Designing Earthquake Protection
tor Fire Sprinkler Systems

Using the Model Building Codes

n the September 2003 issue of Sprin-
kler Age we presented the steps to
determine whether or not earthquake
protection is required for a particuiar
project. We pointed out that protection is
ne longer based solely upon the zone
number from the NFPA 13 seismic map
and that a sprinkler system in one build-
ing might require earthquake protection
while a system in a nearby building may
not. Then, in the November 2003 issue,
we discussed developments in the rela-
tionship between using the Building Con-
struction and Safety Code (NFPA 5000),
the International Building Code (IBC),
and NFPA 13. We also gave justification
for only using NFPA 13 when designing
for earthquake protection, although it
may not be permitted by the explicit
wording of the model building codes. In
this third and final article, we will present
an example of how to calculate force fac-
tors used to design earthquake protection
based on building code criteria and iden-
tify the major problem with those crite-
ria. As you read this article, keep in mind
that NFPA 5000 and the IBC both essen-
tially point to American Society of Civil
Engineers (ASCE) 7 for criteria on earth-
quake protection.
The working example for this article is
a five-story, 60 ft high hospital in Jones-
boro, AR, 72404, Using the step-by-step
process outlined in the first article, we
must determine whether or not earth-
quake protection is required for the fire
sprinkler system. The hospital is in seis-
mic use group III (ASCE 7:9.1.3,
IBC:1616.2). Using the Seismic Design
Parameters (SDP) software, we deter-
mine the mapped maximum considered
earthquake spectral response acceleration
at short periods S§: to be 1.9756g and at 1-
second periods S: to be 0.597g. There are
at least two opportunities for exemphon
from earthquake protection in this
process. The first s found in exception
#5to IBC:1614.1. According to the given
parameters, the building in our scenario
is not exempt. If the S: was less than or

J. Stott Mitchell, P.E.

equal to 0,15g and if the Sr was less than  obtained from the civil engineer for the
or equal to 0.04g, the building would be  project, the site is determined to be in
exempt. Next, based on information  Site Class C. It is important to note that
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the A/E building design team is expected
to have this information on-hand since it
iy required for other seismic aspects of
the building itself. However, if this infor-
mation cannot be obtained, the default is
Site Class D, which is more demanding
than most scenarios. Using the SDP soft-
ware, which inclides the site class fac-
tors (Fe= 1.0, Fv = 1.3), the maximum
considered earthquake spectral response
acceleration for short periods Sus is
1.9756g and at 1-second periods Sur is
0.777g. Then the design spectral
response accelerations are determined at
short periods Sos to be 1.3171g and at 1-
second periods So7 to be 0.518g (ASCE
7:9.4.1.2.5, IBC:1615.1.3). Here is the
second opportunity for exemption.
Exception #6 to IBC:1614.1 allows that
where Sos is less than or equal to 0.167g
and where Spr is less than or equal to
0.067g, the building is exempt. The
building is still not exempt. Finally, the
building is placed in Seismic Design Cat-
egory F based on both the short and 1-
second period response accelerations
(ASCE 7:9.4.2, IBC:1616.3). To this
point in the process there are no exemp-
tions for this building that would allow
omission of earthquake protection, so
protection must be provided.

NFPA 5000:35.10 and IBC:1621 both

refer to ASCE 7, Section 9 for design and .

construction to resist the effects of earth-
quakes. ASCE 7:9.6.23.11.2 allows the
use of NFPA 13 for the design and con-
struction of the earthquake bracing sys-
tem provided force and displacement
requirements of ASCE 7:9.6.1.3 and
ASCE 7:9.6.1.4 are satisfied. This means
we can use NFPA 13, but with a caveat,
We have to verify that the NFPA 13
design will meet or exceed the force and
displacement design from ASCE 7.

