#2 DT (Oceanography in Japan), 28(3), 41—50, 2019, doi: 10.5928/kaiyou.28.3_41

B

SR IEEEA2E T %
PR+ WD BRI O 15 B STAIG 0 ffF 42

PRl EA T s K

® B

BEEOBIERE & L CORE-EIC ST,

MR L OBIHRIEIR ERIRSHEE L 220,

KT, NESLTHIRDS—E T, BMENEL 2 6 EEOIE (i) 2w, KT
M O HEEEZ2HE Lz, IS, 4OX—2 2D MLV 2T 2 R—
FABES RO T O IN T 4 — AT — DI X 2B ARSI HEL, BEOEREELE L
TOFER R - BT 5 LI, BEBE CBEEEORMREHS I U, E%E
EEAESE oMIcERAMBERRED Sk vw—7T, X=ryRE2S 1 BLETiE, %
JEL R—r AW L OFICE WSS b, BEBEIEL B o0T, R—vi
AWHEFLONEIN U 7o BIARDS A O REC IR AT 75 2 RO B ABKHL & R — VTR Hs
1 % FE 23580 R — & AWIRSIE, BREOBMREOHESEL L TRETH L EER
oh, BERLFAUSSIBELTOR= v 2L T ANETZ2HET 2 08055 5,

F-T—F B MR, B, B,

I. 3U&BIC

FESIE, WIRBRICBVT, BRSO %
BB L L CHEY o MBI E 2 BT L 7, Z Ol
B, W B S N BB 2 N R O

* 20184 12 A 7 H3Z%H ;2019 44 H 25 HZH
FEME © B2, 2019
1 ENZHFZEREFE AKER AT & v & — I N XK EEDF SR T
T 739—0452 JAEEHHWHOANG 2—17-5
2 ENZWFFERHFS R NS L P - A BT SR i 22 BT I SR T
T 2390826 whax/IEEZHE T REM 3—1—1
wx HAEER RIE EA
TEL : 0829—55—0666 FAX : 0829—54—1216
e-mail : naotok@affrc.go.jp

~N— VBRI

WRAMICOWT, TR CRY 7 avoLHit 2z
NITHE S BN 72 LSBT O ZE A3, B THICE »Tid
W - 27 v 7 DEFICRER S N B IEEE O 2 s
RAMHOBRICHFEG L TwBILEHALSICLE
(% 5, 2010; Sassa et al., 2014; H2J - = H, 2008; Hg)5 -
S, 2013; MR - &, 2014), £z, BicaEEs NG
PWERETH->TH, NEPREL ZRDICONTYENEE
BRI GEEAN L REAT L, BABIIPR—VEA
Wik, SHRHECHYER—y T L —Fo~Fikic
& o TYHINEE WD S BEAN EBAT T RN R 5
CEBHS I L7 (IR, 2016), EKEDOR— &AW
WAL, ZARGIRAEEY O R TEESRM PRI IR % X
Bl TWBZEDHELEPIZZ->TED (Sassa and Wa-
tabe, 2008; Sassa et al., 2011), JTETIX, EYEE—1



42 MR - {4
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Table 1 Grain, wet density (g/cm?®), mean grain size (mm) and mean circulality of six materials for substrate.

Neo coal Care shell Glass beads Almina Zirconium 4 Zirconium 6
Grain 1.44 2.10 2.50 3.60 4.00 6.00
Wet 1.30 1.562 1.93 2.67 2.92 4.30
Wet(packed) 1.37 1.56 1.98 2.74 2.99 4.31
Mean grain size 3.97 2.97 2.92 3.06 3.21 2.92
Mean circulality 0.93 0.91 0.90 0.94 0.89 0.94

