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Mechanical properties of coral-gravel soil
— a parametric study using reconstituted samples —
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Synopsis

Coral gravel soils, which are composite soils consisting of finger-coral fragments and silt matrix, are often found in coastal
regions of sub-tropical islands, particularly in Okinawa. In this study, for reconstituted soils with various coral gravel fractions
up to 44% that was the densest package, a series of triaxial CU-bar and CD tests was conducted to study determination method
for soil design parameters in consideration of interaction between soil skeleton consisted of coral fragments and silt matrix. For
samples with volumetric percentage of coral fragments less than 20%, the shear strength obtained from the CD tests was slightly
larger than that obtained from the CU-bar tests; however, the difference between those two tests was very small. For samples
with volumetric percentage larger than 20%, the shear strengths obtained from the CU-bar tests were significantly overestimated
because of the unrealistically large negative excess pore pressure in the field corresponding to significant dilation. The shear
strengths obtained from CD tests also show the similar tendency corresponding to the volume expansion; however, these are
much smaller than those obtained from the CU-bar tests. For the samples with dense package of coral fragments, shear
resistance angle ¢ was much larger than normal soils; however, it tended to decrease in association with particle crush of coral
fragments. The tendency of particle crush was visually evidenced through CT-images observed before and after the triaxial tests.
The soil parameters were significantly influenced by volumetric percentage of coral fragments in association with particle
interaction and particle crush, when the percentage was larger than 20% for the coral gravel soils examined in this study.

Keywords: Coral gravel soil, coral fragment, silt matrix, particle crush, mechanical properties,
triaxial test
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1. [FLs®Ic

P TEIR T Y £1X, T4 o H—a—FicfiEESN
DY AR, IV NENLRD N v 7 AOFITI
ELLETH D, TRy SN XEm
RNFEFE LY, YIRS D E IV NET
I L OEAMRNFEEFTERTLOEEZLND. —
I, HWEWIEEORE T, PERENEW & IEPEKE
AT A R U O He, HEARPER @ & Pk AT
FHEEZBRE L CEANERI AN HVWEND. LiL, ¥
VR EV L TEEEDEAMITK L ED X H12cep % 32 E
LEBERWD, ZTRETHOLEZIADE N ZL DHMRAITE
LRTWARWYL. Zhix, Vo IBOFERREDOY
Vv 7 MET LD, o IR LY EARD %%
FONRT =< AEELL T TE 2007272 TH
bHo, YragR T Y Bk, BATIE, mEVERETIC
MET 2GS OWRICEZHEELTEBY, Znbo
H T, MEEMEREOREHTRWT, RE#EmIc LY
ZTORYPFNNTEBE L TCWDONERETHS.

MRRRIN RO BB T, — ARy T 0
LTy vy Fr—fEOBEELER X
YUF—NY TG — BRAKEIERr—2 Y —K R
—THNER_EE T T ) TR FEE X
TWa. —fil& LT, HRTOWREIZIE T 21EK O
THERHY (’-1) TERIESNWZHE O TA2EE-1 (1
RT. RBEDSHRE SmOERS N v TR T Y +
WY T 2HIETH Y, ERLIRITT TR T Y &%
GUONAREN TR L 2o TS, BBHREIC Y
T =R TR KT, Y TEENEILAER
570 E U TRBIAE L LI, HITOoRBEELRR & 135
ZIRWVIRILIC 2 > TWB Z ERbans. Zo Lk o IcRE
NENTLEI DI, TR T Y Lo 528D
fi B3N T & 72,

B TEIR U0 L0 )RR A B AR s
B E LD THeL, BT OMITIHEE > 721X
ThHHESZD. LR n, s EoRE -1k
DRV LD~ N U v 7 ZOHITFIEL TV DIRE
AR E Loiigt/e &, BRI L2 & oniiE &
LTV 5. Fragaszy et al. (1990)i%, K& KT NEET
LT LIk TEDOEBEOMK G~ hY v 7 ADFEEY
BANEBEZTLEICERL, LOBEREDLD
WZEALT D0 FT (b L TEIL L7, Fragaszy et al
(1992)=° Simon and Houlsby (2006)1%, % & e E o
B AMHEE O 2R TN D, Z b ORFFEE, RBR
WA HEEO BB E 52 5 L) K& nii%

BUBEIT, HORAHEUTOREICHTHE LY,
EURZEE L FREE L7z 0 L7 BB BUEH T k3 % 77 7k Bk
R B ILORLEDOFELD T) R A £ D X O IZFHf L7

LRWNZERLIELDTHD.

