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Development of Curve Fitted Equations for Dynamic Behavior
of Various Buried Pipelines
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ABSTRACT >> The purpose of this study is to develop the curve fitted equations for practicality and actual calculation during
seismic performance evaluation of buried pipelines. Curve fitting for strain curve according to the wavelength of the seismic wave
was produced using the non-linear least square method and the equations with the best results was suggested. In addition, a degree
and coefficient of polynomial fitting equation needed to use curve fitted equation were identified. Interpreting process during the
test of resistance of earthquake of buried pipelines with various end boundary conditions were provided through example questions.
The results of this study were used to conduct a dynamic response analysis and a seismic performance evaluation of concrete, steel,
and FRP pipes with various end boundary conditions.

Key words buried pipelines, seismic performance evaluation, curve fitting
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(E 6) Mo&e 8, m(V)
V (m/sec) 100 200 300 400 600 700 800 900 1000
my 1.006E-02 | 1.206E-02 | 1.406E-02 | 1.506E-02 | 1.656E-02 | 1.706E-02 | 1.948E-02 | 2.184E-02 | 2.398E-02 | 2.599E-02
m; -1.926E-02 | -1.256E-02 | -4.256E-04 | -4.256E-04 | 1.803E-02 | 3.426E-02 | 3.940E-02 | 4.426E-02 | 5.029E-02 | 5.645E-02
m; 1.032E-06 | 1.030E-06 | 1.030E-06 | 1.030E-06 | 9.083E-07 | 7.243E-07 | 5.807E-07 | 3.173E-07 | 1.799E-07 | 1.086E-07
my 1.112E+01 | 1.113E+01 | 1.112E+01 | 1.112E+01 | 1.115E+01 | 1.119E+01 | 1.176E+01 | 1.234E+01 | 1.288E+01 | 1.334E+01
ms -1.166E-+00 | -1.169E+00 | -1.176E+00 | -1.176E+00 | -1.176E+00 | -1.165E+00 | -1.185E+00 | -1.214E+00 | -1.242E+00 | -1.268E+00

me 1.186E-02 | 1.886E-02 | 4.186E-02 | 4.386E-02 | 5.186E-02 | 5.286E-02 | 5.513E-02 | 5.765E-02 | 6.075E-02 | 6.686E-02

my 1.716E+00 | 1.720E+00 | 1.739E+00 | 1.749E+00 | 1.739E+00 | 1.716E+00 | 1.864E+00 | 1.954E+00 | 2.036E+00 | 2.106E+00
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my 2.790E-02 | 2.979E-02 | 3.141E-02 | 3.300E-02 | 3.459E-02 | 3.602E-02 | 3.753E-02 | 3.863E-02 | 3.969E-02 | 4.102E-02

m 6.300E-02 | 6.921E-02 | 7.753E-02 | 8.538E-02 | 9.399E-02 | 1.036E-01 | 1.114E-01 | 1.216E-01 | 1.360E-01

1.412E-01

m; 6.627E-08 | 3.865E-08 | 2.660E-08 | 1.681E-08 | 9.869E-09 | 6.798E-09 | 3.635E-09 | 3.363E-09 | 2.595E-09 | 1.358E-09

my 1.380E+01 | 1.430E+01 | 1.461E+01 | 1.504E+01 | 1.554E+01 | 1.585E+01 | 1.646E+01 | 1.643E+01 | 1.666E+01 | 1.732E+01

ms -1.290E+00 | -1.319E+00 | -1.341E+00 | -1.363E+00 | -1.396E+00 | -1.420E+00 | -1.461E+00 | -1.479E+00 | -1.493E+00 | -1.538E+00

ms 6.982E-02 | 7.508E-02 | 8.003E-02 | 8.080E-02 | 8.233E-02 | 8.823E-02 | 8.571E-02 | 9.860E-02 | 9.581E-02 | 8.859E-02

my 2.176E+00 | 2.252E+00 | 2.299E+00 | 2.364E+00 | 2.440E+00 | 2.488E+00 | 2.583E+00 | 2.578E+00 | 2.614E+00 2.719E+00
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+ B A 5 my(V) my(V) (V) my(V) mg(V) me(V) my(V)

