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CEILING SPRINKLER INSTALLATIONS

What we will review

* System types
o Wet-pipe, dry-pipe, preaction, refrigerated, vacuum, deluge, antifreeze.
e Sprinkler piping and hangers
* Ceiling slope
* Ceiling construction
* Heat and smoke vents
* Ceiling pockets and skylights
* Ceiling airflow velocities

* Obstructions to sprinkler discharge



CEILING SPRINKLER PROTECTION

What are the main types of water-based sprinkler systems?

Wet-pipe type

Dry-pipe type

Deluge

Preaction




CEILING SPRINKLER PROTECTION

Wet-pipe system

4°C<T<95°C

Pendent Sidewall




CEILING SPRINKLER PROTECTION

Wet-pipe system

Piping arrangement:

» Grid system
» Loop system

» Tree system

Grid system

o po g =

- Sprinkler heads
- Sprigs

- Sprinkler lines
- Riser nipple

- Sprinkler main



CEILING SPRINKLER PROTECTION

Wet-pipe system

0 Maximum coverage area (size of the system)
There is no fixed limitation, it will depend on:

» Hydraulic design (example: 12 sprinklers at 5.2 bar)
» Water delivery time

O Flow alarm time: 60 seconds upon sprinkler actuation

O Piping material: black steel pipe or steel that is resistant to internal oxidation (never use
galvanized pipes for wet systems, possibly explosive gas development), plastic (nonstorage only)



CEILING SPRINKLER PROTECTION

Wet-pipe system: in-rack sprinklers

O Ambient temperature: 4°C < T <95°C

O Sprinkler orientation: pendent or upright (no sidewall)

0 Response time: quick response (except for ignitable liquids: standard response).
O Piping arrangement: single-path, loop, grid

O Maximum coverage area: 3715 m? of floor area (footprint: racks + aisles)

O Flow alarm time: 60 seconds upon sprinkler actuation

O In-rack system should be equipped with its own check valve, control valve and waterflow alarm



CEILING SPRINKLER PROTECTION

Dry-pipe system

Sprinkler

Yellow area
Compressor represents
or air or nitrogen
cylinder in pipes

Blue area

represents

water in

pipes




CEILING SPRINKLER PROTECTION

Dry-pipe system

) | «— AN,

Dry pipe valve T<4°C or T>95°C

i =

T: Not constantly 3
below -7°C :

Pendent Upright Sidewall

AND ONLY Standard Response, 141°C sprinklers!



CEILING SPRINKLER PROTECTION

Dry-pipe system

Piping arrangement:
» Tree system

» Loop system of the feed
and/or cross mains and
ONLY for non-storage
occupancy

> Never a grid system

Tree system

- Sprinkler head
- Sprig

- Sprinkler drop
- Sprinkler line

- Riser nipple

- Sprinkler main

G B Lo I

2a.

10



CEILING SPRINKLER PROTECTION

Dry-pipe system

Slope for branch lines

W

Slope 4 mm/m to the source



CEILING SPRINKLER PROTECTION

Dry-pipe system

Slope for cross and/or feed mains

W

Slope 2 mm/m to the source



Dry-pipe system

O Maximum coverage area (size of the system): will depend on

» Hydraulic design
» Water delivery time (see relevant occupancy specific data sheet - otherwise: 60 seconds
maximum)

0 Gaseous medium supply:

» Inert gaseous medium (example: nitrogen)
» Air, if a regenerative air dryer is provided on the air supply OR if the size of the system is limited
to 20 sprinklers

O Piping material:

» Galvanized or other steel pipe resistant to internal oxidation (polymer enhanced)
» Black steel only when the gaseous medium s inert and meets 2.2.1.10

13



CEILING SPRINKLER PROTECTION

Deluge system:

14



CEILING SPRINKLER PROTECTION

Deluge system:

Q All sprinkler heads are open

O Pipes are dry —there is no water in them until the system is activated

O Anindependent detection system detects a fire (heat detection, line type heat
detection, UV/IR detection, a pilot line of sprinklers filled with air or nitrogen)

O When triggered, the deluge valve opens and water flow through all the sprinklers at
once, flooding the area quickly Y

O Often requires an adequate drainage system




CEILING SPRINKLER PROTECTION

Deluge system

O Sprinkler orientation: pendent, upright, sidewall

U Ambient temperature: no limitation
O Piping arrangement: single flow path, looped, gridded.

O Maximum coverage area (size of the system): will depend on

» Hydraulic design

» Water delivery time ( see relevant occupancy specific data sheet - otherwise: 30 seconds
maximum)

» Experience has demonstrated a limit of about 1,115 m?

O Piping material:

» Galvanized or other steel resistant to internal oxidation
> Black steel
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CEILING SPRINKLER PROTECTION

Preaction system:

Preaction Systemes:

. Non-interlock: Closed-type sprinkler heads. Deluge valve opens on either a detection system operation OR a loss of
pneumatic air pressure (sprinkler head opens).

. Single interlock: Closed-type sprinkler heads. Deluge valve opens on detection system operation. Deluge value
does not open if a sprinkler head opens (loss of air pressure).

. Double interlock: Closed-type sprinkler heads. Deluge valve opens on detection system operation AND a loss of
pneumatic air pressure.

