Lighting layout heat and sound
by Osian Phillips
1) The Room Index
Room index = RI
Length = 60m 
Width = 24m
Height = 8m
Work plane = 1m

8 – 1 = 7  
RI= (L x W) / (H (L + W) )
(60 x 24) / (7 ( 60 + 24) ) = 2.448979592
RI = 2.45

2) The Utilisation Factor (from tables)
Room index = 2.4 
Area of reflectance 
Ceiling = 0.3                  Walls = 0.5 
Fluorescent lamps in recessed louvre DLOR of 50%.
2.4 must round up to 2.5.
Made use of the table and found that the utilisation factor = 0.46

3) The Number of lamps required
18,000 lumens required 
Area = 200 lux 
Light loss = 0.75

N = E x A / F x UF x LLF 
E = 200 lux
A = 60 x 24 = 1440 m²
F = 18,000 lumens
UF = 0.46 
LLF= 0.75

200 x 1440 / 18000 x 0.46 x 0.75 = 46.37 lamps
Because you can have 0.37  lamps you must round up to 47 lamps. However, due to the fact 47 lamps would cause a problem in the light layout the number of lamps needed is 48.
Number of lamps = 48
4) A suitable layout (value of S) for the lamp fittings
Value of S = 1.5 x 7 = 10.5 
Maximum spacings in between lights = 10.5m
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Light layout
Due to the number of lights being 48 I decided the best layout would be 4 rows of 12 lights. With the width of the building being 24m I decided the adequate spacing in between lights should be 6 meters. Halving the distance of the spacings off the wall meant the lights should sit 3 meters off the wall. As the width of the building is 60 meters and the spacing off the wall is 3 meters this left 54 meters for the lights to be put in meaning the spacing in between each light is 4.9 meters. Both these measurements follow the rule that the maximum spacing in between light is 10.5. 
.
What is Sound frequency and wavelength?
 ‘Sound’ is defined as ‘any pressure variation that the human ear can detect’. The speeds at which sound waves travel at vary depending on the medium, however in air sound travels at speeds of around 340 meters per second.
 Frequency of sound is defined as the number of times a sound wave repeats itself per second. Frequency is measured in the units of Hertz (Hz), meaning when 1Hz has occurred there has been one wave cycle per second. Frequency represents the pitch of a sound and is perceived by humans as either high or low. High pitch sounds have a high frequency and low pitch sounds have a low frequency. The audible range of frequency for humans lies between 20 Hz and 20,000Hz. 
 A wavelength is known as the horizontal length of one cycle of a wave. A wavelength is measured horizontally from one peak or trough to another. Low frequency sounds have long wavelengths whereas high frequency sounds have short wavelengths. Wavelengths are usually represented by the symbol λ and is measured in meters.
The implication of a sound frequency and wavelength on a building’s internal design and services support.
When it comes to a building’s internal design and service support understanding the significance of sound frequency and wavelength is essential. Certain areas of a structure must pay attention to certain frequencies and wavelengths to maximise acoustics. For example, in concert halls sound clarity and reverberation control is essential meaning the use of sound absorbing materials like acoustic panels must be arranged and measured properly and the wavelengths of different frequencies must be considered. High frequency sounds are more easily absorbed by materials whereas low frequency sounds tend to travel through materials. This information helps choose what type of materials are needed to soundproof a room or to prevent sounds from entering a room. In theatres and studios clarity of sound is vital so designers must acknowledge the link between material qualities, frequencies and wavelength to maintain acoustic isolation. In addition, when designing a building an architect must consider HVAC Systems (Heating, ventilation and Air conditioning).  An architect will need to consider sound transmission and vibration control to prevent noise pollution of the HVAC systems. Ductwork and equipment placement can be optimised to minimise the transmission of low frequency noises. 

The implication of a sound’s frequency and wavelength on a partition’s walls construction technique.
When constructing a partition wall, it is important to minimise the transmission of high and low frequency sounds by selecting certain materials and using certain building techniques. To prevent high frequency noises from travelling through a wall you can use acoustic insulation materials. However, to prevent low frequency sounds materials like gypsum boar or mass loaded vinyl are best suited. There is one factor that can be difficult to predict when evaluating the sound insulation of a partition wall between two dwellings, “when the Wavelength of the sound in air is the same as the bending waves in the partition. At a certain frequency and angle of incidence, the bending oscillation of the partition will be amplified, and the Acoustic Energy will be transmitted through the partition almost without attenuation”. However, you can prevent this through sound insulation.
The implication of a sound’s frequency and wavelength on the choice of insulation types available.
There are 3 general principles of good sound proofing which are weight, completeness and isolation. 
Due to the fact that sound waves are vibrations heavy weight construction offers good insulation towards sound as it is difficult to vibrate a heavy wall. Mass law states that ‘the sound insulation of a single leaf partition rises in proportion to its mass’. By doubling mass, the insulation value increases by 5 or 6 dB. A type of material that is commonly used that follows this law is rockwool. Rockwool is a great material for blocking out low-frequency sound waves. This type of material is extremely useful in areas where there is high traffic or industrial facilities nearby.
 The completeness of a wall is a key part for sound insulation as an airtight wall implies that air will be prevented from travelling through which will therefore prevent sound waves from also travelling through. This implies that all cracks and seems in a building should be properly sealed. Sound absorption and blocking properties of insulation can also be improved by installing it with the right density and thickness. 

