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The assignment will compromise of two main tasks, the first task that will be carried out will include lighting calculations in regards to a specific area stated within the assignment brief. From the calculations, a scaled layout of the floor will be drawn with the lighting layout and lamp centres being identified. The second task will be calculating the overall sound reduction index of a brick wall specified within the assignment brief. The implications of the factors of frequency in wavelengths will then be talked about referring to 3 main aspects. 
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Description automatically generated]Within this task, calculations will be undertaken to which a lighting layout plan will then be drawn. The information from the assignment brief to undertake the calculations is listed below: 









Snapshot taken from Assignment Brief. 

In order to be able to determine the lighting layout, four calculations will be undertaken which are:
· The Room Index
· The Utilisation Factor
· The Number of lamps required
· A suitable layout for the lamp fittings 
A plan layout will then be drawn to scale indicating the best fit for the luminaire installation. A table has been created listing all the key information before the calculations commence: 
Key Information:
	Area
	60 meters x 24 meters x 8 meters

	Work height
	1 meter above floor level

	Areas Reflectance’s
1. Ceiling
2. Walls
	
1. 0.3
2. 0.5

	Lamp types
	Fluorescent lamps in recessed louvre

	DLOR %
	50%

	Size of luminaires 
	1.2 meters in length & 0.2 meters wide

	LDL (Lighting Design Lumen)
	18,000 lumens

	Required Illumination
	200 lux

	LLF (Light Loss Factor)
	0.75


[bookmark: _Toc69198867]1.1 Task A – The Room Index
The room index is the first aspect to be calculated, the formula for calculating the room index is as follows: 

Formula: 

(L x W)
R1 =	----------
(Hm (L + W))

L = Length of Room 
W = Width of Room
Hm = Height of luminaire measured from the working plane 

The first part is to attain the relevant information from the table listed within section 1.0 of the report, below shows the information from the table that will be required to undertake the calculation: 

	Area
	60 meters x 24 meters x 8 meters

	Work height
	1 meter above floor level



The information has been interpreted into the formula, with the highlights showing where each aspect has come from: 
Hm = 8m (Height of factory) – 1m (height of working plane) = 7m


(60m x 24m)
R1 =	------------------------
(7m (60m + 24m))

1440
R1 =	--------		=		R1 = 2.4
588
[bookmark: _Toc69198868]1.2 Task A – The Utilisation Factor
The next calculation to be undertaken is the Utilisation Factor. The definition of Utilisation Factor states the total flux reaching the working plane, compared to the total flux output of the lamps. The Utilisation Factor value is taken from a table, to which information is required first. The information that is required in order to determine the Utilisation Factor has been taken from the information table within section 1.0 of the report and is listed below: 

	Areas Reflectance’s
1. Ceiling
2. Walls
	
1. 0.3
2. 0.5

	Lamp types
	Fluorescent lamps in recessed louvre

	DLOR %
	50%



As well as these three aspects, the Room Index (R1) is also required which was calculated within the previous calculation with the final value being 2.4. From this information, the table can be utilised, and the Utilisation Factor can be accomplished. The Utilisation Factor sheet is shown on the next page, with the process of determining the utilisation factor listed below: 
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Determining Utilisation Factor
Above shows the Utilisation Factor and in order to get to a specific value, there are a range of steps that have been complete. This section will state the Utilisation Factor value, and how that value has been accomplished. 

Lamp Type
The first part is to identify the lamp type on the table, within the information table it states that the lamp type is Fluorescent lamps in recessed louvre. The green box on the table shows the correct area for this lamp type. 

Ceiling Reflectance
The next part is determining the ceiling reflectance, within the information table it is stated that the ceiling reflectance is 0.3, this area of the table has been highlighted with a blue box. 


Wall Reflectance
The wall reflectance is 0.5 as stated within the information table, this section of the table has been highlighted using the two vertical yellow lines. 

DLOR %
The DLOR percentage is stated within the information table which states it is 50%, this has been indicated within the red box. 

Room Index
The room index was calculated from the previous calculation attaining a value of 2.4. The nearest value to the 2.4 on the table is 2.5, to which the lines have been followed across to meet the wall reflectance lines, resulting in the utilisation factor being 0.46. 



