13-6% INSTALLATION OF SPRINKLER SYSTEMS

(e} For hydraulically designed systems, the information
on the hydraulic data nameplate.

(f) A graphic representation of the scale used on all
plans.

(gg) Name and address of contractor.

¢hh} Hydraulic reference points shown on the pian shall
correspond with comparable reference points on the
hydraulic calculation sheets.

(ii} The minimum rAtc of water application {density), the
design area of water application, in-rack sprinkler de-
rmand, and the water required for hose streams both inside
and outside.

{jj) The total quantity of water and the pressure required
poted at a common reference point for each system.

(kk) Relative elevations of sprinklers, junction points, and
supply or reference points.

{1y If room design method is used, all unprotected wall
openings throughout the floor pratected.

{mm) Calculation of loads for sizing. and details of, sway
bracing-

(nn) The seuing for pressure-reducing valves.

{co} lnformation about backflow preventers {manufac-
turer, size, type).

(pp) Information about antifrecze solution used {type
and amount).

6-1.1.2 The working plan submital shall include manufac-
urer’s installation instructions for any spedially listed equip-
ment, including descriptions, applications, and limitations
for any sprinklers, devices, piping, or fittings.

6-1.1.3* Working plans for automatc sprinkler systems with
nonfire Protection CoNneCtons. Special symbols shall be used
and explained for auxiliary piping, pumps, heat exchangers,
valves, strainers, and the like, clearly distinguishing these
devices and piping runs from those of the sprinkler sysiem.
Model number, type, and manufaclurer’s name shall be iden-
tified for each piece of auxiliary equipment.

6-2 Hydraulic Caiculation Forms.

6-2.1 General. Hydraulic caiculations shall be prepared
on form sheets that include a summary sheet, detailed work
sheets, and a graph sheet, [See copies of typical forms, Figures
A-6-22(a), A-6-2.3, and A-6-2.4.]

6-2.9% Summary Sheet. The summary sheet shall contain
the following information, where applicable:
{a) Date.
(b} Location.
{c) Name of owner and occupant.
(d) Building number or other identification.
(¢) Description of hazard.
(f) Name and address of contractor or designer.
{g) Name of approving agency.
(h) System design requirements.
1. Design area of water application, 5q ft (m*).
9. Minimum rate of water application {density), gpm
per sq fit (Lmin/m’).
3. Area per sprinkler, sq ft {m®).
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(i) Total water requirements as calculated including
allowance for inside hose, outside hydrants. and water cur-
tain and exposure sprinklers,

{j) Allowance for in-rack sprinklers, gpm {L/min).

(k) Limitations (dimension, flow, and pressure} on
extended coverage or other lisied special sprinklers.

6.2.3* Detailed Work Sheets. Detailed work sheets or
. computer printout sheets shall contain the following

information: )

(a} Sheet number.

(b) Sprinkler description and discharge constant {K)

(¢) Hydraulic reference points.

{d) Flow in gpm {L/min).

(e} Pipe size.

{f) Pipe lengths, center-to-center of fittings.

{g) Equivalent pipe lengths for fittings and devices.

(h) Friction loss in psi per ft {bars/m) of pipe.

¢} Total fricdon loss between reference points.

() In-rack sprinkler demand balanced to ceiling demand.

¢x} Elevation head in psi (bars) between reference points.

(13 chuircd préssurc in psi (bars) at each reference
point.

(m) Velocity pressure and normal pressure if included in
calculations.

(n) Notes to indicate starting points, reference to other
sheets, or to clarify data shown.

{o)* Diagram to accompany gridded system calculauons
1o indicate flow quantities and directions for lines with sprin-
klers operating in the remate area.

(p) Combined R-factor calculations for sprinklers on
drops, armovers, or sprigs where calculations do nat begin
at sprinkler.

6-2.4* Graph Sheet. A graphic representation of the com-
plete hydraulic calculation shall be plotted on semi-exponential
graph paper (Q'") and shall include the following:

{a) Water supply curve.

(b} Sprinkler system demand.

{c) Hose demand (where applicable).

{d) In-rack sprinkler demand {where applicable).

6-3 Water Supply Information. The following informa-
tion shail be included:

{a) Location and elevation of static and residual test
gauge with relation to the riser reference point.

(b) Flow lacation.

(¢) Static pressure, psi (bars).

(d) Residual pressure, psi {bars}.

(¢} Flow, gpm {L/min).

{fy Date.

{g) Time.
' (h) Test conducted by or information supplied by.

(i} Other sources of water supply, with pressure or

clevation..
6-4 Hydraulic Calculation Procedures.

6-4.1* General. A calculated system for a building, or a
catculated addition to a sysiem in an existing sprinklered
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‘ . Table 64351 Equivaient Schedule 40 Steel Pipe Length Chart

|  Fastingsand Valves

Fittings and Valves Expressed in Equivaient Feet of Pipe

1 Yein. ¥ein. lin IVein Ihpin. Zin. 9Yyin. Sin. Slrin. 4 4. Sin. Sin. 8in. 10in. 12in.
145 Elbow 1 i 1 2 2 3 3 3 4 5 7 g 1t 13
lm"Sumdzrdeihow 1 2 2 3 4 5 6 ki 8 10 12 14 18 22 27
!Qﬁ‘umgmme!bow 0.5 1 2 2 2 3 4 5 5 6 8 9 13 16 18
1churcmss(ﬂnw turned 90°) 5 4 5 6 8 10 12 15 17 20 25 30 33 50 60
i Butierily valve - . . - 6 7 10 - 12 g 10 12 19 21
1 Gate valwe - - - . 1 1 1 1 2 2 3 4 5 6
Swing check® - 5 7 9 i1 14 16 16 22 27 32 45 55 Gh

For 5§ Units: 1 in. = 254 mm; 1ft = 03048 m.

«[hse 0 the variations in design of swing check valves, the pipe equivalents indicated in the above chart are considered average.

NOTE }: This table applics to all types of pipe listed in Table GAAS.

NOTE 2: Information on Ypin. pipe is inchuded in this table only because it is allowed under 4-13.18.2 and 4-13.183,

building, supersedes the rules in this standard governing
pipe schedules, excepl that all systems continue to be limited
by area, and pipe sizes shall be no less than 1 in. (25.4 mm}
nominal for ferrous piping and ¥s in. (19 mm) nominal for
copper wbing or nonmetallic piping listed for fire sprinkler
service. The size of pipe, number of sprinklers per branch
Yine. and number of branch lines per cross main are other-
wise limited only by the available water supply. However,
sprinkler spacing and all other rules covered in this and
other applicable standards shall be observed.

6-42 Formulas.

6-4.2.1 Friction Loss Formula. Pipe friction losses shall be
determined on the basis of the Hazen-Williams formula.

_ 4.52 Qt.ns
P=TE g

where:

p = frictional resistance in pounds pressure per square
inch per foot of pipe

Q = flow in gpm

d = actual internal diameter of pipe in inches

C = friction loss coefficient.

) Q' .
Ffor SI Units: py, = 6.05 X W x 10

where:

Po = frictional resistance in bars per meter of pipe
Q= flow in L/min
d,, = actual internal diameter in mm

C = friction loss coefficient.

6-4.2.3 Velocity Pressure Formula. Velocity pressure
shall be determined on the basis of the formula

P = 0.001123Q°
v D*

where:

P, = velocity pressure in psi

€ = fiow in gpm

D = inside diameter in inches
For SI Units: 1 in. = 25.4 mm; 1 gal = 3.785 L; 1 psi =
0.0689 bar.

6-4.2.3 Normal Pressure Formula. Normal pressure (F',)
shall be determined on the basis of the formula

where:
P, = normal pressure
P, = tomal pressure in psi (bars}
P, = velocity pressure in psi {bars).

§-4.2.4 Hydraulic Junction Points. Pressures at hydraulic
junction points shall balance within 0.5 psi (0.03 bar}). The
highest pressure at the junciion point, and the total flows as
adjusted, shall be carried into the calculations.

6-4.3 Eguivalent Pipe Lengths of Valves and Fittings.

6-4.3.1 Table 6-4.3.1 shall be used to determine the equiv-
alent length of pipe for fittings and devices unless manufac-
turer's test data indicate that other factors are appropriate.
For saddle-type fittings having friction loss greater than that
shown in Table 6-4.3.1, the increased friction loss shall be
included in hydraulic calculations. For internal pipe diame-
ters different from Schedule 40 steel pipe, the equivalent
feet shown in Table 6-4.3.1 shall be multiplied by a factor
derived from the following formula:

Actual inside diameter
[ Schedule 40 steel pipe inside diameter

+27
] = Factor

The factor thus obtained shall be further modified as
required by Table 6-4.3.2.

This table shall apply to other types of pipe listed in Table
6-4.4.5 only where modified by factors from 6-4.3.1 and
6-4.3.2.

6-4.3.2 Table 6-4.3.) shail be used with Hazen-Williams
C = 120 only. For other vatues of C, the values in Table
6-4.3.1 shall be multiplied by the factors indicated in Table
6-4.3.2.

Table 5-4.3.2 C Value Multiplier

Valueof C 100 130 140 150

Multiplying Factor 0.713 1.16 1.33 1.51

NOTE: 'This is based u the friction loss through the fining
being independent of the © factor available to the piping.

6-4.3.3 Specific friction loss values or equivalent pipe
lengths for alarm valves, dry pipe valves, deluge valves,
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strainers. and other devices shall be made available to the
authority having jurisdiction.

6-4.3.4 Specific friction loss values or equivalent pipe
lengths for listed fittings not in Table 9.4 1 {see 2-4.2) shalt be
used in hydraufic caleulations where these losses ot equiva-
lent pipe lengths arc different from those shown in Table
6-4.3.1.

6-4.4¢ Calculation Procedure.

6-4.4.1* TFor all systems the design arca shall be the
hydraulically most demanding based on the criteria of 5-2.3.

Exception:  Special design approaches in accordance with 5-3.3.

(2) Where the design is based on area/density method,
the design area shall be 2 rectangular area having a dimen-
sion paraliel to the branch lines at least 1.2 times the square
root of the area of sprinkler operation {A] used. This shall
permit the inclusion of sprinklers on both sides of the cross
main. Any fractional sprinkler shall be carried 1o the next

higher whole sprinkler.

Exception: In systems having branch lines with an insufficienl
ryimber of sprinklers to fulfill the 1.2 \/A requirement, the design
avea shall be extended to include sprinklers on adjacent branch Lines

supplied by the same cTo33 main.

(b} Where the design is based on the room design
method, see 5-2.3.3. The calculation shall be based on the
room and communicating space. if any, that is the hydrauli-
cally most demanding.

6-4.42° For gridded systems, the designer shall verify that
the hydraulically most demanding area is being used. A min-
imum of two additional scts of cakulations shall be submit-
ted 1o demonstrate peaking of demand area friction loss
when compared to areas immediately adjacent on either side
along the same branch lines.

Exreption: Compuler programs that show the peaking of the
demand area friction loss shall be acceptable based on a single set of
calculations.

6-1.4.3 System piping shall be hydraulically designed
using design densities and areas of operation in accordance
with Figure 5-2.3 as required for the occupancies involved.

(a)* The density shall be caleulated on the basis of floor
area of sprinkler operation. The area covered by any sprin-
Kler used in hydraulic design and calculations shali be the
horizontal distances measured between the sprinklers on the
branch line and between the branch lines in accordance with
4-2.2.1.

(b)* Where sprinklers are instalied above and below a
ceiling or in a case where more than two areas are supplied
from a common set of branch lines. the branch lines and
supplies shall be calculated to supply the largest water
demand.

6-4.4.4% Each sprinkler in the design area and the remain-
der of the hydraulically designed sysiem shall discharge at a
flow rate at least equal to the stipulated minimum water
application rate (density) multiplied by the area of sprinkler
operaton. Caleulations shall begin at the hydraulically most
remote sprinkler. Discharge at each sprinkler shall be based
on the calculated pressure at that sprinkler.

Exception No. 1
greater than the minimum allowable area of Figure 5-2.3 for the
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Where the avea of application is equal to or

| appropriate hazard classification (including a 30 percent merease

[for dry pipe systems), sprinkler discharge in closets, washrosms, and
imilar small compartments requining only one sprinkler shall be
ited 1o be omitted from hydraubc calculations within the area
of application. Sprinklers in these small compartments shall, how-
ever, be capable of discharging minimum densities in accordance
with Figure 5-2.3.
Exception No. 2: Where sprinklers are provided abeve and below
obstructions such as wide ducts or lables, the water supply for one of
the levels of sprinklers shall be permitted to be omilted from the
hydraulic ceiling design caleulations within the area of application.
in ;:;L ca;c, the most hydraulically demanding arvangement shall be
a ted.

6-4.4.5 Pipe fricion joss shall be calculated in accordance
with the Hazen-Williams formula with C values from Tabile
6-4.4.5.

(2) Include pipe. fittings, and devices such as valves,
meters, and strainers, and calculate elevation changes that
affect the sprinkler discharge.

Exception; Tie-in drain piping shall not be included in the
kydraulic calculations.

{b) Calculate the loss for a tee ar a cross where flow direc-
tion change occurs based on the equivalent pipe length of
the piping segment in which the fitting is included. The tec
at the top of a riser nipple shall be included in the branch
line; the tee at the base of 2 riser nipple shall be included in
the riser nipple; and the tec or €ross at a cross main-feed
main junction shall be included in the cross main. Do not
include fitting loss for straight-through flow in a tee or Cross.

(¢} Calculate the loss of reducing elbows based on the
equivalent feet value of the smallest outlet. Use the equiva-
lent feet value for e standard elbow on any abrupt
90-degree turn, such as the screw-type pattern. Use the
equivalent feet value for the long-turn elbow on any swecp-
ing 90-degree wrn, such as a flanged, welded, or mechani-
cal joint-clbow type. (See Table 6-4.3.1.)

{d) Friction loss shall be excluded for the fitting directly
connected to a sprinkler.

{e) Losses through 2 pressure-reducing valve shall be
included based on the normal inlet pressure condition. Pres-
sure loss data from the manufacturer's liverature shal be
used.

Table §5-4.4.5 Hazen-Williams C Values

Pipe or Tube C Value*
Unlined cast or ductile iron 100
Black seel (dry systems including preaction} 100
Black steck (wet sysicms including deluge) 120
Galvanized {all} 120
Plastic (listedy—all 150
Cement lined cast of ductile irots 140
Copper wbe ar stainjess steel 1530

*The autharity baving jurisdiction i permitted o consider other C values.

6-4.4.6* Orifice plates of sprinklers of different orifice
sizes shall not be used for balancing the system.

Sprinklers with different orifice sizes shall be
acceptable for special use such a5 exposue protection, small rooms ot
emclosures, or directional discharge. (Sez 1-4.2 for defimition of
small rooms.}

Exeeption No. 1
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Exeption No. 2: Extended-coverage sprinklers with a different
orifice size shall be acceptable for part of the protection area where
installed in accordance with their listing.

6-4.4.7* When calculating flow from an orifice, the total
pressure (P} shall be used.

Exception:  Use of the normal pressure (P} calculaled by subtract-
ing the velocity pressure from the total pressure shall be permitted.
%erelhenomdpmsuwismed.ﬂshaﬂbeuudondlbmnch
lines and cross mains where applicable.

6-4.4.8 Minimum operating pressure of any sprinkler shall
be 7 psi (0.5 bar).

| Exception:  Where higher minimum operaling pressure for the

desired application is specified in the listing of the sprinkler.
6-5 Pipe Schedules. Pipe schedules shall not be used,
except in existing systems and in new systems ot extensions

1o existing systems described in Chapter 5. Water supplies
shall conform 10 5-2.2.

6-5.1* General. The pipe schedule sizing provisions shall
not apply to hydraulicaliy calculated systems. Sprinkler sys-
tems having sprinkiers with orifices other than ¥y in. (15 mm)
nominal, listed piping material other than that covered in
“Table 2-3.1, Extra Hazard Groups 1 and 2 systems, and
exposure protection systems shall be hydraulically calcu-
lated.

6-5.1.1 The number of automatic sprinklers on a given
pipe size on ane floor shall not exceed the npumber given in
6-5.2, 6-5.3, or 6-5.4 for a given occupancy.

6-5.1.2% Size of Risers. Each system riser shall be sized 10
supply all sprinkiers on the riser on any one floor as deter-
mined by the standard schedules of pipe sizes in 6-5.2, 6-5.3,
or 6-5.4.

£-5.1.3 Slatted Floors, Larpe Fioor Openings, Mezzanines,
and Large Platforms. Buildings having slaued floors, or
large unprotected floor openings without approved stops,
shall be treated as one area with reference to pipe sizes, and
the feed mains or risers shall be of the size required for the
total number of sprinklers.

6-5.1.3 Stair Towers. Stairs, towers, or other construction
with incomplete floors, if piped on independent risers, shall
be 1reated as one area with reference to pipe sizes.

6-5.2 Schedule for Light Hazard Occupancies.

€551 Branch lines shall not exceed B sprinklers on either
side of a cross main.

Exception: Where more than 8 sprinklers on a branch line are
necessary, lines may be increased to 9 sprinklers by making the 2 end
lengths 1 in. (25.4 vom) and 1Yy in. (33 mm), respectively, and the
sizes thereafler standard. Ten sprinklers may be placed on a branch
Iine making the 2 end lengths 1 in. (25.4 mm}and 1Yy in. (33 mm),
respectively, and feeding the tenth sprinkier bya 2 Yoinr, (G4-mm) pipe.

6522 Pipesizesshallbein accordance with Table 6-5.2.2,

Exception: Each area requiring more sprinklers than the number
specified for 3 Uoin, (B9-mm) pipe i Table 6-5.2.2 and withou!
subdwiding partitions (not necessanily frre walls) shall be supplied by
sugins or visers sized for Ordinary Hazard Occupancies.

6-5.23 Where sprinklers are installed above and below
ceilings [see Figures 6-5.2.3(a), (b), and (¢)] and such sprinklers
are supplied from a common set of branch lines or separate

Tabie 6-5.2.2 Light Haxard Pipe Schedules

Steel Copper

Lin, voaveenns 2sprinklers  lin. ... 2 sprinklers
Hhin . 3sprinklers  1¥gin 3 sprinkiers
f¥ain 5 sprinklers  1¥gin. ... 5 sprinkiers
20 o 10 sprinklers  2in. ... 12 sprinklers
LTI TR 30 sprinklers 2hzin. ... 40 sprinklers
Jin. 60 sprinklers  3in. ... 65 sprinklers
- 17T T 100 sprinklers  3¥%2in. ........ 115 sprinkiers
[ 1 T See 4-2.1 4in. e See 4-2.1

For 81 Units: §in. = 254 mm.

branch lines from a commen cross main, such branch lines
shall not exceed 8 sprinkiers above and 8 sprinklers below
any ceiling on cither side of the crass main. Pipe sizing up to
and including 2 ¥z in. (64 mm) shall be as shown in Table
6-5.2.3 utilizing the greatest number of sprinklers to be
found on any two adjacent levels.

Exception:  Branch lines and cross mains supplying sprinklers
installed entirely above, or entirely below, ceilings shall be sized in
accordance with Table 6-5.2.2.

Table 6-5.2.5 Number of Sprinklers above and below a Ceiling

Steel Capper
lin, woeeereeee Zsprnklers  lim ... 2 sprinklers
Wain, ovenaes 4 sprinklers  Plqin .o 4 sprinklers
Wain, ..oveeee 7sprinklers  1%ain ... 7 sprinklers
2 e 15sprinklers  2in. ... 18 sprinklers
Figine v 50 sprinklers  2¥yin. ... 65 sprinklers

For 81 Linits: 1 i = 25.4 mm,

nnnlan nnoin o . npo o oo
[ = ot pa %
S o,  2m 1% 1kin 1%in i thin
For Sl units: 1 in. = 25.4 mm.

tin, 1in

Figure 6-5.2.3(s) Arrangement of branch lines supplying sprinkiers above
and below & ceifing.

Sprinkiarin
concealad spaca
Reducer
wgnc
X o ma g ol g samm—
) I (305 mm) — \
Sprinkler Nipple < T Plate
et _./TOQ

[ER =

Figure 6-5.2.3(b) Sprinkler on riser nipple from branch line in lower fire
ares.
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inco:malﬁdwlc‘;\ Mcx

aducer

- e

Upright R Ceiling

deflocior ™ l (aoslg) min - \ {upper)
Nipple - T Pia!:ee

)

e~

N\ — }Bgﬁf
AW e

L4 /

¥~ Plate
. Pandent sprinkler
Pengent deflector

Figure 6-5.2.3(c} Asrangement of branch Jines supplying sprinklers sbave
and below crilings.

6.52.3.1* Where the total number of sprinklers above and
below a ceiling exceeds the number spedified in Table 6-5.2.3
for 9Vain. (64-mm) pipe, the pipe supplying such sprinklers
shall be increased 10 3 in. (76 mm) and sized thereafier accord-
ing to the schedule shown in Table 6-5.2.2 for the number of
sprinklers above or below 2 ceiling, whichever is larger.

653 Schedule for Ordinary Hazard Occupancies.

6-5.3.1 Branch lines shall not exceed 8 sprinklers on cither
side of a cross main. :

Exception:  Where mare than 85 on a branch line are neces-
sary, lines bcimrmad!cQspﬁnkltr&bymakingﬁw2mdlmg1hs
1 in, (254w} and 14 in. (33 mm), respectively, and the sizes there-
aftermndard.?'mspn}xklasau itted to be placed an a branch
Iine making the 2 end lengths 1 in, (25.4 mm} and 1Yy in. {33 mm),
respectively, and feeding the tenth sprinkler by a 2¥/z-in. (64-mm) pipe.
6532 Pipesizes shall be in accordance with Table 6-5.3.2(a).

Tsble 6-53.2(a) Ordinary Hazard Pipe Schedule

Copper
2 sprinklers  lin. oo 2 sprinklers
dsprinklers  Hein. e 3 sprinklers
5 sprinklers  1¥zin. ... 5 sprinklers
10 sprinklers  2in. ..oen 12 sprinklers
20 sprinklers  2¥zin. ... 25 sprinklers
in. 40 sprinklers  3in ..o 45 sprinklers
i 65 sprinklers  3lgin. ... 75 sprinklers
i 100 sprinklers  4in. s 115 sprinkiers
i 160 sprinklers  5im ... 180 sprinklers
{5 S, 275 sprinklers  &in .ol 300 sprinklers
Birn evraemeee See 4-2.1 Bin. e See 4-2.1

For SI Unit: §in. » 254 mm.

Exception:  Where the distance between sprinklers on the branch
line exceeds 12 ft (3.7 m), or the distance between the branch lines
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Table 6-5.3.2(6) Number of Sprinkiers—Greater than

12 ft Scparations
Steel Copper
Olsin, .eeeees 15 sprinklers Yo ceiinns 20 sprinkiers
£ 3T WO 30 sprioklers  3in. o 35 sprinklers
$Ygin. ........ GOsprinklers Aain. cnner 65 sprinklers

For other pipe and tube sizes, see Table 6-5.3.2(a).

For §] Units: | in. » 354 mm,

exceeds 12 ft (3.7 m}, the number of sprinklers for @ given pipe size
shall be in accordance with Table 6-5.3.2(b).

6-5.3.3 Where sprinklers are installed above and below
ceilings and such sprinklers are supplied from a common set
of branch lines or separate branch lines supplied by a com-
mon cross main, such branch lines shall not exceed § sprin-
klers above and B sprinklers below any ceiling on cither side
of the cross main. Pipe sizing up to and including 3 in.
(76 mm) shall be as shown in Table 6-5.3.3 [see Figures
6-5.2.3(a), (b), and (c}} utifizing the greatest number of sprin-
Klers to be found on any two adjacent levels.

Exception: Branch linei and cross mains supplying sprinklers
installed entirely above, or entirely below, ceilings shall be sized in
accordance with Tables 6-5.3.2(a) or (b).

Table 6-5.5.3 Number of Sprinklers abave and below & Ceiling

Steel Copper
Lim veeeeenar 2sprinklers  1im. .o 2 sprinklers
1ein. eeens 4sprinklers  1Wqim oo 4 sprinklers
Wzin, cooeeen 7sprinklers  Lin. 7 sprinklers
|- T VI 15 sprinklers  Zin. ... 18 sprinklers
Hyin. .. . 30 sprinklers Do i enenens 40 sprinklers
kX TR 60 sprinklers  3in ... 65 sprinklers

For 5t Units: 1 in. = 254 mm,

6.5.3.3.1* Where the total number of sprinklers above and
below a ceiling exceeds the number specified in Table
6.5.5.3 for 3-in. (76-mm) pipe, the pipe supplying such
sprinklers shall be increased 0 3 Yy in. (89 mm) and sized
thereafter according to the schedule shown in "Table 6-5.2.2
or Tahle 6-5.3.2(a) for the number of sprinklers above or
below a ceiling, whichever is farger.

Exception: Where the distance between. the sprinklers profecting
the occupied area exceeds 12 ft (3.7 m) or the distance between the
branch lines exceeds 12 ft (3.7 m), the branch tines shail be sized in
accordance with either Table 6-5.3.2(b), taking into consideration
the sprinklers protecting the occupied area only, or paragraph
§-5.3.3, whichever requires the greater size of pipe.

§-5.4* Extra Hazard Occupancies shall be hydraulically
calculated.

Exception:  For existing systems, 3¢¢ A-6-54.

6-5.5 Deluge Systems. Open sprinkler and deluge sys-
tems shall be hydraulically calculated according to applica-
ble standards.

6-5.6* Exposure Systems. Exposure sprinklers shall be
hydraulicaily calculated using Table 6-5.6 and a relative clas-
sification of exposures guide number.
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i
. Table 6-5.6 Exposure Protection
Section A—Window Sprinklers Application
Window Discharge Rate over
Guide Level of Sprinkler Coefficient Flow Rate 25 # of
Number Window Sprinkler Orifice Size (X Factor) Q) Window Area
Top 2 levels ¥gin. (8.5 mm) 2.8 74 gpm 0.30-gpm/ir’
150 or Jess Next lower £ levels ¥16 in. (1.9 mm) 1.9 5.0 gpm 0.20 gpe/fi*
Next Jower 2 levels Y4 in. (6.4 mm) 14 3.7 gpm 0.15 gpm/ft’
Top 2 levels Yo in, (12.7 mm) 5.6 14.8 gpm 0.59 gpvit
15110220 Next lower 2 levels Tigin. {11.1 mm} 4.2 1.1 gpm 0.44 gpmyft’
Next lower 2 levels ¥a in. (3.5 mm) 2.8 7.4 gpm 0.30 gpmft’
Top 2 levels Y3 in. (15.9 mm) 112 29.6 gpm 1.18 gpmvit*
292110 13.15 Next lower 2 levels sy in. (13.5 mm) 8.0 21.2 gpm 0.85 g/
Next lower 2 levels Usin. (12.7 mm) 5.6 14.8 gpm 0.5% gpra/ft
Section B—Comice Sprinklers
Cornice
Gaide Sprinkler Application Rate
Number Orifice Size per Lines] Foot
1.50 or less Y5 in, (9.5 mm) 0.75 gpm
1.5k w0 2.20 ¥gin. (12.7 mm) 1.50 gpm
22t 50 13,15 ¥g in. (15.9 mm} 3.00 gpm

For S Units: 1 gpm = 3.785 Limin; 1 gpavit’ = 40.76 (L/miny/m™.

6-6 In-Rack Sprinklers.

6-6.1 Pipes to in-rack sprinklers shall be sized by hydraulic
calculations.”

6-62 Water demand of sprinklers installed in racks shall
be added 10 ceiling sprinkler water demand over the same

rotected area at the point of connection. The demand shall
be balanced to the higher pressure.

Chapter 7 Water Supplies

7-1 General. Every automatic sprinkler system shall have
at feast one automatic water supply.

7.1.1 Capacity. Water supplies shall be reliable and be
capable of providing the required flow and pressure for the
required duration as specified in Chapter 5 {*"Design
Approaches”).

