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1.0 Executive Summary

1.1 This report aims to provide:

1.1.1 Illumination calculations for a factory production area

1.1.2 Sound reduction index calculations for a brick wall of specific area
2.0 Terms of Reference

2.1 The principal focus’ are:
2.1.1 To calculate the Illumination properties and number of lamps required for a specific factory production area.
2.1.2 To calculate the sound reduction index for a brick wall of specific size and also discuss the implications of frequency and wavelength on partition walls.
2.2 The report was constrained by the limited information which was accessible due to the ongoing COVID-19 Pandemic and the need to complete by 20/04/2021.
3.0 Procedure

This section identifies the research sources used.

3.1 The research included secondary sources on the subject of Illumination and sound. This information was gained through websites, books and articles.
3.2 University notes also provided background to the research.
4.0 Findings - Light
4.1 Room Index

	RI – Room Index

L – Length

W – Width

H – Height from working plane


RI = (L x W) ÷ (H (L + W))
RI = 60 x 24 ÷ 7(60+24)

RI = 1440 ÷ 7(84)

RI = 1440 ÷ 588

RI = 2.449 (To 3 Decimal Points)

4.2 Utilisation Factor

The Utilisation factor will be 0.46. This is due to the following points:

· Ceiling Reflectance – 0.3

· Walls Reflectance – 0.5

· Room Index – 2.449 (Rounded up to 2.5)

· Lighting design requirement – Fluorescent lamps in recessed louvre

                         This information can be followed on the Utilisation factor sheet below:
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Reflectances
Description Typical Basic Ceilng 07 05 03
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LOR% ‘Room
index
—
Auminium 06 039 03¢ 03 039 036 033 039 035 033
industrial 70 08 048 042 040 046 043 040 046 043 040
reflector, 10 052 04¢ 045 052 048 045 052 048 045
aluminium 125 056 052 050 056 053 049 056 052 042
or enamel 15 060 057 054 059 057 053 059 057 053
high-bay 20 065 06z 059 063 060 058 063 059 057
reflector 25 067 064 062 065 062 061 065 062 060
30 060 066 064 067 064 063 067 064 062
40 071 066 067 069 067 065 069 066 064
50 072 070 069 071 069 067 071 067 066
Near-spherical 06 028 02 018 025 020 017 022 018 016
difuser, 50 08 039 03 026 033 028 023 027 025 022
open beneath 10 043 036 032 038 034 020 031 029 026
125 048 041 037 042 038 033 034 032 029
15 052 046 041 046 041 037 037 035 032
20 058 052 047 050 048 043 042 039 036
25 062 086 052 054 050 047 045 042 040
30 065 060 056 057 053 050 048 045 043
20 068 064 061 060 056 054 051 048 046
50 071 060 065 062 059 057 053 050 048
Recessed louvre 06 028 025 023 028 025 023 028 025
023
trough with 50 08 034 031 028 033 030 028 033 030 028
optically 10 037 036 032 037 034 032 037 034 032
designed 125 040 038 035 040 037 035 040 037 035
reflecting 15 043 041 038 042 040 038 042 039 038
surfaces 20 046 044 042 045 043 041 042 041
25 048 048 044 047 045 043 ﬁ 044 043
30 049 047 046 048 046 045 045 044
40 050 043 048 049 048 047 048 047 046
50 051 050 049 050 049 048 049 048 047





4.3 Number of lamps required

	N – Number of lamps required

E – Illumination required at working plane (Lux)

A – Area

F – Lighting design lumen required (lumens)

UF – Utilisation factor

LLF – Light loss factor


N = E x A ÷ F x UF x LLF
N = 200 x 1440 ÷ 18,000 x 0.46 x 0.75

N = 288,000 ÷ 6,210

N = 46.377 (To 3 decimal points)

N = 48 (Rounded up to nearest even number in order to create even layout)
4.4 Lamp Layout

	Smax – Maximum spacing centres between fixings (m)

H – Mounting height (m)


Smax = 1.5 x H

Smax = 1.5 x 7

Smax = 10.5m
Please see attached sketch illustrating the recommended lighting layout of the room.
5.0 Findings – Sound

5.1 Sound Reduction Index

Known information

	Brick wall area – 20m2

Window area – 4m2

Bricked area = 20m2 – 4m2 = 16m2
SRI of brick – 50dB

SRI of window (glass) – 10dB


Formulas required
	SRI = 10 x (log 10 (1/T))

&

T0 = (T1 x A1) + (T2 x A2) + (T3 x A3)
                           A1 + A2 + A3

Where T0 = overall transmission coefficient

            T1 = transmission coefficient of one component 

            A1 = area of that component etc.


