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SYNOPSIS : This study is to investigate dynamic response of concrete buried pipelines with
various end boundary conditions and develop a curve fitted equation to ensure practicality and
convenience for the use at the actual field for the test of resistance of earthquake. Dynamic
response under the various end boundary conditions is calculated with analysis on values and
computing programs. However, such a method of analysis requires skillfulness in using
computing programs for dynamic movement of buried pipelines with dynamic analysis formula
and has lower efficiency and practicality because, in the nature of analysis program of values,
it needs much time to conduct repeated calculations. Therefore, the study is intended to
develop a curve fitted equation to ensure more efficient and practical analysis. This paper
tests various degrees of equation with non-linear least square method and developments a
curve fitted equation based on the transmission speed with the best results. In the use of

curve fitted equation, degree of polynomial and determining coefficient are influenced by the
speed of transmission.
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A g m (V) 9 B8 o33 28 gk om iy dojxit
m;(V)= ay+a,V+a,VZ+ - +a, V" (1)
a; = BAT A5 wel FEE Y n =1, 2, 3, - otk 4] (Dol 5" A5 o, F AHEote] dAuks
ol g F5 m (V)Y #e 9 F Aok B 7o A o, F Uehich ofele) #te 4 2uEE
FHztel 2 (Do) vigshd 2 ZAAzAD} Aspddke] izt m (V)9 e 4L 5 Aok 2HE m(NE =
60 YR} Q= A Aol dilehd el e MEEs PAdEs 7 5 o
H 7a W)ETe) SRzA G2 o
T Al m (V) | my(V) | my(V) | my(V) | me(V) | me(V) | m (V)
ay | 4.00E-03 | 1.00E-04 {~7.50E+00| 1.19E+00 | ~1.14E+01 | 7.13E+00 -
a; | 3.00E-05 |-2.00E-06|-7.30E-02|-9.00E-04 | ~1.31E-02 |-9.50E-03 -
zubak | a, |-8.00E-08|5.00E-09 | 2.00E-04 | 2.00E-07 | 4.00E-05 | 4.00E-06 -
BAXE | ay | 7.00E-11 |-1.00E-12|-2.00E-07 | 5.00E-11 | -3.00E-08 | ~6.00E-10 -
a, |-3.00E-14 - 9.00E-11 - 7.00E-12 - -
SrEAS a; | 4.00E-18 - -1.00E-14 - - - -
ay | 1.30E-03 | 2.00E-19 | 1.15E+02 |-5.28E+00| 1.19E-01 | 3.23E+01 -
a; | 1.00E-06 | 7.00E-20 |-4.48E-02| 1.00E-03 | 3.00E-04 |-1.25E-02 -
xR zhabel | ay |-2.00E-09|-2.00E-22| 1.00E-04 |-2.00E-06 | —6.00E-07 | 3.00E-05 -
BANE | a, | 1.00E-12 | 2.00E-25 |-6.00E-08| 1.00E-09 | 3.00E-10 |-2.00E-08 -
ay |-2.00E-16|-7.00E-29| 1.00E-11 |-3.00E-13| -7.00E-14 | 3.00E-12 -
as - 1.00E-32 - - - - -
ay | 3.30E-03 | 2.00E-05 | 1.79E+01 |-4.01E-01| 5.93E+00 | 3.65E+00 -
a; | 7.00E~05 | 6.00E-06 | 1.73E-01 |-6.00E-04| 6.01E-02 |-1.70E-03 -
- as |-2.00E-07|-4.00E-08 |-8.00E-04 | 8.00E-06 | -3.00E-04 | 3.00E-05 -
s | 3.00E-10 | 9.00E-11 | 2.00E-06 |-3.00E-08| 8.00E-07 |-9.00E-08 -
a, |-2.00E-13|-9.00E-14 |-2.00E-09| 4.00E-11 | -9.00E-10 | 1.00E-10 -
as | 5.00E-17 | 4.00E-17 | 1.00E-12 |-2.00E-14| 5.00E-13 |-5.00E-14 -
o¥er a1 ag - -8.00E-21{-2.00E~16| 5.00E-18 | -9.00E-17 | 8.00E-18 -
ay | 6.00E-19 | 5.00E-03 | 8.23E-01 {-8.59E-01| 3.00E+13 |-2.65E+01! 4.24E-01
a, |-7.00E-17| 1.00E-06 | 2.70E-03 | 1.90E-03 | -4.00E+10 | 7.00E-04 | 3.00E-04
- ay |-6.00E-12| 2.00E-09 |-4.00E-06|-9.00E-06 | 4.00E+07 | 2.00E-06 | 4.00E-07
P 1.00E-08 |-4.00E-12| 6.00E-08 | 1.00E-08 | 1.11E+05 |-1.00E-08 |-6.00E-10
a, |-5.00E-06| 3.00E-15 |-8.00E-11|~5.00E-12|-1.75E+02 | 1.00E-11 | 2.00E~13
-1.16E-02|-6.00E-19| 4.00E-14 | 8.00E~16 | 8.38E-02 |-4.00E-15 -
- - -8.00E-18 - -1.00E-05 | 7.00E-19 -
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Mo
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3| my (V) My (V) my (V) m, (V) ms (V) mg (V) m (V)

