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A Study on the Dynamic Response of Buried Pipeline

Bong-Hyon Jang

Department of Civil Engineering, Graduate School,

Pukyong National University

Abstract

This work reports results of our study on the dynamic response of the
buried pipelines both along the axial and the transverse direction for both
the free and forced vibration with a boundary condition of the fixed ends
and the free ends, respectively. In order to investigate the response on
earthquake, the resulting natural frequency and mode shape obtained from
the free vibration have been utilized to complete the derivation of
mathematical formula for the forced vibration. We have also completed the
computer program to simulate the time-displacement graphs of the
pipelines for both cases of vibrations. Our conclusions based on the results
of the dynamic behavior in terms of the natural frequency, the mode
shape, the effect of parameters of the buried pipelines are summarized
below.

1. The natural frequency varies most significantly by the soil stiffness
and the length of the pipelines, which shows a increasing trend with
increasing the soil stiffness while decreasing with increasing the length of

the pipelines. Such a behavior appears most prominently along the axial



rather than the transverse direction of the pipelines. 2. 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-displacement relation of the vibration. The former is
identified by the slight change in its behavior before the sinusoidal-shape
wave traverses through the whole length of the pipeline whereas the latter
by the complete form of a sinusoidal wave after traversing the pipeline
completely. The transient response becomes insignificant as the wave
speed increases. 3. We have studied the effect of the mode number on the
dynamic behavior for three different wave velocities and two different
frequencies of the ground motion. Any changes by the mode effect are
found only on the lower modes. The corresponding effect on the higher
modes appears as a resonance only along the axial direction of the pipeline
when the natural frequency matches with the frequency of the ground
motion for the forced vibration. Similar resonance has not been observed,
however, along the transverse direction when seven modes are considered.
The maximum strain occurs in the middle of the pipeline with a
boundary condition of the free ends, whereas it occurs at the fixed both

ends of the pipeline with the fixed ends.
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Vy,H = H(t—y/V)sin(ot—oy/V) (3.1)
= V(0,0 = H(t—y/V)sin(ot—2my/\) (3.2)

4714, A = 2LV = xaste) saolr)

®

H(t)i= Heaviside 24 ofgje} o] FTdE o

H(t-y/V)=0, for all t<y/V (3.3a)
H(t-y/V)=1, for all t>y/V (3.3b)
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Soil 's represented by: =D
Spring-Dampers
Stiffiness: Ka (N/m™2>
Tamping: Ca (N/m/sec>
Section 1-1
st 23l

wat WS99 ALK

2 0 7t
(y,t) _ c, Ug;i/ )_|.KAvg(y,t) (3.4)

(35)¢ A B6)e= e

+
& (y)= cos%. k=1,2,3, (3.5)
K E A — 2
wy = \/WA{I‘F ]?A ((k Ll)ﬂ')} (3.6)
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v(y,t)= ]\i‘bk(y)%'(t)

(3.7)
Uy (y’t) = @bl\- (y)Qk (t)

(38)
4714,

by ¢ AWH mE

o,

q (D AT g2 diksbd

=3

2 (38)#% ol &
At}

2
T

PR As A B4)d Wdstd A (393 2ol yErd

) c, . K i — 1) \?
mey (y) qk(t)+7$qk(t)+ﬁqk(t){lJ“EpA(&_Llﬁ) }

= Cyv,(y,t)+ K v, (y,t)

(3.9
4 399 FAdl ¢,)e BT F ojuwe A4 ol Wl Awahd
4 (3100% 2& 4% 42 & Ao,
C _ 2
a,(t)b+ ﬁqk(t)+—qh(t){1+EpA( L Ll)”) }
1 L .
=i, /0 ¢k(?l)[CAUg(y,t)+KAvg(y,t)]dy (3.10)

AN, 1= [ty




1 L .
—2— L+ mszn{ﬂk—l)ﬂ'}] (3.11)

L= AEel =004 Wl #E ¢RE AFT |
& oA AnE shel AARZA el HEF BE IS FF A9 4
of ®rh w7t juTel AALeE FAAA @G @, L =004 H7t =
g AHAbels @l Vb Bk sh wase] AA 2olE Suw F

