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Summary

Coral sands are consist of such bioclastic as coral, shell, foraminifera, etc. in
that particles are relatively soft and can easily be broken. In this paper in
order to investigate the effects of the particle breakage on the compressibil-
ity and creep deformation of coral sand, the one-dimensional compression
tests up to a vertical stress of 62.72MPa and the one-dimensional creep tests
under a constant vertical stress of 11.76MPa. The materials used are coral
sands obtained from eight different locations in coral reefs around Ryukyus
Islands, south west part of Japan. The compressibility of sand is controlled
by the particle breakage. The degree of particle breakage is uniquely related
to the ratio of the compressive yield stress to the maximum applied stress.
Creep deformation is significant after an elapsed loading time of 1000 min-
utes. The time dependence of the compressibility is caused by the abrasion
on the particle surface because of the increase in the percent finer than
0.075mm during creep process.
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Table 1 Pysical properties of sands

. s D
Sand(Locatlon) ( g p/Clli‘) (mr;o €min ©€max €intra C(a(;;?s
A(Chibishi) 2.77 0.27 0.98 1.63 0.14 96
B(Kurima Pi) 2.79 0.10 0.85 1.39 0.11 96
C(Kudaka) 278 0.14 1.02 1.562 0.12 94
D(Chinen) 2.79 0.15 0.89 1.32 0.14 89
E(Hyakuna) 2.77 0.28 0.85 1.16 0.11 94
F(Sesoko) 2.80 0.16 0.84 1.19 0.10 92
G(Maehama) 2.78 0.13 0.83 1.21 0.08 95
H(Kurima) 2.79 0.30 0.62 0.95 0.07 95
S(Toyoura) 2.65 0.11 0.61 0.99 - —
XBRAE

—RIEEMARIEEAOD—KTEERREBICEI VER LAY, EHABRIZIZANZE60mm (WE 8
mm) &RE33mmY >~ 7 (HE21.5mm) O 2@EOER) v FE#FHLE, WIRd) Y F0E S
1220mmT& 5, [EHEIE/1260mmY ~ 7 THAL17.64MPaZ ¢, 33mm'") ~ 7/ CHRK62.72MPaZ T



P SATHONFRRC L HEMRE 85

ZFHhENERETEETH 2, HRKIZ, WBED, P, Tt L LTEREFNHENERE25%, 50%, 90
%A HEEZ, WAHEDIZT— MNET, DD EFEREORS v € FETER Lz, REBRIITXTERD
IZOoWTEITo 72,

RKERIRD 3 V) —AXD—RILEMARE LB L7,
EEL ) — X1 BAIZDOWT33mmY) ¥ FIZE 50 EED L EFOWO—RTEMRABREITo72, E
FRER LIRS % 0.98MPaz 5 62.72MPan & B T10B R I &b s ¥, ZhEhORKERLN T L
TR —BRRER F 1T o 720 WATH IR AERISH T TomInMIMRE CREMICHEM S &, RKEMD
F R BRI 100minfl OB 2 1T o 720 MRAEKRIBRAERCHERTLIC—EFEEL 25 L) I21F
B L 7o FEMERBREME 4 DRREIZD VTS D VHT £V, HFBBIIRIZTESESHOLEL AN
AR
FERL Y —X2 : SHEEOAKEN LEFVOZTNEFROYWLED, hEEDd, BEEDIZOWTE0mmY)
v E33mmY ¥ EHVT—RIEEHRRBR LY 1To 77, EMISHIE, 60mm) » 7 TR KEMRICH ]
1.76MPa% T, 33mm') » 7 T3 B AE#IE/162.72MPaZ TZNFER S €/z, B E XM ER
SH1 Db LT 5minfHBEOBRBERA TV, BB TI1260mm) > 7 T60mink], 33mm?') ~
ZT100minBlE#NFRABHT L7, ERRBRTERSDIVFITEITo 1,
FEBL)—X3 7)) —TERCRITHRFREROREL AL D, BAOWLFED, ik, HE
BDIZOVTE0mmY ¥ ZIZ & B —KTEHEZ ) — TREETo 72, 7 ) — 7TRARIZ, EHMILT5.88MP
a CEEMIZITESH 1 ©b & CEREMICESMInMBTERFZITV.. TOREMIESI11.76MPad b
L CREEMEF EL ST o7, BATEMIZ1, 10, 100, 1000, 3000, 10000minT# %, ftaA#4
127 DEBEEVER L7z SREREE, WA ORWEMICH T 2HABIIOVTELZVGFITEIT272,

