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Analysis of Seismic Response of the Buried Pipeline
with Pipe End Conditions

A A &' Jeong, Jin-Ho o] ¥ " Lee, Byong-Gil
4 % 3’ Jung, Du-Hwoe b W F'  Park, Byung-Ho
Abstract

This work reports results of our study on the dynamic responses of the buried pipelines both along the axial and
the transverse directions under various boundary end conditions. In order to investigate the effect of the boundary end
conditions for the dynamic responses of the buried pipeline, we have devised a computer program to find the solutions
of the formulae on the dynamic responses (displacements, axial strains, and bending strains) under the various boundary
end conditions considered in this study. The dynamic behavior of the buried pipelines for the forced vibration is found
to exhibit two different forms, a transient response and a steady state response, depending on the time before and after
the transfer of a seismic wave on the end of the buried pipeline. We have observed a resonance when the mode
wavelength matches the wavelength of the seismic wave, where the mode number(k) of resonance for the axial direction.
On the other hand, we have not been able to observe a resonance in the analysis of the transverse direction, because
the dynamic responses are found to vanish after the seventh mode. From the results of the dynamic responses at many
points of the pipeline, we have found that the responses appeared to be dependent critically on the boundary end
conditions. Such effects are found to be most prominent especially for the maximum values of the displacement, the

strain and its position.
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Classification Result
. S (k—Day
Displacement v, (y,t)= cos (t)
Free Ends A kgl L
(Larbi, 1995) © (o _
Strain gy lyt)= =3, (k Ll)er (e E)qu(t)
k=1
Displacement vy (y,t)= 2 sin I qk(t)
Fixed Ends ~!
Strain i)=Y oos (1)
k=1
. Sy . (2k—1)my
Displacement v, {y,t)= st (t)
Fixed Free A kgl 2L *
Ends , 2 (k-1 (2k—1)ry
Strain g (mt) = k; TS q(t)
T 2. XS vi9ol AMAE AHAl
Classification L Result
=) sin(B L) —sinh (ﬂ L)
Displacement wp (y,t) = Eqk(t) i < {oosh By)+eoos(By)} + sinh(B y)+sin(B )}
Free = sh(8,L)—
Ends . © (8.L) h(ﬁ L)
Bending D sin sinh {5 . .
Strain 7 z:] {oosh(ﬁkL) cos ﬂkL) {OOSh ﬂky) oS (ﬁky)} - sinh (8 yy) = sin (B 1))
. o sin(f,L)—sinh(3,L) . .
Fixed Displacement 21 {cosh([j’k T~ os (BL) {cosh(B,y) —0s(B5)} + sinh(B )~ sin(B W)}
Ends ; o
Bending D sin(ByL) — sinh(B,L) . .
Strain ?2 { cosh (A1) = cos (B,L) {cosh(ﬂky) +cos (By)} + sinh(B ,y)+sin(B .v)}
) &, sin (8,L) + sinh (8L}
Fixed Displacement wrly,t) = kqu(t){_ cosh(;gkL) Foos( ﬂtL {cosh (Biy) — cos (By)} + sinh (B v) —sin(8 )}
Free
Bending D& sin(4,L) +sinh (4,L)
End == 2
nds Strain Ep (th) 3 Z:] qk(t)ﬂk{ (ﬁkL) Tos (ﬁ L) {mh(ﬁkY) ~+cos (5ky } + sinh (B y) +sin(B 1))
Guided Displacement L wp (v t)= Zoosmqk(t)
Ends - ( ST ) 5
(Larbi, 1995) Bending _D __D¥ ( k—1 W) k= 1)my
Strain er (y:t) g Fr (y:t) 2 kgl L oS L o (t)
Simply Displacement LWT(N):kZ;Sin%f@%(t)
Supported 5 =Y
Ends ending =Dy (pt) == Ryn k)
Strain LST(y,t) Q/CT(M) = Qk; 7| singq(t)
, & (Zk—1)ny
Supported Displacement L wy (y,t) = kglsm 5 (t
Guided 3 " ST )
Ends Bending _D __ D& (k-1 w) . (2k—1)wy
Strain i er (:t) 3 K (»t) 3 k; 9T sin T qk(t)
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E 3. mjEe| il SYnt Mz SM I X|BSYX| (Larbi, 1995)

Classification Symbol (unit) Value
Modulus of Elasticity p (N/m?) 2.07 x 10"
Length L (m) 100
Average Radius R (m) 1
Concrete Thickness t (m) 0.15
Pipe Cross—Sectional Area A (md 0.94248
Moment of Inertia I (m% 0.47389
Mass per Unit Volume {kg/m') 2.2%10°
Mass per Unit Length {kg/m) 2.0735 x 10°
Sof Axial Soil Stiffness Ka (N/m?) 9.34 x 10
Lateral Soil Stiffness Kr (N/m?) 14.01 x 107
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B |sketa EAT YRE E4L ol§T,
AukEE = 100m/sec2 3T Ogawa 5(2001)9] 2}s)
AP g 7R AR BAIRA A= 1.57%,
Ferg mﬂéﬂoﬂﬁb 27.91%, Yekng-Aeig

2 4 %o] ) 93§82 517.6~2888.6kg/em’,
o 2273 888 73.5~169.7kg/em’ © 2 11}
Wt

Classification Ogawa et al (2001) Free Ends Fixed Ends Fixed—Free Ends
Strain 2.540%107° 2.500%107° 3.249%107° 2.356%107°
Stress (kg/cm?) 525.9 672.6 487.7
E 5. Oj-3 SAHBHAL Sxlziyer HEE ¥ 2389 Hlw
L Free Fixed Fixed—Free Guided Simply Supported Supported
Classification Ends Ends Ends Ends Guided Ends
Strain 3.908x107* 8.200x107* 4.630%107" 3.595x107* 3.566x107* 3.602x107*
Stress (kg/cm?) 80.9 169.7 74.4 73.8 74.6
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Classification Position Maximum Maximum Allowable Judgement
(from left end) Strain Stress (kg/cm?) Stress (fo, kg/om?) &
Free Ends 50 m 2.500x107° 517.6 240 Break
Fixed Ends 100 m 1.395x1072 2888.6 240 Break
Fixed—Free Ends Om 1.047%x1072 2167.1 240 Break
B 7. 30 SX2YY WEE 2 1S uD
. ) . , Allowable
Classification (frorPnOIS(Iatf‘tor;nd) Ber':/lde?:mgt]: , Mg;(rg:rrsz/eCnrglzr;g Bending Stress Judgement
g otram ¢ (0.4fq, ka/cmd)
Free Ends 30 m 3.920%107" 81.1 96 Stability
Fixed Ends 100 m 4.446x107° 920.3 96 Break
Fixed—Free Ends 0m 3.710x107° 768.1 96 Break
Guided Ends 100 m 6.750x 107 139.7 96 Break
Simply Supported Ends 5m 6.705x107° 1387.9 96 Break
Supported—Guided Ends 5m 5.754x107° 11911 96 Break
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