ao 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 -

N a -8.00E-08 5.00E-09 2.00E-04 2.00E-07 4.00E-05 4.00E-06 -

a3 7.00E-11 -1.00E-12 -2.00E-07 5.00E-11 -3.00E-08 -6.00E-10 -

a4 -3.00E-14 - 9.00E-11 - 7.00E-12 - -

| as 4.00E-18 - -1.00E-14 - - - -

a 2.70E-03 6.00E-04 3.94E+00 -9.50E-03 -3.25E+00 4.76E+00 -

a) 3.00E-05 -7.00E-06 3.79E-02 6.20E-03 9.20E-03 9.00E-03 -

a -6.00E-08 3.00E-08 -6.00E-04 -1.00E-05 -3.00E-04 -2.00E-05 -

Zupsk FA as 6.00E-11 -4.00E-11 1.00E-06 9.00E-09 6.00E-07 1.00E-08 -

AE as -3.00E-14 2.00E-14 -1.00E-09 -3.00E-12 -6.00E-10 -3.00E-12 -

as 5.00E-18 -5.00E-18 5.00E-13 5.00E-16 3.00E-13 - -

as - - -9,00E-17 - -4.00E-17 - -

ap 4.70E-03 -5.75E-02 1.01E+61 1.16E-01 4.22E+00 -2.72E-01 -

a 6.00E-05 1.30B-03 -1.04E-01 1.60E-03 -6.15E-02 2.20E-03 -

a -2.00E-07 -6.00E-06 4.00E-04 -5.00E-06 2.00E-04 -1.00E-05 -

FRP I a 2.00E-10 1.00E-08 -6.00E-07 5.00E-09 -4.00E-07 9.00E-09 -

as -6.00E-14 -7.00E-12 5.00E-10 -2.00E-12 3.00E-10 -2.00B-12 -

as 6.00E-18 2.00E-15 -2.00E-13 3.00E-16 -1.00E-13 - -

as - - 3.00E-17 - 2.00E-17 - -

(R 8) =x|Zitst ZIZMO| Tty AL a, YT

T % 4 m(V) ma(V) m(V) my(V) ms(V) me(V) (V)

ag 1.30E-03 2.00E-19 1.15E+02 -5.28E+00 1.19E-01 3.23E+01 -

a 1.00E-06 7.00E20 | -448E-02 1.00E-03 3.00E-04 _1.25E-02 -

i 2 -2.00E-09 -2.00E-22 1.00E-04 -2.00E-06 -6.00E-07 3.00E-05 -

a 1.00E-12 2.00E-25 -6.00E-08 1.00E-09 3.00E-10 -2.00E-08 -

as -2.00E-16 -7.00E-29 1.00B-11 -3.00E-13 -7.00E-14 3.00E-12 -

as - 1.00E-32 - - - - -

ay 1.20E-03 2.00E-17 1.09E+02 -5.05E+00 1.33E-01 3.05E+01 -

. a 1.00E-06 -2.00E-19 7.60E-03 -7.00E-04 1.00E-04 2.30E-03 -

Tﬁ; 2w a -2.00E-09 5.00E-22 -3.00E-05 2.00E-06 -3.00E-08 -8.00E-06 -

13 = ¢ T a 8.00E-13 -6.00E-25 3.00E-08 -1.00E-09 -6.00E-11 9.00E-09 -

as -1.00E-16 3.00E-28 -9.00E-12 3.00E-13 3.00E-14 2.00E-12 -

as - -5.00E-32 - - - - -

ap 1.80E-03 4.00E-13 8.42E+01 -4.58E+00 3.06E-01 2.46E+01 .

al 1.00E-06 -4.00E-15 1.81E-02 -1.10E-03 6.00E-05 5.50E-03 -

ERP @ a -2.00E-09 1.00E-17 -6.00E-05 1.00E-06 2.00E-07 -2.00E-05 -

a 1.00E-12 -1.00E-20 S.00E-08 -3.00E-10 -3.00E-10 1.00E-08 -

ay -3.00E-16 5.00E-24 -1.00E-11 -4.00E-13 7.00E-14 -3.00E-12 -

as - -8.00E-28 - | 1.00E-16 - - -

(H 9) =Ygt XIS0MS| It A4 &, YHIH

3+ B A 4 m(V) m(V) myV) (V) ms(V) me(V) (V)

