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VIBRATION ANALYSIS OF SPANNING PIPELINE BURIED IN LINEAR
ELASTIC SOIL WITH AXIAL FORCE
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Abstract The Free vibration equation of a spanning pipeline buried in linear elastic soil is built with small
deflection beam theory. Based on the stiffness characteristic of the buried segment, the boundary condition of the
spanning segment is presented. The frequency equation of the spanning pipeline is achieved analytically, and the
natural frequency of the spanning pipeline under different soil stiffness and axial forces is obtained numerically.
The research shows that the vibration characteristic of the spanning pipeline is related to the axial force coefficient
and soil stiffness coefficient. A beam of fixed supports at both ends and a simply supported beam model
recommended in present rules are available for the spanning pipe only in several special cases. For the vibration
analysis of spanning pipelines, the present model is suggested.
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Fig.1 Model of spanning pipeline in linear elastic soil

11 BEEREENESHIRINATRERE KR
RPN GE TS MR, s BUE IE k3
JitEN

o'y, 0

2 2

Vi 0"y,
EI +S + pA =0, 0<x<2a (I
4 PGP )

Ox
B 3 A R N A RS
Yy (x,1) = aY, (&) exp(iwr)
FINTE N2 e
E=x/a, 2p=_Sa*/(El), a* = pAw*a®* | (EI)
H: p BHIM I REG oEE R, © 55 ik
By B0 A0 R 7 R R A MR w, = A7 (BT
(pAQa)" )" g A R (D)F AN e
ENBE R V(ORI TTFE:

4 2
Z§+ngg—aﬁﬂazq 0<&<2 )
ENO L UL TTIESAVAF
Y (&)=C;sinné +C, cosré + Cysinh & +
C,coshr,é, 0<&<2 3)
e

ri2: [p2+a2+p’ 7'22: [p2+a2_p
1.2 BREREEHRABINIE R

N T A BB B T R e v B T R W RE FR
M, g e AR 2 S LR 1 PR TEAE
x=0 [T ERIET ). BRI IZ A y 7 A IR
Fefn 2 MR U M BUEE R A WA 1 Ps
(K75 AT, NGRS M ARy Ty R

2
aa);z+kby2(x):0, —o<x<0 (4
x

4
e, s
ox

FINTC RS e
E=xla, Y,(&)=y,(x)/ a, Ay =+Jkya" /| (EI)
Hirh g A2 IR R KL SR(4) A b i TE B A B

PR V()2 1) J

4 2

‘Z;f +2p%+ﬂ§n(5)=o, —w=E<0 (5)
(5) AR T TR«

Y, (&) =Ce™™ sinr,é + C,e" sinr,& +

Cie ™™ cosr,é +C,e cosré, —o<E<0 (6)

Hrprs
= %—p’0=/%+po
2 2

RIS B TR Ya(OFE D TR TT A AT R AT




i 2 195

B, D3 g = (6) AR AR 7 5 2L
C =0, C;=0 %

BB Yo(x)LE x=0 AbIT N )ik A4 A
EI EI _,
—?Yz 0)=9, (8)

_7Y2”(O) ZMO>
KRS 6) LAR(S), HIEAT), RAFAH
F My F1 Qo RN HHL Cy Al Cpr B HARNS
(6) RN AT £3 BB RE AL Ya(x), W E=0 AbAR FEFN N g3
RO F
1.3 BEEEEMIREY
A 0 I RSB, fR
TS BRI, S B LR )
HRE PR =0 MBS, LS B AT
2
1,0 =110 20 2Py b= 2P

2

(92)

24, —2
mm=4ﬂmi+mmiﬁt—3 (9b)

A
o TR FRIRSD, B AR R4+
Y'()=0, ¥"(1)=0
ot TR FRARE, B SO R4
Y,()=0, ¥, (1)=0

2 BEEERNERGE

h T AXMES R, R %R
X BRI AL U 3 I AHE AR A 2
2.1 XFRIREVENR

BAGRAK(92). KOb)F(10), HEIEE
PUAER - H B R MEARE T R4, A REGH R
THRETHR, AR T

(10)

(11)

A2 -2p | RG-2p) BN2A 20 B -2p)
A A 2 A
’i_i 42\/2%_219 ”2 ﬁ _r22\12%—2p -0
A A z A
cos(r)n —sin(r); cosh(r)r, sinh(r,) r,
—cos(n) 7 sin(r;) 1 cosh(r,) sinh(r,) 3

JETT f5 A i 13 2
2/ A3 {[c,sinn + (¢, + ¢;)r; cos 7 ]sinh 7, +
[(—=c, +¢;)rysinn + ¢, cosr]coshr, } =0 (12)
s
¢ =224, —2pa’(p’ +a’),
¢, =P’ + &’ [(4 + @ p=-2%,(p* )],
e, =(p>+a’ )@’ +24,p—A),
G4 =—2qrzﬂoma2(pz+a2)o
22 RIFIREVER
i RBA(9a). Ob)FI 1), [F L7
DAFRIR T RE . IR A fiA B 5 X (12) A
e, AR
¢ ==22~22 = 2p(p* +a?),
czz—«/p2+a2(a2—ﬂoz +2p2),
¢ ==2p* +a*) A - p),

c, ==211,~24 = 2p(p° +a*) .

3 BElBME

R(12)% T ASF] L3NS R LA, Al )
/N it ol AT ()Rl e 0 A R R AR R B 1 AT
HIRE, BUESRAE TSI REh i .
3.1 AE:IERIE RN G E 5 X E A SR AR

B2 250 T HIENIEE R E010=0.1. A=1. Ao=3.
A0=5+ 20=10. A=50. 4=200. 1o=10" 15=10". 2=10°
HlAg=o0, M5 ETEH I RSN [E G IR R o
i )& p 2 MK R WK 2 B, 763
I BE R AU A B /NI, SRR BN, IR 2 I
AT R ) BB p B B 3N R, 1
K, BEEEEMIR R oK, B fR &S
Bl ) R H p WK IR R A 1T TE 55 K,
R TG AE TG W ) [ AT AR R e=5.5933, 1E
U 25 P ity o] S22 1) B — B R R B O YT
M=4730). UL B R a a T, vk H
JIFRH p=4.9348, X N A 14 i [ 52 G2 1) Jst ity i )
R



196 T 1%

I

0000
4
— 7,,=1000
S T 2. £1000
H 3 o
W%
1 ey S
o Y%7 [
0 1 2 4 5

3
M ) R ¥ p
P2 AN ] B EE T R I A A R 480 5 v ) RV OC R
Fig.2 Relationship between natural frequency coefficient and
axial force coefficient under different soil stiffness coefficient
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Table 1  Soil stiffness coefficient in which spanning pipe equivalent to simply supported beam model
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