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  Executive Summary
In the first part of this Assignment aims to identify that I can correctly calculate the number of lamps needed to light up the internal structure of a factory and draw a plan layout on a scale drawing from set measurements that correspond with datasheets. The second part of the assignment will focus on sound and how to calculate the overall sound reduction index of an entire wall. There is also information to discuss to the implications of the factors of the frequency and wavelength of sound.
1.0 [bookmark: _Toc69854749]  Terms of Reference

1.1    The Principle Focus.

2.1.1   To Calculate the number of lamps inside the area of a factory.
2.1.2    To draw a layout for the position of the lamps in the building.
2.1.3    To calculate the overall sound reduction index for an entire wall and describe the implications of sound inside and outside a building.

1.2   The document was constrained by the information given and researched and the need to complete it by the 20th of April 2021.
[bookmark: _Toc69854750]3.0   Procedure  
This section identifies the research sources used.

3.1   The research includes secondary sources about light, sound, and their impacts on the built environment. 

3.2 University notes and calculation methods also provided background to the research.

[bookmark: _Toc69854751]4.0   Findings
[bookmark: _Toc69854752]4.1 Task A - Lighting Layout Calculations
Task A
A production Area in a factory measures 60 metres x 24 metres x 8 metres in height. The factory’s workbenches are set at a height of 1m above the floor level. The area’s reflectances 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%.
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. 
This task is to aim is to find the following from the measurements given above:
1. The room indexes.
2. The utilization factor. 
3. The number of lamps required.
4. A suitable layout (value of S) for the lamp fittings. 
Finally, after the results are found by the calculations, there will be a drawing of a scaled plan of the factory floor, indicating the ‘best fit for the design of the luminaire lighting. 
Here are the calculations:

Room Index
RI = ( L x W ) / (Hm ( L + W))
RI = (60 x 24) / (7 ( 60 + 24))
RI = 2.58

The Utilization Factor 
(from the Utilization Factor sheet shown on the following page)


[bookmark: _Toc69326678][bookmark: _Toc69853513][image: ]Figure 1 Utilisation Factor Sheet from Lecture notes
With help from the values of RI = 2.58, DLOR (50%), the ceiling reflectance (0.3), and the wall reflectance (0.5), we can make use of tables to find out the UF.
As indicated by the corresponding redlines in figure one, the UF shows to be 0.46

The Number of Lamps required 
N =   E x A       
F x UF x LLF
E = 200 Lux
A = 60m x 24m = 1440
UF = 0.46 
F = 18,000 lm
LLF = 0.75

Substituting values 
    
   N =       200 x 1440
         18,000 x 0.45 x 0.75      
      N = 288,00 
             6,075                 N = 47.4       rounded up to 48 Lamps

4.2 [bookmark: _Toc69854753]Task A – Lighting layout drawing     

Suitable Layout
Smax = 1.5Hm, The mounting Height (Hm) = 7m
S max = 1.5 x 7 = 10.5 metres apart.
The 10.5 metres is the maximum space that can place the lighting inside the factory floor.

On the following page is the scaled CAD drawing of the planned layout of the factory floor, indicating the ‘best fit’ design for the luminaire installation.
The circular points on the layout indicate the centre positions of the lamp centres. The dimensions shown are in millimetres. 
[bookmark: _Toc69326679]





[bookmark: _Toc69853514][image: ]Figure 2 Factory Floor lighting layout CAD Drawing

[bookmark: _Toc69854754]4.3 Task B – Sound Reduction Index
Calculating sound reduction index
A Sound reflection index is a measurement of the internal insulation against the direct transmission of any airborne sound.
The sound reduction index, which is the value of (R) is essentially a simple one that expresses the difference between the sound intensity hitting one side of a structure and the resulting sound measured on the other side. The two quantities most used to identify the performance of building products and in particular movable walls are:
The weighted sound reduction index: dB (Rw) – This is generally used in laboratory tests.
The weighted standardised level difference: dB (DnTw) – generally used in on-site tests.
The (Rw) rating is used to specify the performance of a particular structure, material or product and is useful when choosing products. The (DnTw) rating describes the acoustic performance of a completed part of a building. 
Task B - SRI calculation
Before the calculation, it should be mentioned that the standard formula for the Sound reduction index formula is:
 SRI = 10 x (log 10 (1/T))
The ‘T’ equals to the ‘transmission coefficient’ for the partition under test.
The unit is decibels (dB)
A sound transmission coefficient can be described by Netwell noise control; “The STC is a single number rating scale that measures a wall, ceiling, or floor assembly’s ability to block sound transmission. The higher the number, the greater the drop in decibel levels bleeding through the surface.”  
(Control, 2021)
Good sound insulation includes the principle of ‘completeness’ or ‘uniformity’ of a partition.
The transmission Coefficients can be averaged by the area of the part, using the following formula because practical walls often contain windows and doors which have a lower SRI value than a typical standalone wall. Different parts of the wall will have different values, so they must be simply averaged according to their area.
The following calculation shows the overall sound reduction index of an entire wall. Here is the description of a wall type and its dimensions, which will be calculated using the appropriate formula.
The Brick wall has an area of 20m2 and contains a window area of 4m2. The values of sound reduction indexes are 50dB for the brickwork and 10dB for the window.
Answer: 
1st stage
For the brickwork: 	T1 =?,   A1 = 20-4 =16m2   SRI = 50dB
For the window:     T2 =?,   A2 = 4m2             SRI = 10dB
Brickwork 
SRI = 20 x (log10 (1/T))
50 = 20 x (log10 ( 1/T1))
2.5 = log10  x (1/T1))
1/T1 = 202.5
T1 = 20-2.5
= 0.000559
The transmission coefficient for Brick
Window 
SRI = 20 x (log10 (1/T))
10 = 20 x (log10 x (1/T2))
0.5 = log10 x (1/T2)
0.5 / T2 = 200.5
T2 =20-0.5 
= 0.22
The transmission coefficient for the window

