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Effect of Surrounding Soil Properties on the Attenuation of the First
Guided Longitudinal Wave Mode Propagating in Water-filled, Buried Pipes
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ABSTRACT: This study presents the attenuation characteristics of the first guided longitudinal wave mode propagating in water-filled, buried steel
pipes in order to investigate the effects of soil saturation and compaction on the attenuation patterns. For numerical calculation of attenuation, 10
different combinations of S-wave velocity, P-wave velocity, and soil densities were considered. From the attenuation dispersion curves, which were
obtained using Disperse software, we determined that the attenuation decreases as saturation increases, whereas it increases as compaction increases.
Over the frequency range from 0.2 to 0.4 MHz, the first longitudinal wave mode has attenuations that are relatively lower than for other ranges,
is faster than the first flexural wave mode, and is sensitive to defects aligned in the axial direction. Hence, the first longitudinal wave mode over

the mentioned frequency range would be the proper choice for long-range buried pipelines that transport water.
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Fig. 1 Schematic view of target system

Table 1 Material properties of steel pipe, water, and soils

Coe Vateral DSy Poave specd Svave spcd
All Steel 7932 5960 3260
All Water 1000 1500 -
Case 1 Soil 1 1500 1000 100
Case 2 Soil 2 1500 750 75
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Case 4 Soil 4 1500 250 25
Case 1b  Soil 1b 1650 1000 100
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the excitation point in the Case 2, at 0.2 MHz

o7 FuTt ZUESE L0 27t ke e g1
g 4 ok

Fredte] B4 744 s 1ok A4HoE Yehr] 9
3l Fig. 107} Fig. 119 71X #(Excitation point) 2 ZF-E 100,
500, 1000mm AglelA 2" 21 25 E 247h Yehfidch
o714 i F3= 02MHzo]™ Fig. 102 Case 1 Fig. 11
< Case 29 275 2447 Jepdth

Fig. 102} 11232€] 7131415 (Excitation signal)7} 19 A 7+
HFHE S & F don Ho IF 12 VEe R e o
7471 A2 25 1000mm(lm)oll A 218k 4Al5e] RZo] F4
A Ao & Atk ol FAINEY FFE CasedE
geatA Yehl7] flalx 7 AR A" Az Ho)
ZZ(Fig. 103} 11°] 902 TAE)S Fig. 12014 15744
ERIQITh Fig. 125 Cases 1, 2, 3, 49|A9] FAlAZ 9 1ES
Uehl e, 598 Ux(1500kg/m)ol A E3F &x9} 30} &
7t ek FAlAse) JEe] Fkeke Al ¥ Ut
= F] Fulvt ke freate] avh Soleth

Fig. 132 Cases 1, 1b, 1co4]9] 21215 0] FZ-S Uehll=
H, 843 Ay $=(F9 = 1000m/sec, F3 Hio
100m/sec)oll A} W7t F7betd A4 5] F1Fo] ZAashe
Ae & F Atk F Fo Aol S7kehd fr=vte] a7t 5

Ry
2
i
i,
=
a3
3
X
=
=)
i

Ir
N
re
=
k1
o\
“
td
[
o
i
°
=)
™
rr
o2
o

35
1.0
—o-Case1
-i- Case2
—-Case3
-@-Case4
[}
e
2
305
S
<
00 L Received at Received at Received at
: 100mm 500mm 1000mm

Fig. 12 Amplitude at different reception points (100, 500, 1000
mm) in the cases 1, 2, 3, and 4

10
—— Case1
-4 Caselb
-+-Caselc
[}
°
2
205
£
<
00 - Received at Received at Re;e’lved at
. 100mm 500mm 1000mm

Fig. 13 Amplitude at different reception points (100, 500, 1000
mm) in the cases 1, 1b, and 1c

1.0
—i— Case2
--#&- Case2b
-M--Case2c
[0}
°
2
305
£
<
0.0 L Received at Received at Received at
: 100mm 500mm 1000mm

Fig. 14 Amplitude at different reception points (100, 500, 1000
mm) in the cases 2, 2b, and 2¢

