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An Improvement Plan Study on National Fire Safety Code of
Sprinkler System for Hydraulic Calculation Application
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Table. 2-4. Selection Standard of Sprinkler Head
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Table. 2-5. Arrangement of Sprinkler Head
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Table. 2-7. Water Supply Requirement of the case which uses the
Residential Sprinkler

B dEY] T8 =9 M e
105 ofeh(<sks A9 8 o] Aol 1m e
1% ol 2H(A8k% A9l 12 T

[Alar] sl=o] AA7RF7h el dwd ol wh5ehA] & 4

Y

G =gl AN

Table. 2-8. Water Supply Requirement of the case which uses the
Sidewall Sprinkler
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Table. 2-9. Water Supply Requirement of the case which uses the

High Water Density Sprinkler
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2-2-3 8B U ¥ REE SrhiE Qo]

Wy 0y REkol Srypj@ ol AR AwbA o)A 31AlgF Table. 2-10,
2-11¢ ¢j g},

Table. 2-10. Equivalent Length of Fittings and Valves

(JIS G 3452 Steel Pipe Piping) Unit:m
s
= % 73 (mm) 25 32 40 50 65 80 100 | 125 | 150
o =
45°Elbow 0.4 10.5]0.6/|0.7 1.0 1.1 1.5 1.8 | 2.2
U 90°Elbow 0.8 1.1 1.3 1.6 | 2.0 | 2.4 | 3.2 | 3.9 | 4.7
A} |Return Bend(180°)| 2.0 | 2.6 | 3.0 | 3.9 | 5.0 | 5.9 | 7.7 | 9.6 | 11.3
w | ] EATee E= oL o)) ], 21 4.1 |4 7
;; Cross(E-F90°) . . 5| 3. . .91 6.3 91 9.3
; 45° A5 (Long) 0.2 102103103104 |051]0.71]0.81]0.9
jT £ | 90°ddH (Short) | 0.5 | 0.6 | 0.7 | 0.9 1.1 1.3 1.7 2.1 2.5
A 90° 4 H. (Long) 0.3 104 05] 0.6 | 0.8 1.0 1.3 1.6 1.9
4 EHTee &= 1 1 1 94 1 1
Cross(R590°) .3 .6 .9 . 3. 3.6 7159 17.0
Gate valve 0.210.2103]03]04|05]|0.7]|08]1.0
L] Globe valve 9.2 [11.9]13.9|17.622.6|26.9|35.1|43.6|51.7
B Angle valve 46 | 6.0 7.0 8.9 [11.3]|13.5|17.6] 21. 26.0
=
N Check valve | o ol g o 1 35| 44 | 56|67 |87 109|129
(swing®)

=21 -



Table. 2-11. Equivalent Length of Fittings and Valves
(JIS G 3454 Steel Pipe for Pressure Service : SCH 40) Unit:m

3
= m B B o | 5 | 40 | 50 | 65 | 80 | 100 | 125 | 150
o =
45°Elbow 04050607109 1.1 1.4]18]21
U 90° Elbow 08 | 1.1] 12| 16|20 24|31]|38]45
A} [Return Bend(180°)| 2.0 | 2.6 | 3.0 | 3.9 | 4.8 | 5.7 | 7.5 | 9.3 | 11.0
o | ] ERTee B ol o o5 30 | 40 | 4.7 | 6.1 7.6 | 9.1
;; Cross(#590°) ’ ’ ’ ) ’ ' ) ’ '
o 45°A% (Long) | 0.2 0.2 03]03]04]05]06]08]0.9
Tl & [ 907 UE (Short) | 0.4 | 0.6 | 0.7 |09 | 1.1 ] 1.3]16] 2.0 2.4
A 90°U% (Long) | 0.3 |0.4]05]06]|08]09] 1.2]15] 1.8
2] HFTee T+
Croos(mmooy | 12| 1.6 | 1.9 [ 2.4 [ 3.0 | 3.5 | 4.6 | 5.7 | 6.8
Gate valve 0.2 10.2]10310.3]04)|051]0.7]0.8 1.0
El Globe valve | 9.0 | 11.8 | 13.7 | 17.6 | 22.0 | 26.0 | 34.0 | 42.0 | 50.3
H Angle valve | 4.6 | 5.9 | 6.9 | 8.8 | 11.0 | 13.1 | 17.1|21.2 | 25.2
=
" Check valve 1o o 1 g 0l 34 | 44 |55 6.5 85 [10.5]12.5
(swing¥)

2-2-4 WjT wpFALE

102
4
i

v I+ I
<o U ) (m)

Q= A7l kA WP WE 28 & £ 589 L /min)



Table. 2-12. Friction Loss Head of Pipe (per 100m) JIS G 3452

Unit ' m
Ijﬁ:g %lfm? 25mm | 32mm | 40mm | 50mm | 65mm | 80mm | 100mm | 125mm | 150mm
1 80 |28.36| 8.10| 3.85 | 1.19 | 0.35 | 0.15
2 160 |102.23]29.19 [ 13.86 | 4.30 | 1.28 | 0.55 | 0.15
3 240 |216.44|61.81]29.35| 9.11 | 2.70 | 1.16 | 0.32 | 0.11
4 320 |368.54|105.25|49.97 | 15.51 | 4.60 | 1.98 | 0.54 | 0.19
5 400 |556.88|159.04| 75.51 | 23.43 | 6.95 | 3.00 | 0.82 | 0.29 | 0.12
6 480 |780.27]222.83]105.80| 32.83 | 9.73 | 4.20 | 1.15 | 0.40 | 0.17
7 560 296.37|140.72| 43.66 | 12.95 | 5.58 | 1.53 | 0.53 | 0.23
8 640 379.42|180.15| 55.90 | 16.57 | 7.15 | 1.96 | 0.68 | 0.30
9 720 471.79|224.01| 69.50 | 20.61 | 8.89 | 2.43 | 0.85 | 0.37
10 800 573.32272.21| 84.46 | 25.04 | 10.80 | 2.96 | 1.03 | 0.45
11 880 683.87|324.70|100.75| 29.87 | 12.88 | 3.53 | 1.23 | 0.53
12 960 803.31|381.41|118.35| 35.09 | 15.13 | 4.14 | 1.44 | 0.63
13 1040 931.53|442.29|137.23| 40.69 | 17.55 | 4.80 | 1.67 | 0.73
14 1120 507.28(157.40| 46.67 | 20.13 | 5.51 | 1.92 | 0.83
15 1200 576.34|178.83| 53.02 | 22.87 | 6.26 | 2.18 | 0.95
16 1280 649.43|201.51| 59.75 | 25.77 | 7.05 | 2.45 | 1.07
17 1360 726.51(225.42| 66.84 | 28.82 | 7.89 | 2.74 | 1.19
18 1440 807.54|250.57| 74.29 | 32.04 | 8.77 | 3.05 | 1.33
19 1520 892.49(276.92| 82.11 | 35.41| 9.69 | 3.37 | 1.47
20 1600 981.33|304.49| 90.28 | 38.93 | 10.66 | 3.71 | 1.61
21 1680 333.25| 98.81|42.61| 11.66 | 4.06 | 1.76
22 1760 363.20|107.69| 46.44 | 12.71 | 4.42 | 1.92
23 1840 394.33|116.92| 50.42 | 13.80 | 4.80 | 2.09
24 1920 426.64(126.50| 54.55 | 14.93 | 5.19 | 2.26
25 2000 460.10|136.42| 58.83 | 16.10 | 5.60 | 2.43
26 2080 494.73|146.69| 63.26 | 17.31 | 6.02 | 2.62
27 2160 530.50|157.29| 67.83 | 18.56 | 6.46 | 2.81
28 2240 567.43(168.24| 72.55 | 19.86 | 6.91 | 3.00
29 2320 605.48(179.53| 77.42 | 21.19 | 7.37 | 3.20
30 2400 644.68|191.15| 82.43 | 22.56 | 7.85 | 3.41
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Table. 2-13. Friction Loss Head of Pipe (per 100m) JIS G 3454 (SCH 40)