17



CEILING SPRINKLER PROTECTION

Preaction system:

The valve will open Non-interlock Single interlock Double interlock
Upon activation of a sprinkler YES NO NO
Damage to sprinkler piping YES NO NO
Upon activation of the YES YES NO
detection only
Upon activation of the YES YES YES

detection and sprinkler

18



CEILING SPRINKLER PROTECTION

Preaction system:

0 Ambient temperature: below 4°C or above 95°C.

0 When ambient temperature is between 4°C and 95°C: single-interlock
O Sprinkler orientation: only upright or dry-type sprinklers

O Pendent sprinklers can be installed if the protected area is not subject to freezing and with
galvanized pipes or provided with an inert gaseous medium

O Temperature rating: unless indicated otherwise: standard response 140°C.

O Piping arrangement: same as dry-pipe system
O Maximum coverage area (size of the system): same as dry-pipe system

O Piping material: same as dry-pipe system

19



CEILING SPRINKLER INSTALLATIONS

Treating preaction as wet-pipe or dry-pipe systems

* Treat preaction (and refrigerated-area) systems as dry-pipe systems for hydraulic design, unless

Ceiling sprinklers (not in-rack sprinklers), can be designed as a wet-pipe system if:

« Single interlock preaction

Heat detector spacing is 50% of the maximum allowed per the Approval Guide listing or on the same
spacing as the sprinkler heads

20



CEILING SPRINKLER INSTALLATIONS

Activation of preaction, refrigerated-area, and deluge
systems by heat or smoke detection

* Do not use smoke detection to activate systems (unless allowed by an
occupancy specific Data Sheet)

« g . » Roofed-Mounted Smoke Detection
e “Smoke stratification”
None of these systems activated during the test. They are all
2-3m above the smoke plume

Cooler air below ceiling
Stratification caused by cooler air reducing bouyancy of hot smoke

Smoke Plateau

At around 9 meters, the smoke has stopped rising as it reaches
a layer of warmer air near the roof.

Smoke Oven

Hot smoke is released from the ground level, after a pre-burn
period.

Entrained air -/ {
Hot gases given off
by fire creating

bouyancy

Source: Blazeguel — The Fire Protection Specialists
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CEILING SPRINKLER PROTECTION

Refrigerated-area system:

0 Ambient temperature: below-7°C

O The occupancy of protected area is storage

] Dedicated data sheet has been moved to Data Sheet 2-0

O A double-interlocked preaction system

22



CEILING SPRINKLER INSTALLATIONS

Antifreeze sprinkler systems

* No FM Approved antifreeze yet...
* Glycol and glycerin are ignitable liquids

* Research shows that it can raise the heat release rate in a fire

» Separation of glycol and water in multi-story facilities -7°C to 4°C: Dry-pipe system
< -7°C: Refrigerated area system

* Limit operating area to 185 m? Dry pendent sprinklers

» If operating area is greater than 185 m?, only acceptable if:

A. The ambient temperature of the protected area will always be maintained at or above 32°F (0°C). For
this condition use either a propylene glycol solution ranging between 20% and 25%, or a glycerin solution
ranging between 30% and 35%, or

B. The ambient temperature of the protected area will always be maintained at or above 25°F (-4°C).

For this condition use either a propylene glycol solution ranging between 25% and 30%, or a glycerin
solution ranging between 35% and 40%.
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CEILING SPRINKLER INSTALLATIONS

Attention, cold storage

* To get an ambient temperature of, say, 4°C
(e.g., chilled storage) the air temperature from
the chillers will be below 0°C

* Nearest sprinklers / branch lines can be
impacted

* Need temperature and airflow speed profiles
from the chillers/blowers




CEILING SPRINKLER INSTALLATIONS

Sprinkler piping and hangers

Table 2.4.2.2.1(2). Recommended Minimum Steel Pipe Wall Thickness for Threaded, Roll-Grooved, Cut-Grooved, and
Welded Sprinkler Piping in Millimeters

L. . . Nominal DN Pipe Diameter, mm Welded or Roll-Grooved Pipe, mm Threaded or Cut-Groove Pipe, mm
* Minimum 25 mm for pipes transporting 2 26° 32
32 2.6* 3.2
water to sprinklers 40 26" 32
50 26" 3.6
. o 65 26 36
* FM Approved sprinkler piping, or 80 29 20
100 3.2 45
. L. 125 3.6 5.0
* Pipe that meets the minimum wall = = 0
thickness table 250 50 63
300 5.6 71
.. . * The minimum wall thickness for roll-grooved steel pipe can be 1.7 mm when used with couplings or fittings indicated in the Approval Guide
* For water-sensitive occupancies specificaly for this minimum wall thickness
(cleanrooms, data centers, etc) use thicker N | _ B | e
Table 2.4.1.1.2.1(b). Minimum Wall Thickness for Steel Pipe Installed Over Water-Sensitive Occupancies; Nominal Pipe
. ¢ ’ Sizes Measured in Millimeters
pl pe e.g" SChed u le 40’ EN 1 021 7-1 heavy Nominal Pipe Size, mm Minimum Wall Thickness, mm
25 32
32 3.2
40 32
50 36
65 36
80 40
100 45
125 5.0
150 5.0
200 6.3
250 6.3
300 71




CEILING SPRINKLER INSTALLATIONS

Sprinkler piping and hangers

* Building structure should be able to support
weight of water-filled piping

* Pipe hangers should be FM Approved

* Do not attach pipe hangers to roof decking

o OKforbranch lines up to 75 mm using
Approved hangers for steel deck and if roof
deckis designed for the load

* Hanger spacing per table, depending on
pipe wall thickness. Approx. one hanger per
sprinkler head.

