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Seismic damage to/from a fire sprinkler system without seismic sway bracing
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Seismic damage to a piping system

No clearance
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Seismic damage to not anchored equipment

Tip over
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Seismic damage to not anchored equipment

Glissement
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A changing world

/'

Worldwide
(installations)

New technologies

Care facilities High rise buildings

The world and what to protect against fires are changing
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Fire protection systems and seismic protection

1 Fire Protection
Fire Sprinkler Standards
(from USA)
NFPA 13
FM Global

Seismic protection
2 Seismic standard

AS 11704
Performance based

I Operability of strategic infrastructures

Immediately after and earthquake
v

I Operability of life-safety systems

(fire protection systems)
——

I Seismic protection of life-safety systems
(seismic protection of sprinkler systems)

“Extension” of the use of fire sprinkler standards but different seismic standards contexts
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The majority of major X n o

earthquakes occur ‘F)

beneath the earth's ‘

surface around fault lines, L
the places where tectonic b

plates meet. Under

pressure, the plates shift 5

suddenly which causes rock to

crack and movements in the

earths crust The stored energy Degree ou\azard

Is released in the form of
seismic waves of varying ! _‘ |
strength o 0.2 0.8 24 4.0 56
Maximum soll acceleration {m/s2), which occurs in the area on average once every 500 years
(10% probability of a quake like this within the next 50 years)

RIANOVOST! © 2011 Source: Global Seismic Hazard Program www.ria.ru
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The system realization process

.1} Advanced approach

Implementatlon2

Verification

Protection

' FIRE PROTECTION
.M- SEISMIC AREAS
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Piping systems seismic challenges

System seismic response I Seismic force
Potential problems: Lateral and Longitudinal sway
|
o
Ax3
|
o Ax2
|
’ Axl
—>
I Seismic protection
Eo
-«— AXG
vertical longitudinal
- N o
l W Layout and sizing of
seismic protection systems
Transversal 4 ways
(lateral)

Motion and rupture, worsened by height of installation
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Integrated seismic design
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Smart seismic structural design and seismic system design choices reduce the seismic risk

@

Structural Design
g

To eliminate or reduce the
configuration-related
problems/weaknesses

- Regularization

- Introduction of seismic joints

Systems Design

v

To eliminate or reduce the
configuration-related
problems/weaknesses

- Reduce the number of joint crossings
(1> 2,3 0r4)

- Cross at lower/est level
(land2 —»> 3 or4)
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Many players

R
Design Layout . Architects
Protection systems (type/location) /

. Engineers
Sizing - Structural

\ - Mechanical
nsalaion [ nsue

System components
Protection devices (correct installation)

Verification ,O

Plurality of players with different languages and different approaches

A
v

Interface support and
common reference tools
could play an important role
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-lgl- _ . .
B The 4 aspects of an effective seismic protection

SWAY BRACING FLEXIBILITY
% Z ’
- -
EQUIPMENT ANCHORING CLEARANCE

-
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SWAY BRACING

Confidential — For Internal Use Only



FLEXIBILITY
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CLEARANCE
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EQUIPMENT ANCHORING
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ml The 4 pillars of a sound seismic protection
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ml The 4 pillars of a sound seismic protection
4 I

\vs
<N
18 Presentation to CMEICI n\/ent



ml The 4 pillars of a sound seismic protection
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ml The 4 pillars of a sound seismic protection
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ml The 4 pillars of a sound seismic protection
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MM The 4 pillars of a sound seismic protection

Q . ™~ 9..-...:

1. Agreed upon requirements — 2. Load path calculation —

3. Use products tested for seismic protection application — 4. Independent verification of the installation
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Seismic protection for fire sprinkler: an example

Manifolded Risers
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Seismic protection for fire sprinkler: an example

Manifolded Risers

Start from «Sway
bracing» section

22 1.1 Sway Bracing Locations for Steel Piping
Guidance in this section applies to steel pipe. See 2.2.1.9 for other pipe materials.

2.2.1.1.1 At a minimum, locate and space sway bracing for sprinkler system (ceiling and in-rack) and hose
system steel piping per this section. Braces and their attachments must also be sized to resist design forces
per 22.1.2 and configured per 2.2.1.3. Provide additional sway braces when necessary to reduce the

tributary load so the brace capacity is not exceeded or so sway bracing locations will coincide with adequate
structural members to which the sway braces will be attached. Also see further commentary in Section 3.1.2.

2.2.1.1.2 Provide adequately sized and configured bracing on sprinkler system risers, whether they are
single or manifolded type and regardless of size, in accordance with the following guidelines. Also see further
commentary in Section 3.1.3.

22.1.1.2.1 Provide a four-way sway brace within 2 ft (0.6 m) of the top of each riser. When possible, avoid
the use of a single manifolded sway bracing assembly at the top of multiple adjacent risers. If used, limit
the manifolded arrangement to two risers

2.2.1.1.2.2 In multistory buildings, provide a four-way brace on the riser within 2 ft (0.6 m) of each building
floor level. A four-way brace can be considered to exist when the riser passes through a structural floor and
clearances do not allow more than *zin. (13 mm) movement in any horizontal direction (note: this arangement
will require additional flexible couplings on the riser; see 2.2.1.4.3.3).

