Leq= 42.3 + 10.2 log (7,800) - 13.9 log 46.35 + 0.13 (88.5)
Leq=42.3 +39.70 - 23.16 + 11.51

Leq= 70.35 or 70 dBA

8-28 Legfor traffic noise of Prob. 8-26
Given: Problem 8-26
Solution:
Using Eqn. 8-29 with D = 123.17 - 30 = 93.17
Leq=42.3 +10.2 log (7,800) - 13.9 log 93.17 + 0.13 (88.5)
Leq=42.3+39.70 - 27.37 + 11.51

Leq=66.14 or 66 dBA
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DISCUSSION QUESTIONS
8-1  Classification of noise type
Given: four noise sources
Solution:
(a) electric saw = intermittent
(b) air conditioner = continuous
(c) alarm clock (bell type) = not in any of the three classifications
(d) punch press = impulse
8-2  Sonic boom

Given: True/false statement
Solution:

False. Two sonic booms occur as an aircraft travelling at speategthan the speed of
sound passes overhead.

8-3  Cause of hearling loss
Given: True/false satement
Solution:
False. Excessive continuous noise causes hearing damage by wearing ductiksha
8-4  Reducing exposure time as a hearing protection method
Given: high speed grinder on steel girders
Solution:
Limiting the time of exposure is an acceptable method for reguogaring damage.
From the NIOSH damage-risk criteria shown in Figure 7-19, a 100 widse level
should be limited to one hour of exposure per day. This limits thibilggdbecause one

hour of work a day is not adequate. However, job rotation may makesibop®to avoid
this excessive exposure.
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8-5  Application of noise control techniques
Given: Figure 8-43
Solution:

Refer to following figure.

A B304 wé aTter, A

o v Limive
Install Double Wall for Acoustical Lining AcosiTic Cio
Optimum Sound Isolation Reduces Noise

Buildup Solid Wall Construction

Install Lined Ducts i
Ventilation or Cooling

Avoid Structural
is Needed

Contact Between

Walls
E mcLosur’ke
i : : ' RepucTtiom
Air Flow ; Airtight Seal Needed e :
) ; to Preserve Isolation ‘

Isolate Source Py

From Enclosure

Spring g PDANCNG

Mount
FIGURE 7-43
Enclosures for controlling noise. (Source: National Bureau of Standards Handbook 119,
1976.)
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