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Track Analysis Program For Non-Linear Dynamic Problems

2. 53
- Nonlinear Newmark Time Integration
! - BEAM, FJOINT & WJOINT Elements
E ~ Material Nonlinear for FJOINT & WJOINT
- Updated Lagrangian Formulation
- Load Definition Using Time Function
- Rayleigh Damping
- Eigenvalue Analysis
- Linear Buckling Analysis

— Multi-step analysis
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- 12 KN/m for ballast per track

3. Bl EMU / \

- 60KG EZallg 4t
- 7S 2ol MH(150m AL, SAMA 50mE §2) ¢ AAXAH AMH
CHMEH ry = 12 kN/m for ballast per track, & AT = 407,

E=21X107t/m2, A=0.0155m2 a=12X105
(&HBA) L=P/ry =(EAQAT) /1, =130.2m
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‘e Turnout Model #18.5

- Geometry

— Analysis Results

Axial Force (kN)

1400 - T T v YTt v
1200 ]
1000 3
800] B
&~ Main Rail 1 %
600 ~©~ Main Rail 2
400F ~#~ Lead Rail 1 3
200 —&~ Lead Rail 2
0 R " s . - L A L . L
100 200 300 400 500
Tie Number

i)

O| S3IEol 2|st SXH3H4

e

2 V= 300km/h

R B

ERENE NSNS N D 3 O o i

x

N 30@0.3m

—

—

Two 60kg rails : E = 2.1x107t/m?, v = 0.3, p = 7.8462¢/ m®, A = 0.0155m?,
I, = 0.006184m", I, = 0.009004m*, J = 0.007204m*

Ground spring : k = 1.2 x 10°t/m

Modal damping:1% Modal damping

4
)
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SAP2000 -5.76mm
_ | TAP4N -6.08mm : . i .
g °F - - - 8AP2000 (Modal Damping 1%) E
= 4Ar — TAP4N (Rayleigh Damping) 7
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'
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B E950)

' Iogue

HE

Bendng Moment (tf-m)

SAP2000 24.83tm
TAP4N 25.02tm |3

- - - SAP2000 (Modal Damping 1%)
—— TAP4N (Rayleigh Damping)
n L

0.4
Time (second)

06 0.
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Temperature change in a single track {two rails)

B L L L L b b b B E t b Lyt by by b b B By Ty

500m o
»

f—
Tuwo 60kg rails : E = 21x107t/m?, v = 0.3, p = 1.8452t/m®, A = 0.0155m?,
I, = 0.006184m*, I, = 0.009004m*, J = 0.007204m*

a=12x10"°°C"!
Longitudinal Resistance : 1, = 1.2t/ m for ballast
C =r, [{u, xwidth) =, /(0.00lm x 1m) = 1.2x10°t /m®
of = Cuy =12/ m?
Temperature change AT : 0°C — 22.5°C — 15°C — 22.5°C — 0°C — —22.5°C
— —45°C —s —22.5°C — 0°C — 22.5°C — {5°C

AT

2L 3zl uE H T 53 HSH(AS)

‘.—:in:uaﬂ drdF 25455 S0}

400 v ¥ T T

aaalaaiy

— Step 0: Temperature 0 °C
—e— Step 1: Temperature 225 °C
O Step 2. Temperature 45 °C

Axial Force ()

Ada P

Position (m)

HYd

- 638 -



= E40 e H 53 M (A S)

I 4550{1 H OEE 25,2_.“*

............. T T LB L e e e

—— Step 0 Temperature 0 °C
—e— Step 2' Temperature 45 °C
—O- Step 3. Temperature 225 °C
200 - < Step 4: Temperature 0 °C

A@
|
|

Position {m)

2E5 e YT HHHSHHS)
e 0ZOM 45 2EUD

400

Ty T T T v T

>
8
|
/

200 —— Step O: Temperature 0 :c
—e~ Step 4 Temperature 0 °C
~tr- Step 5' Temperature -225 °C ]
—- Slep 6: Temperature -45 °C

]

ey U Loy, I N S S D I S L
100 200 300 400 500 600

Position (m)