2.2.1.1.2.3 Provide additional intermediate four-way sway bracing on risers at an interval not to exceed 40
ft (12.2 m). Where flexible couplings are used, arrange this intermediate four-way sway bracing so a brace is
provided within 2 ft (0.6 m) of every other flexible coupling (adding four-way braces if necessary). For risers

(0.6 m) of the end of any horizontal manifold piping longer than 6 ft (1.8 m), or when any flexible couplings
are used on either the horizontal manifold piping or on the riser stub between the floor and the connection
to the horizontal manifold piping. See Fig. 2.2.1.1.2.

24

Presentation to CMEICI

\z

nvent



Seismic protection for fire sprinkler: an example

Manifolded Risers

Start from «Sway
bracing» section

Continue with the
“Flexibility” section

22 1.1 Sway Bracing Locations for Steel Piping
Guidance in this section applies to steel pipe. See 2.2.1.9 for other pipe materials.

2.2.1.1.1 At a minimum, locate and space sway bracing for sprinkler system (ceiling and in-rack) and hose
system steel piping per this section. Braces and their attachments must also be sized to resist design forces
per 22.1.2 and configured per 2.2.1.3. Provide additional sway braces when necessary to reduce the

tributary load so the brace capacity is not exceeded or so sway bracing locations will coincide with adequate
structural members to which the sway braces will be attached. Also see further commentary in Section 3.1.2.

2.2.1.1.2 Provide adequately sized and configured bracing on sprinkler system risers, whether they are
single or manifolded tvpe and reaardless of size_in accordance with the followina auidelines_Also see further

commentary in

22.1.1.2.1 Proy
the use of a sin
the manifolded

221122Inmw
floor level. A fou
clearances don
will require add

22.1.1.2.3 Proy
ft (12.2 m). Whe
provided within
in multistory bu
four-way braces

221.1.24 For
(0.6 m) of the e
are used on ei
to the horizon

2.2.1.4 Flexibility Needed to Allow Differential Movement

2.2.1.4.1 Provide adequate flexibility between portions of properly braced, welded and non-welded spnnkler
systems, regardless of pipe size, that are expected to move differentially with respect to each other using
the following guidelines and technigues.

Guidance in this section applies to steel pipe. See 2.2.1.9 for other pipe materials.

2.2.1.4.2 If more flexible couplings are installed than recommended in this section, provide additional lateral
sway bracing to prevent excessive movement of piping per221.123, 221143 and 221151E.

2.2.1.4.3 Provide flexibility for sprinkler nsers per the following recommendations.

2.21.4.3.1 Provide a flexible coupling within 2 ft (0.6 m) of the top and bottom of each individual riser that
is connected directly to underground piping (see Fig. 3.1.3 in the Section 3.1.3 commentary for details). This
applies to risers located outside and inside buildings. Where welded piping systems exist from the riser
through the cross mains, the flexible coupling at the top of the riser may be omitted.

2.2.1.4.3 2 When multiple risers are supplied by a single manifold connection to an underground main, provide
each riser with a flexible coupling within 2 ft (0.6 m) of the top, and a flexible coupling within 2 ft (0.6 m)

of the bottom where connected to the manifold. Locate the horizontal manifold piping 3 ft (0.9 m) or less above
floor level and brace manifold piping when needed (see 2.2.1.1.2.4). Connect the honizontal manifold to the
main riser and the main niser to the riser stub at floor level with flanged or other rigid connections (see Fig.
2.2.1.1.2). Where welded piping systems exist from the riser through the cross mains, the flexible coupling at
the top of the riser may be omitted.

2.2.1.4.3.3 For multistory building risers, additional flexible coupling(s) are needed at each floor level. When
the pipe doesn't penetrate a floor slab, steel plate, etc. (e.g., is in an open tower), or when it does penetrate
one of these elements and clearances meet the recommendations of 2.2.1.5.1, locate the flexible coupling
within 1 ft (0.3 m) of the floor (either above or below the floor; see Fig. 2.2.1.4.3). Where clearances per
2.2.1.5.1 are not provided, install flexible couplings within 1 ft (0.3 m) both above and below the floor.
(Exception: the flexible coupling below the floor should be located below any main supplying that floor.)

2.2.1.4.3 4 Flexible couplings are not needed on niser piping beneath floors that rest directly on the ground;
however, a flexible coupling iIs needed above the ground floor as recommended in22.1431and22.1432.

2.2.1.4.3.5 Provide a flexible coupling within 2 ft (0.6 m) above or below any intermediate points of bracing
for nsers. Where welded piping systems exist from the riser through the cross mains, these flexible couplings
may be omitted.

