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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Water Demand Calculation for CMDA/CMSA/ESFR
Sprinklers for storage applications

Example: 1
Type of Facility : Storage Warehouse
Type of Ceiling Sprinkler :

e Option 01 : CMDA

e Option 02 : CMSA

e Option 03 : ESFR

e Option 04 : Using Alternate Approach per Chapter 24

Type of Commodity: Class 4, Pallatized
Height of storage: 30 feet

Height of ceiling: 35 feet

Type of System: Wet

Calculate Water Demand for all 4 options and Compare
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Ama of sprinklar oparation (ft2)

MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Option 01 : With CMDA Sprinklers
Let us refer NFPA 13, 2019, Chapter 21, Cl. 21.2 Figure 21.2.2.
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From above figure ;
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Density = 0.30 GPM / sf
Area of operation = 2000 SF

Note that the above figure is wa ith ceiling height of 20 ft we need to
adjust density as per the actual height of the ceiling
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

And we will do that using below figure;

storage height (m)
2.0 4.5 6.0 7.5 9.0

2350

Percent of design curve density
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Storage height (ft)
Adjusted density =1.9x 0.30=0.57 gpm / sf
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Now, Hose stream allowances and water supply duration we can select
from table 20.12.2.6 as shown below

TABLE 20.12. 2.6 Hose Stream Allowance and Water Supply Duration

Conmadity

Clazs [V Commaodit
Group A plastics, id

wood pallets, 1dle
plastic pallets and

miscellaneous storage

Sprinkler Type

Sprinkler
Spacimg Type

Number of Ceil-
img Sprinklers in
Dresign Area”

Size of Design
Area at Ceiling
Up to 1200 fi

(112 m%)

Water Supply

Deeraiton
(mintes)

Owver 1200 fi*

(112 m?) up
to 1500 fi2

(140 m?)

Owver 1500 fi°
(140 m*) up
to 2600 fi
(240 m?)

Owver 2600 fi*
(240 m?)

p o 12 g 1 MRTI Gl
Over 121015 |NA 500 | 1900 00

Standard
tam Over 151025 |NA s00 | 1000 120
Cﬂmﬂ_lﬁfzm Over 25 NA 500 | 1900 150
’P‘mn —- Up to 6 NA 250 | 950 60
fcn.{sI : A |Eendod. Up to 8¢ NA 250 | 950 60
. Over 6 to & NA 500 | 1000 00
# Over B 1o 12 NA 500 | 1000 120
Crver 12 NA 500 | 1900 150
Early Upto 12 NA 250 | 050 60
SUPPTEsEion Standard Over 1210 15 MA 500 1900 i
fast msponse Over 151025 |NA 500 | 1900 120
(ESFR) Over 25 NA 500 | 1900 150

Hose allowances is 500 GPM over 2000 SF for 120 Min.
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

As the density is greater than 0.34 GPM/sf hence sprinklers with the K

Sprinkler Hose Total Flow Duration Total

demand demand (GPM) (Minutes) Gallons

(GPM) (GPM)

2000 x 0.57 | 500 1640 120 196,800
= — » ——

= 1140 GPM

factor 11.2 or greater needs to be used.

K11.2 (160) @ 100 ft2 = 26 psi (1.8 bar)

*K16.8 (240) @ 100 ft2 = 11.5 psi (0.8 bar)
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Option 02 : With CMSA Sprinklers
Let us refer NFPA 13, 2019, Chapter 22, Cl. 22.2 Table 22.2
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

TARLE 222 CMSA Sprinkier Derign Criteria for Palletized and Solid-Piled Storage of Class I Through Class IV
Commaodities (Encapmilated and Nonencapnilaied)

Meximum Maximum Mimimum

Storage Ceiling/Roaf Number Operafing

Commodity Height Height K-Factor! Type of | of Design |  Fressure
Configunation Clars I m i m Orientation Spstem | Sprinklers | psi bar
Wet 15 25 | L7

11.2 (160) Upright | Dry 25 25 | L7

w | o _ Wet 15 10 | 07

16.8 (240) Upright | Dry 25 15 | LD

19.6 (280) Pendent | Wet 15 16 | LI

25 | 78 252 (360) Pendent | Wet 15 0 | 07

. Wet 15 25 | L7

Class o 11 1.2 (160) Upright \—, 75 5 | 17
33 1 . Wet 15 15 | LD

168 (240) Upright —p= 5 =T 1o

40 12 | 25.2 (360) Pendent | Wet 15 23 | 18

35 11 | 196 (280) Pendent | Wet 15 25 | 17

il Bl T 12| 25.2 (360) Pendent | _ Wet 15 23 | 18

|l a |3 | 196 (280) Pendent |  Wet 15 W | 21

252 (360) Pendent | Wet 15 23 | L&

. Wet 15 25 | L7

11.2(160) Upright —p = 5 15

. Wet 15 15 | LD

0| 91 | 168 (240) Upright —p 5 =T 1o

19.6 (280) Pendent | Wet 15 16 | LI

25 | 78 252 (360) Pendent | Wet 15 0 | 07

. Wet 15 25 | L7

Palletized Class 11 s | 11.2(160) Upright —p 25 35 | L7
. Wet 15 15 | LD

168 240) Upright (—p = 3% =T 1o

40 12| 25.2 (360) Pendent | Wet 15 23 | L&

I P EES 11 | 19.6(280) Pendent | Wet 15 35 | L7

' 40 12| 25.2 (360) Pendent | Wet 15 23 | L&

s | 11 20 12 | 19.6 (280) Pendent | Wet 15 W | 2l

11.2 (160) Upright

16.% (2400 Upright

19.6 (250) Pendent
25.2 (360) Pendent
25.2 (360) Pendent
16.8 (240) Upright
19.6 (280) Pendent
25 2 (360) Pendent
25 2 (360) Pendent
19.6 (280) Pendent
252 (360) Pendent
19.6 (280) Pendent
252 (360) Pendent
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