7-12 Arrangement.

7-1.2.1 Underground Supply Pipe. For pipe schedule
systems, the underground supply pipe shall be at least as
farge as the system riser.

9.1.2.2 Connection between Underground and Above-
ground Piping. The connection between the system pip-
ing and underground piping shall be made with a suitable
transition picce and shall be properly strapped or fastened
by approved devices. The transition piece shall be protected
against possible damage from corrosive agents, solvent
attack, or mechanical darmage.

7-1.2.3* Connection Passing through or under Founda-
tion Walls. When system piping pierces a foundation wall
below grade or is Jocated under the foundation wall, clear-
ance shall be provided to prevent breakage of the piping
due 1o building settlement.

7.1.3 Meters. Where meters are required by other
authorities, they shall be listed.

7-2 Types.

7.2.1* Connections to Water Works Systems. A connec-
tion to a reliable water works system shall be an acceptable
water supply source. The volume and pressure of a public
water supply shall be determined from waterflow test data.
(See NFPA 24, Standard for the Installation of Private Five Ser-
viee Mains and Their Appurtenances.) The authority having
jurisdiction shall be permitted to require an adjustment to
the waterflow test data 1o account for daily and seasonal fluc-
tuations, possible interruption by flood or ice conditions,
large simultaneous industrial use, future demand on the
water supply system, or any other condition that could affect
the water supply.

7-2.2 Pumps.

7-2.2.1* Acceptability. A single automatically controlled
fire pump insalled in accordance with NFPA 20, Standard
for the Installation of Centrifugal Fire Pumps, shall be an accept-
able water supply source.

7-2.3 Pressure Tanks.
7-2.3.1 Accepuability.

7-2.3.1.1 A pressure tank installed in accordance with
NFPA 29, Standard for Water Tanks for Private Fire Protection,
shall be an acceptable water supply source.

7-2.3.1.2 Pressure tanks shall be provided with an
approved means for automatically maintaining the required
air pressure. Where a pressure tank is the sole water supply,
there shall also be provided an approved trouble alarm 10
indicate low air pressure and low water level with the alarm
supplied from an electrical branch circuit independent of
the air compressor.
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72318 Pressure tanks shall not be used to supply other
than sprinklers and hand hose attached to sprinkler piping.

7-2.3.2 Capscity. In addition t0 the requirements of
7-1.1. the water capacity of a pressure tank shall include the
extra capacity needed to fill dry pipe or preaction systems
where instalied. The total volume shall be based on the
water capacity, plus the air capacity required by 7-2.3.3.

7.9.3.3* Water Level and Air Pressure. Pressure tanks
shall be kept two-thirds full of water, and an air pressure of

at least 75 psi (5.2 bars) by the gauge shall be mainwined. -

Where the bottom of the tank is located below the highest
sprinklers scrved, the air pressure by the gauge shall be at
least 75 psi (5.2 bars) plus three times the pressure caused by
the column of water in the sprinkler system above the tank
bottom.

7-2.4 Gravity Tanks. An eicvated tank installed in accor-

dance with NFPA 22, Standard for Water Tanks for Private Fire
Pratection, shall be an acceptable water supply source.

Chapter 8 System Acceptance

8-1 Approval of Sprinkler Systems. The installing con-
tractor shall:

{a) Notify the authority having jurisdiction and owner's
representative of the time and date testing will be performed.
(b) Perform all required acceptance tests. {See Section 8-2.)
(c) Complete and sign the appropriate Contractor’s
Material and Test Certificate(s) {ses Figures 8-1{a) and 8-1{h)}.

8-2 Acceptance Reguirements.

8-2.1* Flushing of Piping. Underground mains and
lead-in connections to system risers shall be completely
flushed before connection is made to sprinkler piping. The
flushing operation shall be continued for a sufficient time to
ensure thorough dleaning. The minimum rate of flow shall
be not less than:

(a) The hydraulically calculated water demand rate of the
system including any hose requirements, or

(b) That flow necessary to provide a velocity of 10 ft per
sec (3 m/s), isee Table 8-2.1(b)} or

(¢} The maximum flow rate available 1o the system under
fire conditions.

Table 8-2.1{8) Flow Required to Produce a Velocity of

10 £ per sec (3 nys} in Pipes
Pipe Size Flow Rate
{in.) {mos) {gpm} {L/min)
4 102 350 1476
6 152 880 3331
a 203 1560 5905
1G 2534 2440 9235
12 303 3520 13323

8.2.2 Hydrostatic Tests.

8-2.2.1* All imerior piping and auached appurtenances
subjected to system working pressure shail be hydrosuatically
tested at 200 psi {13.8 bars) and shall maintain that pressure
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without loss for 2 hours. Loss shall be determined by a drop
in gauge pressure or visual leakage.

Exception No. 1:  Portions of systems narmally subjected to work-
ing pressures in excess of 150 psi (104 bars) shall be tested as
described above at a pressure of 50 psi (3.5 bars) in extess of normal
working pressure.

Exception No. 2: Where cold weather will not permit testing unth
water, gn interim air test may be conducted as deseribed in 8-2.3.

Exceplion No. 3: - When an addition or modification is made fo an
existing system, the new installation shall be isolated and iested al not
less than 50 psi (3.4 bars) in excess of nermal static pressure for
2 hr.

Exception No. 4: Maedifications that cannot be isolated, such as
relocated drops, shall nat requive lesting in excess of normal static
prressure.

The test pressure shall be read from a gauge located at the
jow elevation point of the system or portion being tested.

8.2.2.2 Additives. Additives, corrosive chemicals such as
sodium silicate or derivatives of sodium silicate, prine, or
other chemicals shall not be used while hydrostatically test-
ing systems or for stopping leaks.

8.2.2.3 Piping between the exterior fire department con-
nection and the check valve in the fire department inlet pipe
shall be hydrostatically tested in the same manner as the bal-
ance of the system.

8.2.2.4 When deluge systems are being hydrostatically
tested, plugs shall be installed in fittings and replaced with
open sprinklers afier the test is completed, or the operating
elements of automatic sprinklers shall be removed after the
test is completed.

8.2.2.5 Al underground piping shall be hydrostaticaily
tested in accordance with NFPA 24, Standard for the installa-
tion of Private Fire Service Mains and Their Appurienances. The
allowable leakage shall be within the limits prescribed by
NFPA 24 and shall be recorded on the test certificate.

8.2.2.6 Provision shall be made for the proper disposal of
water used for flushing or testing.

8.2.2.7* Test blanks shall have painted lugs protruding in
such a way as to clearly indicate their presence. The test
blanks shail be numbered, and the instailing contractor shall
have'a record-keeping method ensuring their removal after
work is completed.

8.2.2.8 Differential-Type Valves. When subject to hydro-
static test pressures, the clapper of a differential-type vaive
shall be held off its seat to prevent damaging the valve.

[ 8-2.3 Dry and Double Interlocked System(s} Air Test. 1n
addition to the standard hydrostatic test, an air pressurc
Jeakage test at 40 psi (2.8 bars) shall be conducted for 24 hr.
Any leakage that results in a loss of pressure in excess of
1 ¥, psi (0.1 bar) for the 24 hr shalf be corrected.

8.2.8.1 Where systems are installed in spaces that are capa-
ble of being operate:d at temperatures helow 32°F (0°C), air
pressure leakage tests required in 8-2.3 shall be conducted
at the fowest nominal temperature of the space.

8-2.4 System Operational Tests.

8.2.4.1 Waterflow detecting devices including the associ-
ated alarm circuits shall be flow tested through the inspec-
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Contractor's Material and Test Certificate for Aboveground Piping

PROCEDURE
mmwmmmmmmmwmmswwmmmwmm:
tupresentative. MmmmummwsmmhﬂhmMmconmrspemnnelmllyhmmﬁob,

Amumufmwmwwmmmm. Copiesshaﬂbepmparodbfnppmmauﬂmﬁﬁes.mm.mé
contractor. Rsmmmw:mﬂmm‘smhmmywﬁmuwmmmmmmlmnymmﬂahpoof
MW.NMW&W%MM&WWWW:.

PROPERTY NAME DATE

PROPERTY ADDRESS

ACCEPTED BY APPROVING AUTHORITIES (NAMES)

ADDRESS
PLANS
INSTALLATION CONFORMS TO ACCEPTED PLANS Tlves [3NO
EQUIPMENT USED IS APPROVED £ ves M nNo
1F NO, EXPLAIN DEVIATIONS
HAS PERSON IN CHARGE OF FIRE EQUIPMENT BEEN INSTRUCTED AS .[Myes TIwno
10 LOCATION OF CONTROL VALVES AND CARE AND MAINTENANCE
OF THIS NEW EQUIPMENT?
{F NO, EXPLAIN
INSTRUCTIONS
HAVE COPIES OF THE FOLLOWING BEEN LEFT ON THE PREMISES? [ ves w0
1. SYSTEM COMPONENTS INSTRUCTIONS [ ves T no
2. CARE AND MAINTENANCE INSTRUCTIONS ] ves 1 no
3, NFPAZS ] ves 3 NO
LOCATION
oFsysTEM |SUPPUES BUILDINGS
YEAR OF ORIFICE TEMPERATURE
MAKE MODEL MANUFACTURE SIZE QUANTITY RATING
SPRINKLERS

PIPE AND Type of Pipe
FITTINGS Type of Fittings

MAXIALUM TIME TO OPERATE
m ALARM DEVICE THROUGH TEST CONNECTION
O PLOW TVPE MAKE MODEL WIN SEC
INDICATOR
DRY VALVE 0.0.0
MAKE MODEL SERIAL NO. MAKE MODEL SERIAL NO.
DRY PIPE TIME TO TRIP ] TIME WATER ALARM
OPERATING THROUGHTEST | WATER AR TRIP POINT REACHED OPERATED
TEsT CONNECTION' | PRESSURE | PRESSURE | AIRPRESSURE | TESTOUTLET! | PROPERLY
MIN | SEC Psi st PSt WiN ] SEC | YES | NO
Without
Q.OD.
With
Q.00
IF ND, EXPLAIN _

PWEASURED FROM TIME INSPECTOR'S TEST CONNECTION 15 OPENED
Figure 8+1(a) Part 1.
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OPERATION
[ eneumanic [ gecTRIC L] HYDRAULIC
eenG supervisen  CJ ves [ no ‘ DETECTING MEDIA SUPERVISED Tl ves [ NO
DOES VALVE OPERATE FROM THE MANUAL TRIP, BEMOTE, OR BOTH (1 ves (] wO
CONTROL STATIONS
?,%%g? 1S THERE AN ACCESSIBLE FACILITY IN EACH CIRCUIT IF NO, EXPLAIN
VALVES FOR TESTING
Mves [ NO
DOES EACH GIRCUTT OPERATE | DOES EACH CIRCUIT 1 MAXIMUM TIME TO
MAKE |MODEL | SUPERVISION LOSS ALARM? OPERATE VALVE RELEASE? | OPERATE RELEASE
YES NO YES NO MIN SEC
LOGATION | MAKE & | seving STATIC PRESSURE RESIDUAL PRESSURE FLOW RATE
PRESSURE | AFLOOR | MODEL {FLOWING)
REDUCING
VALVE TEST LET (P50 | OUTLET (PSN) | INLET (PSI) |OUTLET (PSI) FLOW (GPM)
. Hydrostatic tests shail be made &t not tess than 200 psi {13.6 bars) for 2 hours of 50 psi (3.4 bars)
above Static pressure in excess of 150 psi {10.2 bars} far 2 hours. Differential dry-pipe vatve clappars ghafl be left
TEST apen dwing the test 1o prevent damage. AR shoveground piping leakage shail be stopped.
DESCRIPTION . Establish 40 psi (2.7 bars} air pressure and measure drop, which shafl not exceed 1% psi (0.1 bars)
in 24 hours. Test pressure tanks &t nornal water level and ait pressurs and measure gir pressure drop, which shall
not exceed 1% psi{G.) bars} in 24 hours. -
ALL PIPING HYDROSTATICALLY TESTED AT ___ PSI (. BARS) FOR ___ HRS| IF NO, STATE REASON
DAY PIPING PNEUMATICALLY TESTED Tyes [} wO
EQUIPMENT OPERATES PROPERLY [ ves L] no
50 YOU CEATIEY AS THE SPRINKLER CONTRACTOR THAT ADDITIVES AND CORROSIVE CHEMICALS.,
SODIUM SILICATE OR DERIVATIVES OF SODIUM SILICATE, BRINE, OR OTHER CORROSIVE CHEMICALS
WERE NOT USED FOR TESTING SYSTEMS OR STOPPING LEAKS?
[ ves (1 no )
DRAIN |READING OF GAUGE LOCATED NEAR WATER RESIDUAL PRESSURE WITH VALVE N TEST
TESTS YEST |SUPPLY TEST CONNECTION: PSi (_BARS)| CONNECTION OPEN WIDE: PSI {__BARS)
UNDERGAOUND MAINS AND LEAD IN CONNECTIONS TO SYSTEM RISEAS FLUSHED BEFORE
CONNEECTION MADE TO SPRINKLER PIPING
VERIFIED BY COPY OF THE U FORM NO, 858 [y yes [ NO ) OTHER EXPLAIN
FLUSHED BY INSTALLER OF UNDER-
GROUND SPRINKLER PIPING 3ves [ nO
IF POWDER-DRIVEN FASTENEAS ARE USED IN 7] ves 1 NO IF NO, EXPLAIN
CONCRETE, HAS REPRESENTATIVE SAMPLE
TESTING BEEN SATISFACTORILY COMPLETED?
BLANK TESTING | NUMBER USED LOCATIONS NUMBER REMOVED
GASKETS
WELDED PIPING [Cives [ nNO .
FYES...
DO YO CERTIFY AS THE SPRINKLER CONTRACTOR THAT WELDING
PROCEDURES COMPLY WITH THE REQUIREMENTS OF AT LEAST [Jves w0
AWS D10.9, LEVEL AR-37
WELDING DO YOU CERTIFY THAT THE WELDING WAS PERFORMED 8Y WELDERS
QUALIFIED IN COMPLIANGE WITH THE REQUIREMENTS OF AT LEAST [ ves [ wo
AWS D10.8, LEVELAR-37
0O YOU GERTIEY THAT WELDING WAS CARFIED OUT IN COMPLIANCE
WITH A DOCUMENTED QUALITY CONTROL PROCEDURE TO ENSURE
THAT ALL DISCS ARE RETRIEVED, THAT OPENINGS IN PIPING ARE Jves [InNO
SMOOTH, THAT SLAG AND OTHER WELDING RESIQUE ARE REMOVED,
AND THAT THE INTERNAL DIAMETERS OF PIPING ARE NOT PENETRATED?
CUTOUTS DO YOU CERTIFY THAT YOU HAVE A CONTROL FEATURE 1O ] ves [ NO
(DISCS) ENSURE THAT ALL CUTOUTS {DISCS) ARE RETRIEVED?
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Figure 8-1(a) Parc 2,
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SYSTEM ACCEFTANCE 13.77
HYDRAULIC NAMEPLATE PROVIDED 1F NO, EXPLAIN
NA:E){?;:ATE 3 ves (3 %0
DATE LEFT IN SERVICE WITH ALL CONTROL VALVES OPEN
HEMARKS
NAME OF SPRINKLER CONTRACTOR
SIGNATURES TESTS WITNESSED BY
FOR PROPERTY OWNER (SIGNED) TITLE DATE
FOR SPRINKLER CONTRACTOR (SIGNED) TITLE DATE

ADDITIONAL EXPLANATION AND NOTES

Figure 8-I(n} Part 3.

tor's test connection and shall result in an audible alarm on
the premises within 5 min after such flow begins and until
such flow stops.

8242 Aworking test of the dry pipe valve alone, and with
a quick-opening device, if installed, shall be made by open-
ing the inspector’s test connection. The test shall measure
the time to trip the valve and the time for water to be dis-
charged from the inspector’s test connection. All tmes shall
be measured from the time the inspector’s test connection is
completely opened. The results shall be recorded using the
Contractor's Material and Test Certificate for Aboveground
Piping.

8243 The automatic operation of a deluge or preaction
valve shall be tested in accordance with the manufacturer’s
instructions, The manual and remote control operation,
where present, shali also be tested.

8.2.44 The main drain valve shall be opened and remain
open until the system pressure stabilizes. The static and
residual pressures shall be recorded on the contractor’s test
certificate.

825 Fach pressure-reducing valve shall be tested upon
completion of installation Lo ensure proper operation under
fiow and no-flow conditions. Testing shall verify that the
device properly regulates outlet pressure at both maximum
and normal inlet pressure conditions. The results of the flow
test of each pressure-reducing valve shall be recorded on the
contractor's test certificate. The results shall include the
static and residual inlet pressures, static and residual outlet
pressures, and the flow rate.

826 The backflow prevention assembly shall be forward
flow tested to ensure proper operation. The minimum flow
rate shall be the system demand, including hose stream
demand where applicable.

8.2.7 Operating tests shall be made of exposure protection
systemns upon completion of the installation, where such tests
do not risk water damage to the building on which they are
installed ot to adjacent buildings.

8-3 Circulating Closed Loop Systems. For sprinkler sys-
tems with nonfire protection connections, additional infor-
mation shall be appended to the Contractor's Material and
Test Certificate shown in Figure 8-1(a} as follows:

{a} Certification that all auxiliary devices, such as heat
pumps, circulating pumps, heat exchangers, radiators, and
luminaries, if 2 part of the system, have a pressure rating of
at least 175 psi or 300 psi (12.1 or 20.7 bars) if exposed 10
pressures greater than 175 psi {12.1 bars).

(b) All components of sprinkler system and auxiliary sys-
tem have been pressure tested as a composite system in
accordance with 8-2.2. )

{c) Waterflow tests have been conducted and waterflow
alarms have operated while auxiliary equipment is in each of
the possible modes of operation.

(d) With auxiliary equipment tested in each possible
mode of operation and with no flow from sprinklers or test
connection, waterflow alarm signals did not operate.

(e} Excess temperature controls for shutting down the
auxiliary system have been properly field rested.

8-4 Instructions.

8.4.1 The installing contractor shall provide the owner
with:

{2} All literature and instructions provided by the manu-
facturer describing proper operation and maintenance of
any equipment and devices installed.

(b} Publication titled NFPA 25, Standard for the Inspection,
Testing, and Maintenance of Water-Bused Fire Protection Sysems.
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Contractor's Material and Test Certificate for U nderground Piping

PROCEDURE :

UponWetinno!mdc.medmand tasis smnbemdebymcmumfsropumﬁve and witnessed by BN OWnars

reprasentative. Al delects shal b corrected and system laft in service belore eontractor's parsonnet Grady ieave the ok,

A certificate shalt be e out and signed by both reprasentatives. Copies ghali be preparad tor approving suthorities, owners, &

cortractor. itis the pwner's representative’s signature in no way prejudices any claim against contractor for tauity matenal, poor

workmanship, or fallure 10 comysly with approving guthomy's requirements of jocal ordinances.,

PROPERATY NAME DATE

PROPERTY ADDRESS
ACCEPTED BY APPROVING AUTHORITIES {NAMES)
ADDRESS

PLANS

INSTALLATION CONFORMSE TO ACCEPTED PLANS D YES {1 ND
EQUIPMENT USED IS APPROVED 3 ves {1 wno
1F NO, STATE DEVIATIONS
HAS PERSON IN CHARGE OF FIRE EQUIPMENT BEEN INSTRUCTED AS jyes [T w
TO LOCATION OF CONTROL VALVES AND CARE AND MAINTENANCE
OF THIS NEW EQUIPMENT?
1 ND, EXPLAIN

INSTRUCTIONS
HAVE COPIES OF APPROPRIATE INSTRUCTIONS AND CARE AND [hves [InNO
MAINTENANCE CHARTS BEEN LEFT ON PREMISES?
IF NO, EXPLAIN

LOCATION SUPPLIES BUILDINGS

PIPE TYPES AND CLASS TYPE JOINT
PIPE CONFORMS TO STANDARD 0 ves [ no

npensmouno [TTTHES SO STANDAD D O

PIPES AND '
JOINTS .
JOINTS NEEDING ANCHORAGE CLAMPED. STRAPPED, OR BLOCKER IN £ ves 71 no
ACCORDANCE WITH STANDARD
IF NG, EXPLAIN
. Fiow the required rate unti water is clear 85 indicated Dy no collection of foraign material in buriap bags at
gutiets such as hydrants and blow-oHts. Flush at ows not less than 390 GPM (1476 LAnin) for d-inch pipe, BBO GPM
{3331 Lsmin} for Ginch pipe, 1560 GPM {5905 Umin) for g-inch pipe. 2440 GPM {8235 Limin)} tor 10-inch pipe, and 3520
GPM (13323 Limin) for 12-inch pipe. When supply cannot produce stipulated How rates, obigin MEXmuMm wvadabie.
HYDROSTATIC: Hydrosiatic tests shall be made st not less than 200 psi (13.8 bars) fof two haurs of 50 psl (3.4 bars)
TeQT above StRUC prassure in excess of 150 psi {10.3 bars} {or wo honars.

DESCRIPTION LEAKAGE: Maw pipe lnid with nubber pasketed joints stall, # the workmanship is satisfactory, have liftie of N0 leakage at
the oints. The smount of leakage at the joints shall not exceed 2 gts. per hr. {1.89 /) per 100 joints irrspectiva of pips
diameter. The leakage shall be distributed over alf joints. 1t such leakage occurs ata {ew joints the instaliation shail be
considered unsatistactory and necessary repairs made. The amount of allowalie leskage specified above may be
increased by 1 fi oz per in. vaive diameter per hi. (30 ml/25 mm/h) for each metal seated vaive isolating tha test section,
H dry barrel hydrants aré tested with the main valve open, 50 the trydrants Are undar pressure, an additionai 5 o per
minute {150 miimin} wakage is parmittad for each hydrant.

NEW UNDERGROUND PIPING FLUSHED ACCORDING TO 3 ves I no

. STANDARD BY (COMPANY}
IF NO, EXPLAIN
HOW FLUSHING FLOW WAS OBTAINED THROUGH WHAT TYPE OPENING
nggga [CJpuBLIC WATER [_]TANK DR RESERVOLR (CFme puMp | ] HYDRANY BUTT [ JOPEN PIPE

" EAD-INS FLUSHED ACCORDING TO STANDARD BY (COMPANY) C1ves [JNO
IF NO, EXPLAIN

HOW FLUSHING FLOW WAS OBTAINED THRAQUGH WHAT TYPE OPENING
C3puBLIC WATER []TANK OR RESERVOIR [Clrre pume | () Y CONN.TO FanNGE [ JOPEN PIPE

& S5PGOT
Figure 8- 1(b) Part i




MARINE SYSTEMS

13-79

"ALL NEW UNDERGROUND PIPING HYDROSTATICALLY TESTED AT JOINTS COVERED
HYDROSTATIC
TEST i PSI FOR HOURS [ ves ) no
i
TOTAL AMOUNT OF LEAKAGE MEASURED
1EAKAGE GALS. HOURS
TEST ALLOWABLE LEAKAGE
GALS. HOURS
NUMBER INSTALLED TYPE AND MAKE ALL OPERATE SATISFACTORILY
HYDRANTS ¥
N 1 yes 1 NO
WATER CONTROL VALVES LEFT WIiDE OPEN Myes [INO
CONTROL IF NO), STATE REASON
VALVES
HOSE THREADS OF FIRE DEPARTMENT CONNECTIONS AND HYDRANTS T ves [ NO
INTERCHANGEABLE WITH THOSE OF FIRE DEPARTMENT ANSWERING ALARM
DATE LEFT IN SERVICE
REMARKS
NAME OF INSTALLING CONTRACTOR
SIGNATURES TESTS WITNESSED BY
FOR PROPERTY OWNER (SIGNED) l TITLE ! DATE
FOR INSTALLING CONTRACTOR (SIGNED) i TITLE ‘ DATE
ADDITIDNAL EXPLANATION AND NOTES

Figure 8-1(8) Part 2.

8-5* Hydraulic Design Information Sign. The installing
contracior shall identify 2 hydraulically designed sprinkler
system with a permancntly marked weatherproof metal or
rigid plastic sign secured with corrosion-Tesistant wire,
chain. or ather approved means. Such signs shall be placed
at the alarm valve, dry pipe valve, preaction valve, or deluge
valve supplying the corresponding hydraulically designed
area. The sign shall include the following information:

{2} Location of the design area or areas.

{b) Discharge densities over the design area or areas.

(c) Required flow and residual pressure demand at the
base of niser.

(d) Occupancy classification or commadity classification
and maximum permitted storage height and configuration.

(¢} Hose stream demand included in addition to the
sprinkler demand.

8.6 Circulating Closed Loop Systems. Discharge tests of
sprinkler systems with nonfire protection connections shall
be conduded using system test connections described in
9.7.9_ Pressure gauges shall be installed at critical points and
readings taken under various modes of auxiliary equipment
T n. Waterflow alarm signals shall be responsive to
discharge of water through system test pipes while auxiliary
equipment is in each of the possible modes of operation.

Chapter 9 Marine Systems

9.1 General. This chapter outlines the deletions, modifi-
cations, and additions that are necessary for marine applica-
tion. All other requirements of this standard shali apply to
merchant vessel systems except as modified by this chapter.

9-1.1 The foliowing definitions shall be applicable to this
chapter,

A-Class Boundary. A boundary designed to resist the
passage of smoke and flame for 1 hr when tested in accor-
dance with ASTM E 119, Standard Test Methods for Fire Tests
of Building Construction and Materials.

B-Class Boundary. A boundary designed to resist the
passage of flame for Yz hr when tested in accordance with
ASTM E 119, Standard Test Methods for Fire Tests of Building
Construction and Malerials.

Central Safety Station. A continuously manned control
station from which all of the fire control equipment is moni-
tored. If this station is not the bridge. direct communication
with the bridge shall be provided by means other than the
ship's service telephone.

Heat-Sensitive Material.*

A material whose melting
puoint is below 1700°F {926.7°C). -

Heel. The inclination of a ship to one side.
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Heel Angle. The angle defined by the intersection of a
vertical line through the center of a vessel and a line perpen-
dicular to the surface of the water. .

Interpational Shore Connection* A universal connec-
tion complying with ASTM Fll2l, to which shoreside fire-
fighting hoses are 10 be connected.

Marine Thermal Bacrier,* An assembly that is con-
structed of noncombustible materials and made intact with
the mam structure of the vessel, such as sheli, soructural
pulkheads, and decks. A marine thermal barrier shall meet
the requirements of a B-Class boundary. In addition, a
marine thermal barrier shall be insulated such that. if tested
in accordance with AST! M E 119, Standard Tesl Methads for
Fire Tests of Building Construction and Materials, for 15 min,
the average temperamure of the unexposed side does not rise
more than 250°F (193°C) above the original temperature,

nor does the temperature at any onc point, including any

joint, risc more than 405°F (225°C) above the ariginal
temperature.

Supervision. A visual and audible alarm signal given at
the central safety station to indicate when the system is in
operation or when 2 condition that would impair the satis-
factory operation of the system exists. Supervisory alarms
shall give a distinct indication for each individual system
component that is monitored.

Survival Angle. The maximum angle to which a vessel is
permitted to heel after the assumed damage required by sta-
bility regulations is imposed.

“Type 1 Stair. A fully enclosed stair that serves all levels
of 2 vessel in which persons may be employed.

Water Supply. The supply portion of the sprinkler sys-
tem from the water pressurc tank or the sea suction of the
ignated sprinkler system pump up to and including the
valve that isolates the sprinkler system from these (wo waier
SOUTCes.

9.1.2% Occupancy Classifications. Marine environment
assifications shall be in accordance with 1-4.7.

g.13% Partial instaliation of automatic sprinklers shall not
be permitted.

