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Lighting Layout, Heat & Sound
Task A
Part 1
1) The Room Index
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2) The Utilisation Factor (from tables)
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3) The Number of lamps required
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4) A suitable layout (value of S) for the lamp fittings
[image: ]
Part 2
Draw the plan layout on a scale drawing of the factory floor indicating your ‘best fit’ design for the luminaire installation.
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Task B
Part 1
	In construction, sound is an important aspect that must be controlled in the design and development of a building. Sound is defined as ‘any pressure variation that the human ear can detect’ and is created when objects move and vibrate, such as guitar strings or human vocal chords. Moving objects will begin to interact with the surrounding air molecules and sets them into motion. Regions of high pressure (compression) and low pressure (rarefaction) are created when the object moves back and forth, which compress and rarify the air molecules. In air, sound travels at a rate of 340 metres per second.
	Frequencies and wavelengths are two fundamental elements of a sound wave. Frequency is defined as the number of oscillations or cycles of a wave that occur in a second and is measured in Hertz (Hz), where 1 Hz represents one cycle per second. For example, if a vibrating object produces sound waves 100 times a second, the frequency of that sound will be 100Hz. In sound, higher frequencies are correspond to higher pitches, whereas lower frequencies correspond to lower pitches. 
	Wavelengths are described as the distance between the start and end of one sound wave cycle. Wavelengths are measured from one peak to the next. Therefore, if the distance from one peak of a cycle to another peak of a cycle is 1 metre, then the wavelength would be measured as 1 metre. Wavelengths and frequencies have an inverse relationship. This means that if the wavelength of a sound wave decreases, the frequency will increase and vice versa. This relationship determines the pitch of a sound. 
Implications of Dealing with Frequency & Wavelength
a) A building’s internal design and services support
[image: ]The internal design of a building plays a major role in how sound is controlled and distributed. When a sound is created, reflection occurs when striking a boundary inside a room. Reflection varies depending on the size and shape of rooms. Large rooms such as concert halls tend to create echo and reverberation due to sound waves having to travel longer distances before reflecting off boundaries. Echoing issues can be reduced by shortening the path for sound waves before they reflect on boundaries. For example, lowering the ceiling height or implementing suspending reflectors that hang from the ceiling. Sound waves in smaller spaces such as home offices bounce off the walls more rapidly, which can cause problems like phase cancellation and poor sound isolation. Therefore, objects that greatly increase the absorption of sound waves should be placed inside the room. This can include specifically placed furniture or materials such as porous absorbers for high frequencies, panel absorbers for lower frequencies and cavity absorbers for specific frequencies. 
Sound also must be considered within the services support of a building. The services support of a building includes the range of systems that facilitate the functionality, safety, and comfort of a building, such as heating ventilation and air conditioning (HVAC), lighting and plumbing services. Facilities from a building’s services support can produce disruptive noise at varying frequencies. Unwanted noise can be combatted by implementing noise-reducing features, such as vibration isolation mounts.
There are a number of building regulations around sound that were introduced in Great Britain following the end of The Factories Act in 1959. Regulations such as The Buildings Regulations 2010 include precise requirements for structures in relation to noise and vibration levels that need to be met. This has caused building to be constructed with extra consideration for the frequencies and wavelengths of sounds. It is clear that building regulations provide occupants a much more comfortable environment when followed.
b) A partition wall’s construction technique
When constructing a partition wall, it is necessary to control noise transmission between spaces. Sound interacts with partition walls differently depending on its frequency. At different frequencies, the amount of transmission loss change depending on the materials and building methods used in construction. One of the main important aspects a partition wall requires when dealing with noise transmission is to attenuate sound across a broad range of frequencies in order to minimise the transmission of noise between spaces. 
Another consideration for a partition wall’s construction is the resonance that can be produced. Resonance can happen with a partition wall if the wavelength of a sound equals the dimensions of the wall. When resonance occurs, the transmission and / or absorption of sound is affected within partition walls. Therefore, resonance should be reduced by using materials that dampen vibrations such as viscoelastic compounds.
Furthermore, the choice of materials and their thickness plays an important role in a partition wall’s control of sound. Sound waves behave differently depending on the frequency and wavelength. A low frequency such as bass tones, will possess a longer wavelength that will penetrate a partition wall with greater ease. Therefore, to effectively control sound, a material would need to be sufficiently thick which would reduce the sound’s penetration through the partition wall.
c) The choice of Insulation types available
Sound Insulation is defined as ‘the reduction of sound energy transmitted into an adjoining air space’ and is the main method of controlling sound in a building’s construction. Sound Insulation is used reduce noise that is transmitted through a partition as either airborne or structure-bore noise. There are many insulation types that can be used to control sound and will depend on the type of noise being dealt with. In principle, there are three main qualities sound insulation require. Firstly, construction with a heavier weight will provide better insulation due to extra vibration resistance. Secondly, the completeness of the insulation determines its quality. Construction with few airtight surfaces will prevent sound from transmitting. Lastly, ensuring that rooms or spaces are isolated will also increase insulation quality and can be achieved with an air gap or glass fibre gap.[image: ] 
Structure-borne sound occurs through vibrations that are transmitted in the construction of a building and can originate from the interior or exterior areas of the structure. The control methods for this type of noise are limited and but can be reduced with vibration breaks and an insulation shell within the building. However, this can be expensive to install. Also, since it is vital for minimal air leaks in this insulation type, it is necessary for a strong material that is punch resistant. Compared to structure-borne noise, airborne sounds are easier to control. Airborne sound is noise that moves through the air and produces zero vibrations. Airborne noise can be reduced by using soundproofing glass or curtains.
Part 2
a) Define Thermal Transmittance and Thermal Resistance and explain the relationship between these two parameters when calculating heat loss through the building’s fabric.
Thermal Transmittance and Thermal Resistance are both useful measures to calculate a structure’s insulation performance. When insulation performance is calculated, thermal transmittance and thermal resistance are expressed as the U value and R value respectively. Thermal transmittance, the U value, measures the rate of transfer of heat through a structure and is measured in units of W/m²K. A low U value means that a construction has good qualities of insulation where minimal heat is lost. When the U value is measured, there are three methods of the transfer of heat that are considered which include conduction, convection and radiation qualities. Conduction measured the transfer of heat through solid material, convection measures heat transfer through liquids or gases and radiation measures transfer of heat through electromagnetic waves. 
Thermal resistance, the R value, calculates a products resistance to heat flow and is measured in m²K/W. Thermal resistance is a measure of insulation quality, which means the higher the R value, the better the insulating performance. The R value is calculated by dividing the material’s thickness by the thermal conductivity. Thermal resistance is described as the reciprocal of thermal transmittance. In a mathematical sense, the R value would be shown as 1 over the U value. For example, if a thermal resistance has an R value of 4.0, the U value would be ¼ or 0.25. Therefore, the U value is also the reciprocal of the R value. This means that thermal transmittance and thermal resistance have an inverse relationship when calculating heat loss. If thermal transmittance increases, the R value would decrease showing poor insulation performance and a higher amount of heat transfer through the material. Whereas if the thermal resistance increases, the U value would decrease which would provide great insulation performance and a lack of heat loss.
b) Illustrate, by means of your own supporting diagram, how Thermal Conductivity is measured, and explain why ‘material type’ and ‘distance’ are contributary factors in this calculation.
Thermal conductivity is a measure that calculates the rate a material is able to conduct heat when tested under a specific environment and is measured in units of W/mK. Conductivity, or the rate of heat flow, can be calculated in the below equation. 