=], $Y3 Ady S5(F9 S5 750m/sec, J9}k &

75m/sec) ] W=7} F7Fe 414159 R1Fo] ks A
< & F A F Fe ool Srtekd freute] A7 St
gttt Cases 3, 3b, 3collA9] F414S (Fig 15)% T35 Fs
YR ™, Soil 4(Case 4)914 DEZ Z7HA7] A-(E=ENA
ERlA] el = TU3 P Uehlle 3oz FRIHUTh

7}8ht}. Fig. 14+ Cases 2, 2b, 2coX 9] 414159 WZS 1
=
7



36 o745 - Lhglu] - A4S - PAIR

10 r
—&—Case3
-A- Case3b
--&--Case3c
)
kel
2
305
£
<
00 L Received at Received at Received at
: 100mm 500mm 1000mm

Fig. 15 Amplitude at different reception points (100, 500, 1000

mm) in the cases 3, 3b, and 3c

ol AW}TRE V|EEIRE [0S L& B 553
< WyE wige] gty AAE SJE|AE Fig. 2~9914 YERG
uie} o] 020014 04MHzo] AFa} J9S AREshe 30]
A o 4= Qi) o] GYoll A L(01)2] 7} 2] wE
ot} ATk o] FIp PGl A L7 FERSIE &8
v Ao AR E Fasy] eide 2 7R 210E
F7HH o2 wEdof gtk A, T TG GgolA tE
FEZST B2 §AS fobsta L(01)9 &&= 8ld F
gt GollA] thE REd Hlg)] WEAE FRlF
o] EA4 teke Ryl THEY FAlHEE RE B

A 7] AsiA mE R=s ARSshs Zo] #Eld)
A, T T AA L1 58 AFel &
Mdoltk. &, L(01) =7t od Al msHAE et
7} Ak
) Fig, 163 1790 Case 19] SIF&EE 2 F&%
YRSl o] 1Yo 2 RE T T 9
AMHz)o Jehbes 2EE 1(0,1)% F(1,1) ZEo]

=7} F(1,1) RERTH W2 2S %
qA] HAEE GEZxSH Rl J|BE
(Fundamental flexural mode)°]™ 7]EFIE=

&5t 712 g RERT wath

Fig. 18 02MHzol A L(0,1)9] WAS8EF MU, S8

Mo ot do

o
&

N

fo d

© o B oW by

e 2

9

tlo
v
2

,\
S ¢
Ry

4
o

o
h
—
(=)
—_
=

&
O

)

N

:Oé

1o
Y
of b
fz
N
<l
1
[

12
£ oft i

=l

lo N N |n
e
ol
o
ot
[

L(0,1)

Phase Velocity (km/sec)
(4]

Frequency (MHz)
Fig. 16 Phase velocity dispersion curve of Case 1 model

L(0,1)

F(1,1)

Group Velocity (km/sec)
o

0 1 2 3 4
Frequency (MHz)

Fig. 17 Group velocity dispersion curve of Case 1 model

4\17
soil t
11.0 & J’
H < pipe &
[} .
< U, = displacement
. at axial direction
51 N
g i/ XU, = displacement
[s) at radial direction
[}
s
€ b = s
o o
o U, =displacement o water
<l : at circumferential direction
I
o
o
. 0 . n .
-0.020 0.000 0.020 0.040 0.060 0.080 0.100

Displacement (micro meter)
Fig. 18 L(0,1) Displacements vs. distance from the center line of
the target system for Case 1 model

+
soil t
11.0 l
< pipe £
o
£
o |
]
k=
@©
O
£
= #—U, = displacement ~ ~
E at circumferential direction r
2
8 . = displacement water
S at radial direction
“Dﬂ U, = displacement
at axial direction
0.0 - )
-2.000 0.000 2.000 4.000 6.000 8.000 10.000

Displacement (micro meter)
Fig. 19 F(1,1) Displacements vs. distance from the center line of
the target system for Case 1 model