B OERFE

1 EBRER

1) B Y-—-X1

Fig2i3RBy ) — X 1IZBITAHADOWDEHD
EBEDIZOWT—RITEMRBROE R elogoy
BECTRLZDDTH D, elogovBRTIIELIS
I DOBEIE > THRAKRBR R AR ICBIN, BRIKERO
B hIRTlitelog o vEARITAME L & RIREZ BRI
BITLTVw3, B TIIRRBARSRTHEBICH-T
ELBEEN, FOLOBEKISCHUEDIEHBTIX
ERERGEBULERE 2 ), BB TIIEREOR
FIIELLAAZ Y, EFEBEKIENIZI Z Tidelog
ovBENSF Y H I FTHEICLVEREL,

Fig 33 EMRBRBEORELEIL 2 B KEMIS I
FLTRLAEDDTH D, EMERBRBEDOREIZEIL 0.01 0.1 1 10 100
BELTEY, RFBRCHE) SRLIXERICH D Vertical stress ov(MPa)
BN > CHE L 2 B2 Ld5ba s, B Fig. 2 Test results (Test series 1)

. e-log ¢ v relations (A)
FZ Z TIRRRROBRREBBCTEFE L 2%,
Bc=p/p (1)
Sz, pREFIOADERICET AR, pRBRIOAMEICBTZREROEAE,

e

Void ratio




86 WIRAF REREMBE 8465 (1999)

2) EKBR>V-X2 —

Figdl58s ) — X212 5060mm) > 71255 S 0 Fyreeommn o s |
FEMESH ov=1176MPa% CHOEMMA & 33mm <0.08MPd
YU AIZE D ov=6272MPa TOEM S % £ § 50 -
NEROBIZOVTelogo vBIRERLAD DTS  § ]
3. w3, Figd QIRTBAEBICEZE, @ © sz ]
UMMM DR Selog o vBIFRIZEOMm Y ¥ 7 B Nl
33mmY ¥ Y ORBETEMISH1LTEMPaz THE & 5 gy 0.1 ] 10
PLTHY, elogovBIURISRIZTHAKTE O Particle size D (mm)
BiithwtErzohs, COZL2EELT, 60 (a) Loose
mm?) ¥ 7k 2 RRICH L TRIEMISI1LTBMP 400 ——
all FoISHBIcBWTH33mmY) C FIZL AR & " v15.68MPa O BAT |
LML TWABE LT, 60mm") ¥ 72 & BEME o2 " A23.52 xo.98MPa:J
ix33mm") Y S L AERTYHWTEEL T 5, 2 50 tmatas v1.96

L CHMAMBIL X R % 245, 33mmY) ¥ 7% G [ 700 w02 -
AV RRERIC/I6272MPat TDelog o v IR @ [ 06272 ]
FOFROBICBCTOEREIOHMIHE-TH & o -
RELBIRERLTWS, /2, BREBEVWTIhOBIC 0.01 0.1 1 10
BWTHWAED, dikd, BEHD LD LM Particle size D (mm)
BHhDOEEFHEEL, F—8onelogesvBFRIZ—D (b) Dense
DRFIBITL T2, Lvd, BRAFEMILTI62.7 Fig. 3 Particle beakage of sand A
2MPafE T CiZ MR IZ04-0512F TRA L, # (Test series 1%

DEIT VT ROBIZBNTHIZZ—HL TS, &
D kX, EFEIEH62.72MPam k 5 2 EIS1IR T COEMEITE IR OZEIREINOTH >
T, BOBSICIBRLEVIEEZRBELTVS,

Fighix ¥ ¥ ¥4 75 v FEIC X Y ROJ-EMERIST L BB EORFKRERL - bDTH 5D, I
RIBRL OB o TEMBERIGINIAL TB Y, EHEBERTIIOMMBLICXREEhS L) TH
%, 2B, YUIEBNSTRAKESICHEL TR UOHMBLYOBERE ZEMBRIENEZRL TY
%,

FEBRT ) — X 2033mmY) ¥ 2 X BZRKEMIESH62.72MPaE TO—RITEMARS R L D ORK
R, EMISH62.72MPafEFIREDKIER, HHIRHEBcEL &, Table 2IRLTH B, kB, EH
IEBCCIIEMISH20MPall EDIS I B> Te-log o vEARDHEED S, KiRIEBCsiZRHTE De-log
ovBREFEHLEMUL ZREFRREL
2 E#t

BOERBEOFMIZIZISH L NVOEEYZEL T, BRSBTS (A ov)IZ T 5 H
BitoZ b(ae) & L TRRICRTEMIERCcE AT 5,

Cc=Ane/ Alog (ov) (2)
—F, WHLNVOEBIRTEEOESESH (ov) ZRIKERISTI (o) TEXRTILLZIEHER=0v
/oy THRT,

