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Confirmation of particle crushing on the vibrating table test of artificial sand
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SYNOPSIS : The vibrating table method is widely used to estimate the minimum void ratio emn. The
existing method recommended in ASTM and KS F, however, can not consider the particle crushing during the
vibrating table test. In this study, the particle cursing phenomenon was investigated by comparing vibrating
table test with pluviation method using artificial sand (K-7). Vibrating table test for the artificial sand was
confirmed which can crush of particle during the test. This study demonstrates that vibrating table test is an
ineffective method to produce the more reliable emin of artificial sand.
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WD15 . 2mm 151, Okv 723008

a9 2. R AIE SEM AR

:'?'T']i‘ Ales CaO Fe203 Kzo MgO MnO Nazo P205 SiOz TiOZ
K-7 0.68 0.10 0.50 0.17 0.07 0.01 0.01 0.01 98.47 0.05
T AL 547 0.12 0.15 3.58 0.04 n.d 0.54 0.01 86.04 0.04
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Nations Standard Testing method
Korea KS F 2345 vibrating table
US.A ASTM D 4253 vibrating table

Germany DIN 18126 th;’gg}rlfég lable

England BS 1377 part4 vibrating hammer
Japan JGS T 161 tapping mold

- 1393 -



3.2 AR { YUY

EF ol Al Miuraet Toki(1982)¢] ]3] 7de WHoz 27 MIEAe #ds AFAR
5 24387 9% Aotk EF ol AP AHLEE dAHEoldA AFHA AlA 2AE ARE
o] &3l HNAZDT F(rama) = S WHoE ZFwold AFFA 7|2 FHFeH= 19
@<t 2ok Ax9 AR GAF A AMHEES AFstE A Bt 9Jon B side= At o
e %o NHEEVF G E2 2H3tE H =S (nozzle)o] $AFA Ut 1 olollE ARE FE
3] BAAIA detele B JARE 7Hde] BAEHA FEE 27 o] 4] Al(sieve)7t AW wgo g
25 0] glo] Gt AFEEV} vl B #5skA YA =S FAE o] gl

Z o] AANSE Ea AR AHEES Agurs w29 JfHEH A5 Yetare] JIFS uk
ow JHFHE] Av]= Aa Hetile 5575 Aid e S (Miura®t Toki 1982). 5, AHAE
of dAHE =& MHEH} HstEolE WA A wHEAIRS AN = Fd =Tt Horl He
Gtz 59 Adxd9eds JudzassFos AEsiA " EFuold AlEHS AlY
2o uh= WHEA o] QY vl A wERAle dig abrb #a Algue] 1hadk o] gl
=3

Asd AdHS Fe2 Fsts AsHolEo Ex5 HdAsta FEI AEES A& & B JF
of A" dFFZ EF 3600rpmolA 8 WEAA A ARGYFTHES AAsE Aot
(ASTM D 4253-00, 2006; KS F 2345). 2l st A@dcA e 29 3(b)elA He vpef o] 4 =%
(scoop)& o] &3t A7t H2sHEE AREE T FWUzkA] ALtk agla Hwolx ZolE
(base plate)E AAAI7]17] 93] LFHAE o] &ste] =9 WS Wy HE& HAzIth Hol~ &
HolEE AR flo $1A AZ$ Ho]x~ FHolES oyl HEo] A|57} Ho]x EH ol e 5t
Aol s sty E=& AsHolEo FRAAZ & F e Ao|AE o]&ate] Z47; 639 Ame] %7
o] (R)E &Hz3t} 7lol= &8 H(guide sleeve)E ALAAN7|IL JEFE AX3 T AdS At
AoIAE ol gste] AFF A5 EoRNE FAHNG B AR FAE SHsta, ol Z#
E9 molo} HFro| RIE FAY HaTvE s

g A Al GFE VA= T8 84 F Ul s F2 xFAIEHA AAE 8mmollE
ThSEtoof stuE B Ao 19 49 o] FFEH o EL FEFg 43to IHEEAE XS
ARZA~FIEZE o] gate] Fuot HEREE FASATE AEHS ALt A3 et 43¢ 25 EHd
0.3lmme] F&%& Yeldo] F4E WEe AV|E s Ao YEET