25
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Seismic protection for fire sprinkler: an example

Manifolded Risers

22 1.1 Sway Bracing Locations for Steel Piping
Gui
29| 2.2.1.4 Flexibility Needed to Allow Differential Movement
g? 2 2141 Provide adequate flexibility between portions of properly braced, welded and non-welded sprinkler
i systems, regardless of pipe size, that are expected to move differentially with respect to each other using
stny the following guidelines and techniques.
22| Guidance in this section applies to steel pipe. See 2.2 1.9 for other pipe materials.
sin . " . . 3 ; ; -
conl 2-2.1.4.2 If more flexible couplings are installed than recommended in this section, provide additional lateral
25 sway bracing to prevent excessive movement of piping per221123 221143and221151FE
the| 2.214 3 Provide flexibilitv for sprinkler risers per the followina recommendations
the 27 2.2.1.5 Clearance
22| s 2.2.1.5.1 Provide clearance around piping through walls or floors per the following guidelines.
flo | ap| 2.2.1.5.1.1 Except as allowed in 2.2.1.5.1.2, where piping passes through walls, platforms, mezzanines, roofs,
C‘?‘ thi or fioors, provide a hole or sleeve with a nominal diameter 2 in. (50 mm) larger than the pipe for pipes 1
will in. (25 mm) diameter through 32 in. (90 mm), and 4 in. (100 mm) larger than the pipe for pipe sizes 4 in.
29| 2.7 (100 mm) and larger. Openings may be sealed with mastic or a weak, frangible mortar. If the pipe passes
ﬂ- A ea through a fire separation, the space can be filled with mineral wool held in place with a pipe coliar.
proy of 2.2.1.5.1.2 Clearance is not needed when wall material is frangible, such as gypsum board, and the wall is
inn flof not required to have a fire rating, or when flexible couplings are provided on both sides of the penetration
fou per2.21.433o0r221444.
mg
2 2.2.1.5.2 Provide at least 2 in. (50 mm) clearance between piping and walls/structural members in the
Start from swa 04 in owns ot
L [z
y (am A. Between ends of piping and walls/structural members
b r aC I n SeCtI On totl 2.9 B. When piping passes through walls/structural members, then turns 90 degrees to run parallel to the
g the wall, between the parallel pipe run and the wall/member
0I’_‘I C. When piping passes through jctural members, 1 any flanges, fittings, or other devices
wifl on the piping and the wall
C t th th 23 2.2.1.5.3 Provide clearance to sprinklers per the following guidelines.
O n I n u e WI e (E 2.2.1.5.3.1 For sprinklers installed in suspended ceilings, provide an oversize adapter through the ceiling
- ags . 29 tile to allow for free movement, in all horizontal directions, of not less than 1/2 in. (13 mm), and preferably
fI eX I b I I I ty Sectl On ) not less than 1in. (25 mm) (i.e., a hole diameter thatis 1 in. [25 mm] to 2 in. [50 mm)] larger than the diameter
ho of the sprinkler or pipe through the ceiling). Alternatively, accommodate differential movement by connecting
4 to overhead pipe using FM Approved flexible sprinkler hose (for this alternative, the suspended celling must
23 meet the requirements of the EM Approval o be seismically designed per 2.9 16 2)
h I k h forl 2.2.1.5.3.2 For other sprinklers, provide vertical and horizontal clearance of at least 2 in. (50 mm) to structural
T e n ’ OO at t e Mg or nonstructural elements. A smaller clearance is acceptable where the system s arranged so that less
relative movement between the sprinkler and the object is expected (e.g., by providing hangers that limit
I t upward vertical movement per 2.2.1.8.1 or by accommodating the movement with FM Approved flexible
C ear an C e SeC IO n sprinkler hose) or where the sprinkler is protected from impact. Provide greater horizontal clearance (4-6 in.
[100-150 mm]) to sprinklers when possible.
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Seismic protection for fire sprinkler: an example

Manifolded Risers

22 1.1 Sway Bracing Locations for Steel Piping
Gui
29| 2.2.1.4 Flexibility Needed to Allow Differential Movement
xf 2.2.1.4.1 Provide adequate flexibility between portions of properly braced, welded and non-welded sprinkler
winl Systems, regardless of pipe size, that are expected to move differentially with respect to each other using
stny the following guidelines and techniques.
22| Guidance in this section applies to steel pipe. See 2.2 1.9 for other pipe materials.
sin . " . . 3 ; ; -
conl 2-2.1.4.2 If more flexible couplings are installed than recommended in this section, provide additional lateral
25 sway bracing to prevent excessive movement of piping per221123 221143and221151FE
the| 2.214 3 Provide flexibilitv for sprinkler risers per the followina recommendations
the 27 2.2.1.5 Clearance
22| s 2.2.1.5.1 Provide clearance around piping through walls or floors per the following guidelines.
flo | ap| 2.2.1.5.1.1 Except as allowed in 2.2.1.5.1.2, where piping passes through walls, platforms, mezzanines, roofs,
C‘?‘ thi or fioors, provide a hole or sleeve with a nominal diameter 2 in. (50 mm) larger than the pipe for pipes 1
will in. (25 mm) diameter through 32 in. (90 mm), and 4 in. (100 mm) larger than the pipe for pipe sizes 4 in.
29| 2.7 (100 mm) and larger. Openings may be sealed with mastic or a weak, frangible mortar. If the pipe passes
ﬂ- d ea through a fire separation, the space can be filled with mineral wool held in place with a pipe coliar.
proy of 2.2.1.5.1.2 Clearance is not needed when wall material is frangible, such as gypsum board, and the wall is
inn flof not required to have a fire rating, or when flexible couplings are provided on both sides of the penetration
fou per2.21.433o0r221444.
mg .
2 2.2.1.5.2 Provide at least 2 in. (50 mm) clearance between piping and walls/structural members in the
22) 2.4 following locations: .
tart from sway 04 thd _ .
are A. Between ends of piping and walls/structural members
b r ac I n SeCtI On totl 2.9 B. When piping passes through walls/structural members, then turns 90 degrees to run parallel to the
g the wall, between the parallel pipe run and the wall/member
0"_‘ C. When piping passes through walls/structural members, between any flanges, fittings, or other devices
wifl on the piping and the wall
C . . h h 23 2.2.1.5.3 Provide clearance to sprinklers per the following guidelines.
O ntl n ue Wlt t e (E 2.2.1.5.3.1 For sprinklers installed in suspended ceilings, provide an oversize adapter through the ceiling
. F— . 29 tile to allow for free movement, in all horizontal directions, of not less than 1/2 in. (13 mm), and preferably
fI eX I b I I I ty Sectl On ) not less than 1in. (25 mm) (i.e., a hole diameter thatis 1 in. [25 mm] to 2 in. [50 mm)] larger than the diameter
ho of the sprinkler or pipe through the ceiling). Alternatively, accommodate differential movement by connecting
E to overhead pipe using FM Approved flexible sprinkler hose (for this alternative, the suspended celling must
23 eet the reguirements of the FM Approval and must be seismically desio per 22189}
h I k h forl 2.2.1.5.3.2 For other sprinklers, provide vertical and horizontal clearance of at least 2 in. (50 mm) to structural
T e n ’ OO at t e Mg or nonstructural elements. A smaller clearance is acceptable where the system s arranged so that less
relative movement between the sprinkler and the object is expected (e.g., by providing hangers that limit
I t upward vertical movement per 2.2.1.8.1 or by accommodating the movement with FM Approved flexible
C ear an C e SeC IO n sprinkler hose) or where the sprinkler is protected from impact. Provide greater horizontal clearance (4-6 in.
[100-150 mm]) to sprinklers when possible.

