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Permeability and Consolidation Characteristics of Clayey Sand Soils

11
m

7 % ¥ Kim, Kwangkyun ul

4 2 A Yoo, Jin-Kwon o]

Park, Duhee

o
W

Lee, Janggeun

Abstract

Evaluation of permeability and coefficient of consolidation of clayey sand is critical in analyzing ground stability
or environmental problems such as prediction of pollutant transport in groundwater. In this study, permeability tests
using a flexible wall permeameter are performed to derive the coefficient of consolidation and permeability of
reconstituted soil samples with various mixing ratios of kaolin clays and two different types of sands, which are Jumunjin
and Ottawa sands. The test results indicate that the coefficient of consolidation and permeability plots linearly against
clay contents in semi-log scale graphs for low clay mixing ratios ranging between 10 to 30%. It is also demonstrated
that coefficient of consolidation and permeability of sand and clay mixture are dependent on the soil structure. Contrary
to previous findings, the permeability is shown to be independent of the void ratio at low mixing ratios, which can

be classified as non-floating fabric. The permeability decreases with the void ratio for floating fabric.
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Table 1. Properties of Jumunjin and Ottawa sands

Property Jumunijin sand Ottawa sand
Gs 2.65 2.65
Cu 1.49 1.89
Dso (mm) 0.53 0.31
Emax 0.980 0.767
€min 0.605 0.495
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Fig. 1. Grain size distribution curves of Jumunjin sand, Ottawa
sand, and kaolinite
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(@) Slurry setting (b) Vertical load loading

(c) Mold removal / Sample cutting

(d) Top cap connection

Fig. 2. Homogeneous sample preparation - Slurry consolidation method
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Fig. 3. Flexible wall test device
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(b) Water content

Fig. 4. Measured passing ratio of the No. 200 sieve and water content of vertically cut specimens using Jumunjin sand
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Fig. 5. Flexible-wall permeameter test results using Ottawa sand
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Fig. 6. Flexible-wall permeameter test results using Jumunjin sand

30 T \\\H\@ T T TTTTTT T T TTTTIT T T TTTTTT
ke -
>
o)

S L i
£
©
S 10+ -
5 QO  Ottawa sand + Kaolin clay |
X Jumunjin sand + Kaolin clay
1E-008 1E-007 1E-006 1E-005 1E-004

k (cm/sec)

(a) Coefficient of permeability (4

30 T T \HH‘ T T TTTTIT T T TTTTIT T T TTTTIT
§ 20 — —
>
K
i L i
k=
°
8 10 —

- O Ottawa sand + Kaolin clay |
X Jumun sand + Kaolin clay

0 L \\\HH‘ L \\\HH‘ Il \W\HH‘ 1 Lol

1E-007 1E-006 1E-005 1E-004 1E-003

cy (M2/sec)

(b) Coefficient of consolidation (¢,

Fig. 7. Correlation of mixture ratio for Kaolinite (confining pressure = 150kPa)

il

UERFo 2 Fig. 70 150kPao] 1452
Ao A o] Eu]of whg FAl(Fig. Ta)
2(Fig. 7b)¢] H3HS v w3}t Fig 72
el = BghIo) TRl A Aol
|57k Alm] 221 T oA AFAo= ha
2> 9lth, A3t HEQ] TdH|oAE ZEA
AERCERIE S AT e R
47t E 2 A Bl 4 gt ol
Ak7] fleliA =3ulol wE 2
Z}7 ASTM D42531} ASTM D42540] 2]
Aol Z4teek ARATE THEA g FRA &
FA}F el = ZH2E 0%, 15%, 18%, 25%2} 0%,
2%, 5%, 10%, 20%2] 3H|S A-835191 o1 Fig. 8
247 o) 9 A4 (20E vwskn Yo B
EARS] H =49 b=l 242 0.983 0.61
olglon o] S Ete} wae] 0.783F 0.419] u]3)
) 2 Aow UEpgeh b snke] de S

