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1. Introduction

I have been tasked to calculate and analyse building services requirements for comfort levels in a production factory. The factory is 60m in length, 24m in width and 8m in height. The work benches in the factory are set at a height of 1m above finished floor level (FFL). The areas reflectance’s are 0.3 for the ceiling and 0.5 for the walls. The Lighting design specifies fluorescent lamps in recessed louvres with DLOR of 50%. The size of the luminaires is 12s00mm which equates to 1.2m in length and 0.2m wide. A Lighting Design Lumen (LDL) output of 18,000 lumens is required. The illumination required for the factory area is 200 lux at the working plane and has a Light Loss Factor (LLF) of 0.75. 

2. Task A

2.1. The Room Index

The proportion of a room is determined by the Room Index (RI) which is calculated using the following equation: 

RI = (L x W)
       (Hm (L + W))

Where: 
	L = The length of the room
	W = The width of the room
	Hm = The height of the luminaire measured from the working plane

Calculation:

RI = (L x W)
       (Hm (L + W))

RI = (60 x 24)
       (7 (60 + 24))

RI = 1440
       7 x 84

RI = 1440
         588

RI = 2.449

2.2. The Utilisation Factor

The Utilisation Factor is the ratio of total flux reaching the working plane compared to the total flux output of the lamps. There are numerous factors (such as the following) which this is dependant upon: 
· The luminaire properties
· The values of the Up LOR and the Down LOR 
· The reflectance of the room surfaces (Ceiling and Walls)
· The geometric proportion of the room
· The direct ratio
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As the Room Index is 2.449, which is then rounded to 2.5 it gives a Utilisation factor of 0.45. 

2.3. Number of Lamps required

The number of lamps required Is determined by the following equation: 

N = E x A 
       F x UF x LLF

N = 200 x 1440 
       18,000 x 0.45 x 0.75

N = 288,000
        6,075

N = 47.41
N = 48 lamps required 

2.4. Suitable Lighting Layout 

A suitable Lighting layout is determined by the following equation: 

Smax = 1.5 x. Hm
Smax = 1.5 x. 7 = 10.5m 

This suggests that the lighting layout will be correct providing that the maximum distance between the lamps is less than 10.5m. Below is the lighting layout which I have worked out for the factory:
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I have worked this layout upon 4 rows of 12 lamps which are spaced at 2.5m from the ends and then 5m centres length ways thereafter. The rows are spaced at 3m from the ends to the centre of the lamps and then 6m thereafter as detailed in the above layout. 

To reach this layout I worked out the following:

24/4 = 6m between centre of a lamp to centre of a lamp (width ways)
6/2 = 3m between the edge of the factory and the centre of a lamp (width ways)

60/12 = 5m between centre of a lamp to centre of a lamp (length ways)
5/2 = 2.5m between the edge of the factory and the centre of a lamp (length ways) 
3. Task B

3.1. Sound Reduction Index (SRI)

The equation to calculate the Sound Reduction Index is as follows: 

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

Where: 

T = The transmission coefficient for the partition under test
T1 = Transmission coefficient of brickwork
T2 = Transmission coefficient of window
A1 = Area of Brickwork
A2 = Area of Window 

Calculation: 

Brickwork:

T1 =?
A1 = 20m2 - 2m2  = 18m2
SRI = 50dB

SRI = 10(log10 (1/T))
50 = 10(log10 (1/T1))
5 = log10 (1/T1)
1/T1 = 105
T1 = 10-5
T1 = 0.000010

Transmission coefficient for brickwork = 0.000010

Window: 

T2 = ? 
A2 = 2m2
SRI = 10dB

SRI = 10(log10 (1/T))
10 = 10(log10 (1/T2))
1 = log10 (1/T2)
1/T2 = 101
T2 = 10-1
T2 = 0.1

Transmission coefficient for the window = 0.1

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

T0 = (10-5 x 18) + (10-1 x 2)
                     18 + 2 

T0 = 0.00018 + 0.2 
                 20

T0 = 0.010009

Average transmission coefficient = 0.010009

SRI = 10 (log10 (1/T))
SRI = 10 (log10 (1/0.10009)
SRI = 10 (log10  x 99.91008)
SRI = 10 x 1.99960931
SRI = 19.9960931

SRI for the composite partition = 20dB

3.2. Discuss the implications and factors of frequency and wavelength in: 

3.2.1. Building Fabric Resonance 

All materials have a natural frequency that vibrates when disturbed although it depends on factors such as the shape, density and stiffness of the material. Cavity absorbers are located in the cavity wall and are enclosures of air with narrow openings. The opening is an absorber when air in the opening is then forced to vibrate so the air removes the energy from the wavelengths. A Cavity wall if constructed correctly can have a high absorption coefficient on frequencies. In addition, damping materials create mechanical resistance to the impact sound by converting the sound energy into heat through friction. 