TABLE 20.12. 2.6 Hose Stream Allowance and Water Supply Duration

Hose Siream

Group A plastics, idle
wood pallets, 1dle
plastic pallets and
miscellaneous storage

ontrol mode

Upte 12

Number of Ceil- Allowance | | ey oupply
Sprimkler | ing Sprinklers in | Size of Design uration
Commodity Sprinkler Type | Spacing Type Dresign Area™ | Area at Ceiling | gpm | Limin (mimutes)
Up to 1200 fi*
(112 m* 230 050 60
Dhver 1200 £
(112 m?) up
to 1500 fi
C-:-ntm% mode  |Standard and (140 m¥) 500 1000 a0
densityfarea | extended- MA
(CMDA) coverage Over 1500 £
(140 m*) up
to 2600 fit
(240 m?) S00 1900 120
Ohver 2600 i
Class IV Commaodities, 240 m? 500 19010 150

Over 12 1o 15

Oreer 15 to 25

Oheer 25

specific

application
(CMSA)

Early
suUppression
fast rsponss

(ESFR)

Standard

Upto 6

Up to 8k

Oheer 6B to B

Oreer Bto 12

Oheer 12

Tpto [2 N I T i)
Ohwver 1210 15 NA 500 | 1900 o0
Owver 1510 25 NA 500 | 1900 120
Ower 23 NA S00 | 1900 150

From the above two tables

Number of design sprinklers = 15

Hose stream allowances = 500 GPM

Duration = 90 Min.

K factor = 19.6

Min. Operating Pressure = 30 psi
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

So, Q =19.6 x (30)*1/2 = 107.35 GPM

Sprinkler Hose Total Flow Duration Total
demand demand (GPM) (Minutes) Gallons
(GPM) (GPM)

15 x 107.35 | 500 2110.25 90 189,922
_1610 P = 3 ==
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Option 03 : With ESFR Sprinklers

Let us refer NFPA 13, 2019, Chapter 23, Cl. 23.3 Table 23.3.1
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

TARLE 23.3.1 ESFR Protection of Palletized and Solid- Piled Storage of Class I Through Class IV Commodities

Minimrn
Maximm Maximum Ceiling/ Cperating
Storage Height Roof Heigh o Pressure
Nominal
Commuodity Fid m Fid ] K-Factor Orientation psi bar

14.0 (200) Uprghtfpendent 30 34

168 (240) | Uprght/pendent 35 24

20 6.1 25 7.6

22.4(320) Pendent 25 17

25.2 (360) Pendent 15 1.0

14.0(200) | Uprght/pendent 50 | 34

168(240) | Updght/pendent 35 24

S 30 o1 22.4(320) Pendent 25 17

25.2 (360) Pendent 15 1.0

- 0 14.0(200) | Uprght/pendent 60 | 4.1

Class L IL, 11, or IV, = S oan R .

encapsulated and

14.0 (2007 Upnght'pendent

nonencapsulated (no open-op

containers) 168 (240) Upnght/pendent

224 (3200 Pendent

5.2 (3600 Pendent

35 11 40 12 224 (320 Pendent 40 2.7
25.2 (a0 Pendent 25 .
2243200 Pendent 40 2.7
35 11 45 14
25.2 (360 Pendent 40 2.
2243200 Pendent 40 2.7
40 12 45 14
25.2 (26 Pendent 40 2.7
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

TABLE 20.12. 2.6 Hose Stream Allowance and Water Supply Duration

Hose Stream ,
Number of Ceil- Allowance | | Her Supply
Sprimkler | inmg Sprinklers in | Size of Design Duration
Commnodity Sprinkler Type | Spacing Type | Design Area® | Areaat Ceiling | gpm | Limin (minutes)
Up to 1200 fi*
(112 m*) 250 Q50 Bl
Oiver 1200 §?
(112 m?) up
to 1500 fi?
C-:-ntn:# mode  Standard and (140 m?) 500 1900 a0
densityfarea | extended- MNA a
(CMDA) coverage Over 1500 f
(140 m*) up
to 2600 fil
(240 m?) 500 1900 120
Oiver 2600 fi?

Class IV Commodities, (240 m%) s00 | 1900 150
Group A plastics, idle Up to 12 NA 250 | 050 60
wood pallets, idle Over 121015 |NA 500 | 1900 90
plastic pallets and Standard
miscellaneons storage Orver 1510 253 MNA 500 1900 120

Cﬂntm_lﬁmd° Over 25 NA 500 | 1900 150
SRR Up to & NA 250 | 950 i)
application
(CMSA) Extended Upio 8t MNA 250 a50 Bl

coverage Ohver 6 1o 8 MNA 500 1900 o0
Orver 8 1o 12 MNA 500 1900 120

Early Upto 12
SUPPTEsEion Ower 1210 15
fast msponse Orver 15 10 25
(ESER) Over 25

From above tables :

Number of design sprinklers = 12
Hose stream allowances = 250 GPM
Duration = 60 Min.