L sueg

Frchy]

- 639 -




SES mE YESHs(S)

—=- Siep 7: Temperature -25 °C ]
—— Step 8 Temperatwre 0 °C ]
~O~ Step & Temperature 22.5 °C
—O- Step 10 Temperature 45 °C 3

200

Axial Force {tf)

Position {m)

EEter]|

I
1l

ra

o AR
o IET]

o
oY
Ol

- 640 -



Z2aYes

-

e BEAM Element Formulation

— 3D Beam based on Euler Beam Theory Fomat s ke

i plane

6 DOF per Node

— Geometric Non-linearity Consideration e
based on Incremental UL Method o

M¢+Alﬁ+ot+AlU+(:KL +: KNL)U —i+OE R——: F

— Current Configuration Update
1. Origin & Direction of local coordinate
2. The length of element

wam

T2 L

¢ FJOINT Element Formulation

F

- Nonlinear Flexible Joint Element

- Assembly of 6 Nonlinear springs
for Translation & Rotation

I J [ J
o/\\\ e ol ({
I U0 I J=0

Hauy
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" WJOINT Element Formulation

-

— Nonlinear Winkler Joint Element

7 Distributed Springs
5 in 3 Directions
§§§§§ i If K=1=0, then attached

to ground
- Winkler Hypothesis

a(z) = Cu(z) = Clwipy, (2) - wy,,, (2))

F/12 F/3 L

Hem)

T2 HE
i e Beam Stress & Deflection

- Problem Definition (Ref. SAP6 Problem Verification Manual)

10,000 Ib per fi. 10,000 Ib per f1.

=50.65 in*
E=30x10° psi
1=7892 in*

A . £
10 f 20 f 10 fi
— Analysis Results

Y
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N

¢ Transient Response to a Step Excitation

- Problem E;eﬁnition (Ref. SAPS Problem Verification Manual)
)

m F(t) i
m=0.5 Ib-sec?/in
k=200 Ib/in 200
k ¢ Time step size=0.0025 sec 1
B=1/4,v=1/2
(=0 Time, sec
- Analysis Resuits
2E U(0.155sec)
Theory 2.000
SAP6 1.999
SAP2000 1.998
TAP4N 1.999 W
e
o =1, o) = e
z2age HE(AHS)
S . . .
28¢ - SAP2000
z —e— TAPAN
£ 2of 1
é 15F 3
g
g 10F -
05 F 1 - SAP2000
o N —o— TAP4N
0.00 005 0.10 o 020 028
Time (@cond) \
. —— - T
10 400 e
i D e | NPT |
% Time (second)
g -10
20

Time (secord}

Lrer]
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28| HE(AX)
/ e Nonlinear Behavior of WJOINT

- Problem Definition

< WIJOINT &l FJOINT
P=20 [_Rggld_B_ca_m__Z k ac_%
—
4 1
Length=10.0, Width=1.0 0.1 g e
- Analysis Result o 3
;_E_ U 72,: 10 o v
Theory 1.000 i ::% / -
TAP4N 1.000 oef.

e Column Under Eccentric Axial Force

1.0 T T T T T T
|- Problem Definition - Analysis Resut
; N 294 28 oaf e -
E —» (- -—
{ Fay [@] [
g osf 4
E=1000  L=10 8
I=1.0 e=0.01 E‘ 04} -
2
- Theory & Analysis Results 02 f .
6 = efsec(3 [P/ Pg) — 1] 00 Lo , L

PP,
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L

External force F(t), tf

F(2)

— e

]—0

Initial Spring Stiffness 5 tficm
Yielding Stiffness 1 flcm

Yielding Force 0.5 ¢f

Time (sec)

Hyem

UI*1§§$X1I—I EH‘:H‘% 5l A (A =)

o8 E

08

04E

02

oo

Spring Force (tf)

02F

-08 -

-08

-

— Theory
® 1iststep
A 2nd step
O 3nistep :
m  4thstep
& Sthstep
o Gthstep
v Tthstep

-« total steps

it

i, L PN
02 0.0 22

Spring Displacement (cm)

04
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