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A. 1 Room index calculation
A production area in a factory measures 60 metres x 24 metres x 8 metres in height. 
The factory’s work benches are set at a height of 1m above the floor level. 
The area’s reflectance’s are 0.3 for the ceiling and 0.5 for the walls. 
The Lighting design specifies fluorescent lamps in recessed louvre with DLOR of 50%. 
(The actual size for the luminaires is 1200mm (1.2m) in length and 200mm (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.
Light Loss Factor = 0.75

Room Index, formula reads as follows.
	
RI =     (L x W)
        (Hm (L +W)

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


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

RI =   1440
        (7 (84)

RI =  1440
        588

RI =  2.45


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



This calculation is used to compare the height, length, and width of the room. The HSE website has guidance on lighting with Lighting at Work HSG38. As set out in the good building guide, The Building Regulations Part L2 gives guidance on non-domestic buildings. Part L2 encourages to use the maximum use of daylight and avoid unnecessary lighting during times when spaces are not being used.
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Table of recommendations for various tasks and settings.
“Warehouse. Lighting requirements depend on building dimensions and method of storage. This can range from floor stacking to full automation, with moveable racking and computer-controlled robot-picking. For warehouses, the CIBSE Code recommends illuminance values ranging from 100 lux to 300 lux, but the values given relate only to open work areas. They cannot readily be applied to racking stores, where it is generally more important to be able to see details in a vertical, rather than a horizontal plane, and luminaires are required that preferentially light these vertical surfaces.”  (BRE, n.a)


A 2. utilisation factor & explanation

Below is the Utilisation factor table, we have taken the RI worked out in the calculations in A 1. Rounded it up to 2.5 marked off the 2.5 under the correct luminaire fitting in the table below. We will then select the reflectance areas as stated in the specification above to determine the utilisation factor. By lining the X axis and Y axis where it crosses.
Therefor Utilisation Factor:
UF = 0.46
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A 3. number of lamps required

Number of Lamps Required, formula reads as follows.
	
N =              E X A
                  F X UF X LLF
	
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 =    46.37

N = 48          


	
Where:

N = number of lamps required
E = lux illuminance required (lux)
A = area of working plane height (m²)
F = average luminous flux of each lamp (lm)
UF = utilisation factor (allowance for light distribution of luminaire and room       surfaces)
LLF = light loss factor allowance






Number of lamps required, 48 






A 4. suitable layout (value of s) for the lamp fittings

Suitable value for S for fluorescent LAMPS, formula reads as follows.
	
Smax = 1.0 x Hm

	
Smax = 1.0 x Hm

Smax = 1.0 x 7

Smax = 7m



	
Where:

S = maximum spacing between luminaires
Hm = height of luminaire from working plane




Therefor the maximum spacing between luminaires cannot be more than 7m apart from the center of luminaire and off the walls maximum spacing not more than 3.5m.
With a length of 60m x 24m long, with number of luminaires being 48.
48/12 = 4 rows of 12 luminaires in each row
1 luminaire considered off each wall of not more than 3.5m leaves 10 luminaires spread over 53m, (60m – 3.5m – 3.5m = 53m) taking the number of spaces between 10 luminaires will = 11 spaces, therefore 53/11 = 4.8m so the 10luminaires between the 2 end luminaires will be spaced at approx. 4.8m apart and therefore no greater than 7m apart.




A 4.2 plan layout on a scale drawing 
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Image 1 general lay out of the luminaires.
4 rows of 12 luminaires not more than 3.5m off each wall and not more than 7m between each luminaire.
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            Image 2 luminaires positions and spacing between them.  
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    	Image 3 luminaires positions, and spacing between them                                                                                                           				                                                                                                                                            
B 1. Overall Sound Reduction Index

A brick wall of area 20m2 contains a window of area 2m2. The values of sound reduction indexes are: 50dB for the brickwork and 10dB for the window.
 
Overall sound reduction index, formula reads as follows.
First calculate sound reduction index for each individual material
Brick      T1 = x	A1 = 20m2 – 2m2 = 18m2  		SRI = 50dB
Window T2 = x                     A1 = 2m2 				SRI = 10dB

	
SRI = 10 X (log10(1/T0))
	
SRI = 10 X (log10(1/T1))

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

5 = log10 X (1/T1)

1/T1 = 105

T1 = 10 -5

T1 = 0,00001                            



	
SRI = 10 X (log10(1/T0))
	
SRI = 10 X (log10(1/T2))

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

1 = log10 X (1/T2)

1/T2 = 101

T2 = 10 -1

T2 = 0,10                           






There after you can use the above results from the SRI for transmission coefficients and they can be averaged by are of the part using the following formula.
	
T0 = (T1 X A1) + (T2 X A2)
A1 +A2
	
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 = 0.20018
 20

T0 = 0.010009


	
T0 = overall average transmission coefficient
T1 = transmission coefficient of ONE component
T1 = area of that component




Now that the average has been determined we can work out the SRI with the same process as in the first step.
Overall sound reduction index, formula reads as follows.
	