* Canincrease hanger distance for >65 mm

pipes if two pipe hangers are used either
side of couplings

Table 2.4.3.3.1.1. Recommended Maximum Horizontal Distance Between Pipe Hangers Supporting Steel Sprinkler Pipe

Maximum Horizontal Distance Between Sprinkier Pipe Hangers, ft (m)
Nominal Pipe Diameter, in. (mm)

1 1-1/4 1-112 2 2-112 3(80) Greater than 3 (80)
Sprinkler Pipe Material (25) (32) (40) (50) (65)
Steel Pipe with wall 12 12 12 12 12 12 Not Applicable; Use pipe
thicknesses less than (3.7) (3.7) (3.7) (3.7) (3.7) (3.7) with minimum wall
those indicated in Table thickness per Table
24331.1(1) 2433.1.1(1)
Steel Pipe with wall 12 12 15 15 15 15 15
thicknesses equal to or (3.7) (3.7) (4.6) (4.6) (4.6) (4.6) (4.6)
greater than those
indicated in Table
24331.1(1)

Structural support

Hanger Hanger

()

- \
Max.3ft = Max.26ft(8m) —— Couplings
(0.9 m)

Fig. 2.4.3.3.1.9. Piping arrangement for maximum horizontal distance of 26 ft (8 m) between pipe hangers
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CEILING SPRINKLER INSTALLATIONS

Ceiling sprinklers

Sprinklers operate by
immersion in the hot gas layer
at the ceiling or in the flame
plume.

Radiation will not open
sprinklers quickly enough.

————— Iy .