: . Opening
PVC mold Storaged sand- . Opening
20cm) b e i Ll
b | .|
1
Falling distance
(E0cm) Diffuser
/
Diffuser height Diffu conlrol
(30cm) | Suserp panel gage
= 5 gag
@Dial
Falling height gage ey
(100cm) holde: ",
Mold Steel |

(b) AEY) AFA

(a) ZFHlolA A&

FA A

- 1394 -



,NL\UI.H.ML*MOA}
) L“_U”
u:w%lﬁowoﬁ% o o F
SEARCENE < E W
%@E%%;ﬂ ~EEE D
oNrL\.ﬂroTWuaw &oﬂ,maﬁa%
mw%aﬂmﬁﬁo%omw o = o m A
A&omUALaO] F o N o
ﬁio;ooTMolo %ﬂ%wo _
o M & ﬂ L T o e
— ]z,#oaooﬁaﬁdﬂ .I]MM R
RO oalwﬂmﬂyﬁ Tz e W <
N =N 5P W RS e o o
Hr ﬂm%%wﬁg o & o
— Tl 7 = = ~ y
ol mmﬂ:oﬁio_wuﬂ%m%ﬂ N
o _Z ﬂﬂﬂﬁﬂﬁﬂ%&ﬂ 5
= == M T Urqu_olﬂudma i ; =
o mﬂ:_.dMﬁoeT@oLt Xmmol,__/ w3 1 =
® lﬂﬂl%{ﬂi@%ﬂru&ﬂr “ ' 1~ =
2 R op T 0b i w ! : o
oo Mﬁﬂaaﬁﬂqp_/iﬁﬂﬁ_mw%@ﬂ K P wrﬂ
— : = 1~ L
° HTE@MMKﬂ@iﬁ @E s 1 £ M
0 gax@ﬂ&@o_ﬂafw jEelzi | B X
| wwmwﬁ_cﬂﬂAfrmamuﬂriE “.|v“mm)m_\3muuu
o2 e oo ! S222 ;
i CParehIn < 2L ‘BRI
£) nr o o B o o To ! RS- ~Z )
i %ur«ﬁaﬁdo%ﬂﬂﬂrﬁaﬁA ir 1 fEfE =
e & ﬂ%@ixu.,JMﬂi@%z SHEEE
of i L T i e < M &5 seo < T
. m.h ‘LIO#UE,JH 5.0 ﬁOOM Alm_.m 1 - mmﬂ
~F — ﬂﬂkdw%&%dl% = (. =
= xﬂailmﬂ%aﬂ% - S <
TR jang TR o Eﬁ GT E.E 0 ,Ul.._ i oo * g .
N nr Nr mo Mo W il N~ N o~ - = = 3 = 0 _° =
SR " o= %ﬂ%A (my3) £nsuap Aap wn RN o
T 3 GREIex Ty R R Ju/) Ksuap £1p wnuxvy &
IH ) ﬂﬂﬂ@u%ﬂ%%uﬂ% o o
my }%%@E%iq%a%41 =
- N . B =~ ZﬁH.M,ur‘DrLﬂLI o
o' =3 o - N ol o 1 ) 2
w =TIV eT ZETE Ny T i
. TR Y of11u1o1A Y Hp
Ao W%5wm%%W5imﬂg .
S0 el moﬂ%yEQ%JnAaugﬂﬂo_ e
< = @%E%ﬂﬁc%zmﬁ@ﬂﬁ [
< < N,_/NWE%W B B RR i
4 Kﬂ_.,_CoEﬂl%ﬁﬁEAﬁmWL
NGO m MR

