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TASK A	
1) Lighting Requirements	
						
The production area in the factory measures 60 m x 24 m x 8 m 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 and recessed louvre with DLOR of 50%. (The actual size for the luminaires is 1200 mm (1.2 m) in length and 200 mm (0.2 m) 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
All electrical installations would need to comply with Approved Document P Electrical Safety (P1 Design and installation of electrical installations) Building Regulations 2010

1.1) The Room Index
RI = Room index
L = Length of room (m)
W = Width of room (m)
Hm = Mounting height (m)

RI = (L x W) / (Hm (L + W))
L = 60, W = 24, Hm = 8 m – 1 m = 7 m
RI = (60 x 24) / (7 (60 + 24))
RI = 1440 / 588
RI = 2.45
RI = 2.5

1.2) The Utilisation Factor
The RI of 2.45 together with the area’s reflectance’s of 0.3 for the ceiling and 0.5 for the walls and the lighting design specification of fluorescent lamps and recessed louvre with DLOR of 50%, have all been taken into consideration and a Utilisation Factor table has been used to determine the Utilisation Factor (UF), which in turns will be utilised to dictate the required number of lamps.

Table 1 – Utilisation Factor Table demonstrating UF result
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UF = 0.46


1.3) The Number of Lamps Required

The area requires a Lighting Design Lumen (LDL) output of 18,000 lumens.
The illumination required for the factory area is 200 lux at the working plane.
Light Loss Factor = 0.75.  

N = number of lamps required
E = illuminance level required (lux)
A = area at working plane height (m2)
F = average luminous flux from each lamp (lm)
UT = utilisation factor, an allowance for the light distribution of the luminaire, and the room surfaces 
LLF = light loss factor, an allowance for a reduction in light output caused by lamp deterioration and dirt

N  =          E x A         
	F X UF X LLF

E = 200 lux, A = 60 m x 24 m = 1440 m2, F = 18,00 lm, UF = 0.46, LLF = 0.75

N =             200 x 1440			N =  	28,800		N = 46.38     
18,000 x 0.46 x 0.75			6,210

N  =   47 lamps


1.4) A Suitable Layout for the Lamp Fittings

Smax = maximum spacing between lamps
Hm = Mounting height (m)

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

47 lamps a maximum of 10.5 m apart
Half spacing required at end of rows, therefore a maximum of 5.25 m from each wall.
Number of lamps has been increased to 48 so that a uniform pattern can be achieved.
Layout will be 4 rows of 12 lamps running the length of the factory.
Drawing calculations:

4 rows of 12 lamps going across the length of the factory.  The measurements below allow for the luminaires 1200 mm (1.2 m) in length and 200 mm (0.2 m) wide to be fitted.

Rows:
60000 mm / 12 = 5000 mm (gap between lamps)
5000 mm / 2 = 2500 mm (gap between wall and first lamp and gap between last lamp and wall)

Columns:
24000 mm / 4 = 6000 mm (gaps between lamps)
6000 mm / 2 = 3000 mm (gap between wall and first lamp and gap between last lamp and wall)

Both 5000 mm and 6000 mm within the Smax value of 10500 mm (maximum distance between lamps)
Both 2500 mm and 3000 mm within the half Smax value of 5250 mm (maximum distance between wall and lamps)
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2) Scale Drawing of the Factory Indicating Design for Luminaire Installation
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TASK B
It is imperative that sound reduction is in compliance with Approved Document E, (Resistance to the passage of sound) Building Regulations 2010.

3) Sound Reduction Index
SRI = Sound Reduction Index
T = 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

To calculate the sound reduction index for the entire wall:
Brickwork: T1 = ?		A1 = 20 m2 – 2 m2 = 18 m2			SRI = 50dB
Window: T2 = ?		A2 = 2 m2					SRI = 10dB

Brickwork:					Window:
SRI = 10 x (log10 (1/T))			SRI = 10 x (log10 (1/T))
50 = 10 x (log10 x (1/T1))			10 = 10 x (log10 x (1/T2))	
5 = log10 x (1/T1)				1 = log10 x (1/T1)
1/T1 = 105					1/T2 = 101
T1 = 10-5					T2 = 10-1
T1 = 0.000010				T2 = 0.10

Transmission coefficient for brickwork = 0.000010
Transmission coefficient for window = 0.10

T0 = (T1 x A1) + (T2 x A2)	    T0 = (10-5 x 18) + (10-1 x 2)	T0 = 0.00018 + 0.2
	      A1 + A2				  18 + 2			     20