K factor selected = 25.2
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Min. Operating Pressure = 20 psi

So, Q =25.2x(20)*1/2 =113 GPM

Sprinkler Hose Total Flow Duration Total

demand demand (GPM) (Minutes) Gallons

(GPM) (GPM)

12x 113 250 1606 60 96360
= — % —=

= 1356
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Option 04 : Using Alternative Sprinkler Design

TAFLE 24.2.1 Extended Coverage, CMSA [K-facter 25.2 (360 )] Sprinkler Design Criteria for Palletized and Solid-Piled
Storage of Class I Through Class IV and Cartoned Nonexpanded Plastic Commaodities

Muaxcinrum
Maxtmum | Ceiling/
S;;o{ﬂff If M{ Number | Minimum
Storage Commaodity eight eight K-Factor! Type of | af Design | Operating Maximum
Arrangement Hass fi | m |fi| m Orientation System | Sprimklers | Pressure | Coverage Area
. 12 fi s 12
2 |
20 |61 [30| 91 | fjﬁ'mf ?‘f:acm Wet 6 (,_,3? b [T mx37m)
prgntp “HPE 144 (13 md)
. 14 ft = 14 fi
w |61 |30] o1 | DLOO g 6 | o [@3mxa3m
FRERR 1PN 106 A2(18 md)
. 12 fi s 12 ft
5 |76 |30] o1 |, F-20360) Wet 6 0psi | a7 3T m)
Upright'pendent (2.1 bar) 144 2013 md)
Class 1 through t(13 m’)
Class IV, : 14ft=14f
: 25.2 (360) \ 30
encapmulated 25 | 7.6 |30 91 Upn.smfpm e | Wt 6 a1 E;‘ﬂ 43 mx4.3m)
Palletized and| and - C| 196 f2(18 m?)
sohd-piled nonencapsulabed, ] 12 ft = 12 fi
and cartoned | 25 | 76 (35| 11 | 2.5'EJ3E'[L-‘ Wet 5 f’g P BT mx37m)
nomexpanded pright/pendent (2.7 bar) 144 213 m%)
plastics 14fix 140t
B .
5 |76 (35| 1 2%_ f.E‘ED-‘ Wt 8 f,_‘,"g P @3 mxd3m)
pright ~obark | 196 f2(18 m?)
. 12 ft = 12 fi
0 o1 (3| 11|, 2_5.§J35ud] Wet 8 (fg P BT mx37m)
Prig! pen it FN e | 144 fl::“_'} I.TL:]
14 ft 3¢ 14 ft
z%z f.E’Em 43mx43m)
pright 196 fi2(18 m?)

Let us refer NFPA 13, 2019, Chapter 24, Cl. 24.2 Table 24.2.1
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

TABLE 24.4.1 Hose Stream Allowance and Water Supply Duration

Hose Stream Allowance

Sprinkler Spacing Number of Sprinklers Water Supply

Sprinkler Type Type in Design Area opm Limin Duration {minufes)
Control mode density/area  Standard Upto 12 250 950 60
and CMSA Over 12 to 15 500 1900 90
Over 15 to 25 500 1900 120
Over 25 500 1900 150
Extended coverage Upto6 250 950 60
Uptod 250 950 60
Over 6 to 8 500 1900 00

Uver & (o

Chver 12 S0 O 51

ESFR Standard Upto 12 250 950 60
Over 12 to 15 500 1900 90
Over 15 to 25 500 1900 120
Over 25 500 1900 150

From the above tables :

Number of design sprinklers = 08
Hose stream allowances = 250 GPM
Duration = 60 Min.

K factor selected = 25.2

Min. Operating Pressure = 40 psi

So, Q =25.2 * (40)7(1/2) = 159 GPM
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Sprinkler Hose Total Flow Duration Total

demand demand (GPM) (Minutes) Gallons

(GPM) (GPM)

8 x 159 250 1522 60 91,320
:f;: - % —

=1275
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Summary:
Sprinkler Type Total Flow GPM Total Gallons
with Hose Stream for Duration
CMDA K11.2 (160) or Greater 1640 196,800
CMSA - K19 (280) Pend 2110 189,922
ESFR - K25 (360) ESFR 1606 96,360
Special - K25 (360) EC 1522 91,320
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IN RACK SPRINKLERS
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

In Rack Sprinklers :

How Many In rack Sprinklers will open in case of fire ?

Depends on,

— Number of levels of in-racks

— Type of sprinklers at the ceiling (CMDA/CMSA/ESFR)

A) For Commodity Class 1 to 4 & Storage Height upto 25 ft.
If Spray or CMSA Sprinklers at the ceiling

In Accordance with Cl. 16.1.6.5,

(1) Six sprinklers where only one level of in-rack sprinklers is
installed to protect C lass I, Class I1, or Class I11 commodity

(2) Eightsprinklers where only one level of in-rack sprinklers
is installed to protect Class IV commodity

(3) Ten sprinklers (five on each of the top two levels) where
more than one level of in-rack sprinklers is installed to
protect Class I, Class II, or Class III commodity

(4) Fourteen sprinklers (seven on each of the top two levels)
when more than one level of in-rack sprinklers is installed
to protect Class IV commodity

No. of In rack Type of Commodity No. of Notes
Spr Level Sprinklers
1 Class 1,2 or 3 6
1 Class 4 8
2 Class 1,2 or 3 10 5 on each level
2 Class 4 14 7 on each level
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Example : 02