o Ao

2 oo |[o
ot

15

i
m=

i

o

_l

S~
-
E?L’

g

)
3
1o
e xS
m\:l

ot
©
do
=y

e A B oo 2 g 1o o rlo
AN Mo Ag oot
fz
Hm

E
r\l
J
=
mlm
\l

o I:H

021

oA FRAOoRE FEA HEFEA EFARA HE
A2 o A2 F2RE 7AW, BAleTE A

Hog Ak deu o]2fgt EFAIRY] F2H1 Ao

15 T I T
® €max (Jumunjin sand)
B €emin (Jumunjin sand)
® emax (Ottawa sand) h
O emin (Ottawa sand)
=]
w10 ,,,,,,,,,,, R - —
y -2
§e] - ® -
§ eo® @ 1
kel
© -
> Tl
0.5q _ Te~e —
C-06--- o B-8o5- g
0.0 ‘ :
0 10 20 30

kaolin clay content (%)

Fig. 8. Maximum and minimum void ratios for different kaolinite
clay mixture ratios

0x
HM
oo
10
o
2
=
!
0x
HM
11k}
]
&
10
4m
>
ne
1o
18
Jn
0x
0%
N

67



Void ratio, e

08
clay percentage
L \ -
&\ —A— 10.0%
07 4 ‘\ 00— 145%
- \ g \ —X— 15.0% (1)
L \% || —— 15.0% (2
\ [ % A— 16.6%
06— \ N | —B— 19.0%
| hr. —®— 21.0%
L ﬁ I 1 *— 21.8%
S A — R’ 24.0%
05 - ~\%___ o 2.0%
O 4 1 Lol L Ll H‘ 1 L1l \‘ L I NN
1E-8 1E-7 1E-6 1E-5 1E-4
k (cm/sec)

(b) Ottawa sand

Fig. 9. Correlation between & and e for different mixture ratios

0.8
clay percentage
i 1 —a— 16.0%
0.7 — \ — |—6—175%
@ \ —X— 18.4%
o r N 7| —%—22.0%
© \ A 22.2%
& 06— N — 0,
\ —B— 25.0%
kel NN
o - \ N~ —
> 05 S _@ _5@
04 | \HHH‘ | \HHH‘ | \\\HH‘ I
1E-8 1E-7 1E-6 1E-5 1E-4
k (cm/sec)
(@) Jumunjin sand
2
Fs5r- —
o )
- L
T 1 ema=0.98
2 LI
5 a®
o )
<
05 -
0 1 1 1 1 1 1 1
10 15 20 25 30

Clay Percentage (%)

(@) Jumunjin sand

2
g 15F 3—
k=
= |
< i
o 1+ .' —
>
g . e,.,ax—0767-
@
2
W 05| ]
0 1 1 1 1 1
0 10 20 30

Clay Percentage (%)
(b) Ottawa sand

Fig. 10. Comparison of skeleton void ratio (es) for different mixture ratios

o maae) FaAel Aol A 4
H)7} 25%¢1 A ROAE EAlse] Holst @A)
Zol=t AL B 4 AtkFig. Ta)

Yo7t EatEolA 713u]9} Eardote] g
2 ZAIGOm o= Fig. 99] EAISIATE S
Eghulet 20 A Qo4 AP BAZ KL A
o] Hlslol(Fig. 7) T4A4} ZHulE MR Al 1
2 Holx 9t Ao Ushyrh FEA EEAs
22.2%0] EFHI7AE 1307} 0.5 el 7o) 2%
shri7h 25%¢] ERhlolA L 12u)7} 0.6 AR 27}
313 9t} gk QERel M) Ao oF 15% Hwo] &
= 2HFEls 05 yelo] ART S §X15
7} 21 olite] ERhulel A 1)L EARE o 4

Q.

