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[bookmark: _Toc162553684]Introduction 
This assignment will provide details on how to calculate and analyse building services requirements for comfort levels within buildings. The main principles are lighting, layout and sound, a calculation of how to calculate lighting layout and a plan drawing to go with the calculation will also be provided.
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Equation: RI =    (L x W)                
                              (Hm (L + W))
L = length of the room
W = Width of the room 
Hm = Height of the luminaire measured from the working plane.

Hm = 8m -1m = 7m 
R= 60m x 24m              =    1440 = 2.44 Rounded up to 2.5 (The reasoning behind rounding up is 
       7m (60m + 24m)         588                                                             because of the 70% rule to always 
From the utilisation factor table (inserted below) = 0.46     round up and not to round down).
Number of lamps required: 
N =       E x A 
        F x UF x LLF 
N = Number of lamps required.
E = illuminance level required (lux).
A = Area at working pane height (M2).
F = Average luminous flux from each lamp (lm).
UF = Utilisation factor, an allowance for the light distribution of the luminaire and the room surfaces.
LLF = Light loss factor, an allowance for a reduction in light output caused by lamp deterioration and dirt.

N =   200 lux x 1440m         =     288,000 = 46.37 
      18,000lm x 0.46 x 0.75           6210
Svalue = 48 (Rounded to the nearest equal number to allow for an even number of lamps).
Smax = 1.5 x 7m = 10.5 (Maximum space allowed between each lamp).
Layout: 
4 rows of 12 lamps 
Distance from the wall = 2.5 (Double the distance to 5)
60 – 5 = 55
55 / 11 = 5 (The number 11 is number of gaps between each lamp and the total of 5 is the distance between each lamp).
24 – 5 = 19 (The number 24 is the length of the wall).
19 / 3 = 6.3 (The number 3 stands for the number of spaces between each row).
(The final figure of 6.3 is the space required between each row of lamps).

Room index = 2.5
The utilisation factor (from table) = 046
The number of lamps required = 48
A suitable layout (value of S) for the lamp fittings = 4 rows of 12 lamps 
                                                                                                          5m distance between each lamp
                                                                                                          6.3m distance between each row.
                                                                                                          2.5m distance from the wall.
                                                                                                          2.5m distance from the ground.
When measuring light inside of a building important factors to consider for the natural light coming into the building are:
The amount of daylight inside a room which can be measured against the amount of daylight outside.
The illuminance at a point on the ground which is provided by the unobstructed sky.
The uniform sky luminance in every direction view.
Lighting plan layouts are important to determine how light will travel through spaces within a building, its also critically important to obtain appropriate lighting to avoid eyestrain and other health implications associated with poor lighting layouts.
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The diagram above indicates where I obtained my utilisation factor from the table.

Workings out sheets: 
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(A) A buildings internal design and services support – 
When dealing with frequency and wavelength of sound in a buildings internal design and service support it is crucial for acoustic comfort and functionality of the building. Things to consider would be room dimensions, materials, and sound absorbing features to minimize noise and reverberation. 
HVAC systems and structural design should be optimized to reduce transmission of low-frequency sounds and vibrations, ensuring a conductive environment for occupants and efficient operation of equipment.
(B) A partition wall’s construction technique – 
When constructing partition walls considering the frequency of sound and its wavelength is essential for effective sound insulation. Implications that may factor in could be:
Selecting appropriate materials with the correct mass and density will help to control the sound waves of different frequencies. Using heavier materials such as double layers of plasterboard are effective for blocking low frequency sounds out whilst softer materials like insulation can absorb higher frequency sounds. The thickness of the wall will impact its ability to block sounds out, thicker walls control low frequency sounds more accurately compared to thinner walls.
By addressing these factors partition walls can effectively attenuate sound transmissions by creating quieter and more comfortable environments within buildings.
(C) The choice of insulation types available – 
When considering the implications of frequency and wavelengths of sound there are various types of insulation available for use in buildings for example: 
The most common choice of insulation is fibreglass insulation, this insulation is a common choice due to its ability to soundproof walls and ceilings. It can effectively absorb sounds and its relatively affordable.
Another once would be mineral wool insulation which also has an excellent sound absorption level. It is denser than fibreglass and provides better sound proofing.
Cellulose insulation which is typically made from recycled paper and cardboard can also be used for soundproofing. This type of insulation is not as effective as fibreglass and mineral wool for low frequency sounds but can provide a level of sound absorption for mid to high noise.
The choice of insulation is critical to create a comfortable environment indoors with sound levels controlled.
Frequency:
Frequency refers to the number of complete cycles of a periodic wave that occurs in a unit of time. Frequencies determine the pitch of a sound with higher frequencies to correspond to lower pitches. 
Most sounds contain multiple frequencies, low frequency sounds have significant acoustic energy in a frequency range of 8-100 Hz. Lower frequency sounds are harder to listen to as they sound more like a pressure to the human ear compared to a sound.
Wavelength:
A wavelength of sound is the distance between two consecutive points of a wave that are in phase. Wavelength is represented by the Greek letter lambada. Shorter wavelengths correspond to higher frequencies and longer wavelengths correspond to lower frequencies.