Exreption No. 1:  Spaces shall be permitted to be protected with an
alternative, approved fire suppression sysiewt where such areas are
separated from the sprinklered areas with a I-hr-rated assembly.
Exception No. 2 Where specific sections of this standard permit
the omission of sprt

9.2 System Components, Hardware, and Use.

9.2.1* A sprinkler orifice shail not be less than a nominal
¥ in. (9.5 mm) in size. Sprinklers shall have a discharge
cocficient greater than 2.9, The minimum operatng pres-
sure of any sprinkler shall be 10 psi (68.9 kPa).

922+ Sprinkler piping penetrations shall be designed to pre-
scrve the fire iniegrity of the celling or bulkhead penetrated.
9.2% Spare Sprinklers.

6.23.1 “The required stock of spare sprinklers shall be car-
ried for cach type of sprinkier installed onboard the vessel.
Where fewer than six sprinklers of a particular type are

insialled, 100 percent spares shall be kept in stock. Where
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applicable, at lcast oné elastometric gasket shall be kept in
the cabinet for cach fire department connection that is
installed onboard the vessel.

§.2.3.2 The cabinet containing spare sprinklers, special
wrenches, and clastometric gaskets shall be located in the

same central safety station that conuains the alarm annundi-
ator panel(s) and supervisory indicators.

9.2.4 System Pipe and Fittings.

9.2.4,1 All the materials listed in Tables 2-3.1 and 2-4.1
shall be acceptable for use except Brazing Filler Metal (AWS
A5.8). Where ferrous materials are subjected to salt water,
the materials shall be protected against corrasion by hotdip
galvanizing or by the use of extra heavy schedule material.

9.2.42 Maximum design pressure for copper and brass
pipe shall not exceed 260 psi (1722 kFa).

9.2.4.3 Materials other than those meeting the require-
ments of Table 2-3.1 or Table 2-4.1 shall be permitted to be
installed in wet automatic sprinkler systems in accordance
with their listing, subject to the following restrictions:

() Portions of a system that are constructed from heat-
sensitive materials shall be installed behind a marine ther-
mal barrier.

{by* Piping materials shall be listed far the intended ser-
vice and instailed according to the jisting requirements.

§.2.5 Fipe Support.
9-2.5.1*

{a) Pipe supporis shall be designed to provide adequate
fateral, longitudinal, and vertical sway bracing. The design
shall account for the degree of bracing, which varies with the

route and operation of the vessel. Bracing shall be designed
10 ensure that:

Pipe supports shall comply with the following:

1. Stamming, heaving, and rolling will not shift sprin-
kler piping, potentially moving sprinklers above ceilings,
bulkheads, or other obstructions.

2. Piping and sprinklers will remain in place at a steady
heel angle at least equal to the maximum required damaged
survival angle.

(b) Pipe supports shall be welded to the structure, Hang-
ers that can loosen during ship motion or vibration, such as
%crew-down-type hangers, shall not be permitted.

Exception to (b):  Hangers that are listed for seismic use sholl be
permilted 1o be wsed in accordance with their listing.

9.252 Sprinkler piping shall be supported by the primary
structural members of the vessel such as beams, girders, and
stiffeners.

§.2.5.3* The components of hanger assemblies that arc
welded directly to the ship strucure are not required to be
listed.

§.9.54% U-hook sizes shall be no less than that specified in

1 Table 2-6.4.1.

9-2.6 Valves.

9.2.6.1* All indicating, supply, and zonc control valves
shall be supervised open from a central safety station.

9.2.6.2 Drain and test vaives shall meet the applicable

requirements of 46 CFR 56.20 and 56.60.
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9.2.6.3 Valve markings shall include the information
required by 46 CFR 56.20-5(2).

9.2.7 Fire Department Connections and Internstional
Shore Connections.

6.2.7.1* A fire department connection and an Interna-
tional Shore Connection shall be installed.

Exception:  Fire department connections shall not be required on
vessels that operate primanly on international voyages.

9.2.73 Connections shall be located near the gangway or
other shore access point so that they are readily accessible to
the Jandbased fire department. Fire department and inter-
national shore connections shall be colored and marked so
that the connections are easily located from the shore access
point (i.c., gangway Jocation) and will not be confused witha
firemain connection. An 18 X 18 in. (0.46 x 0.46 m} sign
displaying standard symbol 4.9.1 of NFPA 170, Standard for
Fire Safety Symbols, shall be placed at the connection so that it
is in plain sight from the shore access point. Connections on
both sides of the vessel shall be provided where shore access
arrangements make it pecessary.

9.2.7.3* Fire department connection thread type shall be
compatible with fire department equipment.

9.3 System Requirements.
9.5.1* Relief Valves. Relief valves shall be provided on all
wet pipe sysicmns.

9.3.2 Spare Detection Devices. The number of spare
detection devices or fusible elements used for protection
systems that shall be carried per temperature rating is as
follows:

(a) Vessels shall have 2 spare detection devices or fusible
elements when operating voyages arc normally less than
24 hr.

(b) Vessels shall have 4 spare detection devices or fusible
elements when operating voyages are normally more than
24 hr.

9.33 System Piping Supervision. All preaction sprinkler
systems shall be supervised regardless of the number of
sprinklers supplied.

9.3.4 Circulating Closed Loop Systems. Circulating
closed loop systems shall not be permitted.

9.4 Instalizfion Reguirements.

9.4.1 Tempersture Zones. Intermediate-temperature-
rated sprinklers shall be installed under a noninsulated steel
deck that is exposed to sunlight.

9.42* Residential Sprinkiers. Residential sprinklers shall
be permitted for use only in sieeping accommodation areas.

9.4.3 Window Protection, Where required., windows shall
be protecied as outlined below:

(a) Sprinklers shall be installed at a distance not exceed-
ing 1 f1 (0.3 m) from the glazing at a spacing not exceeding
6 ft {1.8 m) such that the entire glazing surface is weited at a
linear density not Jess than 6 gpm/fi (75 Lpm/m).

Excedtion:  Window sprinkler protection systems installed in accor-
dance with their instaliction and lesting cnileria.

9-4.4* Concealed Spaces. Concealed spaces that are con-
structed of combustible materials, or materials with combus-
tible finishes or that contain combustible materials, shall be
sprinklered.

Exception: Spaces that contain only nonmetallic piping that is
continuously filled with waler are nol required to be sprinklered.

9-4.5 Vertical Shafts.

9.4.5.1 Sprinklers are not required in vertical shafts used
as duct, electrical, or pipe shafts that are nonaccessible, non-
combustible, and enclosed in an A-Class-rated assembly.

9-45.2 Stairway enclosures shall be fully sprinkiered.

9.4.6 Bath Modules. Sprinklers shall be installed in bath
modules (full room modules) constructed with combustible
materials, regardless of room fire load.

9.4.7 Ceiling Types. Drop-out ceilings shall not be used
in conjunction with sprinklers.

9-4.8 Return Bends. To prevent sediment buildup.
return bends shall be installed in all shipboard sprinkler sys-
tems where pendent-type or dry pendent-type sprinklers
are used in wet systems. {See Figure 4-13.17.} Consideration
shall be given concerning the intrusion of saltwater into the
system, Specifically, sprinklers shall not be rendered ineffec-
tive by corrosion related to saliwater entrapment within the
return bend.

9.4 Hose Connections. Sprinkier system piping shall
not be used to supply hose connections or hose connections
for fire department use.

9-4.10* Heat-Sensitive Piping Materials,

9.4,10.1 Portions of the piping system constructed with a
heat-sensitive material permitted by 9-2.4.3 shall be subject
(o the following restrictions:

{a} Piping shalibe of non-heat-sensitive type from the sea
suction up through the penetration of the last A-Class bar-
rier enclosing the space(s) in which the heat-sensitive piping
is installed.

(b} B-Class draft stops shall be fitted not more than 45 ft
{13.7 m) apart between the marine thermal barrier {s¢¢ defi-
nitions) and the deck or shell.

0.4.10.2 Each zone in which heat-sensitive piping is used
{under the provisions of 9-2.4.3) shall be fitted with a valve
capable of segregating that zone from the remainder of the
system. The valve shall be supervised and shall be located
within a constantly attended control station or Type 1 stair.

9-4,11 Discharge of Drain Lines.

§.4.11.1 Drain lines shall not be connected to housckeep-
ing, sewage, or deck drains. Drains shall be permitied to be
discharged to bilges. Overboard discharges shall meet the
requirements of 46 CFR 56.50.95 and shall be corrosion
resistant in accordance with 46 CFR 56.60. Systems that con-
tain water additives that are not permitted to be discharged
into the environment shall be specally designed to prevent
such discharge.

9.4.11,2 Discharges shall be provided with a down-turned
elbow, .
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9.4.12 Alarm _Signa!s and Devices.

§-4.12.1* A visual and audible alarm signal shall be given
at the cenural safety station to indicate when the system is in
operation or when 2 condition that would impair the satis-
factory operation of the system eXists. Alarm signals shall be
pravided for, but not limited to, each of the following: mon-
itoring position of control valves, fire pump power suppiies
and operating condition, water tank levels and tempera-
(ures, tone water flow alarms, pressutre of tanks, and air
pressure on dry-pipe valves. Alarms shall give a distinct indi-
cation for cach individual system component that is moni-
tored. An audible alarm shall be given at the central safery
<tation within 30 sec of water flow.

9.412.2 Watcrflow alarms shalf be installed for every zone
of the sprinkler systemi. Sprinkler zones shail not encompass
more than two adjacent decks or encompass more than one
main vertcal zone. :

9.4.12.3 Elecrrically operated alarm attachments shall
comply with, mect, and be installed in accordance with the
requirements of 46 CFR, Subchapter ] (Electrical Engineer-
ing). All wiring shall be chosen and installed in accordance
with 1EEE 43, Marine Supplement.

9-4.13 Test Connections. Where test connections are
belaw the bulkhead deck, they shall comply with the over-
board discharge arrangements of 46 CFR 56.50-93.

9.5 Design Approaches.

9.5.1 Design Options. Marine sprinkler systems shall be
designed using the hydraulic calculation procedure of
Chapter 5. The pipe schedule method shall not be used o
determine the water demand requirements.

9.5.2* Window Protection, Minimum water demand
requiTements shall include sprinklers that are installed for
the protection of windows as described in 9-4.3.

9.53* Hose Stream Allowance. No allowance for hose
siream use is reguired.

9-6 Water Supplies.

9.6.1 General. Thewater supply requirements for marine
applications shall be in accordance with Secton 9-6.

9.65.2 Pressarc Tank.

9.6.2.1 A pressurc tank shall be provided. The pressure
sank shali be sized and constructed so that:

{2) The unk shall contain a standing charge of fresh
water equal to that specified by Table 9-6.2.1.

(b} The pressure tank shall be sized in accordance with
72.5.2.

(¢) A glass gauge shall be provided 1o indicate the correct
level of water within the pressure ank.

(d) Arrangements shall be provided for maintaining an
air pressure in the tank such that, while the standing charge
of water is being expended, the pressure will not be less than
thiat necessary to provide the design pressure and flow of the
hydraulically most remoie design area.

(¢} Susitable means of replenishing the air under pressure and
the fresh water standing charge in the tank shall be provided.

) Tank construction shall be in accordance with the
applicable requirements of 46 CFR, Subchapter F (Marine
Enginccﬁng)-
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Exception: In liew of a pressure tank, a dedicated pump connecied
to a fresh water tank shall be permitted to be used provided:

(a) The pump is listed for marine use and is sized lo meet the
required system demand; :

(b) The suction for the fire pump is located belout the suction for
the fresh water systemt 50 that there shall be @ mintmum waler supply
of at least 1 min for the required system demand,;

(¢} Pressure swilches are pravided i the system and the control-
ler for the pump thal aufomatically start the pump within 10 sec
after detection of & pressure drop of more than 3 percent;

(d) There shall be a reduced pressure zone backflow preventer 10
prevent contamination of the potable water systemt by salt water; and

(e) There are at least fuo SOUTCES of pewer for this pump. Where
the sources of power are elecirical, these shall be a main generalor
and an emergency source of power. One supply shall be taken from
the main switchboard, by separale feeder reserved solely for that pur-
pose, This feeder shall be run o an auiomatic change-over suritch
ituated near the sprinkler unil and the switch shall normally be kept
closed 1o the feeder from the emergency switchboard. The changeover
switch shall be clearly labeled and no other switch shall be permilted
in these feeders.

Table 9.62.1 Required Water Supply

System type Additional Water Volume

Wet pipe sysiem

Flow requirement of the hydraulicalty most
remote sysiem demand for anc minue.

Flow requirement of the hydraulically most
remote system demand for one minute of sys-
tem demand plus the volume needed tw Bl ail
dry piping-

Preaction svster

Deluge system

9.6.2.2 Relief valves shall be installed on the tank to avoid
averpressurization and False actuation of any dry pipe valve.
Relief vaives shall comply with 46 CFR 54.15-10,

Dry pipe system

9.6.2.3 There shall be not less than two sources of power
for the compressors that supply air to the pressure tank.
Where the sources of power are electrical, these shall be a
main generator and an emergency source of power, One
supply shall be taken from the main switchboard, by sepa-
rate feeders reserved solely for that purpose. Such feeders
shall be run 0 3 changeover switch situated near the air
compressor, and the switch normally shall be kept closed 10
the fecder from the emergency switchboard. The change-
over switch shali be clearly labeled, and no other switch shall
be permitted in these feeders.

9.6.2.4 More than one pressurc ank can be installed pro-
vided that each is treated as a single water source when deter-
mining valve arrangements. Check vatves shall be instafled to
prohibit flow from tank to tank or from pump to tank.

Exceplion: Arrangements where & tank is designed to hold only
pressurized air.

9.6.2.5 Insystems subject to use with saltwater, valves shall
be so arranged as {0 prohibit contamination of the pressure
rank with saltwater.

§-6.2.6* Where applicable. 2 means shall be provided to
restrict the amount of air that can enter the pressure tank
from the air supply sysiem- A means shall also be provided to
prevent water from backflowing into the atr supply system.
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8.5.3 Fire Pump.

8.53.1 A dedicated, automatically controlied pump that is
tisted for marine service, which takes suction from the sea,
shall be provided 1o supply the sprinkler sysiem. Where two
pumps are required to ensure the reliability of the water
supply, the pump that supplies the fire main shall be allowed
10 serve as the second fire pump.

0.63.2 The pump shall be sized to meet the water demand
of the hydraulically most demanding area. Pumps shall be
designed 1o not exceed 120 percent of the rated capacity of
the pump.

9633 The sysiem shall be designed so that, before the
supply falls below the design eriteria, the fire pump shall be
automatically started and shall supply water 1© the system
until manually shut off.

Exception: Where pump and fresh water tank arrangement is used
in Diew of the pressure lank, there must be @ pressure suileh that
senses o system pressure drop of 25 percent, and the controller must
automatically siart the fire pump(s) if pressure ts not restored within
20 sec.

9.6.3.4 There shall be not less than twe seurces of power
supply for the fire pumps. Where the sources of power are
electrical, these shall be 2 main generator and an emergency
source of power. One supply shall be taken from the main
switchboard, by separate feeders reserved solely for that
purpuse. Such feeders shall be run to & changeover switch
situated near to the sprinkler unit and the switch normally
shall be kept closed to the feeder from the emergency
switchboard. The changeover switch shali be clearly labeled
and no other switch shall be permitied in these feeders.

5535 A test valve(s) shall be installed on the discharge
side of the pump with a short open-ended discharge pipe.
“The area of the pipe shall be adequate o permit the release
of the required water output 1o supply the demand of the
hydraulically mos1 remaote area.

9.636 Where two fire pumps are required to ensure the
reliability of the water supply, cach fire pump shall meet the

irements of 9-7.1.1.7, exception items (a) through {(d),
above. 1n addition. a system that is requived to have more
than one pump shall be designed to accommodate the fol-
jowing features

_ {ay* Pump controls and system sensors shall be arranged
such that the secondary pump will automatically operate if
the primary pump fails to operate or deliver the required
waler re and flow. (Figure A-9-7.1.2.6(a) is an example
of an acceptable dual pump arrangement.)

(b) Both pumps shall be served from normal and emer-
gency power sources. However, where approved by the
authority having jurjsdiction, the secondary pump shall be
permitted to be non-electrically driven.

(¢) Pump Eilure or operation shall be indicated at the
central safety station.

9.63.7 1f not specifically prohibited, the fire pump that
supplies the fire main is permitted to be used as the second

pump provided that: (See Figure A-9-6.3.7).

@) The pump is 2dequately sized 10 meet the required
fire hose and sprinkler system pressurc and flow demands
simuitaneously;

(b} The fire main system is segregated from the sprinkler
system by a normally closed valve that is designed to automat-
cally open upon failure of the designated fire pump: and

{¢) The fire pump that supplics the fire main is automati-
cally started in the event of dedicated fire pump failure or
loss of pressure in the sprinkler main.

9-6.4 Water Supply Configurations.

8.64.1 The pressure tank and fire pump shall be located
in a position reasonably remote from any machinery space
of Category A

9.6.4.2 All valves within the water supply piping system
shall be supervised.

9-6.4.3 The sprinkler sysiem shall be cross-connected with
the ship's fire main system and fitted with 2 lockable screw-
down nonrewurn valve such that backflow from the sprinkler
system to the fire main is prevented.

9-6.4.4 The piping, tanks, and pumps that make up the
water supply shall be installed in accordance with the
applicable requirements of 46 CFR, Subchapter F (Marine
Engineering).

9.6.4.5* When a shore water supply is to be used during
extended dockside periods, the water supply shall be quak-
fied in the manner described in 7-2.1. Tests shall be con-
ducted in accordance with the requirements of the local
shore-based authority having jurisdiction. The water supply
information listed in Section 6-3 shall then be provided to
the authority having jurisdiction.

9.7 Plans and Calculations.

9.7.1 Additional Information. The pressure tank size,
high pressure relief setting, high and low water alarm set-
tings, low pressure alarm setting, and pump start pressure
shail be provided.

9-7.2 Sprinkiers specifically installed for the protection of
windows under 9-4.3 are permitted to be of a different size
from those protecting the remainder of the occupancy clas-
sification. All of the window sprinklers, however, shall be of
the same size.

9.8 System Acceptance.

9.8.1 Hydrostatic Tests. In addition to the interior pip-
ing, the test required by 8-2.2.3 shalt also be conducted on
all external water supply connections including interna-
tionat shore and fireboat connections,

6.8.2 Alarm Test. A waterflow test shall result in an alarm
at the central safety station within 30 sec after flow through
the test connection begins.

9.8.3 Operational Tests. Pressure tank and pump opera-
tion, valve actuaton, and water flow shall also be tested.
Pump operation and performance shall be tested in accor-
dance with Chapter 11 of NFPA 20, Standard for the Installa-
tion of Cenirifugal Fire Pumps.

9.9 Systern Maintenance.
9.9.1 Periodic Inspection, Test, and Maintenance.

9.9.1.1 Sprinkler systems shall be inspected, tested, and
maintained in accordance with Chapter 2 of NFPA 25, Stan-
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dard for the Inspection, Testing, and Mainlmance of Waler-Based
Fire Protection Systems.

9.9.1.2 Sprinkler pumps and any fire pumps that are
cross-connected to the sprinkier system shall be inspected,
tested, and maintained in accordance with Chapter 5 of
NFPA 25, Standard for the Inspection, Testing, and Maintenance
of Waler-Based Fire Protection Systems.

9.9.13 The pressure tank shalt be inspected, tested, and
maintained in accordance with 46 CFR, Subchapter F,
Marine Engineering and Chapter & of NFPA 23, Standard for
the Inspection, Testing, and Maintenance of Waler-Based Fire Pro-

lection Systems.

9.0.1.4 System valves, international shore connections,
and fire department connections shall be inspected, tested,
and maintained in accordance with Chapter 9 of NFPA 25,
Standard for the Inspection, Testing, and Maintenance of Water-
Based Fire Protection Systems.

8.9.1.5% Instructions for operation, inspection, mainte-
nance, and testing shall be kept in the cabinet contining the
spare sprinklers.

9.9.1.6 Impairments to the sysiem shall be handled in
accordance with Chapter 11 of NFPA 25, Standard for the
Inspection, Testing, and Matntenance of Water-Based Fire Protec-
tion Systems, cxcept that inspections, maintenance, and test-
ing shall not be conducted when the vessel is at sea.
Fxtended periods of impairment shall not be scheduled for
periods when passengers or carga are onboard the vesscl.
Log entries shall be made whenever a system impairment
occurs o is removed. In addition, shipboard fire-fighting
personnel shail be anboard the vessel and notified whenever
poriions of the sysiem are impaired.

99.1.7 A separate card or booklet with tabulated spaces
for the date and signature of the licensed officer of the vessel
who shall witness or conduct inspections, maintenance, and
tests shall also be kept in the cabinet containing the spare
sprinklers.

9018 Fresh water wet pipe systems that have had sea
water introduced into the pipe netwark shall be flushed with
fresh water within 45 days. '

Exception:  Flushing the pipe network at the vessel’s next port of

call shall be permitted when the vessel’s veyage is longer than 45 days.

Chapter 10 System Maintenance

10.1 Gencral

10-1.1* A sprinkler system instalied in accordance with this
standard shall be properly inspected, tested, and maintained
i accordarnce with NFPA 25, Standard for the Inspection, Test-
ing. and Matatenance of Water-Based Fire Protection Sysiems, to
provide a1 least the same level of performance and protec-
tion as designed. The owner shall be responsible for main-
taining the system and keeping the system in good operating
condinon.
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Chapter 11 Referenced Publications

11-1 The following documents or portions thereof are ref-
erenced within this standard and shall be considered part of
the requirements of this document. The edition indicated
{or each reference is the current edition as of the date of the
NFPA issuance of this document.

11-1.1 NEPA Publications. National Fire Protection Asso-
ciation, 1 Batterymarch Park, P.O. Box 810¥, Quincy, MA
02269-9101.

NFPA 13D, Standard for the Insiallation of Sprinkler Systems
in One- and Two-Family Duwellings and Manufactured Homes,
1996 edition.

NFPA L3R, Standard for the Installation of Sprinkler Systems i
Residential Occupancies up to and Including Four Stories in
Height, 1996 edition.

NEPA 14, Standard for the Installation of Standpipe and Haose
Systems, 1996 edition.

NFPA 20, Standard for the Installation of Centrifugal Fire
Pumps, 1996 edition.

NFPA 22, Standard for Water Tanks for Private Fire Proter-
tion, 1996 ediion.

NFPA 24, Standard for the Installation of Private Fire Service
Mains and Their Appurtenances, 1995 edition.

NEPA 25. Standard for the Inspection, Testing, and Mainte-
nance of Water-Based Fire Protection Systems, 1995 edition.

NEPA 51B, Standard for Fire Prevention in Use of Cutting and
Welding Processes, 1994 edition.

NEPA 70, National Electrical Code, 1996 edition.

NFPA 72, National Fire Alarm Code, 1996 edition.

NFPA 170, Standard for Fire Safety Symbols. 1696 edition.

NEPA 231, Standard for Geneval Storage, 1935 edition.

NFPA 931G, Standard for Rack Storage of Materials, 1995
edition.

NEPA 951, Standard Methods of Tests of Fire Endurance of
Building Censtruction and Materials, 1995 edition..

111.2 The following NFPA codes, standards, and recom-
mended practices contain specific sprinkler design criteria.

NFPA 13D, Standard for the Installation of Sprinkler Systems
in Ome- and Two-Family Dwellings and Manufactured Homes,
1996 edition.

NEPA 13R, Standard for the insiallation of Sprinkler Systems
in Residential Occupancies up to and Includmg Four Stories o
Hright. 1996 edition.

NEPA 15, Standard for Water Spray Fixed Sysiems for Fire
Protection, 1996 edition.

NFPA 16, Standard on Deluge Foam- Water Sprinkler and
Foam-Water Spray Systems, 1995 edition.

NFPA 30, Flammable and Combustible Liquids Code, 1996
edmnion.

NEPA 308, Code for the Manufaciure and Storage of Aerosol
Products, 1994 edition.

NEPA 33, Standard for Spray Application Using Flammable
and Combustible Materials, 1995 edition.

NEPA 34, Standard for Dipping and Coating Processes Using
Flammable or Combustible Ligutds, 1993 edition.
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NFPA 35, Standard for the Manufacture of Organic Coatings,
1995 edition.

WFPA 40, Standard for the Storage and Handling of Cellulose
Nitrate Motion Picture Film. 1994 edition.

NFPA 40E, Code for the Storage of Pyroxylin Plastic, 1993
edition

NFPA 43B, Code for the Storage of Organic Peroxide Formu-
Iations, 1993 edition.

NEPA 45, Standard on Fire Protection for Laboratories Using
Chewmicals, 1996 edition.

WFPA 51, Standard for the Design and Installation of Oxygen-
Fuel Gas Systerss for Welding, Cutting, and Allied Processes, 1992
edition.

NEPA B1A, Standard for Acetylene Cylinder Charging Planis.
1996 edition.

NEPA 58, Standard for the Storage and Handling of Liquefied
Petrolenm Gases, 1995 edition.

NFPA 61, Standard for the Prevention of Fires and Dust Explo-
sions in Agricultural and Food Products Facilities, 1995 edition.

NFPA 75, Standard for the Protection of Electronic Computer/
Data Processing Equipment, 1995 edition.

NFPA 82, Standard on Incineralors and Waste and Linen
Handling Systems and Equipment, 1994 edition.

NFPA 86, Standard for Guens and Furnaces, 1995 edition.

NFPA B6C, Standard for Industrial Furnaces Using a Special
Processing Atmosphere, 1995 edition.

NFPA 88B, Standard for Repair Garages, 1991 edition.

NFPA 89, Standard for Health Care Facilities, 1996 edition.

NEPA 99B, Standard for Hypobaric Facilities, 1996 edition.

NEPA J0I®, Life Safety Code®, 1994 edition.

NFPA 120, Standard for  Coal Preparation  Plants,
1994 edition.

NFPA 122, Standard for Fire Prevention and Control in
Underground Melal and Nonmetal Mine, 1995 edition.

NFPA 123, Standard for Fire Prevention and Control in

ud Bituminous Coal Mines, 1995 edition.

NFPA 130, Standard for Fixed Guideway Transit Systems,
1995 edition.

NFPA 150, Standard on Fire Safety in Racetrack Stables, 1995
edition.

NFPA 214, Standard on Water-Cooling Towers, 1996 edition.

NFPA 231, Standard for General Stovage, 1995 edition.

NEPA 281C. Standard for Rack Storage of Materials, 1995
edition.

NEPA 231D, Standard for Storage of Rubber Tires, 1994
edition.

NEPA 231E. Recommended Proclice for the Storage of Baled
Cottom, 1996 cdition. .

NFPA 231F, Stondard for Storage of Roll Paper, 1996
edition.

NEPA 282, Standard for the Protection of Records, 1995
edition.

NFPA 307, Standard for the Construction and Fire Protection
of Marine Terminals, Piers, and Wharves, 1995 edition.

NFPA 318, Standard for the Protection of Cleanrooms, 1095
edition.
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NFPA 409, Standard on Aireraft Hangars, 1695 edition.

NFPA 423, Standard for Construction and Protection of Air-
craft Engine Test Facilities, 1994 edidon.

NEPA 430, Code for the Storage of Liguid and Solid Onxidizers,
1995 edition.

NEPA 850, Recommended Practice for Fire Protection for Eler-
tric Generating Plants and High Voltage Direct Current Converter
Stations, 1996 edition.

NFPA 851, Recommended Practice for Fire Prolection for
Hydroelectric Generating Plants, 1996 edition.

NFPA 1931, Standard on Waler Supplies for Suburban and
Rural Fire Fighting, 1993 edition.
11-1.5 Other Publications.

11-1.8.1 ANSI Publications. American National Stan-
dards Instiate, Inc., 1450 Broadway, New York, NY 10018.

ANSI B1.20,1-1983, Pipe Threads, General Purpose {Inch).

ANSI B16.1-1889, Cast fron Pipe Flanges and Flanged
Fittings.

