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Experiment on seismic fragility of water supply pipelines in buildings
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Abstract: The existing design code has strict requirements for the seismic design of building structures, with
little focus on the nonstructural components in buildings. Buildings may lose the function because of the damage
to nonstructural components even though the structural damage is slight. As a type of typical nonstructural
components, pipelines are of practical importance for water supply, drainage, fire extinguishing and gas supply.
PPR pipes and galvanized steel pipes, which are common water supply pipes in domestic buildings, were chosen
for the tests. 24 sets of specimens were designed with different diameters, water pressures, wall thicknesses and
loading schemes, and a total of 72 cyclic tests were performed. The failure characteristics and seismic fragilities
of various types of pipes were summarized according to the test results. Furthermore, an example was
investigated to demonstrate the application of seismic fragility data to the seismic design and analysis of
pipelines.
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Table 1 Categories of specimens
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40 3.7 0.6 3 3
PPR-S5 50 4.6 0.6 3 3
75 6.8 0.6 3 3
40 3.7 1.0 3 3
PPR-S5 50 4.6 1.0 3 3
75 6.8 1.0 3 3
40 5.5 1.0 3 3
PPR-S3.2 50 6.9 1.0 3 3
75 10.3 1.0 3 3
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Table 2 Failure characteristics of typical PPR specimens
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WY DN)  (MPa) iR W% i (rad) (Nm)
1 S5 50 0.6 A D 0.142 402.2
2 S5 50 1.0 A D 0.140 477.2
3 S5 50 1.0 ;HAE (D 0.096 281.0
4 832 50 1.0 [ D 0.183 498.9
5 S32 50 1.0 [ (3)  -0.185 -510.1
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8 S5 75 1.0 ;A& (2 0.079 918.7
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Table 3 Failure characteristics of typical galvanized

steel specimens
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1 32 EIES (D 46% -0.0107 -1637.5
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3 40 a2 9% 0.0140 1575.0
4 40 ;A& (2) 59% 0.0247 1876.2
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Table 4 Fragility curve parameters

L REERE KE PN ARE EIAREE
HH (DN) (MPa) 0 B 0 B
40 0.6 - - 0.161 0.256
PPR-S5 50 0.6 0.174 0305  0.103  0.282
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40 1.0 - - 0.153  0.265
PPR-S5 50 1.0 0.148 0257  0.094  0.251
75 1.0 0.133 0328  0.083  0.256
40 1.0 0252 0278  0.160  0.252
PPR-S3.2 50 1.0 0.186 0253  0.139  0.256
75 1.0 0.150 0296  0.068  0.255
32 1.0 0.018 0278  0.020  0.323
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Table 5 Analysis results of elbow joints of galvanized steel
pipes in SAP2000

AFEAE (DN) DN32 DN40 DNG65
I (mm*) 81560 124338 590555
%
e (mm) 50 60 80
%
H (mm) 1950 1940 1920
B
L (mm) 950 940 920
LIS
k (N * m/rad) 78875 86971 227206
i AV (N'm) 2346.0 3169.8 11171.6
ot B &% (N-m) 2314.7 3127.0 11086.3
=3 A Ui XA (rad ) 0.0297 0.0365 0.0492
L B i A3 A (rad) 0.0293 0.0360 0.0488
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Fig.13 Damage probability of pipe joints without flexible
connection
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