How to explain to a non-expert? How do the multiple players get on the same page?
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Seismic protection for fire sprinkler: an example

Manifolded Risers

LATERAL brace

<3ft/09m

<2ft/0.6m

>6ft/1.8m <2ft/0.6m
\

Illustrations is the answer
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“Translation” into a visual language

FM Global

Property Loss Prevention Data Sheets 2-
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EARTHQUAKE PROTECTION FOR WATER-BASED FIRE PROTECTION SYSTEMS

Table of Contents

‘October 2017
Page 1 of 81

Page

Earthquake Protection

Pege s FM Global Property Loss Prevention Data Sheets

221.1:42 Atends of prizontl fee mains nd oross mein, proice el bracing Wi O (10 m) of
the end. and provide longitucinal bracing wkhin 40 & (12.2 m) of the end. Consider seismic separ

Dics ar Bl i 1oops I feod malne and c10s mains per 22,145 4 e ot o 31 on
both sides of the aszembly or loop.

221 2 recommended in 22.1.4)
re intaled on harsontal feed mains o ci055 s, provise Sofbonal el Sway racng o olows

A Within 2 £ (0.8 m) of every other flexible coupling on siright pipe runs, and
B. Within 2 f (0.0 m) of any horizontal change of pipe direciion having flexible couplings but ot braced
r221.1.4.1

34 o st g s e g creit o ary swey Lracn e ey Secirs 2211210
B e S i o eaani oet ks g hoss i ot s coocig of 40
(122 1o fo otarat Sway beacing o 80 (24.4 ) for lompiacral oway bracing ueing e foloing
guideiines

A A four-way brace on a vertical pipe (e.g. st the fop of the riser) may be counted as the inial lsteral
reed mainor

diameter when the brace is looated within 2 f (0.8 m) of the horizontal pipe.

8. A lstersi brace within 2 f (0.0 m) of the end of a fesd main or crass msin piping connestion (o anciher

min that i perpendicular and of e same o lzsar Slameter may be Used 1o Sles 5t A & longRusingl

brace for the perpencicular main.

C. A longiucins! brace witin 2 ft (0.6 m) of the end of a feed main or cross main piping connecticn 1o
ofthe same. i may latersl

brace for the perpencicular main
2.2.1.1.4.5 The following items or configurations may not ba used to provid, or allaw the omission of, lateral
or longiudinal sway bracing on any herizantal fesd main ar Gross main
U-hangers. including wraparound types (hawever, U-bolts configured per 2.2.1.3.2 may be used as

lateral bracing).

B. Feed mains and cross mains supporied by hangers having short rods,

. Sway bracing on branch lines.
22.4.4.5 Provids adequstely sized and configured bracing on sprinkler system branch lines ss deseribed
below See sls0 22.1.1.6 for additionsl lateral restraint requirements at ends of branch ines.
221151 Prows sest susy braung on 2 in. (65 ) dimster s lrgr ranch s and potons
of branch lines that are greater than 20 ft (6.1 m) i lengih in socordance with the following guicelines.

fran ine lss than 4 . (100 m) n lamoter, lateral swy braony o neadd on poes
incividuslly supported by rods the folow

1. All rods have a length les3 than 6 in. (150 mm) from the supporiing member attachment to the top
of the branch fine, and
2. thers i no more than 12 in. (13 mm) of space betwesn he top of the branch ine piging and the
bottom of the support rod
B.Afour-way beace on & verticsl pipe (e.g. st the batiom of a drop) may be counted as the iniiallateral
bracs for the aftached horizontal branch ine of the same or smalier diameter when the brace is located
ithin 2 ¢ (0.8 m) of the horizontsl pipe.
. Alongeudinal brace witi 2 1 (0.0 m)ofte end of 8 branch e comecton o anther ranch ine
Iateral bracs forthe

bt e e

D. per221 types of Ushangers) meeting
the crteria per 2.2.1 3.4 may be used as lataral snay bracing for branch linez.

e moxe sl couplngs hn rcaanendd in 22.1.4 re sl on branh s, e
additons! ltersl sway bra:

G207 Fackry WAl e Comgany. Al QS Feseve.