o 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 -

a -2.00E-07 -4.00E-08 -8.00E-04 8.00E-06 -3.00E-04 3.00E-05 -

EERIE a3 3.00E-10 9.00E-11 2.00E-06 -3.00E-08 8.00E-07 -9.00E-08 -

a4 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 -

a6 - -8.00E-21 -2.00E-16 5.00E-18 -9.00E-17 3.00E-18 -

ag 5.60E-03 -3.00E-04 1.91E+01 -7.10E-02 4.37E+00 4.46E+00 -

a 1.00E-05 7.00E-06 1.29E-01 -3.90E-03 6.36E-02 -6.10E-03 -

- @ 1.00E-08 -3.00E-08 -5.00E-04 2.00E-05 -2.00E-04 4.00E-05 -

11;10%0 A a3 - 7.00E-11 9.00E-07 -3.00E-08 5.00E-07 -7.00E-08 -

= as - -7.00E-14 -8.00E-10 3.00E-11 -4.00E-10 7.00E-11 -

as - 3.00E-17 4.00E-13 -1.00E-14 2.00E-13 -3.00E-14 -

as - -5.00E-21 -6.00E-17 2.00E-18 -3.00E-17 5.00E-18 -

ao -8.80E-01 3.57E-01 1.71E+01 -1.15E+00 9.73E+00 _3.95E+00 -

a 9.20E-03 -1.30E-03 -2.04E-01 1.36E-02 -1.11E-01 3.54E-02 -

a -3.00E-05 -2.00E-06 7.00E-04 -4.00E-05 3.00B-04 |  -9.00E-05 -

FRP & a 4.00E-08 1.00E-08 -1.00E-06 5.00E-08 -5.00E-07 | 100E-07 | -

ay -3.00E-11 -2.00E-11 9.00E-10 -3.00E-11 4.00E-10 5.00E-11 | -

as 1.00E-14 8.00E-15 -3.00E-13 1.00E-14 -1.00E-13 1.00E-14 -

a -2.00E-18 -1.00E-18 5.00E-17 -2.00E-18 2.00E-17 -1.00E-18 -
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3+ 2 A & my(V) maV) m(V) ma(V) ms(V) ms(V) m;(V)
a0 -1.16E-02 5.00E-03 8.23E-01 -8.59E-01 3.00E+13 2.65E+01 4.24E-00
ay -5.00E-06 1.00E-06 2.70E-03 1.90E-03 -4.00E+10 7.00E-04 3.00E-04
a 1.00E-08 2.00E-09 -4.00E-06 -9.00E-06 4.00E+07 2.00E-06 4.00E-07
EERIEE a3 -6.00E-12 -4.00E-12 6.00E-08 1.00E-08 1.11E+05 -1.00E-08 -6.00E-10
a ~7.00E-17 3.00E-15 -8.00E-11 -5.00E-12 -1.75E+02 1.00E-11 2.00E-13
as 6.00E-19 -6.00E-19 4.00E-14 8.00E-16 8.38E-02 -4.00E-15 -
as - - -8.00E-18 - -1.00E-05 7.00E-19 -
ap -1.08E-02 4.70E-03 3.18E-01 -5.61E-01 1.00E+13 2.64E+01 4.36E-01
a -6.00E-06 2.00E-06 2.00E-04 -9.00E-04 8.00E+10 1.00E-04 7.00E-05
EXaFi a 1.00E-08 -2.00E-09 5.00E-06 2.00E-06 -3.00E+08 -8.00E-07 4.00E-07
i3 3 B a -6.00E-12 1.00E-12 -2.00E-08 -3.00E-09 4.81E+05 1.00E-09 -3.00E-10
AE as 2.00E-15 -4.00E-16 2.00E-11 2.00E-12 -4.04E+02 -1.00E-12 5.00E-14
as -2.00E-19 6.00E-20 -1.00E-14 -4.00E-16 1.62E-01 4.00E-16 -
as - - 3.00E-18 - -3.00E-05 -5.00E-20 -
ao -1.15E-02 5.20E-03 7.09E-01 -7.39E-01 3.00E+13 -2.65E+01 4.70E-01
ay -1.00E-05 2.00E-06 -1.20E-03 -1.00E-04 22.00E+10 1.50E-03 8.00E-05
a 2.00E-08 -2.00E-09 3.00E-06 -4.00E-07 -1.00E+06 -5.00E-07 1.00E-07
FRP # as -3.00E-11 1.00E-12 -8.00E-10 1.00E-10 1.13E+05 -5.00E-09 -5.00E-11
a 1.00E-14 -3.00E-16 - - -1.39E+02 5.00E-12 -