Kumar and Muir Wood (1999)<° Vallejo and Mawby
(2000)i%, HLBIZY & ARGy DIRA 08 A BHEEIZ DU
THNTWD. WTHRLOBIEIZRE W TS, ok
U &R O AW R B RN 2RO AR A L L,
MRSy AN 8 DARFELL BT 70 B & ARGy DOFENBINIAD,

G.L.-0.45m

G.L.-150m,. .

(a) GL. -0.45to —-5.45m

G.L.-5.45m
G.L-6.45m

G.L.~7.45m_

(b) GL. -5.45 to —10.40 m
BHE-1 oV 77 —THERENEY VCIEGR T Y =
DY
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RO VW28 2 SCRLS 2 K5 1278 D &9 w3 8
NTNDE., LOLERL, TLOZERE 5T HEEGD
BRI, TNENERLERHREINTED, Hx 0k
BHRFMEIZ K > TR > T 5. Crawford et al. (2008)i3
BT DORE LIZONWT, TAWREO R BT, &
IKFFHEIZ DWW T HFANTW D, F 7z, Watabe et al. (2011)
1, MEEWORAETITOWT, JEMRE & B KM%
TR L BEE L ik LTV 5.

AWGETHE S Vo TEIR U Y OGS, RO R
BIZOWTHLBETHLNERHD. FAMNIES WE 1

SO, + DKL TR D BB 2 ST, 41l 2.1F, Lade et al.

(1996)<° Lobo-Guerrero and Vallejo (2005)IZ# 7 41T\
3. HETIRR RO 22 % DEM CTET UM L Ty
RS2 b—hTBRREICLY, BAWZFEIIZE N AR
RO L LM/ >TE TS (Lobo-Guerrero and
Vallejo 2006) .

AWFZETIE, Yo AEEFRER 2 B S ETER L
T NTEA OREHEAERL L T o> = #ilzlB (CU-bar 3
BB I OCD b)) ZEML7. VIR LY Loh)
FEHBIIONWT, IV EY U TEOEEM E LT
Y IAEEEREROEILE EbIZED LD IZET D
MENRT AR v ZIZHN, ¢ R ¢ &V o HBEEHD
RETHEERETDZENENTHD. BHOWIEIZL

MU, HIERIERE L DB L v Yo TR BEITR A 1T
TIEH 2 0EE O FENHIFIZ 2> THER > TR Y, B
FEITIRHRE T2 2 Ml b ki I o THEA K
MNOHARERSH D Z LB HEIN TS (Jones, 2011;
Yamano etal. 2011). Z DX I 2EFEENDL L, AWFIETH
I TEER UV L oBEEMEL, BAEO B R &
EELT, RRITIZE 51 Tfﬁk LTCWLS HEEMERH D
LorlEZLND.

HERIZCH W o TERRE U0 10X, R ojdsti o
FIZRBWT, FE - BEOOERLZLOTHD. EE
MELTOY U ITEIR LY £ 8y 7 & — Al - $RE
LizDb, BBREIC T IE L NEL Wy, v
v Ry, Mt EED T, 50T LTELILE 2mm
UTORFEZFELOTIINVNELEHRTEHZ LITT D)

CAZEEL, RETHIAT 2 PIECATE OBLAICHREE L,
A & VR L < BRI it L7,

D2 ]\Ej:@j:*\i??‘ff# 1% 2.76g/em®, LR R IX
22.9% T 7=, BERFIELNTIHBEDO L TH
DERMEEI N, v NE ORISR 2 K-2 (2
7. 0.075mm BA T DMK 5 3134 50%, 0.005mm L
TR E531E 17% (0.002mm LA Fi% 13%) TH 5. —J7,
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£-1 NLEEY TERE LY 8t —5

