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Chapter 3 

Sprinkler System: Design and Calculations 

Calculating Number of Sprinklers for an occupancy 

Example 1 

A restaurant dining area is to be protected with a sprinkler system where the width is 15 m and length is 22 

m. Calculate total no. of sprinklers required in the facility to provide adequate fire protection. 

 

Sample solution: 

1. Hazard area classification: OH (G1) 

 

2.  

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 =  𝑙𝑒𝑛𝑔𝑡ℎ × 𝑤𝑖𝑑𝑡ℎ 

= 22 × 15 

= 330 𝑚2 

 

3.  

Maximum coverage or protection area per sprinkler (𝑴𝑪𝑺) 𝒐𝒓  𝑨𝒔  𝒊𝒔 𝟏𝟐 𝒎𝟐 (vide table X) 

The restaurant service area is Ordinary hazard building hence Maximum distance (spacing) between 

sprinklers in Ordinary hazard (S) is 4.6 m as per table X. 

 

𝑁𝑜. 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑖𝑛 𝑜𝑛𝑒 𝑟𝑎𝑛𝑔𝑒 =
𝑙𝑒𝑛𝑔𝑡ℎ

𝑠𝑝𝑎𝑐𝑖𝑛𝑔
=

𝑙

S
 

=
22

4.6
 

= 4.7  ≅ 5 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 𝑝𝑒𝑟 𝑟𝑎𝑛𝑔𝑒 𝑝𝑖𝑝𝑒 

 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟 ℎ𝑒𝑎𝑑𝑠 (𝑆𝐴𝐶) =
𝑙𝑒𝑛𝑔𝑡ℎ

𝑁𝑜. 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 𝑖𝑛 𝑜𝑛𝑒 𝑟𝑎𝑛𝑔𝑒
 

=
22

5
  = 4.4 𝑚 

  

4.  

Since we know that maximum coverage area per sprinkler is, 𝐴𝑠 = 𝑆𝐴𝐶 × 𝐿 

12 = 4.4 × 𝐿 

𝐿 =
𝐴𝑠

𝑆𝐴𝐶
 =  2.72 𝑚 

 

𝑁𝑜. 𝑜𝑓 𝑟𝑎𝑛𝑔𝑒 𝑝𝑖𝑝𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑝𝑎𝑐𝑒 𝑜𝑟 𝑎𝑟𝑒𝑎 =
𝑤𝑖𝑑𝑡ℎ

𝐿
 

=
15

2.72
 

= 5.51 ≅ 6 𝑟𝑎𝑛𝑔𝑒 𝑝𝑖𝑝𝑒𝑠 
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𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑝𝑖𝑝𝑒𝑠𝑠 (𝐿𝐴𝐶) =
𝑤𝑖𝑑𝑡ℎ

𝑛𝑜. 𝑜𝑓 𝑟𝑎𝑛𝑔𝑒 𝑝𝑖𝑝𝑒𝑠
 

=
15

6
     = 2.5 𝑚 

 

5.   

𝑁𝑜𝑤, 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 = (𝑛𝑜. 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 𝑖𝑛 𝑜𝑛𝑒 𝑟𝑎𝑛𝑔𝑒) × (𝑛𝑜. 𝑜𝑓 𝑟𝑎𝑛𝑔𝑒 𝑝𝑖𝑝𝑒𝑠) 

= 5 × 6 

= 𝟑𝟎 𝒔𝒑𝒓𝒊𝒏𝒌𝒍𝒆𝒓𝒔 

 

In addition to the above calculation, if we have to calculate the distance of first sprinkler head and 

last range from the wall. (use the following calculation if asked in the question) 

𝐼𝑓 𝑆𝐴𝐶 = 4.4 𝑚, 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑤𝑎𝑙𝑙 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟 =
𝑆

2
  = 2.2 𝑚 

𝐼𝑓 𝐿𝐴𝐶 = 2.5 𝑚, 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑤𝑎𝑙𝑙 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑟𝑎𝑛𝑔𝑒 =
𝐿

2
 = 1.25 𝑚  

 

Self-practice: 

Exercise 2 

A theatre is decided to be protected with an automatic sprinkler system. The theatre’s length is 40 m and 

width is 25 m. Answer the following using NFPA 13 / BS 12845: 

A. Suggest the appropriate type of sprinkler heads for the theatre considering the maximum ambient 

ceiling temperature is 35℃. 

B. Calculate total no. of sprinklers to be installed in the theatre. 

C. Calculate the distance of the 1st sprinkler head and 1st range pipe from the wall. 

 

Exercise 3 

A 2-storey car parking having 110 m length, 75 m width and 5 m ceiling height per floor is recommended to 

be protected with automatic sprinkler system in accordance with NFPA13/BS 12845. Calculate total number 

of automatic sprinklers to be installed in the parking occupancy with actual spacing between the sprinklers. 

Draw a rough layout of sprinkler network along with the occupancy with appropriate units. 

 

Exercise 4 

A rubber processing industry having length of 85 m, width of 37 m and height of 5 m is decided to be 

protected with firefighting sprinkler system in accordance with NFPA 13. 

A. Suggest the type of sprinkler heads considering 80℃ as the maximum ambient ceiling temperature 

in process areas. 

