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Abstract

This study aimed to examine the effects of key factors influencing the performance of sprinkler systems in
buildings. It focused on comparative analysis of three main aspects: (1) partitioning of usable interior building
spaces, (2) the roughness coefficient of the fire water supply pipe (C-factor), and (3) fire water velocity inside the
pipe. The analysis was based on hydraulic calculation principles in accordance with NFPA 13, combined with
quantitative data comparison. The results demonstrated that the partitioning of usable interior building space
resulted in the design of the sprinkler system requiring higher number and density of sprinkler heads, causing the
pressure of the most hydraulically remote sprinkler head to drop below the minimum requirement specified by

the standard, thereby reducing the system effectiveness. In addition, the increase in pipe roughness due to aging
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significantly raised the system’s pressure loss, particularly when the pipe had been in service for more than 20

years. Furthermore, increasing the water velocity inside the pipe from 10 feet per second to 12 feet per second

increased pressure loss by more than 12%, potentially requiring increased fire pump capacity to compensate for

the pressure loss for the system to operate efficiently. The findings suggest that designing an effective and cost-

efficient sprinkler system requires systematic consideration of the above factors, balancing technical and

economic aspects to develop a design plan that is suitable for actual long-term operating conditions.

Keywords: Fire protection, Water based fire protection, Automatic sprinkler system, Lifespan of water pipes,

NFPA 13, Building space allocation, Fluid flow analysis
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7th Floor 7 +20.80

6th Floor 7 +17.75

5th Floor 7 +14.70

4th Floor 7+11.65

I

23.80

3rd Floor 37 +8.60

305 305 3.05 305 305 3.00

2nd Floor 7/ +5.55

1st Floor %7 +1.55

ground ¥/ +0.00

1.50.55 4.00

Basement 7 -1.50

Figure 1 The height of each floor in a building (in meters)

Table 1 Maximum protection area and Maximum spacing of standard pendent and

upright spray sprinklers

Hazard category

Maximum protection area

Maximum spacing

ft? m? ft? m?
Light hazard 225 20 15 4.6
Ordinary hazard 130 12 15 4.6
Extra hazard 100 9 12 3.6

(density > 0.25 gpm/ft?)
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Figure 2 The design of a sprinkler system for the basement (in meters) :8 branch lines, 5 sprinklers per line

36.00
2.25 4.50 4.50 4.50 4.50 4.50 4.50 450 2.25
A : ‘

ol ||
0
o
~N
<

; ) ) ) |
o
N
ol
< ) ® > )
b
o
I
<

al r
o
N
<

¥/

9‘ | NEp RN
o4 " e AL ] &

Figure 3 The design of a sprinkler system and the hydraulically most demanding area

on the 7™ floor (in meters) : 8 branch lines, 5 sprinklers per line
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Figure 4 Water density per area of sprinkler operation curves
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25,30

04"

Figure 5 Diagram for calculating flow rate and

pressure in a sprinkler system (in meters)
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Figure 6 The design of a

Fire Pump Room

E==n

sprinkler system for the basement (in meters) : 10 branch lines, 6 sprinklers per line
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Figure 7 The design of a sprinkler system and the hydraulically most demanding area

on the 7™ floor (in meters) : 10 branch lines, 6 sprinklers per line
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Figure 8 The design of a sprinkler system for the basement (in meters) : 10 branch lines, 7 sprinklers per line
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Figure 9 The design of a sprinkler system and the hydraulically most demanding area

on the 7 floor (in meters) : 10 branch lines, 7 sprinklers per line

nnsanuuulensedn (Hydraulic calculation) wagnIEninsWUIIuiY ansaasuAdnsInsivasiy

98458 UUMINTEIBAUINEY nsalNluTin1sulanuiy

a

wazAuiugayds dauansly Table 2

Table 2 Comparison of total flow rate and pressure loss of sprinkler system

Design Sprinkle system
Total flow rate Pressure loss
(gpm) (psi)
Without space partitioning 183.85 62.14
(K =5.6)
With space partitioning (Type 1) 214.58 70.16
(K adjusted to 2.8)
With space partitioning (Type 2) 302.97 63.45

(reclassified as ordinary hazard)
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(Hydraulic calculation) 19991317511 NFPA 13 laid]
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Table 3 Comparison of pipe life and roughness

coefficient of pipes [5], [11]

Pipe life Roughness coefficient
(C-factor)
Cast iron Black steel
New 100 120
10 years old 90 108
15 years old 75 90
20 years old 65 78
30 years old 55 66
50 years old 50 60

\leeduuszandauvgusy (Cfactor) 170
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Figure 10 The relationship between pipe life and pressure loss in the system
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Figure 11 The relationship between the velocity of water flow and pressure loss in the system
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