as -3.00E-18 - - - 6.19E-02 -2.00E-15 -
as - - - - -1.00E-05 3.00E-19 -
(E 11) ZWE JS0|Me chad Al a, YTIH-YUCXIS
+ B A £ my(V) mz(V) my(V) my(V) ms(V) me(V) m(V)
ao 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 1.00B-04 4.00E-09 -1.50E-03 -2.00E-04 2.00E-04 -4.00E-04
[ a 1.00E-08 -6.00E-08 -1.00E-11 -1.00E-06 7.00E-07 -4.00E-07 1.00E-06
a -3.00E-12 2.00E-11 1.00E-14 1.00E-08 -1.00E-09 3.00E-10 -3.00E-10
a - - -4.00E-18 -8.00E-12 7.00E-13 -9.00E-14 -
as - - 6.00E-22 2.00E-15 -1.00E-16 9.00E-18 -
a9 1.42E-02 -4.01E-02 2.79E+02 2. 87E+00 4.39E+01 -1.56E+00 1.24E-01
a -1.00E-05 4.00E-05 -1.93E-01 -1.80E-03 3.55E-02 -5.00E-04 -2.00E-04
EX IS P ) a 3.00E-08 2.00E-08 7.00E-04 5.00E-06 -7.00E-05 1.00E-06 2.00E-07
g a3 -1.00E-11 -8.00E-12 -9.00E-07 -8.00E-09 7.00E-08 -1.00E-09 -1.00E-10
a4 2.00E-15 - 5.00E-10 7.00E-12 -3.00E-11 6.00E-13 3.00E-14
as - - -9.00E-14 -3.00E-15 6.00E-15 -1.00E-16 -
as - - - 4.00E-19 - - .
a0 -3.04E-01 1.38E-01 -6.20E+00 8.36E-01 -5.74E+00 -4.78E-01 1.24E-01
a 2.80E-03 1.00E-04 1.36E-01 -1.32E-02 1.02E-01 -5.50E-03 -2.00E-04
FRP ¥ a -6.00E-06 -3.00E-06 -6.00E-04 6.00E-05 -4.00E-04 4.00E-05 2.00E-07
as 6.00E-09 6.00E-09 1.00E-06 -9.00E-08 7.00E-07 -8.00E-08 -1.00E-10
a -4.00E-12 -5.00E-12 -9.00E-10 7.00E-11 -6.00E-10 6.00E-11 3.00E-14
as 1.00E-15 2.00E-15 4.00E-13 -3.00E-14 2.00E-13 -2.00E-14 -
(& 12) EXZds Is0Me g Ag a, YHTFH-UCHKIR
7 ¥ A F my(V) mp(V) ms(V) ma(V) ms(V) me(V) my(V)
ao 5.10E-03 8.60E-01 -9.90E-01 2.00E+13 2.57E+01 5.96E-01 -
a 1.00E-07 -1.20E-03 1.30E-03 7.00E+09 1.30E-03 -4.00E-04 -
I a -2.00E-10 2.00E-08 -6.00E-06 -5.00E+07 -7.00E-06 1.00E-06 -
a 1.00E-12 -2.00E-11 7.00E-09 8.36E+04 1.00E-08 -8.00E-10 -
as -1.00E-15 1.00E-14 -3.00E-12 -4.90F+01 -7.00E-12 2.00E-13 -
as 3.00E-19 -2.00E-18 5.00E-16 8.20E-03 2.00E-15 - -
as 5.10E-03 6.96E-01 -9.26E-01 2.00E+13 -2.56E+01 5.26E-01 -
. a1 -3.00E-07 -1.20E-03 1.00E-03 -2.00E+10 1.00E-03 -5.00E-05 -
Tfa;' 4w a 8.00E-10 3.00E-06 -3.00E-06 8.00E+07 -4.00E-06 2.00E-07 -
13 = ° = a3 -5.00E-13 -1.00E-09 3.00E-09 -9.27E+04 4.00E-09 -1.00E-10 -
ay 1.00E-16 -3.00E-14 -8.00E-13 4.71E+01 -2.00E-12 2.00E-14 -
as -1.00E-20 3.00E-17 1.00E-16 -8.80E-03 4.00E-16 - -
ao -1.30E-02 5.50E-03 8.39E-01 -9.16E-01 2.00E+13 -2.57E+01 5.38E-01
a -2.00E-07 -8.00E-08 -6.00E-04 -5.00E-05 -1.00E+09 -5.00E-05 1.00E-04
FRP a 2.00E-09 2.00E-10 2.00E-06 -4.00E-07 2.00E+07 6.00E-07 -3.00E-07
a -2.00E-12 -6.00E-14 -4 00E-10 1.00E-10 4 4TEH04 -1.00E-09 5.00E-10
ay 4.00E-16 - - - -3.06E+01 5.00E-13 -3.00E-13
as - - - - 6.70E-03 -1.00E-16 5.00E-17