B. Determine the hazard classification of the building. 

C. Calculate total number of sprinklers to be installed to provide adequate fire protection.  

D. Draw a rough diagram (floor plan) comprising a sprinkler network with appropriate measurement 

and units. 
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Water Demand Calculations 

 

Example 5 

Following the calculation in example 1, when it was determined that 30 sprinklers are required to install in 

the restaurant seating area [OH (G1)], calculate total water demand (water flow and pressure) to provide 

adequate fire protection. Consider the following values: 

➢ K factor = 80 𝑙𝑝𝑚/√𝑏𝑎𝑟 

➢ 𝐴𝑐𝑡𝑢𝑎𝑙 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟 ℎ𝑒𝑎𝑑𝑠 (𝑆𝐴𝐶) = 4.4 𝑚  

➢ 𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑟𝑎𝑛𝑔𝑒 𝑝𝑖𝑝𝑒𝑠 (𝐿𝐴𝐶) =  2.5 𝑚    

Sample solution: 

Continued from the last calculation (vide example 1)… 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟 ℎ𝑒𝑎𝑑𝑠 (𝑆𝐴𝐶) =  4.44 𝑚 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑟𝑎𝑛𝑔𝑒𝑠 (𝐿𝐴𝐶) = 2.5 𝑚 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 𝑖𝑛 𝑜𝑛𝑒 𝑟𝑎𝑛𝑔𝑒 = 5 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑎𝑛𝑔𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑝𝑎𝑐𝑒 = 6 𝑟𝑎𝑛𝑔𝑒 𝑝𝑖𝑝𝑒𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 = 30 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 

 

To determine maximum sprinklers operated at once, first remote area to be identified. 

1.  

Determine Density/Area from table 19.2.3.1.1.: 

For the ordinary hazard (OH) G1 occupancy 6.1/140 mm/min/m2 applies.  

Where, Density = 6.1 mm/min and  

Area = 140 m2 is design area 

 

2.  

Number of sprinklers in the remote area =
𝐷𝑒𝑠𝑖𝑔𝑛 𝐴𝑟𝑒𝑎

𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑀𝐶𝑆𝐴𝐶 (𝐴𝑆𝐴)
 

=
140

𝑆𝐴𝐶 × 𝐿𝐴𝐶
 

=
140

4.4 × 2.5
 

= 12.72  𝑆𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠  ≅ 13 𝑆𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 

 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑁𝑜. 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 𝑡𝑜 𝑏𝑒 𝑠𝑒𝑙𝑒𝑐𝑡𝑒𝑑 𝑜𝑛 𝑜𝑛𝑒 𝑏𝑟𝑎𝑛𝑐ℎ 

=
1.2√𝐴

SAC
 

=
1.2 √140

4.44
  = 3.19 𝑆𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 𝑝𝑒𝑟 𝑟𝑎𝑛𝑔𝑒 

At this point fire consultants may decide independently whether to sum-up selecting 4 + 4 + 3 + 2  or 4 +

3 + 3 + 3  to make-up to 13 sprinklers in the remote area. 
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3.  

Minimum water flow required per sprinkler head 

𝑄 = 𝐴𝑠 × 𝐷 

= 12 × 6.1   (Here, As is obtained from table X, as recommended by the standard) 

= 73.2  𝑙𝑝𝑚 𝑝𝑒𝑟 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟 

4.  

Total water required: 

= 𝑛𝑜. 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 𝑖𝑛 𝑟𝑒𝑚𝑜𝑡𝑒 𝑎𝑟𝑒𝑎 × 𝑓𝑙𝑜𝑤 𝑝𝑒𝑟 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟 × 𝑓𝑖𝑟𝑒𝑓𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛  

= 13 × 73.2 × 60 (𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑡𝑎𝑏𝑙𝑒 19.3.3.1.2) 

= 57096 𝑙  ≅ 57100 𝑙  𝑜𝑟 57.1 𝑚3  

5.  

Minimum pressure required at the remotest sprinkler 

Using 𝑄 = 𝐾√𝑃 formula to calculate Pressure,  

𝑃 = (
𝑄

𝐾
)

2

 

= (
73.2

80
)

2

  = 0.837 𝑏𝑎𝑟 

 

Note: When K factor is not provided in the question, K factor of 80 lpm/√bar is considered acceptable for 

light or ordinary hazard occupancy however any number between 160-320 lpm/√bar as K factor would be 

considered if occupancy is ordinary hazard having floor area grater, then 1000 m2 or extra hazard. 

 

Self-practice: 

Example 5 

A theatre having length of 40 m and width of 25 m is decided to be protected with automatic sprinkler system. 

Consultants determined that 54 sprinklers are sufficient to provide adequate fire protection. Calculate total 

water demand (water flow and pressure) for the sprinkler network considering, 

1. 𝐴𝑐𝑡𝑢𝑎𝑙 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟 ℎ𝑒𝑎𝑑𝑠 (𝑆𝐴𝐶) =  4.4 𝑚 

2. 𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑟𝑎𝑛𝑔𝑒𝑠 (𝐿𝐴𝐶) = 4.16 𝑚 

3. 𝐾 − 𝑓𝑎𝑐𝑡𝑜𝑟 =  60 𝑙𝑝𝑚/√𝑏𝑎𝑟     

 

Example 6 

A library with large stack rooms having 135 m length and 60 m width is decided to be protected with an 

automatic sprinkler system. Answer the following to provide adequate fire protection by sprinkler system in 

accordance with NFPA 13 / BS 12845: 

1. Determine the hazard category. 

2. Suggest an appropriate type of sprinkler head considering maximum ceiling temperature is 40°C. 

3. Calculate the total number of sprinkler heads to be installed with appropriate distance from wall. 

4. Calculate the total water requirement (min. required pressure and water flow) by depicting the 

remote area on a diagram with appropriate units. Consider K factor = 160 𝑙𝑝𝑚/√𝑏𝑎𝑟 
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Reference Tables and Useful Formulas 

 

    
 

    
 

   

 


