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Task A

Part 1
For a production area in a factory, here in stages I arrive at the number of lamps of the prescribed specification, and a suitable layout, to supply the required lumen output and illumination at the working plane.

1.  The Room Index (RI)
The RI expresses the relationship and measure of the proportions of a room.  Relying also on room reflectance values and light output for the type of lamp fitting used, a Utilisation Factor for the surface illuminated is obtained which can then be used to work out the number of lamps required (McMullen 2012 pp.151-156).
For this production area, the RI is 2.14:

Length (L) = 60
Width (W) = 24
Height (Hm) = 8
RI = (L x W)/Hm (L + W)
(60 x 24)/(8 (60 x 24)) = 2.14
RI = 2.14.


2. The Utilisation Factor
The Utilisation Factor (UF) is an adjustment considering the type of light fitting, its Downward Light Output Ratio (DLOR) (to adjust for light loss within the fitting), the RI, and ‘reflectance values’ for ceiling and walls (McMullen 2012 p.155).
For this factory production area, the UF is 0.44:

Ceiling Reflectance: 0.3
Wall Reflectance: 0.5
RI: 2.14
Fitting: Recessed louvre with DLOR of 50%.
[bookmark: _Int_pE9HCpfW]The RI of 2.14 falls between the table RI values of 2.0 and 2.5.  For the purpose of calculation, I approximate using the UF for the closest table value (2.0).
[bookmark: _Int_d2bGThuf]On the basis of the foregoing, the UF is 0.44.
[image: ]
3. The Number of Lamps Required
Using the UF and adjusting for a supplied light loss factor (LLF) multiplier (to predict future maintained illuminance based on the system’s initial properties and allowing for depreciation or variation), the number of lamps (N) can be calculated for the described production area and type of lamp fitting (McMullen 2012 pp.155, 157-158).
For this production area, 48 lamps are required:

Illuminance Lux (E) = 200
Area of Building (A) = 60m x 24m = 1440 m2
Utilisation Factor (UF) = 0.44
Light Loss Factor (LLF) = 0.75
Luminous Flux for each lamp (F) = 18,000
N = (E x A)/(F x UF x LLF)
(200 x 1440)/(18000 x 0.44 x 0.75) = 48.48.
Although a matter of opinion or design convention, in my opinion, the best number of lamps (N) = 48.

As we cannot install a fraction of a lamp, N is therefore either 48 or 49, depending on the rounding of the number of lamps required.  48.48 is closer to 48 than 49, but 48 lamps would have a theoretically lower total output than 49.  However, because the calculations are based already on adjustment, through the LLF, for lighting the area therefore, and with the probable greater ease of laying out in a suitable grid, I would recommend installing 48 lamps. (If the space was square, I might recommend 49, with a 7 x 7 grid).  However, this approach should be discussed with the client in the project.


4.  A Suitable Layout
In this rectangular 60m x 24m space, ideally, we want a grid pattern. The obvious options to investigate are 6 x 8, or 4 x 12 grids.  With the length of the space being roughly 3 times the width, 4 x 12 seems the most effective, 12 being 3 times 4.  Also, the grid would allow for sides and corners by having the distance to the wall from the nearest lamp in the layout as half the distance between lamps in the rest of the run.  It would also be best to have the separation between lamps to be the same or as close to the same in each axis.
I have worked out calculations indicating the following:

Distance Between Fittings
Grid layout		Length-wise		Width-wise
6 x 8 grid		7.5 m			4 m
4 x 12 grid		5 m			6 m

Assuming that it is better to equalise the length-wise and width-wise separation, the 4 x12 grid is preferred.  The 4 x 12 grid, with a separation range of 5 - 6 m, is preferable to the 6 x 8 grid, with a separation range of 4 – 7.5 m.  The 4 x 12 grid has a roughly equal separation on both axes, whereas the 4 x 12 grid has nearly double the separation on along the 60 m long axis compared to the 24 m axis. The 4 x 12 grid will produce more even illumination, which must be highly desirable especially in a factory setting.
In Part 2 I supply plan layouts for both grids to illustrate the point but my recommended ’best fit’ layout is the 4 x 12 grid.


Part 2
See below the 6 x 8 and preferred 4 x 12 plan layouts.