Horizontal Crossmain/Feedmain

40/ 122 m between [ateral braces

£8011/24 4. batween
Koty broces

Sway Brace

Optirel locstions: Not alkowed
Angles 81 of e 45" from vertical Angles « 30° from vertical

v C X :

Longitudinal 2-way sway beace

tothe axis of the
‘Sway brace whether realzed with a singi (or with Siagonal . shall be sized ding to the guidkoes of
Section 2.2.1.3.5 (further details in the comments of section 3.1 8) Connections must 10 the guideines of section 22136

(further details in the section 31.9 comments).
Braces can be steel pipe, steel angle, stoel rods, or stee! flats.
Cable braces are not allowed (2.2.1.3.5.4).

Section 2.2.1.3 5 A cals for positioning the diagonal brace element(s) at an angle of at least 30* from the vertical

Nate: 1t s recommended 1o target & brace angle s close 10 45" from the verical s possible

Winere two disgonal tension-compressioa braces are used they should be placed such that the brace angles sre as close 10 equal as possible. 1n N0 Case the two angles
should differ by more than 15 (221352.)

AUrbolt that fastens the pipe directly 10, and holds the pipe tightly

inst. a structural supporting member may not be used 5 & LONGITUDNAL brace (22.1.3.2).

A picture is worth 1000 words

29

s2t706m

B
Starts of pipe runs: Four-way on a vertical pipe

brace on 3 vertical pipe of the same o arger dismeer than the
smain/f y be counted as the il lateral and as the initial

oot il braces for the consamaiisedeoaie

The faur-wiy brace must be located within 2 ft /0.6 m of the herizontal pipe and

design load should include the tributary loads from both the vertical and the

horizontal pipes.
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Color coding

LATERAL brace

Color codes
\ i el that identify:

» The seismic
v protection
\ Flexible coupling com ponents
» Proper
>6ft/1.8m <2ft/ 06 m Pipe run on which Representation of .area of .
SWAY BRACES are in- attachments to installation
stalled (in grey) = |any type of struc-

ture

Proper area in
which to locate
the sway braces
(in green)

Measurements that drive T
requirements for seismic
protection components
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Logically ordered

Water storage tanks
and reservoirs

22.6 PA

Easy “click”
navigation

Easy to Navigate

A\
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Layout of seismic protection components

| FmGlobal 28 | NFPA 13

Horizontal Crossmain/Feedmain WP 53 Shassirbor i Incmbonon of Rpsikber Symions (19 Shiiond

Horizontal Crossmain/Feedmain

OVERVIEW OVERVIEW

S o pape rung Conractons with Horizontal changes of
perpendicular ppe nars drechons
.

The prescription location is visibly made simple
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lllustrations for the layout & illustrations for the installation

=< 40 ft / 12.2 m between LATERAL braces

=0.6m

= 80 ft / 24.4 m between LONGITURINAL braces

B | B d1

I Drawings focusing on layout I Drawings focusing on installation
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Jobsite complex situations

- s

Not detailed in standards
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Complex applications

-IV -.

AD
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! |

I ! AE

i : g S— ,

1 | | |
Section view i | i i

i I | | Plan view
AF) Riser with offsets, vertical changes of directions [ ! i !

: ! | 4 | AA) Crossing of seismic expansion joints

AG) Obstacles avoidance—Beams : L L

__________________ i AB) Wall penetrations
AH) Floor penetrations
AC) Obstacles avoidance

Al) Sloped ceilings
AD) Horizontal changes of directions: 90°

AE) Horizontal changes of directions: not at 90°
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Complex applications

Rigid or
flexible
couplings

Obstacle | Offset length

I Run length

<« »

—_—

Precodified solutions
based on FM 2-8 requirements

Compliant solutions made simple

()
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Complex applications

Rigid or
flexible
couplings

Obstacle

I Run length

<« »

—_—

Precodified solutions
based on NFPA 13 requirements

I Offset length

Compliant solutions made simple

@
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Handbooks for different standards

For projects per EN 12845

For projects insured by FM Global For projects per NFPA 13

CEN/TS 17551:2021
AKA PR EN 12845-3:2022
FM Global Seismic Protection for e d .
Property Loss Prevention Fire Sprinkler Designs = <
Data Sheet 2-8 following NFPA 13-19
(October 2017)
I N Seismic Codes and Standards
-— == lllustrated Handbook—Installation
‘ - \ Gra:;t}ic lmerpf’eot:a't:o‘en - ion of Seismic ion Systems for Fire Sprinkler
. . . Seismic Codes and Standards
Seismic Installation Handbook lllustrated Handbook—Installation
for the ion of Seismic F ion Systems for Fire Sprinkler nVent CADDY Graphic Interpretation of
i for the ion of Seismic P Systems for Fire Sprinkler