Fig6id, £ Y — X228 2 EHEIGH62.72MPaZ TOEMRABRERIIOVT, EHOFEDHD
BEDOEMISHKCcLIEHHROBIFZEA B L - DTH 5, [ISHHRDWINILE > THEMEIEECeiz i
LT3, ok, #ER(AC) LR (DEFGH)ETR2Y), BEBOFBEDL LY
LBEVIEH L ANV TRELRERBEERL T3, EMEIEHCIBERY (AC) TIRISHH OB > T



e

Void ratio

iR« SATHOR FRIFIC L BEME

(iySand S

100

15
1
05
0 ol R AR
0.01 0.1 1 10 100
Vertical stress o v(MPa)
(a) Sand A
15
@
1
o
3
g
205
=]
>
0 Ll i tilil Ll Ll
0.01 0.1 1 10 100
Vertical stress ¢ v(MPa)
(©)Sand C
15
L4
1
5
[
205
3
>
0
0.01 0.1 1 10 100
Vertical stress ¢ v(MPa)
(e) Sand E
1.5
o
1
©
B-1
g
Z 05
)
>
0 1l
0.01 01 1 10 100
Vertical stress ¢ v(MPa)
(g)Sand G
15
[
1
5
g
205
o
>
0 IR FE St
0.01 0.1 1 10
Vertical stress g v(MPa)

Void ratio

15

e
—

15

e

Void ratio

15

e

Void ratio

15

e

Void ratio

Loiiiil Ll

LD L1

IREIT

0.1 1
Vertical stress

(b) Sand

10
g v(MPa)

B

100

T R

0.1

Vertical stress

1

(d)Sand D

10
o v(MPa)

0.1

Vertical stress

1 10

(® Sand F

87

100

o v(MPa)

[EREET T

Lty il

il

0.1

Vertical stress

1 10

(b) Sand H

Ring 60mm
(QOLoose
A\ Medium
(ODense

Fig. 4 Test resultes (Test series2)

Ring 33mm
@ Loose

A Medium
Il Dense

100

o v(MPa)



88 WIRKFERFPEMBE $£465 (1999)

Table 2 Test results (Max vertical stress 62.72MPa)

Sand D. (%) €o e Cc Cs s v(MPa) Be

A Looe 23 1.39 0.44 0.59 0.018 3.23 5.2
Medium 54 1.23 0.42 0.55 0.014 3.92 5.0
Dense 97 0.99 0.35 0.49 0.015 5.49 4.0

B Loose 29 1.20 0.48 0.43 0.022 4.90 2.9
Medium 58 1.03 0.44 0.39 0.017 6.27 3.0
Dense 96 0.83 0.43 0.31 0.015 6.86 2.7

C Loose 27 1.58 0.48 0.61 0.017 3.92 4.0
Medium 56 1.23 0.47 0.55 0.016 4.90 4.0
Dense 98 1.03 0.47 0.45 0.015 6.86 3.9

D Loose 20 1.23 0.47 0.57 0.017 4.12 4.1
Medium 52 1.09 0.44 0.47 0.016 5.10 3.9
Dense 98 0.90 0.45 0.43 0.013 8.23 4.0

E Loose 17 1.10 0.41 0.53 0.019 4.41 5.0
Medium 59 0.97 0.41 0.45 0.018 5.10 4.9
Dense 99 0.85 0.40 0.39 0.013 7.84 4.3

F Loose 20 1.11 0.45 0.57 0.015 6.08 4.2
Medium 58 0.98 0.44 0.49 0.015 6.66 3.8
Dense 97 0.85 0.44 0.43 0.012 9.41 3.6

G Loose 22 1.12 0.45 0.58 0.017 6.27 4.1
Medium 57 0.99 0.46 0.59 0.015 8.62 4.0
Dense 100 0.78 0.38 0.42 0.014 9.41 3.3
H Loose 13 0.90 0.40 0.51 0.016 9.41 4.6
Medium 51 0.78 0.39 0.45 0.013 13.72 4.4
Dense 96 0.63 0.32 0.43 0.015 15.19 3.7

S Loose 15 0.92 0.45 0.51 0.023 11.76 3.4
Medium 55 0.78 0.44 0.46 0.022 16.66 3.1
Dense 86 0.66 0.42 0.44 0.022 20.58 2.8

Dr(%) : Relative density, e. : Initial void ratio, e : Final void ratio, c. : Compression index,

¢ : Swelling index, oy (MPa) : Compressive yield stress, Bc : Coefficient of particle breakage

0.7 LR II] T TTUETT ll T LI
B O ATl
0.6 —
=) o i ® B_
o © 0.5 C
o § Tl A o]
s £ 0.4 | A D
T S - 0 E-
S 203 EF]
K] S T 1
2 £0.2 |- v G
- 8 - Y HT
0.1 1
05 L ool L el L L i <>S~
1 10 100 0 s ' 1lll L LIJIIJJI U
. . 0.1 1 10 50
Compression yield storess oy (MPa) Stress ratio R=°v/ oy
Fig. 5 Relationship between compressive Fig. 6 Relationship between stress ratio
yield stress and initial void ratio and compression index for coral

sands (¢ ,=62.72MPa)
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