 Isolation provides the highest level of insulation through minimal physical contact between two surfaces. Isolation is achieved through a glass fibre air gap or just by an air gap however this can be compromised by a rigid stud links or even nails. Fibreglass insulation therefor is a great way of absorbing high frequency sounds like music. By considering the wavelengths and frequency of sound waves, architects can select materials that effectively isolates unwanted noise and create environments conductive to comfort and productivity. 
Thermal transmittance is defined as the rate of heat through matter. Thermal transmittance is a crucial part of building science. Also known as the U-value of a building thermal transmittance quantifies the rate of heat transfer through the structure of a building. U-Value emphasises the effectiveness of a materials resistance to the flow of heat from a building’s interior to the exterior or vice versa. Furthermore, U-value is measured as Watts by squared metre-Kelvin (W/M²k). A building with a low U-Value has a good insulation performance of the material or assembly. Thermal transmittance accounts for numerous things like convection, conduction and radiation of heat and it further considers factors such as a materials conductivity, thickness and density. The U-value of a building also determines a buildings energy efficiency as a building with a low U-value has a greater residence to heat loss in cold weather and decreased heat increase in warm weather. This further leads to a lower running cost of a building as it requires a lower use of heating and cooling leading to lower energy costs. Across the United Kingdom energy efficient design and construction is promoted by building codes and energy standards setting a maximum allowable U-Value which is decreased often as new materials and increase in work standard I set. Having a high standard in energy efficiency also allows the country to lower environmental impact and operational costs associated with a buildings indoor comfort condition. 
Thermal resistance is defined as the ratio of the temperature difference between the two faces of a material to the rate of heat flow per unit area. Furthermore, thermal resistance is the reciprocal of thermal transmittance and is represented by the symbol R-Value. Thermal resistance is a building science that measures a materials or assembly ability to impede the flow of heat.  The higher the thermal resistance, the lower a building heat loss. To calculate thermal resistance, you must use the equation, Thickness over area times thermal conductivity (M² K / W). The thermal resistance of a material depends on its intrinsic properties, including thermal conductivity, thickness, density and surface characteristics. An example of this is fibreglass. Fibreglass tends to have a high R-value and provides good thermal resistance. Thermal resistance heavily influences a building design by dictating the selection of insulation materials and wall assemblies to optimise energy efficiency and occupant comfort. Energy standards and building codes in the United Kingdom often specify minimum R-Values for different building components to ensure adequate thermal performance and promote sustainable construction practices in contrast to thermal transmittance, high thermal resistance reduces heat loss in cold climates and minimises heat gain in warm climates. This further reduces the running costs of a building by decreasing the energy consumption for heating and cooling.
U-Values are often used in technical literature, especially to indicate the thermal properties of materials such as glass and to calculate heat loss and gains. The U-value is reciprocal of the R-value meaning, 
R = 1 / U  or on the other hand U = 1 / R.
 To give an example, an R value of 2.0, the U value is ½ or 0.5.
 R and U values are always dependent on the thickness of the material. In order to discover the heat loss through any area of a composite structure for any temperature between materials faces, the U-Value is multiplied by the area and the temperature difference. The equation to discover heat loss is, 
Heat loss = U value x Area x Temperature difference 
P = U x A x (Ø1 – Ø2). 
The answer of the equation would be given in the answer of watts. 
The power loss from an enclosure due to conduction through a fabric is obtained by adding together the individual heat losses from walls, floors, ceilings, doors and windows and so on. 
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Thermal conductivity coefficient is the measure of the rate at which heat is conducted through a particular material under specified conditions. Thermal conductivity is measured in the units of W / M x K.
The above diagram shows one method of measuring thermal conductivity is by placing a material with known dimension between two temperature-controlled plates. One plate is used as a heat source whilst the other plate is a heat sink. Temperature sensors are then place at known distances apart within the material.  Heat is then applied to a singular side of the material creating a temperature gradient.  The heat flux is then calculated by measuring the temperature difference and the known distance between the sensors. Thermal conductivity is calculated using the formula,
Rate of heat flow = H / t =     λ x A x (Ø1 – Ø2) / d 
H/t = rate heat flow (conductivity) between the faces (J/s = Watt)
 λ = Coefficient of thermal conductivity for the material ( Watt / m K)
A = Cross sectional area of the sample (M²)
Ø1 – Ø2 = temperature difference between the faces (ºc or ºk) 
d = distance between the faces

Different materials have different thermal conductivities because of their molecular structures and densities. Low thermal conductive materials offer a greater resistance to heat flow compared to higher density material which allow heat to pass though easily. An example of this is shown by insulating materials like fibreglass which have low thermal conductivity and show a greater resistance to heat flow compared to metals which have high thermal conductivity and a low resistance to heat flow.  The resistance of each layer of material in a structure depends on the rate at which the material conducts heat and the thickness of that material. Resistance can be calculated by the equation. 
R = d / λ 
 R= thermal resistance of the component (M² x k / W)
d = the thickness of the material (M)
λ = thermal conductivity coefficient of the material (W/ Mk)

In addition, another aspect that affects thermal conductivity is the distance that heat must travel. Distance plays a significant role in the calculation of thermal conductivity because it directly affects the rate of heat transfer through a material. The thermal conductivity of a material indicates how well it conducts heat over a specific distance. An increase on the resistance of heat flow is seen when the distance that the heat must travel is increased this results in higher thermal resistance, and overall lower thermal conductivities. This further implies the thickness of a material greatly impacts its thermal performance. A thicker material has typically lower thermal conductivities, assuming other factors remain constant. 
In summary the calculation of thermal conductivity is affected by distance by influencing the rate of heat transfer through a material. Thicker materials have a increase in thermal resistances and lower thermal conductivities due to increase of the distance that heat must travel. In conclusion, when measuring thermal conductivity, it’s essential to consider the thickness of a material and its impact on heat flow.
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