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A Study on Dynamic Behavior of Simply Supported Fluid Flow
Pipe with Crack and Moving Mass

Han-Ik Yoon, Jong-Tae Jin and In-Soo Son

Key Words: Moving Mass(°]5 3 %), Open Crack(7}73 =), Euler-Bernoulli Beam Theory
(.Y 3-W250] Bo]&) Conveying Fluid Pipe(F5)

Abstract

In this paper, studied about the effect of open crack and the moving mass on the dynamic behavior
of simply supported pipe conveying fluid. The equation of motion is derived by using Lagrange's
equation. The influences of the velocity of moving mass, the velocity of fluid flow and a crack have
been studied on the dynamic behavior of a simply supported pipe system by numerical method. The
crack section is represented by a local flexibility matrix connecting two undamaged beam segments.
Therefore, the crack is modelled as a rotational spring. Totally, as the velocity of fluid flow is
increased, the mid-span deflection of simply supported pipe conveying fluid is increased. The position
of the crack is located in the middle point of the pipe, the mid-span deflection of simply supported

pipe presents maximum deflection.
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Fig.1 Geometry of the cracked simply supported fluid flow pipe with the moving mass
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Fig. 2 Modeling of a cracked element

. &, oFAFE AAE B FHAIY
WE AFEC o) FAFH A AYBA
B el 7zEd $ASHA nAE 43l

g g2 dFEE o] s FaPHe] A
At

o] AFolME 4dAF T ALE AFol
g FAHOR OlEY 9 o|fEHE Aoy F

ZEo =z e Agol ZA%}E ASFE 1
A& FHolrh. F, o)A o3le olFAFE
A& FdolELyt ZtEHE F$, 2 7}@'01] 2
3lo) wlo) Ty} W EE“ dzlso] BYS Yo
71 AL BAE7] Aty FHolx LH-r-oll 3z
F2 BHAIE A=EE meddo olEdF
< A deAA FARE 4013011 iR
AT ZGo] EAY o olFZIFY FEFA
2 ado] @A HolZe HMF wlAE
A3 st AFEHYG. @EEAA ol
AL odej-MlaFo] B o2& L3}

2. AlAH 2EE

Fig. 12 294 & 713 @A A Fdo]Z Y& o
FAF) dAS 22 o|F 3w BAA AF
E& Yetlix ok 9714 m, & 1FFH, v
T oA FY £&, 2832 L geAA By
AA ZHolg uEldt ¥, gv ZBY AolE
o3y a., kh, 2832 bT ZtZ AYe
o Aol o) EAFtE Fo|T WHAE, 1
g AYgel Zo|E FH3{m Qtt. Fig 25 =
& 7iAe GEAA dHel=zE FEH Aids
st s mddy 3 Aotk YA, x. =
Ado] EAzte HAE JEtd. 2YPo] &A
Bt S ZUYAdAE 2o JF g%
GGy #MeE P 2o ARF AF4
gL e 57 A 2Ty ez ¥
gt} XA o] &3t H ).

2.1 chEX|x| mlo|Z 3 O] 5 E 2 oYX
gEA A golze AN y(x,t) & lFEF
o] gl A, BAXAL UFAIl= deAA

Wxt)= 3 6: q:(0) )

A71N, g(H)e dwtg HAE, pe Bz F



mlo

i)

o Hy
ok

2 ;
4

o

rd

;1

U

EI,ZU {d2¢,1(x)a(t)] ”

+ f, { d*¢ ,zfia;gq,(t)

@

dx]+ Kr(dy .)*

A7) Kp2 Z¥oR Ao Hrtse A
223448 dusd, Ex dAFE e
c} ay . & dsF 2ol REE &+ Utk
dy(x, =0) dy(x) = x.)

y = P - B ©

E, 9eA solxe £EUAE Fad o
&3t 2.