%BZEMNGIRENS T LD S, B3 mmEE L
12 2~ 4mm O&EFIZILD 7= (Table 1), 47 VIC£H
BT 5 £ CHFAKRE IR U 72, fafKAL 2 HE R
A CHENERT- 7, BENEICH Y
i, FEERELE LIRS T 3 HEEL T ERS
KB T2 4 a— /Ry (LR 242 =), @k
KEFEBE L TPV VEBAELE L LTilREn w3
T7 Y 2 VIR AHEL T 7y cov/hkify (LN 7
vz ), HIAE—X (2500 ~3500mm), 7 I
FR=LV(UF7ALIF), Praz=7Fr—nL (HUF
Zid), Yra=7rLtIsKR—0 (LT Z6) % Hw
7o BEBEOEE IR - WRA O, S ZhEh
14~147 (LI 144 £ 5 3), 21 (ERI 5, 2012), 25,
36, 40, 60 g/ecm®* TH B, TN I F, Zid, ZiblcoOWwT
EEBROWER - WIS B 3 KE 0RO % E O %
BRATWBEEZ OGNS, HMREBICEWTEEDOR
FEDPIREREIC G 2 2 8% AR T 5 - O ICRE
Ll &7, HE%BHACE T S SilKICfafl S 72R
RECOMMERE 2B Z L CllE L 72, Wi,
100ml © R 7 v L ZBURERICEE 2. TICREL T
HIE L 7ze AEBRTHGZ2HE R, A3 mm BE TR
T & BEEDAN DKL - TPIRIZIZIEFESEICL TV 5D, &
HENRTH 20 2RI 2HIT, HHN - /DI
(1993; 1994a; 1994b) IcBWTHEE - FIH SN TWw B[]
MR FU (MBS & [ CBHTE 4 X (BT o B57IHITTE)
+ (MFoRER) cllizhazo, UTIRAMEL
FiT2) xEH L, MEORICZEGHEY 7
V7 —3< a > Touch De Measure Ver. 05 @M &
BEREAR AL, & - NI (1993) el THBEZ LD
IR 20 & Uiz, 7, BB L OBEEIRIUCENE
CUREMEICEEL 52 piElknd 5, 22 CEE

BHLDZA%2 MR T 2 HIVT, BEBREER OCNBEZRA D
H& L5 %58 (IR, 1984) % JIS R 9301-2-2 i #E
CEAECTHIE Lz, ZRMIE, 727 IV IE
B L 7REBIC BT o} 6 BE A2 V& T S THER
L7 HEOILOTEAMA E L, FEESEIT DR L D
ELZNG OV ENEERAO L 2k d LI, tand
% BEBARELE LCHE L2,
EEOEREICE, HABEY v AHLEFTY oL
7 4 — A7 = FGC-5B DBhiksER (BT DFG : Photo.
1) itk 2FRE S5 cm #EE coE ABTOBEME Az,
%72, HHFTD2CN-S (A= 2cN-m: % 005cN-m),
#H FTD5CN-S (& 5cN-m: fE01cN'm) @ 2D
RENELDL VI A—2—IZ, ¢30mm, &S 10 mm,
20 mm, 30 mm, 60 mm (#2J7, 2016) OE I3 E4% 2 4 E
DR—=v 2 ZNTNHAEDETCENETNDN—V D
ETRAYE AWHRILEHIE L, KFEHROMEREZEE L
7z (Photo. 2), EEROMNOBEHEEICOVWTHZNE

Photo. 1 Device for measurement of penetration re-
sistance.
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Photo. 2 Four-type vanes for measurement of vane
shearing.
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L, BAT007g/cm® F5A L7z, &IE OV fRix
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25094 OEEATH > 7z, HLShAMFEICOWT
Kruskal-Wallis € (/ > 285 2 F U v 2 1 GhE) %
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Fig. 1 Digital force gauge (DFG) measurement for
each wet density.
O: Natural deposition, [J : Packed material.