68 E=REtESe =28 H29¢ HI3=

AIvieh FaAlr) ABE BAE Rolx) gron
57 Skl olArolAEl 71} Wsfslel o]
7] SlaIA 2k ARolAe] skeleton ZHFU1E AL
sFlo o]i= Fig. 100]] Z=A|SHRATE A= A4] <] skeleton
2l 4] G)o2 AREATE THA 49l 2 o
9 FAL ZzF o A ZA 7o Oi$th skeleton 7+

Hlo|c}. Fig. 10@)elA Belx%o] F54 EaAtel
SAI Rt FEO] E3hu] 22% AE olaelA 3
AR WA Sels Boe) ERARE e
15% A= ool AE EulolA] Faas uEe
o & 90k 2, TR T A
GG AhastAg ZFEls A ks gk
W el g uslels AgelA 4
L e I 4 gk SRRl B
o] SHuthe HES] B4 gsi E5AST} A
uhE w7 ik 217 S8 BEARe} el mefol 4



RN TR i) B S
22%8} 15%0) A9 E4Al4= 10° cm/s 2 AR A

2 Yelgti(Fig. 7). Fig. 90)| A2} o] skeleton Z}E{-H]
2 JlEoR () 2 dstel e AEY B
e o= 43S 4233 Thevanayagam(1998)2]
A7} Aol AT,

54 8
B Aol mefe] EFE FEo] E3hu|o] o

A0t ruAGe] AFRAL g8 2R wE

Aot oEtel maol T&e| ol E HES thokdt &35t

2 A ARE AlEste] A E4ABE AA

SISk A B5AE Ade o Lt

() 2 Aglola A Am Ayl s oy
W2 wmefjel HES FEejddde] dojubA] kil
7b=m]e] S gH, Soj] dayo] g
RS SRlskt

Q) FrATet ddATE HEYHY I A &
2 B 7REEUolE HES sl & S
Hh= 208 Vet Ago] =3E HESTH]
10% ~ 30%2] Atojof A= Eqtu|e} A4 18
al ?J“‘ﬁll#t Au] =1 e Ade] vk S=

& 5 4= Tl £ %—w EENREE S
AEN oetel me &
weh E4ge ghuASE a7ﬂ Urebtek. ol
5 mijo] paA Aol olgt Aow A
FRZ BEAE A @ M0 oEe
dholl vlste] AthHoR AN HE ArpEe] AHf
$7 Aol EareE AXE Aoz g

o, o]59] Aol YEo| EuIt FAHASE 3
o7k ashon] LxA BAo] SPYTEAA] £
AR WSk SN 7 SR
ErASE fARE 208 Z3Eg:

(4) TFFe-EgA - gvlo] et BAE A

-

i)
S
g

o
rlot
it
L
Rt
L
r
Jo
-Ll
N
HLI
s
i
=
X
L

Y i

27 AR AR Uea glott 1o
of E3hulo) A 1HHI7 Bk A Bl
o & B4R AR 222 At
o
g

el A ZHHIo AR A4 THs

of
R

]_

rr

ox [l
o Hu

QLOLt QP A HES] Eghulol] T A

AV ARHAQl Ao Lebeleh
ZARe] =

% A= %ESH oﬂ"% P st S dnEY)%
SAAR(THA#117]
%@ A1E02)2] o%;Lu] 2] 90] ol 2o oo

A =gy,

4

I-_Tl__l'?__

I
rot

1. ASTM D 2487-93 "Standard classification of soils for engineering
purposes (Unified Soil Classification System)," Annual Book of
ASTM Standards,. West Conshohocken, PA, ASTM International,
pp.-1-12.

2. Bandini, P. and Sathiskumar, S. (2009), “Effects of Silt Content
and Void Ratio on the Saturated Hydraulic Conductivity and
Compressibility of Sand-Silt Mixtures”, Journal of Geotechnical
and Geoenvironmental Engineering, Vol.135, pp.1976.

3. Carraro, J., Bandini, P., and Salgado, R. (2003), “Liquefaction
resistance of clean and nonplastic silty sands based on cone
penetration resistance”, Journal of Geotechnical and Geoenvironmental
Engineering, Vol.129, No.11, pp.965-976.