ag | 9.50E-03 | -3.57E-02| 7.00E-07 | 1.13E+01 |-1.16E+00|-1.13E-02| 1.75E+00

a 1.00E-05 | 1.00E~04 | 4.00E-Q09 |-1.50E-03|-2.00E-04 | 2.00E-04 | -4.00E-04

Z=H}sk as | 1.00E-08 |-6.00E-08 |-1.00E-11|{-1.00E-06| 7.00E-07 |-4.00E-07| 1.00E-06

AR E a; [-3.00E-12| 2.00E-11 | 1.00E-14 | 1.00E-08 |-1.00E-09| 3.00E-10 | -3.00E-10

ay - - ~-4.00E-18 | -8.00E-12| 7.00E-13 |-9.00E-14 -
ety

s - - 6.00E-22 | 2.00E-15 |-1.00E-16| 9.00E-18 -
ol o ay |-1.27E-02| 5.10E-03 | 8.60E-01 |-9.90E-01| 2.00E+13 |-2.57E+01| 5.96E-01
E%X}Tl‘

ay | 4.00E-06 | 1.00E-07 |-1.20E~03| 1.30E-03 | 7.00E+09 | 1.30E-03 | -4.00E-04

AWk | ay, |-7.00E-09|~2.00E-10} 2.00E-08 |-6.00E-06 |-5.00E+07|-7.00E-06} 1.00E-06
7

FANE az | 4.00E-12 | 1.00E-12 [-2.00E-11| 7.00E-Q9 | 8.36E+04 | 1.00E-08 | -8.00E-10

a; |-5.00E-16|-1.00E-15| 1.00E-14 |-3.00E-12|-4.90E+01|-7.00E-12| 2.00E-13

as - 3.00E-19 {-2.00E-18| 5.00E-16 | 8.20E-03 | 2.00E-15 -

ag |-5.81E-02|-3.31E+01|-8.87E+00|-4.41E-01 | 1.38E+ 01 |~4.12E+00 -

a; 1.10E-03 |-2.56E-02| 2.35E-01 | 3.60E-03 |-1.48E-01| 2.07E-02 -

a, |-2.00E-06| 3.40E-03 |-8.00E-04 |-8.00E-06| 7.00E-04 |-5.00E-05 -

ay | 2.00E-09 |-1.00E-05} 1.00E-06 | 3.00E-09 |-1.00E-06| 2.00E-08 -

a, |-4.00E-13| 2.00E-08 [-7.00E-10| 2.00E-13 | 1.00E-09 - -

as - -1.00E-11| 1.00E-13 - -7.00E-13 - -

ag - 2.00E-15 - - 1.00E-16 - -

aq |-1.99E-02| 1.05E-02 | 2.37E-02 | 1.36E+01 |-1.63E-01|-3.33E-01| 3.53E+00

a; | 3.00E-04 |-5.00E-05|-3.00E-04| 2.70E-02 |-1.53E-02| 6.60E-03 | 2.21E-02

a, |-6.00E-07| 1.00E-07 | 1.00E-06 |-2.00E-04 | 5.00E-05 |-2.00E-05| ~1.00E-04

G A res as; | 4.00E-10 |-9.00E-11{-1.00E-09| 3.00E-07 |-6.00E-08| 2.00E-08 | 2.00E-07

ay |-8.00E-14| 3.00E-14 | 4.00E-13 |-3.00E-10| 4.00E-11 |-6.00E-12| -1.00E-10

as - -3.00E~18|-6.00E-17| 9.00E-14 |-1.00E-14 | 6.00E-16 | 4.00E-14

ag - - - -1.00E-171 2.00E-18 | 1.00E-19 | -6.00E-18

ap | 1.00E-17 |-2.00E-16 |-2.00E-14 | 2.00E-15 | 2.00E-17 | 8.00E-15 -

a; |-9.00E-14| 9.00E-13 | 1.00E-10 |-1.00E-11|-2.00E-13|-5.00E-11 -

AT A | . as | 2.00E-10 |-2.00E~09|-3.00E-07| 3.00E-08 | 5.00E-10 | 1.00E-07 -
R s
TR = a; |[-2.00E-07| 2.00E-06 | 3.00E-04 |-3.00E-05|-7.00E-07|-1.00E-04 -

ay; | 1.00E-04 |-8.00E-04 [-1.46E-01| 1.26E-02 | 5.00E-04 | 4.53E-02 -

as | 7.40E-03 | 1.19E-01 | 3.00E+01 {-1.46E+00|-1.80E-01 |-5.25E+Q0 -

ag - - - - 2.27E+01 - -
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