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First CEPS Holder in Iran ;F@XE\ SFPE Certified- Sprinkler Designer

Engineering A Fire Safe World

First CWBSP Holder in the world (DNIFSA  NFSA Certified- WB Hydraulic Calculation

The Voice of the Fire Sprinkler Industry

First CSITMS Holder in Iran l » I NFPA 13, 20, 25, 750 & 2001

NFPA

- Author of the “Fire Sprinkler System Design” book in Iran

- Member of Technical committee of the “Iran National Standards Organization”

- Member of Technical committee of the “Tehran Fire Department”

- Member of Technical committee of the “BHRC- Ministry of Road and Urban Development”
-  Member of Faculty of “National Fire Fighting and Urban Safety Congress”

- Lecturer of Tehran Fire department & Tehran Construction Engineering Organization
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Pitched Roof:
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Elevation View

FIGURE 8.6.5.1.2(b) Obstruction Against Wall (SSU/SSP).
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FIGURE 10.2.7.2.1.3(a) Minimum Distance from an
Obstruction in the Vertical Orientation (SSU /SSP).
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Skylight:

m 8.5.7.1 Sprinklers shall be permitted to be omitted from skylights not
exceeding 32 ft? (3.0 m?) in area, regardless of hazard classification,
that are separated by at least 10 ft (3.0 m) horizontally from any other
unprotected skylight or unprotected ceiling pocket.

m - Sprinklers under glass or plastic skylights exposed to the direct rays of
the sun shall be of the intermediate temperature classification.
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Open Grid Ceiling:

Types which allowed to be installed beneath sprinklers:

1) - The openings are .1/4 in. (6 mm) or larger in the least dimension,
- Thickness or depth of the material does not exceed the least dimension of the opening,
- openings constitute 70 percent of the area of the ceiling material.

2) Listed type

b




Open Grid Celling:

Light Hazard:
Min. Clearance Spacing
18 in (45 cm) Less than 10’ x 10’
24 in (60 cm) Grater than 10’ x 10’ but Less than 10’ x 12’
48 in (120 cm) Grater than 10’ x 12’

Ordinary Hazard:

Min. Clearance Spacing

24 in (60 cm) Less than 10’ x 10’
36 in (90 cm) Grater than 10’ x 10’
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Concealed Space:

8.15.1.2.1* Concealed spaces of noncombustible and limited-combustible construction with minimal
combustible loading having no access shall not require sprinkler protection.
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Sidewall Standard Spray Sprinklers :

Horizontal Sidewall Vertical Sidewall
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Sidewall Standard Spray Sprinklers :
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Sidewall Standard Spray Sprinklers :

A=SXxL
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Sidewall Standard Spray Sprinklers :

Distance Below Ceilings:

m 8.7.4.1.1.1 Unless the requirements of 8.7.4.1.1.2 are met, sidewall sprinkler

deflectors shall be located not more than 6 in. (150 mm) or less than 4 in. (100 mm)
from ceilings.

m 8.7.4.1.1.2 Horizontal sidewall sprinklers shall be permitted to be located in a zone 6
in. to 12 in. (150 mm to 300 mm) or 12 in. to 18 in. (300 mm to 450 mm) below
noncombustible and limited-combustible ceilings where listed for such use.
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Sidewall Standard Spray Sprinklers :

Distance from Walls:

m 8.7.4.1.2.1* Vertical sidewall sprinkler deflectors shall be located not more than 6 in.
(150 mm) or less than 4 in. (100 mm) from the wall from which they are projecting.

m 8.7.4.1.2.2 Horizontal sidewall sprinkler deflectors shall be located no more than 6 in.
(150 mm), and shall be permitted to be located with their deflectors less than 4 in.
(100 mm), from the wall on which they are mounted.