3.2.2. Partition Wall Construction Technique 
This is measured through Sound Transmission and is when sound passes through the partition wall by converting to mechanical vibration in the makeup of the partition wall. The acoustics of the buildings are measured in four categories but only two apply to this system. These include Airborne or impact (structure borne) sound. Airborne sound radiates from sources directly into the air. Impact sound travels through solid materials in direct mechanical contact with the sound source, or from the impact on that material. The impact sound can be felt through vibrations in materials of the partition wall. Depending on the materials used in the partition wall can have an impact on the airborne sound transmission loss where the material or construction techniques can block or reduce the sound transmission from one area to another. 

3.2.3. The Insulation Material Choice 

The insulation material choice is so important because it can tackle the airborne and impact sound at the source by not letting it get into the internal envelope of the building. Sound Insulation is the main method of controlling sound movement in the building. All airtight structures provide good sound insulation but also the gap in the cavity wall means providing that the cavity is all sealed it means there is no real bridging gap for the sound to transfer from outside to in.
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Utilisation factor

Reflectances
Description Typical Basic Ceiling 07 0.5 0.3
of fitting outline LOR | downward Walls 0.5 03 01 0.5 0.3 01 0.5 0.3 0.1
LOR% Room
index
Aluminium 06 0.39 0.3¢ 033 039 036 0.33 0.39 035 0.33
industrial 70 0.8 0.48 0.43 0.40 046 043 0.40 0.46 0.43 0.40
reflector, 1.0 0.52 0.4¢ 045 052 048 0.45 0.52 0.48 0.45
aluminium 1.25 0.56 052 0.50 056 053 0.49 0.56 0.52 0.42
or enamel 15 0.60 057 0.54 059 057 0.53 0.59 0.57 0.53
high-bay 20 0.65 0.6z 0.59 063 060 0.58 0.63 0.59 0.57
reflector 25 0.67 0.64 0.62 065 062 0.61 0.65 0.62 0.60
3.0 0.69 0.66 0.64 067 064 0.63 0.67 0.64 0.62
4.0 071 0.68 0.67 069 067 065 0.69 0.66 0.64
5.0 0.72 0.70 0.69 071 0.69 0.67 0.71 0.67 0.66
Near-spherical 0.6 0.28 0.22 0.18 025 020 017 0.22 0.18 0.16
diffuser, 50 08 0.39 0.30 0.26 033 028 0.23 0.27 0.25 0.22
open beneath 1.0 0.43 0.36 0.32 038 034 0.29 0.31 0.29 0.26
1.25 0.48 0.41 0.37 042 038 0.33 0.34 0.32 029
15 0.52 0.46 0.41 046 041 0.37 0.37 0.35 0.32
20 0.58 0.52 0.47 050 048 0.43 0.42 0.39 0.36
25 0.62 0.56 0.52 054 050 0.47 0.45 0.42 0.40
3.0 0.65 0.60 0.56 057 053 0.50 0.48 0.45 043
4.0 0.68 0.64 0.61 060 056 0.54 0.51 0.48 0.46
5.0 0.71 0.60 0.65 062 059 0.57 0.53 0.50 0.48
Recessed louvre 0.6 0.28 0.25 023 028 0.25 023 0.28 0.25
0.23
trough with 50 08 0.34 0.31 0.28 033 030 028 033 0.30 0.28
optically 10 0.37 0.36 0.32 037 034 0.32 0.37 0.34 0.32
designed 1.25 0.40 0.38 0.35 040 037 0.35 0.40 0.37 0.35
reflecting 15 0.43 0.41 0.38 042 040 0.38 0.42 0.39 0.38
surfaces 20 0.46 0.44 0.42 045 043 0.41 0.44 0.42 0.41
25 0.48 0.46 0.44 047 045 0.43 0.46 0.44 0.43
3.0 0.49 0.47 0.46 048 046 0.45 0.47 0.45 0.44
4.0 0.50 0.49 0.48 049 048 0.47 0.48 0.47 0.46
5.0 0.51 0.50 0.49 050 049 0.48 0.49 0.48 0.47
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