 = Conductivity / Rate of Heat Flow (Watts / Joules per second)
 = coefficient of thermal conductivity for the material (W/mK)
A = area of sample (m²)
 = Temperature difference between the faces (°C / °K)
d = distance between the faces (m)
Thermal Conductivity Diagram
[image: ]	
	There are two main contributary factors when calculating thermal conductivity, which are the material type and the distance. There are many types of materials with their own unique properties that affect thermal conductivity. Different types of materials are made up of their own molecular structures which means that some materials have atoms that are tightly packed together while other materials posses atoms that are more loose. Materials with greater thermal conductivity are the ones with tightly packed atoms due to this creating strong atomic bonds that allow for heat to transfer through the material at a faster rate. Metals are a great example of this due to their tightly packed atoms and large amount of free electrons that provide the thermal conductivity. Some examples of metals that provide excellent thermal conductivity are copper and aluminium. On the other hand, materials such as glass and ceramics have poor thermal conductivity due to the structure of their molecules slowing down the movement of heat.
	Distance also greatly impacts the thermal conductivity performance of a material. The distance is the thickness of the material that heat would need to travel through. Thicker materials provide better insulation properties and poor thermal conductivity performance. This is due to the extra distance heat would travel through the material, which reduces the rate of heat transfer. An example of a material that possess a thickness that reduces thermal conductivity is  insulating foam that contains trapped air pockets and low free moving electrons. 
References
Surfaces, A. (2023). Room Size & Surface Properties: Their Impact on Acoustics. [online] Acoustical Surfaces. Available at: https://www.acousticalsurfaces.com/blog/acoustics-education/room-size/.
Insulation-info.co.uk. (n.d.). Sound insulation: possibilities, applications & materials. [online] Available at: https://www.insulation-info.co.uk/sound-insulation.
Jimbo (2013). Loft Insulation - An introduction | TheGreenAge. [online] TheGreenAge. Available at: https://www.thegreenage.co.uk/article/thermal-conductivity-r-values-and-u-values-simplified/.
Materials Science and Engineering – An Introduction Tenth Edition. Williams D Callister, JR & David G. Rethwisch, (2014)
The Importance of Controlling Noise in the Built Environment creating better environments. (n.d.). Available at: https://forbo.blob.core.windows.net/forbodocuments/1061892/Forbo%20Acoustics%20Whitepaper%20UK%20February%202021.pdf.
image4.png
3)1‘”\& Number of Low.ps Re_li.)nri(L