SRI = 10 X (log10(1/T0))
	
SRI = 10 X (log10(1/T0))

SRI = 10 X (log10(1/0.010009))

SRI = 10 X  (log10 (99.91)

SRI = 10 X  1.999

Sri = 19.99dB

SRI = 20.00dB rounded up






B 2. Implications of the Factors of Frequency and Wavelength in	
Sound has three properties, frequency, wavelength, and amplitude.
Resonance is the natural vibration of an object, material. 
Sound frequency is the speed of the vibrations that get transmitted through a medium, or object or air to reach another form or the ear. The number of cycles per second the sound wave produces, this in turn determines the pitch of the sound we hear.
Wavelength, horizontal length of one wave cycle, it is the distance between the start and end of one wave cycle of sound.
Amplitude is measured as the pressure of the sound wave when hitting a surface. The unit for amplitude is decibel (dB). (Gromicko, n.a) 

1. Building Fabric Resonance
The shape, density, or thickness, and sturdiness of an object will determine the object or buildings natural frequency. Resonance is then created when the natural frequency of two objects is vibrating at the same natural frequency and therefor causes the second object into motion.
Resonance in a building fabric affects the transmission and absorption of sound.
To reduce resonance, you need to be able to absorb the sound and lower the transmission. This creates a disturbance in the wavelength and frequency of the sound, which will change the vibrations and the vibrational effect of the sound on other vibrating objects. This is in turn determines the fabrics and types of framing or building material you would choose to use to reduce resonance and absorb sound to allow for less transmission of sound through objects and or materials.

The types of sounds you need to consider in a building fabric and to ensure that there is minimum resonance created within the building structure would be the following.
1. Airborne sounds
2. Impact sounds
3. Installation sounds
4. Reverberation sound
(Gromicko, n.a)


2. Partition Wall Construction Technique
The types of materials that are more reflective with sound are concrete, wood, and tile. Whereas softer materials such as insulation, carpet and foam are better materials at absorbing sound. Sound transmission loss is the loss or decrease of that sound and the energy it carries when it passes through an object or building element. 
Partition wall construction is stud framework either with timber or metal and includes a void between plasterboards on either side to form the wall structure. Between the boards in the void is usually insulation like Rockwool depending on what has been specified. There are different types of plasterboard with different specifications for certain uses. I.e., sound acoustic board, fire, and moisture resistant boards. These can also be double boarded on both sides with two 12.5mm thick soundproof board can create extra sound insulation. Due to the different materials that make up a partition wall, although the wall is not thick and does not have the same insulating properties as thick concrete wall, the entire construction can be effective in reducing the sound transmission and allow for more absorption of sound. As the sound would need to travel through various elements this then will disturb the frequency and sound wave. The staggering of the joins on the plasterboard partition wall will help increase the strength of the wall as well as dampening the sound. 
Isolating the actual framework of the partition wall, by using an isolation strip to build the frame on as well as firestopping on the top of the framework using plasterboard and mastic will help reduce the sound transmission. Mastic is also used at edges and where boards or framing meet walls and floors.

3. The Insulation Material Choice
Internal insulation considerations are a very important part in building and developments. Residential developments need to comply with Building Regulations Part E.
The best insulators for sound in a partition wall are.
Mineral Wool
Fibreglass
Blown-in Cellulose
Spray Foam Insulation
Foam Board
Acoustic Mineral Wool is the best solution for sound proofing partition walls for airborne sound transmission between rooms, through the walls. Rockwool is a dense light weight porous material and has air space to absorb and trap the sound waves both airborne and vibrational waves. 
Fibreglass is porous and traps air which helps with thermal insulation as well as airborne and vibrational sound absorption like mineral wool insulation.
Blown-in Cellulose is 75-85% recycled paper fibre, with fire retardant material. The looser the fibres are the more it will absorb sound, this can also be added to a partition wall when construction has been completed.
Spray foam insulation is polyurethane it creates a thermal barrier and minimises air movement, this however is not a good sound absorber and more a thermal insulator. There is a control spray foam which does work well as a sound absorber and again this can be applied after construction has taken place.
Foam boards are extruded polystyrene, they are rigid boards they can reduce sound and muffle sound between rooms.
In conclusion the best for sound absorption and insulation is High Performance Mineral Wool it ads both thermal and acoustic properties. It reduces sound transmittance between rooms and ads density to the wall structure. (Sokol, 2021)
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Recommended Characteristics of the Representative
illuminance activity/space activities/spaces
100 Spaces visited occasionally with visual tasks confined to Corridors,
movement and casual seeing, caling for only mited perception
150 ‘Spaces visited occasionally with visual tasks requiring some  Loading bays, stores, sitchrooms
perception of detai or involving some fisk to people,
plant or product
20 Continuously occupied spaces, visual tasks not requiring any  Monitoring automatic processes in manufacture:
perception of detail
300 Continuously occupied spaces, visual tasks moderately easy,  Packing goods, rough sawing.
fe large details greater than 10 min. arc andor high contrast
500 Visual tasks moderately diffict e details o be seen are of General offices, engine assembly, painting and
moderate size (5-10 min. rc) and may be of low contrast, spraying
also colourjudgement may be required
750 Visual tasks difficut e details o be seen are small (3-5 min. arc) ~ Drawing offices, ceramic decoration
and of ow contrast, also good colour judgement may be required
1000 Visual tasks very dificul, ie details to be seen are very small  Electronic component assembly, gauge and tool
(2-5min. arc) and can be of very low contrast, also accurate  rooms, retouching paintwork
colour judgement may be required
1500 Visual tasks extremely difficutt ie detais to be seen extremely  Inspection of graphic reproduction, hand tailoring,
‘small(1-2 min. arc) and of low contrast. Visual aids may fine die sinking
beanadvantage
2000 Visual tasks exceptionally dificult e detail to be seen ‘Assembly of minute mechanisms, inspection of