9 F9 S4o] ol 2 WP HEel A AsEE JE FE F3h BE P4 vHE FF 37

F(L,1)7F EAlsks 34 F4= 022MHzo| B2 o] F3
o419l F(1,1) t&ﬂ—z— Fig. 19¢1 WeRAATE LO1)3 S=A
1) 7238 99de 2 W97}t 998 & 5 da AJ=H
o] Sl H&ﬂ% & et S M A S
& vk webs A Ze Fa G99l Lo
F1,1)Rt &7t e 2

olde] AHZHH 1(01)7F 02914 04MHz #1535 W
A 247} Hl‘“* Zom K1Y w&E7 W e
7F BolatH, & Mol NAgE & 3l

o\

Lo
Yot
tlo
g
_OL
L
2

ol
Lo

P

B~ iy

N

f

2
td
[
1o
)
g
=2
=)
o
o2
%t
o
M
12
QL
£

Lo
oo ™ Ol off O o

=]
k1
e
-
i3
o
&2
ofje
5\
N
A
Lo
g
|
H
Bt
of
%
x 0
tlo N

ofs
ol
o)
RS-
O]
ol

,d
o
—o
2
)

o

-
o
=R
SN
T
S

i

2|
"
(e N
32 7
o

r5) 71RFIARE, L01)9 7H7F 2HAgtt vhded
“‘Eﬂ S7HEFE(HC] S7HESS) 71RSIRE

of 7} F7kek=
0.4AMHzol| A 24 o}E}.
() 02~04MHz GG e NEEFR =9} NEFFR =7}
EAQEY 7|EEFnr=e FEET) W JEFIrse] ¥
e A" FAA Bl AeEHT A 2R
gou Jleguree] Wele Zad EAeAY JFEch
53] 72FoR= 93 w9v) Al FEE A F

- Ho

WFoz A APl WATS ¢ F 9ok
@ Webd) BS SEsn ol e el fEree
EEREES

FE VIS PARA A 02-04MHz F3h
wEs} g AFS Aushed #U3L ¢+ Uk

=21 =

B AT A AREee 2 a9 Aol AR
2 5A9S 5557 99 As) A Y uwe f
Exgs 7l A4 ZUHYe) 289 Zo% BuE. 5
3, 3l Fo) B4l W2 V)R B9 moo) 2A54E s}
FomA WHe Ml Asdue FEzgve) v
g Fad ArE Agshen 1 Fadel it

s 7
B AT A4ZAR A4 Adisin FeeaNaae
AlEe] Qe o) A

.
q
Ao
ror

olF-¢, A, v,
T25349] E3 R EA ZANLE
%3], pp 674-677.

Adamo, F., Attivissimo, F., Fabbiano, L., Giaquinto, N. and

M. (2010). “Soil Moisture Assessment by
Means of Compressional and Shear Wave Velocities:
Theoretical Analysis and Experimental Setup”, Measurement,
Vol 43, pp 344-352.

Das, BM. (2002).
Brooks/Cole.

Fratta, D., Alshibli, K.A., Tanner, WM. and Roussel, L. (2005).
”Combined TDR and P-Wave Velocity Measurements for
the Determination of In Situ Soil Density-Experimental
Study”, Geotechnical Testing Journal, Vol 28, No 6, pp
1-11.

Kwun, H, Kim, SY., Choi, MS. and Walker, SM. (2004).
"Torsional Guided-Wave Attenuation in Coal-Tar-Enamel-
Coated, Buried Piping”, NDT&E International, Vol 37, pp
663-665.

Lee, J, Na, WB, Kim, J.T. and Cho, HM. (2008). "Mode
Selection of Leaky Lamb Waves in Steel Plate”, Journal
of Ocean Engineering and Technology, Vol 22, No 1, pp
6-12.

Long, R, Lowe, M. and Cawley, P. (2003).
Characteristics of the Fundamental Modes that Propagating
in Buried Iron Water Pipes”, Ultrasonics, Vol 41, pp 509-
519.

Lu, Z, Hickey, CJ. and Sabatier, ].M. (2004). “Effects of
Compaction on the Acoustic Velocity in Soils”, Soil
Science Society of America Journal, Vol 68, pp 7-16.

Na, WB. Ryu, YS. and Kim, J.T. (2005). ”Attenuation of
Fundamental Longitudinal Cylindrical Guided Wave
Propagating in Liquid-Filled Steel Pipes”, Journal of

HAR (010). “HYH sholelA
353 4715

Spadavecchia,

Principles of Geotechnical Engineering,

” Attenuation

Ocean Engineering and Technology, Vol 19, No 5, pp
26-33.

2010 5¢ 24 91 HS
20109 7¢ 129 AA} 98
2010 89 16¥ AR A




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