(Le=L), "jd3k opell WA xuke] HgS & Aok
L,= L, k=1¢% = L/2, k*l 4
L,= V-t t<L/VASY, =1L, t> LIV7A¥ (3.12)

Cy

—= 2w, BN RESF kol g Aw-FE2E AEAEdd oF 3

HE THA WEE, A (313)Fs Zol xddT

EpA
K A

G~ [H

(k—1)x \2]
e (3.13)

2 (310l 0,8 1,8 A, ¢ (9l T 4 (314)7F Lo

0(t)+ 2Gwai(t) +wig(t)= Py(t) (3.14)
AN, Pelt) = = [ ) Con,lont) Koo, )]y (3.15)
4714 Py} N2 1% RES kA AwozRE uldwe) dgd wE

o] & yehdth A (315 4 (3.1)& didste] AzE toll A wjd T &

¢ 9L 4 G163 2ol 4FY & Yk



Pl = i, ‘/:] oy [CA‘UH( V)COb(th w V)+K H(t— T,)bm(wt w%) dy

= .m_lL_L_[(CAwwS(wt)_'_KAbln(Wt))/‘o o (y)cos (w II//)dy

+ (Cpmsin(ot) — Koos (at)) ‘/OquiA.(y)sin(Z)%)dy} (3.16)

:\
=
(]
9
\—w:

sin(a,L,)  si (bLt)
sm{ K Ll)ﬁy}dy= bmgz o+ me: (3.17)

A~y [k=1)r _ 1—cos(qL,) 1—cos(bL,)
= /‘“ sm(wT/)cos{ T g}dy— %, - %, (3.18)
0= %‘/+ (k—Ll)ﬂ’ b= %_ (k—Ll)Tr (3.19)

2 (3149 e SHEgx HES 5 T 5 A WA A (3.14) 4]
7 {0) =g (0)=0°11, L£{g)=Q, £(P)=RZ FH, &3} 2L =g
o gpZetx ML dS F QU

i(qk)z SQQk—qu(O)—dk(O) (320)

»t(dk): SQ];‘QL-(O) (3.21)

232002 4 (3215 4 (314 st Feskd 2 (3.22)% 2.

(524 20w, + 0] Q= (5+2¢w,)q (0)+ ¢, (0) + B, (s) (3.22)
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2 (3228 sS+2Qutw2 Ui A2EE Hls)=——— S 0% HE
§°+ 20w, +wy;
Belstd A (3.23)3% o] UEkd & Uk
Q.= [(3+2Ckwk)(ﬂ( )+QJ.(O)] W (8)+ R (s)H,(s) (3.23)

AN g (0= g (0)=0°122 Q,=R,(9H,(s)°] S, F4&2 A

Z5E 2 3209 22 ARFEHY e L& F Utk

/ ho(t—7)P,(F)dr  (Duhamel 21 (3.24)
4]

A7) h(t)e Hi(s)S 2H3S E3 2 (3259 o] d& 4 Yt
he(t) = w“l—e_w"tsinwkt\M“Ci (3.25)

wkvl_Ci

2 (325)% 4 (324)° digstd 4 (32608 4= + o

q.(t) = ﬁ fot{PL (T)ew*c'“('vr)sin {m,‘,\/l—igi(t —7) }dT
WGxT

¢ e
/ P,\(T)—;Et—cos
0 e

) wk\/I”—C% (w’f\/l_—cf-T)dT)sin(wk l_c'f_t)

wkaT
(/ P ——sin w“/l ér )dr)(‘os(wﬂ/l—dt)] (3.26)

t WieT
At)= / ﬂ.(r)ew—wcos(wm/l—(fr)dr (3.27)
0 e



(3.28)

4 B20% 4 3280¢ 4 (320)d) tYste] A Adelstd, A (3299 2

o ehd 4 g
1
—*——?{A(t)sinw‘.\/l—Cﬁt*B(t)cosw“/l~Czt] (3.29)

