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1. [bookmark: _Toc566414718][bookmark: _Int_J0P6YDVo][bookmark: _Toc762364780]Lighting Layout Calculations 

Room dimensions 20x6x3
Illuminance required at work plane = 600lux
Luminaire height is 2m above working plane 
65W reflector lamps with efficiency of 70 lumens per W
Downwards light output ratio – 70%
Rooms reflectance – 0.5 for both ceiling and walls
Light Loss Factor – 0.7
[bookmark: _GoBack]Calculate:
1.1. The Room Index
RI=L X W  Hm x (L+W)
Where:
RI = Room Index
L= Length
W= Width
Hm = Height of luminaire from the working plane 

RI=20 x 6  2 x 26
RI= 2.31
RI= 2.5
1.2. The Utilization Factor (UF)

By using our room index, DLOR and reflectance's we can find the utilization factor of the room, using the sheet presented above. 
UF = 0.65
1.3. Number of Lamps required
To find the number of lamps required we need to use the equation.
[Lumens required x (LxW)]  [lumens per lamp x LLF x UF]
Then we need to input the information we know about the room into the equation which will give us the number of lamps that is required.
= [600 x (20x6)]  [4550 x 0.7 x 0.65] = 
= 72000 ÷ 2070.25 = 34.77
= 35



1.4. Lighting layout 
To find the Smax value of this room we use the equation 1.0xHm due to the lamp being a filament lamp. 
So, 1.0x 2 = 2m
This determines the maximum distance between luminaires.
From our calculation above we find that the number of lamps required for this room is 35, to have exactly 35 lamps in this room it would give a layout of 7x5 which does not into the Smax value as the distance between the luminaires is too big, as seen in the equations below.
20/7 = 2.86m
Because of this we round up to the next number, which is 36, which gives us an option of 6x6,4x9 and 3x12. Both the 6x6 and 4x9 layouts are not fit to use as they also have spacings too big. A 3x12 layout is the only layout fit for purpose for the number of luminaires we need, which is shown in the following equations.
20/12 = 1.67m
6/3 = 2m

From the calculation used above we can see that the distances between each lamp are within the Smax value, so this lighting layout is good to use. There will be a spacing of 1.67m between each luminaire along the 20m length with a spacing of 0.83m between luminaires closest to the wall. Along the 6m width there will be 2m between each luminaire and the luminaires closest to the wall will be 1m from the wall
[image: ]

2. [bookmark: _Toc468622772]Overall Sound Reduction Index
2.1.  A brick wall has an area of 20m2 and has a window in it with an area of 4m2
20 – 4 = 16m2
The area of brick is 16m2 which has a sound reduction index of 50dB, the window has a sound reduction index (SRI) of 10dB
To calculate the overall sound reduction index of the wall we need to convert the SRI into their transmission coefficients. Rearranging the equation, we use to find the SRI we can work out the transmission coefficients.
For the brick wall:
SRI = 10 x (log10(1/T))
50 = 10 x (log10(1/T))
50/10 = log10(1/T)
5 = log10(1/T)
1/T = 10^5
T = 1/10^5
T = 0.00001
For the window:
SRI = 10 x (log10(1/T))
10 = 10 x (log10(1/T))
10/10 = (log10(1/T))
1 = log10(1/T)
1/T = 10^1
T = 1/10
T = 0.1
Now we have the transmission coefficient for each of the materials we can then use another equation which gives us a transmission coefficient (T0) for the whole wall. After this the transmission coefficient goes back into the SRI formula to give us the SRI for the whole wall.
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
SRI = 10 x (log10(1/T))
SRI = 10 x (log10(1/0.020008))
SRI = 10 x (log10(49.980007))
SRI = 10 x 1.69
SRI = 16.9
SRI = 17dB



3. [bookmark: _Int_ylnPl0Ar][bookmark: _Toc1876438252]Frequency and Wavelength in Design 
3.1. Sound travels in waves which can vary in length, the different lengths which determine the sound that we hear. The frequency of a sound is determined by the number of times that a wavelength vibrates each second, this is measured in Hertz (Hz). As humans we hear frequency by different pitches, firstly we have low-pitched which is when there are less vibrations per second and we also have high-pitched sound where more vibration occurs each second. An example of a low-pitched sound is the sound of thunder and on the other end of the spectrum we have a bird's chirp, which would be an example of a high-pitched sound. 

3.2. [bookmark: _Int_m5PUfWbn]When a building is in its design stage the designers must consider the type of sound that is primarily going to be used there. There are two separate ways sound will travel through a building and they are, airborne sounds and impact sounds. Impact sounds travel through buildings through vibrations, for example, the sound of footsteps around a building. These impact sounds can cause health problems such as an increase in blood pressure and can also decrease productivity levels, which would not be great for a busy office building where everyone needs to always be on task. Strategies put in place to dampen impact sounds could be carpets or a rubber underlay which would absorb that energy (Morrison, 2019). On the other hand, airborne sounds travel through the air and transmit through walls and floors, these sounds may be people talking or a speaker playing. We can counteract these sounds by densifying walls and floors to create more absorption through the transmission. Low-frequency sound waves travel better through walls due to the resonance they create, which spreads the sound further. To combat this, we use cavities in walls which help to dampen the sound as the air gap between the walls stops the vibration between, resulting in a decrease in sound. Also, any services in the building that let out a low-frequency sound need to be isolated so that the sound can be stopped at the source so it cannot transmit through the building.  

3.3. Another consideration that we must consider is building regulations. Building regulations part E outlines the ‘Resistance to the passage of sound’. Designers must ensure that they have achieved a Lntw of 62dB or lower for impact sound and Dntw + Ctr of 45dB for airborne sound to be within building regulations. There are also regulations regarding whether airborne or impact insulation should be used, for example, any room that E2(a) applies to must have airborne sound insulation between that room and any bedroom and water container closet. (Building Regulations, 2010). 


3.4. In buildings where we see partition walls, different strategies must be put in place to combat sound transmission between walls. The most common option to take when being faced with partition walls is to insulate the cavities in the wall. This will create a barrier by which sound will be absorbed and will not transfer into neighboring rooms. The insulation used will be an acoustic insulation which reduces the resonance from the sound by absorbing into it. (Lyons, 2021) In addition to this it can be placed on top of the stud wall which acts as an acoustic barrier which blocks out noise by adding mass to the wall. These boards are plasterboard with added material which helps with the stud wall insulation to avoid transmission of sound. Calculations would need to be done to determine which type of soundboard needed to be installed so that it fulfills the needs of the buildings. 

3.5. To soundproof buildings, the type of insulation used plays a key role in keeping sound out and not spreading it through the building. Before deciding this, buildings must be thoroughly checked to seal up any cracks or gaps they may have appeared over time, as the insulation would be deemed useless if gaps were present. All sound insulation types are dependent on the activity taking place in the building. If low frequency sounds are primarily heard in the building, the best option is to use dense fiberglass insulation. The density of the fiberglass dampens the soundwaves hitting the walls letting less noise through the wall. To keep out the external noise a mineral wool slab would be used in conjunction with a thermal insulation board to keep out box sound and cold temperatures. 
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6. [bookmark: _Toc2088946590]Appendices


This diagram shows the flow of noise from its source to other rooms in the home. (BS8233-2014)[image: ]
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Figure E.1 Transmission paths (via the structure) of nolse originating in Room 1 (diagrammatic)
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