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Specification
· 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.
· Light Loss Factor= 0.75
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1. The Room Index 
The first step is to calculate the room index of the room. The room index considers the geometry of the room to uniformly to distribute the lights. For example, the larger the room index the taller the room in comparison to its width.
Formula for the room index:
Room Index=  

Using Formula…
Room Index=  
Room Index= 

= 2.45 (2dp)

2. Utilisation Factor
The utilisation factor quantifies the efficiency of a luminaire in delivering light to the working plane. It includes the factors such as room index, reflectance and types of luminaires. Using the standardised utilisation factor table given below we can determine the percentage given the specification received.
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As specified, the DLOR percentage is 50% and the reflectance’s of the ceiling is 0.3 and the wall is 0.5. We also need the room index. The room index calculated previously was 2.45. Since there is no number for that on the table, this number must be rounded up to 2.5 to ensure that the lighting requirements are not underestimated, and sufficient lighting is achieved. 
Therefore, using these standardized tables the Utilisation Factor is calculated as 0.46.





3. Number of lamps required. 
Finally, we can determine the number of lamps using the luminaire formula:
N= 

where….
N= number of lamps required
E= Illuminance level required at the working plane (lux)
A= area at working plane height (m2)
F= average luminous flux from each lamp (lm)
UF= Utilisation factor
LLF= Light loss factor

Inputting the values from the given specification and previous calculations:
N= 

N= 46.37

Since 46.37 lamps cannot be provided and distributed this needs to be rounded an even number of luminaires. Using the 70% rule, the required illuminance specified at the working plane can be taken as 70% of the maximum we can go up to so in this case from 200 lux to 285 lux. Hence, since 46.37 lamps are required to achieve an illuminance of 200 lux at the working plane, this should be rounded up to ensure that we achieve this minimum illuminance and not under estimate.
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To achieve the most practical, efficient room lighting layout three rules must be considered:
1. Smax rule (maximum spacing between fittings)
In a diffusing luminaire Smax= 1.5 x Hm
Therefore, Smax= 1.5 x 7
Smax= 10.5m
2. S & 1/2S rule- spacing at the end of the rows is half the space between the luminaires.
3. Suitable Layout- equal illuminance
Previously the number of lamps required was calculated and rounded up as 47. This number of lamps is a difficult number to distribute evenly in the layout of the proposed room as it is an odd number. Considering other factors such as equal illuminance, dark spots, and symmetry a more even number of 48 would be suitable. Additionally, since the calculated 47 lamps is a minimum value and not precise 48 lamps are suitable.
With calculations, 48 lamps for this room layout will provide 207 lux to the working plane which is less than 5% greater than the working plane lux levels required and therefore I believe that this number of lamps will be sufficient but not excessive.
Using the 48 lamps, this helps to provide a suitable layout. Since 48 can be split down into 4 rows of 12 lamps this will provide an effective layout with equal illuminance. Using the S & 1/2 S rule, vertically if S (distance between lamps) is to be 6m and 1/2S (distance between lamp and wall) is to be 3m then 4 lamps vertically will cover this space evenly. Then, horizontally since the distance between the light and the wall is to be the same then 1/2S will remain as 3m. To distribute these lamps horizontally evenly S will need to be 4.9m. Although this doesn’t precisely stick to the S & 1/2S rule, it is still suitable and is a good solution to provide equal illuminance.
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Please see attached link.
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Sound is a wave that is produced by vibrations that can travel through different mediums such as solid, liquid, or gas (BBC, n.d.). 
Sound operates at different frequencies and wavelengths with frequency being the number of vibrations per second measured in Hertz (Hz) and directly correlating with the pitch of a sound. Human ears can only detect certain frequencies, and this is between 20 and 20,000Hz, with anything below this called infrasound and anything above it called ultrasound (PMC, 2019).  Each sound operates at a different wavelength and this wavelength is the complete length of a wave to complete one cycle (vibration). Also, each wave has a peak (amplitude) which relates to the loudness of a sound.
The wavelength is inversely proportional to the frequency. This is because the speed of a sound is equivalent to the wavelength multiplied by the frequency. The speed of sound is considered to remain constant, (generally considered to be 343m/s), and therefore if the wavelength is to increase, then the frequency must decrease to maintain this relationship. Consequently, high-frequency waves have shorter wavelengths as the waves are produced more frequently so there is less distance to travel between each peak and vice versa with low-frequency waves.
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This relationship and terminology are hugely important contributory factors to a building’s internal design and methodology to achieve the function and comfort of a desired space. These sound levels can be determined using the Noise Criteria range for various interior spaces. This sets out the acceptable background noise levels at different types of spaces such as concerts, halls, classrooms, kitchens, and more. But, to achieve these values, many factors must be considered.
Firstly, different types of sound contribute to the acoustics of a building, and these are airborne sounds e.g traffic, and people, impact sounds e.g falling objects, installation sounds e.g plant and HVAC systems, and lastly reverberation time which considers the period it takes for sound to decay after it has stopped propagating directly from the source (Berg, n.d.). Additionally, there are other factors such as resonance. Resonance occurs as each object has a natural frequency, when there is an external force/driver that vibrates to this frequency then resonance can occur, and this can lead to an amplification of sound such as rattling. This is hugely important to a building's internal design as heating, ventilating, and air conditioning (HVAC) systems produce noise at set frequencies, and this must be controlled so that this frequency doesn’t interfere with the desired sound at the internal space or even the external environments as this sound may resonate and transmit to nearby environments. Within an internal space, sound can reflect, absorb, or be transmitted. To control these factors, measures are put in place to alter the sound quality. To alter reverberation time, reflective/hard surfaces may be used such as concrete/glass to increase it whilst softer materials can absorb the sound and therefore reduce the reverberation time. Measures will also be in place to control resonance, absorbing materials may also be used or for example, HVAC systems may isolated/suspended to prevent their vibrations from clashing with other materials such as the ceiling.
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[bookmark: _Toc162509140]This methodology can also be seen in the construction of cavity walls. Here we see the importance of the frequency/wavelength relationship, as basal sounds have larger wavelengths, this can be very difficult to attenuate. However, with the aid of the cavity wall by altering the width of the cavity/thickness of the materials large basal notes can be reduced more efficiently and this is where the air gap is vital. The mass of the wall is also important, although cavity walls are a lighter construction than solid walls, the same solid materials are typically used (bricks/blocks) and as proven by Berger’s Mass Law sound insulation is increased as mass is increased. Incorporating different types of materials such as insulators in addition to altering the sizing of cavity widths can also combat other factors such as resonance as this can be absorbed within the multiple layers of a cavity wall.