- 1395 -



o #2750 (o) %Q
oA 2%

Tz 0.558 0.579 3.8% 1

K-7 0.653 0.586 10.2% |,

4.2 ZISCH Al Al AXtuisl 2

4.2.1 A8 MZE MEE #H3 =X

AFAY KTl APl GE Aagulel oA} 2 s Aslg B A6 A9
Fo AYE WE ZYHA AR v FRAoR By PRk sy ge vAaNS
Eeha Qe ABmAL AU ADA Al Ak LAsle] HAAS FFE A A£UFUE T
&A1 5 a7 w Ml QA wAgelRE LA mlvh

A AGEe FANE ol g5te] BE AAse] 200MA B
RS NG BAGHE 92 dobbe AARLS

SISAME A ROB, 27 6b)9l Mol Eelol=ol ol

l%%ﬂ Fe EHFATh 71 Ak, E 504 RE ks go] A

o 1.218~1913%0°]H, 23 dejz dAs &S 0.038~
Al e = g 2000 A B3 AlHEY F7hEe n
[eX)

oy g A BT AdE st

= AYe e | Bes md Tiw A A Ay
Alg 1 0% 1.913% 0.043% (1.42g)
AlEl 2 0% 1.218% 0.038% (1.27g)

- 1396 -



%Héw MQWﬂ%g%ﬂ #L
g . ® < S el =
LESE RTEETZwme BL5 sr Zo
G T L R T E L ¥ Tai TF Esx
RBEY ERTgE AR TR er 3
T M_.uMT o wm W x,_wwoov s Amﬂi =o o] ME
oiﬂm% R e O A - R
- ™ T o o dp X T W™ 0
K N S &= W T B ol Y oy N4 n = -~ °
FTWa T pw iET g - = S o
g TR Lem B N Ca = ~m D
\wwadlﬁﬁ mﬂL_/m,DI‘Ma@MﬂUI‘UI < ﬂ! @nq‘mmo WO ™ W_WHQL
=) - f o
Whee Hoggm wEX V) ©oxHD og¥ 2Bz
wﬁ Ealiod @7Emwdﬂa)ﬂnmﬁuau . P dﬂo} GGy Nfo iz
&ﬂAA ol g ' T O m%%ur = T ~ R wE T
BT LS NS BN E T = M S~ N
BT 0 S5 _SME 6] S o w TEx FoFugd
FEomx Fast ooy £ £ - ® X o =
= — = TR o] gy N 2 2 A G Hp BERO > A
4w o A N 2 - o SF T E oW
GmaE =B ..o 2 e % ) = wECS 2y kid
=g - S — N BN S — or - 2 — = oo o iy
° 1__/| 7L ﬁi u ,Llﬂﬁ”&o“ X of %ﬁﬁ —~ = o G o m — EO Oﬁ ey ,ma
N T N E o R R E = g W .
o o= o P gy ®x Sz2e E TR
R BN o T N LT E eIt z= WPl
Togorm =N LT R T $EE -8 ™ o FE G ~EEg P
T g e o 235 % OHHW bl g Rl BT
) ﬁ. o J L_\_.F : _— = = o
A BPE e E T TS ° 5 g2 o BORGg wm®ank s
oI w g DB ER | = o = R I T
T oE o < X Ebtut:_.Urﬂ,_ I & o = [ T P i O R0 N
| X G 11.! ok X i~ o e N n ok = o) ol ©7 ady
Wdr.zﬁaw =3 mHW%iUrﬂ o > ) = er%% %A@oﬁfog
< BT ZcT_w,mu o Tow £} i <~ m W mmombtzuﬂmmo
H o i e ﬁa R 2 oo ~ o = AF
QLHWH] dlmHAﬂmX o o = B DI,0|§ H‘:%_X@uﬂ
TAHT ww ﬂm%%ﬂ% BN 2o =XE
a ma%ar.%?ﬁ Cx Xy ES8IRIETIIRE=T = AN S N 3
& = =~ S o N - n o 3
o ﬁ o Mo o X N = ol My (2/,) Suissed a8ejusdaayg @w wn o) %o w0 o W < <
B oo, P e N W g X L Yo oo O
S HOWE e B X il < MTR = % N
"M LN > & @ M T o~ — < T
B0 Sy BNy 8F 9 i = HEST BHHET TGP
) o mn 970 o X b " = N FEn O TR il i —_ o o
xﬂ_.ﬁ o - urm.w S Mo = < o Ko7 X ol Jﬁmmmo_ao
e I T P Ne T oo G o RN oy B
R R I T 24T =
g T ny atanﬂu% oo == =0 o s ool TR T
B o ol o — A B o N HF oy MKW X e
< o B om < Z HAV_czomuﬁ. —, < ER B2 F B
S hEr e T e N 5 Tom <ol %
%M%mﬂ%aa?wm%mwo%ﬁﬂ T M m T u%&WW%%
ﬁlﬂr%ﬁrﬁﬁ%%w%oﬂﬁ, (| Ho %ﬂur«.ﬁo%u% 3
TRURE < W ST E I ) G T T WS BT g
0 —_ o o

