Lighting Layout and Sound Index calculation
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TASK A. 

A production area in a factory measures 60 metres x 24 metres x 8 metres in height. 
The factory’s work benches are set at a height of 1m above the floor level. 
The area’s reflectances are 0.3 for the ceiling and 0.5 for the walls. 
The Lighting design specifies Fluorescent lamps in recessed louvre with DLOR of 50%. 
(The actual size for the luminaires is 1200mm (1.2m) in length and 200mm (0.2m) wide.)

A Lighting Design Lumen (LDL) output of 18,000 lumens is required.

The illumination required for the factory area is 200 lux at the working plane.
Light Loss Factor = 0.75

1: Calculate:

1)    The Room Index       
2)    The Utilisation Factor (from tables) 	
3)    The Number of lamps required 
4)    A suitable layout (value of S) for the lamp fittings 


2.   Draw the plan layout on a scale drawing of the factory floor indicating 
      Your ‘best fit’ design for the luminaire installation. 
      Points on the row layout should indicate the position of the lamp centres.


Solution

1.1 The Room Index

RI = (L x W) / (Hm (L + W))
	
L = 60m, W = 24m, Hm = 8m – 1m = 7m

RI = (60 x 24) / (7 (60 + 24))
RI = 1440 / 588
RI = 2.45

1.2 The Utilisation Factor (from tables)

With the help of values of RI = 2.45, DLOR (50%), ceiling reflectance (0.3) and wall reflectance (0.5), we can make use of tables to find out UF.
		
UF = 0.46

1.3 The Number of lamps required 

Number of lamps required is calculated using the following equation;
N =      E x A       
       F x UF x LLF

N = Number of lamps
E = Illuminance required (Lux)
A = Area of working plane (m2)
F = Average luminous flux from each lamp
UF = Utilisation factor
LLF = Light loss factor

E = 200 lux, A = 60m x 24m = 1440m2, F = 18,000 lm, UF = 0.46, LLF = 0.75

N =       200 x 1440           = 288,000 = 46.37 = 48 lamps
       18,000 x 0.46 x 0.75       6210 

The number of lamps needed as worked out in the lumen method was 46.37. This can then be rounded up to a convenient even figure. In this case, 48.

1.4 A suitable layout (value of S) for the lamp fittings 

Smax = 1.5 x Hm, The mounting height (Hm) = 7 meters

Smax = 1.5 x 5 = 10.5 meters apart

The suggested layout is correct if the maximum distance between lamps
is less than 10.5m.


2 Plan layout
-It was decided through using the lumen method that the number of lamps for a convenient layout was 48.

-It’s noted that the size for the luminaires is 1200mm x 200mm. The best fit layout is 4 rows of 12 lamps.

-From these results, the layout of the luminaires in the room is established and can be transferred to a scale drawing.













My scale drawings are as followed, created in the software ‘Sketchup';
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TASK B. 

1. A brick wall of area 20m2 contains a window of area 4m2. 

          The values of sound reduction indexes are: 
          50dB for the brickwork and 10dB for the window. 
          Calculate the overall sound reduction index for the entire wall.  


Solution

Brickwork
SRI = 10 x (log10(1/T1))
50 = 10 x (log10(1/T1))
5 = log10 x (1/T1)
1/T1 = 105
T1 = 10-5
T1 = 0.000010

Window 
SRI = 10 x (log10(1/T2))
10 = 10 x (log10(1/T2))
1 = log10 x (1/T2))
1/T1 = 101
T1 = 10-1
T1 = 0.1

T0 = (T1 x A1) + (T2 x A2)
                 A1 + A2

T0 = (0.00001 x 16) + (0.1 x 4)
                          20

T0 = 0.00016 + 0.4
                20

T0 = 0.40016
            20

T0 = 0.020008

SRI = 10 x (log10(1/T))
       = 10 x (log10(1/0.20008))
       = 16.988
       
SRI = 17dB


(Nantel, 2020)



2. Discuss the implications of frequency and wavelength in internal sound management, partition wall construction technique and insulation choice. 

Sound moves through a barrier, such as a wall, by converting into mechanical vibrations within the wall. That transfer can be referred to as airborne or impact sound (structure borne sound). 

The Airborne sound radiates and passes through the air from a direct source. Examples of this are the sound of cars going passed our houses, or the sound of music or voices coming from the next room or office. Structure borne sound usually travels through solid materials in direct contact with the sound source. Examples of this are footsteps or something falling on the floor upstairs, or vibration from speakers on the floor. In most situations involving noise control, both airborne and structure borne sound ought to be considered.


Control of sound levels considerations include the following; 
-Acoustical treatment at the source of noise. 
-Acoustical treatment of the path it travels (everything in-between the receiver and the source itself).
-Acoustical treatment at the receiver (where the listener is).

The solution to a specific noise control situation will usually involve considering these three factors. However, it is often best to begin at the source. That’s where the most effective solutions to noise control are likely to be easily achieved at minimum cost.


Vibration isolation is a method used to reduce the transmission of noise through a building, and they lower the vibration at the source of the noise. They are elastic elements, such as coiled springs, rubber, cork or fibre glass materials. Vibration isolators can be made from elastomers - compressed or shear, ribbed Neoprene. They are often used in coordination with damping materials. For example, steel springs are undamped and placing them on elastomer pads can improve their level of vibration isolation. There are 3 main materials and devices used for the purpose of absorbing sound in ‘control dependant’ situations which have maximum effect on various frequencies;

1 Porous absorbers for high frequencies
2 Panel absorbers for lower frequencies
3 Cavity absorbers for specific frequencies


When insulating, general principles of good sound proofing include weight, completeness and isolation;

Weight
Heavyweight construction offers good insulation because sound waves are vibrations and it’s hard to vibrate a heavy wall. The ‘Mass Law’ states that
‘the sound insulation of a single leaf partition rises in proportion to its mass’.

Completeness
Airtight structures provide good insulation. Any gap that allows air to pass will allow
sound to pass and will also reduce insulation. Therefore seals around windows and doors need to be airtight. Holes and vents made especially for building services need to be sealed around their fitting. 

Isolation
Little or no physical contact between two surfaces provides the best insulation. This can be achieved by allowing an air gap or fibre glass gap. Even then, this can be compromised by stud links or nails. 

(Nantel, 2020)

Approved Document E’ of building regulations provides guidance on the resistance to the passage of sound in domestic buildings and schools. It also provides guidance on sound proofing, including the transmission of sound between walls, ceilings, windows and floors. (Portal, 2020)
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