2nd Stage
Here we are using the averaging formula and substituting for brickwork and the window.
T0 = T1 x A1) + (T2 x A2) 
              A1 + A2
= (20-2.5 x 16) + (20-0.5 X 4) 
              16 + 4
= 0.000559 x 16 = 0.22 x 4 
                     20
= 0.044445
Using SRI formula and substituting 
SRI = 20 x (log10 (1/T))
= 20 x (log10 (1 / 0.044445))
= 20 x (log10 (22.49971875))
= 20 x (log10 (22.49971875))
= 20 x 1.3521770894
= 27.043541788
SRI for the Composite partition = 27dB




4.3 [bookmark: _Toc69854755]Implications of Sound in the built environment

Internal Sound management 
A sound is a form of energy that is different to noise. noise is an unpleasant sound that causes disturbance. The gov.uk website best describes the definition of noise:
“Noise is an inevitable consequence of a mature and vibrant society, but it can harm people’s quality of life, affecting their health and wellbeing.”
(Gov.uk, 2021)
Sound is measured in decibels (dB).
Sound is created when air is disturbed in some way, which causes changes in air pressure that then radiate from the source of the sound in waves. Sound waves are like any other wave motion and therefore can be specified in terms of: -
1. Wavelength
[image: ]Wavelength is the distance between any two repeating points on a wave. The unit is the metre (m)      
[bookmark: _Toc69853515]  Figure 3 Wavelength of sound (Virdi, 2017)
2. Frequency
Frequency (f) is the number of cycles of vibration per second. The unit is the hertz (Hz)
3. Velocity
Velocity (v) is the distance moved per second in a fixed direction. The unit is metres per second (m/s)
V = F x W
where V = velocity in m/s,  F = frequency in Hz,  W = wavelength in m.
Sound energy travels from a source through air, water, and solid objects. The path a sound takes before it reaches the ears can either be airborne sound or impact sound. Sound waves vibrate at different rates or frequencies. The faster a sound wave passes, the shorter the wavelength and in turn the higher the frequency.
The Transmission of Sound in Buildings
Sound can be found to transmit into buildings as:
· Airborne sound
· Impact sound 
Airborne sound 
Airborne sound is defined as the sound that is made by a vibrating object as stated above and travels through air as waves. Airborne sounds can be found as musical instruments, speech, traffic noise etc. 
Impact sound
Impact sounds occur when a building component is set into vibration by impact. This could be footsteps, the shutting of doors, or moving machinery. 
Sound Insulation 
The aim is for new buildings to provide the appropriate amount of insulation that will counter airborne and impact sounds from all directions. insulation is known for having thermal undertones, keeping buildings warm in winter and cool in the summer. Some partition forms may insulate well at a specific frequency while performing poorly across the entire frequency range (Cotgrave, 2018).
Acoustic insulation and soundproofing are interchangeable terms. In most cases, the airborne sound comes from traffic, found not far from a building. The airborne sound will travel through the air and land on a roof, windows, external walls, doors and make these components vibrate.

Requirements of Sound insulation
Here are the underlying principles of good sound insulation:
· Mass - The mass of a material depends on its density. Dense materials provide greater mass and higher sound insulation (Virdi, 2017). Sound waves can easily set light partition walls into vibration and transmit noise into a building. When you double the mass of a partition its sound insulation doubles by roughly 5dB.

· Completeness - It is important for buildings to air-tight as sound waves can easily travel through gaps and cracks and reduce the sound insulation of most walled structures. 

· Discontinuous Construction – This is used when lightweight materials are being used, such as cavity wall construction involving aerated concrete blocks. The cavity should be a minimum of 50mm to allow the vacuum to absorb a lot of the sound from the external wall. A good example of a discontinuous component is double glazed windows and upper floor construction.

· Resonance – here is a quote is taken from McMullan, describing resonance: “loss of insulation by resonance occurs if the incident sound waves have the same frequency as the natural frequency of the partition” (McMullan, 2018).

Sound insulation Techniques
There are few techniques to use to enhance sound insulation in a building. Here are some typical techniques:
Deflection technique 
Deflection of sound is achieved by adding mass and density to any structure such as a wall, floor, or ceiling. This will add sound insulation to the structure by adding mass and dense materials between the source of the sound and the receiving point. 
Absorption technique
Wool Cavity Insulation provides a soaking up or absorption of the sound waves entering it. This insulation is available in different thicknesses and densities for an increasing effect and is usually installed in open cavities where the depth of material can be tolerated. 
Constrained Layer Damping
This is a principle of using specific materials in a particular ratio to reduce the natural resonant frequencies of the structure. when the sound hits it, it creates friction in the damping layer and the sound stops as it is converted into heat, so the thermal conversion occurs. Damping compounds are successful when used between two rigid panels, such as plasterboard. 
Types of Soundproofing Materials
There are many types of acoustic sound proofing materials being used in the construction industry. Here is a list of the most common:
· Acoustic Isolation Membrane
· Open Cell Cavity Insulation
· Acoustic Foam
· Acoustic Fabrics
· Acoustic Panels
· Soundproof Doors
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