245 TS| SE{S0) et SHEEAe|

& A mi(V) mz(V) my(V) myV) ms(V) me(V) (V)
a0 -1.16E-02 5.00E-03 8.23E-01 -8.59E-01 3.00E+13 -2.65E+01 4.24E-01
a -5.00E-06 1.00E-06 2.70E-03 1.90E-03 -4.00E+10 7.00E-04 3,00E-04
a 1.00E-08 2.00E-09 _4.00E-06 -9.00E-06 4.00E+07 2.00E-06 4.00E-07
Zaen a -6.00E-12 -4.00E-12 6.00E-08 1.00E-08 1.11E+05 -1.00E-08 -6.00E-10
ay -7.00E-17 3.00E-15 -8.00E-11 -5.00E-12 -1.75E402 1.00E-11 2.00E-13
as 6.00E-19 -6.00E-19 4.00E-14 3.00E-16 8.38E-02 -4.00E-15 .
as - - -8.00E-18 - -1.00E-05 7.00E-19 -
a0 -1.08E-02 4.70E-03 3.18E-01 -5.61E-01 1.00E+13 -2.64E+01 4.36E-01
1 a -6.00E-06 2.00E-06 2.00E-04 9.00E-04 8.00E+10 1.00E-04 7.00E-05
27} a 1.00E-08 -2.00E-09 5.00E-06 2.00E-06 -3.00E+08 -8.00E-07 4.00E-07
Hgk ) a -6.00E-12 1.00E-12 -2.00E-08 -3.00E-09 4,81E+05 1.00E-09 -3.00E-10
A a 2.00E-15 -4.00E-16 2.00E-11 2.00E-12 -4.04E+02 -1.00E-12 5.00E-14
as -2.00E-19 6.00E-20 -1.00E-14 -4.00E-16 1.62E-01 4.00E-16 .
F a6 - - 3.00E-18 - -3.00E-05 -5.00E-20 .
a -1.15E-02 5.20E-03 7.09E-01 -7.39E-01 3.00E+13 2.65E+01 4.70E-01
ar -1.00E-05 2.00E-06 -1.20E-03 -1.00E-04 2.00E+10 1.50E-03 8.00E-05
2 2.00E-08 -2.00E-09 3.00E-06 -4.00E-07 -1.00E+06 -5.00E-07 1.00E-07
FRP @ a3 | -3.00E-11 1.00E-12 -8.00E-10 1.00E-10 1.13E+05 -5.00E-09 -5.00E-11
as 1.00E-14 -3.00E-16 - - -1.39E+02 5.00E-12 -
as -3.00E-18 - - - 6.19E-02 -2.00E-15 -
a, - - - - -1.00E-05 3.00E-19 B

(E 14) SE2US TS0Me) CHa Al &, SEHES

T+ & s m(V) T mv) | myV) my(V) m(V) [ meV) ms(V)
ag 3.50E-03 -3.31E+01 -8.87E+00 -4.41E-01 1.38E+01 -4.12E+00 -
aj -9.00E-06 -2.56E-02 2.35E-01 3.60E-03 -1.48E-01 2.07E-02 -
ay 3.00E-08 3.40E-03 -8.00E-04 -8.00E-06 7.00E-04 -5.00E-05 -