ANSI B16.5-1902, Malleable Iron Threaded Fillings.

ANSI B16.4-1992, Cast Jron Threaded Filtings.

ANSI B16.5-1088, Pipe Flanges and Flanged Fittings.

ANS1 B16.9-1993, Factory-Made Wrought Steel Buttwelding
Fittings.

ANSI B16.11-1991, Forged Steel Fittings, Socket-Welding and
Threaded.

ANSI B16.18-1984, Cast Copper Alloy Solder joint Pressure
Fittings.

ANSI B16.22-1995, Wrought Copsper and Copper Alloy Solder
Joint Pressure Futtings. )

ANSI B16.25-1992, Buttwelding Ends.

ANSI B36.10M-1995, Welded and Seamless Wrought Steel
Pipe.
11-1.5.2 ASME Publication. American Society of Mechan-
ical Engineers, 345 East 47th Street, New York, NY 10017,

ASME A17.1-1093, Safety Code for Elevators and Escalators.

11-1.3.3 ASTM Publications. American Society for Test-
ing and Materials, 1916 Race Street, Philadelphia. PA
19105. .

ASTM A 53-Rev. A-95, Siandard Specification for Pipe, Steel,
Black and Hot-Dipped, Zinc-Coated, Welded and Seamless,

ASTM A 135-1993, Standard Specification for Electric-
Resistance-Welded Steel Pipe.

ASTM A 2%84/A234M-Rev. B-95, Standard Sfm:iﬁcation for
Piping Fittings of Wrought-Carbon Steel and Alloy Steel for Mod-
erate and Elevated Temperatures.

ASTM A 795-1995, Standard Specification for Black and Hot-
Dipped Zine-Coated (Galvanized) Welded and Seamless Steel Pipe
for Fire Protection Use.

ASTM B 32-Rev. B-85, Standard Specification for Solder
Melal.

ASTM B 75-Rev. A-95, Standard Specification for Seamless
Copper Tube.

ASTM B 88-Rev. A-95, Standard Specification for Seamless
Copper Water Tube.
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ASTM B 251-1993. Standard Specification for General
Requirements for Wrought Seamless Copper and Copper-Alloy
Tube.

ASTM B 813-1893, Standard Specification for Liguid and
Paste Fluzes for Soldering Applications of Copper and Copper-
Allay Tube.

ASTM D 3309-1995. Siandard Specification for Polybutylene
(PB) Plastic Hot- and Cold-Water Distribution Systems.

ASTM E 116-Rev. A-95, Standard Test Methods for Fire Tests
of Building Construction and Materials.

ASTM E 136-1995, Standard Test Method for Behavior of
Materials in a Vertical Tube Furnace at 750°C.

ASTM F 437-1995, Standard Specification for Threaded Chlo-
rinated Poly { Vinyl Chioride) {CPVC) Plastic Pipe Filtings, Sched-
ule 80.

ASTM F 438-1993, Standard Specification for Sochet-Type
Chiorinated Poly (Vinl Chloride} (CPVC) Plastic Pipe Fittings,
Schedule 40.

ASTM F 439-Rev. A-93, Standard Specification for Socket-
Type Chlarinated Poly (Viny! Chloride) (CPVC) Plastic Pipe Fit-
tings, Schedule 80.

ASTM F 442-1994, Standard Specification for Chiorinated
Poly (Vinyl Chloride) (CPVCG) Plastic Pipe {SDR-PR}.

ASTM F 1121-1987, Standard Specification for International

Share Connections for Marine Fire Applications.

11-1.3.4 AWS Publications. American Welding Society,
550 N.W. Lejeune, Miami, FL 33135.

AWS A5.8-1992, Specification for Filler Metals for Brazing
and Brawe Welding.

AWS D10.9-1980, Specification for Qualification of Welding
Procedures and Welders for Piping and Tubing.

11-1.3.5 1EEE Publication. Underwriters Laboratories
Inc.. 333 Phingsten Road, Northbrook, 11 60062,

UL 300-1996, Standard for Safety Fire Testing of Fire Extin-
guishing Systems for Protection of Restaurant Cooking Areas.

11-1.3.6 UL Publication. Underwriters Laberatories inc.,
4233 Plingsten Road, Northbrook, 1L 60062,

UL 300-1996, Standard for Safety Fire Testing of Fire Extin-
guishing Systems for Protection of Restaurant Cooking Areas.

13-1.3.7 U.S. Government Publications. Superintendent
of Documents, U.3. Government Printing Office, Washing-
ton, DC 20402.

Title 46, Code of Federal Regulations. Subchapter F.{Marine
Engincering)- .

Title 46. Code of Federal Regulations, Subchapter H. Sub-
part 76.25 (Autornatic Sprinkling System, Details).

11-1.3.8 Additional References.
International Convention for the Safety of Life at Sea,
Imernational Maritime Qrganization, London, UK.

SNAME Technical and Research Builetin No. 2-21, Alu-
minum Fire Prolectior Guidelines, July 1974, Society of Naval
Architects and Maring Enginecrs, 601 Pavonia Ave, Jersey
City. Nj 07306
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Appendix A Explanatory Material

This Appendix is not a part of the vequirements of this NFPA document.
but s included for informational frurposes onis.

A-i-1 Exception No. 2. “The limitations on the ype and
size of storage are intended 1o identify the situations where
tire storage is present in limited quantities and incidental to
the main use of the building. Occupancies such as aircraft
hangars, automobile dealers, repair garages, retail stores,
automotive and truck assembly plants, mobile home assem-
bly planis, etc., are Lypes of facilities where miscellaneous
storage could be present. The fire protection sprinkler
design densities specified by NFPA 13 are adequate to pro-
vide protection to the storage heights and areas indicated.
Storage beyond these heights and areas present hazards that
are properly addressed by NFPA 231 D and are ouside the
scope of NFPA 13.

A-1-4.1 Approved. The National Fire Protection Associa-
tion does not approve, inspect, of certify any instatlations,
procedures. equipment, 0F materials; nor does it approve of
evaluate testing laboratories. In determining the acceptabil-
ity of installations, procedures, equipment, or materials, the
authority having jurisdiction may hase acteplance on com-
pliance with NFPA or other appropriate standards. 1n the
ahsence of such standards. said authority may require cvi-
dence of proper installation, procedure, or use. The author-
ity having jurisdiction may also refer to the fistings or label-
ing practices of an organization concerned with product
evaluations that is in 2 position 10 determine compliance
with appropriate standards for the current production of
listed items.

A-1-4.1 Authority Having Jurisdiction. The National
Fire Protection Association does not approve, inspect, of
certify any installations, procedures, equipment, oF rnateri-
als; nor does it approve of evaluate testing laboratories. In
determining the acceptability of installations, procedures,
equipment, 0T matenials, the authority having jurisdiction
may base acceptance on compliance with NFPA or other
appropriate standards. In the absence of such standards,
said authority may require evidence of proper instaliation,
procedure, OF use. The authority having jurisdiction may
also refer to the listings of labeling practices of an organiza-
tion concerned with product evaluations thatisina position
jo determine compliance with apprapriate standards for the
current production of listed items.

A-1-4.1 Listed. The means for identifying listed equip-
ment may vary for each organization concerned with prod-
uct evaluation, some of which do not recognize equipment
as listed unless it is also jabeled. The authority having juris-
diction should utifize the system cmployed by the listing
organization to identify a listed.

A-1-4.2 Miscellaneous Storage. The sprinkier sysiem
design criteria for miscellaneous storage at heights below
12 (3.7 m}is covered by this standard in Chapters & and 5,
Paragraph 5.2.3.1.1 describes design criteria and 4-2.2
(Table 4-2.2} describes instaliation requirements (area lim-
its). These apply © all storage of 12 ft (3.7 m) or less in
height.

A-1-4.2 Spriokier System. A sprinkler system is consid-

ered Lo have a single system riser control valve.

A.1-4.3 Gridded System. See Figure A-1-4.3(a).
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I
To supply

Figure A-1-4.3(2} Gridded sysiem-
A-1-4.3 Looped System. See Figure A-1-4.3(b).
W
- *—8—0—0—8
e -~ *-0—0 80
. 9—9—0—89 >80

To supply

Figure A-1-4.3(b} Looped sysien.
A-1-44 Sec Figure A-1-4.4.

A-1-45.1 The Response Time Index is a measure of the
_ sensitivity of the sprinkler’s thermal element as installed in a
specific sprinkler. It is usually determined by plunging a
sprinkler into 2 heated laminar airflow within a test oven.
The plunge test is not currently applicable 1o certain sprin-
klers. These sprinkiers must have their thermal sensitivity
determined by other standardized test methods.

The RT1 is calculated using:
1. The operating time of the sprinkler,

9. The operating temperature of the sprinkler's heat-
responsive element {as dctermined_ irs a bath test),

3. The air temperaiure of the test oven. :
4. The air velocity of the test oven, and

5. The sprinkler's conductivity {¢) factor, which is the
measure of conductance between the sprinkler’s heat-
responsive clement and the sprinkler oven mount.

A. Systemriser D Riser nipple

B. Feedmain  E. Branchiines
C. Cross main  F. Unterground
supply

Figure A-l-4.4 Bulldi

g elevation sh ing parts of sprinkler piping system.

Other factors affecting response include temperature ral-
ing, sprinkler position, fire exposure, and radiation.

15O standard 6182-1 currenty recognizes the RT1 range
of greater than 50 meter-seconds'? and less than 80 meter-
seconds'™ as special response. Such sprinklers can be recog-
nized as special sprinklers under 4-4.9.1,

A-1-4.5.2 ESFR Sprinkler. It is imporiant 10 realize that
the effectiveness of these highly tested and engincered
sprinklers depends on the combination of fast response and
the quality and uniformity of the sprinkler discharge. It
should also be realized that ESFR sprinkiers cannotbe relied
upon to provide fire control, let alone suppression, if they
are used outside the guidelines specified in 5-3.5.

A-1-4.5.2 QRES Sprinkler. Research into the develop-
ment of QRES sprinklers is continuing under the auspices of
the National Fire Protection Research Foundation. It is
expected that the proposed design criteria will be added 10
the standard when a thorough analysis of the test data is
completed. ‘

A-1-4.5.4 Dry Sprinkler. Under certain ambient condi-
tions, wel pipe systems having dry-pendent (or upright)
sprinklers may frecze due to heat loss by conduction. There-
fore, due consideration should be given to the amount of
heat maintained in the heated space, the length of the nipple
in the heated space, and other relevant factors.

A-1-4.6 Obstructed Construction. The following are
examples of obstructed construction. The definitions are
provided as guidance 10 assist the user in determining the
type of construction feature:

(i) Beam and Girder Construction. The term “beam and
girder construction” as used in this standard includes non-
combustible and combustible roof or floor decks supported
by wood beams of 4 in. (102 mm) or greater nominal thick-
ness or concrete or steel beams spaced 3 to 7Yy ft (0.9 10
9. m) on center and either supported on or framed into
girders. (Where supporting a wood plank deck. this includes
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semi-mill and panel construction, and where supporting
(with stec] framing) gypsum plank. steel deck, conerete, tile,
or similar material, this includes much of the so-called non-
combustible construction.]

(ii) Composile Wood foist Construction. The term “composile
wood joist construction” refers to wood beams of 1 cross sec-
tion constructed of wood flanges and solid wood web, sup-
porting a floor of roof deck. Composite wood joists may vary
in depth up to 48 in. (1.2 m), may be spaced up to 48 in.
(1.2 m) on centers, and may span up to 60 fi {18 m) between
supports. Joist channels should be firestopped to the. full
depth of the joists with material equivalent & the web con-
struction so that individual channel arcas do not exceed
300 sq ft (27.9 m?). See Figure A-1-4.6(a)() for examples of
composite wood joist construction.

Figure A-1-4.5(m){i) Typicsl compusite wood joist constructica.

(jii) Pane! Construction. The term “panel construction” as
used in this standard includes ceiling panels formed by
members capable of trapping heat to aid the operation of
sprinkiers and limited to a maximum of 300 =q f (27.9 m%)

_in arca. Beams spaced more than 7Yz ft (2.3 m) apart and
framed into girders qualify for panel construction provided
the 300-5q fi (27.9-m }area limitation is met.

Gv) Semi-Mill Construction. The term “semi-mill construc-
don™ as used in this standard refers to 3 modified standard
mill construction, where greater column spacing is used and
beams rest on girders-

(v} Wood Joust Construction. The term “wood joist construc-
vion™ refers to solid wood members of rectangular cross sec-
tion, which may vary from 210 4in. (51 to 102 mm) nominal
width and up to 14 in. (356 mm) nominal depth spaced up
to 3 & (0.9 m) on CEniers, and spanning up to 40 £ (12 m)
between SUppOTLs. supporting a floor of roof deck, Solid wood
members less than 4 in, (102 mm) nominal width and up 10
14 in. {356 mm) nominal depth, spaced more than 3 & (0.9 m)
on centers, are also considered as wood joist construction.

A-1-4.6 Unobstructed Construction. The following are
examples of unobstructed construction. The definitions are

provided as guidance to assist the user in determining the
type of canstruction feature:

(i) Bar joist Construction. The term “bar joist construction”
refers 1o construction employing joists consisting of steel truss-
shaped members. Wood truss-shaped members, which consist
of wood top and bottom chord members not exceeding 4 in.
{102 man}indepth with steel tube or bar webs, are also defined as
bar joists. Bar joist indudes noncombustible or combustible roof
orfivor decks on bar joist construction. See Figures A-1 4.6y
and A-1-4.6b)12 for examples of bar joist construction.

(i} Open-Grid Ceilings. Open-grid ceilings are ceilings in
which the openings are ¥4 in. (6.4 mm) or larger in the least
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4 in. (102 mm} or less
Figure A-l-4 60)(1 Wood bar joist construction.

Figure A-1-4.60))2 Open-weh bar joist coustraction.

dimension, the thickness of the ceiling material does not
exceed the least dimension of the openings, and such apen-
ings constitute at Jeast 70 percent of the ceiling area.

{iii) Smooth Ceiling Construction. The term “smooth ceiling
construction” as used in this standard includes:

a. Flat stab, pan-type reinforced concrete.

b. Continuous smooth bays formed by wood, concrete, oF
steel beams spaced more than 7Y fi (2.3 m) on centers —
beams supported by columns, girders, or (russes.

¢. Smoath roof or floor decks supported directly on gird-
ers or trusses spaced more than 7Vp fL (2.3 m) on center.

d. Smooth monolithic ceilings of at least ¥y in. (19 mm)} of
plaster on metal lath or a combination of materials of equiv-
ilent fire-resistive rating atrached to the underside of wood
juists, wood trusses, and bar joists.

. Open web-type steel beams, regardless of spacing.

fr Smooth shell-type roafs. such as folded plates, hyper-
bolic paraboioids. saddies, domes, and long parrel shells.

NOTE: Inb. through £, above, combustible or noncombus-
tible floor decks are pcfmincd. ltem b. would include sian-
dard mill construction.

g. Suspended ceilings of combustible or noncombustible
construction. ‘

h. Smooth monolithic ceilings with fire resistance less
than that specified under item d. attached © the underside
of wood joists, wood trusses, and bar joists.

{iv) Standard Mill Construction. The erm vsuandard mill
constriction™ as used in this standard refers to heavy timber
construction as defined in NFFA 990, Standard on Types of
Building Construction.

(v} Wood Truss Construction. The term “wood truss con-
struction” refers to paraliel or pitched wood chord members
connected by open W members (webbing) supporting a
roof or floor deck. Trusses with steel webbing, similar to bar
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joist construction, having top and botiom wood chords
excecding 4 in. (102 mm) in depth, should also be consid-
ered wood truss construction. [See Figure A-1-4.6(bj)(v}.]

~
Continucus 2x foad share bridging
[minsize 2in. x 6 in. (S0 mm x 152 mm) #2 SPF)

Figure A-1-4.60)v) Examples of wood truss construction.

A-1-47 Ocrupancy examples in the listings as shown in the
various hazard classifications are intended to represent the
norm for those occupancy types. Unusual or abnormal fuel load-
ings or combustible characteristics and susceptibility for changes
in these characteristics, for a particular oecupancy, are consider-
ations that should be weighed in the selection and classification.
“The Light Hazard dassification is intended to encompass
residential occupancies; however, this is not intended to pre-
clude the use of listed residential sprinklers in residential
occupandies or residential portions of other occupancies.

A-1-47.1 Light Hazard Oceupancies include occupancies
having conditiens similar to:
Churches
Clubs
Eaves and overhangs, if combustible construction with
no combustibles beneath
Educational
Hospitals
Institutional
Libraries, except large stack rooms
Museums
Nursing or convalescent homes
Office, including datx processing
Residential
Restaurant seating areas
Theaters and Auditoriums excluding stages and
prosceniums
Tinused attics.

A-1-4.7.2.1 Ordinary Hazard Occupancies (Group 1)
include oocupancies having conditions similar to:
Automobile parking and showrooms
Bakeries
Beverage manufacturing
Canneries
Dairy products manufacturing and processing
Electronic plants

Glass and glass products manufacturing
Laundries
Restaurant service areas.

A-1.4.7.2.2 Ordinary Hazard Occupancies (Group 2)
include occupancies having conditions similar to:

Cereal mills

Chemical plants — ordinary
Confectionery products
Distilleries

Dry cleaners

Feed mills

Horse stables

Leather goods manufacturing
Libraries — large stack room areas
Machine shops

Metal working

Mercantile

Paper and pulp mills

Paper process plants

Piers and wharves

Post offices .
Printing and publishing
Repair garages

Stages

Textile manufacuring

Tire manufacturing

Tobacco products manufacturing
Wood machining

Wood product assembly.

A-1.4.73.1 Extra Hazard Occupandes (Group 1) include
occupancies having conditions similar to:

Aircraft hangars (except as governed by NFPA 408}

Combaustible hydraulic fluid use areas

Die casting

Mezal extruding

Plywood and particle board manufaciuring

Printing [using inks having flash points below 100°F
37.9°C)]

Rubber reclaiming, compounding, drying, milling,
vulcanizing

Saw mills

Textile picking, opening, blending, garnetting, card-
ing, combining of cotton, synthetics, wool shoddy, or
burlap

Upholstering with plastic foams. -

Extra Hazard Occupancies {Group 2} include occupan-
cies having conditions similar to:

Asphalt saturating

Flammable liquids spraying

Flow coating

Manufactured home or modular building assemblies
(where finished enclosure is present and has combus-
tible interiors)

Open oil quenching

Plastics processing

Solvent cleaning

Varnish and paint dipping.
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A-1-4.7.4.1 Other NFPA standards contain design criteria
for fire control or fire suppression (se¢ 1-4.7.4 and Chapler
11). While these may form the basis of design criteria. this
standard describes the methods of design. installation, fabri-
cation, calculation, and evaluation of water supplies that
<hould be used for the specific design of the system.

A-2-11 iInciuded among items requiring listing are sprin-
klers. some pipe and some fittings. hangers, alarm devices,

valves controlling flow of water to sprinklers, valve tamper

switches, and gauges.

A-2.2.4 Information regarding the highest temperature
that may be encountered in any location in a particular
installation may be obtained by use of a thermometer that
will register the highest temperature encountered:; it should
be hung for several days in the location in question, with the
plamt in operation.

A-2.25.1 Examples of such locations are paper mills, pack-
ing houses, tannerics, alkali plants, organic fertilizer plants.
foundries, forge shops, fumigation, pickle and vinegar
works, stables, storage battery rooms, electroplating rooms,
galvanizing ToemS, Stearm roonis of all descriptions including
moist vapor dry kilns, salt storage rooms, locomotive sheds
or houses, driveways, areas exposed 10 ouiside weather such
as piers and wharves exposed 1o salt air, areas under side-
walks, around bleaching equipment in flour maills, all por-
tons of cold storage buildings where a direct ammonia
expansion system is used, and portions of any plant where
corrosive vapors prevail,

A-29.52 Care should be taken in the handling and insial-
fation of wax-coated or similar sprinklers o avoid damaging
the coatng.

A-2-253 Painting of sprinklers may retard the thermal
response of the heat-responsive element, may interfere with
the free movement of parts, and may render the sprinkler
inoperative. Moreover, painting may invite the application
of subsequent coatings. thus increasing the possibility of 2
malfuncton of the sprinkler.

A-2-2.6.2 The use of the wrong 1ype of escutcheon with
recessed or flush type sprinklers can result in severe disrup-
tion of the spray pattern, which can destroy the effectiveness
of the sprinkler.

A-2-2.7 Sprinklers under open gratings shouild be pro-
vided with shields, Shields over automatic sprinklers should
a0t be less. in least dimension, than four times the distance
betwees the shicld and fusible element, except special sprin-
kiers incorporating a built-in. shield need not comply with
this recommendation if listed for the particular application.

| A-2-3.2 Sce Table A-2-3.2.
A-2-34 SceTable A-2.33.

A-2.35 Other types of pipe and tube that have been inves-
tigated and listed for sprinkler applications include light-
weight sieed pipe and thermaplastic pipe and fittings. While
these products may offer advantages. such as ease of han-
dling and instailation, cost effectiveness. reduction of friction
losses, and improved corrosion resistance. it is important to
recognize that they also have limitations that are to be con-
sidered by those contemplating their use oF acceptance.
With respea 1o lightweight steel pipe. corrosion studies
have shown that. in comparison 1o Schedule 40 pipe, its
effective life may be reduced, the level of reduction being
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related to its wall thickness. Further information with
respect (0 COTTOSION resistance is contained in the individual
listings of such products.

With respect to thermoplastic pipe and fiwings. exposure
of such piping to elevated temperatures in excess of that for
which it has been listed may result in distortion or failure.
Accordingly, care must be exercised when locating such sys-
tems to ensure that the ambient temperature, including sea-
sonal variations, does ot exceed the rated value,

The upper service temperature titnit of currently listed
CPVC sprinkler pipe is 150°F (63.5°C) at 175 psi (1206 kPa).
The upper service temperature timit of currently listed poly-
butylene sprinkler pipe is 120°F (49°Cyat 175 psi (1206 kPa).

Not all pipe or whe made to ASTM F 442 and D 3304 as
described in 2-3.5 is listed for fire sprinkler service. Listed
pipe is identified by the logo of the listing agency.

Not all fitings made to ASTM F 437, F 438, and F 439 as
described in 2-4.2 are histed for fire sprinkler service. Listed
fitings are identified by the logo of the listing agency.

Consideration must also be given to the possibility of
exposure of the piping 10 elevated temperatures during a
fire. The survival of thermoplastic piping under fire condi-
tions derives primarily from the covling effect of the dis-
charge from the sprinklers it serves. As this discharge may
not occur simultaneously with the rise in ambient tempera-
ture and, under some circumstances, may be delayed for
periods beyond the tolerance of the piping, protection in the
form of a fire-resistant membrane is generally required.
{Some listings do provide for the use of exposed piping in
conjunction with residential or quick-response sprinklers.
but only under specific, limited installation criteria.) Where
protection is required. it is described in the listing informa-
tion for each individual product, and the requirements
given must be followed. Equally important, such protection
mmust be maintained. Removal of, for example, one or more
panels in a lay-in ceiling can expose piping in the concealed
space to the possibility of failure in the event of a fire. Simi-
larly, the relocation of openings through protective ceilings
that expose the pipe to heat, inconsistent with the listing,
would place the system in jeopardy. The potential for loss of
the protective membrane under earthquake conditions
should also be considered.’

While the listings of thermoplastic piping do not prohibit
its installation in combustible concealed spaces where the
provision of sprinkier protection is not required, and while
the statistical record of fire originating in such spaccs is low,
it shouid be recagnized that the occuryence of a fire in such
a space could result in failure of the piping system.

The investigation of pipe and tube other than destribed
in Table 2-3.1 should involve consideration of many factors,
including:

{a) Pressure rating.

(b} Beam strength (hangers).

(¢} Unsupported vertical stability.

(d) Movement during sprinkler operation (affecting
water distribution). :

(e} Corrosion (internal and external), chemical and elec-
wolytic.

(f) Resistance to failure when exposed to elevated tem-
peratures.

{(g) Methods of joining (strength, permanence, fire hazard}.

(h} Physical characteristics refated to integrity during
earthquakes.
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Table A-2-8.2 Stecl Pipe Dimensions

Schedule 10! Schedule 30 Schedule 40
Nominal Qutside Inside Wall Inside Wal fnside Wall
Pipe Size Diameter Dismeter Thickness Diameter Thickness Diameter Thickness
in. in. (mm) in. {m1p) in. {mm} in. {min) in. {mm) in. {mm) in.  (mm)
Ve B0 (2L 614 (% 083 (2.h 622 {15.8) 108 (2.8
¥y 1050 (2.7} B84 (22.4) 083 {2.1) 824 N A13 29
1 1315 (334 1.097 {279} 0.109 (2.8) — o - o 1040 (2665 0.133 (3.4
1Y 1.660  (42.2) 1442 (36.6) 0.109 {2.8) —— — — — 1.580 {35.1) 0140 (3.6)
1Yy 1900 (48.3} 1682 (42.7) G109 (2.8} o~ —— B — 1.610 (40.9) 0.145 (3.7)
2 2375  {60.3) 2157 (54.8) 0.109 (2.8) —_ - e —_— 2067 {525 0154 (3.9
~ 2V 2875 (13.0) 2635 (66.9) 0.120 {3.0} - o — — 2469 {627y 0203 (5.2)
3 3500 (889) 49260 (82.8) 0.120 (3.0 — o e s 3.068 (71e) 0216 (3.5)
3Ys 4000 (1016} 3760  (95.5) 0.120 {3.0) e — — - 3.54B 90.1) 0226 BN
4 4500 (1143 4260 (108.2) 0.120 (3.0} an P — —_ 4026 {1023y 0237 (6.0)
5 5563  (141.3) 5205 (134.5) 0.134 (3.4) _ — — - 5047 (128.2) 0258 (6.6
6 6695 (1683) 6357 (1615 0,184° (3.4) — — — — 6.065 (i54.1) 0280 (1)
8 8.695 (219.1) 8,249 (209.5) 0.188° {4.8) 8.071 (205.0) 0277 (7.0} —_ — — ——
10 10.75 (278.1) 1037  (263.4) O.1 88* (4.8} 10.14 (257.6) 0.307 (7.8} - — — —
For 51 Linits: | in. = 25.4 mm.
NOTES:
1. Schedule 10 defined 1o 5 in. (127 mm) nominal pipe size by ASTM A 135
2. Wall thickness specified in 2-3.2.
3. These values applicable when used in conjunction with 4-5.18.2 and 4-5.18.5.
Table A-2-3.4 Copper Tube Dimensions
Type K Type L Type M
Nominal Outside Inside wall Inside wall Inside Wall
Tube Size Dismeter Diameter Thickness Diameter Thickness Diameter Thickness
in. in. {mm) in. (mm} in. {mm) in. (m:m) in. {mm} in. {(mm) in. (mm)
¥ 0875 {222y 0745 (18.8) 0.063 a.n 0.785  (19.9) 0045 {.h 0.811  {20.6) 0.032 (08)
1 1.125 (286) 0.99% (25.5) 0065 (1.7 1.025 {26.0) 0.050 (1.3} 1.055  (26.8) 0035 (0.9
1%, 1375  (349) 1245 (31.6) 0.065 (1.7 1.265% (32.1) 0055 (14) . 1291 (32.8) 0.42 (LD
1% 1625 (41.%) 1481 (376 0072 {1.B) 1.505 (38.2) 0.060 {1.5) 1.527  (38.8) 0.049 (1L.2)
2 2195 (54.0) 1.959 (49.8) 0083 &.5n 1.985 (504 0070 (1.8} 2.009 (51.0) 0.058 (1.5}
W 0§95  (66.7) 2435 (618 0095 (2.4) 2465 (62.6) 0.080 (2.0} 2495 (63.4) 0.065 (1.1
3 3.125 (79.4) 2907 (73.8) 0109 28 2845 (14.8) 0090 (2.3} 2081 ({757 0.072 (1.8)
3Ys 1625 (92.1) 5385 (86.0} C.120 (3.0) 3425 (87.0) 0.100 (2.5} 3455 (87.9) 0.083 (2.L)
4 4125 (104.8) 5857 (9807 0.134 (3.4} 3905 (99.2) 0110 2.8) 3,935 (99.9) 0.095 (2.4)
5 5125 (130.2) 4.805 (122.0y C.160 4.1} 4.875 (128.8) 0.125 (3.2} 4.007 (124.6) 0.109 (2.8)
6 6.125 (1556} 5.741 (145.8) 0.192 4.9 5845 (148.5) 0.140 {3.6) 5881 (1494) 0.122- (&.1)
8 8.195 {206.4) 7.583 (1926) 0271 (6.9) 7.125 (196.2) 0200 {5.1) 7785 (1971 04170 (4.%)
10 10.18 (25737 9449 (2400 0.338 {(8.6) 0.625 (244.5) 0.250 (6.4) Q701 {246.4) 0.212 (54)

For ST Unins: | in. = 254 mm.