Nz Bl - N= No. of Jamps requied

Fx UFx LLF , AE Tlominance level (ld)‘\
: ) heecn oY wodtps plare heialt

N, = ? > F= AV . luminous qu\ 9

E = 200 lux UF-= fl'tsalv(no, Faclor

A = {Ox 24 - 1LbOm" LLF= Light Loss Fachor

[Fri= 18000 |lumens

VF= 0-46

LLE= 0 75

‘N: 200 x 1440
18000 x O:46x O*75

= L TR
= 47 Lamps




image5.png
VA cuibells leyoot (valve of S) for e lump §ittings '
S ¢ 2 Ha
[PEEET T
Senas = 105 mekees apark
Albhough 47 lsmps arc required, using 8 Jomps

,b'q,.'l\ provide better Uniformiky iailluminaben  over
the  wWerking plant.
G’qu u\g ck'u"«QM"(vn-L, 0( tLLWP.’o;;LUd‘:t;‘(\ aren, o lz)ﬂf i(t,‘
desian will jaclvde o Iujwt o},:

b rows  of 12 \aMfs




image6.png
2brm

bm

3m

3m

+ + + +
+ + o+
.

—+

+ o+ o+
B e

_'_





image7.jpeg




image8.png




image9.png
Tempeatuce 4 Tempusture ,

GO /remp. D}ﬁerence (k\

91 e 91
(K)




image1.png
A T, Tdea ™
:Room Tadet. = LXW

H., (L+w)

0« L4
-1 (o+19

oz IR0
- 5

=7:493979. ,

2 G5 (2.0

’Z\ The Utilisakion Factor

LROO/\'\ I.«o\cx = 2:4§
'DLOR = 50%
Cedine, Refletonce = O+ 3
Wal| t}le&lu_hmm = OrS

Using Bhe Ubilisation  Fuder  Sheek  with bhe abore

lvalues .

|
Dhlisarion Fodler = 0'4'6




image2.png
2 (R R T

Rooos: Tadex = - | oxuW
Ha (L+W)

0« L4
3-1 (b0 +14)
1050
543
2-L4gd7q,
= 2-45 (’lrl,p.\

" |

"

2\: The Ubilisakion Fackor
Boom Todex = 2°55

DLOR 50%
Celine, Refletone = O-3
Wl tﬁegmm =05

U""“i’) the Ulilisation  Fador  Sheeb  with bhe  aboye
values.

Uhlisakion fader = O 46




image3.png
UTILISATION FACTOR SHEET |

047

. X 0.49
0.51 0.50 049 050 049