- 1397 -



12

—_

o

10.

11.

12.

13.

14.

16.

17.

rot

il

. ASTM (2006), ASTM D 4253-00 Standard Test method for MAXIMUM INDEX DENSITY OF

SOILS USING A VIBRATING TABLE, ASTM, West Conshohocken.

Barton, M. E., Palmer, S. N. (1989), "The relative density of geologically aged, British fine and
fine-medium sands”, Quarterly Journal of Engineering Geology, Vol.22, pp.49-58.

British Standards (1990), BS 1377 Maximum density, London.

Deutsches Institut Fur Normung E. V. (1996), DIN 18126 Determination of minimum and
maximum dry densities of non-cohesive soil, Berlin.

Lo Presti, C. F., Pedronis, and Crippav (1992), “Maximum dry density of cohesionless soils by
pluviation and by ASTM D 4253-83: A comparative study”’, Geotechnical Testing Journal,
GTJOD]J, Vol.15, No.2, pp.180-1&9.

Japanese Geotechnical Society (2000), Test methods for minimum and maximum densities of
sands, Soil testing standards, Tokyo, ppl36-138.

. Kolbuszewski, J. J., (1948), "An experimental study of the maximum and minimum porosities of

sands”, Proceedings of the second international conference on soil mechanics and foundation
engineering, Vol.l, pp.158-165.
Kolbuszewski, J. J., (1948). "General investigation of the fundamental factors controlling loose
packing of sand”, Proceedings of the second international conference on soil mechanics and
foundation engineering, Vol.l, pp.47-49.
Korea Standard (2004), KS F 2345 Testing method for relative density of coheshionless soils,
Korea standards association, Seoul.

Miura, S., Toki, S. (1982), “A sample preparation method and its effect on static and cyclic
deformation-strength properties of sand”, Soils and Foundations, Vol.22, No.l, pp. 61-77

Peisino, V. (1987), Dynamic shear moduli of silty sands, M. Sc. thesis, Technical university of
Turin.

Poet Aglietto, M. L. (1989), Maximum dry density of cohesionless soils by pluviation,” M. Sc.
thesis, Technical university of Turin.

Rad, N. S., Tumay, M. T. (1987), “Factors affecting sand specimen preparation by raining’,
Geotechnical Testing Journal, GTJOD]J, Vol.10, No.1, pp.31-37.

Rossi, R. (1983), Minimum and Maximum dry density of granular materials, M. Sc. thesis,
Technical university of Turin.

Vaid, Y. P, Negussey, D. (1984), “Relative density of pluviated sand samples”, Soils and
Foundations, Vol.24, No.2, pp.101-105.

Vaid, Y. P., Negussey, D. (1988), “Preparation of Reconstituted sand specimens”, ASTM,
pp.405-417.

- 1398 -




<<
  /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