6 x 8
[image: ]
4 x 12
[image: ]

TASK B
Part 1
Frequency
The frequency of sound is the rate per second of a vibration, or wave, which produces, through variation in air pressure, a sound of a corresponding ‘pitch’.  The higher the frequency, the higher the pitch.  The higher the ‘amplitude’ of the wave, the louder the sound.
Wavelength of a Sound
The wavelength of a sound is the distance between a point on one sound wave to the same point on the next wave.

The Implication of Dealing with these two parameters in:
(a) A building’s internal design and services support 
(McMullan, 2012, pp. 362-363) 
Every building, unless unoccupied and with every electrical or mechanical service turned off, generates sound.  Even such an empty, passive building would not be completely sound-free because of the passage of external sounds, natural or man-made, through the building envelope and into the internal space.
Consideration of the likely soundscape of a building in its functioning state is of increasing importance as traditional and relatively massive building methods and materials give way to new materials and building systems aimed at producing a given building form using the cheapest, lightest and easily installed materials.  It is well known that heavyweight construction provides good sound insulation, but that sort of construction is exactly what, in most cases, the designer is seeking to avoid.
The addition of new forms of building services, cabling, pipes, ducting, fans, generator, boilers and other machinery to meet the rising expectations of purchasers and occupiers has created new challenges to designers seeking to produce buildings fit for purpose.  Occupants can also be expected to introduce their own sound-generating equipment and fittings.  Ambient noise may be acceptable but not ‘unwanted’ sound.

(b) A partition wall’s construction technique (Lyons, 2020, pp.42-48)
It is well-understood that sound waves pass from the air through a partition by converting to mechanical vibration in the material of the partition.  The analysis of the soundscape becomes more complicated due to structure-borne sound travelling through other solid material in direct mechanical contact with the sound source, such as machinery-caused vibration passing from floor to wall.
Sound insulation, being the reduction of sound energy transmitted into an adjoining air space, is the main method of controlling sound movement in buildings.  As already noted, most sound is transmitted as either airborne noise or mechanical vibration.  The success of sound insulation is commonly expressed in terms of a Sound Reduction Index, being the difference in decibels between one side of a partition and the other.  The necessity for doors and windows results in the need to calculate the overall success at sound absorption when less absorbent building components are used.

(c) The choice of Insulation types available (Lyons, 2020, pp.42-48)
In the science of sound management in building, in relation to partition design, a distinction is drawn between porous absorbers (for higher frequencies, especially above 1 kHz), panel absorbers (for lower frequencies, especially in the 40 to 400 Hz range) and cavity absorbers (for specific frequencies).
The skill of building designers is to use the best combination of these categories of sound absorption material in designing partitions in accordance with the modern approach which relies increasingly on light and flexible products.

Part 2: 
(a) Thermal Transmittance is the rate of transfer of heat through matter, known as a ‘U’ value, standardised as the amount of energy that will flow through one square metre of material when the temperature difference between their faces is 1 degree C. (McMullen 2012 pp.44-45)
Thermal Resistance is the rate of resistance to this transfer, and in relation to insulation materials is known as a ‘R’ value. It is the reciprocal of the U value:

U = 1/R or 1/SR in the case of composite materials.
So, with an R value of 2, the U value is 0.5. The total heat loss (P) in watts through a composite structure is therefore a simple matter of adding up the total of all individual calculations for component areas (eg wall, window, door) based on their U value, area (A) and the temperature difference between faces:
P = U x A x (Q1-Q2) where Q is the temperature.

(b) Thermal conductivity is the ability of a material to conduct heat from its one side to the other.  The lower the thermal conductivity, the slower the rate at which temperature differences transmit through, and the more effective it is as an insulator.
The following drawing illustrates how thermal conductivity is measured:
[image: ]
Both material type and distance effect the calculation of thermal conductivity.  This is apparent from the formula for calculating conductivity, that is, the rate of heat flow, H/t.
H/t = (x A x (Q1-Q2))/d
Where  is the thermal conductivity coefficient for a particular material, A is the cross-sectional area of the sample and d is the distance between the faces.   will vary with the material and d will vary with distance.

References:
McMullan, R. (2012) Environmental Science in Buildings, Basingstoke: Palgrave MacMillan.
[bookmark: _Int_vQFj8Nm9]Lyons, A. (2020) Materials for Architects and Builders. 6th edn. Abingdon: Routledge.
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