Utilisation Factor Value: 0.46
[bookmark: _Toc69198869]1.3 Task A – Number of Lamps Required
The next aspect to calculate from the previous calculations and the information listed within section 1.0 of the report is the number of lamps required for the space. The formula for the number of lamps required is as follows: 

 Formula: 
E x A
N =	----------
F x UF x LLF

E= Lux Level: 200 lux (listed within the information table below)
A = Area: 60 meters x 24 meters = 1,440 m2 (calculated from areas given in table below)
F = Lighting Design Lumen: 18,000 (listed within the information table below)
UF = Utilisation Factor: 0.46 (calculated from previous calculation)
LLF = Light Loss Factor 0.75 (listed within the information table below)

The information below is the required information to undertake the calculation from the information table within section 1.0 of the report:

	Area
	60 meters x 24 meters x 8 meters

	LDL (Lighting Design Lumen)
	18,000 lumens

	Required Illumination
	200 lux

	LLF (Light Loss Factor)
	0.75



200 x 1,440
N =	------------------
18,000 x 0.46 x 0.75

288,000
N =	-----------	= N= 46.37 // 46 lamps required
6,210 
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The number of lamps has been calculated; the last process is to determine a suitable layout for the lamps. The first aspect of determining the layout is to determine suitable spacing between each luminaire. There is a calculation which calculates the maximum spacing between each fitting. There are two different calculations to get the maximum spacing between each fitting, one is for fluorescent tubes in diffusing luminaires and the other is for filament lamps in direct luminaires. The lamp types in regards to this question are: 

	Lamp types
	Fluorescent lamps in recessed louvre



This means the formula for this calculation will be: 

Formula: Smax = 1.5 x Hm

Smax = Maximum spacing between each fitting
1.5 = This value is 1.5 due to the lamp types being fluorescent lamps in recessed louvre. If the lamps were filament lamps in direct luminaires the value would have been 1.0.
Hm = Height of luminaire measured from the working plane. 

Smax = 1.5 x 7 (The 7 is as the work benches are 1m above floor level, the height of the building being 8 so its 8 – 1 = 7m)
= 10.5m apart








The maximum distance between each luminaire has been calculated, so the best fit layout can now be determined. The rule which will be adhered to for the layout is displayed below: 
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Image from Lecture notes 

Half spacing is used at the end of each rows which can be identified by the ‘1/2 s’ on the diagram. The ‘s’ value is referring to the maximum value that the spacing can be which from the previous calculation shows that this is 10.5m. 
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A CAD drawing has been created of a proposed lighting plan suitable for the building. The number of fittings has been rounded down to 45 in order to get an even distribution of luminaires across the building. The lighting layout has been designed to 3 rows of 15 luminaires. The luminaires at the end of the rows have been half spaced as identified by the green dimensions, this is following the rule of thumb listed above. The luminaires in the middle of the building are spaced horizontally at 4m, and the space vertically being 8m. This complies with the Smax as the luminaires do not exceed the Smax value of 10.5m. 
[bookmark: _Toc69198872]2.0 Task 2 – Sound Calculations
Within this task, calculations will be undertaken to calculate the overall sound reduction index of an entire wall to which the details are specified in the table below: 

Brick Wall
	Area of Brick Wall
	20m2

	Values of Sound reduction index for Brick Wall
	50dB



Window Area

	Area of Window
	4m2

	Values of Sound reduction index for Window
	10dB



In order to calculate the overall sound reduction index of the entire wall, there are two main formulas required. The first aspect is to calculate the SRI for both the brick wall and the window area. The SRI is an abbreviation for Sound Reduction Index and the formula is as follows: 

Formula: SRI = 10 x (Log10(1/T)
T = Transmission Coefficient for the partition under test. 

After the SRI calculations for each area have been undertaken, the values are placed into a composite partition formula. This is because the brick work and windows have different SRI’s, so this formula averages the value for that specific area. The formula for composite partition is as follows: 

Formula: 
T0 = (T1 x A1) + (T2 x A2) + (T3 + A3)
	-------------------------------------------
		A1 + A2 + A3

T0 = Overall / averaged transmission coefficient 
T1 = Transmission coefficient of one component
A1 = Area of that component 
Depending on how many areas are to be averaged, the formula can increase or decrease in size, for this example there are two areas being calculated therefore will be reduced in size slightly. 

The first step of the calculation for both the brick wall and window area is to state the factors that are known.  The equation can then be rearranged during the calculation if there are some aspects unknown, the known points are the following: 

Brick Wall
T1 = ?
A1 = 20m – 4m = 16m (The 4m taken away is the window area) 
SRI = 50dB 

Window
T2 = ?
A2 = 4m
SRI = 10dB

The next part is to interpret the values for both the brick wall and window into separate SRI calculations, rearranging the formula where applicable:

Brick Wall – SRI Calculation

SRI = 10 x (Log10(1/T)
50dB = 10 x (Log10(1/T)
The next stage is rearranging the formula to some extent using the log definition of ‘If we have an expression in the form of  x = LOG A x Y ‘ which in this case we do ‘then Y = A to the power of x’
5 = Log10 x (1/T) (The 5 has come from dividing the 50 by the 10 from rearranging) 
1/T1 = 105
T1 = 10-5 (Swapping the 1/T1 and 105 round results in 105 becoming a minus of 10-5)
= 0.000010
Window – SRI Calculation 
As it is T2 which is also the unknown for the window, the same calculation and rearranging as above will be followed for the window calculation: 