Unit ' m
gﬁiﬁ %fma;’k 25mm | 32mm | 40mm | 50mm | 65mm | 80mm | 100mm | 125mm | 150mm
1 80 |30.45| 8.32| 4.03 | 1.22 | 0.41 | 0.18
2 160 |109.76|30.00 | 14.53 | 4.38 | 1.48 | 0.65 | 0.17
3 240 |232.39]63.53 [30.76 | 9.28 | 3.12 | 1.37 | 0.37 | 0.13
4 320 [395.69(108.17|52.38 | 15.79 | 5.32 | 2.33 | 0.62 | 0.22
5 400 [597.92(163.45| 79.15 | 23.87 | 8.04 | 3.51 | 0.94 | 0.33 | 0.14
6 480 [837.76{229.01/110.90|33.44 | 11.26 | 4.92 | 1.32 | 0.47 | 0.20
7 560 304.59|147.50| 44.47 | 14.97 | 6.55 | 1.76 | 0.62 | 0.26
8 640 389.94|188.83| 56.94 | 19.17 | 8.36 | 2.25 | 0.80 | 0.34
9 720 484.88(234.80|70.80 | 23.84 | 10.42 | 2.80 | 0.99 | 0.42
10 800 589.22|285.33| 86.04 | 28.97 | 12.67 | 3.40 | 1.21 | 0.51
11 880 702.84|340.34|102.62| 34.55 | 15.11 | 4.06 | 1.44 | 0.61
12 960 825.60(399.79(120.55| 40.59 | 17.75 | 4.77 | 1.69 | 0.72
13| 1040 957.37|463.60(139.79| 47.07 | 20.58 | 5.53 | 1.96 | 0.83
14 | 1120 531.72|160.33| 53.98 | 23.61 | 6.34 | 2.25 | 0.95
15 | 1200 604.11|182.16| 61.33 | 26.82 | 7.20 | 2.55 | 1.08
16 | 1280 680.72|205.26| 69.11 | 30.22 | 8.12 | 2.88 | 1.22
17 | 1360 761.51|229.62| 77.31 | 33.81 | 9.08 | 3.22 | 1.36
18 | 1440 846.45(255.23| 85.94 | 37.58 | 10.09 | 3.58 | 1.52
19 | 1520 935.49(282.08| 94.98 | 41.53 | 11.16 | 3.95 | 1.67
20 | 1600 310.16|104.43 | 45.67 | 12.27 | 4.34 | 1.84
21 | 1680 339.46|114.30 | 49.98 | 13.42 | 4.76 | 2.02
22 | 1760 369.96|124.57 | 54.47 | 14.63 | 5.18 | 2.20
23 | 1840 401.67|135.24 | 59.14 | 15.89 | 5.63 | 2.38
24 | 1920 434.58(146.32| 63.98 | 17.19 | 6.09 | 2.58
25 | 2000 468.67|157.80 | 69.00 | 18.53 | 6.57 | 2.78
26 | 2080 503.94|169.68 | 74.20 | 19.93 | 7.06 | 2.99
27 | 2160 540.38|181.96 | 79.56 | 21.37 | 7.57 | 3.21
28 | 2240 577.99|194.61| 85.10 | 22.86 | 8.10 | 3.43
29 | 2320 616.76|207.68 | 90.81 | 24.39 | 8.64 | 3.66
30 | 2400 656.68|221.11 | 96.69 | 25.97 | 9.20 | 3.90
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Table. 2-15. Maximum Floor Area Protected by Sprinkler

Protected Area Area Limitation

Light hazard 52,000 ft* (4,831 m’)
Ordinary hazard 52,000 ft* (4,831 m')

Pipe Schedule 25,000 ft* (2,323 m')
Extra hazard

Hydraulically Calculated 40,000 ft* (3,716 m’)
Stor ;  High-piled storage’’ d

orase HETPLIEC STOTAse AT 40,000 £t7 (3,716 m)

storage covered by other NFPA standards

) High-piled storage @ =°]7} 3.7mS Z sl WA A, A= 2 4

33, 43433, QBAAGAFD, AWAAFL 5

ar =
o wMxAs dETE 2 AP saEE Table. 2-16 7 2-21%

Table. 2-16. Protection Areas and Maximum Spacing for Light Hazard

. Protection Spacing
Construction Type System Type Area (maximum)
Noncombustible obstructed and| P i p e | 200 ft? 15 ft
unobstructed and combustible| schedule (18.6m") (4.6 m)
unobstructed with members 3 ft| Hydraulicall 295 ft? 15 ft
or more on center y calculated (20.9m*) (4.6 m)
Combustible  obstructed with ALl 168 ft* 15 ft
members 3 ft or more on center (15.6m*) (4.6 m)
Combustible .obstructed or 130 ft2 15 ft
unobstructed with members less All ,
(12.1m*) (4.6 m)
than 3 ft on center

=32 -



Table. 2-17. Protection Areas and Maximum Spacing for Ordinary

hazard
Construction Type System Type Fraiiac lon Spacing
o v v Area (maximum)
130 ft”
15 ft
All All (1%.1 (4.6 m)
m’)

Table. 2-18. Protection Areas and Maximum Spacing for Extra hazard

Construction Type System Type Pro:;fz;lon (Sgiiilﬁ)
ALl Pipe schedule (§?4f£;) (§?7f;)
ALl Hy.fdraulice.tlly calculated 100 ft‘2 12 ft
with density =0.25 (9.3 m*) (3.7 m)
ALl Hydraulicglly calculated 130 ft® 15 ft
with density <0.25 (12.1m") (4.6 m)

Table. 2-19. Protection Areas and Maximum Spacing for High-—piled

storage
Construction Type System Type Firoitect fo Spacing
s v v Area (maximum)
ALL Hydraulically calculated | 100 ft” 12 ft
with density =0.25 (9.3 m) (3.7 m)
ALl Hydraulically calculated 130 ft® 15 ft
with density <0.25 (12.1m") (4.6 m)

=33 -




Table. 2-20. Protection Areas and Maximum Spacing for Large Drop

Sprinklers
Construction Type ProZ:Z;ion (222?;Ei)
Noncombustible unobstructed (%gélf;;) (é?7f;)
Noncombustible unobstructed (igélfﬁi) (é?7f;)
Combustible obstructed (i§91fﬁi) (§?7f;)
Combustible unobstructed (iS% ﬁ;: (é?lf;)
Rack storage applications (i??;ﬁﬁg (éélf;)

Table. 2-21. Protection Areas and Maximum Spacing of ESFR

Sprinklers
Ceiling/Roof Heights | Ceiling/Roof Heights
up to 30ft (9.1m) over 30ft (9.1m)
Construction Type . . ) ]
Protection| Spacing |Protection| Spacing
Area (maximum) Area (maximum)
Noncombustible 100 ft* 12 ft 100 ft” 10 ft
unobstructed (9.3 m*) (3.7 m) (9.3 m*) (3.1 m)
Noncombustible 100 ft* 12 ft 100 ft” 10 ft
unobstructed (9.3 m*) (3.7 m) (9.3 m*) (3.1 m)
. 100 ft* 12 ft 100 ft* 10 ft
Combustible obstructed | g g iy | 37wy | (9.3 m) | (3.1m)
Combustible unobstructed N/A N/A N/A N/A

2-3-4 2879 8STAR

(1) 7F<F v &2 (Pipe Schedule Method)
1) Table. 2-22 & Jfofufjabd2le] wet wjvhs A

A
A 2

Tw AdE=el ek Ha T

=34 -

Ris

g3 Adnfel] os WaE=

LFAG] Ao

o]-&=H,




FEAPEEY FH FFE FUANL PO AN} Fet,
2) TeRMlBHAL 5,000 £t7 (465 m)olatel AR i fohu)ehiAo]
el gald 71E FeplEgae] Frh Az Aelw o) &8 & Ak,

3) ek EEA e g =o x4 g AZHIFHYH =7 50 psi(3.5 kg/

1) tepuEa e v)Ee ﬂﬂaﬁu TONERSE

A
N
T
X

N
-3
o
ofo
i)

5) X=X %
B¢ EZolE ZEE o] ¥ 0.433 psi/ft(0.1 kg/et/m)o]™, AEFe 74
9 HAAZe] ARFUHES 5000 ft* (465 m)olstd w15 psi (1.05 kg/cr),
5,000 ft* (465 m’) 23 w) 50 psi (3.5 kg/en) o] S &3t}

Table. 2-22. Water Supply Requirements for Pipe Schedule Sprinkler

System

Occupancy Minimum Residual Accep palblle Dl .at Hitae Duration

e e . . of Riser (Including Hose .

Classification | Pressure Required (min)
Stream Allowance)

. . , 500 - 750 gpm B
Light hazard | 15 psi (1.05kg/cm) (1,893 - 2.839 ¢ /min) 30 - 60

. . , 850 — 1500 gpm B
Ordinary hazard| 20 psi (1.41kg/cnt) (3.217 - 5.678 { /min) 60 - 90

#*]1 psi = 0.07 kg/cnf, 1 gpm = 3.785 £ /min

6) reFi Al e Eu2e] o] 13mm, K=80 ¢ =PIl =o] ARE-f

, K #to] th& sl=s AFEE A5-= S AL o oo g},

7) % AR ~2ZP ST E 2HsiA = oF "o o, uje
%!

A A e des 35 7l =

8) Frep el M FAL AF, FAAGEES mek s1Fo] ot

=35 =
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Table. 2-25. Extra Hazard Pipe Schedules
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(2) 8] A2 (Hydraulic Calculation Method)
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Table. 2-26. Hose Stream Demand and Water Supply Duration

Requirements for Hydraulically Calculated Systems

Occupancy Inside Hose |Total Co.mbined Inside and Dura'tion
(gpm) Outside Hose (gpm) (min)
Light hazard 0, 50, or 100 100 30
Ordinary hazard | 0, 50, or 100 250 60 - 90
Extra hazard 0, 50, or 100 500 90 - 120

7HA s AR BolE vl Al A8 Folok ditt,
gl EAA = 1,500 £t (139 m)el et HFuEg o
g wel FEHE 2,500 ft° (232 m') wwre] AT Fe A
o= 2,500 ft* (232 m') o i FFLEE o] &Fr}.

Feldu7E A HA B el s AEddAs A2y

2w s Aol 3,000 ft* (279 m') o]olojoF g}

Density. (L/min)/nf

2.0 41 6.1 8.1 10.2 122 14.3 16.3
5000 465
\\ \\
N 4 \\ 5
« 2 3 \
~ 4000 & & 372
S £
g \ \ \% \%
3
3 \ \ % NG
5 Ly \ \ N A\
£ 3000 o 2 279
. e 3 \ \
5 \ \3 \2 N N
8 2500 = - © 232
\% \ \
2000 186
1500 \ \ \ 139
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Density. (gpm)/ft?

