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Abstract

Nickel ore is natural clay containing large lumps. Every year, around four million fons of this
material is transported to Japan from Indonesia, New Caledonia and Philippine by bulk carriers of
around twenty thousands to forty thousands tons dead weight tonnage. When nickel ore contains much
moisture, its shear strength becomes low and piles of nickel ore formed in cargo holds of bulk carriers may slide.

To prevent sliding failure of a bulk cargo, it is necessary to evaluate the shear strength of the
cargo prior to shipment. Shear strength of nickel ore can be measured by direct shear tests or
triaxial compression tests in a laboratory. and the stability of the cargo pile ¢an be evaluated by slope
stability calculation which is utilized in the field of soil mechanics based on the measured shear
strength. Such method for evaluation, however, cannot be conducted at the time of shipment of
nickel ore, because it takes at least a few days. Taking these issues into consideration, we
developed a new in-situ test procedure for evaluating shear strength of nickel ore which can be
conducted at places of loading for nickel ore in a few hours in view of prevention of sliding failure.
To develop the criterion for judgment on sliding failure of nickel ore, we carried out direct shear tests
and slope stability calculations for nickel ore from five ports.

The new test procedure mainly consists of three steps, i.e.. removal of large particles, insertion
of the sample in the mould and cone penetration test. First, particles larger than 19 mm are
removed from the wet sample by passing through an appropriate sieve. Next, the sample is inserted
in the mould and compacted to make a consistent specimen. Then the cone is pushed down into the
specimen and the maximum value of reaction force is measured. When the force is less than 300 N,
the nickel ore should not be accepted for loading without taking special safety measures.

o 1% B B 71 &6 e HUR K A FE TR SR AT
ko i e i 6 o BF SR T Rk PRt EREE AT SRR ()

FhkEk BABEREHS
ERZa E 1248 6H 148
EEHEF ¥HR12412H 138

)]



@

_E %{_
1 1
1.1 HEROEN
1.2 Z o IVEiDES - AR
1.3 AR LB MBEMN Y
2 WEROBMERVEE
3 = A VST AR A B BT A R oD A A
3.1 HMBREOHE
3.2 HREBFOMLBE
3.2.1 #ivad
3.2.2 HEBOEARUHED
3.2.3 HEE AR
3.3 HBRUHMEAEMHUMEEAS
4 REMHEBEA IO/ ZAT VT
4.1 #B#
4.2 KSEETHRNGERMEOMEG
4.2.1 K51E & B HEE DBIR
4.2.2 T BA 0 BUAE S8 AT
4.2.3 B A I OBR B AERESR
4.2.4 KGBEDO—WRIZ A7) 7T
4.3 KoEOHRHE
4.4 REHEBANDOISZATIVT

5 #E
SE Xk
RO A = v o LS B B BB 2

—a T

BT onERICBTsRE - BE
KA EDBRE FEICET SHE - B3
HERE RO
ABRERVCHATEOMD

T8 B
T8 C
18 D
8% E

1 #E

1.1 HEDOBEH

R 104 8 A 26 BR. MAEEOMEEED
150 ¥ oD LT, AV FR VT D Gebe BT
Zur Ve EE L. BAAEARY THTLTH
TenF MBI ORAM Y —T AR M E
NE - thE Lico TOFRICLDFEMEE 21 4
DH B, 11 B IR, 10808 THRY
Ef ot (8 A 27 BHBRERSFH),. FHEEO—
D, EPOWMENTH L EEEINTLSE 0,
WEEDE (HEESK) THB = v 7 Vi,
KAGE(HFESR) D —EDHEEBL S5 &M
EE (SR ESB) NELIETFT L. Wh3d
O EEM: (LT, M Emt) &Mk &
BItBEAI L0 oNTEY.INETIE D,
ZwH VEEEE R DI S B A O R ERE G
BRESNTVD, CORMER I SBHE