Sidewall Standard Spray Sprinklers:

Obstruction in front of Sidewall Sprinklers
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% £y 5150 (gpas alold ,15Tas I el il bl oo
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27 gl | el S e
é B 1 25 4 1200
é l I sk 2 50 5 1500
2] 1 i 3 75 5.5 1700
é ! : 4 100 6 1800
21 B L 6 150 6.5 2000
g I i 7 175 7 2100
7 9 225 75 2300
Z 11 275 8 2400
Z1 Js> i el 14 350 8.5 2600
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Sidewall Standard Spray Sprinklers:

3 times Rule:

Z Ceiling Z
o %
D 7 /
] e | N
Y w— prinkler % Obstruction %
) . q I /OO0 Z
o % : %
Obstruction % D " Z
< A > Z Wall %

%

Wall %

Elevation View of Pipe Conduit or Light Fixture
Plan View of Column
(Obstruction in vertical orientation) A>3Cor3D
Az3Cor3D A <24in. (600 mm)
(Use dimension C or D, whichever is greater) (Use dimension C or D, whichever is greater)

Clear distance: 24 in (Except vertical obstruction such as column)
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Sidewall Standard Spray Sprinklers:

Sidewall sprinklers on Soffit

Ceili i
Ceiling Ceiling

Mera than 20 em (B in)

"

Up to 20 cm (& in)

Wall
Wall
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2) Hydraulic Calculation

This Method calculate the water flow and pressure losses through the
piping system. Then this method compares that demand with the
pressure and the flows that are available from the water supply to
determine if the water supply is appropriate for the system
configuration and pipe size that were chosen.
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Hazen -Willlams:

4.520"
p= (155 48T

where:

p = frictional resistance (psi per ft of pipe)
0 = flow (gpm)

C = friction loss coefficient

d = actual internal diameter of pipe (in.)
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Table 27.2.4.8.1 Hazen—Williams C Values

Pipe or Tube C Value*
Unlined cast or ductile iron 100
Black steel (dry systems including preaction) 100
Black steel (wet systems including deluge) 120
Galvanized steel 100
(dry systems including preaction)
Galvanized steel (wet systems including deluge) 120
Plastic (listed) all 150
Cement-lined cast- or ductile iron 140
Copper tube, brass or stainless steel 150
Asbestos cement 140

Concrete 140
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Steel Pipe Dimensions

Schedule 102 Schedule 30 Schedule 40
Nominal
Pipe Outside Wall Inside Wall Inside Wall
Size Diameter Inside Diameter ~ Thickness Diameter Thickness Diameter Thickness
(in.) in. mm in. mm in. mm in. mm in. mm in. mm in. mm
/b 0.840 213 0.674 17.0  0.083 2.1 — — — — 0.622 158 0.109 28
3/ 1.060 26.7 0.884 224 0.083 2.1 — — — — 0.824 210 0113 29
1 1.315 334 1.097 279 0109 28 — — - — 1.049 266 0133 34
11/, 1.660 422 1.442 36.6  0.109 2.8 — — — — 1.380 351  0.140 3.6
11/, 1.900  48.3 1.682 4277 0109 28 — — - — 1.610 409 0.145 3.7
2 2.375  60.3 2.157 548  0.109 28 — — — — 2067 525 0.154 3.9
21/, 2875 73.0 2.63H 66.9 0120 3.0 — — — — 2469 627 0203 5.2
3 3.500  88.9 3.260 828 0.120 3.0 — — — — 3.068 779 0216 5.5
31/, 4.000 101.6 3.760 95.5  0.120 3.0 — — — — 3548  90.1 0226 5.7
1 4.500 114.3 4260 108.2  0.120 3.0 — — — — 4.026 1023  0.237 6.0
b 5.h63 141.3 5205 1345 0.134 34 — — — — 5047 1282 0258 6.6
6 6.625 168.3 6.357 161.5  0.134¢ 34 — — — — 6.065 1541  0.280 7.1
8 8.625 219.1 8.249 2095 0.188¢ 4.8 8.071 205.0 0.277 7.0 7981 — 0.322 —
10 10.750 273.1  10.370 263.4 0.188 48 10.140 2576 0307 7.8 10.020 — 0.366 —
12 12750 — 12.090 — 0.330 — — — — — 11.938 — 0.406 —
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Equivalent Schedule 40 Steel Pipe Length Chart

Fittings and Valves Expressed in Equivalent Feet of Pipe

Yo s 1 1Yy 1Yy o2 2l 3 8, 4 5 6 8 10 12

Fittings and Valves in. in. in. in. in. in. in. in. in. in. in. in. in. in. in.
45° elbow — 1 1 iL 2 2 3 3 ] 4 b 7 9 11 13
90° standard elbow 1 2 2 3 4 5 6 ¥ 8 10 12 14 18 22 27
90° long-turn elbow 0.5 1 2 2 Z 8 4 5 5 6 8 9 13 16 18
Tee or cross (flow turned 90°) 3 -+ 5 6 8 10 12 15 17 20 25 30 35 50 60
Butterfly valve - - - = — 6 7 10 — 12 9 10 12 19 21
Gate valve — — — — — 1 1 1 1 2 2 3 4 5 6
Swing check* — - 5 7 9 11 14 16 19 22 27 32 45 55 65
a3l VY- 1, C Factor 3
Value of C 100 130 140 150
Multiplying factor  0.713 1.16 1.33 1.51

