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1.0 Executive Summary 
The first half of this report aims to produce a suitable layout for a production area of a factory through calculating the number of lamps needed through using the room index and utilisation factor calculations. 
The second half of this report aims to calculate the overall sound index for an entire wall. Whilst moving on to discuss the implications of frequency’s and wavelengths.  

2.0 Terms of Reference 
2.1             The principal focus are: 
                        2.1.1   Producing a suitable layout for a factory production area                              
	through calculation the room index and utilisation factor. 
	2.1.2    Using the information gathered, produce a scale drawing 
	of factory production area and its lighting layout.
	2.1.3     Through the measurements given, produce a sound 
	reduction index for the entire wall.  
                          2.1.4   Frequency and wavelength and the implications they 
	on internal sound management, partition wall  
	construction and insulation choice.

3.0  Procedure

This section identifies the research sources used. 
 
 3.1 The research included material provided during lecture time and also     con secondary sources such as websites which have been set out in the           refereferences.  

4.0 -Task A 
4.1 The Room Index 
Formula for calculating room index: 
RI = (L x W) / (Hm (L + W)



L     = Length 
W   = Width 
Hm = Height of luminaire from working plane 
             
Substituting Values:
RI = (60 x 24) / (7(60 +24) 
RI = 1140/588 
RI = 2.45 

4.2 Utilisation Factor
With the help of the values RI = 2.4, DLOR 50%, Ceiling reflectance (0.3) and wall reflectance (0.5), we can make use of the tables. 
UF = 0.46 

4.3 Number of Lamps
                    N = E x A
F x UF x UF





N = Number of Lamps 	
E = Illuminance required (lux) 
A = Area of working pane (m2)
F = Average luminous flux from each lamp  
UF = Utilisation Factor 
LLF = Light loss factor 


E = 200 
A = 60 x 24 = 1440m2 
F = 18000 lm 
UF = 0.46
LLF = 0.75 
N =       200 x 1440                               N =     288,000 / 6210                  N = 46.38 
      18,000 x 0.46 x 0.75 




Note that since there is a maximum of 70% illumination allowed, the most suitable number of lamp should be rounded up to the most convenient number which is  48.  

4.4 Suitable Layout
In order to calculate the maximum horizontal spacing between fittings, the formula below is used. This is used for fluorescent tubes in diffusing luminaires. 

Smax = 1.0 x Hm
The mountain height = 7m
Smax = 1.5 x 7 = 10.5m apart (Maximum)



  



4.5 Layout Plan 
In order to design a suitable layout for the luminaire installation of the factory, all of the above must be taken into consideration.
Given that it has been established that 48 lamps is the most suitable number of lamps, the design will be set out in 6 rows of 8.
Between each lamp will measure 7.5m and between each wall and lamp will measure 3.75m in length.
In width between each lamp will measure 4m and between each wall and lamp will measure 2m.
These measurements are made in order to achieve equal luminance throughout the whole room.


60 meters 

[image: ]24 meters

The drawing is drawn to a scale of 1:200. 

5.0 Task B 
5.1 Sound reduction index  SRI = 10 x (log10 (1/T))





Brickwork = SRI =10 (log10 (1/T)) 		
                      50 = 10 (log10 (1/T1)) 
                       5 = Log10 x (1/T1)
                       1/T1 = 10-5 
                       T1 = 0.0000010
     Transmission Coefficient for brick 



Window = SRI =10 (log10 (1/T)) 
                   10 = 10(log 10 (1/T2) 
                    1 = Log10 x (1/T2) 
                    1/T1 = 10 1
                    T1 = 10-1 
                    T1 = 0.10 
Transmission co efficient for window             Using the averaging formula:       To = (T1 x A1) + (T2 x A2) 
                                                                                A1 + A2 


To = (T1 x A1) + (T2 x A2) 
                   A1 + A2 
To = (0.000010 x 16) + (0.10 x4) 
                          20 
To = 0.000016 + 0.4 
                 20
To = 0.40016  
             20
To = 0.020008 
 
SRI =10 (log10 (1/T))
SRI = 10 (log10 (1/0.20008)) 
SRI = 16.988 
SRI for the composite partition = 17db    



5.2 - Implications of frequency and wavelength in internal sound management, partition     wall construction technique and insulation choice.                          