Fig. 2-1. Density / Area Curves
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Table. 2-27. Equivalent Schedule 40 Steel Pipe Length Chart

7:”_/]: )4.87

k= (

Unit : m
3 A 45° 90°Elbow | 90°Elbow | ¥ Tee [Butterfly| Gate Swing
Elbow |(standard)| (long) Cross iy Wy Check

20 mm | 0.30 0.61 0.30 0.91 - - -
25 mm | 0.30 0.61 0.61 1.52 - - 1.52
32 mm | 0.30 0.91 0.61 1.83 - - 2.13
40 mm | 0.61 1.22 0.61 2.44 - - 2.74
50 mm | 0.61 1.52 0.91 3.05 1.83 0.30 3.35
65 mm | 0.91 1.83 1.22 3.66 2.13 0.30 4.27
80 mm | 0.91 2.13 1.52 4.57 3.05 0.30 4.88
100 mm | 1.22 3.05 1.83 6.10 3.66 0.61 6.71
125 mm | 1.52 3.66 2.44 9.14 3.05 0.91 9.75
150 mm | 2.13 4.27 2.74 9.14 3.05 0.91 9.75
(2) C-AF
1) Table. 2-24¢] S7imjddol= (=120 7o = AAE Zolm=zZ € Fhol

1200] o}l t}& Tl wHS AET

sk

stol S7hEdolE B stolok .
Table. 2-28. C value Multiplier

749 Table. 2-28 9] EHAFE w

ce 7t 100 120 130 140 150
FAHA 5 0.713 1.00 1.16 1.33 1.51
F) o] A= vl AMEE = C-AGS FHe 3 BEEe] npEEAS A

s},
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3-1-2 Darcy-Weisbach®] 2
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o371A, b = vpEEASTF(mAg)

= 7 bR AS(ERL)

f
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Re7} 9F2,1008.tF 22 g A+ S7F7F =™ 2,100 74,0004 0]l A = &5
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FlAE 570 W ZANAE v wh2r] dEe] W 2Er} Sno)
= f= EES B vk web Wi 9 ui 3o
2 ste] fi Aol os) Fakelok shn) ol o] 9o}

f= ()0055[1—+(2000 + igz)“3} (3-7)

2
)
.
\
I

ulzH A 4=
e = AF%(m)
d = &2 A7 (m)

Re = Reynolds<
ol A)Z%=(Absolute roughness)® ¥l¥e] Ao ug} t2m AA &

g A9 WEY Tabled o]&3tar gl
3-1-3 Hazen-Williams®] 24

AspAHl A bgFe B2 HEA fAlolw 2k Bl HAdS 1Hd davt
S T BAZ Darcy-Weisbach F2AHth= EW3| Evhs 7|gEo= 3
Hazen-Williams®] &2& =AHo® o Ho] ARRStt. HAYAS 7[2= ste] A
33 Hazen-Williams® &2 Eol tfsiAwt 28o] 7t 7|et fA|edA=

qge 5 ok, T4 e 2.

452X QL

L85 457 (3-8)
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0185 < d4A87

P = 6.174x10° %
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Q = 7%= (L /min)
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3-3 $AN AAOW

@D Selecting Occupancy (£E=Z XA 3c}) 4 | NFPA 13 7]&
§
@ Selecting Design Density (AFHES AH3lt))| <= Density / Area

Curves 3h3

$
@ Determining the Length of the Design area
(AR 2] dolE AA3})
) 4
@ Determining the number of sprinklers flowing
along the length of the design area - N;= LIS
(AAAA ] dolitao 2 = 35S AA3)
) 4
® Determining the configuration of sprinklers

in the design area
(AA 13 W $1x8 =9 mde 243

@7 = 12474

4
® Determining the minimum flow at the
hydraulically most demanding sprinkler @ | Q = d x Ag
(g4 =% d= Y Harss dA4s)
4
(@ Determining the minimum pressure at the - Q= K/P

hydraulically most demanding sprinkler
(g3 =% d= U9 Hadds dAs)
$

Determining friction loss in each pipe segment
(7} wjgkpztell Bk mhaEd S AR

Fig. 3-1. Flow Chart of Hydraulic Calculation Method
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Table. 3-1. Manual Hydraulic Calculation Form

CONTRACT NAME Calculation of system shown on figure 3—4 sheet 1 of 3
Simrialle Flow Pipe Fitting Pipe Friction Pressure
r . . K Supplementary End
in Size & Equivalent Loss Summary .
Node . R . . Calculation Node
Number (gpm) (in.) | Devices Length (psi / ft) ( psi )
sch 40 lgth 12.0 Pt 10.33 <
a - =120 Q=K/P
[1] 1 ftg - 0.107 Pe - 18gpm=5.6 V f* (2]
Q 18.0 tot 12.0 Pf  1.28 P=10.33psi
: 2. . VP
0 19.08 sch 40 | lgth 12.0 Pt 11.61 Q= KVP
[2] 11/4 ftg - 0.112 Pe - Q= 5.6+ 11.61 [3]
Q 37.08 tot  12.0 Pl 1.34 Q=19. 6gpm
f sch 40 | Igth 12.0 Pt 12.95 0= FKVP
q20.16 |1 1/4
[3] ftg - 0.245 Pe - Q= 5.6v12.95 | [4]
Q 57.24 tot 12.0 Pf  2.94 Q=20.16gpm
4 22.32 sch 40 lgth 18.0 Pt 15.89 9 .fl.'\/T'
[4] 11/2 Tee ftg 8.0 0.210 Pe Q=5.6v15.89 | [Aq]
Q 79.56 tot  26.0 Pf 5.46 Q=22.32gpm
h 40 lgth 1.5 Pt 21.35 L5433
a - sc — .5>4.33=
(Aq] 2 ftg 10 0.064 Pe 0.65 Pe=). Gopsi [Ag)
Q 79.56 Tee tot 11.5 Pf 0.74
cfocimlaoin lgth 10.0 pr 2274 | Lime K heﬁ o8
q - 58 Q=HKVP
A 3 0.007 B
[As] ftg - Pe - 79.56=k 22.74 (B
Q 79.56 tot  10.0 Pf  0.07 k=16.68
sch 10 o .
q 79.66 ) crossmain | [0 10-0 . Pr 2281 Q= KVF
(By] 3 - 0.024 - 0=16.68+22.81 | [Cgl
ftg Pe 70 66
Q 159.22 tot  10.0 Pf 0.24 (=79, 66gpm
sch 10 -
q 80.08 crossmain lgth 10.0 _ Pt 23.05 Q=K/P
(Cy] 3 T 0.052 o 0=16.68+23.05 | [Dy]
£ = Q=80.08gpm
Q 239.30 tot 10.0 Pf 0.52 -VOED
ch 10 P
4 25.62 CK'SOLSSmaiI] lgth 45.0 Pt 23.57 see sheet 3 for
[Dy] ) 3 — 0.062 flow of sprinkler| [E]
Tee ftg 15.0 Pe - [13]
Q 264.93 tot  60.0 Pf  3.72 ’
q - sh 10 joth 58.5 Pt 27.29
crossmain
[E] 4 [T90RL |ftg 10 0.018  Tpg - (F]
Q 264.93 tot  68.5 Pf 1.23
q - sch 10 1 1oth 20,0 Pt 28.52
crossmain
[F] 4 Alarm/v | ftg  20.0 0.018 Pe 866 PZ_%M:;’, [G]
Q 264.93 0S & Y 2.0 ' €70 bbpst
tot  42.0 Pf 0.76
Pf 37.94
Pt = 2= (psi) - Pe = TR HGAEA - Pl = T wpEEA

= K5 =




CONTRACT NAME Calculation of system shown on figure 34 sheet 2 of 3
SRE Flow Pipe Fitting Pipe Friction Pressure
r . . . Supplementary End
in Size & Equivalent Loss Summary .
Node . . . . Calculation Node
Number (gpm) (in.)| Devices Length (psi / ft) ( psi )
CE2D.T o 55,0 Pt 37.94
0 - 5 Underground 5150 431
[G] 18.62 0.0045 ST [2]
. -
ELL, Tee ftg 39.90 Pe 2.17 Pe =2.17
Q 264.93 tot 113.52 Pf 0.51
52 D.
Uii;miiﬁ lgth 20.0 Pt 40.62
q B 5
[H] 10 Tee ftg 66.50 0.0015 75— (3]
Q 264.93 tot 86.50 Pf  0.13
CL52 D.1 -
(1] q - 6 | Underground lgth 10.0 0.0045 Pt 40.7 5'X0.431 (4]
FLL ftg 18.62 VR Tpe 217 Pe = -2.17
Q 264.93 tot 28.62 Pf  0.13
01 |4 250.00 Igth Pt 38.70
Add ftg Pe [Aq]
Hose Q 514.93 tot Pf
Calculation Summary : 514.93gpm @ 38.70psi
CONTRACT NAME Calculation of system shown on figure 3-4 sheet 3 of 3
s Flow Pipe Fitting Pipe Friction Pressure
r . . . Supplementary End
Node in Size & Equivalent Loss Summary Calculation Node
(gpm) (in.) | Devices Length (psi / ft) ( psi )
Number
sch 40 lgth 18.0 Pt 10.33
q - 11/2
[13] Tee ftg 8.0 0.013 Pe - [DT]
Q 18.0 tot  26.0 Pf  0.34
B sch 40 lgth 1.5 Pt 10.67 155 431
[DT] d 2 Tee ftg 8.0 0.005 Pe 0.65 OO [DB]
Pe = 0.65psi
Q 18.0 tot 9.5 Pf 0.05
lgth Pt 11.37 23.05psi
a - Exists at
(DB] fte Pe DB-Must
Q 18.0 tot Pf Adjust flow
NOTE : Adjust Flow for Sprinkler [13] at Node [DB]
Py 23.05
: = - Vanr = } \ 3 ae = 20.62 GPI
QAUJ QL PL f:. ADJ ]H.l. 11.37 1 |:I J'f '|-.f