BT SDIF MENEREELTFEMEL LS 2T,
KGED EBELREBRERETLLENRD S,
LU = w5 VDR RNIEBRILEIZER S
BWBTH B R ERICHT BELHTEK
SEREE @6 FHEATEH O,
REEEDIDKMED LIRERET 5101,
KGBEEZEATEHOBWHMELZFHAL.Goh
LHMEEEZRACT . BEEINBBAEMEIZON
THBAhEREZFGINER.. = v 7 ILEL%E
DOHRMEDOHMEE LM T 5 HkiciE. —@
MRS (B ESR) PEMEMARE V- 12
EREFRBRVBD S, THETOHRIZLY, Zh
SORBIC XD HIMET U RBITESTX. =y
HEWVHEREWLEET LI DDOKSED LB E
WETBHERTENTVS @n, LilL., =
NoDOHRITIHTERBBICEWVTERT BICEE
P FEL. AU OB A ET A ENS
WEREBTRHWBI DN TEXLBEILRABRED
RN RD SNTHB FER RO FHE @ 2
WS Hc XD BERNEE/NES { L2
B A ORI T 2K ED IR (L Tk
SEDO—RI ZAT VT ) E3) o, @
SHEINTHWREOEBOKSEDOLIBEZRD 3
BOKFEOBREHENLZLE2MIZBES LS
FRBND »7co TORHETRIET., HBERIT K
HMBETHE = NEOTHNBERMYE % T
THRHORERRE (UT. Ty VEHH
NAEEHEFEMARE ) EMEIR,) 2T 52 &
ZEBELTVS, :
RE LTI MIBOMBE XM EICTFMmT 55k s
LTH#EEARR (NBESE) NEAWSLN 5,
Zy S NEOTHOhBREEFET I EX
MICIFABOREERNEIENEL NS, &
BORBEAFEERRFIBECHHNBRYE QM
HREQFWRICLIDBEET HLEND 5. RBREN
BEIN. v NVEEOEH(BEBMEIC LB EE)
ISV EFMmBEELRET B ENTENE,
AEOKDEE2FEMSETHBEERT S &
LD . HMEPICHHEAEZRITEHEEDSH 5K
SFEOBARAERDDHIEDTES, 2D Licks
BORREIZ. v X VEOBHEIZXI Y RIS Z
EBRMONTHWS, —J. WMAhOHECEHRA X
HMABEDIET TH Y /KSED LR ISB W RE
BTFOREREMEMNTONSE, TD., FHE
BELTHEEORERELXAVWNE. 2w b

HOBHICLOSBMNWISATFITERETES

AEEEND B LT MEEEAMBICE DK
MEOREMEEL TREMBEA ) LRU, RF
MHEEEANCES(HANEREDOTMEEZ
TREMSEBEANIDOI ST )T 4 &3



ISR E  $38% F15  (ERIE) HERS

AMEOHOIE. BEICIE. THRRABTH
BIEBTE WM EERMAREIERAET S
EEBIZ, (REH#SKBANDOISATITL %
BETHIETHB. JTIT, WilNBHRENS
BiRERBSFEANDO I SATFI TR ZwH I
FOBRICLORNWLOTHELENDH B,

1.2 S ouTIHEDER - BARERKR

ZwH iz, 740V, A KRV T,
Za—H VU FZTHhoEINEIC. BESEHH 400
Arr@AEIhTHWS, FREAHLEBEELZE L]
6:/:12.3-0

£ 11 —wHLEOETERANE LE

E4 g

T4 Y Rio Tuba Hinatuan
Tanganito

AV KXV T Gebe Pomalaa

Za—RVF=T Moneo Nakety
Karembe Tontouta
Thio Kouaoua
Teoudie Boakaine
Poya Quinne
Kopeto (BEZY)

FELTHLWLSATVL S MM .WEEE-T b
YHOMEA R UBDOESEAMTH B, 201D
EBEHME. vy VEERBLZECHA
MPWERNREICAELTNS,

ZyHNEOHEFOEZ L B HHETIThI 5,
Mb, L DBE. BETHICED 2R A. BN
TRAEOEAMOEJEREL. MO >TT
BhrhoMBILEMEANS. TOIH.MELT
RBR.EERADIZ7ZH/THH00—RICANS
N, HEROBRKERTR. MO 7 E2HNTH
BONTHOI S,