Sample  Percentage of Percentage of silt Bulk density ~ Water
coral fragments matrix in bulk content
in volume volume
(particle fraction) (particle fraction)

C0S100 0% (0%) 100% (100%) 1.81 g/cm? 29 8%

C5895 5% (9%) 95% (91%) 1.82 g/cm? 26.6%

C10S90  10% (17%) 90% (83%) 1.86 g/cm? 24.5%

C20880  20%(31%) 80% (69%) 1.89 g/cm? 22.2%

C30S870  30% (44%) 70% (56%) 1.95 g/em? 19.1%

C44856  44% (59%) 56% (41%) 2.01 g/em? 16.3%

DREERELIFEAEETN TR, [FEINIY
XY TOFKEKT 57 Z 3F A F (Chalker et al.
1985; Kleypas et al. 1999) C, CaCO; & Efm &35 HD
Thb. BETHE, Z<oLEEND YT (SD)
REDNEEN TR, 0L, ¥t assEE
IRNZ N, MR E S0%E Tl b Do b M AL
NN EDFRRTHDL EEZOLND.

TR IR A H D RS T3 Cf T I R AR 0 b,
PUTAEHE T Lo~ N v 7 RS EERT DTV R
E1IZoWT, b My Ekidsy (0.005mm BAF) O
HFROBBRERLEZLONRE-4 & LTHEIRTND
(CBLIE - 3, 2004). PAVEREAN 20 DL ED B D, 20 KD
HO, BEEZ RSV HOIZFHEL T ey hERTWH
L. KPR THS TODHIROY L TEGE LY 1Tl
IOV NE ORISR FC=50%, khilbaaaEix
7% TH2D &b, Tay hBRER LZFERNICSH Y,
FUTAEHE T Y Lo v MELE LTIEREN L OO
—OThbHEEZD. £z, MEHNEL THRLSN
50%LL F O T, HERO L NE L L ERE IS &R
ERNH DL,
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BRI, R-LIORT L O, Ao 2EEICx
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o TEENFREE AR LT A v MR A S T
5. v ME I E K 30%0FREE CHEE L, Zh
DY ORI IR D (BEERICHT L TER
Zh 100, 95, 90, 80, 70, 56% & 72 5) .

KA ICEbE T IgEL vV NVEEEENRENR S
L THEL, Z2R2hicx LTE KK 30% &
RHEHTVIV NELITKREMATAT Y —fRkE Lz
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FEHEAKGRER D DXEFE ST ¢ %, HEARMES BRSNS LT
IEHEKRBR DD ¢ 3l T2 Z L ICKIS T 5729,
TIE, R UERAOMREKE 2 S8 L, 1 23k
FAWEER (CU-bar #BR), b 2 —HFITIFHARE AW
B (CD #BR) % 92Mi L7-. kst & sk ©
B LMD, FAMEE XS HIZ0.1%/min & L. 72
B, R-LICRLIEZLIIE, ERLEZYVCIEGRLY Lo
TREH T 1.81~2.01g/em® THH DT, FEHES 50kPa
RS 5~6m OHBOER TH# Y EEIEE LTI-RE &
WO Z ki b,

BRI NE LY SEEORE T K L TR
FoNTERY, SE CoBOETIIEAER LIV NE T
VU ABOBEE R ER L TND.
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3. HERIER