[1] =

most remote sprinkler head 0.15>20= 18gpm(Q)

top of riser nipple

bottom of riser nipple

Length

- ftg = Fitting

- tot = Total
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Table. 5-1. Hazard Classifications Comparison

= U g B2
= = NFPA 13
7| - 7|5 -
i 2R 7 ne aATe
ET7AES AA-FHE8) -Extra Hazard
v T EE - Group 1
30 (A F3F 105 o] 80 |BAaLlesd I -Extra Hazard
3}) Group 2
A=l (B
20 71 olele]l T EE 20 %;;((;DH Ilv())OOHH —Ordinary Hazard
1 (10 °)s}) ot Group 2
° ol A%, AR

TV, A
30 |3H4, AavirE Es
5= (1035 o))
271 ol9le] EHAEA
d, duAE e 59
o0 |AAFE (105 °l3sh)

271 olele]l A (105 ©

3, Sl=52 8m o)) 10 (AOI(ZL Olii A -Ordinary Hazard
= S
7] elglel A (105 o ) Group 1

WS, BEgDHE
(10 ol

Jo =

15

-Light Hazard

o
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ol EA9]),
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o A4 % r}. Table. 5-2, 5-3¢] H]ul+= NFPA 139 9188 % %o ulat
S 9 AR YRS ARFE JEOR FUANEAL 4§ AS
o He FFom 28yt sbestd 2skare] E AR o oA ARk NFPA 13
o] 7|EdAE s gy A L ARES = Qe VIl 7] "l 3
A AlE A% FrA FAFFl AFsdh
Table. 5-2. Water Demand for Hazard Classifications
NFPA 13
2 HFH o) B A
= % v 2% H ola = =1 2k
/\Hc]_qf}g_i %_g__g_%]: %3%%]: Hzg o H / %_S_—g— ]
NEAT | PIEAS | Fepagy | FAMEY
A 1 628% /min 800 £ /min
vi__ ol =] ’
(10% ©]sh) (10~ 2071) (1070)
i ] Light Hazard Light Hazard
(ﬁj‘}\]};é\]]— 2,400@ /mln 1,200@ /mm (1,893 (570
(115 o) | (307H) (157H) ~2,839 0 /min) | 809 ¢ /min)
olstE 800 £ /min 800 ¢ /min
(1071) (1071)
=217 8%%é;§;n 8%%é;$;n Ordinary Hazard
Group 1
o1utsra | 1,600 /min | 800 ¢ /min | Ordinary Hazard | -~ 1 5é§%§/ )
seee (2071) (1071) (3,217 : min
5,678 ¢ /min) Ordinary Hazard
W 5.7 2,400 ¢ /min | 1,200 ¢ /min Group 2
(3071) (1571) (1,126
72,269 ¢ /min)
Extra Hazard
Group 1
e (2,830
lil; 7 1__‘:' . . ~ .
o k.:jz 2,400 ¢ /min | 1,600 ¢ /min 3,767 ¢ /min)
A A2 2 N/A
27 (3071) (2070) Extra Hazard

Group 2
(3,782

75,6734 /min)

- 569 -




Fel A
30%
60~ 90+
90 T 120+

NFPA 13

S8R | Fopayy
N/A

30 7 60
60 7 90

12!
=

4z
201

24
205

b 913t

9

o]

=

{pm/m* ©]™ mm/min &= E}

SHA]

L

R

-

43 &=
Light Hazard

Extra Hazard Group 2
wl

Ordinary Hazard Group 2
Extra Hazard Group 1

Ordinary Hazard Group 1
str] 9]

45

Table. 5-3. Water Supply Duration Requirements for each Occupancy

ol

=

B

}™ Table. 5-49} #o] vluwg 4= 9},
- TD -

9

A

=13
=

o

ge) 45

1

=}
gt

i

T

o
R



Table. 5-4. Design Density for each Occupancy
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Table. 6-2. Pressure Loss Calculation for Pipe and Fittings at Each Node
(Case "1", Korea)
T | ZAAA) | FF (L /min) S7Ha &4 o] (m) wpaEA =5 (m)
2] 3 = 3.3m
A-B 25 80 - 5.0X28.36/100)=
E5FE 1714.7=1.7m A / )
Al 5.0m 1.42m
T2 | ZAA Q) | FZF(L /min) S7Ha &4 o] (m) wpzEA =5 (n)
B-C 25 160 2 = 3.0m | 3.0>102.23/100)=
Al 3.0m 3.07m
T | ZAAA) | FF(L /min) S7Ha &4 o] (m) vpaEA 5 (m)
C-D 32 240 AR, =3.0m | 3.0X61.81/100)=
Al 3.0m 1.85m
T | ZAAA) | FF(L /min) S7Ha &4 o] (m) vpaEA 5 (m)
D-E 40 320 2] 7} = 1.5m | 1.5%49.97/100)=
Al 1.5m 0.75m
T | ZAAA) | FF (L /min) S7H &4 o] (m) vpaEA =5 (m)
2] 3 = 3.5m
E-F 50 560 - 6.7X43.66/100)=
HFE 170>8.2=3.2n 8 /100)
Al 6.7m 2.93m
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T2 | ZRAA Q) | 5L /nin) 7 #EA ol (m) w2 EAF5F(n)
F-G 65 800 2 = 9.6m | 9.6%(25.04/100)=
7l 9.6m 2.40m
T2 | ZAA Q) | 7L /nin) 7 &4 o] (m) w2 EA S5 (n)
2 3 = 40.3m
90° A1 571 >4.3=6.5m
G-H 80 800 oFgbM B 170>6.7=6.7m | 61.2>(10.8/100)=
o] EM B 271 >0.5=1.0m
ATWE 170 >6.7=6.7m
7l 61.2m 6.61m
@ T3 mEEA S Table. 6-29F 3Fo] 773 § b wpEEA ] jHA
= h2=1.42+3.07+1.85+0.75+2.93+2.4+6.61 =19.03m
@ webA, HCA 44) = h1(52h) + h2(rpEEd) + 10mCFAREF)
=14 + 19.03 + 10 = 43.03 m
3) Wl greujabA o] AxE S g of
O Z2 F= : 1070 x80 £ /min = 800 £ /min
@ 22 4% : 800 £ /min <20 min = 16,000L = 16 m’
@ A % : 43.03m
@ 3= g WEWAd @ 3m X3.2m=9.6m
® #FEeHd  10M)1FEMF) x9.6 m(FA=WEHE) = 96 m
® AFUE 080 £ /min +9.6 m(A=WEEA) = 8.34 L pn/m’
@ =9 A F7F 5670
Tl 7 0 80 mm
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Fig. 6-1. Plan View of Pipe Schedule Sprinkler System (Case “1” , Korea)
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Table. 6-3. Sheet of Hydraulic Sprinkler Calculations. (Case "1", NFPA 13)