T, = tn3] [ (6000 60 as

@

=
Fojrh. o]FAFEL deAA E FEEA
2l

BeTa PR,

utebA] olF A AANEY WY} £EE o]
|t ol FAHY EFNHUAE vhgH 2ol 7
T 4 on;].(9)
) 2
T,= %mmlg[{vqi(t)—qs”d(jl)]
+2uq,-(t)q,~(t)¢,-,-(xl){——~dx ] )
+ ¢H (D )]+ 5 mad?
1 <Olech) ’
where, j =
{ 2 (x.<x;, <L)
od7]1M x & olFAFe FHWAR vhg} gk

540 #% 47 421

0y <L),
=/(t)=| 6)
0 (x> L)

22 [0 9k off4 X

o] Zo| o3 FAe AYEEst woli,
Ao AL xols FHolZol $Fo] EiF oo}
gth. fA £28 Tl FAFEY &5
WA E Fatd ohg i Zo] gddrh

T/= '%—mfz;[ foxr{u2+2u¢ﬂ(x/) q,(t)
+{a(x) ¢:(0)* } dxs
+f:{u2+2u¢,z(x/) at) o)

+ {62z 4:())° ) dxs)

(xfzut, OSX/SL)

A71H, mye GAS @9 dolg Azkolth

ARG Aol oeto] stolZo] g5
ge x=19 B A8a: I3 44
o) @ oleld MrEdd PN F5Y
WY o REAYEG ¥ A mrE
HOARAE SRR

t}.
% ﬁ‘,[f p A { pa(xp)adt)) dx
(3)

[ ea

¢1z(x/)q,(t)} dxy

W, = — IZ‘pAuZ $2(L) po(L) a%(1)
=0

2.3 Aol 9|5t Ehy d?‘: [ R]

2 5ol Agsle TEREIAME AP &
Aotz Aol FzEQ ZPXﬂ g4 A
ool A ol WMHFANARIF EAEGL o ¥
7t AW A RbE 7] wdo] o dalstA =
th. A& gy kel M Castigliano] A glol] of &t



422 il
o AW oA RilHE we Y REe
Fa82e 78 & AP = WEE A
al © & 4(strain energy density function)® T}&3
Zt

@)= = (K + Kip)? (10)
g7l E'E HEdyd digtd  E = E/

(1-v)2 E8IH, Kpt A9 9% ¢
AAFAF, Kp < ZAEA g $HAFAS
£ Uehdt. 43 9y9ue A4S 4 109
22 9ed 2.

[e]

L

|4

K 27Rt,

VxR F,(8),
an

=M 55
Ky= <y TRE F,(0)

A7l V, ME 72tz 3 RAE R, te I
olZ9] FA, RE (R, +R)/2E dn ¥t %,
0= AA =¥l wzi(half-angle)ow], 4 (11)9]
F(0)st Fy(6)e Z7 og3t 2o

Fy(6) =1 +A,[5.3303(§)"5 + 18_773(%)4,24 I

Fy(0) = 1+A,[4.5967(§)1'5 + 2.6422(—;‘;)4'2‘1 ]
(12)
AN Ax o 2oh

R

0.25
A= (0.125% —0.25) for 5= &<,

for 10< tﬁ <2
?
13)

na

474 ¢= X
g 83w FAWY (6x6)2
AMol WaH MY 2xyY PE o PP o
4% A%ezH 7 & Ath 2AHAIN o
&9 1A AAZDE DE ok,

oltt. waba, 2 (10)~2 (13)

Al
AdE F Yo,

A
e
=z
=] =23

-AFH -

&=
d*$0(x) _ d% (%)
$alx)=¢a(x), ‘lezx - szzx ’
d3¢i1(x) d3¢iz(x)
dr’ - e
(14)
s i (x) _ dé 7 (x) —QM
dx dx - KR dxz
palx) : 0sx<x,
¢ i(x
Polx) x.<x<L
24 Aol 2S8tMAl
A EHAFNL oM T3 Z A A
£ Lagrange A Ao gYste] 78 5 glod

WA Ae Za3slEly] ¢35ty
# Zo) g

¢=F, &§=10=12),
_ X _ 4 _ m,L —
Ec I d i B mEl v,
t [EI M, L° —
=g\ =BV
(15)
My KrL
M= 7 Ki= gy
U=ulygf . M=
xl—;LZVEZ’ x;=uLv_én—IT