4 32D% A (3280 TodE AR Li] ga
)5 ©]€3ta] Simpson H 2 )

(3.30)~4 (3.32)¢} Zo] el Ak,
Ard Ar &
Alt)= S350, Bl)= 5 2 (3.30)
A
D)= A AR sy oS3 Zo] Folzt}
A A
E(t): [Z(t—QAT)—FP t—2AT)cos(wH/ t—2AT )] BRsated
+ 4P (t— AT COS(wk\/l—Cz(t_AT))e_CI.J—U}.-AT
+ Paltcos(w, /1= Gt) (3.31)
B B
2(t)= [E (t=247)+ P (t—247)sin(w, /1 C (¢t — 247 )J T A
+ 4P (t— Ar)sin(wk V1-C - A'r))e_ Cn AT
(3.32)

+ P, (t)sin(cuk mt)



TR ZA A MER) W,y BB (e, () e 2 A

(3.33)3 A (3342 vehd 5+ o

0 () = D 6g )= Peos B (1 (3.33)
k=1 k=1
e (330

Ask & Yoz Folsd, FemAL) W (v,(pt)} RS (e, (p1)2

valpt)= Bsin?Tq 1) (3.35)
k=1

ealy,t)= k;1 Ba;;y)

)= ¥ M eos B g 1) (3.36)
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¢ (y)= M{cosh(By)+ cos (8,y) }+sinh(B,y) +sin(8,y) (3.38)

K BT
wy= \/—T—ni{l +?’;ﬁ;{.} (3.39)

. sin(B,L)—sinh(B,L) -
A7, M= cosh (8, L) — cos (8,L) °lgt Ert.

U AF ALY A

9 mEggw dusd

ste] viduel W9 E zdFezA, o (3309 FHe 4 (34009 ol A

wy(y,t)= & (y)g.(t) (3.40)

4 (34008 A (337N dHdstz Fd ¢ (NE FF F wdFY Folq

e

Hal ARl 4 34D 2 4& AL & givh

- Cr - K BT
Qk(t)+#q1;(t)+ %q,\.(t)[u ﬁ‘l;(;’ }
L -
= ﬁfo 9. 9) [ Cruo, () + Ky, (y,0) | dy (3.41)
L
AN, L= [ Gy (3.42)
4]

2 (342)el 4 (338)8 tUdst 24 343)8 2& & Arh

L L
L= f” o1 (y)dy= J\rfz/‘o {coshg(ﬁ‘y)+2cosh(ﬁky)oos (B,.,y)+cos2(ﬁky)}dy

+ /DL{sinh2(_Bky) +2sinh (B,y)sin (B) +sin®(By) }dy

L
+ 2]11/;) {cosh (B,y)sinh (By) +cos (Bw)sinh (By)



+ cosh(B)sin(By) +cos (By)sin(By) }dy (3.43)

2 (343)5 2 (344)~ 2] (346)F #Zo] F=1h

X= /L{coshz(ﬁ,,.y)'2cosh(6ky)cos (ﬁk‘y)+oos2(,3ky)}dy (3.44)

0

Y = ‘/‘]L{sinh2(,5ky) +2sinh (8,y)sin (By) +sin’(By) Jdy (3.45)

L
J= fﬂ {cosh (B,y)sinh(By) +cos (8y)sinh (8y)

+ cosh(Byy)sin(Byy) +cos (By)sin(By) tdy (3.46)
Ztzkel i AEg s okt 2

X= L{sinh(QﬁkL)+sin(2ﬁkL)}+L
43,
+ ﬁi{sinh(ﬁk[/)cos(ﬁAL)+cosh(ﬁLL)sin(ﬂLL)} (3.47)
I\.
Y= 4—16—{sinh(2ﬁLL)—-sin(2ﬁ,\L)}
103

+ %{COSh()GAL)Sin(.BLL)_Sinh(ﬁf\_L)COS (B.L)} (3.48)
k .