CONTRACT NAME Calculation of system shown on figure 6-6 sheet 1 of 2
Flow Pipe | Fitting Pipe Friction Pressure
Node . . . Supplementary End
N0 in Size & Equivalent Loss Summary Calculati Nodl
. alculation ode
(2 /min) | (om) | Devices | Length (m) | (kg/cr/m) (ke/crt)
lgth 3.4 Pt 0.69 = KP
25 C=120 ——
o |9 (7.5) ftg ooz |LPe - 66.37 L pn=8OVP | @
Q 66.37 ' tot 3.4 ' Pf 0.069 P=0.69kg/ cnf
lgth 3.4 Pt 0.759 =K pP
69.68 | 25 ISR
@ |¢ (2705) ftg 0.076 | Pe - Q= 80+ 0.759 ®
Q 136.05 ’ tot 3.4 Pf 0.259 Q=69.68 ¢ pm
lgth 1.7 Pt 1.018 o= K pP
80.70 ]
® q (3222) (1) Tee | ftg 1.83 0.047 Pe - Q= 80+ 1.018 Ap
Q 216.75 ’ tot  3.53 Pf 0.167 Q=80.70 £ pm
lgth Pt 1.185
4 ftg Pe -
Q tot Pf -
i lgth 3.4 Pt 0.69 _ .
® | (2?5) fig 0.024 L Pe = | Rlcgrk;tsss—lhfaei; f ®
Q 66.37 ’ tot 3.4 Pf 0.069 ’
lgth 1.7 Pt  0.759 = WP
69.68 R o —
@ 4 (3229) (1) Tee | ftg 1.83 0.020 Pe - Q= 80+ 0.759 Ap
Q 136.35 - tot  3.53 Pf 0.071 Q=69.68 £ pm
lgth Pt 0.83
4 ftg Pe
Q tot Pf
q lgth Pt Qups =
ftg Pe 136.35+ (1.185/0.83)
Q 162.92 tot Pf =162.92 £ pm
lgth 0.3 Pt 1.018
T = 5+
A, ¢ (5202) (D) Tee [ftg_3.05] 0.020 [Pe 03 | ¢ 2%7271362&192 Ap
Q 379.67 ’ tot  3.35 Pf  0.069 ' P
q 50 lgth 3.2 Pt 1.387 o= K pP
A, (53.2) ftg 0.020 | Pe - 379.67=K~ 1.387 By
Q 379.67 ’ tot 3.2 Pf  0.065 K=322.38
lgth 3.2 Pt 1.452 =K pP
388.46| 65 S
B, | ¢ (g;) ftg 0.021 | Pe - Q= 322.38v 1.452 | G
Q 768.13 tot 3.2 Pf  0.068 Q=388.46 £ pm
lgth Pt 1.52
4 ftg Pe
Q tot pf
lgth 3.4 Pt 0.69 = KFP
q 25 C=120 —H——
o) (2705) ftg oos e = | 66.370omes0Vp | @
Q 66.37 ’ tot 3.4 ’ Pf 0.069 P=0.69kg/cn
lgth 3.4 Pt 0.759 =K/ P
69.68 25 S E—
@ | (2735) ftg 0.076 | Pe - Q= 80+ 0.759 (E)
Q 136.05 ) tot 3.4 Pf 0.259 Q=69.68 £ pm
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CONTRACT NAME Calculation of system shown on figure 6-6 sheet 2 of 2
Flow Pipe | Fitting Pipe Friction Pressure
Node . . . Supplementary End
N0 in Size & Equivalent Loss Summary Calculation Node
" | (2/min) | (om) | Devices | Length (m) | (ke/cx/m) | (ke/cx)
lgth 1.7 Pt 1.018 G= P
g | 48070 (3222) (1) Tee | ftg 1.83| 0.047 | Pe - Q= éjo\/ 1.018 c,
Q 216.75 ) tot  3.53 Pf 0.167 Q=80.70 ¢ pm
q 50 lgth 0.3 Pt 1.185
C, (53.2) (1) Tee | ftg 3.05 0.007 Pe 0.3 Cy
Q 216.75 ’ tot  3.35 Pf 0.024
lgth Pt 1.509
4 ftg Pe
Q tot Pf
q 65 lgth 9.6 , Pt1.52 | (=768.13+216.75
s (69) fte 0.034 | Pe - =984.88 £ pm Dy
Q 984.88 tot 9.6 Pf 0.323 '
q lgth 17.4 Pt 1.843
D, (Z(i) (3) EL itg O6.39t 0.034 Pe - B
Q 984.88 93 79 Pf 0.800
lgth 18 Pt 2.643
(2) EL |ftg 4.26
q (2) G/V | ftg 0.60
E (2(1)) () eV |ftg 4.88] o015 | ¢ 17 F
(1) A/V | ftg 5.2
t 0 t _
Q 984.88 39 04 Pf 0.507
Pt 4.85
Pe -
Pf -
Calculation Summary : 984.88 £ /min @ 4.85 kg/cm
lgth Pt
4 ftg Pe
Q tot Pf
lgth Pt
4 ftg Pe
Q tot Pf
lgth Pt
4 ftg Pe
Q tot Pf
lgth Pt
4 ftg Pe
Q tot Pf
lgth Pt
4 ftg Pe
Q tot Pf
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6-2 71 A3 22y 47
6-2-1 Ff Fepu g e AA

(1) 71E2AL

D = a¥HY 22y Fgdn|e 482 7[ATHEe] 4% Asts viegd s
2) 2x¥Fe =9 7EAFE A (Table. 2-1) 39 A 20/ =

3) A=9] FHAE 5] TR BR 230l A §HTh.

) A=gre] WAE A wMAZ AR s SEgke] 1AL S = 2R cos 45°
2 e £ glon, oy RGI=S] FHAL) = 2.3n OB §

5) 2mgze] We TAS AU (Table. 2-2)9] 712 <|shn wlw 2

EAFTF 8 PEFe) Srhndele] HelH: S 2wl 7% ¢l
=

W g o]l frAkgh dEo] AW Al dlo]E(Table. 2-10 ~

)
6) 22 Ey = dehe HA WA 80 4 pm, HA WA lkg/ar o]

e
by
I
o
iy
ar)
k)
f
x
5
|
_QL

1= 3578 2.3nY w =3re] A= 3.25m
ool m & FHEIlg+= 7F=ERSE 25m = 3.25m = 7.7 = 87, A=ASF

40m +3.25m = 12.3 = 13/ & &£ = FFL 8 X13 = 104712 X3

=92 =



R e At

[>

THEH ALE 7] Aol Fig. 6-8 3 Zo] Isometric

stel fgat wiw T4 Wabsk e

AAwitt 7155 EAIS)

Table. 6-4. Pressure Loss Calculation for Pipe and Fittings at Each Node
(Case “2” , Korea)
T2 | 2AAW) | FF(L /min) S &4 o] (m) &N S5 (n)
A-B 2 80 Ha = A 5 (98.36/100)=
BEHE 1HA.7= 1.7m| '
Al 5.15m 1.46m
T+ | 2AAQ) | FF( L /min) 74 o] (m) &N 55 (n)
3.15>(102.23/100
B-C 25 160 2% = 3.15m B X )
Al 3.15m 3.22m
7+ | 2AAQ) | FF( L /min) 74 o] (m) &N 55 (n)
C-D 32 240 A% = 3.15m| 3.15%61.81/100)=
A 3.15m 1.95m
T2 | 2AAW) | FF(L /min) S &4 o] (m) &N S5 (n)
1.575>49.97/100)
D-E 40 320 2] 3 = 1.575m B
Al 1.575m 0.7%m
T2 | 2AA Q) | FF(L /min) S &4 o] (m) &N S5 (n)
AR = 3.4m
E-F 50 640 6.6X55.9/100)=
HFE 170>8.2=3.2m
Al 6.6m 3.69m
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T3+ | ZAAQ) | FZF(L /min) S7Hl#Z o] (m) wpzEA S5 (n)
F-G 65 1280 2 3 =3.1m | 3.1X%59.75/100)=
Al 3.1m 1.85m
T3+ | ZAAQA) | FZF(L /min) S7Hl &4 o] (m) wp A 4= ()
G-H 65 1600 2 = 3.1m | 3.1>90.28/100)=
Al 3.1m 2.80m
T3F | ZAA) | (L /min) S7Hl &4 o) (m) wpEEA 5= (n)
H-1 80 1600 2 = 12.4m | 12.4%38.93/100)=
A 12.4m 4.83m
T3+ | ZAAQ) | FZF(L /min) S7Hl#Z o] (m) wpzEA L= (n)
I-J 100 1600 2 7k = 15.5m | 15.5>10.66/100)=
Al 15.5m 1.65m
T3+ | ZAAQA) | FZF(L /min) S7Hl &4 o] (m) wp A 4= ()
2 34 = 32.7m
90° A K. 57]>2.1=10.5m
J-K 125 1600 o2kl B 17) 40.9=10.9m| 66.6>3.71/100)=
Alo]EMH27]%0.8=1.6m
A AWM B 170 220.9=10.9m
Al 66.6m 2.47m
@ T7b8 wpEEA S Table. 6-4 9F o] 3t & F70H wpzkEA o] A

+ h2 =1.46 + 3.22 + 1.95 + 0.79 + 3.69 + 1.85 + 2.80 + 4.83 +

1.65 + 2.47

=24.71m
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@ webA, HH FA) = h1(32h) + h2(rpEEA) + 10mCEAF)

=20+ 24.71 + 10 = 54.71 m
3) =l qrefuj A o] Ax Y Ieldn] gof
@ 22 % 1 207 %80 ¢ /min = 1,600 £ /min
@ g2 Y% 1 1,600 ¢ /min X20 min = 32,000 = 32 m’
Q@ A LA 54.71m
@ &= g HEEA 315 m X3.1m=9.77 o
® ZEdA : 207(71EM5) x9.77 m(Sl=EEHA) = 195.4
® 22 x 080 ¢ /min ~9.77 m(E=WZHA) = 8.19 L pm/m
@ d=o] AA F7 1 10470

®
N
=
)
g
o

© 125 mm
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Fig. 6-7. Plan View of Pipe Schedule Sprinkler System (Case "2", Korea)
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Fig. 6-8. Isometric View of Pipe Schedule Sprinkler System

(Case "2", Korea)
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6-2-2 NFPA 13 Jf<full 2l o] A7

3) THELEEA oIS A8 Ag =9 1AL 4.6meld, = 1
M BEHEAS 12. 1molst & g}

4) FHEE] A vedA 465m 27 Al AFEHS 3.5kg/arol g &
stm, ks ayste]l FEnY FolE ZIstE FHol 0.1 kg/cnis
F7Fste] of gt}

5) THEEEAN HA FHES 3,21775,678 ( /minolH FHFY AHAHS

1) =gy A
O =xgIgsle dA= T35 A5 okl
HFSE 25m +4.6m = 5.437) = 67}, A=
Nz F d=idAe 4fE A shoof
12.1mE WEslo]of sto v 7E=HsE 25p
2EF A0m =3.7m = 10.87] = 1142 &

@ =3t 3L 3.2m, ZHAHH A S

11.84m'= 713 (12.1m o] 3h) ol whEsht},
® =gl digk wWATES T

7)1Fell ¢J&t}h. (Table. 2-24)
@ =z2gFe Fl= A F Pv== Fig. 6-9
® ¥WE9 Isometric =HE AAFA=

6-10 & o] BT + o

=98 -

g

J‘:}-H

BAT oleE 7]

