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Effect of Density on WCR Measurement of Water Content in Subgrade
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SYNOPSIS : The purpose of field monitoring system in KHC-Test Road located at
Joongbu-Inland Highway, is to provide the performance data for traffic and environmental
loadings from pavement surface. Among them, water content reflectometers(WCR) are used to
measure the volumetric water content of subgrades soils used in test roads. However, most of
the WCRs are not well-calibrated based on the field conditions. In this study, the laboratory
based test is performed at various density conditions to evaluate the volumetric water content in
subgrade Soils with a WCR. Based on the laboratory testings, the effect of density on WCR
measurement are well evaluated for predicting the volumeric water content.of subgrades soils
in KHC-Test road.
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2. Water Content Reflectometer(WCR)

WCRS dwrzel TDR(Time Domain Reflectometry)®2]S o] &3l 479 dd (555t
sEACNE T S Fulo o, F d9Eo g HAY] AME SAAR Y A ) 5
s7] fete] MEE A2 Aol 477124, 1 7]EdE s TDRY gt fFAEY 5% 4
Al TDR2 Z= %ol #4& 4K )E e A = A= g8 WCRE E93ke] F71(DEA x4
HAh A7IA FAE e, fAAS 2S4S A= BAEC] A7 9t A7 ¥t
o=

gholl wey AAr|ute] Fabe ALt @efAE BeR AoHi, T S5EAY 93 ES wet
= AAZ|97F HEole = AFS ou|stE Aotk A& AT oA oF 79~81, AFRE FolA =
7] AExel Ao wel oftte] Apo]lE Ho|A| Rk oF 3~8 Alole] ks YERNA Ho] WCRe €
B Fo FHE el Aol vk A xE T i & 4 Qdoh ¥ 12 AR
o o] HAte} dAtel #F#AS pElA Aotk (Brian K. Diefenderfer et al, 2000)

oo

SQUARE WAVE
OUTPUT
SCALING
CIRCUIT
LINE 30 cm STAINLESS
DRIVE STEEL RODS
e
1 -
THRESHOLO
CIRCUIT
POWER CONTROL LINE

CIRCUIT ENABLE

a9 2. WCR &3 =l AHgss 32 /e

HAE Axr|aE g3 FRE7MA] Bl A
o2 HUA HH, o] }A I3

cefolw o] AdElel] F71A<0 WslrE A7A "o o] WstE SA43te] 2l =go

Azpz1ake]l F714 WsE gobd = JA He Aotk o7|A F(D+ A (DR 3
t}.(Campbell & Anderson, 1998)

= 5
rII,
e
o
2
2
o
o

LK
\/_a] (D

o714, T @ F7]
ta 1 T&71e] AAAIZE
t,  A7IZHAL] FA ] o] WA el s Tl v A A AR
L gxae 4o
K, : 8% 45

-

A9) whAE AR FA A% AE(600~15001)F LFERRA o] dlolE =AC sy
]

1=3
i}
it F718 7134, Y T2 B5F FPPHNS Dol F) ALY 5P A5 5 9

1200



A @9 (e 1447 20w BAHE A4Y @5F FA9EAS e Ao, E
WA Hol Aol F5T nAAFE Fae Aol

K
—
flo
e

VWC (%) = C,+C, xT (2)
VWC (%) = Cy+(C, XT)+(Cy xT?) (3)
o714,  VWC : AHFG s+ (Volumetric Water Content)

Co, Cq, Co Ezéﬁ”‘/l:
T : SF7](microseconds)

£ 1L A9 Fof g RAS
1244 B4 A5 2212 BAA S
G G G G G
-0.4677 0.0283 -0.0663 -0.0063 0.0007
3. AlLjAIE

B AFte A= WCR(CS-616)°] A H o=
ot wAbE Alme 7% BAAE UEh folth m#, 19 33 14
S5} ASAE Gea e,

=

FE 2. AR 7E B

T 2 A&k

Do 0.15

Dso 0.63

Deo 2

A= A 23 Cc 1.3
Cu 13.3

#200 B94& 4.92
#4 T4 & 93.82

v F 2.65

2 AF(PI, %) NP

i SURF SW
SRR F A g (%) 9.42
A Az d T2 W/ m) 1.924

1201



HEEIIZEHt/mS)
& ® 8 8

8

&

9
cH E7o(%)

- a9 4. wAE Az od AY A

Sk A7) AR 15 oA &5 o] =R A% 20em7t @

= £ 9500l 2 ABIES AN gtk wetd 7 Fo) A o)

AE 959040 w 24} 7 oy 2 A wr) Aol d 4= Qlth 2 e B AT A A ot

AE=E 95%, 98%, 100% = 4 A 5} 37]—X] Aoz 1838 AL W Fr)o Wals 2519}, wal,

18704 &< M NAEZ A4A= 2492 sg 2 A A Ao 828 2428 99%~23%] Moz A
el B A Al AR Adxzde ¥ 33 2

A A= Fo 2= AT A
9.5%
13.5%
95% 1.828 t/m 17.0%
20.0%
23.0%
9.5%
13.5%
98% 1.886 t/m’ 17.0%
20.0%
23.0%
9.5%
13.5%
100% 1.924 t/m’ 17.0%
20.0%
23.0%