o 7%, SEEOMIE O FIMEICZEDH 5 L kv
AV EREI N, BHE%EE Lo DFG HEE%
Fig. 1 27”3, DFG HIEME & £E 0% L oficix
B R E 23R D ST, /N TIRRIC X 2Ry
Tl 95% KETHERELBMHBEIIED sz oz, K
I, HEEEEE MR T 7 Y 2V O RIEED D o
720
FHEOLEAL, %I 6HHS N7 BEERE tanD
% Table 210, ZEM, BEEREKE XA —LL
TTY IV TRERELTE» 27208, ZOMDIE Tk
T 2@ HICHEA B2 2 LD, KR
R CBEBREOBIE - Bl ke o 7z,
HEOBBMEE LD, FX—vIcB T3 EMEE
Fig. 2~51tx T, & 10~30mm OR—IZEBWT
EHEOMEEE & OB R/ " IEIC & 2B ER T
BV THWKETHREBRHE ED N, &

Table 2 Repose angle and coefficient of friction(tan ®) in six types of substrates.

Neo coal Care shell Glass beads Almina Zirconium 4 Zirconium 6
Angle of repose(* ) Left Right Left Right Left Right Left Right Left Right Left Right
30 30 35 35 =0 =0 =0 =0 =0 =0 =0 =0
30 25 30 30 =0 =0 =0 =0 =0 =0 =0 =0
40 35 30 30 =0 =0 =0 =0 =0 =0 =0 =0
30 35 30 30 =0 =0 =0 =0 =0 =0 =0 =0
30 25 30 30 =0 =0 =0 =0 =0 =0 =0 =0
Average 32 30 31 31 =0 =0 =0 =0 =0 =0 =0 =0
Average(®) 31 31 = = = =
tan® 0.5709 0.5709 = = = =
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| Vane test (10mm depth)
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Fig. 2 Hand vane (HV/D: 30 mm, H: 10 mm) mea-
surement for each wet density.
O : Natural deposition, [J : Packed material.
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Fig. 3 Hand vane (HV/D: 30 mm, H: 20 mm) mea-
surement for each wet density.
O : Natural deposition, [J : Packed material.
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Fig. 6 ~ 1112, HE L OR—VEXIC & 58 AKIEST
BOEEHERT, 772z VBV TIER—VDOEHED
BN L b oT, IZIFEMRNICE AWHEYUED LA
BEAM RSN H (Fig. 7), 2 OfOIEETIER—>
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AT23H00, EHE60mm ORN— 2B WL TIEE ABHE
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Fig. 4 Hand vane (HV/D: 30 mm, H: 30 mm) mea-
surement for each wet density.
O : Natural deposition, [J : Packed material.
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Fig. 5 Hand vane (HV/D: 30 mm, H: 60 mm) mea-
surement for each wet density.
O : Natural deposition, [J : Packed material.

FiEo LA $ibd % (Fig. 8, 9), » LIETRICEL
2 fEA A D 57 (Fig. 6,10),

4. EBE
HEBOMERS 6, LI OS2 L 75

Y OEE CIF, W% E & RERE L ORI ERRI 7
WD 505 T LA S D Lk o7z (Fig 2~
4), 7272, DFG THIE L 7= B A 2 BB E o f51E
LT BHEIRES, R—VIBRIL (R=V R/ EE D) 2
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Fig. 6 Hand vane measurement in neo coal.
O Natural deposition (wet density: 1.30 g/cm?),
O : Packed material (wet density: 1.37 g/cm?).
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Fig. 7 Hand vane measurement in care shell
O Natural deposition (wet density: 152 g/cm?),
[ : Packed material (wet density: 156 g/cm?).