BEE R EE

sl 7z

Wk 40m +~4.6m = 8.697] = 9

St d= 4Y wEEs

+3.4m = 7.357) = 874, Al

o} Z},
#18 Fig.
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Fig. 6-9. Plan View of Pipe Schedule Sprinkler System (Case "2", NFPA 13)

=99 -




NV

100A ALARM V/V/

{ [
NV
AN

F'UMP
8
SCALE : NONE ~

Fig. 6-10. Isometric View of Pipe Schedule Sprinkler System
(Case "2", NFPA 13)

O TrujHe] A= HEo AXE kx| Zow wldwHA 465m <l
73 3

T ZHFerE 3.5 kg/aroly, AE =o] & 0.1 kg/ar g 7Hikste] AR
Sia=
@ wEbA, HCE %4) = [h1(52H) Am] + 35m(FF45) = (15+5) 4 + 35
=20 +35=55nm

@ AN ARS Foslo] FHS HA "agkel 3,217 L /minE 3}
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or

o

e
b
mwo
)

Ea

W o)
3,217 ¢ /min

8 e

s

3) NFPA 13 f<Fuj

o
2 T

1)
=

@
@

03,217 ¢ /min X60 min = 193,020 ¢ = 193.02 m’

i
=

55 m

o
0

x4

X

03.2m X3.7m=11.84

=

@ 3l

: 80 £ /min +11.84 m(A=LSHA) = 6.76 L pm/m’

® d=e X %

1
ey
A

<

1

887

: 100 mm

7

i%

R

N

o] 47

A
=

ol

6-2-3 NFPA 13 53] A

1) NFPA 139] F

!

f

N

NFPA 13 €] 7]

S gAo), W)

EREE S

g AA % ARt

D 22339 A7

M
mwo
H)
<J

40m +4.6m = 8.6971 = 9

6;}:

A =

WEE 25m +4.6m = 5.4370 = 670,

fojof o= 7p=wkaF 25m < 3.4m = 7.3570 = 87K, Al

S

12.1mE W=

13}

e = 88AE X

&

2ZW8F 40m +3.7m = 10.871] = 11712

- 101 -



@ dl=1re] AL 3.2m, AR AL 3. mE = NE gew

a2
rlo

11.84m'=2 7] (12. 1ol sh) el w3},
@ Aol hE BT FHAEE A F] (AR
G2eds 2 G 740 9w,

@ ~x8g=9 = A ¢ HWE+ Fig, 6-10 7 2o},

[
I

9) ezl A
O ==ZgFe ALHE 871 Al Fig. 6-113% o] Isometric &=9HS A4

tol Fa vl 79 Wyt e AArt 712 E ZAISHY, FE

AL Aol olal] ALkeket.

@ AP EEE FH2 2 TR H83.

Q@ Aedx=/Psdd 34Fig. 2-DeAA T52 ¢

& 21
/o] Ho], H222fFQS FFUEHFUHIRT Q = 8.1¢

ol

pm/m’ X139m’ = 1125.9 ¢ pme] ¥ T}.

@ AAWA] Ho] L=1.2x+/139 = 14.1m o]2, L& A} 7p=] v}
gastolok sk, Fig. 6-10 3 zFo] 42 = 271¢] T4 A
atofof gt

® AARA Zdolutare] e AAHL [=14.1 mo]22 Ns = 14.1 / 3.2 =
4.4 2 Ns =5 7|2 AL},

® AR ek dAdol= Ns oF =7k 9] 591 558.2 = 16m0] #r}.
@ AAEA He 22y aIy e A ds " AA Hed

=139 m' +11.84 m' = 11.7 = 127§7} @},

AAAA gk F(W) = AAWAN) +de(L) = 139 m' +14.1m =
9.85 mo] HmW, 7Ixujxt 2707 ddelsE ZE 7.4m o|EE Fig. 6-10
oA Zo] 16m X Z 7.4m = 118.4m' 7} ©vl. 10709 = FFwHzEe
118.4m= F83 AAWNA 139mEch Zouz = 1719 3.2m X3.7m
(= 11.84m) ¢ WHE "Hdslez = 27015 ¢ste] 142.08m' 7} ¥
H AANAS A, Fig. 6-109] BlF A FEow FAF Fio]
2=
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A= Y HAFHS 8.1 0pn/m X11.84m" = 95.91 £ pmo] Ht}.
A= 1Mo HASHES A HA =9 fFe] 95.91 ¢pmolH, K gk

P = (Q/K)*= (95.91/80)*= 1.198% = 1.44 kg/cm?* (20.5psi)
@ A WA = HaxdE FEFS AN = F AA dE=5E A W
A FH =R S mpEEAe) og EEAS Attt 7 bE o e
Frge Tote HAS WSt HF F g obEe ALEY.
@ o]F A4t 4L Table. 6-5 ¢ Fa A F23} 2},
3) NFPA 13 sFelAl g2 o] 22y Fejdu] g of
O 28 #% : 1,409.61 ¢ /min
Ao $U% 1 1,409.61 £ /min X60 min = 84,576.6 L = 84.58 m'

A %4 63.42m

b,
It
—

MF WHEHA 0 32m X3.7m=11.84 ot
1

SIS ECENEREN®
>

©
N
=
ry
Sy
o
g
=

=
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Fig. 6-11. Plan View of Hydraulically calculated Sprinkler System
(Case "2", NFPA 13)
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Fig. 6-12. Isometric View of Hydraulically calculated Sprinkler System

(Case "2", NFPA 13)
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Table. 6-5. Sheet of Hydraulic Sprinkler Calculations. (Case "2", NFPA 13)

CONTRACT NAME Calculation of system shown on figure 6-11 sheet 1 of 2
Flow Pipe | Fitting Pipe Friction Pressure
Node . . . Supplementary End
N0 in Size & Equivalent Loss Summary Calculation Node
“| (£/min) | (mm) | Devices | Length (m) | (ke/cr/m) (ke/ct)
_ lgth 3.2 5 Pt 1.44 =K pP
o | (2§°5) ftg S_éig Pe - 95.91¢ pn=80VE | @
Q 95.91 : tot 3.2 : Pf 0.128 P=1.44kg/cnt
B lgth 3.2 Pt 1.568 0= K/ P
@ | 410018 (230_) ftg 0.150 | Pe - Q= 80+ 1.568 ®
Q 196.00] =10 tot 3.2 Pf 0.479 Q=100.18 £ pm
lgth 3.2 Pt 2.047 =K pP
®° - (3222) ftg 0.092 | Pe - Q= 804 2.047 @
Q 310.55| - tot 3.2 Pf 0.294 Q=114.46 ¢ pm
lgth 1.6 Pt 2.341 0= KV
@ |91224 (4301) (1) Tee | ftg 2.44| 0.082 | Pe - Q= 80+ 2.341 A,
Q 432.95| tot  4.04 Pf 0.329 Q=122.4 ¢ pm
| Pt 2.67 |
Pe -
Pf
lgth 1.6 Pt 1.44 , ,
® | ( 42’01) (D) Tee | ftg  2.44] 0.005 | Pe - Rl(ik;tsf_lh?aeilff Ay
Q 95.91 : tot  4.04 Pf  0.020 ;
Pt 1.46
Pe -
Pf
q Pt Qupy =
Pe - 95.91 ~ (2.67/1.46)
Q 129.7 Pf - =129.7 ¢ pm
lgth 0.3 Pt 2.67
A, 1 (5202) (1) Tee | ftg 3.05| 0.042 | Pe 0.03 Q;45622‘9655+i2p€;'7 Ap
Q 562.65| tot  3.35 Pf 0.142 :
q 50 lgth 3.7 Pt 2.842 o= K P
A, (53.2) ftg 0.042 Pe - 562.65=K~ 2.842 By
Q 562.65 tot 3.7 Pf 0.157 K=333.75
_ i lgth 3.7 Pt 2.999 0= K/ P
B, | ¢ 577.98 (23) ftg 0.044 | Pe - Q= 333.7542.999 | Gy
Q 1140.63 tot 3.7 Pf 0.163 Q=577.98 £ pm
Pt 3.162
Pe -
Pf -
lgth 1.6 Pt 1.44
o | ¢ (4301) (1) Tee |ftg 2.44| 0.005 | Pe - o
Q 95.91 : tot  4.04 Pf  0.020
lgth 0.3 Pt 1.46 ~ i
c |l (,202) (1) Tee | ftg 3.05| 0.005 | Pe - Q‘79f8‘3919+2°‘91 Gy
Q183.9 | tot  3.35 P 0.018 I
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CONTRACT NAME Calculation of system shown on figure 6-11 sheet 2 of 2
Flow Pipe | Fitting Pipe Friction Pressure
Node . . . Supplementary End
N0 in Size & Equivalent Loss Summary Calculati Nod
. alculation ode
(2/min) | (mm) | Devices | Length (m) | (ks/cr/m) (kg/crt)
Pt 1.478
Pe -
Pf -
lgth 3.7 Pt 3.162 =
q 268.98] £ RS @uns
c 65 ftg - | Pe - 183.9 D
s (69) 0.065 \ (3.162/1.478) v
Q 1409.61 tot 3.7 Pf 0.242 =268.98 ¢ pn
lgth 11.1 Pt 3.404
D, |4 80 E
B (81) ftg 0.030 Pe - ‘B
Q 1409.61 tot 11.1 Pf 0.332
lgth 28.3 Pt 3.736
q 100 = IR
£, (105,53 3) EL. ftg O9.bt 0.008 LTe -
Q 1409.61 ) 37 45 Pf 0.312
lgth 20.5 Pt 4.048
(2) EL |ftg 6.1
q 100 (2) G/V | ftg 1.22 Pe 1.95
F (105.3| (1) C/V | ftg 6.71| 0.008 | ' * G
) (1) A/V | ftg 6.71
t 0 t
Q 1409.61 41,94 Pf 0.344
Pt 6.342
Pe -
Pf -

