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ABSTRACT

Design by means of the pipe schedule sprinkler system of NFSC 103 results in insufficient pressure and flow rate about
50% sprinklers of operating area. In order to solve the lack of pressure and flow rate, This paper compare and analyzed NFSC
103, National Fire Safety Code of Sprinkler System, with NFPA 13, Standard for the Installation of Sprinkler Systems, and
suggested an alternative proposal. Changing the flow rate of each sprinkler from existing 80 L/min to 120 L/min, All of the
operating sprinklers are fulfilled the minimum demands on 80 L/min and 1 bar. It is easy for everyone to design of the pipe

schedule sprinkler system and it is optimum method that all sprinklers in design area are satisfied with minimum criteria.
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Figure 1. Pressure and flow rate by hydraulic calculation in
10 sprinklers.
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Figure 2. Pressure and flow rate by pipe schedule sprinkler
system in 10 sprinklers.
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Table 1. Pressure and Flow Rate by Hydraulic Calculation in
10 Sprinklers

Branch Sprinkler Pressure Flow
1 1.02 80.7

2 1.10 80.0

: 3 1.41 92.0
4 1.59 90.9

5 1.04 81.7

6 1.13 81.1

2 7 1.44 93.2
8 1.63 99.3

9 1.91 110.5

3 10 1.95 110.6

Table 2. Pressure and Flow Rate by Pipe Schedule Sprinkler
System in 10 Sprinklers

Branch Sprinkler Pressure Flow
1 0.75 69.4

2 0.82 68.9

: 3 1.05 79.4
4 1.19 84.7

5 0.77 70.3

6 0.84 69.8

. 7 1.07 80.5
8 1.22 85.8

9 1.43 95.6

3 10 1.46 95.7
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Figure 3. Pressure and flow rate by hydraulic calculation in
20 sprinklers.
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Figure 4. Pressure and flow rate by pipe schedule sprinkler
system in 20 sprinklers.

F471%2] 1bar, 80 L/min®l v XA &3}A] v}, Table
3& Figure 3 3l=9] €2t -2 veRd Zlo]™ Table

eadeeon
5 S - - -

5
- = %071{o000 .

4= Figure 4 31 =9] 834} FFS vebd Zlolth

2.1.3 7138 = 3070 9] e ALt w2
Figure 5¢} 7Fo] 7|3 =7} 30700152 3071<]
=7t B Fedte Aeu ERE =] A
Ahe BhH HzoA dg

&

hul

%< 3,174 L/min,

24

24
)
ol

]:}-

O

=

Figure 5. Pressure and flow rate by hydraulic calculation in
30 sprinklers.
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Table 3. Pressure and Flow Rate by Hydraulic Calculation in 20 Sprinklers

Branch Sprinkler Pressure Flow Branch Sprinkler Pressure Flow
1 1.02 80.7 11 1.85 104.3
2 1.10 80.0 2 12 2.18 118.2
3 1.41 92.0 13 1.14 85.4
: 4 1.57 98.1 14 1.23 84.7
5 1.75 101.4 15 1.57 97.3
6 2.07 115.0 3 16 1.78 103.7
7 1.08 83.0 17 1.96 107.2
8 1.17 82.3 18 2.31 121.5
. 9 1.49 94.6 19 2.72 131.9
10 1.68 100.8 4 20 2.72 131.9
Table 4. Pressure and Flow Rate by Pipe Schedule Sprinkler System in 20 Sprinklers
Branch Sprinkler Pressure Flow Branch Sprinkler Pressure Flow
1 0.63 63.6 5 11 1.17 83.0
2 0.69 63.2 12 1.39 94.1
. 3 0.88 73.0 13 0.71 67.5
4 1.00 77.9 14 0.77 67.0
5 1.11 80.7 15 0.99 713
6 1.31 91.7 3 16 1.12 82.5
7 0.67 65.5 17 1.24 85.4
8 0.73 65.1 18 1.47 96.9
2 9 0.94 75.1 4 19 1.74 105.4
10 1.06 80.2 20 1.74 105.1
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Figure 6. Pressure and flow rate by pipe schedule sprinkler
system in 30 sprinklers.

Table 5. Pressure and Flow Rate by Hydraulic Calculation in 30 Sprinklers

Branch Sprinkler Pressure Flow Branch Sprinkler Pressure Flow

1 1.02 80.7 16 1.28 86.3

2 1.10 80.0 17 1.63 99.1

3 1.41 92.0 18 1.84 105.6

1 4 1.59 98.1 3 19 2.03 109.1

5 1.75 1014 20 232 120.6

6 2.00 112.1 21 227 120.5

7 1.96 112.0 22 1.37 93.8

8 1.10 83.8 23 1.49 92.9

9 1.19 83.1 24 1.89 106.6

10 1.52 95.5 4 25 2.13 113.5

2 11 1.71 101.8 26 234 117.2

12 1.89 105.2 27 2.67 129.6

13 2.15 116.4 28 2.62 129.4

14 2.11 116.2 29 3.21 142.0

3 15 1.18 87.0 . 30 3.15 141.9
Table 6. Pressure and Flow Rate by Pipe Schedule Sprinkler System in 30 Sprinklers

