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ABSTRACT

The main purpose of this paper is to apply differential transformation method to vibration analysis of
Euler-Bernoulli beam with open cracks on elastic foundation. The governing equation of motion of beam with open
cracks on elastic foundation is derived. The concept of differential transformation is briefly introduced. The cracks
are modeled by massless substitute spring. The effects of the crack location, size and the foundation constants, on

the natural frequencies of the beam, are investigated.
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Figure 1. Structural system of study
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2.2 Pasternak X|4dt&te|l Euler-Bernolli 2

Pasternak A|¥H3e] Euler-Bemoli®s 4 (D3 #&
Winkler X9H4¢] Euler-Bernolliz o] A|ujwrx2lo] Adg
€ 2ol k. A} PFAL g o] vEd ¢
et

8“1/,
ozt ot 2

&
kfyz GO yl =0 h

i=12 @

A71A Goe ANkFe) 8 A Al4x(shear modulus of
foundation) ©]tk.
4 (4)¢] YWEE T3 o] ZHAES Ytk

y(z, =Y (x)e™  i=1,2 (5)
4 B)F 4 @ dgsty e™ig 2Azm, TAY A
Fg=200=1,2% 383t 4 @2 ¥AU 34

o3tk Zo] g

dty, ,d%Y,

z -5 e -(M=K),=0 ¢=12®
2 __ GOL2
S = TET

23 ZA =2z Fdof it sy

fig 13 o] Fdo] YE BEES F4o2 sy B
g 7o Lo L2 2EH0A Fe BE o a1y
43, Ao Qv 2xgoz A7y glvkn 7P
k. Fdol Y= XN A&HxAL FFo) Uv BRE
o] oA e, RHE gz AGHo] olo} slm,
34 A9st FHlE bl dgal e Aol EAEA
HrH10]. ‘

Yi(h) = Ya(h) (N
Yi"(h) = Y,"(4) ()]
") = Yo" (k) C)

Yi'(h) + (L) = Y'(h) (10
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E = 2068 GPa,
p = 7850 kg/m®,
Aedy £ b = 025m, AEHY Eo| h = 0.25m

4.1 winkler X]gt&9] Euler-Bernoulli2

Table 12 winkler A]%¥Hd9] Euler-Bernoulli®ol] #3}ed
o] g Ko Wil o3 u{fAFFE el
Table 2= B9 5 AR €2 Mz & o 74
o o7} 002, 004, 029 HAM ZRHAFFE HEHY
Ao} Table 1, 28] ZA3E Seongel 98 89 I7{11]
o] ZAze wastyx, 1 die dXFE ¢ + Utk
Table 3414 T X9} Kgkel Wste] weld n{gs
Z Jepdich 9 dojrt &n Kghol AZSE nf/A
St F7hstE 24 At

Table 1 A comparison of natural frequencies of the uncrack
beam on winkler foundation{fixed-fixed) between Seongl11} and
Differential Transformation(z;=1/2)

4.2 Pasternak X|9Hate] Euler-Bernoulli®

Table 42 Pasternak A|¥+4+¢] Euler-Bernoulli® o] #
gto] Fgo] gl&w Ko ¥l 9% niAFFE vl
3, Table 5% B9 3 A Qe #4892 /A1 & o 2
g9l zZol7t 0.02, 0.04, 029 AN THIFFE et
Widch. Table 4, 59 Z23E Seongel 93 F3d |3
{1119 da¢ vusigly, 1 d3= 4488 ¢ + 9o
Table 6914 78 YA Kgte) sl matd 24755
& YElNQIth Table 7oA 2A-nlnye AAZANA
winkler A|%¥# Pasternak#|4Hg2] Euler-Bernoulli® ¢
FHETE YR 7L Holrt do] AfE
7t #2dn a2 Aole winkler A
Euler-Bemoulli2 B Pasternak
Euler-Bernoulli®ofl A ©f & o} i},

[e)
N1
)bl.