For recognized standards around the world
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3-Contents per standard

nVent CADDY Seismic nVent CADDY Seismic
Design Handbooks Inspection Handbooks

nVent CADDY Seismic

Installation Handbooks

T
(October 2017) ;

Seismic Installation Handbook Seismic Design Handbook Seismic Inspection Handbook

for the ion of Seismic F ion Systems for Fire Sprinkler Design Manual of Seismic Protection Systems for Fire Sprinkler Inspection of Seismic Protection Systems for Fire Sprinkler

FM Global

1 The focus is on the 2 The focus is on the load path 3 The focus is on the
layout and installation calculation and the sizing of verification and the quality
of the seismic protection the seismic protection of the seismic protection

3 books per standard / multiple standard per content
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<N
39 Presentation to CMEICI n\/ent




Installation instructions

|
J \~
Seismic Coq

S| Seismic Codes and Standards
lllustrated Handbook—Installation

e CACY Gngto ot o

Seismig

Sway Brace

Sway Brace

Locations alowes
Ancles & 30" from vertical Hanger
Optimal locatons with 10a stiffener

Aeghes o o rvewr 45" o wertiesl

Not atowed
Anghes « 30° from werticd

stinja1sm

s6m/015m

Lateral 2-way sway brace

Swaty brace intended to resist differential movernents between pipe and structural element perpendiculr 10 the aus of the system pipng
“For muay tracing that consists of indwiduat dlagonal slement(s) or dagonal phus vertical elements, configure and size these slements per’
Section 3.1.8). “Select the proper method 10 atiach the Sy GG 10 the structure and to the piping” per 2.2.1.36 (furthes commentary
Braces can be sieel pipe, swel anghe, steel rods, or stee! fats. (Chable bracing woukd not quakly” ((2.2.1.3.5.4)

Section 2.2.1.3.52.A cals for positioning the “tiagonal element(s) st an anghe”_"of at lenst 30°_"Irom the vertical’ a5 chose 10 45" from the vestical as passible

“Whare two Glagonal tension-COMpression traces are used”.. they shoukl be placed such that the brace angles”.."are 85 close 10 equal a5 possible. in N0 case they should
differ by more than 157 (221.35.20)

22135 (further commentary in
tion 3.1.9). 2-way sway brace with brace or reinforced hanger rod 1o resist vertical uplift force

o

23| ees comiTADEY WEMAKE SEISMIC SMPLE

Clearance, sway bracing, restraints
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Products and assemblies
Seismid w;m mim i
Lateral Sway Braces

LATERAL ONLY BRACES ~PIPE BRACE MEMBER

=

Restraints—Cable

TENSION ONLY RESTRAINTS~CADLE RESTRAINT MEMBER

"
! /‘
@ > @« HCAI <&

Qubch Grip Lateral Sway Broce,

SBOG™""EG

17| vt ca AT

B HCAI
renn o
teral Telescopng
205", DN 65 and 4 CSBO0™*ED Swisy Brace Asserihy CSBT* A
(FM does N0 appeow assenmbbes)
WE MAKE SEISARC SMPLE

Universad Restraint Cip Attachemant Kit

43 wvwre comiTADEY

For sway bracing and for restraining
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Requirements per major portions of the sprinkler system

Seismig

Seismic Codes and Standards
lllustrated Handbook—Installation

e CACY Gngto ot o

Horizontal Crossmain/Feedmain

A

Lonotudinal trace for the run Y- within 2t/ 0.6 m sheral brace for the run Y. wittin 211 /0.6 m

© e
na 2a
A lateral Bongitucingl] brace within Z ft /0.6 m of the end of & [eediman or Crossman (Fun X) 10 another horizontal crossmain/ieedrmain that is perpendioular (run ), may be Sracing st pipe
used 10 also act a8 | brace for Provided if's installed on The Digger dameter poe and Kad contrRxtion from the E T o4 . ’
perpendicuyr pipe is considered 100,
A lateral Songitucinal] brace within 2ft /0.6 m of the end of a feedmain or crossmain (nun X) 10 another horontal crogsEmain that & perpencicular (run Y), may be used 10 also
1 a3 a Krgtudeal Bytecal] brace for the perpendicular Crosemain, provided it's installed on the biggrer dismeter pipe and load CONtrbIION from the perpendicular pipe is
conwdered 100
a a

Water source, pump room, risers, mains, drops, branch lines, in-rack
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“Turn-key” compliant solutions to complex applications