4. Carraro, J., Prezzi, M., and Salgado, R. (2009), “Shear Strength
and Stiffness of Sands Containing Plastic or Nonplastic Fines”,
Journal of Geotechnical and Geoenvironmental Engineering, Vol.
135, pp.1167.

S. Carraro, J. and Salgado, R. (2004), “Mechanical Behavior of
Non-Textbook Soils (Lliterature Review)”, Joint Transportation
Research Program, pp.143.

6. Garcia-Bengochea, 1., Lovell, C., and Altschaeffl, A. (1979), “Pore
distribution and permeability of silty clays”, Journal of the
Geotechnical Engineering Division, Vol.105, No.7, pp.839-856.

7. Hazen, A. (1930), “Water supply. American Civil Engineers Hand-
book™: John Wiley & Sons, New York, NY.

8. Head, E. (1992), “Comparison of the chemical composition of
particulate material and copepod faecal pellets at stations off the
coast of Labrador and in the Gulf of St. Lawrence”, Marine
Biology, Vol.112, No.4, pp.593-600.

9. Kenney, T., Lau, D., and Ofoegbu, G. (1984), “Permeability of
compacted granular materials”, Canadian Geotechnical Journal,
Vol.21, No.4, pp.726-729.

10. Kuerbis, R., and Vaid, Y. (1988), “Sand sample preparation: the
slurry deposition method”, Soils and Foundations, Vol.28, No.4,
pp.107-118.

11. Raju, P., Pandian, N., and Nagaraj, T. (1995), “Analysis and
estimation of the coefficient of consolidation”, ASTM Geotechnical
Testing Journal, Vol.18, No.2, pp.252-258.

12. Salgado, R., Bandini, P., and Karim, A. (2000), “Shear strength
and stiffness of silty sand”, Journal of Geotechnical and Geoen-
vironmental Engineering, Vol.126, pp.451.

13. Samingan, A., Leong, E., and Rahardjo, H. (2003), “A flexible

u]

HE SR [E FER 20 £+ ¥ 2

=

Jm

AN
(S

08!

Jb 69

bl



70

wall permeameter for measurements of water and air coefficients
of permeability of residual soils”, Canadian geotechnical journal,
Vol.40, No.3, pp.559-574.

. Sivapullaiah, P., Sridharan, A., and Stalin, V. (2000), “Hydraulic

conductivity of bentonite-sand mixtures”, Canadian geotechnical
Jjournal, Vol.37, No.2, pp.406-413.

. Sridharan, A. and Nagaraj, H. (2004), “Coefficient of consolidation

and its correlation with index properties of remolded soils”, 4STM
geotechnical testing journal, Vol.27, No.5, pp.469-474.

. Sridharan, A. and Nagaraj, H. (2005), “Hydraulic conductivity of

remolded fine-grained soils versus index properties”, Geotechnical
and Geological Engineering, Vol.23, No.l, pp.43-60.

st=XIgtsssl=28 29 Mi3=

17.

18.

19.

20.

Sridharan, A. and Prakash, K. (2001), “Consolidation and permea-
bility behavior of segregated and homogeneous sediments”, Geotech-
nical Testing Journal, Vol.24, No.l, pp.109-120.

Thevanayagam, S. (1998), “Effect of fines and confining stress on
undrained shear strength of silty sands”, Journal of Geotechnical
and Geoenvironmental Engineering, Vol.124, No.6, pp.479-491.
Thevanayagam, S., Shenthan, T., Mohan, S. and Liang, J. (2002),
“Undrained fragility of clean sands, silty sands, and sandy silts”,
Journal of Geotechnical and Geoenvironmental Engineering, Vol.128,
pp-849.

Vaid, Y. (1994), “Liquefaction of silty soils”, Ground failures under
seismic conditions ASCE Geotechnical Sepcial Publication, pp.1-16.

(H49A} 2013, 2. 20, AAREEY 2013, 3. 25)




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