A7 e /Lo, rE FAY ABE ve

Atk M,, U, 2eEs Me 77 44 ol%
2%, 249 §%, 2932 £AA% B 4A

FZE Jehdth E, 49 &= deAA I
Zo Fxed WY g FHHENE 474 YEd
o A (15) 9 FAL wpRFE o8k Al
Fadstd ¢SS FLIR S
e go] BE¥ 5 3ok

Md+ Cd+ Kd=0 (16)



293 o) 5ARL

AR SAHE

4714 (-)e FAAHE AQ o QB v
& e, 4 (169 4 BBe e g

- zl{f()éc"szfl(f)df‘“f:‘ﬁz(é)dé
+ £5<M¢?1(}/)d$/+ f:M¢?Z(;/)d$/

+ M, ¢5(x)}

a7
¢= zz;[Mf (83 (x)1dg;
1 d 9 -
+ Mfefd? (62 (x/)1dé; (18)
+ ML 1852
& . 5
K= ,gl[fo {¢,1(E)}2d5+f;{qs,z(g)}?dg
H{B-L6,(x0))05(0)
(19

—r{8s G) 4+ B {#:(x )} (2
£. L _
WUJ; [%{‘ﬁﬂ(x/)}%(x/)
+ -0 (822 ) 8a(x ) ot
dr\Yavts A\ X ¢ ¥
WUf:ﬁ[%{M}/)} $2(x))
+ L {02(3)) (70| e
dr \F2N T PRAASf i
£ _ _
— U [ {6aE )2, — U* [ (903 )

+ K[ { (& =00 — 2(65:(£,=0) 41 (&, = £.))

e =£}]]

A6 & nHA FAE KPS Asted oS
3 o] MBY & vk

Yo A& o] E

40 B9 A7 423
M 4L 4K =0 (20)

ARE HANM A 2009 zE the o
88 + Ik

7=¢"6 @D
oA7IN AE BaF e nfAolxn, €t E
=4S UehdiE HEolt

My

o o

3. Rl 4
o] AToME o]B#MA =8 T &
TLAAE ol 83t o]FAH, FA E Yo
G A golLeo] e Fd viAe TS
FAHNE T v, nFHAT FAHHLS
Matlab(6.1)o] 4] 42}2] Runge-Kutta e 2 2
g o, FAsM JojA A 1A 2=
HANE A 2x B 2 o4 A48 Z=9
P ool HEle durdo g diwd =] wEl
o] AdFoME A 12 R=o FHRo] disiA
nE3Gom, Ad o)FAFE e deA
2 gtolize] AF4 ML 3k R=7tA] £33
et FA A Ao AHRE deEA A gholz
o stetulEE Table 1o JebHAch =, 74
3te ol AF AvlE 0.1 & AHE3td A &
Matdo.
Fig. 32 =z o] EA3te HA(x. /L) =&
d&AA golze] FWYE mHsAch 2 FH
SR 2] ol L E o] F e o]F A X
Fadoz el RAeon, 2 2 dgA
golzo| FANE EEE vk 2P =2
(0/me= 022 8o sidsdd. FAE e
FA A ge|Zo| Aol EAstE $1X|7t Fol
Tl AT w, dolZo] It A
Ax, Zdo] dojLo] FY RITo YAsE F
Foll vl solzef ¢ T %%01] ado] &4
e Ao BaE sto]Le] FWiYs oL
4 5 Sk ol FHF %’4%]/} Bel 7bed 2
T A%, 2 A7 01 Ao vla 2
o AX7E 057 A5 FUYPE F 728% ¢

o N X oy o



424 &3 -

Table 1 Specifications of the cracked pipe

Property Data
Total length of beam (L) 2 (m)
Outer-radius of beam ( R, ) 0.1 (m)
Inner-radius of beam ( R;) 0.08 (m)

Young's modulus ( E) 2.08x10" (N/m?)

7860 (kg/m’)

Density

4.0x10°

2.0x10°

0.0

-2.0x10°

Mid-span deflection (g/L)

-6 1 1 1 1.
-4.0x10 02 Y 06 0.8
Position of moving mass (/L)

0 1.0

Fig. 3 Mid-span deflection of the cracked simply
supported fluid flow pipe with the moving
mass according to crack position
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