WCRe| 2= FFs 245 fsto] olad= 49 ACelDs AZHF AUAAS Aty A
A7l wet WCRe 71(D)7F GepAl=dl A4l 50melA 150m= 7t WCRe nz— 1(M7F =
Vel Aoz yelgon, 150melA 300m=z F7F & wis F7]9 W7l 0.3%vRte R LERRT)
(Kim & Benson, 2002). WebA] & Ao = 29 59 Zo] A AAS 150m= AHsiglon, 1
H 62 Aol AH&E WCR(CS-616)¢] F7doltt. & AdelM= o= Atdles Fxsto] AAA<d
AW S FHske] AUdRS P

1202



WCR & &l 3|2 &
I —
eraz
4
\ 59
500
or=g 4
\ 150
—
150 ) ;
a9 5. 98 A A7) a9 6. WCR(CS-616)9] &4

4. M3 A3

a9 7o A BREs A4Y drwel wae me /9 wae Jehd geld. FAd 4
A o ARG Fdrael A4S F/E Folehe A9 Hepianh Fo1E 474 BASEe
O BARE A7 s ol FALE et AoRA, Bel Be HAE A5 Aste] Gl A
W AR} HEeke s Atbe] A BE 7717 F7bel,

TR A3 AT e A dlE=IF AdeE )7 SUbeke S HEdT B
SRE} AN F o) FFol FolEL 1 FFE F AR Ee B AR AN Hw, s
om F71e FAE ARy Folu =9 FA& At A7) diel WCRelA 8" Har]ae 3
27 A YERA Hal, am ls) whekAgle] dojx SAE = F7] kol AAA He AR
Al == Aolth

27 T T g

L @

2 | I 2t

I I
23 ‘ : 27
I 2

21 I I
- I I >0
iF” | | Q2
0 | | g
o I I 'gz
K [ | S0
R | | "(T\

13 | ! 2t |

I I S __

i | | - TEE E720.5%

P y—— N A BRI
e B I S M-
, ‘ ‘ ‘ ‘ ‘ a A CSEI00% o e
19 2 21 2z 2 2 25 E3 7 28 29 ” %% 8% 100%
77 imicrosecona) SHCIEIT(%)
a9 7. 3% AAY g4 e 2 8 A vREs 77 wa

A th AT 95%9F 100%0A F7]17F 22.6microseconds®

17.0%% 93 F7)d A A tpAEe

1203

EdE Agol AAG FEFS 135
Zpolof whet A AT FgFol 3.5%2 zbol7h vhERREAL, A

%
o




A %= 98%2 100%°1 A F7]7F 23.8microseconds® 43 A%l AHF qFHFS 17.0%, 19.4%
2 FUg T A Ao Rz zpold wpel A AT shgFo]l 249 9] ApolE YER AT

a9 82 e AAG T A, Ad A= T #AAE vE AoE dF

E7F Tt AAG ol A AR AXE F717F Fkste] WCRe A d¢
o7 = = AL o3t} A H G ko] 9.5%, 13.5%2 A oR He ¢

o F7W7F AA] fRkort, AL FgFEo] 17.0%, 20.0%, 23.0%= AZ

2 ooxox Wi
o £ D HF ox

5. 48

B AT E FRUSLSER AYER wAEd AA8 WCREH S FrgAel W fa n

e A8 9% 4 49e AAstel et 2o ARS =Eaein

1 598 AUtz A4y d5rge] FAALS Frw FkskEd ot Fwe] AXW A
A7\ 57} HEol et Alzke] A AH = AAbelt).

2. 59% AHY FrFol FUDALI FALFF T8 SAHA o= AdTAEst AL W
Fe] wo] OB 1 FFL F U4 B 2 AR AAAA B, Bl f0E A5 W
O Foluh mel g AUt 27] Wl WA AxIu) gaste] FAsE 27 Fe
Aow FARY. webd, @49 wAE A FrFololw AUtdE 2L U wet e
FrY 54 27k =29 5 o

3. FF Avradel A% wAWA L Y F4YI AT A7 Besid

Al 2
BEre @RI Agsts AYER B A7 QYR A7E A @ dRER I

AU ofge] o] e dFERFAL FAH vgoltt Ao FH o] X Fee ¥

gy,

2

1. Brian K. Diefenderfer, Imad L. Al-qgadi, Amara Loulizi(2000), "Laboratory calibration and
field verification of soil moisture content using two types of time—domain reflectometry
probes". Ph.D. Dissertation, Virginia Tech.

2. Gaylon S. Campbell and Russell Y. Anderson(1998), "Evaluation of simple transmission line
oscillatros for soil moisture measurement", Computers and electronics in agriculture, Vol.
20, No. 1, pp 31-44.

3. K. C. Kim and Craig H. Benson(2002), “Water content reflectometer calibrations for final
cover soils". Geo Engineering Report No. 02-12, University of Wisconsin at Madison.

1204



	Main
	Contents
	Print
	Return


<<
  /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 <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