Sound:
Sounds are carried by longitude waves where particles vibrate in the same direction as the energy of the sound and the loudness of a sound is measured from the amplitude of the sound wave. (Phsyics LibreTexts , 2024) The sound will be louder if the amplitude is higher and the pitch of a sound is a measure of the frequency of the wave, again; if the frequency is higher the pitch will also be higher. (BBC, 2023)
Things to consider when calculating sound:
1. Different temperatures and humidity affect the speed of sound, for example an increased temperature can allow a soundwave to travel more easily.
2. Sound travels through gases, liquids and solids at considerably different speeds.
3. Reflection and transmission, when sound impacts a surface of the acoustic energy is reflected, part is transmitted, and part is absorbed.
4. Sound travels faster in a solid than a liquid. (Alan Nantel, 2024)

[bookmark: _Toc162553692]Part 2 (A):
Thermal transmittance is a U-Value which is a measurement of the amount of heat that can flow through a material (heat transfer between two fluids separated by a solid). When calculating thermal transmittance, it is important to remember that the lower the U-Value calculation the more efficient the thermal insulation will be. U-Values are critical when designing a building an example of this would be the wall of a building separating the outside heat from the inside heat and this can be divided into three main steps: (Tec Science , 2022)
1. Thermal convection – internal, separating a fluid to an object.
2. Thermal conduction - separating the object.
3. Thermal convection – external, separating the object to the fluid.  
Thermal resistance is a measurement of how effective a material can resist the flow of heat and it is referred to as an R-Value. When measuring thermal resistance, it’s important to remember that the higher the value the better the insulation which will result in the material having a more effective result at preventing heat transfer. (First in Architecture, 2024)
Thermal transmittance and thermal resistance are related when calculating heat loss through a building’s fabric. When calculating heat loss through a buildings fabric a major factor to consider is the temperature of the location in the summer and in winter as this will also affect the level of heat loss within a building. (Daily, 2018)
The U-Value (thermal transmittance) decreases which results in improving the insulation and the R-Value (Thermal resistance) increases which creates a higher resistance to heat flow. The relationship between both allows the comfort level temperature of a buildings fabric to be calculated. Some additional things to consider when calculating heat loss are:
Climate and weather conditions: It is important to consider the climate data such as wind speed, rainfall, etc because these can affect the rate of heat transfer into and out of a building.
Thermal properties of materials: Consider thermal conductivity, density and heat capacity of building materials as they can affect how heat transfers through walls, floors, roofs and windows etc.
Building design: The shape and orientation of a building should be considered relative to the sun as this can impact heat gain and loss within a building. 
When measuring the U-Values the calculation mirrors the calculation of the R-Value: R=1/U or U=1/R. Both of the values depend on the depth of the material which is being calculated. (Alan Nantel, 2024)
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Thermal conductivity is a measure of the rate which heat is conducted through a material under certain conditions and the units used are W/mK (watts per metre kelvin). The coefficient of thermal conductivity is lamba and is a measurement of heat flow in watts across the thickness of a material for a temperature difference of 1 degree kelvin and surface area of 1 m2. (Alan Nantel, 2024).
When measuring thermal conductivity, material type and distance contribute to the calculation in separate ways. For example, if the material which is conducting is a gas or liquid, the heat has the ability to move through particle agitation as well as moving through the atoms or molecules. If the particles have larger distances between them which often happens in the ‘gas phase’ results in collision less often. Collisions are needed to transfer thermal energy, so the bigger the distance the less collisions which will cause a lower rate of heat conduction. Thermal conduction always occurs fastest in a solid and slowest in a gas. (Ken Stewart, 2023)
Tools used to measure thermal conductivity are heat flow meters and heat transfer analysers etc. thermal conductivity measurements can often vary depending on the type of tool that is used to complete the measurement, the variations create implications because the calculation needs to be correct to insulate the building. (NA, [ND]). The values when calculating thermal conductivity may also vary depending on:
Manufacture variations in density and thickness – for example if a certain type of plasterboard from one manufacturer was being used and then the same type of plasterboard from a different manufacturer was ordered instead then the calculation may vary due to thickness/insulation being different.
Changes in moisture content – for example if a piece of plywood was dry to begin with when calculating the conductivity, but had been left to saturate in water then the calculation would vary. 
Effects of time – materials can deteriorate with age.
Equation to calculate -
Rate of heat flow   = H  = lamba x A x (01-02)
                                       T                            d