Type of Facilty : Storage Warehouse
Type of Ceiling Sprinkler : CMSA, K 11.2
Type of Commodity : Class 3

No. of Rack Sprinklers Level — 02

Type of System : Wet

- L) - .- - - - - - - - - - L K L .
Plan View
- » . - . - L) -
- - ™ - - - - - »
P i o i i

Elevation View
Double Row Racks

- L J - L) - - - > - L] - L] - . L »
Plan View
- A a a e . A r 3
A A A ‘ A A A A "
VgL s s e PP OOOL PP PEE OO OO IS Y

Elevation View
Double Row Racks
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

s #

- -
Plan View
- . rF . e r. rs Y »
A » e e A A S »
i
Elevation View

Double Row Racks

Calculate 10 sprinklers: 5 on the top two levels

B) For Commodity Class 1 to 4 & Storage Height over 25 ft.

If Spray or CMSA Sprinklers at the ceiling

In Accordance with Cl. 16.1.6.5,

(1)
(2)
(3)

(4)

Six sprinklers where only one level of in-rack sprinklers is
installed to protect Class I, Class I1, or Class I1I commodity
Eight sprinklers where only one level of in-rack sprinklers
is installed to protect C lass IV commodity

Ten sprinklers (five on each of the top two levels) where
more than one level of in-rack sprinklers is installed to
protect Class I, Class II, or Class III commodity

Fourteen sprinklers (seven on each of the top two levels)
when more than one level of in-rack sprinklers is installed

to protect Class IV commodity

No. of In rack Type of Commodity No. of Notes
Spr Level Sprinklers
1 Class 1,2 or 3 6
1 Class 4 8
2 Class 1,2 or 3 10 5 on each level
2 Class 4 14 7 on each level
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

C)For Group A Plastics

Storage of any height (upto and over 25 ft)

In accordance, 17.1.5.6

(1) Eight sprinklers where only one level of in-rack sprinklers
1s installed
(2) Fourteen sprinklers (seven on each of the top two levels)
when more than one level of in-rack sprinklers is installed

No. of In rack Type of Commodity No. of Notes
Spr Level Sprinklers
1 Group A Plastic 8
More than 1 Group A Plastic 14 7 on each level
D)For Group A Plastics

In accordance, 18.5.3
18.5.3 Water demand for sprinklers installed in racks shall be
based on simultaneous operation of the most hydraulically re-
mote 12 sprinklers where only one level is installed in racks.

No. of In rack Type of Commodity No. of Notes
Spr Level Sprinklers
1 Rubber Tire 12
More than 1 Rubber Tire 14 7 on each level
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Min. Flow and Pressure Requirement for Rack Sprinkler :

What is the min. Operating Sprinkler at rack Sprinklers ?
For Class 1 to 4 Commodity for storage upto 25 ft. ( Cl. 16.2.1.4.4)

Depends on,

— Type of sprinklers at the ceiling ( CMSA/ESFR)

If spray sprinklers or CMSA sprinklers at the ceiling

Min. Operating Pressure = 15 psi

Hence fork=5.6, Q=21.7 GPM
fork=8.0, Q=31 GPM
fork=11.2,Q=43.2 GPM

For Class 1 to 4 Commodity for storage Over 25 ft. ( Cl.table 16.3.1.1)
If spray sprinklers or CMSA sprinklers at the ceiling

Min. Q = 30 GPM

Hence for k=5.6, P = 28.7 psi
fork=8.0,P=14.1 psi
fork=11.2,P=7.2 psi
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Group A Plastics Spray Sprinklers at Ceiling :

For storage up to 25 ft, depends on the in-rack configuration selected
from the Figures:

— Figure 17.2.1.2.1(b) & (f): 15 psi
— Figure 17.2.1.2.1(c), (d) and (e):

¢ 15 psi when sprinklers are at every other flue intersection
e 15 psi for k-8 and 30 psi for k-5.6 when sprinklers are at every flue

For storage over 25 ft:
— 30 gpm regardless of situation

Group A Plastics ESFR Sprinklers at Ceiling

e Must use k-8.0 or K- 11.2 quick response, ordinary temprature sprinkler
* 60 gpm (17.3.3.4.1)
® 56.3 psi

Rubber Tire Storage

¢ 18.54

— 30 psi

—30.7 gpm for k-5.6 sprinkler
—43.8 gpm for k-8.0 sprinkler
—61.3 gpm for k-11.2 sprinkler
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Hydraulic Calculations Steps for In Rack Sprinklers :

Step : 01 - Calculate number and location of open sprinklers in the

hydraulically most remote area.

Step : 02 - Start at most remote sprinkler and work towards the water

supply calculating flows and pressures

Step : 03 - Adding pressure increases due to friction loss

Step : 04 - Add flows from other open sprinklers encountered on the

way

Step : 05 — Adjust the Elevation changes

Example- 03 :

Type of Facility : Storage Warehouse

Type of Rack- 5 tier double row rack

Type of Ceiling Sprinkler : CMSA, K 8.0
Type of In Rack Sprinkler : Rack, K 5.6
Width of Aisle : 8 ft.

Type of Commodity : Class 3,Encapsulated
No. of Rack Sprinklers Level — 02

Type of System : Wet
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

System Layout :

/

OH Sprinklers
separately and balanced at the point of connection
unless specifically asked not to do so.