N /

—— =

r—d

~~~
-—,

Heat collectors
are not a thing!
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Ceiling slope and sprinkler positioning

FM Global Research Campus

2\ Flat ceiling

28



Ceiling Slope

29



CEILING SPRINKLER INSTALLATIONS

Ceiling slope and sprinkler positioning

Ceiling slope
<1in12(5°)?

Ceiling slope
<2in12(10°)?

Are sprinklers
extended-coverage
< K25.0 (K360)?

Ceiling slope
<4in 12 (18.5°?

Is
occupancy hazard
HC-1?

Is length
of the ceiling up the slope
<35t (10.7 m)?

Install sprinklers in
accordance with
Figure 2.5.2.3.4.1(c)

Yes

Ceiling slope does not effect
sprinkler installation requirements

Locate the centerline of the
sprinkler’s themmal element below
the peak of the ceiling as shown
in Figure 2.5.2.3.4.1(b)

Extended-coverage sprinklers less
than K25.2 (K360) not compatible
with this ceiling slope. See
Figure 2.5.2.3.4.1(c)
for potential corrective action

Option 1:

For wet sprinkler systems,
design the sprinkler system based
on a dry system. If a dry system
design is not provided, increase
the wet sprinkler system design
area by 30%. For dry sprinkler
systems, design the sprinkler
system with a 30% increase
to the dry sprinkler system design
area. Locate the centerline of the
sprinkler’s themmal element below
the peak of the ceiling as
shown in Figure 2.5.2.3.4.1(b)

Option 2:

Install ceiling sprinklers on 4 x 4 ft
(1.2 x 1.2 m) spacing except for the
sprinklers closest to the peak. Install
the sprinklers closest to the peak on

their normal spacing. Locate the
centerline of the sprinkler’s thermal
element below the peak of the
ceiling as shown in Figure
2.5.2.3.4.1(b)

Ceiling

Nonstorage

Ceiling-Level
Sprinklers

Nonstorage Occupancy - Elevation View

30



CEILING SPRINKLER INSTALLATIONS

Ceiling slope and sprinkler positioning

Ceiling slope
<1in 12(5%?

Ceiling slope
<2in 12 (10°)?

Ceiling slope
>4in 12 (185°)?

Is the ceiling
sprinkler system

Is the storage in racks?

Options 1, 3, and 4
from Section 2.5.4.3.4.2
are acceplable

provided leaving a maximum
storage height of 5 ft (1.5 m)

Ceiling slope does not eflect
sprinkler installation requirements

Locate the sprinker below the
peak of the ceiling as shown in
Figure 2.5.4.3.4.1(b)

Options 1 and 2 from
Section 2.5.4.3.4.2 are
acceptable

Options 1 and 5 from
Section 2.5.4.3.4.2 are
acceptable

insack sprinkers

above the top in+ack
sprinkler

Install sprinklers with
their deflector
paraliel to the floor

level?

Options 1, 3, and 4
from Section 2.5.4.3.4.2
are acceptable

Storage

Celling-level sprinklers

Spinker Deflectors:
Parallel-to-Ceiling
or
Parallelto-Floor

Storage Occupancy - Elevation View

Ceilingdevel sprinklers

Parallel-to-Floor

Storage Occupancy - Elevation View
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Ceiling slope and sprinkler positioning

* Options per the flow diagram include:
o No action (slope <5°)
o In-rack sprinklers and no storage above top level of in-racks
o Increasing the sprinkler design operating area

o Installing sprinklerson 1.2 mx 1.2 m spacing

o False ceiling

@ ® & @
o Combination of above

% 1
Noncombustible False Ceiling D
h

2 8 & & @

Sprinklers Under False Ceiling Designed and Installed
for Occupancy Hazard and False Celing Height

Storage Occupance - Elevation View

Fig. 2.5.4.3.4.2. Option 1 per Figure 2.5.4.3.4.1(a) involving the installation of a flat, continuous, false ceiling with additional
ceiling sprinklers



CEILING SPRINKLER INSTALLATIONS

Ceiling construction

e Smooth unobstructed
* Non-smooth unobstructed

 Obstructed

* Occupancy —nonstorage or storage

 Examples below for Nonstorage (similar
process for storage)




Obstructed Construction

Ceiling Over Fire Test




CEILING SPRINKLER INSTALLATIONS

Ceiling Construction

Obstructed ceiling construction: A ceiling structural assembly that prevents the flow of hot gases from
spreading out under the ceiling in a uniform fashion from the point of fire origin, when centered within a ceiling
channel, to the nearest four sprinklers. Examples of ceilings that meet this definition include solid or
semi-solid (less than 70% open) structural members, such as purlins, girders, concrete tees, I-beams, etc.,
that have a vertical depth greater than 4 in. (100 mm) and the horizontal distance between structural
members is less than or equal to the minimum allowable linear spacing for the sprinkler being installed.

Ceiling channel: A portion of the ceiling that is bounded by solid or semi-solid (less than 70% open) structural
members, such as purlins, girders, concrete tees, I-beams, etc_, having a vertical depth greater than 4 in.
(100 mm). The boundaries of the ceiling channel are defined by the structural members that are attached to
the underside of the ceiling leaving a maximum vertical gap of 4 in. (100 mm) between the underside of

the ceiling and the topside of the structural member.
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CEILING SPRINKLER INSTALLATIONS

Ceiling Construction

(But do need to look at the top
— and bottom web of the beam
in terms of obstructions to

e e T K

>70% open unobstructed construction

36



Ceiling Construction




CEILING SPRINKLER INSTALLATIONS

Ceiling Construction

Unobstructed
Construction
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CEILING SPRINKLER INSTALLATIONS

Ceiling Construction




CEILING SPRINKLER INSTALLATIONS

Ceiling Construction

Obstructed
Construction

40



CEILING SPRINKLER INSTALLATIONS

Ceiling Construction

Is the ceiling smooth, such as a
suspended ceiling?

Are all of
the solid ceiling structural
members equal to or less than
4in. (100 mm)
deep?