P Type here to search

(less than 1 min. arc) exceptionally smallwith very low contrast,
visual aids villbe an advantage

Choice of lamps

considered in three categories:

finished fabrics

For the convenience of this Good Building Guide industrial buildings can be

considers standards for efficiency and productivity, but further detail is included in
the CIBSE Code for lighting (2002). This CIBSE document makes
recommendations for various tasks: typical illuminance values for normal work
range between 150 lux and 500 lux (Table 2).
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Where:

L = length of room
W = width of room
eight of luminaire from working plane

Hm

This calculation is used to compare the height, length, and width of the room. The HSE
website has guidance on lighting with Lighting at Work HSG38. As set out in the good
building guide, The Building Regulations Part L2 gives guidance on non-domestic
buildings. Part L2 encourages to use the maximum use of daylight and avoid
unnecessary lighting during times when spaces are not being used
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Utilisation factor

Reflectances
Description Typical Basic Ceiling 0.7 0.5 0.3
of fitting outline LOR | downward | Walls 0.5 0.3 0.1 0.5 0.3 0.1 0.5 0.3 0.1
LOR% Room
index
Aluminium 0.6 0.39 0.3€ 0.33 039 0.36 0.33 0.39 0.35 0.33
industrial 70 0.8 0.48 0.43 0.40 0.46 0.43 0.40 0.46 0.43 0.40
reflector, 1.0 0.52 0.4¢ 0.45 052 048 0.45 0.52 0.48 0.45
aluminium 1.25 0.56 0.58 0.50 056 0.53 0.49 0.56 0.52 0.42
or enamel 1.5 0.60 0.57 0.54 0.59 0.57 0.53 0.59 0.57 0.53
high-bay 2.0 0.65 0.62 0.59 063 0.60 0.58 0.63 0.59 0.57
reflector 25 0.67 0.64 0.62 0.65 0.62 0.61 0.65 0.62 0.60
3.0 0.69 0.66 0.64 0.67 0.64 0.63 0.67 0.64 0.62
4.0 0.71 0.68 0.67 0.69 0.67 0.65 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 0.25 0.20 0.17 0.22 0.18 0.16
diffuser, 50 08 0.39 0.30 0.26 033 0.28 0.23 0.27 0.25 0.22
open beneath 1.0 0.43 0.36 0.32 038 0.34 0.29 0.31 0.29 0.26
1.25 0.48 0.41 0.37 042 038 0.33 0.34 0.32 0.29
1.5 0.52 0.46 0.41 0.46 0.41 0.37 0.37 0.35 0.32
2.0 0.58 0.52 0.47 0.50 0.48 0.43 0.42 0.39 0.36
25 0.62 0.56 0.52 0.54 0.50 0.47 0.45 0.42 0.40
3.0 0.65 0.60 0.56 057 0.53 0.50 0.48 0.45 0.43
4.0 0.68 0.64 0.61 0.60 0.56 0.54 0.51 0.48 0.46
5.0 0.71 0.60 0.65 062 0.59 0.57 0.53 0.50 0.48
Recessed louvre 0.6 0.28 0.25 023 0.28 0.25 0.23 0.28 0.25
0.23
trough with 50 0.8 0.34 0.31 0.28 033 0.30 0.28 0.33 0.30 0.28
optically 1.0 0.37 0.36 0.32 0.37 0.34 0.32 0.37 0.34 0.32
designed 1.25 0.40 0.38 0.35 040 0.37 0.35 0.40 0.37 0.35
reflecting 1.5 0.43 0.41 0.38 0.42 0.40 0.38 0.42 0.39 0.38
surfaces 2.0 0.46 0.44 0.42 0.45 0.43 0.41 0.44 0.42 0.41
25 0.48 0.46 0.44 0.47 0.45 0.43 0.46 0.44 0.43
3.0 0.49 047 0.46 0.48 0.46 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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