Demand

shall

Point of Connection at which flow balancing to be

done
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Hydraulic Calculations Sheet- Manual

IN RACK SPRINKLER SYSTEM HYDRAULIC CALCULATION

Reference : NFPA 13- 2013, Chapter 23 ( PLANS AND CALCULATIONS)

Fittings- Quantity

Node-1 |Elev-1 | K- Factor | Flow added this step(q) | Nominal ID L- ft C Factor Total(Pt)
and Length
F-ft Pf per foot (psi) Elev(Pe) i
Node-2 |Elev-2 Total Flow (Q) Actual ID P p =
T-ft | 4.52*Q"1.85*/C"1.85/d"4.87 | Frict( Pf)
10.00 120.000 15.000
1 3 8 21.700 1.25 i 6.00 0.040 Q1 =21.70 gpm & P1 = 15 psi
2 20 21.700 1.38 16.00 0.637
2 20 5.6 22.144 1.25 1T C0:00 120.000 ZELED
6.00 0.146
3 20 43.844 1.38 16.00 2.339
3 20 5.6 23.743 1.25 1T 1000 120.000 7315
6.00 0.326
4 20 67.587 1.38 16.00 5.210
4 20 5.6 26.965 2.00 1T 20.00 120.000 23185
10.00 0.084
5 20 94.552 2.07 20.00 1.682
10.00 120.000 24.868
> 3 i 27.926 2.0 o 12.00 0.057 Flow at Node B
B 20 122.478 2.47 22.00 1.263
10.00 120.000 15.000
6 10 5.6 21.689 1.25 1T 6.00 0.040
7 10 21.689 1.38 16.00 0.636
10.00 120.000 15.000
1 ! d 1.2 1
7 0 5.6 21.689 5 T 6.00 0.143
8 10 43.377 1.38 16.00 2.294
10.00 120.000 17.294
1 6 23.2 1.2 iT
8 S B 3.288 = 6.00 0.317
9 10 66.665 1.38 16.00 5.079
9 10 5.6 26.488 1.25 1T 000 10000 22312
6.00 0.589
10 10 93.153 1.38 16.00 9.431
10 10 5.6 31.581 2.00 1T Lt 120000 BL:80%
000 0100 Flow at Node B
A 10 124.734 2.07 20.00 2.809
A 10 0 0.000 250 1T 10.00 120.000 34.612
12.00 0.211 -4.330
B 20 247.213 2.47 22.00 4.633 | Total Flow at Node A+ Node B
150.00 120.000 34.915
B 20 0 0.000 2.50 1T, 3E, 1CV
31.00 0.211 2.165
C 15 247.213 2.47 181.00 38.113 Total Flow at C
75.193
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Calculation for Over Head Sprinklers :

In accordance with table 16.2.1.3.2

Table 16.2.1.3.2 Continued
Ceiling Sprinkler Water Demand
Aisles® With In-Rack Sprinklers Without In-Rack Sprinklers
Sprinklers
Commodity Mandatory Apply Figure Apply Figure
Height Class Encapsulated ft m In-Rack Figure Curves 16.2.1.3.4.1 Figure Curves 16.2.1.3.4.1
No 4 1.2 Cand D Fand H
No 16.2.1.3.2(a) 16.2.1.5.2(a) Yes
8 24 Aand B Eand G
1
Yes 1 1.2 Cand D
1 level 16.2.1.3.2(e) — — _
8 24 Aand B
No 4 12 Cand D Gand H
No 16.2.1.3.2(b) 16.2.1.3.2(b) Yes
8 24 Aand B Eand F
1l
S Yes 1 1.2 Cand D
&:(:6-7-[2' 1 level 16.2.1.3.2(e) - - -
C 8 24 Aand B
up to and No
fﬂ‘}:’d' g No 1 12 Cand D Gand H
i No 16.2.1.3.2(c) 16.2.1.5.2(c) Yes
(7.6 m) o a4 s o po_ap
m
Yes 4 12 Cand D
1 level 16.2.1.3.2(f) — — —
8 24 Aand B
&= Ceiling sprinkler density (mm/min) c‘g Curve Legend Curve Legend
B OS2 W02 192 143 104 102 &M £ A—Bft(2.44 m)aisles with C— 411 (1.2 m) aisles with
2 4000 372 8 high-temperature ceiling high-temperature ceiling
= g sprinklers and ordinary- sprinklers and ordinary-
§~ Al cHp §- temperature in-rack temperature in-rack
5 3000 K 279 - sprinklers sprinklers
= - % B— 8 ft (2.44 m) aisles with D— 41t (1.22 m) aisles with
5 N s ordinary-temperature ordinary-temperature
@ 2000 186 @ ceiling sprinklers and ceiling sprinklers and
k-] © ordinary-temperature ordinary-temperature
3 8 in-rack sprinklers in-rack sprinklers
@ @
a 1000 93 ¢
2 015 020 025 030 035 040 045 050 %’
(a] Ceiling sprinkler density (gpmfftz) o

FIGURE 16.2.1.3.2(f) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack Storage —

Sprinkler System Design Curves — Class III Encapsulated Commodities — Conventional Pallets.