Zaey az -2.00E-11 -1.00E-05 1.00E-06 3.00E-09 -1.00E-06 2.00E-08 -

a 2.00E-15 2.00E-08 ~7.00E-10 2.00E-13 1.00E-09 - -

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

A - 2.00E-15 - - 1.00E-16 - -

Ao 3.60E-03 5.60E-03 5.28E+00 4.33E-01 4.17E+00 3.35E+00 -

a -2.00E-06 -5.00E-05 -3.76E-02 8.00E-04 -8.23E-02 -1.83E-02 -

277 a 9.00E-09 2.00E-07 1.00E-04 -3.00E-06 3.00E-04 3.00E-05 -
H}gk 7 b as -2.00E-12 -4.00E-10 -1.00E-07 5.00E-09 -5.00E-07 -1.00E-08 -
AF ay - 4.00E-13 5.00E-11 -2.00E-12 4.00E-10 - -
as - -2.00E-16 -6.00E-15 - -2.00E-13 - -

3 - 3.00E-20 - - 3.00E-17 - -

ag 2.30E-03 4.38E+01 2.34E401 -1.42E+00 1.34E+01 -8.40E+00 -

a -6.00E-06 -6.48E-01 -1.44E-01 1.14E-02 -5.85E-02 4.61E-02 -

ay 9.00E-08 3.00E-03 5.006-04 -4.00E-05 2,00E-04 -2.00E-04 -

FRP I as -1.00E-10 -5.00E-06 -7.00E-07 6.00E-08 -2.00E-07 2.00E-07 -

a4 7.00E-14 4.00E-09 4.00E-10 -3.00E-11 -3.00E-11 -1.00E-10 -

as -1.00E-17 -2.00E-12 -8.00E-14 6.00E-15 9.00E-14 2.00E-14 -

as - 3.00E-16 - | - | -2.00E-17 - -

(E 15) SXLE TSN CHA 24 a, UHIX-YskEay
:rL

£ A mi(V) m(V) my(V) mi(V) ms(V) me(V) my(V)
ag 7.40E-03 1.19E-01 3.00E+01 -1.46E+00 2.27E+01 -5 25E+00 -
ai 1.00E-04 -8.00E-04 -1.46E-01 1.26E-02 -1.80E-01 4.53E-02 -
a -2.00E-07 2.00E-06 3.00E-04 -3.00E-05 5.00E-04 -1.00E-04 -
23 ey as 2.00E-10 -2.00E-09 -3.00E-07 3.00E-08 -7.00E-07 1.00E-07 -
as -9.00E-14 9.00E-13 1.00E-10 -1.00E-11 5.00E-10 -5.00E-11 -
as 1.00E-17 -2.00E-16 -2.00E-14 2.00E-15 -2.00E-13 8.00E-15 -
as - - - - 2.00E-17 - -
ao -1.66E-02 1.42E-01 3.44E+01 -1.71E+00 2.11E+01 -6.17E+00 -
a 4.00E-04 -1.20E-03 -2.18E-01 1.71E-02 -1.69E-01 6.19E-02 -
2227} a -1.00E-06 4.00E-06 7.00E-04 -5.00E-05 5.00E-04 -2.00E-04 -
waF P a 2.00E-09 -5.00E-09 -1.00E-06 8.00E-08 -8.00E-07 3.00E-07 -
A% a -1.00E-12 4.00E-12 1.00E-09 -6.00E-11 7.00E-10 -2.00E-10 -
as 4.00E-16 -1.00E-15 -4.00E-13 2.00E-14 -3.00E-13 7.00E-14 -
as -6.00E-20 2.00E-19 6.00E-17 -3.00E-18 4.00E-17 -1.00E-17 -
ap 6.28E-02 5.18E+01 3.13E+01 -1.57E+00 2.21E+01 -9.55E+00 -
a -1.00E-06 -5.47E-02 -6.90E-02 4.80E-03 -5.09E-02 1.81E-02 -
a 3.00E-10 -2.00E-05 2.00E-04 -1.00E-05 1.00E-04 -5.00E-05 -
FRP a3 -2.00E-11 4.00E-08 -2.00E-07 2.00E-08 -2.00E-07 6.00E-08 -
a 4.00E-14 -1.00E-11 8.00E-11 -9.00E-12 7.00E-11 -3.00E-11 -
as -3.00E-17 - -1.00E-14 1.00E-15 -1.00E-14 5.00E-15 -
ag 5.00E-21 - - - - - -
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