                                                                                                               Figure 1 
[image: See the source image]When it comes to the implications on internal sound management, there are three main elements which must be considered, the first of which is the reflection of sound. This is an important aspect which occurs if the wavelength of the sound wave is smaller than the surface of an obstacle.  Figure 1 illustrates the angle of the incident when it is equal to that of the reflected rays given the reflector surface is flat. It’s important to consider as within an enclosed space, the sound waves will reflect off every side until the sound energy reduces to zero (Anthony, Jones and OYEDELE, 2007). In larger rooms this can help identify issues such as echoes. 
Another import element is the absorption of sound. This is the reduction in the sound energy after reflection from a surface. The thickness and nature of the material with regards to how soft or hard the material is can influence how much sound energy is absorbed. For public buildings, pending on the frequency, there are three main different materials used to absorb the sound. Porous absorber is used for high frequency, these materials have a cellular network of interlocking pores, and it is within these pores that sound energy is converted to heat. Panel absorber is used for low frequencies, these are made from sheets of continuous materials with space behind them. The absorption takes place through the conversion of sound waves to mechanical vibrations which results in an energy loss through friction in the clamping system of the panel.   
The Final key implication is reverberation. This is the persistence of sound in an enclosed space which is a result of continuous reflection of sound after the source has stopped (Anthony, Jones and OYEDELE, 2007). This phenomenon can be used to impact the auditability of the sound in a room such as an auditorium. In relation to the reverberation time, this is the time taken for the sound pressure level to decrease to below 60 db of its original value. 
The reverberation time is dependent on a number of factors including: areas of exposed surfaces, sound absorption, distances between surfaces and frequency of the sound. It is an important factor when determining the purpose of the space, for example if it’s a short reverberation time are important for clarity of speech.  Longer times are required for enhanced the quality music. 
Partition walls are often used in buildings for noise control. Table 1 in the appendices helps to illustrate the effect of a number of different wall construction methods. (Interior noise control in a building, 2020) Ultimately the loss of sound through a wall will be determined by the contents of the wall linings, whether there are any gaps and if an acoustic fill material has been installed. Common methods used in the construction of the partition to control sound include: Increasing airspace width of walls, increasing the stud spacing and usage of studs in a staggered manner as in figure 2. These are just some of the methods used for partition walls, however, with regards to external walls a key aspect in the control is a result of the insulation used.  
Sound insulation is the ‘reduction of energy transmitted into an adjoining air space’ and is one of the main methods used in controlling the movement of sound within buildings. In order to assess the effectiveness of the insulation the sound reduction index must be considered, this is measured by the difference in two sound levels each side of the wall, both the density of the material and the frequency of the sound would impact the result. To achieve an accurate result we would need to compare the levels on each side of the wall at a single frequency. When looking to develop wall structures with efficient sound insulation, an understanding of the physical origins of sound transmission is necessary, this means identifying whether the sound is airborne or structure born. 
If the sound is airborne, acoustic absorption can be used through decreasing the sound level that reflects back into the air, this can be done through treating floors, ceilings and walls. Sound insulation can be used, similar to acoustic absorption but as oppose to absorbing sound, it is blocked from traveling due to a connected space of a building because for the building elements. (Acoustics, 2020)  Reducing any gaps or cracks that may be a result of poor workmanship will also prevent the travel of sound. 
If it were structure born sound, dampening materials can be used which create mechanical resistance by converting sound energy into heat through fiction. An example of this is the spray on coating compound placed under automobiles. Vibration insulators can also be used, these lower the vibration at the source. Examples include: glass fibre materials, rubber and felt.  
[bookmark: _GoBack]
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Figure 2 
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Noise control in new partitions
Options for sound-reducing construction for new intemal partitions:

« Astandard 90 x 45 mm timber partition with two layers of 10 mm plasterboard one
side, sound absorbing insulation and one or two layers of plasterboard on the other
side - good noise reduction.