— Figure 16.2.1.3.2(f); Curve “C”
— 0.345 gpm per sq ft over 2000 sq ft
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

In accordance with Cl. 16.2.1.3.4.4

16.2.1.3.4.4 For storage height over 20 ft (6.1 m) up to and
including 25 ft (7.6 m) protected with ceiling sprinklers and
with more than the minimum required level of in-rack sprin-
klers, but not in every tier, densities obtained from design
curves shall be permitted to be reduced 20 percent, as indi-

Reduce by 20% due to extra level of in-rack sprinklers (see 16.2.1.3.4.4)
Here, required level of in rack sprinklers are ONE however, in actual we
have TWO

After calculation, Let’s say, ceiling sprinkler demand at Point “C” is:

— 665 gpm at 84 psi

Lets Put Demands Together

e Ceiling
— 665 GPM @ 84 PSI

e |In Rack
— 247 at 75 PSI

e Can’t add flows unless the pressure is the same
e Adjusting the lower pressure situation to the higher pressure is
called “Balancing the Flows
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Steps to Balance the Flows :

— Calculate the two demands separately from the most remote point
to the node where they connect

— Get the k-factor for the lower pressure situation

— Apply the k-factor to the higher pressure to get the new flow:

— Add the two flows together

Step 01 :

— Calculate the two demands separately from the most remote point
to the node where they connect

a. In-Racks: 247 gpm at 75 psi
b. Ceiling: 665 gpm at 84 psi

Step 02 :

— Get the k-factor for the lower pressure situation

In Racks are the lower situation in this case,

K= 0
Sq.rt P
247
~ Sqrt7s
K=28.52
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Step 03 :

Apply the K-factor to the higher pressure,
Q=KXSq.rt(P)

Q =28.52 x Sq. rt. ( 84)
Q =261.4 GPM

Step 04:
Add the flows together

—In-Racks: 262 gpm at 84 psi
— Ce”ing: 665 gpm at 84 pSi To Ceiling Level Sprinklers

To In Rack Sprinklers

In Racks : 247 @ 75 Psi

Ceiling : 665 @ 84 Psi

C

Balanced Demand: 927 GPM @ 84 Psi

Therefore, Total Combined demand =927 GPM @ 84 psi
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Example : 04

Type of Facilty : Storage Warehouse

Type of Rack : Single Row

Type of Commodity : Class 1, Encapsulated

Width of Aisle : 2.4 Mtr.

Storage Height = 20 feet

Type of Ceiling Level Sprinkler = Ordinary temperature

What is the required Density for ceiling sprinklers ?

Lets refer to NFPA 13 2019 Chapter 25, table 25.2.3.2.1

Table 25.2.3.2.1 Determining Appropriate Ceiling-Level Protection Criteria Figure for Single- or Double-Row Racks of Class 1
Through Class IV Commoditdes — Storage Height Owver 12 ft (3.7 m) Up w and Including 25 fo (7.6 m)

Commodity

Storage Hedghi Class

Encapsulated

Aisle Widih*

Mo, of In-Rack
Sprinkler Levels

Appropriate Figure and Curves

Figure

Curves

Apply Figure
25.2.3.2.4.1

Crver 12 fi (3.7 m) and I
up w0 and including

| Lewvel

252928 1(a)

Cand D

20 fi (6.1 m)

I

info@mitionline.com
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Cand D

Cand D

Aand B

Cand D

Aand B

Cand D

Aand B

Cand D

Aand B

Cand D

Aand B

Yes
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Cailing sprinklar density (mm/min)

6.1 a2 1102 122
4000

Curve Legend

A — 8 ft{2.4m) aisles with
high-lemperaturs cailing
sprinklers and ordinary-
femparature in-rack

143 163

aro

5 — 8 ft (2.4 m) aisles with

ordinary-temperature cfiling

sprinklers and ordinary,

3000 AL %!_ LT L'::. 280

temp=rature in-rack
LI

185

fempsrature in-ra

1000

sprinklers

018 020 025 030

Design area of sprinklar cpamtian (1)
o

Cailing sprinkler density {gpm/fit2)

FIGURE 25.2.3.2.3.1(e)

Racks — 20 ft (6.1 m) High Rack Storage — Class | and Class 11

Conventional Palleis.

a3
035 040

O —4ft{1.2m) aisles
ordinary-temperatu
sprinklers and ordinafy
temparature in-rack
sprinklers

CMDA Sprinkler System Design Cur

Diesign area of sprickler operation (m=)

s — Single- or Double-Row
ncapsulated Commodities —

E—
Ur.lllll [N = e

B — 8 ft (2.4 m) aisles with
ordinary-temperature cailing
sprinklers and ordinary-
temperature in-rack
sprinklers

We need to refer to Curve B for the density

& Hence,

Required Density = 0. 27 gpm /sf
Area of Operation = 1000 sf
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Example: 05

Type of Facility: Storage Warehouse

Type of Rack : Double Row Rack

Type of Commodity : Class 3, encapsulated

Width of Aisle : 2.4 Mtr.

Storage Height = 24 feet

Height of Ceiling =

Calculate the Total demand in gallons

30 feet

Lets refer NFPA 13 2019 table 25.2.3.2.1

Table 25.2.3.2.1  Continued
Appropriate Figure and Curves
Commodity No. of In-Rack Apply Figure
Storage Height Class Encapsulated Sprinkler Levels Figure Curves 25.2.5.2.4.1
Ower 22 ft (6.7 m) and I No 4 1.2 1 Level 2h.2.5.2.5.1(a) Coand D No
up to and including s | 24 Aand B
Yes 4 1.2 2h.2.5.25.1(e) Coand D
g 24 Aand B
I1 Mo 4 1.2 25.2.323.1(b) Cand D
g 24 Aand B
Yes 4 1.2 25.2.5.28.1(e) Cand D
] 24 Aand B
IT1 No 4 1.2 25.2.3.2.5.1(c) Cand D
8 24 Aand B
Yes 4 1.2 25.2.3.2.53.1(f) Cand D
: 0 4 Aapd R
v No 1.2 25.2.8.2.3.1(d) Cand D
8 24 Aand B
Yes -4 1.2 25.2.3.2.8.1(g) Cand D

2]

Ha

Aand B
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MECHSOFT ENGINEERING DESIGN AND CONSULTANCY

Curve Legend

A — B8 ft (2.4 m) aisles with
high-temperature ceiling
sprinklers and ordinary-

temperature in-rack

465
Ceiling sprinkler density (mm/min)

10.2 122 143 163 183 204 224 245
4000 370

B —8 ft (2.4 m) Risles with

3000

All-sHc D
C 280
N

_’F
.