=R IR A BB (CU-bar 35R) THEH
N@FIEHE g (=0,-03) EOT H e, OBIME, 725
NZ (bR FIFBRAKIE Au & FHOT F ¢, DBIFR A B-5 127
W AR S E R COS100 Z AR Y v TR 5%
Te C5595 R° 10% 516 C10S90 TlE, W HZEITEOT A
1% E £ CRAM TN L%, 8O H S%EEEE T
SHITHRAITHEML, BOTH 5% ELCiHiziE—EMm
Lo TWa, HREIFEBUKERE, #OTH 1~2%FETL
FUTEBIRA BT 50, TR THLEOT A2 15%F T
EDEZRLTND. Z0OX D REENIIERESRREIC
HOREELSCV A FOFAWEBOMEITHS. LL,
P TR 30%E T C30S70 X° 44% 5 e C44S56 (2725
& FIRSZETENOT F SURLE F CRAETE L
L, % D% b0 F 10%FLE £ Tha [N LR 5.
TN ZEORKMEIL, Vv THOEEE S0, 5, 10,
20, 30, 44%IZBVCENZI 120, 180, 150, 220, 420
920kPa Tdh 5. Yo TEEDEEIM E & HITH AWHR S A3
M aEmRH 0, I TOERBEIRN 20%LL LI 72
% & OHEINTRBEANCHE KT 5. o TEORREE Y
R 30%LA LB TIL, O B 1%F2E F Tl F
RIBUKEIZBINS 5 2%, & D%BAICEE L, SO 2 2%
YL ETITAOBRIBBRAL L 725, FFIZ C44S56 TIXFE
LWAOBRIBBKENEA L TEY, SO A 15%H
{Z-120kPa IZE TEL TS, Yo I VB Z EK
T 5 C44S56 TH L KRERH AW S NI LT
L8, FOHMAIE, FAMIIE TEREER TS
TAEENRE LWL A L—a RIS b b,
HARASAT BN TS0 THD. B Tiiese
RIEPKITHHTE RO T, EMBETIEH VARV L

- 68 -

==
=

bty

—t=
L

- fex

1000
=
§ 9
— O ‘q
< 800 | C44856
w
(=]
5
g 600
=
A C30870
o 400 r
k7]
= C20880
B
E 200 C5595
~ C0S100
0 1 1
0 3 6 9 12 15

Axial strain ¢, (%)
(a) TGN q (=01 —03) EHOT T g, DR

40

COS100

o

5895  C20S80

Excess pore pressure Au (kPa)

0 3 6 9 12 15
Axial strain &, (%)
(b) ERIRIBRAIE Au & HIONT A g, D BIR
-5 =i CU-bar 35k Dt 5

D 72 FE LWAOBFIRIBFUKENREEL TWD Z Lic/b.
Weo T, Vo TEENEETKT DIT LY o TN
IZA S TV D C44856 D L 5 703 BHI I8N T, CU-bar 3t
B B850 5 IEHKE AW X, EEOME LY b
WKL T D SR H Y, A EERTHD.

C44856 TIiX, FAWTHF O FEIGHZEDOELIZZFE LW/ A
RIROZEAL () ANBNRTHWBR, Zhit, BKzZF
D W A L C Y TR DI A W 34t
o, IEHIDBRERNCRED T D Z ERENTERTHD &
EZ2bND. ZOEDRE{IT C30S70 THHRICRS
5. RHBETIES DA, C20880 128\ T b RO A
DENCR BN, —EOY o THGTHEM L& - TR L
TWDHAREMESRIB XD, W TR L3 B - 7



P THIRC Y O RN - ATRAIC K DM i 7o T A M) v 7 RE T 4 —

1000
‘o
=
~ 800 * C44856
i~
b
2
L 600
=
=
w e
§ 400 - C30S870
@
el - cas
‘5 200 C5895
é — C0S100
a b
0 Il L L
0 200 400 600 800 1000

Effective mean stress p'(kPa)
(a) EAMWERERD B SRR DK

250

—— (C30S70
—_ C44856
Ed“_‘ \f ¢ 20880
~ 200
=
© C5895
2
g 150
= 4
3 1{ - C0S100
§ 100
A7
ES
.G 50 -
g
=
-9
(} 1 1 1
0 50 100 150 200 250

Effective mean stress p' (kPa)
(b) F AW DG SN TS DIREE O 5235 B
Ot/ N
B-6 =i CU-bar sKER TH b VT2 B b TR

FEEARENDNE DL, P TEOEREE R 20%
WYPBERIZRDEITHD. vk, ZOoXkH /4 X
D LD RBEACDRIA MRS RRR T 5 2 & 1X, it L+
x4+ 2% DEM I &5 v I =2l —varyofER

(Lobo-Guerrero and Vallejo 2006) 75 HoRB I D H 0
ThD.
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