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ABSTRACT

The stability of firefighting pipes is crucial in the event of an earthquake. In Korea, specification-based designs are used
in accordance with NFSC. However, engineering performance-based designs are used for buildings that have special
requirements. For firefighting pipes, tree type pipe networks are usually utilized in buildings; however, they are
characterized by several limitations. Hence, grid type and loop type networks are being utilized lately. Earthquake-resistant
designs for firefighting pipes in Korea utilize NFPA 13 as the cookbook. Nevertheless, an engineering analysis is required
to verify its reliability. The NFPA 13 standard used in Korea is a design method for engineers who lack earthquake
engineering analysis knowledge of pipes and adapt ASCE and ASME guidelines. Earthquake resistant designs in Korea
review braces only. Hence, various analyses under load conditions, such as the internal pressure of a pipe, force exerted
by a continuous load, and an earthquake, are required to ensure reliability. An engineering earthquake-resistance analysis
showed that tree type pipe networks are less stable than grid and loop type pipe networks. A comparison of
earthquake-resistance analysis based on stress and strain revealed that strain analysis exhibited a conservative result value
in the range of over-stress. Therefore, for the earthquake-resistance analysis of pipes, it is rational that engineers perform
analysis to achieve the required standards through engineering analysis rather than uniform calculations, which should also
be analyzed considering various analysis conditions.
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Figure 1. Fire-fighting piping type.
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Table 1. Piping Physicality

Material Pipe ID Temp (C) Pressure (bar) Hot Allow (kg/cm?) Remark
AS53 Gr.A 100 SCH.40 21 16 843.68
AS53 Gr.A 50 SCH.40 21 16 843.68
Table 2. Static Earthquake
uz(yY)
Devision X (g) Y (g) Z (g)
Seismic 1 0.5 0 0.5
Seismic 2 0.5 0.5 0 U1(X)
Seismic 3 0 0.5 0.5
PD, L OT5M | 0T5iMy | U3(2)
(1000)4¢,, zZ z T )

P = internal design pressure

D, = Outside diameter of pipe

t, = Wall thickness

I = Stress intensification factor

M, = Resultant moment loading on cross section due to
weight and other sustained

M, = Resultant moment loading on the cross section due
to occasional loads, such as thrusts from relief/safety
valve loads, from pressure and flow transients, and
earthquake

Z = Section modulus of piping

S,

g

= Basic material alloawable stress at maximum (hot)
temperature
K = 1.15 for occasion loads acting for no more than 8hr at
any one time and no more than 800 hr/year
= 1.2 for occasional loads acting for no more than lhr at
any one time and no more than 800 hr/year
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A Stress-base analysis / Strain-base analysis
= X
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5 . o § strain limit ' Ultimate strain limit
"nl: Ultimate limit a -
Allowable Timit Equilibrium path '
Equilibrium path o
Strain . Strain .
Figure 3. Material performance available for design.
Table 3. Force & Moment
M, (N.m) M, (N.m)
Devision Point | Combination Remark
MX MY MZ MR MX MY MZ MX
N04 Seismic 1 0 0 -244 244 0 -157 0 157
a. Grid Type Wo4 Seismic 2 0 0 -244 244 0 0 122 122
W04 Seismic 3 0 0 -244 244 0 -157 122 199
A00 Seismic 1 -13 -1 1 13 -2099 -133 882 2281
b. Loop Type A05 Seismic 2 1211 1 4 1211 -605 111 -61 618 Abs.sum
BO1 Seismic 3 -87 20 854 859 43 -1295 423 1363
A00 Seismic 1 48 0 0 48 -11 -73 831 835
c. Tree Type A30 Seismic 2 -3 -2 -22 22 984 -13 -9 984
A30 Seismic 3 -3 -2 -22 22 984 -13 -9 984
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Table 4. Code Stress

Pressure Bending Stress Allowable Ration
Devision Point Combination Result Remark
N/mm* N/mm’ N/mm’ N/mm? %
No04 SUS + El 4.00 58.30 62.30 99.30 0.63 OK
a. Grid Type W04 SUS + E2 4.00 53.29 57.20 99.30 0.58 OK
W04 SUS + E3 4.00 64.40 68.30 99.30 0.69 OK
A00 SUS + El 10.30 56.80 66.30 99.30 0.67 OK
b. Loop Type | AO05 SUS + E2 10.30 45.30 55.60 99.30 0.56 OK
BO1 SUS + E3 10.30 55.00 65.40 99.30 0.66 OK
A00 SUS + El 3.00 82.70 85.80 99.30 0.86 OK
c. Tree Type A30 SUS + E2 3.00 109.50 112.70 99.30 1.14 Failure
A30 SUS + E3 3.00 109.50 112.70 99.30 1.14 Failure

max point

\

.
maxpomt S
A

a. Grid type

b. Loop type

c. Tree type

Figure 4. Stress intensificaion point.
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Table 5. Deformaion Analysis

4354

. o]zﬁg

Displacement (mm)
Devision Point Combination AD Strain (%) | Result (< 1%) | Remark
DX DY DZ DR
W04 SUS + El 0.04 0 6.06 6.06 6.06 0.20 OK
a. Grid Type K06 SUS + E2 0 7.46 0 7.46 7.44 0.24 OK
D04 SUS + E3 0 7.45 4.13 8.52 8.52 0.24 OK
A02 SUS + El 0.12 -0.04 9.64 9.64 9.94 0.25 OK
b. Loop Type A00 SUS + E2 4.04 0 0.07 4.04 4.04 0.11 OK
BO1 SUS + E3 0 2.23 9.72 9.97 9.97 0.26 OK
X05 SUS + El 0 22.61 -1.14 22.64 2237 0.63 OK
c. Tree Type S04 SUS + E2 0 0 122.59 | 122.59 120.59 3.40 Failure
P04 SUS + E3 0 0 122.58 | 122.58 120.58 3.10 Failure
% SUS: Analysis Taking Into Account the Influence of Weight and Pressure
o] AX| 2 wel 713t of k= go] EAEl ez 5.1. O. Lee, H. K. Kim and S. B. Cho, “A Study on
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