Seismig
Seismic Cod

Smiieren|  Seismic Codes and Standards

lllustrated Handbook—Installation

e CACY Gngto ot o

prmacars L e o P — A

Risers with Offsets Risers with Offsets

Eour-eqy brace and flexible coupling a20/06m Risers with offsets — vertical changes of directions Risers with offsets ~ vertical changes of drections
buww;v:ruﬁwonvowmd For the pus of semmc bracing, the case in which For the purpose of sesmic bracing, the case in which
the versical main figers need 10 Owercome an Obistacie may be drided into ' 1180¢8 Ned 10 OWFCOTH 0N QDS May be (vided w0
the of three elements he succession of three elements: Bmer=horizontal
vertical man Main=vertical Mo
s tecal
Encrnay brace and flesitie On i3ars. a flexible coupling is required within 2 ft / 0.6 m et On figers, a flexible coupling is required wehin 2 ft /0.6 m
G locates mtrn of the botom and another flexitle couping and & four-wity Of the botom and ancther flexibie couphng and 8 Four-way
24706 m of the botiom of vertewizue brace ave required within 211/ 0.6 m of the 10p. ¥ the | brace ave required within 211 /0.6 m of the 1op. 11 the case
Engmmbacelcad ¢ vertcs man Lngm 6N/ 18m case preserried the highest port of the vertical peang 15 ' Dresented the baghest pont of the first run of veriical pong
Witn 2/ 06 m ol the consdered the 1o of the et (Refer to chager R of the 3 2 consateres e 0 of the rer (et chagter R of the
top of the taer c other )
E\ |- The fourmay brace localed at the 10p of the fer may be . The Four-wgy beace locsted ot the 10p of the Rigar may be
' 3 considered as the first Jatecal and the first longitudingl congdered as the first Lateral and the first Longtudoal
;I % PP braces of the horizontal ain, a5 kong 2 £ is kocated within braces of the horizortal Main, 25 long a5 £ is located witn
- ot 2f1/06 mof the horizontal pipe run and is sed taking Sy LACIG May be necossary 211/06 m of the honzontal pipe nun and is szed taking the
& it the ¥0ads from the horizontal piping also under account degending on the length of the pipe run 1aads from the honzontal piging also under account
Depanding on the ength of the horizortsl run, addisionsl E Depending on the kengh of the hoizonal run, addinonal
Vortoontsl mpin, ey tracie may be necessary Sy hoages may be necessary. (Refer to chapter H of the 8 ety braces may be necessary. (Refer 1o chapter Hof the
= deperaing on the leng of the pipe ran handbook for further detalls ) ] handbook for further details )
3 The next run of vertical piping & considered 10 be & 2
- vertical cnaiey If the length of this runis 611/ 1 Bm or s
H more, 3 fouray brace and a flexble coupling are required B ‘
} within 2 ft / 0.6 m of the top and the bottom of the pipe. ! m
Vit cougiing i the
Flenithe couglng at the bomom of the e
totiom of the (js
1
{ | s2r/osm
AF d1= Elevation view £ AF d2~ Elevation view
P dad i SE——

Obstacles, changes of direction, seismic expansion joints, floor & wall penetration, slopped ceilings...
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e Sway bracing design

lllustrated

et Seismic Codes and Standards

lllustrated Handbook—Design
Sy b o

S CACOT Conn Mt o o Pt

soreae

Sway Brace Design Flow Chart

oy Wraceg ot p—

.
Define the zone of influence for each

11
2 I oy beace wnd caloulate the pipe weight —_— -
1 3 I Calcudane the Seismic forces |
4 I Brace m:‘ - |l 111l 1E : '/?1 - =
member SerVice pipe the svruchre = 7\:) ,; ;
5 T setemic 10me e than 1 No .
‘weakest ik capacty” ik
Yes
o

Flow chart of the logical path to follow to size sway braces

The flow chart summerizes the logical process to follow in order 10 size gavay braces

An example of caiculation of the sasmic protection system for a sprinkder system according 10 FM Global Property Loss Prevention Dats Sheet 2-8 is presented next
The logical process flustrated in the flow chart has boen applied to an example in the following pages

Two different hypotheses for the gway brace layout are used in the example; the zone of influence and the weaights in the 2one of influence for sslected gway braces were
calculated accordingly. We then proceeded 10 size these Say beaces, verifying that the design forces were less than the maxinum slowabile forces.
Note The caloulation for anchoning the sway hraces 10 the structure is not covered in this handbook

-

'Y
10 | Wvwstcoen/CADOY WE MAKE SESSMIC SIMPLE f " ...L

Layout — zone of influence — design seismic force calculation —assembly products selection

\z
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H=G"W,
€ Seismic Cof

2 7 -
i =
H 1
Vi< ano 2" / \
llustrated

mecieornee|  Seismic Codes and Standards

Verification: do the branch lines require sway bracing?

i CACOTY Conn Mo e Prtaccn Sy o P

Flow Chart for the Sizing of Sway Bracing on
Branch Lines

Systern Characteristi rrr———
N = Ao 3 )
o 1 .?.;?n ~+  mgimiet required at the end of the e e =
ﬁ\ : braneh hne

| Yes
1 M No
- Such oe > 00 /61 m? S Sy bages rot required
Yes

Latesyl beaces are required on Leaoch lioes

No
3 I Bt » QN 12m? —  Longtiudnal baces not requined
| Yos
4 I LongtaicRl bmces are required on Ruanch loes

Logical path 1o follow to assess whether branch lines require sway bracing

The flowchan sbove summarizes the logical process provided in FAFs Global Property Loss Prevention Deta Sheet 2-8 to verify If beanch ines require suay beacing
In the following pages, we apply the flow chart's logical process to an example

