=R IERTF .
FMEIR—HDAT oo

Muroran Institute of Technology Academic Resources Archive

7

NI A IS B Dl E A RRE A B LB 1 D
R UG~ DIE M IZEE 9 2 b5

&4 eng

HARE

ABEHE: 2015-12-22

F—7— K (Ja):

*F—7— K (En):

ERE: XAy, Vov TV
X—=ILT7 KL R:

Firi&:

https://doi.org/10.15118/00005132




Appendix C
Simulation of moving train load with velocity of 60 km/h
by Newmark numerical method

I. Inputs

1. Parameters of metro train
Distance from analysis point to the first axial of train: Lo := 3m
Speed of train: v¢ := 60kph
Total number of cars: Necar := 6
Geometry parameters of train

e e e e e e | e e e e e e e \\
C—! 1G— —y—- —
| a b | sy | | a h | ay
- R -
Py, : P Py : P
Car length:
Lcarl = 24m Lcarz = 24m Lcar3 = 24m Lcar4 = 24m Lcars = 24m Lcar6 = 24m
Fixed axle spacing:
a =2m a =2m a =2m a =2m a =2m a '=2m
car, car, car, car, cary car
Axle spacing between 2 bogie:
bcarl = 16m bcarz = 16m bcar3 = 16m bcar4 = 16m bcars = 16m bcar6 = 16m

2. Parameters of cars in the analysis model

32000
Car body mass (1/8 car): mg := ——Kkg 1
8 —car-—»| M. 4{9,;«
5540 8 k .
Bogie mass (1/4 bogie): m,, := ——kg 1 *‘“% Qégi Secondary suspension.
4 —bhogie.— | My —‘Qw
1503 * - :
Wheel mass (1/2 axle):  my, := — kg €ur —— Primary suspension.
- l V:60kﬂl/hu
Car mass in total: 24
Mcar = 8:(mg+my + my) = 49092 kg —
. . kN
Wheel spring stiffness: ky, = 2360 —
m
. . . kN
Bogie spring stiffness: kg == 530—
m
Wheel damping coefficient: ¢, := 78.4 kN's
m
. . .. kN-
Bogie damping coefficient: ¢ := 90.2 >
m
Wheel diameter: Dy, := 0.85m
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. Parameters of track:
Sleeper spacing: Ly = 0.65m

. . 3 kN
Rail Pad stiffness: K.., . =120-100 —
railpad m Rail
Py L]
Rail modulus: E, = 2.07-10'! N % g g g
2 Lf k
m
i v
Inertia moment of one rail: . := 30.55-10" °m* Sleeper on tunnel floor

r
. Parameters of wheel-rail irregularity

Types of irregularity that can be model including corrugation of rail, arbitrary wheel surface
profile and wheel flat:
-) Corrugation rail surface, wavelength from 30mm to 300mm and 300mm to 2000mm,
depth of irregularity from 0.01mm to 0.4mm:

Lirl = 200mm airl = | 0mm if Omm < Lirl < 30mm

0.0lmm if 30mm < Lir < 100mm
1

0.25mm if 100mm < Lir < 300mm
1

0.4mm if 300mm < Lir < 1000mm
1

0 otherwise

\4 V.

Frequency from: _t = 5.556-Hz to:
3000mm 200mm

-) Arbitrary wheel surface or wheel flat with wavelength from 0.2 to 1 time of circumference of
wheel, depth of irregularity 1mm:

Wavelength from: 0.27t-Dy, = 0.534m to: 1w-D, = 2.67m

= 83.333-Hz

L;. =534mm a;. = 1mm
2 2
V Vt
Frequency from: = 6.241-Hz to: ——— = 31.207-Hz
T-Dy, 0.27-Dy,

Wheel-rail irregularity equation, is vertical displacement of wheel:

2 A V¢
u..(t) = Z — L 1-cos| 2. ——t
1r 2 Llr
i=11L i
Vertical vibration velocitv of wheel:
2 airi v 2
Vip(0) = Z — || 2:0-—— |sin| 2-v-——t
i=1 2 iri iri

Vertical vibration acceleration of wheel:

2 airi Vt 2 Vt
w: . (t) == Z — || 2:7v-—— | -coS8|2-7W-——-t
ir(9) 2 L, L,

i=1 1ri lI'i
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5. Data export parameters:

Sampling frequency per 1 sec: SRate := 1000

_ ' 1 Ncar

Sampling time: Ttotal := 9s  Choose: —-| 2Lo + Z Lear. | =9
v i
Isec t i=1
Integral time step: At =
SRate
. Ttotal
Integral time step total: n = AO a
t

i=0,1.n
t:= 0,At.. Ttotal

Calculation index:

I1. Calculation:
Newmark direct integration method:

1. Matrices of differential equation:

mg 0 Cg —Cy ks —ks

Msys = 0 Csys = Ksys =

m, —C +c —kS ks + ku

0
R; =
e . .
(cu'vir(l'At) + ku'“ir(l'At)j

2. Condition at t=0, no vibration

0 0\m 0\m
uj = m Vi = — Wi = —
0 0)/s 0 S2

3. Time step At, integral parameters Newmark and factors ai:
Choose:  §:=0.5 o :=0.25

1
a0 = a2 .= —— a4 = E -1 a6 .= At-(1-0)
a- AL a-At a
al::L a3:=i—1 aS:ZE- E— a7 := 6-At
o-At 20 2 \o

4. Effect stiffness matrix:
Keff := Ksys + a0-Msys + al-Csys
5. Iterative calculation for time integral step to have u, v, w:
i=0,1.n-1
Reffi 1 = Rj;1 + Msys-(aO-ui +a2-vj+ a3-wi) + Csys-(al-ui + a4-vj + aS-Wi)
Ui g = Keff ' Reffi,
Witl = aO-(ui+1 - ui) —a2-vi—a3-wj

Vit+1 := Vj + a6-w;j + a7-wj 1
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6. Displacement of Bogie and Car body:

()= ()00 =
0O|m 0O|m
7.019-10°7 7.848-10-9
1.296-106 1.449-10-8
1.683-106 1.881-10-8
Vertical motion of bogie
6 ! ! !
2x10 _
u
( 1)(1 ,0) 0 ’ "
0™ 6 | |
0 0.5 1 1.5 2
i At
Vertical motion of car body
w10 ° . T
() 1x10~° I
V(0,0 =
@0 _ o8] |
310~ 8| | | |
0 0.5 1 1.5 2

i At
7. Dynamic force on rail:

Car body acceleration Wear; := (Wi)(0 0)

Bogie acceleration:  Whbogie;j := (Wi)(1 0)

Wheel acceleration: ~ Wwheel; := w;.(i- At)

Dynamic force on rail: P; := (mw +my, + ms) g+ (mW-theeli + m,-Whogie; + ms-Wcari)

0
0 100.382
1 100.669 kN
2 85.793
3 75.024
2 Dynamic force on 1 rail
150
100
Pj
1000 50
0
0 0.5 1 1.5

i At
max(P) = 100.938-kN
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8. Loading ditribution function on tunnel floor
Bending stiffeness of rail: EI := E_.-I,.

K.
. . railpad
Stiffness of railpad: K ad = _rafpad
pa L
f 2 ED
Characteristic length of load distribution on tunnel floor through railpad: o .41 :=
K
pad
Loading ditribution function on tunnel floor through railpad:
~Ix|
1 Qyaj X X
P (X = e " cos x| + sin x|
2-0pqai) Qrail Qrail
9. Dynamic loading on tunnel floor:
O(x) = & 5(x)
Ncar i-1
Fiw(t) = Z P 1 :©| v¢t—Lo - Z Lear
i=1 vst—Lo— L i=0
t Z carj J
j=0
round
Ncar i-1
Fyw(t) = Z P i1 ‘O vet—Lo - Z Lear, ~ 2car.
J 1
i= v t—Lo—Z Lcarj_acari i=0
round 1=
Ncar i-1
Faw(t) = Z P i-1 ‘©| vit—Lo -~ Z Lcarj - acari - bcari
i= Vi t_LO_Z Lcarj_acari_bcari i=0
round 1=
Ncar i-1
Faw(t) = Z p i-1 "®| vit—Lo - Z Lcarj - 2’acari - bcari
i= Vi t_LO_Z Lcarj_z'acari_bcari i=0
round 1=

Ftunnel (t) = Flw(t) + sz(t) + F3W(t) + F4W(t)
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II1. Results.

Ftunnel () =
kN
-0.323| -—
034 M
-0.286 Dynamic load on tunnel from 1 rail
-0.25 120
-0.164 100
-0.141 80
-0.106 Feunnel(t) 60
1000 40
20
o ¥ v ~ A /R AR AT A AN A SR -
-20
0 1.5 3 4.5 6 7.5
t
13 . . IS )
No:=2" i=0.No—1  Timej:=—— Valj= Frunnel(Timei) LoadFFT := FFT(Val)
ate
s FFT of dynamic force transmit on tunnel from one rail
1x10
8><103
6><103
LoadFFT; 3
4x10
21021 1
i .
0 15 30 45 60 75 90 105 120 135 150
. SRate
l.
No
Hz
kN
max(Val) = 79.885-—
m
vt vt
nynLoad1 1L if r | >0 nynLoad2 P if %r, >0
ir, ir,

0 otherwise

0 otherwise

fLoad = MaX(fpynr,oaq) = 83-333-Hz
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