Branch Sprinkler Pressure Flow Branch Sprinkler Pressure Flow

1 0.57 60.4 16 0.72 64.8

2 0.62 60.0 17 0.93 74.8

3 0.80 69.3 3 18 1.06 79.9

1 4 0.91 74.0 19 1.17 82.7

5 1.00 76.7 20 1.33 91.6

6 1.15 84.9 21 1.31 91.4

7 1.12 84.8 22 0.78 70.5

8 0.62 62.8 23 0.84 70.0

9 0.67 62.4 24 1.08 80.6

10 0.86 72.0 4 25 1.22 86.0

2 11 0.98 76.9 26 1.35 89.0

12 1.08 79.7 27 1.54 98.5

13 1.24 88.2 28 1.51 98.4

14 1.21 80.9 29 1.86 108.3

3 15 0.67 65.3 > 30 1.83 108.1
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Table 7. Comparison of Pressure and Flow Rate of Sprinkler Design Systems

. . Hydraulic Calculation Pipe Schedule Method (%)
Head in design
area Pressure Flow rate Pressure Flow rate Number of
in bar in L/min in bar in L/min substandard head
10 12.4 927 11.7 (94.4) 800 (86.3) 4 (40)
20 14.1 2014 12.6 (89.4) 1,600 (79.4) 9 (45)
30 16.3 3174 13.6 (83.4) 2,400 (75.6) 13 (43)
Table 8. Water Supply Requirements for Pipe Schedule Sprinkler Systems (NFPA13 11.2.2.1)
Minimum Residual Acceptable Flow at Base of Riser .
Occ1_1p ancy Pressure Required (Including Hose Stream Allowance) D qratlon
Classification - - (minutes)
psi bar gpm L/min
Light hazard 15 1 500~750 1893~2839 30~60
Ordinary hazard 20 1.4 850~1500 3218~5678 60~90
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Table 9. Minimum Pressure and Flow Rate Due to Coverage
Area and Occupancy Classification

Acceptable | Acceptable
Coverage | Occupancy | Pressure at | Flow at Duration
Area | Classification Top Base
Sprinkler of Riser

Light 1893

Below | Hazard : g9 | 3060
465m> | Ordinary 3218

Hazard 14 se7g | 000
Light 1893

Over Hazard ~2839 30-60

2 ; 34

465 m Ordinary 3218 60-50

Hazard ~5678
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Table 10. Comparison of Water Demand of NFSC103 with Design Area Density of NFPA13

NFSC103 Water Demand NFSC103 Head NFPA13
Head Occupancy Classification or Coverage Application Density Occupancy Density
Construction Radius [m] building [mm/min] Classification [mm/min]
Special Combustibles, 17 Stage, Special 13.8 Extra Hazard 12.2-16.3
30 Commercial Facilities, ' Combustibles ’ Group 11 ’ '
11 Floor or more Building, 21 Non Fire-resistant 0.1 Extra Hazard R1-122
Underground ShOppll’lg mall ’ structure : Group 1 SR
Factory, Storage, 23 Fire-resistant 76 Ordinary Hazard 6.1-8.1
20 Neighborhood Facilities, ' structure ) Group II -
10 floor or less and 8 m or 55 Rack-type 6.4 Ordinary Hazard 4161
more of Ceiling Height : Storage ’ Group 1 T
Apartment, 10 floor or less
10 and less than 8 m of 3.2 Apartment 3.9 Light Hazard 2.9~4.1
Ceiling Height
Table 11. Hydraulic Calculation of Pipe Schedule Sprinkler Systems
Occupancy Head in Pressure Demand [bar] Hydraulic Calculation Pipe Schedule Flow Demand
Hazard Operation Area Farthest Sprinkler Pump [L/min] (Except Hydrant)
1 12.4 927 ~
Light 10 1,893~2,839
3.4 17.9 1,676 (1,515~2,461)
1 14.1 2,014
. 3,218~5,678
Ordinary 20 1.4 15.6 2,357 (2.840~5.300)
3.4 23.0 3,619
1 16.3 3,174 Hydraulic
Extra 30 1.4 18.6 3,711 Calculation
34 29.6 5,687 Only
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Table 12. Pressure and Flow Rate of Pipe Schedule Sprin-
kler Systems When the Flow of Sprinkler Changes

1

vl

Flow Rate [L/min] Pressure [bar]

Design Each Farthest
Method ac arthes
Sprinkler Pump Sprinkler Pump
Hydraulic - 3,174 1 16.34
Calculation

80 2,400 0.57 13.65

90 2,700 0.73 14.61

Pipe Schedule

Sprinkler System 100 3,000 0.90 15.68

110 3,300 1.10 16.84

120 3,600 1.32 18.11

...........................

Pressure 181072425 |garG
+ " |FiowRate 3500 imin

Figure 7. Pressure and flow rate of pump and farthest head
by pipe schedule sprinkler system in 30 sprinklers.
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