=&k
BT - S 1

A}

Ay

Table 4 A comparison of natural frequencies of the uncrack
beam on Pasternak foundation(fixed-fixed) between Seonglti]
and Differential Transformation(z,=1/2, s=5)

K

1st

2nd

3rd

st

2nd

3rd

Seong
0]

DT

Seong
1n

DT

Seong
[11]

DT

82.8742

82.8742

228.446

228446

447.846

447.846

K

Seong
(11)

DT

Seong
[11]

DT

Seong
{11)

DT

105.028

105.028

260.583

260.583

484.205

484.205

82.9570

82.9570

228476

228416

447.476

447.860

105.093

105.093

260.609

260.609

484.219

484219

83.2871

832871

2285%

228596

447922

447922

0
1
5
10

83.6980

83.6979

228746

228746

447.999

44799

105.3%4

105354

260.714

260.714

484.276

484.276

0
1
5
0

105679

105679

260.846

260.846

484.347

484,347

0

86.9148

86.9148

229.943

229.943

448611

448611

50

108.245

108.245

261.896

261.896

484913

484913

Table 2 A comparison of natural frequencies of beam with open
crack on winkler foundation(fixed-fixed) between Seongl11] and
Differential Transformation(Z,=1/2, K=10}

Table 5 comparison of natural frequencies of beam with open
crack on Pasternak foundation(fixed-fixed) between Seong(11]
and Differential Transformation(z;=1/2, K=10, s=5)

Ist 2nd 3rd o Lst 2nd 3rd
Seong Seong Seong
a/h Sffﬁg DT Sfflrllg DT S[T;ﬁg DT o | PT Ty [DT %y | DT
0.02 1836401836401 228746228746 | 447 567 447 567 0.02 |105578)105.578]260.846| 260.846 | 483.874|483.874
0.04 |83.4755|83.4755]228.746 | 228.746 | 446.346 [ 446.346 0.04 [105.292]105.292|260.846 | 260.846 | 482.539{ 482.539
0.2 |79.4647)79.4647{228.746|228.746|419.413{419.413 02 198.1936!98.1936|260.846 | 260.846 | 453.034 | 453.034

Table 3 The varations of natural frequencies for beam on
winkler toundation(fixed-supported) for various K and ath.
(2, =1/2)

Table 6 The variations of natural frequencies for beam on
Pasternak foundation(fixed-supported) for various K and a/h.
(7 =1/2, 5=5)

K a/h 1 2 3
0.02 57.0742 185.055 385.833
0 0.2 54.3206 183.362 364.755
05 44.8864 177.943 318,631
0.02 57.90% 185.314 385.957
7 0.2 55.1976 183.623 364.887
05 45.9439 178213 318.782
0.02 61.1367 186.348 386.455
35 02 585744 184.666 365413
05 49.9502 179.287 319.384

K a/h 1 2 3
0.02 84.439 221.201 425498
0 0.2 78.812 219.525 401585
05 58.370 214.142 349.763
0.02 85.006 221418 425611
7 0.2 79.419 219.744 401.705
05 59.187 214.367 349.900
0.02 87.236 222.284 426.062
35 0.2 81.802 220.616 402.183
05 62.348 215.261 350.449
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Table 7 A comparison of natural frequencies for Euler-Bemoulli
beam between Winkler and Pasternak foundation {(fixed-sliding)
for 2 =12, K=10, s=5

Ist 2nd 3rd
Winkler

0.02 {23.800
0.04 123.799
0.2 123.774
05 |23.657

a/h

Pasternak Pasternak

39.718
39.692
38.991
35413

Winkler

112.490 {145.192 (276.682 |314.898
112.257 |144.880 |276.567 |314.745
106.577 |137.230 {273.804 | 311.061
88.4349 {112.571 |265.691 {300.363

Winkler |Pasternak

6. 42
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o] 2 $H(Differential Transformation)$y& 71&9]
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