_ First we will calculate the design
forces for sizing braces to be installed on
portions of the fire sprinkler system in
our hospital. Despite the entire system
being protected, we intentionally said
“portions” since the design force differs
throughout the building for the same size

piping., NFPA 13 uses the same design -

force throughout regardless of height.
For this example, the Fp calculated from
NFPA 13 is 560 Ibs. This is based on a
calculated weight of water filled pipe in
the zone of influence of 973.9 1bs, a force

factor Wr of 0.50, and a miscellaneous -

fittings and components factor of 1.15.
The Fp calculated from NFPA 13 must be
compared to the F, calculated from
ASCE 7 and the larger value used to size
the brace. This value is calculated from
ASCE 7 using a base formula and two
bounding formulas (ASCE 7:9.6.1.3) as
follows, E

o
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Fp is not required to be greater than

Fp = 1.6505: W

and Fp shall not be less than
Fp=0.38ps, Wy

where:

Fp = seismic design force

Sps = design short period spectral accel-
eration (1.3171g calculated above)

ap = component amplification factor (1.0
for sprinkler systems)

Ip = component importance factor (1.5 for
sprinkler systems)

Wp = component operating weight (973.9
Ib in our example)

Ry = component response modification
factor (3.5 for sprinkler systems)

£ = height of aftachment point with
respect to the base (55 ft in our example)
h = average roof height with respect to
the base (60 ft in our example)

The above formulas set limits on the
force used to size the earthquake protec-
tion components. For example, if you
calculate Fp to be 3000 lbs but the first
upper bounding formula results in Fp =
2745 bs, then you are only required to
design the component to withstand a
force of 2745 lbs. You are free to design
it using an Fp of 3000 lbs, but it is not
required. Conversely, you may calculate
an Fy to be 200 Ibs, but the lower hound-
ing formula results in Fy'= 273 Ibs. You
must design the component to withstand
4 force of at least 273 Ibs, but not less,

Back to the base formula and substi-
tuting all the values:

’ s\ e

F 0.4(1.0){1.3171)(973.9)/ 55)
and solving we have:
Ey =623 Ibs

Also be aware of the minimum and
allowed maximum loads discussed earlier.

Substituting and solving we have:
Fp=1.6(1.3171)(1.5)(973.9) = 3078.5 Ibs
and .
Fp=0.3(13171)(1.5)(973.9) = 377.2 lbs

This means that the design load for
any brace in our example is not required
to exceed 3078.5 Ibs and is not permitted
to be less than 577.2 lbs regardless of
location. Also, notice that the value cal-
culated using ASCE 7 is greater than. the
value calcolated using NFPA 13. The
higher value must be used to size the
brace components.

Now, let’s take the same scenario and
maove it o the first floor of the hospital at
approximately 8 ft above finished floor.
This will show the impact of where the



brace is located within the building. The
only variable changing in the equation

would be z, which would now be 8.
© Substituting and soclving we have:

Fp=278.5 ibs

Note that the design load {Tom the fifth
floor is 623 Ibs, but on the first floor it is
278.5 lbs for the same size zone of influ-
ence. This difference reflects the expec-
tation that more loading will be induced
on components located higher in the
building than components located lower
in the building, due to the building’s
movement in an earthquake,

The calculated design force for our
first floor brace was less than the mini-
mum allowed, so it must be designed to
the minimum 577.2 lbs. Alsc note that
the NFPA 13 calculated desipn load was
560 1bs, which is also less than the mini-
mum. Once the design load Fp is estab-
lished, uvsing either building code or
NFPA 13 criteria, select and size the
brace components using NFPA 13.

Now, let's look at displacement and
deflection. This is where the problem
starts. If you are accustomed to using
NFPA 13 in designing earthquake protec-
tion, you probably aren’t familiar with
these terms. These aspects are not brought
out in the text and formulas of NFPA 13.
This may be because they are already

addressed in the NFPA 13 design criteria .
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by the very nature of the materials used in
fire sprinkler systems and the maximum
allowed spacing of certain components.
Since these terms are not adequately
defined, here is an analogy to help us
understand their meaning. Let's say you
get out your favorite fishing rod, set the
reel end on the ground, and stand the rod
upright. Secure it about half way up with
your left hand. Now with your right hand
move the tip of the rod in any direction
bending the rod. Notice how the rod
bends? This is deflection. Now, take note
of the rod tip’s new location relative to its
original location, This is displacement.
Naotice that some parts of the rod are dis-
placed farther from their original loca-
tions than others. In an earthquake, a
building will deflect similarly. When it
deflects, portions of the building are dis-
placed from their original location. Some
parts are displaced farther than others.
Again, ASCE 7:9.6.3.11.2 allows
NFPA 13 designed earthquake protection
provided the force and displacement
requirements of ASCE 7:9.6.1.3 and
ASCE 7:9.6.1.4 are satisfied. But, how
do you verify that displacement from
NFPA 13 satisfies ASCE 7, when NFPA
13 does not directly address displace-
ment? This can cause a major problem,
especially if an AHJ is very literal in
interpreting codes and standards. ASCE