A-2-42 Rubber-gasketed pipe fittings and couplings
should not be instalied where ambient temperatures can be
expecicd 10 exceed 150°F (66°C) unless listed for this service.
1 the manufacturer further limits a given gasket compound,
those recommendations should be followed.

A-2-44 Listed flexible connections are permissible and
encouraged for sprinkler, instaliations in racks to reduce the
possibility of physical damage. Where flexible tubing is used,
it should be located so that it will be protected against
mechanical injury.

A-25.1.2 Some steel piping material having lesser wall
thickness than specified in 2-5.1.2 has been listed for use in
sprinkler systems where joined with threaded connections.
The service life of such products may be significantly less
shan that of Schedule 40 steel pipe, and it should be deter-
mined if this service life will be sufficient for the application
intended.

All such threads should be checked by the installer using
working ring gauges conforming to the Basic Dimensions of
Ring Gauges for USA (American) Standard Taper Pipe
Threads, NPT, as per ANSI/ASME B1.20.1, Table 8.

A-2.5.2 See Figure A-2-5.2(a) and Figure A-2-5.2(b).

A-2-52.2 Cutting and welding operations account for 4
percent of fires cach year in nonresidential properties and 8
percent in industrial and manufacturing properties.
In-place welding of sprinkler piping introduces a significant
hazard that can normally be avoided by shop-welding the
piping and installing the welded sections with mechanical
fittings. As a result, the standard requires that all piping be
shop-welded. When such situations cannot be avoided, the
exceptions outline procedures and practices that minimize
the increase in hazard.

A-2-5.25(a) Listed, shaped, contoured nipples mect the
definition of fabricated fittings.
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to 752

Sandard “vee” buttwald

o7
Hole|
pipe
1o Rt LD,
of fitting

Standard "vee” Waelded outiet

Figure A-2.53(a) Accepuble weld joints.
i, [76-cnm) pipe

Dihpins. {G4-mm) pipe

'Illlllllllllllllllllfflll

?/Ilf/[lllf/f/f/f/fﬂ//ﬂ

AN RN

AR LR

Insufficient pipe penatration of Excessive pg_:o penetration of
tiange [see Figure A-2-5.2(a) flange {see Figura A-2-5.2{a)}

Figure A-2-52(0) Unacceptable weld joints.
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A-2.54 The fire hazard of the brazing and soldering pro-
cesses should be suitably safeguarded.

A-2-5.4.1 Soldering fluxes manufactured 1o the specifica-
tions required by Table 9.3.1 are unlikely to cause damage
1o the seats of sprinklers, When brazing flux is used, it must
be of a type not likely to damage the seats of sprinklers.

A-2.6.1 Sce Figure A-2-6.1.

A-2-6.1.5 Table 92.6.1.5{a) assumes that the load from 15 ft
5 m) of water-filled pipe, plus 250 b (114 kgl is located at
the midpoint of the span of the trapeze member, with 3 max-
imum allowable bending stress of 15 KSI (111 kg). 1f the
load is applied at other than the midpoint, for the purpose
of sizing the trapeze member, an equivalent fength of tra-
peze may be used, derived from the formula

4ab

L=2T%

where:

L = equivalent length

2 = distance from one support Lo the load

b = distance from the other support Lo the load.

Where multiple mains are be supported or multiple
trapeze hangers are provided in parallel, the required or
available section modulus may be added.

A-2-6.1.7 Therules covering the hanging of sprinkler pip-

ing wke into consideration the weight of water-filied pipe
lus a safety factor. No altowance has been made for the

hanging of nonsystem camponents from sprinkler piping.

A-2-6.3.1 Powder-driven studs should not be used in steel
of less than ¥ig in. (4.8 mm} total thickness.

A-2.633 The ability of concrete to hold the studs varies
widely according to type of aggregate, quality of concrete,
and proper installation.

A-2-7.3 Theintent of this section is to provide assistance in
determining the area of a building served by 2 particular
control valve.

A-2.9.2.4 Thesurge of water when the valve trips may seri-
ously damage the device.

A-2-6.3.1 Audible alarms are normally located on the out-
side of the building. Listed electric gongs, bells, horns, or
srens inside the building or a combination inside and out-
side are someLimes advisable.

A.2.0.8.2 All alarm apparatus should be so located and
installed that all parts are accessible for inspection, removal,
and repair and should be substantially supported.

“The water motor gong bell mechanism should be pro-
tected from weather-related clements such as vain, snow, oF
ice. To the exient practicable, they should atso be protected
from other influencing factors such as birds or other small
animals that might attempt to nest in such devices.

A-2-95 Switches that will silence electric alarm-sounding
devices by interruption of electrical current are not desir-
able; however, if such means are pmvided. then the electri-
cal alarm-sounding device Gircuit should be arranged so
that, when the sounding device is electrically silenced, that
fact should be indicated by means of a conspicuous light
located in the vicinity of the riser or alarm control panel.
This light shauld remain in operation during the entre
period of the lectrical circuit interrupuon.
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APPENDIX A
C-two clamps

A

Lok

=

o
=2
[ ]
Unréversal top and Big mouth univarsal top Large flange C-clamp with
pottom bearn clamp sﬂd Hottom beam clamp clamg retaining strap
Side beamn attachment Spot concrete insert Carter load clamp
Rod coupling Eve rod Adjustable swive
lloop hangar J-hanget
U U 1\
Clavis hanger U-hook Wrap-around
U-hook
Adjustable Glip Side beam
for branch lines adjustable hanger
Pips clamp Mallsable Risar clamp
swivel hanger
Figure A-2-6.1 types of acceptable hangers.
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A-3-2 A dry pipe system should be installed only where
heat is not adequate (o prevent freczing of water in all or
sections of the system. Dry pipe sysiems should be converted
10 wet pipe sysiems when they become unnecessary because
adeguate heat is provided. Sprinkiers should not be shut off
in cold weather.

Where two or more dry pipe valves arc used, sysiems
preferably should be divided horizontally to prevent simul-
taneous operation of more than one system and the resuli-
ant increased time delay in filling systems and discharging
water, plus receipt of more than one waterflow alarm signal.

Where adequare heat is present in sections of the dry pipe
sysiem, consideration should be given to dividing the system
into a separate wet pipe system and dry pipe system. Mini-
mized use of dry pipe systems is desirable where speed of
operation is of particular concern.

A-3-22 Exception No. 1. Installation limitations of listed
dry pendemt sprinklers can vary with different products.
Limitations should be included in product instaliation
instructions ta warn against the potential accumulstion of
water, scale, and sediment from collecting at the sprinkler.

A-3-23 The capacitics of the various sizes of pipe given in
Tabie A-3-2.3 are for convenience in calculating the capacity
of a system.

“Lable A-3-2.3 Capacity of One Foot of Pipe {Based on Actual
jaternal Pipe Diameter}

Nominal Gal Nominal Gal
Diameter Sh4l Sch 10 Diameter Sch 40 Sch 10
LIy (.028 e 3in. 0.383 0.433
1in. 0.045 0.048 Bl in. 0.513 (.576
1Y, 0.078 0.085 4 in. (.660 4.740
1Ysin. 0.106 0.115 5in. 1.04C 1.i44
2 in. 0.174 0.190 §in. 1.50! 1.649"
Yy 01.248 (.283 4in. 2 66" 2.776%
For SI Units: Lin. = 234 mo 1h o= 08048 m fgel = 3.785 L.

- g,133 Wall Pipe.
2o 1 Walt Pipe.
¥Sohedile 30
A.3-23.1 The 60-sec limit does not apply to dry systems

with capacities of 500 gal (1893 Lyor less, nor to dry sysiems
with czpadties of 750 gal (2839 L) or less if equipped with a
quick-opening device.

A-3-23 The dry pipe valve should be located in an accessi-
ble place near the sprinkler system it controls. Where
exposed to cold. the dry pipe valve should be located in 2
~alve room or enclosure of adequate siz¢ 10 properly service
equipment.

A-3-2.62 The compressor should draw its air supply from
a place where the air is dry and not 106 warm. Moisture from
condensalion Can Cause trouble in the system.

A-3-3.1 Conditions of occupancy ot special hazards might
require quick application of large quantities of water, and in
such cases deluge systems might be needed.

Fire detection devices should be selected to assure opera-
Tion, yet guard against premature operation of sprinklers,
hased on normal room temperatures and draft conditions.

1n locations where ambient temperature at the ceiling is
high from heat sources other than fire conditions. heat-
responsive devices thai operate at higher than ordinary tem-

1856 Toaon

perature and are capable of withstanding the normal high
temperature for long periods of ume should be selected.

Where corrosive conditions exist, materials-or protective
coatings that resist carrosion should be used.

To help avoid ice formation in piping due to accidental
tripping of dry pipe valves in cold starage rooms, a deluge
automatic water control valve can be used on the supply side
of the dry pipe valve. Where this combination is employed:

{a) Dry systems can be manifolded to a deluge valve, the
protected area not exceeding 40,000 sq &t (3716 m*). The
distance between valves should be as shart as possible 10
minimize water hammer.

(b) The dry pipe valves should be pressurized to 50 psi
(3.4 bars) 1o reduce the possibility of dry pipe valve opera-
tion from water hammer.

| A-3-3.2.4 Exception No. 1. See A-3-2.2 Exception Mo. L.

A-3-3.3 Where 8-in. (203-mm) piping is emploved 0
reduce friction losses in @ system operated by fire detection
devices, 3 6-in. {152-mm) preaction ot deluge valve and 6-in.
(152-mm} gate valve between tapered reducers should be
permitted.

A-3-4.1  Systems described by Section 3-4 are special types
of non-interlocking preaction systems intended for use in,
but not fimited to, structures where a number of dry pipe
valves would be required if a dry pipe system werc installed.
These systems are primarily used in piers and wharves.

A-3-4.1.1 See Figure A-3-4.1.1

"}

See Figure A-3-4.3 See Figute 3-4.2
Typical piping layou!
{in one-story shad-4 section system)

Figure A-34.1.1 Typicai piping layout for combined dry pipe snd preac-
tion sprinkler system.

l A-3-4.1.4 Exception No. 1.
A-3-43 See Figure A-3-4.3.

A-3-5.1 Antifreeze solutions may be used for maintaining
automatic sprinkler protection in small unheated arcas.
Antifreeze solutions are recommended only for systems not
exceeding 40 gal {1 51 L)

Because of the cost of refitling the system oT replenishing
small leaks, itis advisable to use small dry valves where mare
than 40 gal (151 L)aretobe suppiicd,

A-3.5.2 Listed CPVC sprinkler pipe and fittings should be
protected from freezing with glycerine only. The use of
diethylene, cthylene, of propylene glycols are specificaily
pmhib'ucd. Laboratory testing shows that g]ycn!-based anti-
freeze solutions preseft a chemical environment detrimen-
1l 10 CPVC.

A-3-52.3 Beyond certain limits, increased proportion of
antifreeze does not lower the freezing point of solution. {See
Figure A-3-5.2.3.)

Glycerine, diethylene glycol, ethylene glycol, and propy-
fene ghycol should never e used without mixing with water

See A-3-2.2 Exception No. 1.
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Yein, (19 mm)

Tubing or wiring to —*
fire detaction system

Exhauster
Strainer \
4

3in,
(76 mm}

From sprinkier
sysiam

To safe place

Figure A-3-43  Arrangement of air exhaust valves for
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¥igure A-3-523 F ing points of water

ol
of ethy

glyeol and

in proper proportions, because these materials tend 10
thicken near 32°F (0°C).

A-3-531 Allperminedantifreeze solutions are heavier than
water. At the point of contact (interface). the heavier liguid
will be below the lighter liquid, preventing diffusion of water
into the unheated areas.

A-3-6.1.2 Outlets shouid be provided at critical points on
sprinkier system piping to accommodate atachment of pres-
sure gauges for test purposes.

A-3.7.2.% The water supply should be capable of furnish-
ing the total demand for all exposure sprinklers operating
simultancously for protection against the exposure fire
under consideration for a duration of not less than 60 min.

A-3.8 Careful installation and maintenance, and some spe-
cial arrangements of piping and devices as outlined in this
section, are needed to avoid the formation of ice and frost
inside piping in cold storage rooms that will be maintained
a1 or below 32°F (0°C). Conditions are particularly favorable
10 condensation where pipes enter cold rooms from rooms
having temperatures above freczing.

combined dry pipe aad preaction sprinkler sysiem.

Whenever the opportunity offers, fittings such as those
specified in 3.8.1 and illustrated in Figures A-3-B(a) and (b},
a5 well as flushing connections, should be provided in exist-
ing systems.

Where possible, risers should be located in stair towers of
other locations outside of refrigerated areas. This would
reduce the probabilities of ice or frost formation within the
riser (supply) pipe.

Cross mains should be connected to risers or feed mains
with flanges. In general, flanged fittings should be installed
at points that would allow easy dismantling of the system.
Split ring or other easily removable types of hangers will
facilitate the dismantling.

Because it is not practical to allow water to fiow into sprin-
kler piping in spaces that might be constantly subject 10
freezing, or where temperatures must be maintained at or
below 40°F (4.4°C), itis important that means be provided at
the time of system installation to conduct trip tests on dry
pipe valves that service such systems. NFPA 25, Standard for
the Inspection, Testing, and Mainfenance of Water-Based Fire Pro-

tection Systems, contains requirements in this matter.'®

A-3-8.2 The requirements in this section are intended o
minimize the chances of ice plug formation inside sprinkier
system piping proteciing freezers.

A-3-8.2.4 A higher degree of preventing ice blocks can be
achieved by lowering moisture of the air supply entering the
refrigerated space 10 & pressure dew point no greater than
90°F (~6.6°C) below the lowest nominal temperature of the
refrigerated space. The pressure dew point of the air supply
can cause moisture to condense and freeze in sprinkler pipe
even when the air supply is from the freezer. One method of
reducing moisture content of the air by use of air drying sys-
tems is illustrated in Figure A-3-8.2.4.

When compressors and dryers arc used for an air supply,
consideration should be given to pressure requirements o
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24-in, (0.62-m) flanged removable
section al A or biind flange at B

Figure A-3-8(x) Fittings to facilitate examination of feed mains, risers, and
cross mains in freexing areas. Top: clevation at riscr and cross main, Bot
tom: elovation at feed main and cross nain,

24 in
osim et e
T ‘"-'

Codd ropm

U

Approx. 1o+
1»24 in, e} OO
P4-in, {0.62-m} 082 ml.2.
i fianged removable .
Rtserw sachion

©

Figure A-3-8(h} Fittings i foed main or Fiser passing thraugh wall or floor
£rom warm roosmt to cold reom.

the regenerative dryers, compressor size, air Pressure regu-
lator capacity, and air fill rate. Application of these factors
could necessitate use of increased air pressures and larger
ar ccmprcssor.

The compressed air supply should be properly prepared
prior to entering a regencrauve-ype air dryer, such as min-
imum air pressure, maximum inlet air temperature, and
proper filtration of compressed air.

A-3-825 A major contributing factor of introducing mois-
ture in the sysiem piping comes from excessive air compres-

1996 Edition

Heated area Refrigerated space
‘wo easily removed (763(2} ',r,.:m}
sactions of pipe

Normally open
control VA, %

Check VA, whz in.
{2.4 min) hole
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@

£

a 3
% Min 6 R (1.9 m}

inclapper i
eripra:;;cﬁon VA umsir é air supply lines
ol VA {HC %

Water supply ——»

Prassure regulator —== @
Ajr dryar m.—. —Lb
I

%
L= ‘__f_y Ak
Coalescer filtar —= L} .
7 L

41 Freezer air intake

Aif COMPrassor ma
and tank 7 ﬁ
@ Air pressure Alr prassure
Air supply sousce Waler supply SQUTCS

1. i prassure gauge P1 and P2 do not indicate aqual pressures, it could
mmear: tha air line is blocked or the air supply is matfunclioning.

2, Afr dryer and coalescer fiter not requirad when system piping capacity
is less than 250 gal.

Figure A-5-8.2.4 Rcfrigehmr area sprinkler sysiemis io minimize the
chasces of developing ice plugs.

sor operation caused by system leakage. Where excessive
compressor operation is noted or ice is accumulated in the
air supply piping, the system should be checked for leakage
and appropriate corrective action should be taken,

A-3.8.2.7 The dual lines feeding the system air entering the
cold area is intended 1o faclitate continued service of the sys-
rem when one line is removed for inspection. It should be

. noted that, when using a system as described in Figure A-3-

8.9.4. differences in the pressures at gauge P1 and gauge F2
indicate blockage in the air supply line or other malfunctions.

A-3-9.2 See Figure A-3-9.2.

A-4-1 The installation requirements are specific for the
normal arrangement of structural members. There will be
arrangements of structural members not specifically
detailed by the requirements. By applying the basic princi-
ples, layouts for such construction can vary from specific
illustrations, provided the maximum specified for the spac-
ing and location of sprinklers (Section 4-4) are not exceeded.

Where buildings or portions of buildings are of combusti-
ble construction or contain combustible material, standard
fire barriers should be provided to separate the areas that
are sprinkler protected from adjoining unsprinklered areas.
All openings should be protected in accordance with apph-
cable standards, and no sprinkler piping should be placed in
an unsprinkiered area unless the area is permiuted to be
unsprinkiered by this standard.
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Legend

A Exhaust fan

B Sprinider or nozzie at of vertical riser

[ Spdzﬂderofnmiaatnadpointa!aad\oﬁset
O 5%0in. (1.6 m) max )

E Hovizontal duct nozzie or sprinkler

£ 10%0in. {3.2 m) max .
£ uuzz!umspmklofhhdadordumgollaf
o] 1m.(25m}m.t2in.{365mm)max
t Nozzie or sprinkler in hood plenum

J 1 in, (25 mm) max )

with the listing

-
B

* isted for deep fat fryer protection

t and

Figure A-3-93 Typical instaflation shewing sutomatic sprinklers ot
wventilation systems.

Water supplics for partial systems should be designed
with consideration to the fact that in a partial system more
sprinklers might be opened in a fire that originates in an
unprotected area and spreads to the sprinklered arca than
would be the case in 2 completely protected building. Fire
originating in a nonsprinklered area might overpower the
partial sprinkler system.

Where sprinklers are installed in corridors only, sprin-
Ylers should be spaced up to the maximum of 15 fi (4.5 m}
along the corridor, with one sprinkler opposite the center of
any door or pair of adjacent doors opening onto the corTi-

s being used for the p ion of cial cooking equip

dor, and with an additional sprinkler installed inside each
adjacent room above the door opening. Where the sprinkler
in the adjacent room provides full protection for that space,

an additional sprinkler is not required in the corridor adja-

cent to the door.

A-4-1.1 This standard contemplates full sprinkler protec-
tion for all areas. Other NFPA standards that mandate sprin-
Kler installation might not require sprinklers in certain
areas. The requirements of this standard should be used
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insofar as they are applicable. The authority having jurisdic-
tion should be consulted in each case.

A-4-1.2 The components need not be open or exposed.
Doors. removable pancls. of valve pits can satisfy this need.
Such eguipment should not be obstructed by such perma-
sent features as walls, ducts. columns, of direct burial.

A-4-3.1.1 Theevaluation for usage should be based upona
review of available technical data.

A-4-3.1.2 This requirement is to minimize the obstruction
of the discharge patiern.

A-4-4 The selection of 2 sprinkler type will vary by occu-
pancy. Where more than one type of sprinkler is used within
a compartment. sprinklers with similar response characteris-
tics should be used (i.c., standard or quick response). How-
ever. some hazards might benefit from designs that include
the use of both standard and quick-response sprinklers.
Examples include rack storage protected by standard-
response ceiling sprinklers and quick-response in-rack
sprinklers. Another case might include opening protection
using clgsely spaced quick-response sprinkiers with
standard-response sprinklers in the adjoining areas. Other
designs can be compromised when sprinklers of differing
sensitivity are mixed. An example is 2 system utilizing ESFR
sprinklers adjacent Lo 2 system using high temperature
standard-response sprinklers as might be found in a ware-
house. In this case a fire occurring near the boundary might
open ESFR sprinklers, which would not be contemplated in
the siandard-response system design.

A-4-45.1 The response and water distribution patern of
tisted residential sprinklers have been shown by extensive
fire testing to provide better control than spray sprinklersin
residential occupandies. These sprinklers are intended to
prevent flashover in the room of fire origin, thus improving
the chance for occupants Lo escape or be evacuated.

The proteciion area for residental sprinklers is defined in
the listing of the sprinkler as 2 maximum square or rectan-
gular area. Listing information is presented in even 2-
(.63-m) tncrements from 12 ftto 20 fL (3.9 mto 6.5 m). When
a sprinkler is selected for an application, its area of coverage
must be equal o or greater than both the length and width
of the hazard area. For example, if the hazard w be pro-
tected isa voom 13 fi&in. (4.4 m) wide and 17 ft6in. (5.6 m)
long. a sprinkler that is listed to protect a rectangular area of
14 fi x 1861 (4.5m X 3.Bm)orasquarearea of IBfi % 181t
(5.8 m x 5.8 m) must be selected. The flow used in the cal-
culations is then selected as the flow required by the listing
for the selected coverage.

A-4-4.7.2 This requirement is 1o avoid scale accumulation.

A-4-49.1 Tests of standard sprinklers by approved lab-
aratories have traditionally encompassed a fire 1est using a
350-lb {160-kg) wood crib and water distribution tests in
which water 15 collected in pans from several arrange-
memts of sprinklers to evaluate distribution under nonfire
conditions.

Tests of special sprinklers are cusiomized Lo evaluate
Tesponsiveness. distribution. and other unique characteris-
tics of the sprinkler to control or extinguish. These include
variables such as:

ta) The location of the fire relative to the sprinklers, L.e.,
below | sprinkler or between 2, 4, or 6 sprinklers,

19896 Edition

{b) Fire conditions that encompass 3 variety of fire
growth rates representative of anticipated conditions of use.

{c) Tests of room areas where sprinklers are expected to
function in multiple arrays,

{d) Adverse conditions of use, i.c., pipe shadows or other
obstructions 1o discharge,

{e) Effect of a fire plume on water distribution and dis-
¢harge under a variety of heat release rates.

A4.552 Where of a depth that will cbstruct the spray dis-
charge pattern, girders, beams, or trusses forming narrow

pockets of combustible construction along walls may require
additional sprinklers.

A-4-553 Frequently, additional sprinkler equipment can
be avoided by reducing the width of decks or galleries and
providing proper clearances. Slatting of decks or walkways
or the use of open grating as 2 substitute for automatic sprin-
Ylers thereunder is not acceptable. The use of cloth or paper

dust tops for rooms forms ebstruction 1o water distribution.
If dust tops are used, the area below should be sprinklered.

A-4-6.3.2 See Figure A-4-6.3.2.

7580{(23m)

L.H Occupancy
15 ft x 18 #t spacing

754h{23m)

Figure A4-6.8.2 Maximum distance from walls.

A-4-6.3.2.1 Exception. An example of sprinklers in smali
rooms for hydraulically designed and pipe schedule sysiems
is shown in Figure A-4-5.3.2 Excepuion (a), and examples for
hydraulicaily designed systems only are shown in Figures
A-4-6.3.2 Exception (b, {c}, and (d}-

A-4-6.4.1.2 Exccption No. 4. For concrete joists spaced
less than 3 fi {.91 m) on center, the rules for obstructed con-
struction shown in 4-6.4.1.2 2pply. (See Figure A-4-6.4.1.2
Exception No. 4.)

A-4-6.4.1.3 Saw-toothed roofs have regularly spaced mon-
itors of saw tooth shape, with the nearly vertical side glazed
and usually arranged for venting. Sprinkier placement is
limited 1o a maximum of 3 ft (0.91 m) down the slope from
the peak because of the effect of venting on sprinkier sensi-
tvity.

A-4-6.42 On sprinkler lines larger than 2 in. (31 mm},
consideration should be given to the distribution interfer-
ence caused by the pipe, which can be minimized by install-
ing sprinklers on riser nipples or installing sprinklers in the
pendent position.

A-4-65.3 See A-4-3.33

A-i-6.5.4 The distances given in Table 4-6.5.4 were deter-
mined through tests in which privacy curtains with either a
solid fabric or close mesh (V4 in. {6.4 mm)] top panel were
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Figure A-4-63.2 Exception {c} Small room provision.

installed. For broader-mesh top panels, e.g., Vzin. (13 mm),
the obstruction of the sprinkler spray is not likely to be
severe and the autharity having jurisdiction may not need 10
apply the requirements in 4-6.5.4.

A-4-6.6 The [8-n. (457-mm) dimension is not intended to
fimit the height of shelving on a wall or shelving against a
wall in accordance with 4-4.1.6. Where shelving is instalied
on a wall and is not directly below sprinklers, the shelves,
including storage thereon, may extend above the level of a
planc located 18 in. (457 mm) below ceiling sprinkler de-
flectors. Shelving, and any storage thereon, directly below
the sprinklers may not extend above a plane located 18 in.
{457 mm) below the ceiling sprinkier deflectors.

A-4-7.53 SccA4-55.3

Figre A-4-6.3.2 Exception d) Small room provision.

— 7

Figure A4-5.4.1.2 Exception No. 4 Typicsl concrete joist construction.

A-4-8.2.1 The protection area for exiended coverage
upright and pendent sprinklers is defined in the listing of
the sprinkier as 2 maximum square area. Listing informa-
tion is presented in even ofi (0.65-m) increments up to
90 ft (6.5 m). When a sprinkler is selected for an application,
its area of coverage must be equal to or greater than both the
length and width of the hazard area. For example, if the
hazard 1o be protecied is a T00™ 13 fi 6 in. (4.4 m} wide and
17 fL6in. (5.6 m)long, a sprinkler that is listed to protect an
area of 1B ft X 18ft (5.8 m X 5.8 m) must be selected. The
flow used in the calculations is then sclected as the flow
required by the listing for the selected coverage.

. 1851 {5.6m)

’l 138 6in.{42m) I
.1,.....,... el v

! i
4! g
4 I -
@ ila
ef | e
==
= | g

| 1=

| |
RN !

Figure A-4-8.2.1 Determination of protection sred of coverage for EC
upright and pendent sprinklers.

A-4-8.4.1.3 Saw-toothed roofs have regularly spaced mon-
itors of saw tooth shape. with the nearly vertical side glazed
and usually arranged for venting. Sprinkler placement
is limited to a maximum of 3 ft (0.91 m) down the slope
from the peak because of the effect of venting on sprinkler
sensitivity.

A-4853 SerA-4-553

A-4-8.2.1 The protection area for extended coverage side-
wall spray sprinkiers is defined in the listing of the sprinkler
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As 3 MAXIMUIN SQUATE OF rectangular area. Lisung informa-
tion is presented in even 9.§t {0.65-m) increments up to 28 fi
(9 m) for extended coverage sidewall spray sprinklers. When
a sprinkler is selected for an application, its area of coverage
must be equal to or greater than both the length and width
of the hazard area. For example, if the hazard to be pro-
rected is a room 14 ft6in. (4.7 m) wide and 20 ft 8in. (6.7 m)
long, a sprinkier thatis listed to protect an area of 16f x 226
52m x 7.1 m}must be selected. The flow used in the calcu-
lations is then selected as the flow required by the listing for the
selected coverage.

|
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Frgure A-49.2.1 Des of protection ares of coverage for EC side-

wall sprinklers.