SRI = 10 x (Log10(1/T)
10dB = 10 x (Log10(1/T)
1 = Log10 x (1/T2)
1/T2 = 101
T2 = 10-1
= 0.10

The next step is to average the values by undertaking the composite partition calculation and interpreting the values into that formula. As there are two areas to be calculated, this results in there being T1, T2 and A1 and A2 on the formula as below:
(As per throughout the assignment, the values have been highlighted to indicate where they have come from) 

Formula: 
T0 = (T1 x A1) + (T2 x A2) + (T3 + A3)
	-------------------------------------------
		A1 + A2 + A3

T0 = (10-5 x 16) + (10-1 x 4m) 
	---------------------------
		16 + 4

T0 = 	0.40016
	-----------
	     20

T0 = 0.020008



The last stage is to use the SRI formula and substitute the average transmission coefficient value into that formula as the below:

SRI = 10 x (Log10(1/T)
SRI = 10 x (Log10(1/0.20008))
SRI = 10 x (Log10(49.980008)
SRI = 10 x 1.69

SRI for composite partition = 16.9 rounded up to 17db
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Within this section of the report, the implications of the factors of frequency and wavelength within 3 main aspects will be talked about. Firstly, as a generic overview of wavelengths and frequency as a whole, the wavelength is the horizontal length of one cycle of the wave, the wave is created when there is a specific vibrating source which regularly occurs at intervals to which the first particle of the medium is affected. The wave pattern is created, and this then travels along the medium from one particle to another. Each individual particle vibrates and the frequency at which this occurs is equal to the frequency at which the source vibrates. Frequency as a whole is the number of vibrations that occur per second (Classroom, 2021). There are implications of the factors and frequency in wavelengths in different aspects, the first one being internal sound management:

[bookmark: _Toc69198874]Internal Sound Management 
When it comes to designing a building, a vital part is acoustics which can be managed through internal sound management. In order to manage the acoustics inside a building there are many factors to consider. Large open plan spaces within buildings often contain hard floors, glass and high ceilings. With this combination, echoes can occur. The definition of an echo is a reflection which arrives more than 0.3 seconds after the direct sound. Within the echo, the reflected wave has a path length that is at least 17m longer than the direct wave itself. If it is apparent that an echo is going to occur in a space due to calculations, internal sound management can be applied and factors such as lowering the ceiling can be undertaken to reduce the path length of the reflected wave. Types of reflectors can also be put in place to reflect the sound into a specific areas. 
Internally the temperature needs to be monitored, temperature as a whole can also affect the level of noise. An increase in air temperature allows the sound pressure wave to travel more frequently, the molecules become more excited when they are heated which results in them moving round at a faster pace. This needs to be considered within internal sound management as within winter months, the building is going to be heated, increasing the temperature internally. As well as heating a building, cooling down a building is also applicable. Buildings are often cooled down by mechanical equipment. This type of sound is referred to as installation noise which refers to the HVAC / plant used in order to cool the building down (Rennovating, 2020). This leads onto the next point of controlling the acoustics:
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Not only do partition walls divide areas and in some cases are used to provide load bearing walls, but partition walls also play a huge part in acoustics. The first aspect of partition walls that limits the acoustics is it provides separate layers. The partition walls divide up a space and reduces the chance for echoes to occur. By having separate layers, it results in an air gap being formed, the airgap acts as a dampener which then dampens the sound. The fact of separating the rooms means that penetrations are also kept to a minimum. Any partition wall acts as a soundproofing material to some extent however, it may not be very efficient. In order to make a partition wall efficient is to incorporate acoustic materials which will sustain as much of the frequencies coming through the wall as possible. The best type of partition wall is constructed by using different materials to aim at keeping the noise out at different parts of the frequency spectrum. The first aspect is to tackle the low frequency sounds, the sounds that have a low frequency can have a wavelength of 5 meters or more. In this case, making the partition walls thicker will be soundproofing a building to some extent. However, the overall aim is to soundproof and focus on all frequencies and make sure the partition wall absorbs the sound as it passes through the wall. Although thicker partition walls may result in a good soundproofing partition, this is not always a practical solution as there can be a lot of m2 lost within the building itself. The three main areas are listed within the table below (Stop, 2020).









	Mass 
	Mass is an important aspect in terms of soundproofing. It is factual that if the weight of an acoustic barrier is doubled, a rough gain of around 6dB in sound reduction can become apparent. In terms of partition walls, it isn’t feasible to apply mass, but it can be done within the brick external walls. 