[bookmark: _Toc162553694]Building Regulation:
Building Regulation E states that ‘each room or other space within a building shall be designed and constructed in such way that it has the acoustic conditions and the insulation against disturbance by noise appropriate to its intended use’ this is relating to a school provision however, the principle within a factory would be the same. It is important to ensure that regulations are complied with to meet safety standards and in this case human comfort levels are prioritized this is to ensure that no harm is caused such as eye strain from overpowering light. The building regulations are in place to be followed to protect peoples health and safety in and around buildings, the regulations are also in place to protect the environment. 
. (Welsh Governerment, 2017)

[bookmark: _Toc162553695]Conclusion: 
To conclude this report provides information based on lighting layout, heat loss through building fabric and the frequency and wavelengths of sound. Each topic discussed within this report all contribute towards human comfort levels within buildings and the information gathered to calculate each is vital to ensure that the building will be efficient enough to comply with building regulations. The level of heat flow within a building will provide more efficient insulation which will also improve the energy efficiency of a building, this is an example of regulations being followed to provide a better efficiency for the environment. 
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Reflectances

Description Typical Basic Ceiling 07 05 03
of fitting outine LOR | downward | Walls 05 03 0.1 05 03 0.1 0.5 03 0.1
LORS%. Room
index
Auminium 06 039 03 033 039 036 033 039 035 033
industrial 70 08 048 042 040 046 043 040 046 043 040
reflector, 10 052 04S 045 052 048 0.45 052 048 045
aluminium 125 056 058 050 056 053 0.49 056 052 042
or enamel 1.5 060 057 054 059 057 053 059 057 053
high-bay 2.0 065 06z 059 063 060 058 063 059 057
refiector 25 067 064 062 085 062 061 065 062 060
3.0 069 066 064 067 064 063 067 064 062
40 071 068 067 069 067 065 069 066 064
50 072 070 069 071 069 067 071 067 086
Near-spherical 06 028 022 018 025 020 0.47 022 018 016
diffuser, 50 08 039 030 026 033 028 0.23 027 025 022
open beneath 10 043 036 032 038 034 029 031 029 026
125 048 041 0837 042 038 033 034 032 029
15 052 046 041 046 041 0.37 037 035 032
20 058 052 047 050 048 043 042 039 036
25 062 056 052 054 050 0.47 045 042 040
30 065 060 056 057 053 0.50 048 045 043
4.0 068 064 061 060 056 054 051 048 046
50 071 060 085 062 059 057 053 050 048
Recessed louvre 06 028 025 023 028 025 023 028 025
0.23
trough with 50 08 034 081 028 033 030 0.28 033 030 028
optically 10 037 036 032 037 034 0.32 037 034 032
designed 125 040 038 035 040 037 0.35 040 037 035
reflecting 15 043 041 038 042 040 038 042 039 038
surfaces 2.0 046 044 042 045 043 041 044 042 041
25 048 046 044 047 045 043 046 044 043
30 049 047 046 048 046 045 047 045 044
40 050 043 048 049 048 0.47 048 047 046
5.0 051 050 049 050 049 0.48 049 048 047
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