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MODEL COMPARISSON

Solid Element Model Frame Element Model

e Flementtype linear tetrahedron o Elementtype  Timoshenko beam
e No. of Nodes 21,663,728 e No. of Nodes 16,710

e No. of elements 118,663,328 e No.of elements 16,698

I0.00

Deformation scale factor =5

f1 = 1.656 Hz f1=1.410 Hz
Difference = 14.855 %

1 modal shape in longitudinal direction



PIPELINE MODELING

« Seismic response of pipeline is induced by ground strain rather than ground acceleration
3D ground modeling and ground motion analysis are essential

* Hierarchical modeling is essential for a pipeline network in an urban area
Utilization of meta-modeling theory
Set of consistent models of different fidelity

SN
l“?‘!\‘ \‘=

h 4 e
< X
Solid element analysis for
Beam element analvsis of Shell element analysis of further confirmation of
. Y5 detected damage prone » damaged segments in shell
entire PN ( Lowest fidelity ) :
segments analysis

( Highest fidelity )
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PIPELINE MODELING

Elevation

22 49

[T

97 144 1509
UL

Outer diameter (cm)

thickness (cm)

Young’s modulus (GPa)

Number of Nodes 31573

21.63 Number of elements 31617

0.58 Number of springs 94719
210 || largest beam element length (m) 1

Pipe property

Mesh details of beam-spring model

Pipeline

Acceleration (gal)

Soil Layer

Soil layer 1 | Soil layer 2 | Soil layer 3
Density (KN/m*) 20.0 21.0 20.5
Shear wave velocity (m/s) 160 380 700
P-wave velocity (m/s) 350 730 2100
Reference shear strain 5 0.005 10 10
Maximum damping factor H,,q. 0.2 0.03 0.005
v

900
600
300

-300
-600
-900

21m

X

0 2000

4000

6000

Time Steps

8000

D soiramplification in IES

10000




EXAMPLE

Damage probability density

0] 7.e-06 1l.e-05 2.e-05 3e-05

Damage probability density distribution after simulating with 25 T

earthquakes
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