Wil Fe0n, s J5ls s S

.87
Actual inside diameter
= Factor

Schedule 40 steel pipe inside diameter
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Density in Sprinkler Systems:

Flowrate over unit Area

+
gpm | ¥ Ipm
+

--—1 m —=

Imperial unit Metric unit
gpm/ft? Lpm/m? or mm/min
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OH1 and Density of 0.15 gpm/ft?
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OH1 and Density of 0.10 gpm/ft?
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Ordinary Hazard Group 1 (13 ft x 10 ft)

% o o ©
/ i 3 q
2

.
?

7

r
i

s
5

Py

Density: 0.15 gpm/ft? Density: 0.10 gpm/ft?
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* Provided for Wet systems, Horizontal Ceiling and Standard Response Sprinklers
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A;=SxL =10 x 12 = 120 ft?
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(Room Design Method) ;U1 =k o,

Light Hazard:
- Doors must have automatic or self closer

Or
- Calculation must include two sprinklers from each adjoining space

Ordinary and Extra Hazard:
- Doors must have automatic or self closer with appropriate fire

resistance rating

Corridors:
- When protected with a single row of sprinklers, calculate maximum
of 5 sprinklers ( or 23 meter for extended coverage sprinklers)
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Sprinkler in Sprinkler Sprinkler in Sprinkler
Room Calculated Room Calculated

1 6 1

2 2 6 - 10 3 10
3 8 12 | 1 3 12
4 4 7 [ 12 1 3
5 4 12 | 13 1 3
6 7 5 [ 14 1 3
7 1 5 | 15 6 11
8 1 4
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- Parking

- Pipe Sch 40

- Standard spray Sprinkler, Standard Response, K factor: 5.6
- Ceiling height: 10 ft

100’

02




N = Parking area / Protection area of sprinkler

N =(100x52)/130 = 40 Pcs

a) 1 x 40
b) 2 x 20

c)3x14

d) 4 x 10
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Design Area 4<ulx. =

OH1 Lo ol NFPAT3 s oy s polie (6 o515 —

Density: 0.15 gpm/ft?
Area of sprinkler operation: 1500 ft?

8,5 0,8 Design Area o a5 sla S el olans -

= 199 _ 4453~ 12 sprinklers

T 13x10

15,5 e 18 B asls o aS ol IS el sloas -

_1.2/1500 _ .
Nimost remote branch = 13 3.57 ~ 4 sprinklers
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"

1.5 Node 101:
e Q= Area of Sprinkler x Density = 130 *0.15=19.5 gpm
—KP => p—(2) = (195)°_ -
Q=K+P => P—(k) (5-6) =12.1 psi
Node 102:
P102 = P1o1T Prisy 05 * O
_ (4.52)(19.5)185 _ _ ,
1 =121+ (120)15(1.049)7% 13 =12.1+ (0.124 * 13) = 13.7 psi
~|® Q=K+/P => Q=5.6V13.7 = 20.7 gpm
Node 103:
Pyo3 = Proat Pr o, .0 *S
alE = 13.7 4 USDUOSHONTE 45 1351 (0.125 * 13) = 15.4 psi
. (120)1:85(1.38)4:87 e . e
Q=K+v/P =>Q=5.6vV15.4=21.9 gpm




'._
Node 104:
P1o4 = PioaT Pl a0, * D

1-85
= 15.4 + O 13 =154+ (0.27+ 13) = 19psi

Q=K+v/P => Q=5.6V19 = 24.4 gpm

1Y
5-5

1%

Node 1:
P; = Progt P s, *9

_ (4.52)(19.5+20.7+21.94+24.4)1'85 . . )
=19 + (120)185(1.38)87 *(5.5+3) =19+ (0.51 x8.5) = 23.3 psi

14
13'-0

Equivalent K Factor Of Most Remote Branchline:

_Q _ 865 _
keq—\/ﬁ—m__g-zm
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- SE—— A
56
1%
—_——
5'-§
1%
B
£-6
1Y%
_e—
56

Node 2:
P, = P+ PLl_2 * S

_ (4.52)(19.5+20.7+21.9+24.4)1:85 3 _ .
=233+ G eenyter — * 10 = 23.3+ (0.07  10) = 24 psi

Q= koo VP =17.9V24 = 87.7 gpm

Node 3:
P; = P,+ PL2_3 5

(4.52)(86.5+87.7)185
(120)1.85(2‘067)4.87

Q=keq VP =17.94259 = 91.1 gpm
Node 4.

