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SYNOPSIS : In this study, a series of large-scale oedometer tests was performed to investigate
the compressibility of rock fill materials. The testing samples were prepared to have three
different grain size distributions and for each distribution, exist in two different states(dried and
saturated). The test results indicated that particle breakages occurred mainly for the particles
larger than 4.75mm in size and increased with increasing grain sizes. Also, it was found that, for
a dry sample as it became well-graged, its compressibility decreased and accordingly, its tangent
constrained modulus increased. A comparion between the samples in dry and saturated states
revealed that compressibility of the materials increases with increasing water content. The values
of tangent constrained modulus calculated for the tested dry samples were larger by about 10 to
20%, on average, than those for the saturated samples.

Key words : large—scale oedometer tests, particle breakage, compressibility, tangent constrained
modulus

1. M B
) EANe YRS ANt Ale] A% 1 WAL Fr FErARZA A4 2 AEAE
Apgats FAToLE Awdoln A Wl gaNE Ao e THF AAR FAE AA4 5
o= HAAZ Algele] EFxelt ZAUEEWUASTWE A (CFRD)Y) AMolTh oF HEe
A% W owde] gREe AH e HAEe] ofele] 1 bdAo] HeHmw oba FxAlo dstd =
Aol olg e sore WS Fedtn & 4 vk Ley Fle] 4% HAAE T AAo] =
Aol g AT vEg How WeA oo ARE avlw Agst 497} Bol ) /E u
o FA By @A 8L s A4 =) oA A}

)
=
o

627



2 dejx= H UY

2.1 M=z

et
PN

TS A8 AHEE A@AlEe el sAHrkekel 0.074~100mme] 47 9 = A
24 AA R 2yt At wa 7 sl
Az 7EEA 2 AASAF(ASTM D573D)& AAEHA

H
= S
ow Azl Hit HFTI FFE P FAE dFAFAES £ 1o vebd vpeh 2ok

5 =
Ar7|nF 2.71
=TE 0.59
AHFAHE 152 Mpa

i

a3 1 Adel AR AR

2.2 Oy gh=s4g

= T
W AWESATANA A AL Y Lo EvE NFIIE Ao ol At Wit ToE
el 0 o] A= S sta ot AdUE ol &3te] 200ton7hA 9] st AsHF 7hs st
2 Ay Aot
94 wAFF Amol

100 ————— T T T T
oAl [N [ o)1=
e S Asge | geeE | STEE | saas
g |l S e | 222
A Aagd | g | 222 |25 50,75,
R NS e | 222 | 100,150 ton
I ol ¥ | 232 | A4 A 2
S R Y2 (. saad |z | 229 | A wy
L 58 | o
0.01 01 1 10 100

628



3.1 upiiE Fot

wA
]

!
o)

N

oy

I

Aol

il

A

= AIE

L

7VeE, 2)9h3

=

(¢

5

=
Aol A

e}

e

At

bol @il

°

4 ol

o]
H

DI A FHAa

o

AEE

Al

dloll e

A

Az eIH AR

79 7

i)
I
R

I
<

w
oy

o}
R
B

T

she] Lje}

<

dA&s 7

e
W
i

o

1)
LO

ol A

A=

3= 4.75mm ©]39 ¢

kil
Ll

6.29

5.99

4.53

100

o=

al

A

ol
1o

ol
<0

2Ixle] 57| (nm)

10

e

- =R

1
2| 7| (mm)

0.1

R RS0

16

12

0.01

10

T
4

= speisem| |
|
|
|
1
|
|
|
|
|
:
|
+é
|

- RIS

1

2Re| | (mm)

0.1

(%) &

1
o
=

Nfo

o

X

el
by
on
o}
ot
XA
!

TR

X0
ir

0

R

i Al

9]

SPIE = ZF el o

23|

629



AZ yebdith, &5 Fbol wE g £ WIS 2y Ay
o 150ton(%F 2Mpa St=))e] stzell whell Hoh TS A5 WEEL A4 A
Al 6%°lH o] HMelE YERH AT

2gARe sl hE dEuEe) WAUEe 24 T ANz FRee] A AR s
$AR, 2R GAR Mneldst TEel @ AuwMgon AWy 4 orhlambe and Whitman,
1979). 4R Shal 3.14e) TpE Aueln wiol FuHon Ao dHFRME thatt wals
U AutAel sl 3243 el o2 Q3 ML Ul Aty o7 A H (critical stress)
0% AoEi g 2 TN WA Ted BALYY Ao AuHoT AR YT}
Azke]l Ay ARV L Fx 5 ot Qo] oEstE Aow dEAH Udti(lee and Farhoomand,
1967); Roberts and DeSouza, 1958; Schultze and Moussa, 1961).