Calculation Summary :

1409.61 £ /min @ 6.342 kg/crf
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6-3 At YRAHY 2zZYFe HA
6-3-1 Ff Fepu g e AA

(1) 71E2AL

1) S 2y 2Eg I 488 gEutedge] guglel 115 of
2) 22" &Y =9 7ENFe 2 (Table. 2-1) 115 o]/de] 2= 3071

3) dl=9o F=HAR = AFE] Wil xol2nR 2.3nol3t2 83},

4) =2k vl AWE w A= Axehy F=3ke] k48 S = 2R cos 45°
2 yepd 4 gler, oy R(EI=S] FHAZ) = 2.3m o]2Z S

5) A3z 8 Ee wjge] FAL A (Table. 2-2)9 7] 9&t™ v nz

FAFE 2 Rago] Srhjwdol el dolEHE I AWyt 75l ¢l
=

wjd g o]l frAkgk dEo AW Al dlo]Ef(Table. 2-10 ~

)
6) 22 EY = dehe HA WA 804 pm, HA WA lkg/ar o]

=
O 2z Edds AXe dle FEAE 2.5 # sl=3ke] A= 3.25m 0]
sto|m e F=sfeE ZFEWEF 20m +3.25m = 6.5 = 770, A=93F 3m -

2 = 10/ & & = $3L 7 <10 = 70702 A X3},
|=9] 1AL 5 (%) 7H4S adste] 3m H4 o2 s A g,

@ 22"y EY = wlx & FHHEE Fig, 6-12 ¢ 2o},

(S)
91_11
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=
O 2=xz"g 3 AME 817] Aol Fig. 6-13 7 Zo] Isometric EHES 2H

stol #ah wiw £49 Websk Qi ARvi 15E BAG

o

Table. 6-6. Pressure Loss Calculation for Pipe and Fittings at Each Node

(Case “3” , Korea)

T2 | EAAA) | (L /min) 57 &4 o] (m) w2 & A S5 ()
A3 = 3.9m
A-B 25 80 90° AR 27150.8=1.6m | 7.2>(28.36/100)=
BEE 144.7-1.7n
Al 7.2m 2.04m
T2 | EAAA) | (L /min) 57 &4 o] (m) w2 & A S5 ()
B-C 25 160 2 = 3.0n | 3.0>(102.23/100)=
Al 3.0m 3.07m
T2 | EAAA) | (L /min) 57 &4 o] (m) w2 & A S5 ()
C-D 32 240 2 = 3.0m | 3.0(61.81/100)=
Al 3.0m 1.85m
T3 | EAA Q) | (L /min) 57 &4 o] (m) w}Z& A =5 ()
D-F 40 320 2 = 1.5m | 1.5%(49.97/100)=
Al 1.5m 0.75m
T3 | EAAQA) | (L /min) 57 &4 o] (m) w}Z& A =5 ()
2 - 3.3
E-F 50 560 "1 6.5%(43.66/100)=

=RE 171>8.2=3.2m

Al 6.5m 2.84m
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T3+ | ZAAQ) | FZF(L /min) S7Hl#Z o] (m) wpzEA S5 (n)
F-G 65 1120 2 3 =3.0m | 3.0%46.67/100)=
Al 3.0m 1.40m
T3+ | ZAAQA) | FZF(L /min) S7Hl &4 o] (m) wpzEA S5 (n)
G-H 65 2240 2 7} = 3.0m | 3.0%168.27/100)=
Al 3.0m 5.05m
T3F | ZAA) | (L /min) S7Hl &4 o) (m) wpEEA 5= (n)
H-1 65 2400 R =3.0m | 3.0%191.15/100)=
Al 3.0m 5.73m
T3+ | ZAAQ) | FZF(L /min) S7Hl#Z o] (m) wpzEA L= (n)
I-J 80 2400 2 7 = 15.0m | 15.0X82.43/100)=
Al 15.0m 12.36m
T3+ | ZAAQA) | FZF(L /min) S7Hl &4 o] (m) wpzEA S5 (n)
2 34 = 46.1m
90° K. 571 >4.7=8.5m
J-K 100 2400 orekwlH 17)>8.7=8.7m | 73.4%22.56/100)=
Al EXM B 271 %0.7=1.4m
ATWMHE 17]>8.7=8.7n
Al 73.4m 16.56m
@ TZHE vpEEA S Table. 6-6 3 72o] 3k & FL7bH wpzkE2 o] g
= h2 =204 +3.07+ 1.8 +0.75 + 2.8 + 1.4+ 505+ 5.73 +
12.36
+ 16.56 = 51.65m
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@ mebA, HCA FA) = h1(83Ah) + h2(vhEEA) + 10mCARF)
=36 + 51.65 + 10 = 97.65 m
3) W greujabA o] AxE S g of
O Ze % : 3078 X80 & /min = 2,400 £ /min
@ Fe Y% 2,400 ¢ /min X20 min = 48,000 ¢

48 m'

@ d ¥4 1 97.65m

@ = Mg s 3w X3m=9

® ZEsHA 0 307M(71EF) X9 m(FAlEWEHA) = 270 o
® AFEE 080 ¢ /min +9 m(AE=WEZHEA) = 8.89 L pm/m’
@ sll=e] dA FZF : 7074

Tl 57 0 100 mm
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Fig. 6-13. Plan View of Pipe Schedule Sprinkler System (Case "3", Korea)

- 112 -




//J 100A ALARM v/vg—/// {\\f§f§
111" v %

NIV
AN

DETAIL "A” DETAIL "B”

SCALE : NONE

Fig. 6-14. Isometric View of Pipe Schedule Sprinkler System

(Case "3", Korea)

- 113 -



0
hul

A=y

—‘}E

<]

18.6m' ]

6-3-2 NFPA 13 Jf<full 2l o] A7
1) NFPA 13¢] +F

=
=

=o] & 0.1 kg/cr

s

N
N

il

e]
i

—_
fite)

o
M

B

~
o

9
pul

A=y

shefof

=7}&

=
T

ol

£ 1,89372,839 ¢ /minolH T+ AEA 7

]

ok

H

4.4n= = 144G

[e)

Fig. 6-14 ¢} #t}.

9
yaA

St

=
-
L

1

it

7EA w4
bell =t
PHE
- 114 -

°©

ko3
T

AL 4m,

T

1l
R

3lt}. (Table. 2-23)

Z

[sometric

29 = A

el

3t

=

Wk 20m +4.6m = 4.347) = 570, A2W3F 30m +4.6m = 6.527] = 7

JEZe o] AA L AAk
17.6m= 7] (18.6m' ©]

ECIE
6-15 <} o]

B

30 T 60F-o| T},
@ 3l
G H=Ee

(2) =



20,000

2,000, 4,000 4,000 ;2,000,2,000; 4,000 ;2,000
-t
o
; :
w =
b 25§ 25 P32 I @ 25 3,
S
S +—50 >
ﬁ:
& g 3 g %
=
o
& +—s50 b
b
b 25 p 25 32l 25§ 25 3
S
o
< +—65 ¥
hE
g 3 8 a0 3
o &0 O——0—1 b3
Q I/
~ ’"B" o
S <
~ <
~ "A"’—~*
A D g 9,
\\~—/I
o
=) g
. k
b
b 256 p 25 32l 259 25 3
3
o
? +—65 b
ﬁ:
80
N S S T W e
= @
T9) | 0 -
4 | =t
i 7,000 S
30 ﬂﬂalﬂx /‘Qﬂ; -
0 ~
%E . . 8OA ALARM V/V
ﬂ)\ S A0
. N
Ql ~
9 #
d
;ff
DETAIL "A" DETALL "B” SCALE : NONE

Fig. 6-15. Plan View of Pipe Schedule Sprinkler System (Case "3", NFPA 13)

- 115 -




S

?
/Vl |

80A ALARM V/V / i

WG

Iy
77

NR
AN

PUMP—\\\§
SCALE : NONE \g

Fig. 6-16. Isometric View of Pipe Schedule Sprinkler System
(Case "3", NFPA 13)

A RS |

@ e A= Hro] ALLS eA Zom wnledA 465mt 29
7 3

5 kg/arold, AE =ol & 0.1 kg/ar s 7Hikste] AA

® A9 AEE Bustd fFe Az 2

- 116 -



or

o

T

—_—

=
=

]

o 2

w2
© 1,893 ¢ /min

s

3) NFPA 13 T2k

o
’ 7

w

01,893 ¢ /min <30 min = 56,790 ¢ = 56.79 m’

A

8 F

il

c 71 m

o
0

3

X

4m X4.4m=17.6

: 80 £ /min +17.6 m(F=EHA) = 4.54 L pm/m’

CEECIFERS

1
ey

&

e

1

: 3570

6-3-3 NFPA 13 S~ Al4H4] 9] A A

1) NFPA 13¢] +f

f

N

NFPA 13 €] 7]

S gAo), W)

o, R4

g AA % ARt

i
mwo
H)
<J

Wk 20m +4.6m = 4.347) = 57, M=ZWEF 30m +4.6m = 6.527] = 7

17.6m'=

=]