The ceiling construction qualifies
as unobstructed

The ceiling construction qualifies
as unobstructed

95 mm = unobstructed

a1



CEILING SPRINKLER INSTALLATIONS

Ceiling Construction

Are the solid ceiling
structural members equal
to or more than 20 ft
(6.1 m) apart?

Is the minimum
distance between solid
ceiling structural members in
accordance with Table

Qualify the ceiling construction
as obstructed

The ceiling construction qualifies
as unobstructed

The ceiling construction qualifies
as unobstructed

Ceiling Sprinkler K-factor

Maximum Occupancy

Maximum Ceiling Height,

Minimum Distance Required
Between Solid Ceiling
Structural Members to

Qualify as Unobstructed,

Value Hazard Category ft (m) ft (m)
< K8.0 (K115) HC-2 60 (18.3) 15 (4.6)
HC-3 30 (9.1) 12(3.7)
45 (13.7) 10 (3.0)
K11.2 (K160) HC-2 60 (18.3) 15 (4.6)
HC-3 30 (9.1) 12 (3.7)
60 (18.3) 10 (3.0)
= K14 (K200) HC-2 60 (18.3) 15 (4.6)
HC-2 > 60 (18.3) 12 (3.7)
HC-3 30 (9.1) 12 (3.7)
HC-3 > 30(9.1) 10 (3.0)
K11.2EC (K160EC) Upright HC-1 30 (9.1) 20 (6.1)
HC-2 60 (18.3) 16 (4.9)
HC-3 45 (13.7) 16 (4.9)
K14.0EC (K200EC) Upright HC-2 60 (18.3) 20 (6.1)
HC-3 30 (9.1) 20 (6.1)
45 (13.7) 16 (4.9)
K25.2EC (K360EC) HC-3 Any 14 (4.3)




CEILING SPRINKLER INSTALLATIONS

Ceiling Construction

* Unobstructed construction, install on vertical spacing per the

diagrams in the Data Sheet

Building's corrugated ceiling

Ceilingdevel sprinklers

Vertical distance measured per “1" when: Vertical distance measured per “2" when

uidelines for “1” not met
« X=3in. (75 mm), and g

¢ Y<3in. (75 mm), and
« H<(0.5)(X)

Typically measure from
the top of the deck

Building's Ceiling < 30 ft (9.1 m)

@ | e |
. Qe

Extended-Coverage  Quick-Response

;;;;;;;;
K 2 11.2EC (160EC)

2in. (50 mm) -
12in. (300 mm)

B¢ ‘@@

Sprinidars Sprinkle
< 11.2 (160)

Elevation View

Standard-Response
Standard-Coverage ~ Standard-Coverage
5 ers

2in. (50 mm)-
13in. (325 mm)

e

Quick-Response @ ¢

Standard-Coverage
Sprinkders
K14.0 (K200) or
16.8 (240)

30 ft (9.1 m) < Building’s Ceiling < 60 ft (18.3 m)

2.

Extended-Coverage spons
Serinkders Standard-Coverag

K> 11.2EC (160EC) Sprinklers
- £11.2(180)

Elevation View

2in (50 mm) -
13in. (325 mm)

PRl Be
Standard-Coverage
K14 0 (K200) or
16.8 (240)

Building's Ceiling > 60 ft (18.3 m)

2in. (50 mm) -

2in. (300 mm)

@<

Extended-Coverage

Srinklers
K 2 25.2EC (360EC)

fa@



CEILING SPRINKLER INSTALLATIONS

Ceiling Construction

* Unobstructed construction, install on horizontal spacing per the
tables in the Data Sheet depending on hazard category

Table 2.5.2.3.1.1(b). Spacing of Ceiling-Level Nonstorage Pendent and Upright Sprinklers for Hazard Category No. 2 Under
Unobstructed Ceiling Construction

Ceiling Ceiling Maximum Linear Spacing, Area Spacing,
Height, ft RTI Construction | Ceiling ft (m) ft? (m?)
(m) K-Factor [Orientation | Response Type Slope Min. Max Min. Max.
Up to 30 | 2 5.6 (80)| Pendent | Quick or | Unobstructed | 4in 12 7(2.1) 15 (4.6) | 64 (6.0) 130
(9.1) or Upright | Standard (18.5°) {(12.1)
11.2EC Pendent Quick Smooth, Flat | 2in 12 10 (3.0) 16 (4.9) | 100 (9.3) 256
(160EC) (10°) (23.8)
14.0EC | Pendent Quick | Smooth, Flat | 2in 12 10 (3.0) | 20(6.1) | 100 (9.3) 400
(200EC) (10°) (37.2)
11.2EC Upright Quick |Unobstructed | 2 in 12 10 (3.0) | 16 (4.9) | 100 (9.3) 256
(160EC) (10°) (23.8)
14.0EC Upright Quick |Unobstructed | 2 in 12 10 (3.0) | 20(6.1) | 100 (9.3) 400
(200EC) (10°) (37.2)
25.2EC | Pendent Quick |Unobstructed | 4 in 12 10 (3.0) | 14 (4.3) | 100 (9.3) 196
(360EC) | or Upright (18.57) (18.2)
Over 30 | = 5.6 (80)| Pendent | Quick or | Unobstructed | 4 in 12 7(2.1) 15 (4.6) | 64 (6.0) 130
(9.1) and or Upright | Standard (18.5°) (12.1)
upto 80 [ 11.2EC | Upright Quick |Unobstructed| 2in12 | 10 (3.0) | 16 (4.9) | 100 (9.3) 256
(18.3) (160EC) (10°) (23.8)
14.0EC Upright Quick |Unobstructed | 2 in 12 10 (3.0) | 20 (6.1) | 100 (9.3) 400
(200EC) (10°) (37.2)
25.2EC | Pendent Quick |Unobstructed [ 4 in 12 10 (3.0) | 14 (4.3) | 100 (9.3) 196
(360EC) [ or Upright (18.57) (18.2)
Over 60 2140 Pendent Quick | Unobstructed | 4 in 12 8(24) 10 (3.0) | 64 (6.0) 100
(18.3) (200) | or Upright (18.5°) (9.3)
25.2EC Pendent Quick Unobstructed | 4 in 12 10 (3.0) 14 (4.3) | 100 (9.3) 196
(360EC) | or Upright (18.5%) (18.2)




CEILING SPRINKLER INSTALLATIONS

Ceiling Construction

Obstructed construction

45



CEILING SPRINKLER INSTALLATIONS

Obstructed Construction

* Optionsinclude:
o Install sprinklers in every channel

o Normal horizontal spacing / adjusted
vertical spacing

o Normal horizontal spacing / adjusted
vertical spacing with channel blocking

Is
ceiling slope > 4in 12
(18.5%)?

Is dept of said ceiling
structural members > 24 in.
(600 mm)?

Is
ceiling slope <1in 12
(597

Install a false ceiling in
accordance with Figure
25234.1(@)

Channel-block the ceiling structural
members as shown in Figure 25.24.5.
Install sprnklers on “nomal horzontal

spacing / adusied vertical spacing”

Is depth of
solid ceiling structural
members < 30 in.
(750 mm) ?

Install sprinklers in every
channel formed by
obstructed ceiling

construction

Is depth of
solid ceiling structural
members < 24 in.
(600 mm) ?

Yes

No

Channal-block the ceiling structural
members as shown in Figure 2.52.4.5.
Install sprinklers on “nomal horizontal

spacing / adjusted vertical spacing’

Is
ceilingslope <2 in 12
(10%) 2

Is depth of
sdlid calling structural
members < 18in.
(450 mm) ?

Channal-block the ceiling structural
members as shown in Figure 2.5.2.4.5.
Install spriniders on “normal horizontal
spacing / adjusted vertical spacing’

structural members run
perpendicular to

Channelblock the cealling structural