Z= %{sinhw:) +sin(BL) )2 (3.49)
Mk

—= 2wEN, BESF kol tiE #u(3)E 4 (G509 Zel YE
2tt.

Cr Epl |7V?
Uy ey [H &, P (3.50)
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f}k(t)"‘ QCI;wL:(J.k(t)+ wig, ()= Q.(t) (351)

Z .
A7) A, Q.t)= %hﬁy &, ()| Croy(y.t) + K qw, (y,t) ] dy (3.52)

Q)= AZE 9k REF koM xuto2RE mjdd Adm RE 39
Folm, 2 (352)0l AZA AHE W (we(y,t)E tYstd A (353)2 Ao
+ A

L — — pa—
QA.(t): mll)k ﬁ) aSL(y) [CWH(t—%)cos(wt—w%)
+ KTH(t— )s.ln(wt M—I;) dy (3.53)
L _
A= /0 cos(w%)gbk(y)dy
= {ﬁ;‘CObh(ﬁkL Joos (<2 L)+ —smh( LrLt.)Sin(%Lt)—:Bk}
Bt (= )
” _ _
+ ——{,Bk.smh(@kb Jeos (-2 L)+ cosh(ﬂk[/ )bm( )}
B+ (5)?
+ % - 1 {Alsin(%llﬁ—ﬁkl/,)—oos(%@+,6,\Lt)-H]
v
+ 5 = ! ; [Msin(—“{;l/,—ﬁL.L,)+cos(—%Lt—BLLt)—1} (3.54)
Vo Pk



= —w{ﬁkcobh([)’LL Jsin{ ;L,) ;/smh([J’LL )eos ( VL )]

+ T](u;)—){ ’usinh(ﬂkLt)sin(%Lt)_%COSh(Bk )COS('UJV‘L PF%}
R 7

SLABL) sin (L, +BL,) - M}

{ Meos ( v

o=
<le!

+3,

1 {A/cos(%L,—ﬂL.L,)—sin(%

-8,

Lr. _ﬂA-L:) - /L[} (355)

b | =
<lel

2] (351)9] &= Duhamel®] HEFAoziE AAHDY 4 (356)7 #o]

%)
zddo

a®= [ hlt-nQ (3.56)
0
A7A, hy(t)= ———c “siny/1- Guyt (357)
wp /1=
Z0ed) e o2 Simpson A wEt HEst M (wlyt) R =

E(orlyt), BAFE (e, (yt) S ThSF Z2o] AHAE =+ o

sin(8,L) —sinh(8,L)
wplyt) = kZ:lqk(t {cosh(ﬁLL) cos (8,L)

{cosh (B,y) +cos ,3,‘1,:)}+51nh(ﬁw) +51n(ﬂ,.y)}

(3.58)
& sin( 8, sinh ) )
kplyt) = z_: 8 {0051(1[(;3;) EB {cosh(By) ~ cos(/S‘ky)}ﬁ—smh(ﬁky)-—sm(ﬁky)}
(3.59)

_ Dy sin(8,L) —sinh(8,L)
er(y,t) = ?g {Oobh(ﬁkL) cos (B,L)

{cosh (,Bky) — cos (3;,}/) }+sinh (ﬁky) —sin (ﬁk,y)}
(3.60)
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9o} 2o whow Eoldd, YumA, FwEe), FIFINA Y W (wlpt))

W B (o), BOHE () S T3 2ol UEE & Qo

in(#3,L)—sinh(#.L
{ ioﬂ(jkﬁi) joos Eg:L; {cosh (Byy) —cos (Byy) }+sinh (By) —sin (ﬁky)]

sin(8,L) —sinh(3,L)
£)%%| Cosh (B,L) —cos (BL)

{cosh(By) +cos (Byy) }+sinh(By) +sin (ﬁky)}

i in(8,L) —sinh(3,L)
— gzq}\() %{(S}OSh%GLL) 5cos(giL {cosh( H,\y)-&-coa(ﬁky)}—ﬁ-mnh(ﬁ,\u)+51n(3ky)}
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