2000 N 3 ™ 185

1000 93
025 030 035 040 045 050 055 080

Ceiling sprinkler density (gpm/ft2) ordinarygemperature

Design area of spinkler operation (ft2)
Design area of sprinkler operation (m2)
=]
=1
=
L]
<
7]
=
[4E]

o
=
]

FIGURE 25.2.3.2.3.1(g) CMDA Sprinkler System Design Curves — Single- or Dguble-Row
Racks — 20 ft (6.1 m) High Rack Storage — Class IV Encapsulated Commodities - Conventional
Pallets.

A — B ft (2.4 m) aisles with
high-temperature ceiling
sprinklers and ordinary-

temperature in-rack
sprinklers

Density selected from above Curve = 0.39 gpm/sf

Area of Operation = 2000 SF

CMDA Sprinkler Demand = 2000 x 0.39 = 780 GPM
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Ceiling Sprinkler with CMSA option:

Table 25.2.4.2.1 CMSA Ceiling-Level Sprinkler Desipn Criteria for Rack Storage of Class [ Through Class IV Commodities

{Encapsulaied and Nonencapsulated) Supplemented with In-Rack Sprinklers
M. of Mo, of Minmum Ceibing
Macamum Storage | Macamuom Ceiling Cealing Requred | Sprnkler Operatmg
Hezght Roof Heaght Sprmnklers | Levels of In- Pressure
Storage Commodity E-Factor/ Tvpe of in the Hack
Arrangement Naams Fi m {1 m Omentation | System Desigm Sprinklers P hiaar
Sanghe-, [ orll KL o a5 11 11.2 {1600 Wt L Chne lewed 5 1.7
double-, and Upnghi ) . - -
: Dy A0 Che lewed 5 1.7
mul i ple-row
racks (no 16.8 (2400 Wet ) Che lerwed 15 1
open-op foa
-:'-I-rll..himl'n-l Upright Dy A0 Che lewed 15 i
11l 25 76 a0 Gl 11.2 (1600 Wet 15 Che lerwed Lz 1.7
Upright Dry 9 O level 1.7
168 (2400 Dy L Che lerwed 15 i
Upnght
il 11 11.2 {1600 Wet 15 O lewed i} 1.7
Upright Dry L O lervel 1.7
16.8 (2400 Wet 15 Che lewed 15 i
Upnght . - ;
11.2 {1600 !
Lpnght
A5 11 11.2 {160 Wt H) e level 0 34
Upright 15 Che lerwed f): ha
I::-.?"E :2_1':. Wt H) e level 99 1.5
Upright E O lervel 15 24

Selected K factor for CMSA sprinkler = 11.2
Minimum Pressure = 50 psi

Discharge (Q) = 11.2 x (50)*(1/2)

Q=79.19 GPM

Total Discharge = 79.19 x 15 = 1187 GPM
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Ceiling Sprinkler with ESFR option :

Table 25.2.5.1.1 ESFR Ceiling-Level Sprinkler Design Criteria for Rack Storage of (lass [ Through Class IV and Group A Plastic
Commeoditdes (Encapsulated and Monencapsulated) Supplemenied with In-Rack Sprinklers

Maximum | Maximuom Mo, of Mo of Minimum Ceiling
Storape Ceiling Cerilimg Reguired Sprinkler (*perating
Height Roof Height Sprinklers Levels of Pressure
Suorape in the In-Rack
Arrangement Commodity Class f m fi m E-Facior Orientation Desizm Sprinklers psi har

Singhe-, Eass 1, T1, 100 oo TV, 14.0 {20y Pendent Chrpe bl

donrble-, wmd encpsulated oo

multipleoe nonencapslated,

racks |(na cartoaeed

opeen-dogs nionexprended and

couiaineers | e
nenexpanded 168 (240) | Pendent 12 One level &3 1.3
plastics

Selected K Factor for sprinkler = 14. 0
Min. Pressure = 90 psi

Number of sprinklers = 12

Discharge per sprinkler =14 x (90 ) ~(1/2)
=132 GPM
Total Discharge =132 x 12

Total discharge = 1594 GPM
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Example: 06

Type of Commodity : Class 3, Encapsulated
Storage Height : 35 feet

Building Height : 40 feet

Type of Rack Arrangement : Double row Rack
Aisle Width : 4 feet

Type of Sprinkler System : Wet Type

Determine Requirement of in rack sprinklers and its water demand.