+ Astaggered stud partition with 140 x 45 mm bottom and top plates, 90 x 45 mm
off-set studs, sound-absorbing insulation woven around the studs and 13 mm
plasterboard on both sides — moderate noise reduction.

« Double wall construction with two 190 x 45 mm partitions and a 10 mm gap, studs.
in each partition off-set from the other partition, sound-absorbing insulation between
studs and two layers of 10 mm plasterboard both sides - excellent noise reduction.

Solid masonry construction provides an excellent acoustic barrier as well as providing
thermal mass.

Table 1. STC ratings of some typical wall constructions.

Wall lining - side 1 Framing Wall lining - Cavity infill  STC
side 2 rating
10 mm 90 x 45 mm 10 mm None 33
plasterboard timber (1) plasterboard
10 mm 90 x 45 mm 10 mm 90 mm sound 36
plasterboard timber’ plasterboard  insulation
material

150 mm concrete - - - 55
OR 190 mm solid
filled concrete
masonry
2xlayers 13mm 90 x 45 mm 1x layer 13 56
plasterboard timber with mm

resiient rubber  plasterboard

mounting system
10 mm 190 mm solid filled 10 mm 40 mm sound 62 (2)
plasterboard concrete masonry  plasterboard  insulation

with 45 mm material

strapping either

side

2xlayers 13mm  2x90x45mm  2xlayers13  2x90mm 64

plasterboard double timber stud  mm sound
(separate frames)  plasterboard  insulation
material

1. Steel stud systems tend to perform 1-2 points better than equivalent timber stud

systems.
2. Strapping and lining masonry systems must be done carefully, otherwise matched
resonance can reduce rather than increase the performance of the masonry alone.
To avoid problems, strapping must be a minimum of 45 mm deep and spaced 600
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4. Increasing the Stud Spacing

Itis found by a study that the spacing between the studs would increase the sound
transmission capacity of the room. Say an increase of 2 to 5 decibel STC s determined for
a stud spaced 24 inches than those spaced at 16 inches.

5. Usage of Studs in a Staggered Manner

The arrangement of studs in a staggered manner as shown in figure-1, where studs are
placed alternatively would help in noise absorption, thus reducing noise intensity.
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Fig.2. Figure Shows Variety of Wall Types, their Cost Comparison and STC Values

6.Studs and Panels held together by Resilient Materials

Making use of inexpensive resilient layers like glass or fiber board, or semi-resilient
attachments which are inert in nature, will help in reducing the STC rate by two to five
decibels.
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Partition walls are often used in buildings for noise control. Table 1 in the appendices helps
to illustrate the effect of a number of different wall construction methods. (Interior noise
control in a building, 2020) Ultimately the loss of sound through a wall will be determined by
the contents of the wall linings, whether there are any gaps and if an acoustic fill material
has been installed. Common methods used in the construction of the partition to control
sound include: Increasing airspace width of walls, increasing the stud spacing and usage of
studs in a staggered manner as in figure 2.

Sound insulation s the ‘reduction of energy transmitted into an adjoining air space’ and is
one of the main methods used in controlling the movement of sound within buildings. In
order to assess the effectiveness of the insulation the sound reduction index must be
considered, this is measured by the difference in two sound levels each side of the wall,
both the density of the material and the frequency of the sound would impact the result. To
achieve an accurate result we would need to compare the levels on each side of the wall at
a single frequency. When looking to develop wall structures with efficient sound insulation,
an understanding of the physical origins of sound transmission is necessary, this means
identifying whether the sound is airborne or structure born.

If the sound is airborne, acoustic absorption can be used through decreasing the sound level
that reflects back into the air, this can be done through treating floors, ceilings and walls.
Sound insulation can be used, similar to acoustic absorption but as oppose to absorbing
sound, itis blocked from traveling due to a connected space of a building because for the
building elements. (Acoustics, 2020) Reducing any gaps or cracks that may be a result of poor
workmanship will also prevent the travel of sound.

If it were structure born sound, dampening materials can be used which create mechanical
resistance by converting sound energy into heat through fiction. An example of this is the
spray on coating compound placed under automobiles. Vibration insulators can also be
used, these lower the vibration at the source. Examples include: glass fibre materials, rubber
and felt.
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