members as shown in Figure 2.5.24.5.
Install sprinklers on *nomal horizontal

spacing / adjusted vertical spacing”

Is
ceiling slope < 1in 12
59 7?

Install sprinklers in every
channel formed by
abstructed cailing
construction

Install sprinklers on
“nomal horizontal
spacing / adjusted
vertical spacing”

Install sprinklers on
“nomal horizontal
spacing / adjusted
vertical spacing”

Install sprinklers in every
channel formed by
obstrucled ceiling

construction
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CEILING SPRINKLER INSTALLATIONS

Obstructed Construction

Must look at the flow chart with this diagram (channel-blocking or not)

Building’s Ceiling Ceiling Slope < 2in 12 (10°)

Solid Ceiling <24in.
Structural Members (600 mm)

Green zone represents the acceptable
location of the sprinkler's thermal element
under the bottom of celling structural members when
the guidelines in Section 2.5.2.3.3 are exceeded

Ceiling-Level Sprinklers

Nonstorage Sprinklers Under Obstructed Ceiling Construction

Elevation View

Building's Csiling Ceiling Slope <4 in 12 (18.5°)
Solid Ceiling <18in.
Structural Members (4_50 mm)

Green zone represents the acceptable
location of the sprinkler's thermal element
Ceiling-Level Sprinklers under the bottom of ceiling structural members when
the guidelines in Section 2.5.2.3.3 are exceeded

Nonstorage Sprinklers Under Obstructed Ceiling Construction

Elevation View

Adjusted vertical spacing
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CEILING SPRINKLER INSTALLATIONS

Heat and Smoke Vents

* Research report from 2023

* No benefitto property loss prevention
in unsprinklered properties Graviy Smoke Vents n

Storage Occupancies

FMGIuhaI‘



CEILING SPRINKLER INSTALLATIONS

Heat and Smoke Vents

* Research report from 2023

* No benefitto property loss prevention
In unsprinklered properties

* Limited effect of smoke vents on
sprinklers if adequate protectionis
provided

e Adverse effects of smoke vents if
protection is marginal

RESEARCH TECHNICAL REPORT
Gravity Smoke Vents in
Storage Occupancies

FN Global



CEILING SPRINKLER INSTALLATIONS

Heat and Smoke Vents

* Flow charts in the Data Sheet
 Manually operated only?
 Canitbe left openin warm weather?

* VVent area?

* Distance to other smoke vents?

* Wet-pipe sprinkler system?

* Various options can include it being acceptable, -~
installing thermal link of 180°C, installing Lt
sprinklers below, or 10-minute delay (for .

nonstorage occupancies)
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CEILING SPRINKLER INSTALLATIONS

Heat and Smoke Vents

Vent Opening
Building's Ceiling

* Similar methodology and options for B o @ .
storage occupancies, but options i e F G2 L sl e
include 20-minute delay or in-rack

sprinklers

—] -~

= M= — == M—— B = — M —m—3 -‘—3}%—555—3331—3 E=—=3 7 R =B —%

' ) % 2 //

In-rack sprinklers at
top of storage rack

Elevation View




CEILING SPRINKLER INSTALLATIONS

Ceiling Pockets and Skylights

Ceiling pocket: An architectural ceiling feature that consists of a bounded area of ceiling located at a higher
elevation than the attached lower ceiling.
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CEILING SPRINKLER INSTALLATIONS

Ceiling Pockets and Skylights

Sprinklers protection is
recommended within he
footprint of the ceiling pocket.
See FM Data Sheet 1-57,
Plastics in Construdtion, for any
additional recommendations

Does the
ceding pocket consist
of any expanded plastics
as partof ts

construction?

* In 2021, new table for ceiling pockets
(similar guidance to NFPA) e e .,

Table 2.5.1.9. Determining if Sprinkler Protection is Needed in Ceiling Pockets

Horizontal Total
Distance Volume of s e wicth
Depthof | Areaof | Volumeof | Between Celling Lower Sprinkiers Is e volume w.on::f:: “"“gxu‘;';:mm 15 the height of fhe
Ceiling Ceiling Ceiling Celling Pockets Ceilling Needed in of the celing pocket srer cedling pocket £ 24 in
el : o s = knear spacing of the sprinklers n
Ceiling Pocket Pocket, ft | Pocket % | Pocket, ft* | Pockets, ft | within 101t | Sprinkler Ceiling > 1,000 #*(28 m*y? instalied under the (600 mm)?
Construction Type (m) (m? (m?3 (m) (3.0m) RTI Rating Pocket? lower celing?
Limited £3(0.9) DNA <1000 (28) | =10 (3.0) DNA Quick- No
Combustibility or <10 (3.0) | <1000 (28) | Response
Noncombustible >3(0.9) | =32(3.0) | <1000 (28)| =10 (3.0) DNA
<10 (3.0) | <1000 (28)
>3 (0.9) > 32 (3.0) Any Any Any Any Yes Isthe ithe
Any Any > 1000 (28) Any Any Any horizontal distance I —
Any Any Any Any > 1000 (28)| _Any P s ot B of e cesng pocxet and any et i S cus
Any Any Any Any Any | Standard- ™ e speikdors bottod Wiierautiag puiio mitd ™ pocketiscptional
Response ) ) 10 ft (3.0 m)> 1,000 #*
_ 1 under e lower 28m)?
Combustible <3 (0.9) <32(3.0) | £1000(28)| =10 (3.0) DNA Quick- No ceiling?
<10 (3.0) | <1000 (28) | Response
>3(0.9) Any Any Any Any Any Yes
Any >32(3.0) Any Any Any Any Yes
Any Any > 1000 (28) Any Any Any Yes
Any Any Any Any > 1000 (28) Any Yes i e AN o —
Z S the hesg s area sze nnider 0N 8
Any Any Any Any Any Standard Yes the celing podket of e cefing podcket recommended within the
Response >38(0.9m)? > 40 #* (3.7 m?)? footprnt of the celing pocket

* April 2025, flow diagrams replace the table.

The instaliation of The instaliaton of
sprinkiers within the celing sprinklers within the ceding
pocket is optional pocket is optional




CEILING SPRINKLER INSTALLATIONS

Ceiling Pockets and Skylights

 Confusion between DS 1-57, Plastics in
Construction, and DS 2-0 on skylights

* DS 1-57isfocused on fire spread involving
plastic materials, not where protection for a
fire in the occupancy could be influenced by