Calculations
Transmittance coefficient of brick
SRI = 10 x (log10 (1/T))

50 = 10 x (log10 (1/T1))

5 = log10 x (1/T1)

1/T1 = 105

T1 = 10-5

T1 = 0.000010
Transmittance coefficient of window

SRI = 10 x (log10 (1/T))

10 = 10 x (log10 (1/T2))

1 = log10 x (1/T2)

1/T2 = 101
T2 = 10-1
T2 = 0.1

Average Transmittance coefficient for entire composite partition
T0 = (T1 x A1) + (T2 x A2)
                    A1 + A2

T0 = (0.00001 x 16) + (0.1 x 4)

                       16 + 4

T0 = 0.00016 + 0.4

                  20

T0 = 0.020008
Sound Reduction Index for entire composite partition (Substituting known values)

SRI = 10 x (log10 (1/T))

SRI = 10 x (log10 (1/0.020008))

SRI = 10 x log10 (49.980008)

SRI = 10 x 1.699

SRI = 16.99
SRI = 17dB (Rounded up)
5.2 Frequency & Wavelength and their implications

5.2.1 Internal Sound Management

Sound frequency can be defined as the speed of a sounds vibration, which in turn determines its pitch. The measurement unit for sound frequency is Hertz (Hz) and it is measured by the number of wave cycles that occur per second (Designing Buildings, 2020).
The characteristics of different materials, in terms of sound absorption, vary considerably with frequency. Sounds with a frequency above 500 Hz are more easily absorbed, whilst lower frequency sounds below 500 Hz are more difficult to absorb. These absorption properties of a material are expressed as the sound absorption coefficient, known as alpha, which ranges from 1.0 (Total absorption) to 0 (Total reflection) (Designing Buildings, 2020).
Correspondingly, these absorption and insulating properties will vary with differing frequencies. Sounds which are lower in frequency, tend to be attenuated less than those with a high frequency. Given this information, the attenuation and insulating properties of materials are measured at a range of frequencies representative of standard human hearing (Designing Buildings, 2020).
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Figure 1 – Illustrating several wavelengths in feet and inches as a function of frequency  (Acoustical Surfaces, 2021).
In terms of internal sound management, room finishes and sound absorbing materials can be carefully chosen based on the influence they will have on the acoustics of the room. For example, a room which is furnished with an abundance of hard and reflective materials, such as timber floors and mirrors, will result in a lot of excessive noise and echoes. This is known as a ‘live’ room in terms of acoustics (Acoustical Surfaces, 2021).

At the other end of the scale, a room could be filled with soft, sound attenuating materials, such as carpeting and large furniture. These materials will remove much of the reverberation (prolongation of sound) and ‘dull out’ the sound. This is known as a ‘dead’ room and likewise, can also have a negative impact on the acoustics of a room (Acoustical Surfaces, 2021).
These aspects must be considered when designing and managing the acoustics of a particular room.
5.2.2 Partition wall construction & Insulation
Sound insulation is used to describe the reduction in sound across a partition and can be a particularly important consideration in the design and construction of partition walls.
Designing Buildings state, “The sound insulation across a good conventional, lightweight, office to office construction is typically in the order of 45 dB Dw (On site SRI).

This means that if the sound level in the source room is around 65 dB (a typical level for speech), the sound level in the adjacent room, the receiver room, will be approximately 20 dB (barely audible).

If sound levels are increased in the source room to 75 dB (raised voice), sound levels within the adjacent room will also increase to around 30 dB (audible). Sound insulation therefore describes the level of sound lost across a partition and not the level of sound within an adjacent room” (Designing Buildings, 2021).

Privacy, on the other hand, describes the perceived sound reduction across a partition and is a function of background noise, as well as sound insulation. This background noise is made up of both services noise and environmental noise, which is relative to the privacy.

For instance, if the background noise in a room is increased by 10 to 20dB, the perceived level of privacy across the partition also increases by 10 to 20dB. Therefore, when designing these insulation levels at a particular site, it is necessary to consider the background noise in the receiver room, as well as the sound insulation across the partition (Designing Buildings, 2021).
Partition walls will have, as regulated by Approved Document E of the Building Regulations, standard thicknesses for all materials used (Plaster, cavity, timber etc…) which will ensure sufficient sound insulation.

As previously discussed, absorption can be an effective way of stabilizing sound. However, depending on the scenario and location, there are also alternate methods, such as:

· Deflection – adding mass and dense materials between the source of the sound and the receiving point (Concrete, OSB, Plasterboard), which will force the sound to pass through more ‘bulk’ and reduce its energy.
· Decoupling – reducing the area of direct mechanical linkage (such as between the wall and its finishing materials). One example could be acoustic brackets, which will decouple drywall from the rest of the structure, hence reducing the strength of acoustic vibrations.
· Thermal conversion – an isolation membrane converts sound energy into trace heat energy. When sound waves come into contact with the membrane, the molecules of the materials vibrate. This vibration then causes friction, which in turn is transferred into heat.
· Constrained layer damping – using specific materials in precise ratios to reduce the natural resonant frequencies of the structure, hence reducing flanking transmissions
(Acoustiblok, 2021).
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