T3 | fvent com/CADOY WE MAKE SETSMIC SIMPLE

Flow chart, example
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o e e Visualization

Illustrated

et Seismic Codes and Standards

lllustrated Handbook—Design
e

S CACOT Con Mo eva Pctacce Sy o P Sk

[t e e e e i |
Four-Way Sway Braces - Rigid EEr—————— Sway Brace Sizing

RIGID BRACES—PIPE BRACE MEMBER CSBUNVOSED o
CSBUNIVOSOEG or

CSBUNIVOTSEG or
g CSBUY o CSBUR

Erace e ON 25 mm /1"
Lengn<21m/ 71

Angie tatioen 45° s 57
roem verteat

! _ <§
] [ - (@) -
- |

:@u @ c@u HcAi FM Tested

0k G e ey e p—
o
Inth prt e, e o the elescoping
0 part number **== refers 10 senvice pipe range of the assembly. CSBT1 extends from
diameter, CSBQGOS0CEG for & pipe 11 /30emto 1h ft / 60 om, CSBT2 2
extends from 1%t /60emo 3t /0em A
S el ks I
Restraints - Rigid Sway Brace Sizing
THREADED R0 RESTRANT MEMSER
cSmASORG o CSMANISOG o e
Commorie cASG o
i canocsnn

@« HCAI & '

Barch Line Restrait Ppe ATactient
CsamRpeEG

10 the part rumber, *++* refers 10 service pipe

Gometer ininches e the CSBERPIZSEG 153
restrant for 1"

w8

wrctuse Anachere

csmisIEs Wood/Corcrete Threaced ke

@s HCAI & @ HCAI S @ HCAI <,:>m [ o

Four-way, lateral (transverse), longitudinal sway braces, and restraints
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Seismic Codes and Standards

Verification

lllustrated Handbook—Inspection

Check clearance +
es

length=56 i/ 18m

o

v

Floor penetration

.l

length s40 L/ 122m » e

No Nol

Cnack bracinglayout and fabiey for ertesl

manuptoddfif12m

+

End

Check clearance 1
Floor penetration ~———#  Checkbracig layas snd flesiiey for

mult story rure

Ncl
Chexkbracing ayoul and flexibiity far vertieal

main longer than 40 fL./ 12m

End

ves
——P  Check ciearance

racing layout an fleabilry far yertical

mainup 106t/ 18m

-

End

Flow charts, collection charts, proprietary pyramid to evaluate compliance and quality

P Check bracing yout and i
for multistory runs

|

Run Identifier:
[inspection Outcomes
| Braces Positioning Requirements

| Negative
Requirement | Not Applicable | Positive Indicate the Causes

FM DS 2-8 2017

Negatve
Positive Indicate the Causes

47

Branch
Lines

CLEARANCE

FLEXIBILITY

BRACING

Drops

CLEARANCE

FLEXIBILITY

BRACING

Feedmains /
Crossmains

CLEARANCE

FLEXIBILITY

BRACING

Risers

CLEARANCE

FLEXIBILITY

BRACING

Fire Pumps: Pipe connections
and other components

CLEARANCE

FLEXIBILITY

BRACING

Pipe connections to Water Tanks

CLEARANCE

FLEXIBILITY

BRACING

Presentation to CMEICI
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Final considerations

Plurality of actors

Requirements

Bles

Design Layout | | Architects
Protection systems (type/location) | /2 Engineers

Sizing

- Structural
- Mechanical

I con [P e

System components
Protection devices (correct installation)

Verification

Gl oo

Different languages Y different approaches
|

......
- rds

sl Seismic Codes and Standar
llustrated Handbook—Installation

e ALY G ettt

A

Interface support and
common reference tools
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Final considerations

Handbook: a facilitator for the dissemination of a

Worldwide
(installations)

culture of Integrated / Contextualized Protection

Requests for Handbooks can be submitted at https://go.nvent.com/Seismic-Handbook-FM2017.html

Facilitator of integrated and contextualized fire and seismic protection

\V4
“, N
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https://go.nvent.com/Seismic-Handbook-FM2017.html

Requests for Handbooks can be submitted at

Thank you for your attention https://go.nvent.com/Seismic-Handbook-FM2017.html

ttttt

ILLUSTRATED HANDBOOK

For the installation of Seismic Protection Systems for Fire Sprinkler
in Projects Insured by FM Global

August 2023

PPS— [— sy
@ k
@ #) saftxpertise ™ |

Andrea Dusso, Fausto Barazza, Olivier S. Braquet
Alberto Moretti ent CACOY Searmc Protocson
e sl

Sefeperts

Professor Stefano Grimaz

Chairholder of the UNESCO Chair on Intersectoral Safety for Disaster
Risk Reduction and Resilience

Director of Safety and Protection Intersectoral Laboratory
(SPRINT_Lab) at Polytechnic Department of Engineering and
Architecture of the University of Udine @

Professor of Engineering Seismology and Safety and Civil Protection
and Engineering and Safety Management and Resilience

Scientific Consultant of national and international institutions and AT
organizations Ve

From Udine, Italy

UNIVERSITA e Founded in 1978
D EG LI STU DI e Founded as part of the reconstruction
DI UDINE plan from the Friuli earthquake in 1976

The authors all have a personal history with the consequences of earthquakes
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