P4=P3+PL3_4*S

= 24.0+ *10 = 24.0 4+ (0.262 * 10) = 25.9 psi

4.52(86.5+87.7+91.1)1:85

- 259 + (120)1.85(2_67)4.87

X (78 + 10) = 25.9 4+ (0.571 X 88) = 76.1 psi



"
Supply:
P5 - P4 + PL4,_5 X (HRise'r + Leq(Check Valve) + Leq(OS& Y)) + (0433 X HRiser) -
1.85
76.1 + 22E6ETTHOLD 7 (10 4 22 +2) + (10 X 0.433)

(120)1-85(4.026)*87
= 76.1 + (0.022 x 34) + 4.3 = 81.1psi

Flowrate: 265.3 gpm
Pressure: 81.1 psi




"
- Parking

- Pipe Sch 40

- Standard spray Sprinkler, Quick Response, K factor: 5.6
- Ceiling height: 10 ft

100’

52'




fli

Lo olezdo il

x

SN

S-S O-€T 0T CnET
%I %l YL i
9-5 O-€1 0-€T O ET
%1 7%l A T
55 0T 0T OnET
%I %l %I i
9.5 O-.€T O-ET OnET
%I %l %l T
95 0T 02T 0T
L 7L "I i
g
oS OnET O-ET OET
%I 7%l %l [
9-5 O-£T 0-2T 0T
%I %l %l i
S-S OaET O.ET O£
%I %1 %l I
95 01 0-£T OLET
%I 7l %l i
S5 0T 0T OnET
) %l A i



Design Area L >|,b cols ailne ®

OH1 Lz § JE> lcolus oo 05,50 -

Density: 0.15 gpm/ft?
Area of sprinkler operation: 1500 ft?
Area adjustment for QR Sprinklers:

y = _T?’x + 55 = _3;10) + 55 = 40% => Design Area = 900 ft*

105,25 oo 51y o hb Colas o aS b IS el slows -

N = % = 6.92 ~ 7 sprinklers

_1.21/900

Nmost remote br. — 13

= 2.77 ~ 3 sprinklers
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'_
Node 101:

2 W Q= Area of Sprinkler x Density = 130 *0.15=19.5 gmp

Q=K+/P => P=(%)2= ($)2= 12.1 psi

1%

1%
13/-0

Node 102:
P102 = P1o1T Prisy 05 * O

=121+ (4.52)(19.5)185
' (120)1.85(1_049)4.87

Q=K+/P => Q=5.6V13.7 = 20.7 gpm

x13 = 12.1 + (0.124 = 13) = 13.7 psi

174
13'-0

Node 103:

Pyo3 = Proat Pr o, .0 *S

1
130

(4.52)(19.5420.7)185 .
(120)1.85(1_38)4.87

Q=K+\/P =>Q=5.6V/15.4=21.9 gpm

=13.7 + 13 = 13.7 + (0.125 % 13) = 15.4 psi




'._
,. () Node 1:
Py = Pigz3 + Pp ;-1 * (L* Legieibow))

1Y
5-5

(4.52)(19.5+20.74+21.9)1'85
(120)1-85(1.38)4:87

=15.4 + * (1345.5+3) = 15.4 + (0.278 * 21.5) = 21.4 psi

1%
13-0

Equivalent K Factor of Most Remote Branchline:
62.1
keq = \/% = —214 = 13.4
i

14
13'-0

Next steps:

- Pressure of Node 2

- Flowrate of 2nd branch line by applying equivalent K Factor
- Pressure of Node 3

- Flowrate of 3 branch line by ............ I

- System Demand




" N

Quick Response Sprinklers:

Flowrate: 151.3 gpm
Pressure: 42.1 psi

Standard Response Sprinklers:

Flowrate: 265.3 gpm
Pressure: 81.1 psi

Saving:
Flowrate: %43
Pressure: %48
Water Tank Capacity (60 minutes): 26,000 Liter
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