- and bottom of the story under considera- -

7 prescribes a method for determirsy
displacement and, in doing so, PIESEﬁts
another problem. Although it may not j,
absolutely necessary to understand thig
methed, as much as possible is presente;
here for your benefit. The seismic re],,
tive displacement required by ASCE
7:9.6.3.11.2 and 7:9.6.1.4, canbecajm
lated using the formula:
Dp = B -dya
where: .
84 = the deflection in the building 4
Level x, as determined by an elasti
analysis as defined in ASCE 7:9.5.5.7.1
dya = the deflection in the building at’
Level y, as determined by an elasti
analysis as defined in ASCE 7:05.5.7.1. -]
Then ASCE 7:9.5.5.7.1 discusses -
story drift (displacement) as being the -
difference of the deflections at the top

tion and gives the following formula for -
calculating deflections at each story -
Ievel .

where:

Ca = the deflection amplification fac-
tor in ASCE 7:Table 9.5.2.2

Se= the deflections determmed by an
elastic analysis
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I = the imporiance factor determined
in accordance with ASCE 7:9.1.4
_ The seismic protection for both the

building and its systems must accommmo-

date the displacements and deflections
discussed here, It appears that these dis-
placements and deflections are only of
significance in systems and buildings that
have a significant change in elevation.
That is, a system entirely located at a sin-
gle elevation in a building such as the
piping down-stream from a floor control
valve will not experience these types of
displacements and deflections. It appears
that these are only experienced by pipes
with multiple elevation attachment points

in the building, such as a standpipe/sprin-

kler system riser in a high-rise building.
‘We must point out that the deflections
{6z) can only be determined by an elastic
analysis. At this point you should kneel
down and pray that your contract has not
put this totally in yowr lap or bow your
head in tears, if you already know it has.
Because, unless you have one in-house,
you'll have to go out and hire a consult-
ing struciural engineer to perform an

elastic analysis. Really, someone on the.

A/E huilding design team should have
already performed an elastic analysis and

calculated the building deflections and’

displacements for each level. These num-
bers can then be compared to the amount
of deflection ‘accommodated by vertical
fire sprinkler or standpipe riser piping
using listed flexible couplings.

Looking at this article’s example and
NFPA 13:9.3.2, we see that at least 10
listed flexible couplings will be installed
(two on each floor) in each vertical riser.
By definition (NFPA 13:3.3.4), listed
flexible conplings are required to allow
axial displacement, rotation, and at least
1 degree of angular movement of the pipe
without inducing harm on the pipe. Con-
sidering 10 flexible couplings” each
allowing one degres of movement,

installed at the NFPA 13 required loca- .

tions, the comulative minimum available
displacement at the top of the riser would
be approximately 5% ft. That's quite a bit
of movement for the fifth story of a
building. It can be expected that if the
fifth story of a building moves this much,
the sprinkler system piping probably
won't be needed any more. -

With regard to deflection and dis-
placement, we conclude that vertical pip-
ing in all buildings of significant height
wiil inherently be protected by listed
flexible couplings, when installed in
accordance with NFPA 13. This more
than adequately satisfies the requirement
of ASCE 7:9.60.14 (thus the building
codes) regarding displacement.

This article has covered, as much as

possible, how to design a seismic protec-
tion system in accordance with the model
building codes referencing ASCE 7. A
tentative interim amendment (TIA 02-1)
was issiled that changed the NFPA 13
criteria for earthquake protection. This
measure brings the NFPA 13 criteria into
alignment with ASCE 7. Additionally,
changes are expected in ASCE 7 in the
forthcoming 2005 edition. Word has it
that the paragraph (9.6.3.11.2) in ASCE 7
referencing NFPA 13 will be changed.
Instead of saying that you can use NFPA
I3, provided force and displacement
requirements are satisfied, it will simply
say that NFPA 13 can be used. This will

W Y

allow designers to use NFPA 13 alone to
design the earthquake protection for fire
sprinkler systems. Let's all cross our fin-
gers and hope this comes to fruition, #
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