A-4853 SeeA4-553.

A-4-10.2 Tests involving arcas of coverage over 100 ft*
(9.3 m?) for large-drop sprinklers are timited in number,
and use of areas of coverage over 100 ft* (9.3 m?) should be
carcfully considered.

A-4-10.3.1 Itisimportant that sprinkiers in the immediate
vicinity of the fire center not skip, and this requirement
Imposes certain restrictions on the spacing.
A-4-10.4.1 1fall other faciors are held constant, the oper-
ating time of the first sprinkler will vary exponentially with
the distance between the ceiling and deflector. At distances
greater than 7 in. (178 mm), for other than open woud joist
construction, the delayed operating time will permit the fire
to gain headway, with the result that substantially more
sprinklers operate. At distances less than 7 in. (178 mm}),
other effects occur. Changes in distribution, penetration,
and cooling nullify the advantage gained by faster opera-
. tion. The net result again is increased fire damage accompa-
nied by an increase in the number of sprinklers operated.
The optimum clearance between deflectors and ceiling is,
therefore, 7 in. (178 mm). For open wood joist construction,
the optimum clearance between deflectors and the bottom
of joists is 3%y in. (89 mm).

A-4-10.5 To a great extent, large-drop sprinklers rely on
direct attack to gain rapid control of both the burning fuel
and ceiling lemperatures. Therefore, interference with the
discharge pattern and obstructions to the distribution
should be avoided.

| A4-1053 Sce A-4-55.3.
A-4-11.53 See A-4-55.3.
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A-4-13.1.1 Exceptons Nos, 1, 2, and 3 do not require
sprinkler protection because it is not physically practical o
install sprinklers in these spaces, To reduce the possibility of
uncontrolled fire spread, consideration shouid be given in
these unsprinklered concealed space situations to using
Excepiions Nos. 5, 8, and 10.

A4-13.2.2 Where practicable, sprinklers should be stag:
gered at the aliernate floor levels, particularly where only
one sprinkler is installed at each floor level.

A-4-13.3.3 See Figures A-4-1%.9.3(a) and (b). Sprinklers
would be required in the case shown in Figure (a) but not in
the case shown in Figure (&)

Fire division 1

T

i by

=

3

Firewall

T

1 ;

Fire division 2

Figure Ad-13.330) Noncambustible stair shafi serving two fire eCtions.

I

fire division t
_—

T

.

Fire division 2
Figure A-4-13.3.3() Noncombustible stir shaft serving one fire section.

A-4-13.34 Where sprinklers in the normal ceiling pattern
are closer than 6 ft (1.8 m) from the water curtain, it might
be preferable to locate the water curtain sprinkiers in
recessed baffle pockets. (See Figure A-4-13.3.4)

A-4-13.4 The installation of sprinklers at fioor levels
should be arranged so as to protecl the sprinklers from
mechanical injury and from falling materials and not cause
obstruction within the chute. This usually can be accom-
plished by recessing the sprinkler in the wall of the chute or
by providing a protective deflector canopy over the sprin-
kier. Sprinklers should be placed so that there will be mini-
mum interference of the discharge therefrom. Sprinklers
with special directional discharge characteristics might be
advantageous. (See Figure A-4-13.4)

A-4-13.5.1 The sprinklers in the pit are intended to pro-
Lect against fires cause by debris, which can accumulate over
ime. ideally, the sprinklers should be located near the side
of the pit below the elevator daors, where most debris accu-
mulates. However, care shoutd be taken that the sprinkler
location does not interfere with the elevator toe guard,
which extends below the face of the door opening.

A-4-13.5.2 The ASME Al7.1 code requires the shutdown
of power 1o the, clevator upon oF prior 1o the application of
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Figure A4-133.4 Sprinkicrs around escalators.

Sheet matal screws
2 in. (S0 mm) on centers.,

Front elevation

18 In. {457 mm}
@
&

F“] 4
Side . 1in. {25.4 mm)

Section A-A

Figure A-4.134 Canepy for protecting sprinklers in building service
chutes,

water in elevator machine rooms or hoistways. This can be
accomplished by a detection system with sufficient sensitivity
to operate prior to the activation of the sprinklers {see also
NFPA 72). As an aliernative, the system can be arranged
using devioes or sprinklers capable of effecting power shut-
down immediately upon sprinkler activation, such as a
waterflow switch without a time delay. This is intended to
interrupt power before significant sprinkler discharge.

A-4-13.58.3 Passenger clevator cars that have been con-
structed in accordance with A17.1 Rule 204.22 (under
Al7.1a-1985 and later editions of the code) have limited
combustibility. Materials exposed to the interior of the car
and the hoistway, in their end-use composition, are limited
to a flame spread rating of 0 to 75, and a smoke develop-
ment rating of 0 to 450. '

A-4-18.7 Small loading docks, covered platforms, ducts, or
similar small unheated arcas can be protected by dry-
pendent sprinklers extending through the wall from wet
sprinkler piping in an adjacent heated area. Where protect-
ing covered platforms, loading docks, and similar areas, a
dry-pendent sprinkler should extend down at a 45-degree
angle. The width of the area 10 be protected should not
exceed 7¥3 fi (2.3 m). Sprinklers should be spaced not cver
12 ft (3.7 m) apart. {See Figure A-4-13.7))

A-4-13.8.2 Portable wardrobe units, such as those typically
used in nursing homes and mounted to the wall, do not
require sprinklers to be instalied in them. Although the units
are attached to the finished structure, the standard views
those units as picces of furniture rather than a part of the
structure; thus, sprinklers are not required,

A«4-13.11 The instaflation of open-grid egg crate, louver,
or honeycomb ceilings beneath sprinklers restricts the side-
ways travel of the sprinkler discharge and can change the
character of discharge.

A-4-13.12.3 Drop-out ceilings do not provide the required

protection for soft-soldered copper joints or other piping
that requires protection.
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L

Figare A-4-137 Dry-pendent spriniders for protection of covered plat-
Socoas, Joading docks, and similar arces.

A-4-13.12.4 The ceiling tiles might drop before sprinkler
operation. Delayed operation might occur because heat
snust then bank down from the deck above before sprinklers
will gperate.

A-4-13.13 Exception No. 1. For tests of sprinkler perfor-
mance in fur vaults sec “Fact Finding Reporton Automatic
Sprinkler Protection for Fur Storage Vaulis™ of Underwrit-
eis Laboratories Inc., dated November 25, 1947,

Sprinklers should be listed old-style having orifice sizes
selecied 10 provide as closely as possible but not less than
20 gal per min {76 L/min) per sprinkler. for four sprinklers,
hased on the water pressure available.

Sprinklers in fur storage vaults should be located centraily
over the aisles between acks and shall be spaced not over
3§ (1.5 m)apart along the aisles.

Where sprinklers are spaced 5 ft (1.5 m) apart along the
sprinkicr branch lines, pipe sizes should be in accardance
with the following schedule:

1 in, (254 mny 4 sprinklers 2 in. (50.8 mmy) 20 sprinklers
Win (1 7mm 6 sprinklers 2 Yy in. (63,5 mm) 40 sprinklers
19 in. (38.1 mm) 10 sprinkiers 3 in. (762 mm} 80 sprinkiers

A-1-13.20 One-and-one-half (1%2) in. hose connections
for use in SIOT3ge occupancies and other locations where
standpipe systems are not required are covered by this stan-
dard. Where Class 11 standpipe systems are required, sce
the appropriate provisions of NEPA 14, Standard for the
Installation of Standpipe and Hose Systems, with respect 10 hose

stations and water supply for hose connections from sprin-
kler sysiems.

A-3-1331 Combined automatic sprinkler and standpipe
risers should not be interconnected by sprinkler system piping.

A-4-13.22 Sec Figure A4-13.22,
A-4141.3 See Figure A-4-14.11.

A-5-141.13 Awaer supply connection should not extend
into a building or through 2 puilding wall unless such con-
neciion is under the control of an cutside listed indicating
\alve or an inside listed indicating valve iocated near the

outside wall of the building.
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R

\7 Flanged joint
or mechanical

grooved couplings

Figure A-4-13.22 One srrangement of fianged joint &t sprinkler riser.

i

Wet pipe system Dry pipe system
Wet pipe and dry pipe system
—t
AN
<.

2

Preaction system Deluge system

S Check vaive Q Deluge valve

e OS5 8Y vaive
A Alarm valve
& overevee

Figure A-4-14.13 Exnmples of ncceptable valve arrangements,

—-< Fire department connection

@ Praaction vaive
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All valves controlling water suppties for sprinkler systems
or poTuons thereof. including floor control valves, should be
accessible 1o authorized persons during emergencies. Per-
manent ladders, clamped treads on Tisers. chain-operated
hand wheels, or other accepted means should be provided
where necessary.

Outside control valves are suggested in the following
order of preference:

) Listed indicating valves at each connection into the

building 2t least 40 fi (12.2 m} from buildings if space permits.

{b) Conirol valves instalied in a cutoff stair tower or valve
yoom accessible from outside.

{c) Valves located in risers with indicating posts arranged
for outside operation.

) Key»opcrated valves in each connection into the
building.

A-4-14.1.1,7 Where a system having only one dry pipe
valve is supplied with city water and fire department connec-
tion. it will be satisfactory 0 install the main check valve in
the water supply connection immediately inside of the build-
ing. In instances where there is no outside control valve, the
system indicating valve should be placed at the service
flange, on the supply side of all fitings.

A-434.1.1.8 Sce Figurc A-4-14.1.1.8.

Fire department
connaction
_— .
e
L -
— To system
City main e
g ; 2 ..—‘6
City control vaive °‘1 I~ Bat drip
{nonincicating vaive}

Figwre A4-14.1.18 Pit for gue valve, check vatve, and fire department
LonDec1ion.

36 in. (0.51 m} for 1 in. (25.4 mm) J
—_ 38 in. {1.24 m) for 1% (31.7 mm)
60 in. (1.5 m) for 1% {38 rm)

or larger

Q

A-4-14.1.23 Where the reliel valve operation would result
in water being discharged onte interior walking or working

surfaces, consideration should be given io piping the discharge
from the valve to a drain connection or other safe location.

A-4.14.22.1 Where copper tube is to be installed in moist .
areas or other environments conducive to galvanic corro-
sion, copper hangers or ferrous hangers with an insulating
material should be used.

A-4-14.2.3.1 Exception No. 1. Seée Figure A-4-14.2.3.1
Exception No. §.

Less than 81 0in.(1.9m) Batfies

Not 1o exceed 12 1 0 in. (3.7 m) A
Figure A--14.2.3.1 Exception Ne. 1 Distance between hangers.

A-4-14.2.3.8 Sprinkler piping should be adequately
secured to restrict the movement of piping upon sprinkler
operation. The reaction forces caused by the fiow of water
through the sprinkler could result in displacement of the
sprinkler, thereby adversely affecting sprinkler discharge.
Listed CPVC pipe and listed polybutylene pipe have speaific
requirements for piping support to include additional pipe
bracing of sprinklers. (See Figure A-4-14.2.3.3.)

A-4-14.2.3.3 Exception No. 1. See Figure A-4-14.2.3.3
Exception No. i.

A-4-14.2.3.3 Exception No. 2. See Figure A-4-14.2.3.3
Exception No. 2.

Greater than 36 in. (0.81 m} for 1in. (254 mm}
Greater than 48 in. {1.24 m) for 1% in. {31.7 mm)

Greater than 60 in. (1.5 m) for iz in, (38 mm} or larger

Then extend here

Figure A-4-14.23.3 Distance from sprinkier to hanger.
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For any fipe size:
12 In. (305 rnm) max for stasl pipa
& in. (152 mm) max for copper pipe

For any pipe size:
Greater than 12 in, {305 mm) for steel pipe

6 in. (152 mm) for coppar pipe

Then axtend here

stance from sprinkler to hanger where maximues pressure excesds
s 1

Figure A-4-14.2.3.3 Exception No. 1 IH
1 dent sprinklers below the ceiling.

100 psi (5.9 bars} and s braoch line abave a g supplies p

=
=
=
A Z
clevis =2
K
~D* dim. =1
| Pipe | o =
size dim. ﬁ
tin. Win.
1%in. Win.
tAin, Yin.
2in. Yain.
2¥hin. Yain,
E G
A. U-type hangers for branch lines £. Adjustable coach screw clip for heanch lines
B. Wmap-aroumd L-hook F Clevis hanger
C. Adiustable cfip for branch lines G. Adjustable swivel loop hanger
I Side beam sdjustable hanger
end of fine (or armover) pendent sprinklers-

Figure A-4-142.3.3 Exception No. 2 Fxamples of accepiable haagers for
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A-4-14234 Sec Figure A-4-14.234.
...._ap-‘ o
Without support:
24 in. (610 mwn) max
for stesl pipe

12 in. {305 mm} max
for copper tube

e

Branch fine
or cross main

Figure A-6-142.3.4 Mazimum fength for unsupperied armover.

A-3-14.2.5.4 Exception See Figure A-4-6.2.3.4 Exception.
M‘ i
Without suppott
12 in. {305 mrn) max
for steel pipe

& in. (152 mm) max
for copper ube

U
Arrnover 10 N
pendent sprinider

e

Branch line
of Cross main

Note: The pendent sprinkler may be instatied either directly in the
mgmm«:du!umammhaﬁmngmmmnomofa
drop répple.

Figwre A4-14234 Exception  Mazimum leagth of unsupported armover
where the IATIKUM Pressure exceeds 100 psi (6.9 bars) and & branch line
above a criling supplies pmdea!:pﬁnuﬂubelew the ceiling.

A-4-14.31 AD piping should be arranged where practica-
ble to drain to the main drain valve.

A-4-143523 An example of an accessible location would
be a valve located approximately 7 fi (2 m) above the floor
Jevel to which 3 hose could be connected to discharge the
water in an accepiable manner.

A-4.14.3.6.1 Where possibie, the main sprinkler riser
drain should discharge outside the building at 2 point free
from the possibility of causing water damage. Where itis not

ible to discharge outside the building wall, the drain
shouid be piped 10 2 sump, which in turn should discharge
by gravity or be pumped to a waste water drain or sewer.
“fhe main sprinkler riser drain connection should be of a
size sufficient to carry off water from the fully open drain
wvalve while it is discharging under pormal water system

pressures. Where this is not possible. a supplemeniary drain
of equal size should be provided for Lest purposes with free
discharge, located at or above grade.

A-4-14.42.1 Types of locations where corrosive conditions
can exist include bleacheries, dye houses, metal plating pro-
cesses, animal pens, and certain chemical plants.

If corrosive conditions are not of great Intensyty and
humidity is not abnermally high, guod results can be
obtained by a protective coaing of red lead and varnish or
by a good grade of commercial acid-resisting paint. The
paint manufacturer’s instructions should be foliowed in the
preparation of the surface and in the method of application.

Where moisture conditions are severe but corrosive con-
ditions are not of great intensity, copper tube or galvanized
steel pipe, fittings, and hangers might be suitable. The
exposed threads of steel pipe should be painied.

In instances where the piping is not readily aceessible and
where the exposure o corrosive fumes is severe, either a
protective coating of high quality can be emploved or some
form of corrosion-resistant material used.

A-4-14.4.3.1 Sprinkler systems are protected against
earthquake damage by means of the following:

(a) Stresses that would develop in the piping due to dif-
ferential building movement are minimized through the use
of flexible joints or clearances.

(b Bracing is used to keep the piping fairly rigid when
supported from a building component expected 10 move as
a unit, such as a ceiling.

Areas known to have a potential for earthquakes have
been identified in building code and insurance maps. Exam-
ples of two such maps are shown in Figures A-4-14.4.3.1@)
and A-4-14.4.3.1(b).

A-4-14.4.3.2 Strains on sprinkler piping can be greatly
lessened and, in many cases, damage prevented by increas-

ing the flexibility between major parts of the sprinkler sys-
tem. One part of the piping should never be held rigidly and
another part allowed to move freely without provision for
relieving the strain. Flexibility can be provided by using
listed Alexible couplings, by joining grooved end pipe at crit-
ical points, and by allowing ciearances al walls and floors.

Tank or pump Tisers should be treated the same as sprin-
Kier risers for their portion within a building. The discharge
pipe of tanks on buildings should have 2 control valve above
the roof line so any pipe break within the building can be
controlled.

Piping 2 in. (50 mm) of smaller in size is pliable enough so
that flexible couplings are not usually necessary. “Rigid-
type” couplings that permit less than | degree of angular
movement at the grooved connections are not considered to
be flexible couplings. [See Figures AA.14.4.3.2(a) and (b).)

A-4-14.4.3.2(d) Abuilding expansion jointis usually a bitu-
minous fiber strip used to separate blocks or units of con-
crete 1o prevent cracking due to expansion asa result of tem-
perature changes. In this case, the flexible couphling
required on one side by 4.14.4.3.2(d) will suffice.

For seismic separation joints, considerably more flexibility
is needed, particularly for piping above the first floor. Fig-
ure A-4-14.4.5.3 shows a3 method of providing additional
fiexibility through the use of swing joints.
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A-4-14433 Plan

Figure Ad-14.4.%.1(x)

and elevation views of a secismic separa-
Gion assembly assembled with flexible elbows are shown in

Figure A-4-14.4.3.3.
A scismic separation assembly is considered 10 be

assembly of
pipe and couphings

fittings.

pipe. and couplings or an assembly

rof

Seismic tone map of the United Swtes. |

{a) Corrosion resistance.

{h) Prestrerching to eliminate permanent construction
stretch and to obitain a verifiable modulus of elasticity.
an . . .
{c) Color coding of each different size cable for field

that permils move

he exient of permitted movement

accommodate calculated differential motions during
permitted movement can be

quakes. In lieu of calculations,

ment in all directions.
hould be sufficient to
earth-

made at least wice the actual separations, at right angles to

the scparation as well as paratlel to it.

A-4-14.4.34 While clearances are necessary around the

sprinkler piping to prevent

breakage due to building move-

ment. spitable provision should also be made to prevent pas-

sage of water, smoke, or fire.

Drains, fire department connection
piping con
or floors; similarly, pipes that pass
walls or foundations should not be
strains will accurutate at such poinis.

Where risers or

s, and other auxiliary

nected to risers should notbe cemented into walls

horizontally through
cemented solidly or

lengths of pipe extend through sus-

pended ceilings. they should not be fastened to the ceiling

framing members.

A-3-14.4352 Exception. The inv

estigation of tension

only bracing using materials, connection methods, or both,
other than those described in Table 4-14.4.3.5.5 should

involve consideration of:

1996 Edition

verification.

(d) The capacity of all components of the brace assem-
biies, including the feld connections, Lo maintain the manu-
facturer’s minimum certified break strength.

(e) Manufacturer’s published design data sheets/manual
showing product design guidelines, including connection
details, load calculation procedures for sizing of braces, and
the maximum recommended horizontal load-carrying
capacity of the brace assemblies including the associated fas-
teners as described in Tabie 4-14.4.3.5.6. The maximum
atiowable horizomal loads shall not exceed the manufactur-
er's minimum certified break strength of the brace assem:
blies, excluding fastenars, after waking a safety factor of 1.5
and then adjusting fot the brace angle.

(f} Brace product shipments accompanied by the manu-
facturer's certification of the minimum break strength, and
prestretching and installation instructions.

{g) The manufacturer’s literature, including any special
tools or precautions required to ensure proper installation.

thy The installation should include
vertical motion due o seismic forces.

a means wo prcvcm
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Rexiblacoupling T[] m/Fientgie for efbow)
coupling
-J Figure A4-14.4.3.2() Detail a1 short riser-
Dewil A Detail B
May be preferrad for metal bufidings
fiowe 1o Detall A2 The four-way brace should be attached above the upper
fexibhe coupling mquired for the riser and prafersbily 1o the roof structure
# guitable. The brace shouid not be attached directy 1o a plywood of
metil dack.

FagmA4oll.u.2(a) Riser detaila,
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Table A-4-14.4.3.5.2 Exception Specially Listed Teasion Only
. Seismic Braciog
2 eils
10 m. (254 wn) 1010n. (254 mmj | Materials and Dimensions Standard
tong nipple 'C " long nipple T  Manual for Structural Application of Steel Cables AlSI
‘ ) { Wire Rope Users Manual of the
: Coupling { Wire Rope Technical Board AlS]
- | é ks Mechanical Strength Requirements ASTM A 603
. : o | Breaking Strength Failure Testing ASTM E 8

. position : 2 olis
8 in, ain . 4
coamm | @oamm S0PpeE
Pian

g - Vattical
Five sprinkier  Coupling X movement
main t El

!

Nomal

Nippie ‘€'
2 el lengths
8% in. (216 mm) for 3-in,
gy (78-om) pipe

74 in. (191 mm} tor 2%-in.
o (63-mm) pipe

Elt

Elevation

e
LT

Ain. (102 ma) 7} x=§

S ™

Lo

4in. (102 mem)

B i (203 mm) —e™ 8 in. (203 mm)

{.ongiludinal movemant

8in.
{o2mm) | {203 mm}
Lataral movement
Horizontal views
Figore A-4-14.43.3 Scismic scparation asscmbly. Ulustrates an 8-in.
{203num) weparation croswed by pipes up to 4 in. (102 mm)} in nominal

dinmeser. For other sepatation distances and pipe wizes, lengths and dis-
Eances should be modified proportioaally.
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A-4-144353 Location of Sway Bracing. Two-way braces
are either longitudinal or Lateral depending on their orientation
with the axis of the piping. [Sez Figures A-4-144.3.53(a), (b), (e},
and (d).} The simplest form of two-way brace is a piece of steel
pipe or angle. Becausc the brace must ad in both compression
and tension, it is necessary to size the brace to prevent buckiing.

An important aspect of sway bracing is its location. In
Building 1 of Figure A-4-14.4.3.5.3(a), the relatively heavy
main will pull on the branch lines when shaking occurs, 1f
the branch lines are held rigidly to the roof or floor above,
the fittings can fracture due to the induced stresses.

Bracing should be on the main as indicated at Location B.
With shaking in the direction of the arrows, the light branch
lines will be held at the fitings. Where necessary, 2 lateral brace
ar other resuzint should be installed to prevent a branch line
from striking against building components or equipment.

V]| o

Buliding 2

A, Four-way brace at riser

8. tateral brace

C. Lsieral brace

D. Shor drop [Fig. A-4-14.4.32(8)]
E. Couplings at wall penetration

¥ Longitudinal brace

Figure A-4-144.3.5.5(2) Esnhquske protection for sprinkier piping.

A four-way brace is indicated at Location A. This keeps the
riser and main lned up and also prevents the main from shifting.

In Building 1, the branch iines arc flexible in a direction
paraliel to the main, regardless of building movement. The
heavy main cannot shift under the roof or floor, and it also
steadies the branch lines. While the main is braced, the flex-
ible couplings on the riser allow the sprinkler system to
move with the floor or roof above, relative to the floor below.

Figures Ad-14.4.3,5.3(b), (), and {d) show typical loea-
tiens of sway brading.
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Longitudinal brace
Gtwo?tay)
Longitudingl brace can 1 tateral b {two-way}
sefve as m;ratm & brace
cross main if connattions - ——»——-—T-
e g 40t
{12m
Laterst
s | ]
ﬂwwav)‘ ] I
1 wd—
— } _}’_ N }
Longitudinat brace neaded for
Lt o
201 Ao 10 take load off iser brace.
T azm | p2m)
Four-way brace

Figare A-4-344353(} Typical location of bracing on a tree system.

Longitudinal brace (two-way)
hwo-way)

4'_* t

No bracing \

i j:_\

Figure A4-HA3.530) Typical location of bracing on a gridded system.

] ao%t] son
(12m)| (12m)

Laterat brace (fwo-way}

Four-way brace

LongHudinal brace

HELANEE R
- “":"“‘i‘"“w L

[

- (
i \\_ ‘f"“ Latera! brace

|
[1] /1

Longitudimal brace
{two-way) '%“ ~— Four-way brace

Figure A-4-1443535(d) Typical location of bracing on » looped system,

e 11 s 4

Figure A-4-14.43.5.53(¢} Deiwil of four-way brace at riser.

Listed devices permitting connection of braces to both the
pipe and the building structure are available and are recom-
mended. However, alternate means of attachment capable
of handling the expected loads are acceptable.

Connection of the brace to the pipe can be made with a
pipe clamp or U-boh. One bolt of the pipe clamp can pass
thrbugh a flattened end of pipe or one leg of an angle. (The
other leg and filet of the angle can be cut away.) Pipe rings
should be avoided because they result in a loose fit. Once the
pipe is able to vibrate within a loose fitting, the bolts in the
ring assembly can be fractured.

The brace tan be attached to the strucural system directly
through a leg of an angle or a flattened portion of pipe. Figures
A-4-14.4.3.5.3(c) and (f) show acceptable connections. Where
dimensions are tight or some play must be allowed, a special
fiting can be used. [See Figure A-4-14.4.3.5.3(g).] This threads
on an end of pipe. Rotation of the flat around the bolt allows
play in the angle of the brace without sacrificing snugness.

Some adjustment can be provided in a pipe brace by use
of a left-hand/right-hand coupling. For all threaded connec.
tions, sight holes or other means should be provided to per-
mit indication that sufficient thread is engaged.

Te properly size and space braces, it is necessary to
employ the following steps:

{a) Based on the distance of mains from the structural
members that will support the braces, choose brace shapes
and sizes from Table 4-14.4.3.5.5 such that the maximum
sleniderness ratios ¥r do not exceed 300. The angle of the
braces from the vertical should be at least 30 degrees and
preferably 45 degrees or more.

(b} Tentatively space lateral braces at 40-ft {12-m} maxi-
mum distances along mains and tentatively space longitudi-
nal braces at 80-ft {24-m) maximum distances along mains.
Lateral braces should meet the piping at right angles, and
longitudinal braces should be aligned with the piping.

{c) Determine the 1otal load tentatively applied to each
brace in accordance with the examples shown in Figure
A-4-14.4.3.5.3(h) and the following:

1. For the loads on lateral braces on cross mains, add
one-halfl the weight of the branch to one-half the weight of
the portion of the cross main within the zone of influence of the
brace. [Sez examples !, 3, 6, and 7 in Figure A-4-14.4.3.5.3(h).]

2. For the loads on longitudinal braces on cross mains,
consider only one-half the weight of the cross mains and
feed tnains within the zone of influence. Branch lines need
not be included. (Sec examples 2, 4, 5, 7, and 8.}
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2 bolts in each
connection

| Vertical member
of truss

Figwre A 14.4353(0 Accepisble types of sway bracing.

H T T
+ ¥ . L]
- . N 4
L] . 4
. : : B
SRHRHREE O i
A
W [ i f
- l '3' i
.
¥ r
1 2 i i
e ~
1 1
: H
! :
! H
! :
i H
: ‘
L \ :
S AP REE J
H
g

e O

5 15 to each brace A &
Figure A-4-14.4.3.5.3(h}
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72

Figure Ad-144353 Special fining.

3. For the four-way brace at the riser, add the longit-
dinal and lateral loads within the zone of influence of the
brace. {See examples 2, 3. and 5 in Figure A-4-14.4.3.5.3(h) ]

Use the information on weights of water-filled piping con-
tained within Table A-4-14.4.3.5.3.

{d) If the toual expected loads are less than the maximums
permitted in Table 4-14.4.3.5.5 for the particular brace and
orientation, go on o step {e). If not, add additional braces to
reduce the zones of influence of overloaded braces.

{g) Check that fasteners connecting the braces Lo SIruc-
rural supporting members are adequate o support the
expected loads an the braces in accordance with Table
4.14.4.3.5.6. If not, again add additional braces or addi-
tional means of support.