Ao RY Aozl $Y-HYPE FH4L stsAstet A el Aud 4= vy Fd o5 A

F24 HEtllen
Aol el oF 3%el

= =
st Wy TUEY] S YERdTh a8y B AFE dALE S $EY WSS YUl v Fol
FEAYS o WYMol FEHA Wk HoAe gEoer AHosta o]lE AbAstaAl s o)t Ao
83k Hd 4 o]t A WP I Herf AP oz el A IALELS I o]io] HE o=
sl
AEZA(E, =Xt g4 waho mE s HIs ARy, 4 JEEE Wl
ete] Z1ANEA] U EY] Alg A g0 e Ao A 2 EedE AlEe} vl Ao
A Foz et gty oz e AR tsty JuitIrt Fed5E dFAdo] He YA ¢
FEAS 2 st Aoz yeldth m=3, 23gE o] AlgsellA whysk W So] 7| AE ARl A
A MygnT gat 2 Ao® yelgon ol Eo] A ool #&28S slo] AUy
SN 7= 98-S g B ooty AR AEE A3HA 7= 7]1E Aoer spud)
228 (kPa) %22 (kPa) %32 (kPa)
10 100 1000 10000 10 100 1000 10000 10 100 1000 10000
0 : : o : : 0 - -
AlgtRl T Uz shetel s
1 7|2 1 ZFal 1 kel
je :\; 21 o@ 2
o o on
60 il i)
B 3 5 34 ™ 3 4
5 5 5
(a) 7134 E-43d = (b) 1AM -TY= (©) 7114 E-313d =
2| 38 (kPa) %132 (kPa) =222 (kPa)
10 100 1000 10000 10 100 1000 10000 10 100 1000 10000
0 - : 0 : - 0 : :
Astele s ftole
1 53 1 =zt I .
]
2 ® 2 2
B g B g k]
N
4 4
|
5 5 6
(d) E3AEH -3 = (e) L3AH-TIYE (f) L3 H-313 Y=

630



3.3 MMPEEJI5(tangent constrained modulus) AHd

QO=ME(TEUFH) AFezRE dojd SH-8FgE dARRH @Al 2ed A8t v A1)
ol AoH= Ao FEAF(constrained modulus)E AT & low o= YA wfg HE F
of A stsol 2gshs A% Ame A Hetde FAsks d AHeE = 9l

Ao,
M= —— (1

dehinh, B QA a9
71 9Astel PATEAS

7)A, Me TEAZE 281 0.9 & 7} =2 o
69 SH-WFE WARSH Ao SFHPHAANY FEAFY AVE
| ]

<

:rL
angent cons rained modulus o = Sl &= - '511 = IrF ;:r‘}l: power runction
(t t t d modulus)E MR o o5 3] &=H-UE FAS I Fr( function)
Z 3AENR>0.99)5 L o]5 A (DI} o] wEaArt. 29 7 9o ol el 2w HATE
A%E depdr,
10 10 10
@ @ + ZEAERIE @
= mal-E7k|E
& BT 4 mspopes @
T 0 = N = P
2o L <,
& it £
9 T D s D
0 0 el
T o 5 o 3 @
i i i
[ ) ol D ol g
D gué D D
off 10 10
0 0 0

an 40 60 &n 1m0 120 140 160 20 40 60 &0 1000 120 14D 160

FZ|S2(kPa) +21224(kPa) +21224(kPa)

B
8
8
8
gl
8
]
g

a8 7. AAFE A9 (tangent constrained modulus)

o] ZAkst WA FEAFY 2k AAHeR FAs APRe] nhE LA Aol
3289 ARERE & F %ol /ANHe] A FOUE AR FATEAZ A/t BF 2 3
S At mas) gk FOF 20~309%)% e 1S EagE ARl ASE /a4
B Alsh EadE Ammc o 2 ke 10~20%)9 FEAFE eI

4.4 E
B ATdAE g FxAe] 4542 B fstel A B A2 vE QEREE /R AR
5 aqol BAEEe 2us A B AAgHs Eageel dste] 4% Y 2olErE Ade A

—
a7
Hy
=2
Lo
ot
inss
2
o
X
fo
rlr
N
fr
N
ﬂ
()]
8
8
o,
o
o
o
D)
\
=2
>
o Iz
b ox
rot
pou)

A EE AN A% FAYE-FAYE-FBAES] o I

631



3. 28-A8s AARRE HAMFEA S (tangent constrained modulus)E AH43% A3 71 AA o] A
T FHE A=Y JAAFEATY A7 A 2 ek Alsef Blus] g 20~30% S AL
2 Ueigton A E el LEFE A5 AfdE V1A Alsel digk FEATY 277 23
el A ERT F 10~20% 2 Ao ® YERyT

st Esl

1. Lambe, T. W. and Whitman, R. V. (1979), Soil Mechanics, SI Version, Wiley Eastern Limited, New

Delhi, pp.553

2. Lee, K. L. and Farhoomand, 1. (1967), "Compressibility and crushing of granular soil in anisotropic
triaxial compression," Canadian Geotechnical Journal, Vol. IV, No. 1, pp.68-99.

3. Roberts, J. E. and DeSouza, J. M. (1958), "The compressibility of sands," Proceedings of the
American Society for Testing and Materials, Vol. 58, pp.1269-1277.

4. Schultze, E. and Moussa, A. (1961), "Factors affecting the compressibility of sand," Proceedings
of the Fifth International Conference on Soil Mechanics and Foundation Engineering, Vol. 1,
pp.335-340.

ZAle| 2

W ATE 98 UE colmnE AR SR ol Fuistm AnFsATAd de 2AE =Yy

¢

632



	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