Material Choice

These insulation materials are highly important, and the selection of the correct materials must be considered. Different materials have different types of absorption coefficients which will relate to their properties such as density, porosity, and thickness. Porous materials with air gaps, have higher absorption coefficients as the pores in the material trap and dissipate the sound energy (Cao et al, 2018, p25-30). Denser materials also are less reactive to sound waves and hence have better sound absorption values and the thickness improves absorption as discussed with the cavity wall construction. These factors must all be considered and tailored effectively to attenuate sound effectively whilst maintaining sound quality in an internal space.
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The thermal performance of a building is vital to improving efficiency, durability, compliance, and general health. Several key factors are measured to analyse this performance.
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The first one is thermal transmittance also known as the U Value. This can be defined as the rate of heat transfer through a structure divided by the difference in temperature across that structure (Lymath, 2015). This is measured in Watts Per Metre Squared Kelvin (). In basic terms, thermal transmittance measures the amount of heat energy that is passed through a structure, material, etc.
Additionally, another factor measured is thermal resistance also known as the R-value. Conversely, this measures the amount of heat energy resisted by a material. This is measured in Metre Squared Kelvin Per Watt ().
As seen by the units of these parameters, they are inversely proportional to one another. So, U=1/R and R=1/U. Therefore, if you increase the thermal resistance of a material the thermal transmittance decreases and vice versa. 
In terms of building fabric, the higher the R-value and hence the lower the U-value the better the insulating properties. The U-value is commonly measured and used and this is detrimental to modern building structures. Building regulations in the UK are now influencing this for example by providing a maximum U-value for dwellings at 0.15 for the roof of a modern building which is something that architects, engineers, etc now must try to achieve as a minimum standard (UKGov, 2010).
Typically, areas in which heat is lost are through the windows/doors, floor, roof, and walls (Designing Buildings, 2022). For example, if we take walls, and for this instance, the example is a cavity wall then there will be multiple layers. Each layer of the wall e.g. the frame, insulation, inner skin, etc will all have separate standard R values depending on the material type. These R values are then summed and combined will create a total resistance of the wall. Since the U-value is the reciprocal of the R-value this will then be the reciprocal of the total resistance of the wall and therefore the overall transmittance of heat energy through that wall.
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Another important factor which contributes to the thermal performance is thermal conductivity. Thermal Conductivity (lambda value) is a measure of a material/substance’s ability to transfer heat by conduction (Connor, 2019). In construction, this is hugely important. Materials with lower thermal conductivities transmit less heat energy, often these materials are used as insulation in buildings which are used to reduce the amount of heat loss through a building. Whereas materials with larger thermal conductivity allow heat to travel through them much more easily.
Thermal conductivity is measured and derived from Fourier’s Law of Thermal Conduction, where:

  is the rate of heat transfer (Watts). Using his law, this rate of heat transfer is dependent on the following factors:                            					
·  is the thermal conductivity of the material (Watt/mK). This value is a measure of the material’s ability conduct heat.
· A is the cross-sectional area at which the heat is being transferred (m2). This takes into fact that a larger area can allow more heat to be transferred.
·  is the temperature difference across the material (*C or *K). Fourier’s Law considers the fact that the temperature difference across the material is proportional to the heat transfer.
· D is the thickness of the material. His law takes into account the fact the thickness of the material will speed/slow the rate of transfer.
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[bookmark: _Toc162509340]Figure 3- Diagram displaying the effects of thermal conductivity in relation to a building’s external brick wall.

Figure 2 displays how thermal conductivity works. In a simple brick wall construction heat will be lost from the internal space to the external space as heat typically moves from a warmer body to a colder body (assuming that the internal is hotter than the external). As this heat energy hits the brick wall it will conduct the heat energy, its molecules will then vibrate and pass the heat energy from the hotter face of the brick to the colder side as shown in the diagram. That transferred heat is the thermal conductivity coefficient, and each material has a specific value based on its properties. 
Relating this to the equation above, here H/t is the rate at which heat is transferred from the internal face of the brick to the external face. The area would be the cross-sectional area of the face of the brick. The temperature change would be the temperature difference taken at the inside face of the brick to the external face and the thickness would be the thickness of the brick.
There are many ways in which this heat transmittance through the material can be affected. Firstly, the thicker the material tested, the longer it will take to transfer the same amount of heat as the heat will have to travel a greater distance. Therefore, this is inversely proportional to the heat transfer rate and is hence in the denominator of Fourier’s Equation. Additionally, the properties of the material also play a role. Metals are the best conductors of heat, and these transmit heat the best, however, insulators e.g. fibreglass, wool etc are poor conductors hence their thermal conductivity value will be lower and therefore the heat transfer rate will decrease. This is linked to the density of the material, e.g light blockwork has a thermal conductivity of around 0.38W/mK whereas dense blockwork has a thermal conductivity of around 1.63W/mK and this is because the molecules of the dense blockwork are more tightly packed together hence providing more pathways for the heat transfer (Designing Buildings, 2023). Also, there are other factors which can contribute such as the condition of the material. This can deteriorate over time which will harm the thermal properties. The moisture content of the same material will also impact the findings as heat is better transferred as moisture is increased.
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These combined factors of heat, light and sound pose significant importance to modern architects/engineers in today’s world of building. By considering and effectively managing these principles, energy efficiency, comfort and sustainability will be maximised and help to create both functional and durable buildings. However, with balancing these principles comes challenges and engineers must improve buildings to not only ensure compliance with regulatory requirements but to exceed them and shape the future of sustainable and durable buildings in a much longer term. 
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