1

4 brace
T ET P it TN .
T PR - e
P AR
: PRy P
‘
: .
t~ = S .
¥ .' k # “
. [ ) 5 et
. r R ol L2 LF O a
N * Fial - +
Al * - - .
AN S S E - =

Examples of load digtribution 1o bracing.
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Table A-6-14.43.53 PFiping Weights for Determining

Horizontal Load
Weight of Yy Weight of
$Schedule 40 Pipe ‘Water-Filled Water-Filled
) Pipe (Ib per fi) Pipe (Ib per fi)
] 2.95 1.03
1 2.93 147
1Y 16l 1.81
2 513 2.57
C 2b 7.89 3.95
3 10.82 5.41
Vs 13.48 6.74
4 16.40 8.20
5 2547 11.74
& 31.69 15.85
= 47.70 23.85
Schedule 10 Pipe
(in-}
& 1.81 0.91
14y 2.52 1.26
1Ya 3.04 1.52
2 4.2 2.11
s 5.89 295
3 7.94 3.97
3% 9.78 4.89
4 i1.78 5.89
5 17.36 B.6G5
6 23.08 11.52
8 40,08 20.64

For SI Units: 1 .= 254 mm; 11b = 045 Ky 11 = 05048 m.
* Schedude 3.

Yhe-ir. {B-raim} didili-in

expansion anchor min
o-TN7
.2 ot e
N LR NI
PPN E AT 3
sorcree ,
%
Stel strap }
1 in. (25 mm) wide x )

2 in. (50 mm) long x 12 ga. min

4mtwns——-—-/'

Splayed seismic bracing wire

Detal [A) Splayed seismic bracing wire attachment

50 b

" >

Steuctural o,
concrete -5
&,

o

A-4-14.4.3.55 Sway brace members should be continuous,
Where necessary, splices in sway bracing members should be
designed and constructed to insure that brace inegrity is
maintained.

A-4-14.4.3.5.6 The criteria in Table 4-14.4.3.5.6 are based
upon the use of a shield-type expansion anchor. Use of
other anchors in concrete should be in accordance with the
listing provisions of the anchor.

Current fasteners for anchoring to concrete are referred
to as expansion anchors. Expansion anchors come in two
types. Deformation-controlled anchors are set by driving 2
plug into the expansion port in the anchor or driving the
anchor over a plug that expands the end of the anchor into
the concrete. Torque-controlled expansion anchors are set
by applying 2 torque to the anchor, usually to a nut, which
causes the expansion sleeves o be pressed against the waH of
the drilled hole.

Consideration should be given with respect to the position
near the edge of the concrete and to the type of bolts used in
conjunction with the anchors.

A-4-14.4.3.5.9 The four-way brace provided at the riser
may also provide longitudinal and lateral bracing for adja-
cent mains.

A-4-14.43.5.18 Wires used for piping restraints should be
attached to the branch line with two tight wrns around
the pipe, and fastened with four tight wrns within 1Yy in.
{37.5 mm), and should be attached to the structure in accor-
dance with the details shown in Figures A-4-14.4.3.5.13(a)
through (d) or other approved method.

A-4-14.4.3.5.13 Exception No. 2. The splayed seismic
wire should be provided as close as possible to the hanger.

A-4-14.4.3.5.15 Such restraint can be pravided by using
the splaved seismic brace wire discussed in A-4-14.4.3.5.13
Exception No. 2.

Wire “pigtail” with 2-in, {$0-mm)
dia. loop & 4-in., {100-mm) tail

I

Bracing wire

Detait (B}

Figure A-4-14.4.3.5.13(s) Wire attachment to cast-in-place concrete.
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Structurat
shape
Steel strap
{See Noe)
4 tight turns
\—— Spiayed seismic bracing wire
Note: See Figure A-4-14 435138} Detail (B}
Detail (A} At steel Deams
Web members
Baottorm chord Insutation over
steel deck \
R

.

2 #8 x Yein, (12-mm)
seli-tapping SCTOWS

Splayed seismic
bracing wire
Steel straps 3 in. {75 revm} wide X
See Note 2 & in. (100 mm} iong x 12 ga.
Hote 1: Splay wires paratiel to joist.
Splay wires cannoct be perpendicular )
jol Note: If sefi-1apping scraws are used with concrete fill,
gt screws before placing concrele.

to joist.
Note 2: Sea Figure A-4-14.4351 3{a).
Details (A) and (8).
* Detail (C) At stesl roof deck

Detadt (B} A open web staet jois!
A Ly e g SO < 10 steel framing.

Figure A4-14.4.3.5.130)  Aceep
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Nonstructural
concrete fill

* e . e - - A A - LR = .
= ) o R L N S T .
T A AN A A SR SR S N SO N - W O SO A O T N A
g T .

Wire "pigtaif”
(See Nole)

Note: See Figure A-4-14.4.3.5.13(a}, Detail (B}
Detail {B) At steel deck with concrets fill

Note: Bracing wira datail similar.
Detait {A) At steel deck with insulating filt

Structural

Bracing wire
Note: See Figure A-4-14.4.3.5.13(s), Detail (8). Note: See Figure A-4-14.4.3.5.13(a), Detail (A).
Detail (C) Al stee! deck with concrete fill Detail (D} At stee! deck with concreta il

For S onits: 1in. = 25.4 mm.
hinge: if sell-tapping screws are used with concrete fill, set screws before placing concrete.

Figure A-4-14.4.35.13{c) Accepuble dewils — wire Jons to steel fruming
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Three 1%-n. (B3-mm) X 9 ga. stapies or
3 stronghold "J" nails
at each wire loop

T

Yauiny, (B.3mym) cha. screw ey

ntpiss

with full thread embedmaent
F1va i, {32 mmj min]
}r‘a “Top halr i :

(25 4 et

=1

]

e BrACING wire
Detail {A} Wood joist or rafter

Three 1%-n. (B3-mm) x 9 ga. stapies or
3 strongheid "J" nails
at each wira loop \

2 {50 rron} x bikg. wi2-16d
common nails

Lo

ea. ond

Bracing wire

Detail (C) At wood joist ar block

Wieh member

Saddle tie
[see Datail (G}

¢ N }

Bracing wite

Detail (E) Bracing wire parailal to wood truss

[mansion
greatet
than Y% in, {12 mm)

1% in, (38 mm) :] .

I Bracing wires —
4 tight tums

Detail (G) Typ. saddie tie

YigurtA«i-ii.‘l.l.S.]S(d) A table derail

—WITE &

L————‘ Joist or raftar

Bracing wire

Deatall (8) At wood joist or rafter

For bracing wires: Fuily

embed screw eye threads

in direction of wire
Yaein), (6.3-mom) dia. drilied hole

Solid biocking
requited lor
aither type

of bracing wire

2 in. (50 mm) rrin

Bracing wire

Saddle tie [See Detail (G)}

Detail (D) To bottorn of joist

Do not insert SCrew eyes into
side of laminated veneer lumber flange.

e il S/, S, ity L) e . T e, Sl Ml v, s, s e SRS S, e
e i o e e S, i, Py e Sl YAt PO o e M~ S

Bracing wire
Detail (F) Laminated venear lumber upper flange

Note: Do not insert
screw eyes paraiiel to
taminations [See Detail
{F}} {Details may also
be used at top chard).

—

Yeint, {6.3-mim) dia.
scraw aye with

1 Yerint. {32-rnm)
minimum penetration

‘»' 1 in, (25.4 mm) min

{4} Laminated veneer |lusmber tower flange

Bracing wire

o wood framing.

r
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A-5-15.1.1 Central siation, auxiliary, remote station, of
proprietary protective signaling systems are a highly desir-
able supplement 16 local alarms, especially from a safety 1o
fife standpoint. (See 4-15.1.1.6.)

1dentification Sigos. Approved identification signs, as
shown i Figure A4-15.1.1, should be provided for outside
alarm devices. The sign hould be located near the device in
2 conspicuous position and should be worded as follows:

~SPRINKLER FIRE ALARM — WHEN BELL RINGS
CALLFIRE DEPARTMENT OR POLICE."

o o
SPRINKLER

FIRE - ALARM

WHEN BELL RINGS

CAL
FIRE DEP'T or POLICE

e

o) o

Figure A-4-15.1.1 [Fdentfication sign.

A-4-15.1.1.3 Water-motor-operated devices should be
located as near as practicable to the alarm valve, dry pipe
«alve. or other waterflow detecting device. ‘The total length
of the pipe to these devices should not exceed 75 it (22.9 m}),
nor should the water-motor-operated device be located over
90 £ (6.1 m) above the alarm device or dry pipe valve.

A-4-15.1.16 Monitoring should include but not be fimited
o control valves, building temperatures, fire pump power
supplies and running conditions, and water tank levels and
temperatures. Pressure supervision shiould also be provided
on pressure tanks.

A-4-15.2 The fire depariment connection should be
located not less than 18in. {4 57 mm) and not more than 4 fi
(1.22 m) above the level of the adjacent grade or access level.

A-4-15.2.1 Fire department connections should be located
and arranged so that hose lines can be readily and conve-
niently attached without interference from ncarby objects
including buildings, fences, posts, or other fire department
connections. Where a hydrant is not available, other water
supply sources such as 2 natural body of water, 3 tank, or
reservoir should be utilized. The water authority should be
consulted when 2 nonpotable water supply is proposed asa
suction source for the fire department.

A-4-1523 Thecheck valve should be located 1o maximize
accessibility and minimize freezing potential.

A-5-154.2 This test connection should be in the upper
story, and the connection preferably should be piped from
the end of the most remote branch line. The discharge
should be a1 a point where it cant be readily observed. In
lacations where it is not practical to terminate the iest con-
nection outside the building. the Lest connection is permit-
ted 10 terminate into a drain capable of accepting full flow

under sysiem pressurc. In this event, the test connection
should be made using an approved sight test connection
containing a smooth bore corrosion-resistant orifice giving
a flow equivalent to onc sprinkler simulating the least flow
from an individual sprinkler in the system, {See Figures
A-4-15.4.2(a) and A-4-1 5.4.2(b).] The test valve shouid be
located at an accessible point and preferably not over 78
(2.1 m) above the floor. The control valve on the test connec-
tion should be located at a point not expased to freezing.

S
Pratorably fromend ., I
of remote branch ing I
Test valve in readily Smooth bore - .
accessible ocation COMOSion-resisian
cutlet giving flow
equivatent 1o one
sprinkiar
H
45° ell
Elevation L"‘L__

Note: Not Jess than 4 (1.2 m} of exposed test pipe in warm room
beyond valve where pipe extends through wall 1o oulside.

Figure A--15.4.2(2) System test connection on wet pipe system.

!

indicating-type Hom‘con!mt valve

with switch Pressure gauge

—rr
Union with corrasion- Bight glass
';:F:;a ?n:"fm Sectional
" draity
equivalent 1o e

the smaliest
sprinkier /
Rise orifice in valve

' the system Test

B sammnt

To drain
Figure Ad-15.4.200) Floor control vaive.
A-4.154.3 See Figure A-4-154.3.

A-4-15.4,6.2 The full flow test of the backflow prevention
valve can be performed with a test header or other connec-
tion downstream of the valve. A bypass around the check
calve in the fire department connector line with a control
valve in the normally closcd pusition can be an acceptable
arrangement. When flow to a visible drain cannot be accom-
plished, closed loop flow can be acceptable if a flow meter of
site glass is incorporated into the system {o ensure flow.

A-5-2.1.3 When renovations occur in an existing building
and no changes are made in the existing sprinkler system, it

is not intended to require the replacement of existing stan-
dard sprinklers with quick-response sprinklers.
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Ses Nowe
—_
Pitch
Branch line
“fmst valve in readily
sccessible location
n {inion
v
Plug: For testing remove E 45° ol
and install
comection - { K :
Srnooth bore
corrosion-resistant outlst
giving flow equivalent
o one sprinklar
A

Note: To minimize condensation of water in the drop 1o the
1wt ronnection, provide  nipple-up off of the branch line.

Figure A-4-154.3  System test conpection on dry pipe system.

A-5-223 The additional pressure that is needed at the
Jevel of the water supply to account for sprinkler elevation is
©.433 psi per [t (9.8 kPa/m) of elevation above the water sup-
ply. When backilow prevention valves are installed on pipe
schedule systems, the friction losses of the device must be
acrounted for when determining acceptable vesidual pres-
sure at the top level of sprinklers. The friction loss (in psi}
should be added to the elevation loss and the residual pres-
sure at the top row of sprinklers to determine the total pres-
sure needed at the water supply.

A-523.1.1 Appropriate area/density, other design crite-
iz, and water supply requirements should be based on sci-
entifically based engineering analyses that may include sub-
mitted fire testing. calculations, or results from appropriate
computational models.

A-5-2.5.13(%) This section is inchuded to compensate for
possible delay in operation of sprinklers from fires in com-
bustible concealed spaces found in wood frame, brick
veneer, and ordinary construction.

A-5-2.3.1.3(b) Exception No. 2. Composite wood joists are
not considered solid wood joists for the purposes of this sec-
tion. Their web members are too thin and easily penetrated to
adequately compartment a fire in an unsprinklered space.

A-5-2.3.1.3(b) Exception No.3. This exception is intended
o apply only when the exposed materials in the space are lim-
ited combustible materials or fire retardant treated wood as
defined in NFFA 703, Standand for Fire Retardant Impregnated
Wead aud Fire Rewardant Coatings for Building Materials.

A-5-23.23 Exception No. 1. It is not the intent of this
exception 1o restrict the use of quick-response sprinklers in

1996 Exftion

Extra Hazard Occupancies, but rather to indicate that the
areas and densitics shown in Figure 5-2.3 might not be
appropriate for use with quick-response sprinklers in those
environments due to a concern with water supplies.

A-5-2.33.1 This section allows for calculation of the sprin-
ilers in the largest room, so long as the calculation produces
the greatest hydraulic demand among sclection of rooms and
communicating spaces. For example, in a case where the larg-
est room has 4 sprinklers and 2 smalter room has 2 sprinklers
but commuricates through unprotecied openings with 3 other
rooms, each having 2 sprinklers, the smaller room and group
of communicating spaces should also be calkeulated.

Corridors are rooms and should be considered as such.

Walls can terminate at a substantial suspended ceiling and
need not be extended to a rated floor slab above for this sec-
tion to be applied.

A-5.3.2.1 The protection area for residential sprinklers
with extended coverage areas is defined in the listng of the
sprinkler as a maximum square or rectangular area. Listing
information is presented in even 2.ft (.61.m) increments
from 12 f to 20 R (3.6 m to 6.1 m} for residential sprinklers.
When a sprinkler is selected for an application, its area of
coverage must be equal to or greater than both the length
and width of the hazard area. For example. if the hazard to
be protected is a room 14 ft 6 in. (4.3 m) wide and 20 ft 8 in.
(6.2 m) long, a sprinkler that is listed to protect an area of
16 ft X 22 ft (4.9 m x 6.8 m) must be selected. The flow used
in the calculations is then selected as the flow reguired by the
fisting for the selected coverage. {Ser Figure A-5-3.2.1.)

T

1 |
i 1416 in. (4.5 m) |
T 1€
: iz
| =
i b=
| | &
| !
| |

. i |
! T
U ——

Figure AS5-3%1 Determination of p ares of ge for retiden-

tiad sprinklers.

A-5-3.2.2 Sec Figure A-5-3.2.2.
A-5.8.4 Sec Table A-5-3.4.
A-5-3.5 Sec Table A-5-3.5.

A-5.3.5.1.1 While these sprinklers are intended primarily
for use in high-pile storage situations, this section permits
their use and extension into adjacent portions of an occu-
pancy that might have a lesser classification.

A-5.3.6.1 [fthe system is a deluge type. then all the sprin-
klers need to be caleulated cven if they are located on differ-
ent building faces.
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A-6-1 Prefiminary layouts should be submitted for eview
1o the authority having jurisdiction before any equipment is
installed or remodeled in order to avoid error or subsequent
misunderstanding. (See Figure A-6-1.) Any material deviation
from approved plans will require permission of the author-
ity having jurisdiction.

Preliminary layouts should show as much of the following
information as is required to provide a clear representation
of the system, hazard, and occupancy:

{a) Name of owner and occupant.

(b) Location, induding strect address.

{c) Point of compass.

{d) Construction and occupancy of each building.

NOTE: Data on special hazards should be submiued as they

may require special rulings.

(e} Building height in feet.

(B Ifitis proposed touse a city main asa supply, whether
the main is dead-end or circulating, size of main and pres-
sure in psi, and, if dead-end, direction and distance to near-
est circulating main,

(g) Distance from nearest pumping station or reseTvoir.

{h) In cases where reliable, up-to-date information is not
available, a waterflow test of the ity main should be con-
ducted in accordance with A-7-2.1. The preliminary plans
should specify the person who conducted the test, date and
time, the location of the hydrants where flow was taken, and
where static and residual pressure readings were recorded;
the size of main supplying these hydrants, and the results of
the test, giving size and number of open hydrant buus
flowed; 2lso, data covering minimum pressure in the con-
nection with the city main should be included.

(i) Data covering waterworks systems in small towns in
order to expedite the review of plans.

(j) Fire walls, fire doors, unprotected window openings,
targe unprotected floor openings, and blind spaces.

(k) Distance 1o and construction and occupancy of expos-
ing buildings—e.g-, lumber yards, brick mercantiles, fire-
resistive office buildings, etc.

(1) Spacing of sprinklers, number of sprinklers in each
story or five area and total number of sprinklers, mumber of
sprinklers on each riser and on each system by floors, total
area protected by each system on each floor, total number of
sprinklers on each dry pipe system of preaction or deluge
system and if extension to present equipment, sprinklers
already installed.

{m) Capacities of dry pipe systems with buik pipe
included, see Table A-3-2.3; and, if an extension is made to
an existing dry pipe system, the total capacity of the existing
and also the extended portion of the system.

{n) Weight or class, size. and material of any proposed
underground pipe.

(0) Whether property is located in 2 flood or earthquake
area requiring consideration in the design of sprinkler system.

(p) Name and address of party submitting the layout.
A-6-1.1 See Figure A-6-1.1.

A6-1.1.3 See Figures A-6-1.1.3(2) and (b).
A-6-2.2 Sec Figures A-6-2.2(a) through (d).
A-6-23 See Figure A-6-2.3.

A-6-2.3(n) See Figure A-6-2.3(0)-

A-6-24 Sce Figure A-6-24.

A-G-4.1 When additional sprinkler piping is added to an
existing system, the existing piping does not have to be
increased in size to compensate for the additional sprinklers,

rovided the new work is calculated and the calculations
include that portion of the existing sysiem as may be
required to carry water (o the new work.

A-64.4 See Figure A-6-4.4.

A64.4.1 Scc Figures A-6-4.4.1(@) and (b).
A-G4.42 See Figure A-6-4.4.2.
A-6-4.4.3(s) See Figure A-6-4.4.3(a).
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Table A-5-3.4 Large-Drop Sprinkier Data
Pressure and Number of 'Desigii Sprinklers Required for Various Hazards for Large-Drop Sprinklers

L. . _ Hose Stream Water
Type of Minimum Operating Pressure,” psi {bar) Demand Supply
Hazard System 25 {1.7) 50 (3.4) 75 (5.2 galimin (dm'/mis) Dunton, hr
Number Design Sprinklers
i Storage
Class I, 11, and I11 commodities up 10 Wet 15 Note 4 Note 4 500 (1900} 2
9% fi (1.6 m} with maximurm 10 ft
(3.0 m) clearance t© ceiling Dry 25 Note 4 Nate 4
Class IV commodities up 10 20t Wer 20 15 Note 4
¢6.1 m) with maximum Hft |
(3.0 m) clearance o ceiling Dry  Does not apply Does not apply Does not apply 500 {1900) 2
Unexpanded plastics up 10 20 £t Wet 25 15 Note 4
(6.1 m) with maximum 101t
(3.0 m) clearance 10 ceiling Dry Does not apply Does not apply Does not apply 500 (1900) 2
Expanded plastics commpodities up 10 Wet  Does not apply 5 Note 4 500 (1900) 2
18 {1 (5.5 m) with maximum B ft
(2.4 m) clearance to ceiling Dry Does not apply Dees not apply Does not apply
1dle wood paliets up (o 90 ft (6.1 m) Wet 15 Note 4 Note 4
with maximum 10 ft (3.0 m) clear- .
ance o ceiling Dry 25 Note 4 Note 4 500 {1800) 19
Solid Piled® Storage
Class 1, 11, and 111 commaodities up Lo Wet 15 Note 4 Nowe 4
20 fi (6.1 m) with maximum 16 £
{3.0 m) clearance 10 ceiling Dry 25 Note 4 Nowe 4 500 (1900) b Yy
Class 1V commoditics and unex- Wet Does not apply 15 Notec 4
panded plastics up to 20 fi {6.1 m)
with maximum 10 {t (3.0 m) clear-
ance ta ceiling Dry  Does not apply Does not apply Does not apply 500 {1900} Ll
Double-Row Rack Storage’ with Mini- ’
goum 5.5 £t (1.7 m) Aisle Width and
Multiple-Row Rack Sworage with
Minimum 8.0 ft 2.5 m) Aisle
Width
Class 1 and 11 commodities up 1@ 25 fi Wet 20 Note 4 Note 4
(7.6 m} with maximurm 5 ft (1.5 m)
clearance o ceiling Dry 0 Note 4 MNote 4 500 (1900} 14
ClassTand I1 commodities up 1o 30 ft Wet 20 plus ene Note 4 Note 4
9.2 m} with maximum 51 (1.5 m} leve! of in-rack
dearance to ceiling sprinklers’
Dry 30 plus one Note 4 Nowe 4 560 (1900} 1y
tevel of in-rack .
sprinkiers’
Class 1, 11, and 111 commodities up 1o Wet 15 Note 4 Mote 4
20 fi (6.} m) with maximum {0 f i .
3.0 m) clearance w ceiling Dry 25 Note 4 Note 4 500 (1900) IYa
Class 1. 11, and 111 commodities up to Wet 15 pius one Note 4 Note 4 iy
95 ft (7.6 m) with maximum 1041 jevel of in-rack
(3.0 mj dearance to ceiling sprinklers®
Dry 43 plus one Note 4 Note 4 500 (1900)
level of in-rack
sprinklers’
Class 1V commodities up 1o 20 f Wet Does not apply 20 i5
6.1 m} with maximum 10 ft (3.0
iiamic‘:m ctm:lg“ 3.0m Dry  Docs notapply Does not apply Does not apply 500 (1900} 2
Class IV commodities up 10 25 ft Wet Does not apply 20 plus one 15 plus one
(7.6 m} with maximum 10 f clear- level of in-rack level of in-rack
ance o ceiling sprinklers’* sprinkicrs’ 500 (1900} 2
Dry Does not apply Does nol apply Does not apply
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‘fable A-5-3.4

(cont.)

. . . Hose Stream Water
Type of Minimum Operaung Pressure,’ pri (bar} Demand Supply
$Hazard System 23{L.7) 50 (3.4} 75 (5.2} galmin {dm*/min) Purstion, hr
Lincxpanded plastics up 10 206 Wet  Does not apply 30 20 500 {1900) 2
(6.1 m) with maximum 108
(3.0 m} ciearance Lo ceiling Dry  Doesnot apply Does not apply Does not apply
Uncxpanded plastics up 10 23540 Wet  Does not apply 50 plus one 20 plus one 500 (1900) 4
{7.6 m) with maximum 10 f level of in-rack  fevel of in-rack
{319 m) clearance 10 ceiling sprinklers’ sprinklers’
Dry Does not apply Does not apply Does nol apply
Class YV commodities and unex- Wet Does not apply 15 Note 4 500 {1900} 2
panded plastics up 10 20 ft (6.1 m)
with maximum 5 fi (1.5 m) clear-
ance to ceiling Dry  Dotsnot apply Does nat apply Does not apply
Class §V commoditics and unex- Wer  Does notapply 15 plus one Note 4 500 (1900) 2
panded plastics up 10 25 ft (7.6 m} level of in-rack
with maximum 5 f (1.5 m) clear- sprinklcrs“
ance to celling Dry  Does not apply Does not apply Does not apply
On-end Storage of Roll Papes”
Heavyweight paper in closed array, wer  Dots not apply 156 Note 4
banded in open array. oF banded
or unbanded in a standard array,
up o 26 £ GO m with maximum 0 4
44 f1 (104 m) clearance (0 ceiling Dry Does not apply  Does not apply Does not apply (Note 6} {Note 6}
Any grade of paper. except light- wet  Does not apply i5 Note 4
weight paper with stacks in closed
array. or panded or unbanded in a
standard array, up to 20 ft (6.1 m}
with maximum 10 L 3.0m) clear- 0 4
angce to ceiling Dry Does not apply 25 Note 4 (Note 6) (Note 6
Medium weight paper completely Wet  Does not apply 15 Note 4 Note 6 Note 6
wra (sides and ends} in one or
smare lavers of heavyweight paper.
or lightweight paper in two OF mMOore
Lavers of heavyweight paper. with
cosed array, handed in open array,
or unhanded in 2 standard array.
up 1026 R Famywih maXimum
44 fu (104 m) cdearance 10 ceiling Dry Does not apply_Does not apply Does not apply  Doesnot apply _ Does not apply
Retord Storage
Paper records andior computer 1apes Wet 15 Note 4 Note 4 500 (1900) 1112
sn mubitier steel shelving up t©
5 fi (1.5 m) in width and with aisles
20in, (76 an} or wider. without cat~
walks in the aistes, up o 15 fi (4.6 m)
with maximum 5 (1.5 m} clearance
10 ceiling Dry 25 Note 4 Note 4
Same as above, but with catwalks of wet  Does not apply 13 Note 4 500 (1900} 1Y
expanded mewal or metal grid with
yinimum 50 percent open ared in
the aisles Dy Does now apply 15 Note 4

For S Units: § i = G308 00 } i = 00689 bar.
NOTES:
Open wensd joist comtruction. Fully firsstop cach jo

il

ist channe e its full depth at imtervals not exceeding 20 (6.2 m} In unfirestopped apen wand joist con-

saructions, of i fireaops §T¢ insralled at intervals exceeding 20 # (6.1 m), increase the Mminitum OpETANng pressures of Table A-5-3.4 by 49 percent.

Scr NFPA 231, Neoudard for Genernd Storuge.

papwt

Howe sireais deniands
Hudll Prioes.

With rack storage. use canvertional wood pallets anly: nar slave paliets.
“The high prosure may be used. but the required aumber of design sprinkiess may not be reduced from that required for the jower pressure.
st} in-tack sprinklers in aceordance with NFPA 231G Standurd for Rack Sterage.

and water supphy durations may vary for roll paper sorage depending ot Lcal cunditions. See NFPA 31E, Stawdard fur the Soruge nf
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Table A-5-3.5 ESFR Sprinkler Data

Maximum He ’ Sprinkler
Maximum Bt of Building Design
of Storage in ft Nominsl Pressure Commodity
“Type of Storage Commeodity inft (Note 1) K Factor in pei Limitation
Pallesized and solid pile novage Canoned unexpanded plastic: 25 (7.6 m} 30(9.1 m) 13.5-14.5 50 (3.4 bars}
and single, double, and muiti- cartoned, expanded plastic;
ple row rack storage (no open uncartoned, unexpanded pias-

wp containers or solid shelves) tic; and Class 1. 11, I, eriv
commaodities encapsulated or
unencapsulated

Cartoned, unexpanded phastic; $5 (10.7 m} 46{12.2m} 13.5~14.5 75 (5.2 bars) Note 2
and Class 1, {1, Hil, or [V com-

modities, encapsulated of 20 ¢6.1 m} 95 (7.6 m) 11.0-11.5 50 (3.4 bars)
unencapsulated
Roll paper on end, open/ Heavy weight or medium weight  20{6.1 m} 30 (9.1 m} 13.5-14.5 50 (3.4 bars}
guandard or closed array.
banded or unbanded
Asrosol StoTAge See NFPA 30B

For 1 Units: } ft = 03048 m.