12 KELTREZN—2 (30 X 60mm) 2 w78 AW
EILOBE T ERRMHEDRD 5 hkdr -7 (Fig 1,
5), EEDOBEEGEIZ, 24T —LVEF TP ZVDAT
%< (Table 2), Z#15® DFG HIEMEA & b #HFEDE >
HELDSAGE»ZNM EER>TWD T EE2SHNIC
AT E 272, BEBRERIEHTEIRECHEL TV
LMo A OIEICE T 5 DFGHIEMIC oW, £E
DOIHHEEE & ORERZ LW L E2HHTE R, £k,
N—HF AWHRFIOBERER T, HE 60mm OR—
PN TRAa— L ETr 7y 2 VORIERREEZEDTHE
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Fig. 8 Hand vane measurement in glass beads.
O': Natural deposition (wet density: 1.93 g/cm?).
[ : Packed material (wet density: 1.98 g/cm?).
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Fig. 9 Hand vane measurement in alumina ball.
O : Natural deposition (wet density: 2.67 g/cm?),
[ : Packed material (wet density: 2.74 g/cm?).

WIREREDSREN TV S, REBROFERZ T2 56 TlE
BRI D EZD KRB IS5 2 2 W EIAHETH D,
SHOMEE U CEERROZICE S E B IR 2T
SN H B, DEGHIZEME I 2w TiE, 0.5 mm F2E D
Lok L THY 256, BT EBROMIRK
BOTHHEMBDIESEDENREL 2D ENHAL D L
o TEBL, INEFFICHTFHEIOBBENIREL 5L
CEBEEZLNTWY DA (R - @, 2013; #F,
2016), AEETRZNICMACEEZLFHIEL L
T, IHWIKHEMBEPIES O HEEEEI T LESTdD
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Fig. 10 Hand vane measurement in zirconium 4.
O: Natural deposition (wet density: 292 g/cm?),
[ : Packed material (wet density: 2.99 g/cm?).
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o T3 (BB, 2016), BRI Fig. 1 & Fig. 5 @ Mg
Ti%, DFG &b »E & 60mm O~ — > THEAE W &
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LDD, N—UREPFRS/NEVEE 60mm ORX—>
TlZZ DER AL L T3 (Table 1) (Fig. 9 ~11),
—fRIC R — IR G R — o AT IC R 4 e

HZ5Z Mo TwBH (BN - BEE, 1980; 44H,
1967; we%, 1982), ZOsLEIIR—r O~z sddk L <
WERVHDHH-> T—HETIIRV, REBRERICB LT
i, wmHRXN—UERV NS 0EE 60 mm OR—VICE
W, L DbTREORVHEEICEIT 2= AWK
PUHIE 6 DR T A3 & 72 b BRI OB N0 H = A
BB oozl Ebh b, L, KRFEBER
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Fig. 11 Hand vane measurement in zirconium 6.
O: Natural deposition(wet density: 4.30 g/cm?),
[ : Packed material (wet density: 4.31 g/cm?).
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R=VHAMEITDORECE DV EET 2 7% EDHBII
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W, HBEE: EEEORL 2EEREEO TN OB A &
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Laboratory simulation of gravel-type sediment environments
with different wet density by means of sediment hardness

Naoto Kajihara'* and Shinji Sassa®

Abstract

Very little information is available about the physical properties of gravel beaches and in par-
ticular, about their relationship with the wet density of gravel. To elucidate differences in the
physical properties in shoreline areas of gravel bottoms, the sediment hardness and the wet
densities of six different gravel-type sediments with a particle size of approximately 3 mm were
measured. The sediment hardness was measured using two torque meters with four different
vanes and digital force gages to understand the basic physical properties of gravel beach shore-
line areas. There was no significant relationship between the wet density and penetration resis-
tance. However, there was high correlation between the wet density and vane shearing for
vanes with diameter-to-height ratios greater than or equal to unity. The vane shear strengths
for three types of vanes satisfying this criterion increased with the wet density. The penetra-
tion resistance and vane shear strength for a vane with the diameter-to-height ratio less than
unity are considered inadequate for the measurement of physical properties at different densi-
ties for gravel-type sediments of an equivalent diameter about 3 mm. Therefore, it is necessary
to use vanes with height less than or equal to the diameter.

Key words: Gravel, Wet density, Hardness, Penetration resistance, Diameter-to-height ratio of
vanes
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