
Mode shape

Direction

X Y Z

Natural frequency [Hz] 0.5 1 20

Linear
Participation

factors

X 1 -2.25e-16 -3.00e-11

Y 2.23e-16 1 -1.37e-16

Z 3.00e-11 1.36e-16 1

Nonlinear
Participation

factors

X 1 -5.61e-15 -9.12e-12

Y 5.61e-15 1 -2.85e-15

Z 9.12e-12 2.85e-15 1
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Lumped mass

: 172ton

1.4215m

- Rigid body

- Beam element (B31)

- Linear spring/dashpot connection

X

Y

Z Stiffness

X 212.2 N/mm

Y 848.8 N/mm

Z 340,055 N

𝐊𝐇𝟐
(period: 1sec)
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(period: 0.5sec)
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Connector section
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Vertical direction
- Linear spring/dashpot connection

Connector type

- Cartesian
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Equation y = y0 + A*exp
(R0*x)

Adj. R-Square 1

Value Standard Error

D y0 -3.61346E-5 1.21762E-5

D A 2.92069 3.95752E-4

D R0 -0.44617 3.64681E-5

Logarithmic decrement

Determination of damping coefficient

- Damping ratio : 5%

Piping system

Material properties

Density 

(N/mm3)

E 

(MPa)

Poisson’s 

ratio

7.85×10-9 205,000 0.3

Nonlinear

Failure

(Damage index, Elbow test)

35.25

Linear

Failure

(Damage index, Elbow test)

35.25

- Kobe

- Nahanni

- Superstition Hills-02

- Northridge

- Chi-Chi

- Kinematic coupling

Constraint: X, Y, Z, RX, RY, RZ

XY

Local coordinate 

system definition B.C. (Fix)

: X, Y, Z, 

RX, RY, RZ=0

Element type

- Shell element (S4R) 

SA-106 Grade B, 1.5in. SCH.80

D: 48.3mm

t: 5.08mm

Hoop 

direction

- Stress

- Strain

Damage 

index

Leakage failure 

position