	Resilience
	As it isn’t feasible for internal partitions to incorporate mass due to a loss in area internally, resilience can be added to internal partitions. Resilience bars can be added to which the plasterboard is mounted upon. Resilience bars used to come in steel forms but can often come in rubber forms now as rubber dissipates vibration better than steel. 

	Absorption
	Before soundproofing occurs, the sound waves hit the wall and the high frequency waves are often absorbed more easily through the walls. It is the low frequency sounds that can easily pass through the wall. Incorporating both mass and resilience means when the sound hits the wall whether that be low frequency or high frequency, the wave encounters different types of mass as well as the resilience. This results in the sound energy being absorbed in the wall and cannot travel any further. 















[bookmark: _Toc69198876]The Insulation Material Choice
Frequency and wavelengths of sound can be monitored within the insulation material choice. There are a range of different insulation materials and methods which can be used externally and also internally on a building. The thermal insulation put into a building to maintain internal temperatures isn’t effective for soundproofing therefore additional insulation has to be put into a building specifically for acoustics. Below a table summarises the different areas of a building and different types of acoustic insulation which can be used within that specific area. 

Floor 
	Insulation Options
	Description 

	Acoustic Mineral Wool
	The first material which can be used within a floor space is acoustic mineral wool. This insulation is designed specifically to absorb the airborne sounds. Within the floor area, the acoustic mineral wool can be placed in-between timber joists. Acoustic mineral wool can also be used in other areas which will be mentioned within the next stages of the table. The acoustic mineral wool insulation absorbs the sounds within the cavity space which then prevents the noise being amplified (Baker, 2019). 

	Acoustic Matting
	Acoustic matting can be laid on top of the sub-floor depending on whether it’s a concrete slab or a timber floor. The acoustic matting prevents the transference of sound travelling through the floor. The acoustic matting is often made up of two pieces of mass loaded vinyl which sandwiched in the middle is a layer of foam. The mass loaded vinyl adds that aspect of mass to the floor which blocks the airborne sounds. The foam layer in the middle compresses underfoot to absorb the impact vibration such as footsteps (Baker, 2019).




Walls
	Insulation Options
	Description 

	Acoustic Mineral Wool
	Acoustic mineral wool can be used within wall cavities externally and internally to absorb the airborne sounds. 

	Soundboards  
	Soundboards are used to work against airborne and impact noise. This type of acoustic insulation is like plasterboard but contains elements inside to reduce the airborne and impact noise. The soundboards are around 30mm thick so in domestic properties work well as they don’t result in huge areas of space being lost. The outer skin of the sound board is plasterboard to which the next components are similar to the acoustic matting. The next three layers are mass loaded vinyl with a foam layer sandwiched in the middle to dampen the sound energy and vibrations. 



Ceilings 
	Insulation Options
	Description 

	Acoustic Mineral Wool
	Acoustic mineral wool can be used within ceilings. It can be placed between the floor joists. Insulating a ceiling in terms of acoustics depends on the type of ceiling, whether its concrete or timber joists.  The acoustic mineral wool between the timber joists will stop the sound echoing in the sealed chambers which in this case would be the joists. (Baker, 2019)

	Soundboards
	Soundboards / acoustic plasterboard can be added on ceilings to block the airborne noises. There are a range of different types of soundboards / acoustic plasterboards but the main difference being the mass block section blocks different sound frequencies better than others, so depending on the application of the building choosing which type will be suitable will have to reflect on the frequencies occurring within the building (Baker, 2019). 


[bookmark: _Toc69198877]3.0 Executive Summary 
As an executive summary, section 1.0 and 2.0 of the report compromises of a range of calculations undertaken both for lighting and sound. Section 2.1 of the report then goes onto the implications of the factors of wavelength and frequency within a range of different factors. Section 2.1 of the report concludes that there are a range of different ways a building can be designed to get the best acoustic performance which revolves around the application of the building as a whole. 
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TASK DESCRIPTION

Table of Contents
No table of contents entries found. COMPLETE BOTH TASKS

Following the procedure presented in lecture time, the corresponding notes and via
the procedure descriptive and data sheets available...

TASKA.

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

1: Calculate:

1) The Room Index

2) The Utilisation Factor (from tables), explaining exactly how this value was arrived at.
3) The Number of lamps required

4) Asuitable layout (value of S) for the lamp fittings

2. Draw the plan layout on a scale drawing of the factory floor indicating
Your ‘best fit' design for the luminaire installation.
Points on the row layout should indicate the position of the lamp centres.

You may use a software design package to generate your |ayout, or draw this layout neatly by hand

and to scale. Indicate all dimensions on your drawing.
Mathematical calculations should be fully detailed _(50 marks)
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