- 117 -



®

@

®

®

Aol ek mjaTAde AEAEEEolMe] AZH S wia A

71550l 9]%tt}. (Table. 2-23)

2292y = A $ HHEE Fig. 6-16 7 2o},

x e ALk

~x8 e AMNS &7 Ao Fig. 6-17 ¥ o] Isometri He A4
sto] frEgEd vl A RS e AR V1EE ZAE, FE
ALt el ojal] ALbgict

AP LEE AFor FEsI 2 g3}

Ardn/Meus F4Fig. 2-DelA Aad

2
mel 1, HAALFH(QS AFEegEHyon
X139m’ = 569.9 £ pmo] ¥},

AAWA Y Zo] L=1.2x 139 = 14.1m o], L& AAY 74 ]z}
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P = (Q/K)*= (72.16/80)*= 0.902° = 0.82 kg/cm?* (11.
@ A A =] HAsE R FFs AN & 7 WA
A | =7tA ] wpEEAe| oet b &S Ateitt,
S Tote A8 S vt HF dad 4EE
@ o]F At 4L Table. 6-7 ¢ Fa A F23} 2},
3) NFPA 13 FefAlMb2 o] ~2 e Se)/du] 8of
O 28 F%F 1 766.99 ¢ /min
@ 22 4% 1 766.99 £ /min <30 min = 23,009.7 ¢ = 23 m'
@ d ¥4 6442w
@ &= g o 4m X4.4m=17.6 m
©® A4EE 0 4.1 ¢pn/m
® #4139 m
@ =9 A = 3574
Tl 7 0 80 mm
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Table. 6-7. Sheet of Hydraulic Sprinkler Calculations. (Case "3", Korea)

CONTRACT NAME Calculation of system shown on figure 6-17 sheet 1 of 2
Flow Pipe | Fitting Pipe Friction Pressure
Node . . . Supplementary End
in Size & Equivalent Loss Summary .
N0 (2 /min) | (mm) | Devices | Length (m) | (ke/cr/m) (kg/ct) Calculation Node
i lgth _4.0] Pt 0.82 0= KV P
o | (2§°5) ftg S_égi Pe - 72.16 0 pn=80VE | @
Q72.16 ' tot 4.0 Pf 0.094 P=0.82kg/cf
i lgth 4.0 Pt 0.914 O=KVP
@ | 17649 (230_) ftg 0.090 | Pe - Q= 80~ 0.914 ®
Q 148.65) =0 tot 4.0 Pf 0.359 Q=76.49 0 pn
lgth 2.0 Pt 1.273 Q= KPP
@ 1902 (3222) (1) Tee | ftg 1.83| 0.057 | Pe - Q= éJO\/1.556 Ap
Q 238.93] tot  3.83 Pf 0.217 0=99.79 0 pm
Pt 1.490
Pe -
pf -
_ lgth 2.0 Pt 0.82 _ .
@ |9 (23“’5) (1) Tee |ftg 1.52| 0.024 [Pe - R‘Cg:;tsssfhfaei;f Ay
Q 72.16 : tot  3.52 Pf  0.083
Pt 0.903
Pe -
pf -
q Pt Qups =
Pe - |72.16 ~ (1.49/0.903)
Q 92.70 pf - =92.70 0 pm
lgth 0.3 Pt 1.490
A, |4 (_202) (1) Tee | ftg 3.05| 0.016 | Pe - Q:_233381‘9633+92‘70 A,
Q33163 tot 3.35 Pf 0.053 =331.63 Lpm
~ lgth 4.4 Pt 1.544 O=K'P
4, |4 (53.2) ftg 0.016 | Pe 0.3 331.63=K 1.544 | By
Q 331.63 77 tot 4.4 Pf 0.070 K=266.89
lgth 4.4 Pt 1.614 o= K P
B, | 433907 (rgoz) fig 0.059 |Pe - Q= 266.80v 1.614 | Gy
Q 670.70 tot 4.4 Pf 0.258 0=339.07 ¢ pm
| Pt 1.871 |
Pe -
Pf
55 lgth 2.0 Pt 0.82
@ | (9735) (1) Tee |ftg 1.52| 0.024 | Pe - Cy
Q72.16 | " tot  3.52 Pf  0.083
0 lgth 0.3 Pt 0.903
|9 (52 gy (D Tee [ftg 3.05| 0.001 [Pe - Gy
Q72.16 | 7° tot  3.35 Pf  0.003
Igth Pt 0.906
c |9 ftg Pe -
Q72.16 tot Pf
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CONTRACT NAME Calculation of system shown on figure 6-17 sheet 2 of 2
Flow Pipe | Fitting Pipe Friction Pressure
Node . . . Supplementary End
N0 in Size & Equivalent Loss Summary Calculati Nod
. alculation ode
(2/min) | (mm) | Devices | Length (m) | (ks/cr/m) (kg/crt)
lgth 17.6 Pt 1.871 =
q 96.29| £ RARL @ups
C 65 ftg C=120 Pe - 72.16 D
B B
(69) 0.021 v (1.614/0.906)
Q 766.99 tot 17.6 Pf 0.373 =06.29 0 pm
q lgth 9.0 Pt 2.244
D, (2(1)) (3) EL. itg O6.39t 0.010 Pe - B
Q 766.99 15.39 Pf 0.149
lgth 36.5 Pt 2.393
(2) EL |ftg 4.26
q (2) G/V | ftg 0.60 __
£ (gg) (1) ¢V | ftg 4.88] o0.010 | & 3 F
(1) A/V | ftg 5.2
t 0 t
Q 766.99 51 44 Pf 0.499
Pt 6.442
Pe -
Pf -

Calculation Summary : 766.99 £ /min @ 6.442 kg/cm
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Table. 6-8. Design Method Comparison of Sprinkler System

Case “1” Case “2” Case “3”

(F28 A5E) C1AE2) (it 4FA4)

=) | NFPA | NFPA | =) | NEPA | NPPA | =) | NPPA | NEPA

o 13 13 o 13 13 o 13 13
T de | wa [T @ | sm | 1| qe | 4
I P B I A P I I R B
By | owy | Aoy oy [ W oy |y

ey
e

1071 =%

fuci)
—

2071 =%

uki)

2 | 3071 AFAE

= g

N 9.6 |10.88|10.83 9.77 | 11.84 | 11.84 9 17.6 | 17.6
WE A ()

2% WA

96 - 139 195.4 - 139 270 - 139
(m")

8.34 | 7.35 6.1 8.19 | 6.76 8.1 8.89 | 4.54 4.1

56 48 48 104 88 88 70 35 35

80 100 80 125 100 100 100 80 80

800 | 3,217 [984.88] 1,600 | 3,217 |1,409.61| 2,400 | 1,893 |766.99

16 [193.02| 59.09 32 1193.02| 84.58 48 56.79 23

43.03 | 52.5 | 48.5 | 54.71 55 63.42 | 97.65 71 64 .42
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Abstract

An Improvement Plan Study on National Fire Safety Code of
Sprinkler System for Hydraulic Calculation Application

Kang, Joo Hyenong

(Supervisor Lee, Keun Oh)
Dept. of Safety Engineering
Graduate School of Industry and Engineering

Seoul National University of Technology

There are two kinds of design process for Sprinkler System ; one is Pipe
Schedule System and the other is Hydraulically designed system. We have
inefficient results when we design by Hydraulically Designed System
because the design process for Sprinkler System is restricted by Domestic
Fire Code. Therefore, it 1s essential to do an introduction of
Hydraulically Designed System which is based on engineering for enhancing
Sprinkler System's reliability & efficiency.

This study presents points at issue by comparing & studying design
standards of Sprinkler System from Korea, Japan & NFPA and presents
improvement plans of National Fire Safety Code of Sprinkler System by
processing, comparing & analyzing designs according to Piping Schedule &

Hydraulically Designed System against domestic objects.

Installation standards of Sprinkler System have to be applied not by
object buildings but by Hazard Classification. It is hard to design an
efficient Sprinkler System for fire control when water supply requirement
of Sprinkler Systems allocated according to a size of a building because
the same purpose but other buildings may request more water requirement or
less.
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The water source of Sprinkler System has to be from a water tank to
multiple sources like Public Water.. etc. The capacity of the source for
fire fighting must secure 20 minutes' volume according to Fire Code but
the source of water supply is insufficient when heads of Sprinkler are
open at the same time. So, when the source of Water Supply is from Public
Water, it possibly supplies water continuously and can save costs for
installing pumps.

Verified data is needed for Equivalent length of Fittings and Valves.
Standards from Japan & USA are applied though there is no data for
domestic purpose. Different fittings & valves which are not harmonized in
domestic system may cause drops of reliability when companies are
designing Sprinkler System with different outputs.

The standard number of Sprinkler head has to be changed according to
operation area. The standard number of head, 10/20/30 shows capable
territories of regulating fire control and operation area shows different
values when the same purpose fire prevention area is with a different

standard number at a building.

The Arrangement of Sprinkler head has to be changed according to the
standard of Density. From NFPA 13, it can apply density variously by
adjusting the flow pressure without changing the head spacing though it
also shows density according to the head arrangement as the water supply
of domestic standard is 80 LPM.

We should sublate the Pipe Schedule System from National Fire Safety
Code and need to introduce the Hydraulically Designed System. The Pipe
Schedule System presents easy access because it is based on the forecasted
engineering calculations but it is applied to only small buildings like
NFPA due to its low reliability. The Hydraulically Designed System is the
engineering based designing method for enhancing the reliability & saving

costs of investment.
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