Table 25.9.2.2.1 Double-Row Radks of Class I Through Class [V Commodities Stored Ower 25 £t (7.6 m) in Height with Aisles 4 ft
(1.2 m) or More in Width Protected by CMDA Sprinklers ai Ceiling Level

In-Rack Sprinklers Approximate Vertical Spacing at Tier
Nearest the Vertical Distance and Maximum Horzontal

Spacing™®

Commaodiiy Maximum Storage

Class Longitudinal Flue® Face® Figure Heighi Stagper
I Vertical 20 it (_'3_1 i}, MNone 2508.221 L) 30 fu (9.1 ) Nov
Horzontal 10 ft (3.0 m)
ll[l(l(‘:’ ]]O‘T]PI]EIIL\I hi{t’]‘i(?l'!i

Vertical 20t (b.1 m), Vertocal 20 £t (b.1 m), 258922 1(b) Higher than 25 ft Yes
Horirontal 10 ft (3.0 m) Honzontal 10 fi (7.6m)
(3.0 m)

m Vertical at 10 fi (3.0 m) or at None 25022 1(c) 30 ft (9.1 m) Yes

15 ft (4.6 m) and at 25 fi

o
Vertical 10 ft (3.0 m]), Vertical 30 ft (9.1 m), 25022.1(d) Higher than 25 fi Yes
Horizontal 10 ft (3.0m) Honzontal 10 fi (7.6m)
(3.0 m)
Vertical 20 ft (6.1 m), Vertcal 20 ft (6.1 m), 250992 1(e) Yes
Horrontal 10 ft (3.0m) Horzontal 5t
(1.5 m)
Verdcal 25 [t (7.6.m), Verdcal 25 [t (7.6m), 25022.1(0 MNo
Hornzontal 5 ft (1.5 m) Honzontal 5 ft
(1.5 m)
Vertical 20 ft (6.1 m}, 259.22. 1(g) Yes
Horizontal 10 ft (5.0 m)
ll]]‘l{:] 1[[]] -ln‘.l’]J L.i] h}.l] li(.'[ 5
with two lines of staggered
;1' rilf'L‘ ’.HI";HL‘]!"F‘:
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Notes:
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feet Level Considering of £ represant op of storage.
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Example: 5
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labeled F or G raprasent top of siorage.
5. rs labelad 1, 2, 3, 4, and & shal be required where kads
Hreprasent top of storage.

GFOfsﬁom@h than represanted 0ads \absed H, Ne =
defned by 4, S © B repeata Wi ST i WabCRE

7. The indicated face sprinklers shall be parmittad to be omitied whera
commodity consists of unwrapped or unpackaged matal pans on

8. Each squars reprasents a storage cubs measuring 4110 51 (1.2 m

to 1.5 m) on & skde. Actual load heights can vary from approximately

3 181n. (450 mm) up to 10 1t (3.0 m). Therafore, thare could ba as few aj

one [0ad or 85 many as six or seven lads batwaen in-rack sprinkiers
that are spaced 10 fi (3.0 m) apart vertically.

FIGURE 25.9.2.2.1(d) In-Rack Sprinkler Arrangement,
Class 1, I1, or IIl Commodides, Storage Height Over 25 i
(7.6 m) — Opdon 1.

A2
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Water Demand Calculation :

Tahle 25.12.2.1 InRack Sprnkler Sysiem Design: Mumber of In-Back Sprinklers

Mo, of Regured In-

Ceibng Sprinkler| Fadk Sprinkler Mo, of In-Hack
Type of Siorage Commaodity {lass Rack Type Type Levels Sprninklers in the Deagn
Mizscellaneous (Jass | through IV, Ay Moy Anvy 4
Croup A plastics,
and rubber tures
Baormge not meetung (Jass | through 111 Solud shelf Ay {ne b
the 'II'..I-““““" o Ay More than one 10 (% on each of the
miscellneous ;
wop two levels)
Chperm MDA {Ine b

More than one

{5 on each of the
1o two levelks)

(Jass | throuwsh IV Chpem CMSA Onie B
(Jass | throuwsh IV Chpem ESFR Onie B
and Croup A
plastics
(dass [V Chpem MDA More than one 10 (% on each of the
wop two levels)
(Jass IV and Croop A Solud shelf Ay {ne B
plastic - -
g More than one 14 (T on each of the
wop two levels)
Chpem MDA {ne B
More than one 14 (T on each of the
wop two levels)
Croup A plastics Chpem CMSA {ne B
Bubber tres Chpem MDA {ne 12
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Table 25.12.3.1 In-Rack Sprnkler System Design: Mimmum Required Flow Pressure from In-Rack Sprinklers

Storage Heighi Mimmaum Desagn
Ceillmg Sprinkler Flow, Pressure for In-
Type of Storage Commaodsty Class Back Type Tvpe Fi m Rack Sprmbklers
Miscellaneous Class | through IV Any Any Any Ay 15 p= (1.0 bar)
Croup A plastics,
and rubber tres
Saorage not (lass | through IV Upen CMIA Up o Up o 7.6 15 pe=i (1.0 bar)
meeting the CMEA Any Any 15 pei (1.0 bar)

definiton of
miscellancons

CMDA

. st ESFR Any Ay 6 gpam (280 L man )
plastics
Solid shelves Amny Any Amy A ggom (115 L/ man )
Croup A plastics Upen CMIA Up o Up o 7.6 15 pe=i (1.0 bar)
CM5A Upio Up i 7.6 15 p= (1.0 bar)
Bubber tires Open CMIDA Any Ay 30 p=m (2] bar)

In rack sprinkler water demand requirement

10 sprinkler (5 from each two top level)

Discharge per sprinkler = 30 GPM

Total In Rack Sprinkler Demand = 10 x 30 = 300 GPM
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