T0 = 0.010009
Average transmission coefficient = 0.010009

SRI = 10 x (log10 (1/T))			
SRI = 10 x (log10 x (1/0.010009))			
SRI = 10 x (log10 x (99.91008093))				
SRI = 10 x 1.999609311
SRI = 19.99609311

SRI for the composite partition = 20dB		

	
4) 	Implications of the Factors of Frequency and Wavelength

In order to minimise the impact of sound, minimum insulation levels are required in accordance with Approved Document E, Building Regulations, 2010.  The insultation levels differ depending on type and use of building and there are requirements for both airborne sound insulation and impact sound insulation. 

4.1)	Building Fabric Resonance

Frequency and wavelength are inversely related – lower frequencies, have a longer wavelength and higher frequencies have a shorter wavelength. 
As sound waves spread out their amplitude decreases and the sound level drops. The reduction of noise, known as ‘attenuation’ depends upon four factors: distance from the source, frequency of noise, air temperature and relative humidity.  (Nantel, Course Notes, 2022).
When sound hits a surface part of it is reflected, part is absorbed and part is transmitted. The rate of reflection, absorption and transmission is directly correlated to the material, size and weight of the surface being hit and the wavelength of the sound.  
Buildings have varying acoustics requirements and will be constructed accordingly. The building acoustic requirements for an auditorium will be vastly different to the requirements for a residential dwelling. The shape and size of the main room within an auditorium will be vast both in terms of floor space and volume. In addition, parallel walls should be avoided to reduce reverberation. In comparison, a  room within a residential dwelling will be moderate in size and generally rectangular in shape. It is extremely important that building acoustics are considered during both the design and construction processes of a building.
The fabric of a building will dictate the building’s resonance. The building’s resonance is the building’s natural frequency. It is the number of seconds it takes for the building to naturally vibrate back and forth. (IRIS Earthquake Science, 2015). The resonance of a building is influenced by the volume of space, the sound reflection, absorption and transmission of surfaces within each individual space and the materials separating different spaces. It is also impacted by the generation of sound inside and outside the space as well as airborne sound transmission and impact noise. (Designing Buildings, 2022). In addition, it is also impacted by the type of resonance of the ground it stands on. (IRIS Earthquake Science, 2015).

4.2)	Partition Wall Construction Technique

Partition walls are non-load bearing walls that can be assembled or frame based. Assembled walls are made from bricks or blocks, frame based models are made from a timber or metal frame, which is covered with a material such as plasterboard metal and are often referred to as stud walls.

Brick and block partition walls are extremely strong and thick and will have a high absorption ratio, meaning that less sound will be transmitted into the next room, making them suitable for areas requiring sound proofing. Whereas frame based partitions such as timber frame with plasterboard is not able to absorb as much sound, resulting in a higher rate of transmission through the partition into the next room. 

Cost will play its part in the decision to select a frame based or assembled construction. If a frame based construction is utilised, sound absorption can be increased by installing sound insulation boards or alternatively soundproof drywall plasterboard. In addition, it is important that any void between the partition wall and the floor, adjoining walls or ceiling is properly sealed, further reducing the rate of sound transmission between rooms (Designing Buildings, 2022).


4.3)	The Insulation Material Choice

Good sound absorbing materials reduce the resonance and reverberation of sound waves within a room. In terms of weight, a heavy wall will absorb more sound therefore making it an excellent choice for good insultation.  In terms of completeness, the structure the sound is within needs to be airtight. Any small spaces that air can pass through such as unsealed window frames or key holes will allow sound to pass through, therefore reducing the sound insulation. In terms of isolation, a gap between two surfaces, such as the gap between an exterior and interior wall will provide the highest sound insulation. (Nantel, Course Notes, 2022).

In terms of insulation material choice, it is best to choose materials such as brick, reinforced concrete and steel plate as these are dense and heavy. When this is not possible such as between floors in residential buildings or due to using stud walls or timber frames then sound absorbing materials can be added to the structure, such as open cell cavity insulation (rock wool), which fills the airspace and in turn leads to less sound transmission from room to room (Accoustiblok, 2022).

Floor underlay in the form of felt is a popular sound insulation material that reduces the transmission of sound between floors. Another alternative option is soundproof floor mats, which are much denser in nature and therefore provide more absorption and less transmission. Choices would very much depend on the building/room structure and purpose.
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