NOTE 1; Maximum building height is 10 be measured 10 the underside of the roaf deck or ceifing.
NOTE2: Only ESFR sprinklers specifically lised far 40-ft {12.2-m) high buildings should be used in buildings higher than 30 fi (3.1 miup 40 fe {122 m).
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Figure A-6-1 Typical preliminary plat.
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Desig

Address
Authority

Name of Contractor

Narme of Designer

Hydraulic Calculations

for
ABC Company, Employee Garage

7489 Frankiin Road

Charieston, 5C

Contract No. JLW
Date___L"_.Z_L@_—--——

n data:

Occupancy Classitication M
Density._ 018 _apmm?
Area of Application 1800, 12

Coverage per Sprinkler _ 130 w2

Spacial Sprinkiers

No. of Sprinkiers Calculated ___....._’E..--—

in-rack Demand R i

Hose streams __,_,_25..,9_..%'4-———-

Total Water Required __ 5104 6PM
inciuding hose streams

Having Jurisdiction

1996 Ecition

*
Figure A-5-1.2(x) Summary sheet.
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Figure A-6-2.2{¢) Hydraulic calculations.
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Figure A-6-2.2(d) Hydraulic graph.
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Figure A-6-2.8(0) Example of hydmulically remote ares — grid system.
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NOTE 1: For gridded systerms, tha extra sprinkler (or eprinkiers) on
branch line 4 may be placed in any adjacent location trom Bilo Eatthe
designers option.

NOTE 2: For tree and jnoped systems, the extra sprinkier on ling 4
shoutd be placed closest 10 the Cross maire.

Assurne a remola area of 1500 #? with sprinkier coverage of 12012

. Design area
Total sprinklers 10 calculate 2 r————————
Area per sprinkler

1500
= e = 12.5, calculate 13
120

Number of sprinklers on branch fine z1-'g-§w—5—
Where A = Design area
5 = Distance between sprinkiers on branch line

Nurnber of sprinkiers on branch lire #1_3_;1{599_ = 3.87.

For Slunits: 1 = 03048 m 1 #2 = 0.0929 m2.

Figure A-6-44 Exampie of determining the number of sprinklers 10 be
calculated.
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Figure A-b-4.4.1(5 Example of hydraulically most demanding sres.
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Figure Ab-4.4.3(m) Sprinkier design ares.
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k

A5-4.43() This subsection assumes a ceiling constructed
<o a5 1o reasonably assure that a fire on one side of the cail-
ing will operate sprinklers on one side only, Where a ceiling
is sufficiently apen. or of such construction that operation of
sprinklers above and below the ceiling may be anticipated,
the operation of such additional sprinklers should be consid-
ered in the calculations.

A-6-4.44 When it is not obvious by comparison that the
design selecied is the hydraulically most remote, additional
calculations should be submitted. The most distant area is
not necessarily the hydraulicalty most remote. :

A-6-4.46 The use of sprinklers with differing orifice sizes
in situations where different proteciion areas are needed is
not considered balancing. An example would be a room that
could be protected with sprinklers having different orifice
size in closet, foyer, and room arcas. However, this proce-
dure introduces difficulties when restoring a System to ser-
vice afier operation since it is not always clear which sprin-
kiers go where.

A-5-4.4.7 Where the normal pressure (P,) is used to caleu-
late the flow from an orifice, the foliowing assumptions
should be used.

{a) At any flowing outletalonga pipe, except the end out-
leL, only the normal pressure (P,) can act on the outlet. At
the end outlet the otal pressure (P can act. The following
should be considered end outlets:

1. The last flowing sprinkler on a dead-end branch line
9 The last flowing branch lineona dead-end cross main

3. Any sprinkler wherea flow split occurs on @ gridded
branch line

- 4. Any branch line where a flow split occurs on 2
looped system.

(b} Avany flowing outlet along a pipe, except the end out-
let. the pressure acting o cause flow from the outlet is equal
10 the 1otal pressure (P) minus the velocity pressure (P} on
the upstream (supply) side.

¢c} To find the normal pressure (P,) at any flowing oudet,
except the end outlet, assume 2 flow from the outlet in question
and determine the veloaty pressure (P,} for the total flow on
the upstream side. Because normal pressure (P equals total

ressure (F,) mints velocity pressure (P}, the value of the nor-

mal pressure (P} 50 found should result in an outlet flow

proximately equal to the assumed flow: if not, a new value
should be assumed. and the calculations repeated.

A-65.1 The demonstrated effectiveness of pipe schedule
systems is limited to their use with Vo-in. (13-mm) orifice
sprinklers. The use of other size orifices may require
hydraulic calculations 10 prove their ability to deliver the
required amount of water within the available water supply.

A-6-5.1.2 Long Runs of Fipe. Where the construction oF
conditions introduce unusually long runs of pipe or many
angles in risers or feed or cross mains. an increase in pipe
size over that called for in the schedules may be required to
compensate for increased friction losses.

A-6-3523.1 For example, a 2Vrin. {64-mm) steel pipe,
which is permitied to supply 30 sprinklers, may supply a
1otal of 30 sprinklers where not maore than 30 sprinklers are
above, or below. a ceiling.
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A-5-553.1 For example, a 3-in. {76-mm) steel pipe. which
is permitted to supply 40 sprinklers in an Ordinary Hazard
area, may supply a total of 60 sprinklers where not more than
40 sprinklers protec the occupied space below the ceiling.

A-6-5.4 Schedule for Extra Hazard Occupancies. The pip-
ing schedule shown in Table A-6-5.4 is reprinted only as a guide
for existing systers, New sysiems for Extra Hazard Occupancies
should be hydraulically calculated as required in 6-3.4.

Table A-6-5.4 Extra Hazard Pipe Schedule

Cogpér
1 sprinkier  lin oo
¢ sprinklers Wain. ooieee-
5 sprinklers 1Yein. eeeens
8 sprinklers DI cerrennanne

{ sprinkler

2 sprinklers
5 sprinklers
8 sprinklers

15 sprinklers  2Yzin. oo 20 sprinklers
97 sprinklers 3. oeee 30 sprinklers
40 sprinklers Yo in. ..oeves 45 sprinklers
55 sprinklers  4in. ee 63 sprinklers
90 sprinklers  5in. e 100 sprinklers
150 sprinklers  Bin. ..o 170 sprinklers

For $f Units: | in. » 254 mm.

A-6-5.6 In the design of an exposure protection system,
the flow rate from window and cornice sprinklers is shown
in Table 6-5.6. The flow rates are based on the guide num-
bers selected from Table 2-3 of NFPA 80A, Recommended
Practice for Protection of Buildings from Exterior Fire Exposures.

Section A of the table is for window sprinklers. The orifice
size is selected according to the fevel on which the sprinkier
is located.

Section B of the wable is for cornice sprinklers.

A-7-1.2.3  Where the system riser is close to an outside wall,
underground fitings of proper length should be used in
order te avoid pipe joints located in or under the wall.
Where the connection passes through the foundation wall
below grade, a I-to 3.in. {25- to 76-mm) clearance should be
rovided around the pipe and the clear space filled with
asphalt mastic or similar flexible waterproofing material.

A-7.2.] Water Supplies. Care should be taken in making
water tests to be used in designiag or evaluating the capabil-
ity of sprinkler systems. The water supply tested should be
reprgsentative of the supply that may be available at the ime
of a fire. For example, testing of public water supplies
should be done at times of normal demand on the system.
Public water supplies are likely to fluctuate widely from sea-
son to season and even within a 24-hour period. Allowance
should be made for seasonal or daily fluctuations. for
drought conditions, for possibility of interruption by flood.
or far ice conditions in winter. Testing of water supplies also
normally used for industrial use should be done while water
is being drawn for industrial use. The range of industrial-
use demand should be taken into account. In special situa-
tions where the domestic water demand could significantly
reduce the sprinkler watet supply, an increase in the size of
the pipe supplying both the domestic and sprinkler water
rnay be justified.

Future changes in water supplies should be considered.
For example a large, established. urban supply is not likely
10 change greatly within a few years. However, the supply in
a growing suburban industrial park might deteriorate quite
rapidly as greater aumbers of plants draw more watcr.
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Testing of Water Supply. To determine the value of
public water asa supply for automatic sprinkler systems, itis
generally necessary 10 make a flow test 10 determine how
much water can be discharged ata residual pressure at a rate
sufficient to give the required residual pressure under the
roof {with the volume flow hydraulically transiated to the
base of the riser), i.e., a pressure head represented by the
height of the Bbuilding plus the required residual pressure.
The proper method of conducting this test is 1o usc W6
hydrants in the vicinity of the property. The static pressure
should be measured on the hydrant in front of or nearest to
the y and the water allowed to flow from the hydrant

“next nearest the property, preferably the one farthest from

the source of supply if the main is fed only one way. The
residual pressure will be that indicated at the hydrant where

* waer is niot flowing.

|

Referving to Figure A-7-2.1, the method of conducting
the flow rests is as follows:

1. Antach gauge to hydrant (A) and obtain static pressure.

9. Either atach second gauge 10 hydrant (B} or us¢ Pitot
tube at outlet. Have hydrant (B) opened wide and read pres-
sure at both hydrants.

3. Use the pressure at (B) 1o compute the gal flowing and
tead the gauge on (A} 1o determine the residual pressure or
that which will be available on the top line of sprinklers in
the property-

‘Water pressure in psi for a given heightin ft equals height
multiplied by 0.434.

In making fiow tests. whether from hydrants or from noz-
sles attached 1o hose, always measure the size of the orifice.
While hydram cutlets are usually 2y in. (64 mm), they are
sometimes smaller and occasionally larger. The UL play
pipe is 1 Yy in. (29 mm} and 1% in. (44 mm) with up
yemoved, but occasionally nozzies will be 1 in. {(25.4 mm)or
1Y, in. (33 mm), and with the tip removed the opening may
be only 1Yy in. (38 mm).

The Pitot tube should be held approximately one-half the
diameter of the hydrant or nozzle opening away from the
opening. It should be held in the center of the stream,
except that in using hydrant outlets the stream should be
explored to ascertain the average pressure.

For further information on watey supply testing, see
NEPA 201, Recommended Practice for Fire Flow Testing and
Marking of Hydranis.

Gauge atiached Gauge attached 1o
10 hydram to fydrant or Pitot ube
show static and to register flowing
residual pressunes prassure

Pitot tube

'i
f’///ih‘////!///a’///////////////////ﬂ

N Public main
Figure A-7-2.1 Method of conducting flow tests.
A-7-2231 An auvtomatically controlled vertical turbine

pump taking suction from a reservoir, pond, lake, river, or
well complies with 7-2.2.1.

A-7-2.3.3 For pipe schedule systems, the air pressure 1o be
carried and the proper proportion of air in the tank may be
determined from the following formulas, in which

P = air pressure carried in pressure tank
A = proportion of air in tank
H = height of highest sprinkler above tank bouom.

When tank is placed above highest sprinkler

= ig- - 153
P A 15,
A= Ysthen P = 90 — 15 = 751b psi,
IfA = Yy then P = 60 ~ 15 = 45 Ib psi.
IfA = ¥ythen P = 45 ~ 15 = 30 th psi.

When tank is below level of the highest sprinkier

Z 30 5 0438
P A !3+—--—~—*A .

IfA = Ysthen P = 75 + 1L.30H.
IfA = Ygthen P = 45 + 0.87H.
IfA =% then P = 30 + 0.65H.

The respective air pressures sbove are calculated 1o
ensure that the last water will leave the tank at a pressure of
15 psi (1.03 bars) when the base ofthetank isona level with
the highest sprinkler, or at such additional pressure as is
equivalent o a head corresponding to the distance between
the base of the tank and the highest sprinkler when the tat-
ter is above the tank.

For hydraulically calculated systems, the following for-
mula should be used to determine the tank pressure and
ratio of air to water.

+
_Pe+15 o

i
where:

P, = tank pressure
P = pressure required from hydraulic calculations
A = proportion of air.

Example: Hydraulic calculations indicate 73 psi is
required to supply the system. What tank pressure will be
required?

p, = 75(:515 - 15

P=180-15% 165 psi

For S1 Units: | ft = 0.3048 m; 1 psi = 0.0689 bar.

In this case the tank would be filled with 50 percent air
and 50 percent water and the tank pressure would be
165 psi (11.4 bars). If the pressure is 100 high, the amount of
air carried in the tank will have 10 be increased.

{.ocation of Pressure Tanks. Pressurc wanks should be

located above the top level of sprinklers, but may be located
in the basement or elsewhere.
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A-B2.1 Underground mains and lead-in connections to
system risers should be flushed through hydrants at dead
ends of the system o7 through accessible aboveground flush-
ing outlets allowing the water to run until clear, Figure
A-8.2.1 shows acceptable examples of flushing the sysiem. If
water is supplied from more than one source or from 2
Ioped system., divisional valves <hould be closed to produce
a high-velocity flow through cach single fine. The flows spec-
ified in Table 8-2.1 will produce a velocity of at least 10 fusec
(3 mys), which is necessary for cleaning the pipe and for lift-
ing foreign material to an aboveground flushing outlet.

Wys or Siamese connection
with clappers removed

4-in. {102-mm) stee! pipe
b
Reducing el 6 in. {152 mm} x

& in {102 mmj . —>
or 8 n. {203 mm} X 2%in. (B4-mm} hose
4 in. {102 run} W
Cast iron flanged spigot ater to tiow
pipe from undarground through cpen hase
Employing t_mriz,omal run of ATin. {102-mm} pipe and
reducing fitting naar base Of HS8T  \water may be discharge d
Fire dapartment through apen end of 4in.,
instaflaplugora check vaive {102-mm} pipe of thtough
nipple and cap ¥ or Slamese connection
o tiush under with hose as shown
ground before =
piping i {64-mm) hose

Water may be

valve o O 3 L i
Remaove clapper duf- discharged through
o fiushing uperation, spen end of 4-in.
4-in. {102-mm) pipe of
through ¥ or Siamese

connection with hose
as shown above

Empioying fire depantment connecions

Figure A-8-2.1 Methods of flushing water supply connections.

A-B-2.21 Asprinkler system has for its water supply a con-
nection 10 a public water service main. A 100-psi {6.9-bar)
rated pump is installed in the connection. With 2 maximum
normal public water supply of 70 psi (4.8 bars) at the low
elevation point of the individual system or portion of the
svsiem being tested and a 120-psi (8.3-bar) pump {churm)
pressure, the hvdrostatic test pressure is 70 + 120 + S0 or
240 psi (165 bars}.

“To reduce the possibitity of serious water damage in case of a

break, pressure may be enaintained by a small pump. the main

controlling gate meanwhile being kept shut during the test.
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Polybutylene pipe will undergo expansion during initial pres-
surizaton. In this @se, a reduction in gauge pressurc may not
necessarily indicate a leak. The pressure reduction should not
exceed the manufacrurer’s specfications and listing criteria.

When systems having rigid thermoptastic piping such as
CPVC are pressure tested, the sprinkler system should befiilled
with water. The air should be bled from the highest and far-
thest sprinklers. Compressed air or compressed gas should
pever be used 10 testsystems with rigid thermoplastic pipe-

A-8-2.2.7 Valves isolating the section 1a be tested may not
be “drop-tight.” When such leakage is suspected, test blanks

. of the type required in 2-2.2.7 should be used in 2 maaner

that includes the valve in the section being tested.
A-8.5 See Figure A-8-5.

This systern a5 SHOWN O ..cvc-veseremrmrmtt company
PARLAG . ovenaraarmisrmssms st dated .........--
PRI PROUUC TS PR R T S
I COnTACi NG L e
is designed to discharge &t a atetl, .o gom/?

(Urnin!mzi ot tioor area over a maximomargaol .. ...

................................. #12 {m?) when supplied
with water gtarate of oooovrurorerommreT gpm (Limin)
P U EPR .. psi (oars) &t the base of the riser.
Hose stream aliowance O coevnneanrent . gprn {Limin}

is included in the above.
Ocrupancy ClRESIHICAION ovneranne e
Commodity AassHiEation . oo sae s

Maxirum storage height ... c.orereomerrere it inn s

Figure A-8-5 Sample nameplaic.

A-9-1.1 Heat-Sensitive Material. The backbone of the fire
protection philosophy for LS. fNlagged vessels and passenger
vessels that trade internationally is limiting 2 fire to the com-
partment of origin by passive means. Materials that do nat
withstand a 1-hr fire exposure when tested in accordance with
ASTM E 119, Standard Test Methods for Fire Tests of Building Con-
struction and Materials, are considered “heat sensitive.”

A-0-1.1 Marine Thermal Barrier. A marine thermal bar-
rier is typically referred 10 asa B-13 boundary.

A-9-1.2 [n addition to the examples provided in Appendix
A-1-47 ofthe sandard, Table A-G-1.2 provides addigonal exam-
ples of occupancy definitons of typical shipboard spaces.

The classifications in Table A-9-1.2 are not meant to be
applied without giving consideration to the definition of

cach occupancy hazard given in the siandard. Table A-9-1.2
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Intarnationa! Shora Connection be possible 0 outfit a stateroom {0 reguire upgrading the
occupancy to Ordinary Hazard Group 1.
“Fhveads to mate tydrants Threads ta mate hydrmants When a vessel undergoes modifications, alterations, or service

changes that significantly affect the fire risk of the occupancy of

and hose on ship
Vi int. 7 one Or MOre COMParunenis, the occupancy classification should

mmmmm/

__4{14 mm) min be reevaluated 1o determine if it has changed.
t
- A-9-1.3 Experience hasshown that strucwares that are partially
1 sprinkicred can be overTun by well-developed fires originating in
unsprinklered areas. Therefore, the entire vessel shouid be
/ sprinklered whenever sprinkier systems are considered.
275 mnnl A-9-2.1 Sprinkiers with 2 nominal orifice size ¥y in.
(9.5 mm) or less coupled with 2 system strainer minimize the
— tential for clogging. Attention is called to the minimum
125 in. (32 mm} 10-psi (68.9-kPa) design and operating pressure require-
ment, which exceeds the typical 7 psi (48.3 kPa) required for
% land-based systems.
7SN, gé’m A.0.2.2 Where a marine thermal barrier is penetrated,
(8 mm) d limiting the opening around the sprinkler pipe 0 Yie in.
(1.6 mm} is considered as meeting this requirement.

_ Shore . Sop A-9-2.4.3(b) Matcrials that are not lisied are permitted
Maneriat: Any suitable for 150 psi Matarial: Brass ot bronze provided that they are shown to meet the performance
gﬁ‘ kem) “"_'g;}m“} suitable 150:“150 psi (1034 kPa) requirements of International Maritime Organization Mari-
G pe suriace: Ay utabie for service (ship} time Safety Committee Circular 580, Guidelines for the Appli-
150 psi (1034 KPa) sarvice cation of Plastic Pipes on Ships.

B?HFWW-ﬁm} minimuth A-9-2.5.1 When designing supports, the selection and
diameter, 2-in. (51-mm) long, spacing of pipe supports <hould take into account the pipe
:mm 1in.(25.4 mm) dimensions, mechanical and physical properties of piping
Nuts: Four, to-ft bolts materials and supporis. operating lemperature, thermal
\Washers: Four, 10 i bolts expansion effects, external loads, thrust forces, vibration,

maximum accelerations, and differential motions to which
Figure A9-1.1  Internationa] shere fire conpection. the system might be subjected, and the type of support.
The route of the vessel isintended 10 be descriptive of its usual
operating area. For example, expeaed motion of the system on
is general guidance for classification of typical spaces. Where an ocean vessel is expeced to e considerably greater than the

a space is outfitted such that the occupancy definitions indi- motion of a vessel that operateson a river. A vessel that operaies
cate that another classification would be more appropriate, within the confines of any of the Great Lakes is expected to sub-
the most representative and most demanding occupancy ject the system pipe Lo greater motion than would a vessel that

classification should be used. For exampie, it would certainly operates on a lake such as Lake Tahoe.

Table A-9-1.2 Examples of Shipboard Space Occupancy Classification

Space Types Included
Ocrapancy Type CFR SOLAS? Examples
Light Havard 1h.2.3.4.5 14,2,5.4.5, Public spaces
¥, 13 9. 10 Control stations
Ordinary Hazard Gatleys
(Group 1} . Storage areas
Laundries
1.6.7.8.9 1%.3.5.9 Pantries with high heat source equipment
Ordinary Hazard Sales sheps
{Group 2} Stages (with sets)
o, 1 5,849, 11 Machine shops
Exura Hazard . Auxiliary machinery - Jimited combustible liquids
(Group 1) 1,910, 11* 1.5, 7.8 Sreering TOOMS = combustible hvdraulic fiuid in use
Extra Hazard Auxiliary machinery - with combustible liquids
{Group ) 194101 1.5.6.7.8 Machinery spaces

Space type delinitions are given in 46 CFR 72.05-5.

definitions are given in the Intersationnl Carventintt Jor the Safete of tafe nt sen. 1974 (SOLAS T4 s amended. regutaions 11-2/3 and 11-2/26.
Prirarily for accommadation type contrul stations, This would aeot include generator ov mber similar typr space>.

“Depends o slurage P quarntity and height and distance brelow sprinkier deflectars {must maintain UAG m (d ind clearanee).
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1t is recommended that the designer review the require-
ments for automatc sprinkler systems that are subject to
carthquakes. While it is obvious that shipboard motions and
accelerations differ from those that occur during an earth-
quake. the general principle of protecting the piping system
against damage applies. individual hanger design, however,
will be very similar. (Se 4-14.4.3

Earthquake protection does not apply 10 ships; however,
motions are similar 10 those that  ship will experience in a sea-
way. The design principles discussed in this section should be
used as a guide for shipboard system design. See 2-6.1.

A-9-253 Use of heat sensitive materials for pipe hangers
and supports might be desirable in some Cases. Where heat-
sensitive materials are used, the hangers and supports should
be adequately protected by either the direct application of
insulation or installauon behind a marine thermal barricr.
. Insulation materials applied directly 1o hangers shoutd be
insulated in accordance with the method provided in Sodiety of
Naval, Architects and Marine Enginecrs Technical Research
Bulletin 2-21, “Aluminum Fire Protection Guidelines.”

A.9.25.4 Consideration ‘chould be given to increasing the
size of rods and U-hooks as necessary, to account for service
and operational loading, including ship motion and vibragions.

A-9.2.6.1 Shipboard installations will normally require more
than one valve per water supply. Locking valves in the open posi-
gon is not an acceptable substitute for the requirement of 9-2.6.1
but can be done in addition o the supervision requirement.

A-9-2.7.1 International shere conpections are portable
universal couplings that permit connections of shipboard
sprinkler or firemain systems between one ship and another
or between 3 shore facility and a ship- Roth the ship and the
shore facility are expecied 0 have an international shore
connection fiing such that in an emergency they can be
auached to their respective fire hoses and bolted together 1o
permit charging the ship’s systefn- It must be portable to
hccommodate hose-to-hose connection and allow assistance
from any position.

Installaion of an additional fire boat connection might be
required on-board vessels whose route is such that regular access
10 fire boats is possible. An additional fire boat connection might
notbe necessary where fire boats are equipped to connect 1o the
regular fire department connection. (See A-9-2.7.3).

A-8-273 Selection of the pipe thread for the fire depart-
ment connection should be done very carefully. It is recom-
mended that a 2Vrin. Siamese conaection with National
Standard Hose Thread be used since 3 majority of fire
department hose lines will be compatible with this thread.
Hawever, it must be noted that some fire jurisdictions might
not be compatible with a connection of this type. Serious
consideration should be given to the vessel's typical operat
ingarea. Precautions and planning should avert the possibil-
ity of the vessel being forced ashore by fire at a location
where the fire deparument equipment is not compatibie with
this connection. Carriage of extra fitings and pre-voyage
arrangements with alt applicable jurisdictions should be con-
sidered. The international shore connection is required 1o
ensure that all vessels fitted with sprinkler sysiems have at
1cast one type of common connection.

A-9-31 Spec consideration should be given to the instatla-
tion of relicf valves in all wet pipe systemns. Ambient ship temper-
atures can vary gready depending on operating environment,
duration of vovage. and Eailure of cimate control systems.
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A-8-42 Areas fined primarily with muliple staterooms and
corridors should be considered sleeping accommodation areas.

A-S44 If combustibles are present such that they constitate
a threat, the space should be spﬁnkicred. One example would
be the presence of large bundles of unsheathed computer 67
electrical cable. Typical amounts of lighting or control cabling
should notbe considered 1o constitute a fire threat.

A-9-4.10 The objective of these requirements is 1o protect tis-
ers and cross mains, and 10 CRSUTE that fire damage within one
space or group of will not inhibit the performance of the

remainder of the sprinkler system. Heat-sensitive piping. as
restricted by this section, should not be led between two spaces
(hat are required to be separated by 60-min-rated divisions.

A-G-4.12.1 While not required, a dual annunciator alarm
panel system is recommended. One panel should show the
piping system layout and indicate status of zone valves, 1ank
pressures, water supply valves, pump operation, €l The
second panel should show the vessel's general arrangement
and indicate status of water flow (i.e., fire location} alarms.

A-9-5.2 For example. 2 design area of 1500 £ (1393 mY) is
used to design a sprinkler system for an unobstructed Light Haz-
ard occupancy. In is case, the sysiem must supply at least 7
sprinklers that are installed within that area. 1f 8 sprinkiers arc
installed to protect windows within Whis design area, the waier
demand of these sprinklers is added o the wotal water demand.
Thus, 15 sprinklers must be supplied by this system.

A-9-5.3 Hose stream flow need not be added to the water
demand, The water supply for fire streams is supplied by
separate fire pumpis) that supply the vessel's fire main.

A-0-6.2.6 Thepurpose of this is to ensure that the pressure
tank air supply will not keep the tank “fully” pressurized
while water is expelled, thus preventing pump actuation.

A-8-6.3.6(x) Pumps should not be located within the same
compartment. However, where this is not rcasonable or
practical, special attention should be given to protecing
pumps such that a single Eaiture will not render the sprinkier
system inoperative.

A-9-6.4.5 This procedure should be used t© qualify each
water supply to which the vessel isto be atached. For example.
this might require testing of multiple hydrants or conrections
in the same MOOTINg area. The pressure loss effect of the hose

dt piping leading from the water supply ©© the ship should also

be considered when qualifying each hydrant.

A-10-1.1 Impairmeats. Before shutting off a section of the
fire service system 0 make sprinkler system connections,
notify the authority having jurisdiction, plan the work care-
fully, and assemble alt materials to enable completion in the
shortest pessible ume. Work started on connections should
be completed without interruption and protection restored
as promptly as possible. During the impairment, provide
emergency hose fines and extinguishers and maintain exira
watch service in the areas affected.

When changes involve shutting off water from any consider-
sble number of spnnklcrs for more than 3 few hours, tempo-
rary water supply connections should be made to sprinkler sys
tems so that reasonable protection cafl be maintained. In
adding to old systems of revamping them, protection should
be restored each night so far as possible. The members of the
privae fire brigade as wellas public fire deparuments should be

notified as to conditions.
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Fire glapartment
shore connection
international
shore
cofinection
Fresh water
Fram sea chest To system
e Check valve
P Supervised normally open gate vaive
—{G— Normally closed gate valve
Figure A-8-6.3.6{a} Abbreviated example of & dual fire pump waser supply.
Fire depanment
shors conpaction
Intemational
shore
Pressure tank > 4] on
Back fiow
prevenior Tank fill S\rsiem i
Frash water >
Prirnary
From sas chest o fire 3 ) To systermn
pump Flow-measuring
davice
Flow test
overboard
From fire main % » e
wpen Shack vahve —{%— Automatically operated,
normally ciosed gate valve
i}~ Nommally closed gate valve ~pé— Suparvised, normally
open gate valve

Figure A-9-63.7 Abbrevisted example of a water supply with fire pump backup.
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