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Abstract: As an important carrier of urban water and gas transmission, buried pipelines play an indis-
pensable role in the normal operation of cities. Due to the impact of soil environmental corrosion, bur-
ied pipelines can be easily destroyed under sudden earthquakes, resulting in environmental pollution
and waste of resources. In this paper, on the basis of the stochastic corrosion process, a systematical
research was conducted to study the seismic response law of multi-aged buried steel pipes. Considering
the randomness of buried pipeline corrosion, a stochastic corrosion occurrence model based on homo-
geneous Markov process was established. According to the influences of different corrosion environ-
ments, a comprehensive corrosion model in an acidic environment and a local corrosion model in near-
neutral and alkaline environments were established. Based on the accelerated corrosion and tensile

tests of steel standard specimens, a Mechanical Property Deterioration Model of steel and a time-vary-
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ing constitutive model of buried steel pipe were established and they both incorporated the stochastic

corrosion effects. Then the nonlinear dynamic time-history analysis was conducted on buried steel pipe

by using the finite element software ANSYS. And the seismic response law of multi-age buried steel

pipe under different soil environments was revealed, which provided a theoretical basis for the pre-

earthquake reinforcement and post-earthquake damage evaluation of buried steel pipe.

Keywords: random corrosion; homogeneous Markov process; multi-age; buried steel pipe; seismic

response law
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Table 2 Mechanical properties of steel after 20 years of service

[ERiE i D, E,/MPa 3 o1/MPa E,/MPa €, o,/MPa €
KiBfk 0 210 000 0.002 3 483.00 1512.0 0.040 0 540.00 0.1450
PR P + e R 5T 0.367 5 147 972 0.002 5 365.59 1065.4 0.030 9 395.90 0.082 4
WPk 4 e R B 0.042 3 201 720 0.002 3 467.33 14524 0.039 1 520.76 0.136 6

T8 : Dy R A Ey I3 5 4 TR 7 — I A8 i A 28 b gt DX 3 4t DX Ry RIS it 5 0y ey 2350 DA A TR AR g — Do 728 i A A 2 v i 2
PRI T RIAR B IS TT IO 7E 5 0 vy 23 1) SRy 5 TEL A A L 3 — i 7 A A A v DX S DX S AR B T TR 5 e A AR A R A AR

6 x10° ” X10°
51 //_/" 1 20} =\: A\A\A\A
18 1 \.
| < 16 [ \
£ ire_————— m%l;d 14+ '\_
-E 5L w127 \_
=l 10|
B gl
2 —n— KB 6L
1 —o— FRYE T HEIFEE al —u— i+ (PH=4.5)
—A— TR HEER R .1 —A— Gtk BB (PH=8.5)
0o 001 002 003 0.0 005 0o 5 10 s 20 2 30
NAE /m FRALIEE A / 4F
B3 Mf 20 4F 34 1R fh A 1 B4 AT AR A% 0 50 T AR %) o A

Fig.3 Degradation constitutive model of steel pipe after 20 years ~ Fig.4 Elastic modulus of steel at different service ages
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Table 3 Five ground motion records from ATC-63
Gii 5 3 K =Gl Wy PGA/g
1 7.1 Hector Mine Hector HECTOR/HEC090 0.34
2 6.5 Imperial, Valley El Centro Array #11 IMPVALL/H-E11230 0.38
3 7.6 Chi-Chi, Taiwan CHY101 CHICHI/CHY101-N 0.44
4 6.9 Kobe, Japan Nishi-Akashi KOBE/NIS000 0.51
5 6.7 Northridge Beverly Hills—Mulhol NORTHR/MULZ279 0.52
x4 BEAXXREEZMHRE
Table 4 Regression formula and its significance test
B 7801 bR M )3 E A= R i FAE Rooi(1,n—2)
W2 1 ML /m Y =9.874 X 10 *T + 0.01107 0.856 03
(pH=5.5) Bl 1) i KR A /10 Z=0.01086T + 0.1214 0.889 8 _
i P BLEE /m Y =4.154 X 10 *T + 0.008 52 0.958 4 0969
(pH=8.5) A R K REAE /101 Z=10.004 22T + 0.106 93 0.849 2
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