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Introduction

Transport structures — moving load
— earthquake
— wind

Movement of the load

Moving load

f(x,t)=8[x-u)[{F-m dZV[U(t),t]}

dt?

d?v[u(t),t] o*v(du) ., &% du ovdiu &
2 as T +2 - T
dt ou” \ dt ouotdt oudt ot

\




Uniform movement at velocity c

du d°u
X=u(t)=ct, —=c —=0
© dt dt?
2 2 2 2
d v(czt,t) = 0 v(>2<,t) . o°Vv(Xx,t) o 0 v(>:,t)
dt ot OX ot OX =3

Motion in (x,y) plane x = u(t), y = v(t)
load f(x,y,t) — m(x,y,t) dew / dt?

d2w | o®w(du) &*w(dv) a*w o°w du dv
— = : _— - +2 +
dt ox” \_dt oy” \ dt ot ox oy dt dt
0w du o‘'w dv owdu owdiv
+2 + o >
oxotdt oyotdt ox dt® oy dt® |x=uw

y=v(t)
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V(X,1)

Diferencial equation
EIvY (x,t) + uV(X,t) + 2uaw V(X,t) + kv(x,t) = (X —ct)P

Steady state vibration
P PA

V. = =
° 8A%El 2k

1/4

V(X,t) =V,V(S),



Moving coordinate: S= A(X—ct)

- ] . = C = C 1 1/2
peed parameter. - 21\ El

Cr

Damping parameter: S =, (1/k)"?

E] 1/2
Critical speed: B =7 (—j
U

Ordinary differential equation:

vV (s)+4av" (s)—8apBV' (s)+4v(s) =85(s)



Solution

2 b _
V(S) = e (D, cos a,s+D,sin a.s
() al(D12+D22) ( 1 al 2 al)
for s>0
v(s) = s e”(D,cos a,s+D,sin a,s)
a,(D7+D7) - .

for s<0



-4 -3 Ts)-2

M)




Random vibration of a beam on
elestic foundation under moving force

» s/
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Equation of the beam
L{v(x,t)]= EIV"Y (X, t) + 220 (X, 1) + 2 e,V (X, 1) + K (X)V(x, 1) =
=o(x—ct) F(t)

Foundation k(x):k+glz(x)
k=E[k(X)]
: el 1
Force F(t)=F +cF(1)
F:E[F(t)] " 1/4
Moving coordinate s=A4(x-ct), l:(ﬁj

Static deflection and bending moment under
force F F FA F
8A°El 2k 4
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Coeficient of variation V,, and V,, as a function of speed ¢,
3= 027 = 0o (ERE =i Q7
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Random vibration of a beam

Bernoulli-Euler equation
EI vV (X,t) + w1V (X, t) + 2uam V(X,t) = p(X,1)
Normal mode analysis

V(x,t) = iv,- (X) q.(t)

| | p(x,) =>" 1 v;(x) Q;(t)
Generalized deflection i-1

qj(t)+2a)bqj(t)+wj'2 qj(t) :Qj(t)
Generalized force

1 L
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Solution
g (t) = T hi(t—7) Q;(r)dzr = T hi(z) Q;(t—7)dr
Impulse function (weighting function)
h () = %z H (@)™ da
Frequency response function
H, (@) = T h, (7)e""dr

Load j
p(x,t) = E[ p(x,t)]+ p(x,1)



Stationary vibration of a beam under

moving continuous random load
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Load p(x,t){pwsz)Huer(t)}

p=E[p(x.1)]
p(x,t) =& p(s) +pr(t) +&7 p(s)r(t)
s=t—x/c
gl 1
Covariance of the moving load
C,. (X, %, 7)=£°C  (r+7,)+£°p°C,, () +£°pC, (r+ X, /C)+

+&°pC (=X, /c)+€£°C, +£°pC, . +£°C  +£°pC  +£°C .

X1_X2
C

Toi=



Non-stationary vibration of a beam
under moving random force




Load
p(x,t) =5(x~ct) P(t) » pty=P+P(t) E[PM®)]=P

Covariance of the force

Cpp (tl’tZ) — E |:P(t1) P(tZ):|
Covariance of moving load
Cpp (X1’ X21t11t2) o3 5()(1 —Ct1)§(X2 _CtZ)Cpp (tl’tZ)

Covariance of generalized deflection

;| ==
quqk (t,t,) = M M, _[O_[O h; (t, —z)h (X, —7,)v;(c7y)v, (c7,)C (71, 7,)d 7,d 7,
Speed parameter a=cl(2f]l)

Damping parameter P=o,lw=8(2r)

. = P|°
Simple beam v (x) =sin 3% VA
P () | ° 48EI




Degradation of structural materials

under dynamic loads

Dynamic loads Wohler curve
c A JL
A
y AG
i t
>
Ac = stress range n

Fatigue tests



Concept of fatigue assessment

“Real” Loads
P (t)

Static system

Stress curve

c (1)

Material properties

Spectrum
n. (o, ©,)

(Wohler curve)

Calculation value
for damage Dg,

Ac = Omax ™~ Omin
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Proof
DsysD

lim

Simulation of
train passages

Counting procedure
(Rainflow)

Damage hypothesis
(Palmgren-Miner)




not

not

Effect of traffic loads

Stress-time records
statistical evaluation

estimation of residual life

o entenaor e

yes

yes

Modal analysis

criteria of dererioration

Monitoring of cracks

criteria of cracks
yes

Inspections

not

Technical economic decision

yes

yes

Repair

Strategy of maintenance,
repairs and reconstructions,

yes —the conditions
are fulfilled,

not — the conditions
are not fulfilled



Conclusions

" The dynamic loads, i.e. in time varying loads,
Increase the stresses in transport structures
with increasing speed

" The dynamic loads are varying in time either
regularly or randomly

" The response of structural materials
deteriorates their properties in time