a skylight (melting a hole, collecting heat etc.)

* Skylight guidance in older versions of DS 2-0
could lead to excessive amounts of
sprinklers in long-wide skylights




CEILING SPRINKLER INSTALLATIONS

Ceiling Pockets and Skylights

* FMresearch on smoke vents and plastic
skylights showed presence of plastic
skylights not to be a major concern for
sprinkler protection of the occupancy

»

* But skylights can also be a “ceiling pocket

* January 2024, wording that “no additional
recommendations are needed” due to the
presence of plastic skylights could lead to
missed ceiling pockets




CEILING SPRINKLER INSTALLATIONS

Ceiling Pockets and Skylights

* If the skylight has a smoke vent in it, follow
guidance for smoke vents

* If skylight is raised, follow guidance for ceiling —— _:;__?__3 O\

pockets (flow chart diagrams)




CEILING SPRINKLER INSTALLATIONS

Ceiling Pockets and Skylights

* |f sprinklers are needed within the ceiling
pocket:

o Treatthe top of the ceiling pocket or skylight
as the ceiling

o Install sprinklers on normal vertical spacing
from the ‘ceiling’

o Install sprinklers on normal horizontal and
vertical spacing

* Alternative is to install sprinklers on the
same level as the main ceiling/roof and on
1.2 mx 1.2 mspacing




CEILING SPRINKLER INSTALLATIONS

Ceiling Airflow Velocities

* Large ceiling fans, not common but do exist in Europe

* Horizontal HVAC fans are common, especially in cold storage

b il
e ————

;
{11111 bt il & o
. {
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CEILING SPRINKLER INSTALLATIONS

Ceiling Airflow Velocities

* Ignoreif<1.5m/s

* If>1.5m/s, options per the diagrams include:

O

Interlock to shutdown with sprinkler activation (not an option for horizontal
airflow in storage occupancies)

Interlock fans to FM Approved flame detection
Design as a dry-pipe system or increase sprinkler design area by 30%
Additional sprinklers under a false ceiling where airflows exceed 1.5 m/s

Interlock fans to linear heat detection cable at the top of rack storage
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CEILING SPRINKLER INSTALLATIONS

Ceiling Airflow Velocities

Ceiling

Air
~ Handling
. System

]

& Ceiling Level Sprinklers )
> 5 fi'sec (1.5m/sec) < 5 f/sec (1.5m/sec)
False Ceiling
(see Appendix A)

@ Additional Ceiling Sprinklers
+ Use same sprinkler pipe installed at ceiling level
« No need to include in ceiling sprinkler design

Elevation View

Fig. 2.5.4.1.9.1(b). Acceptable arrangement of additional ceiling-level sprinkiers in areas where airflow velocities exceed

5 ft/sec (1.5 m/sec)
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

* Vertical distance from sprinkler deflector to combustible materials (V)

o Standard coverage sprinklers: 0.9 m

o Extended coverage sprinklers: 1.5 m

SRRPAIIRE SRR .



CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

* Anything within the checkerboard area is not an obstruction

V, Inches

H, Inches Q H, Millimeters
72 60 48 36 24 12 0 300 600 900 1200 1500 1800
HE RN |
0 o B T mEEE 0
: : :)l"l' LA “_I*‘l‘-i_i i { LL11
- ey ./ N 1]
10 1 2 ‘E - 250
s0-H/ \ o Objects are not considered SR A -
= AN 5\’ obstructions when located entirely
I within the checkerboard area
30 750
= Beam . N
36 O Service 900
pipe

Non-Storage Occupancy

V, Millimeters
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

* Solid (<70% open) structural members / objects that extend down from the ceiling
are an obstruction

H, Inches Q H, Millimeters
72 60 48 36 24 12 0 300 600 900 1200 1500 1800
|
g |
0 — nnn:l.——Q——-,_[lllllll' T 0
LT =S =L lItI 111
H I |
t [ =1 v
@ 10 : 250 2
= = Objects less than E
£ 20 4 70% open in their . . 500 =
. : ¢ N =
- ; g vertical profile >
30 N 750
_77 St
36 — ~—- 900
Beam |-Beam

Standard-Coverage Sprinklers

Non-Storage Occupancy



CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

* Solid (<70% open) structural members / objects that extend down from the ceiling
are an obstruction

Measured to Centerline

I
I
ili 1 - | Measured to Centerine
Ceiling ! of Structural Member Ceiling I-Beam | of Structural Member
T ’ .
, @ ! @ Lo b e @ H < 50% Max. Allowable
Upright or H 1 H oo Linear Spacing
Pendent ‘ 4 b >
Nonstorage ) 2
Sprinkler < — | ] - —> (300 mm)
>12in. >12in. < N
300 mm 300 mm
( ) Upto4 ft ( ) <2ft
(1.2m) (06m) | perTable 2.5.4.5.4.1
[-Beam

H < 50% Max. Allowable
Linear Spacing

Non-Storage Occupancy

Storage Occupancy
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

* “H” does not need to be the same on both sides

Ceiling

Measured to Centerline
of Structural Member

Upright or @

Pendent
Nonstorage
Sprinkler

H H
© >12in. C >12in.
(300 mm) Uptod ft (300 mm)
(1.2m)
[-Beam

H < 50% Max. Allowable
Linear Spacing
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

* Obstructions below sprinklers

* Consider the object individually or a group?

2in. 18in.
(50 mm) (450 mm)
—

Object A = Individual Object
12in. (300 mm) >3 x 2 in. (50 mm)

. _

%—J
) 12in. )
ObjectA (300 mim) Object B

24in.
(600 mm)
1

_

\—.1_—J

12in.

(300 mm) Object C

Objects B + C = Grouped Object
12in. (300 mm) < 3 x 18 in. (450 mm)

Width of Grouped ObjectB + C =42in. (1050 mm)
18in. (450 mm) + 24 in. (600 mm)

Non-Storage Occupancy

Elevation View
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

* Nonstorage occupancies:

* Objects up to 1.2 m wide, measured in the objects least dimension, not
considered an obstruction
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

* Nonstorage occupancies:

 Objects up to 1.2 m wide, measured in the objects least dimension, not
considered an obstruction

 Objects widerthan 1.2 m:
* |nstall supplemental sprinklers below the object (as close underneath as possible)
* Within the footprint of the obstruction
* Normallinear (horizontal) spacing

* Use same sprinklers and pipe work as the ceiling then no need to hydraulically balance with the
ceiling system, or

* Calculate hydraulically and include four supplemental sprinklers in the ceiling hydraulic design
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

e Storage occupancies:

* Similar analysis of individual or grouped objects
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

Research fire testing

Rack storage of CUP commodity

9 m storage height, 12 m ceiling height

K240 QR pendent sprinklers, 325 mm below ceiling

Design 3.6 bar

Baseline test, 1 sprinkler operation
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CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

Width of objectin | Horizontal offset . Numberof
. . . . Vertical offset from operating
Test No. least dimension, from sprinkler, in. . . . .
. sprinkler, in. (mm) sprinklers during
in. (mm) (mm)
test
1 5(125) 3(75) 16 (400) 12
2 1-1/2 (38) 0 (0) 8 (200) 23
3 1-1/2 (38) 0 (0) 12 (300) 1
4 12 (300) 6 (150) 20 (500) 10
5 6 (150) 6 (150) 20 (500) 1

6 24 (600) 12 (300) 22 (550) 1



CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

Width of objectin | Horizontal offset : Numberof
. . . . Vertical offset from operating
Test No. least dimension, from sprinkler, in. . . . .
. sprinkler, in. (mm) sprinklers during
in. (mm) (mm)
test
1 5(125) 3(75) 16 (400) 12
2 1-1/2 (38) 0 (0) 8 (200) 23
3 1-1/2 (38) 0 (0) 12 (300) 1
4 12 (300) 6 (150) 20 (500) 10
5 6 (150) 6 (150) 20 (500) 1

6 24 (600) 12 (300) 22 (550) 1



CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

Width of objectin | Horizontal offset . Numberof
. . . . Vertical offset from operating
Test No. least dimension, from sprinkler, in. . . . .
. sprinkler, in. (mm) sprinklers during
in. (mm) (mm)
test
1 5(125) 3(75) 16 (400) 12
2 1-1/2 (38) 0(0) 8 (200) 23
3 1-1/2 (38) 0(0) 12 (300) 1
4 12 (300) 6 (150) 20 (500) 10
5 6 (150) 6 (150) 20 (500) 1

6 24 (600) 12 (300) 22 (550) 1



CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

Width of objectin | Horizontal offset . Numberof
. . . . Vertical offset from operating
Test No. least dimension, from sprinkler, in. . . . .
. sprinkler, in. (mm) sprinklers during
in. (mm) (mm)
test
1 5(125) 3(75) 16 (400) 12
2 1-1/2 (38) 0 (0) 8 (200) 23
3 1-1/2 (38) 0 (0) 12 (300) 1
4 12 (300) 6 (150) 20 (500) 10
5 6 (150) 6 (150) 20 (500) 1

6 24 (600) 12 (300) 22 (550) 1



CEILING SPRINKLER INSTALLATIONS

Obstructions to Sprinkler Discharge

 Maximum width (in blue) of obstruction allowed
in the area below a storage sprinkler

* Object “width” is the lesser of width or length
when viewed from above

* If obstructions are too large or too close to the
top of storage, install sprinklers below them

Min 500mm td

T storage

topo

20mm

150mm

600mm

Min 450 mm to top
of storage

Storage

Storage




CEILING SPRINKLER INSTALLATIONS

Summary

* System types
o Wet-pipe, dry-pipe, refrigerated, preaction, deluge, vacuum, antifreeze
e Sprinkler piping and hangers
* Ceiling slope
* Ceiling construction
* Heat and smoke vents
* Ceiling pockets and skylights
* Ceiling airflow velocities

* Obstructions to sprinkler discharge
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EARTHQUAKE

Earthquake map

* Classification of the earthquake
zones in 50 to >500 years

* Considers condition of the
subsoil

e Considers vulnerability of
structures to earthquake damage

FM earthquake map is the only
public map that takes these
factors into account.
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EARTHQUAKE

Earthquake map

* Classification of the earthquake
zones in 50 to >500 years

e Considers condition of the

subsoil

e Considers vulnerability of
structures to earthquake damage

FM earthquake map is the only
public map that takes these
factors into account.
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EARTHQUAKE

The Netherlands have no building code for earthquake

B 1 Belgium | NEM EN 1998-1




EARTHQUAKE

Engineering earthquake hazards

MAIN HAZARDS
1. Direct Earthquake damage:
=  Building and structures
= Support systems
2. Indirect Earthquake damage
= Toppling electrical cabinets
= Toppling storage racking
3. Fire following earthquake
=  Protection systems impairments
=  Gasorlgnitable liquid piping broken




EARTHQUAKE

Earthqguake and sprinkler systems
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EARTHQUAKE PROTECTION FOR WATER-BASED FIRE PROTECTION SYSTEMS
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EARTHQUAKE

Earthquake and sprinkler systems

Move with the building while maintaining flexibility at key locations
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EARTHQUAKE

Earthquake and sprinkler systems

What are the best ways to ensure sprinkler protection
functionality following an earthquake?

Bracing sprinkler pipes to building
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Earthquake and sprinkler systems

Where should braces be placed?

-----

-----
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-----

ooooo
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EARTHQUAKE

Earthquake and sprinkler systems

Flexible couplings

Can you tell which Viking coupling below is “flexible” and which one is “rigid”?

| — angled straight —

grooves grooves

angled grooves =rigid coupling

straight grooves ? inconclusive (mostly flexible
couplings, but can also be rigid)

Need to know coupling manufacturer and model
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