— I, WERDIZIE. B 10 0 A ERT X
SICEMORNLIINDOHEPENEL TEHEE.
B IERTEIICEDONANOREOREL
INELTHHEDNRD D, (A) OFEITIENSED

B 11 F@YVAEE

BOFMBNBIECLEANTH 0. B) OHEE.
Zw A NEDO XN EWEOW AN LIZD

\

=

N

BENTH B, — v W IVEOHEY TIE, — i
(B) DHENAVWLNS,

ZL D=y FIVEIZOWTITFOhEMD Y S
TERWIZHBEO TR, BHROT (»vy FHROK
DTFTLUNDBFR)ODEMEFBICHT I ENTE
FL.EL1LIBDO LI I, BWO AL iz iz @mH
Bb, 0. HhEWET st —ERE
DOENOHMBENLETH S,

1.3 BARLERBEOMEBMT

EAMETHELLABRECSIZMHENER
HHZEDIZDDI FA4F ) TR HRODOERKS
BRELZLDOTHO, BIAZORBICLD ME
HICHEITOEWTREN (I EENRRE LR
EMTREN] CHEEINIZEETH->TH.
R VBR+ LS THhE.HHIAOKBLENRS S

EBADFIVEBELXD ET B v T IVELD.

JLEAREBIEB TRV HELZFLT
WieELTH.MEPIZEMOKSEML TH
Wit ENMET I . WRAEE-TERELS
B, DIz, MEPCTEDOKS LML
WEI BT HELENRD S, N— Vi
TaplizEhid, AN, BRROBITE WS
ZPIEL. By FEHDBEEEBIT, N —
VEDEMIZEAN— 2B LEOHEEMS
CENNETH B, Flo. A= Uk P IcEYIC
HMKNBATIOEBCIELEETH Y HFIC,
EM12ICRTEEA—-DERNLBEE. A2
BRUEBEATIEENVTHELZITO ZENEET
»H b,

R — D
1.2 IR=DE~ORDOEE

TR O

UEZEZELHBE. oy TIVEOREBEDI:

BDitid. UTORHENBRELEZ B,

() WEFIIETLIEN~OKOBEAOHIE

(1-1) WA RO

(1-2) W=D LOEWDEKITHAS DIk

(2) RHTFHEY

() APRTHRELLRBRECESSEBOH
Witk (k4D DM

2 BIEOWMERUMRE
WRAEE. RBREOAFEORE. (REMHE

&)



- @

ANDI ATV TORERVRBE=2T
IWOBHIZKHTE S,

RBREOERERET SHROBRMO—D i3 &
BOoBYELUEHECREME ((REMEE A
OWYFORETHY.ZDEHIIODVWTERSERE
ﬁ@t/ﬁ&

REMNEBEANDISATFIVTERET B
B, ORHONESH (HEESR) SEBHE
HEEET S EEHIC.ORB OKLE & 3 15
EORBMFEZFNL.OMMONBEHR & 5 WM
ERXBRARBOKSEKSED—KZ 5S4 57
T)ERBHI L. DZDKIEE = v X VRO
EREFMARARBOKSE (UT. RN
MRAKSE EPERD) BB LA, X5, B
KGEERBEHBEEANOEKREFNGT 52 &
IZE DT ARALIR R KB 1S T B 3R M S B
ANZERD . OREMEFBA IO SA 7Y T A
mELI, .

HBRETZ T VOHBIZEBLTIR. Eo@ES
BEMicBd 2 BB s0mnF 2 it = o
TIERIZESOTHRREZEG L TR0,

MROKNEZR 2.1 1R T, /o, BHEIC L
DEFE SN/ = v 7 IV EET R AL FE B 40 3 B
BEOT =2 TIVEAEAICTET,

R AR B EA
HEORE
Rk
otk
HRBERE
AT
ik
g E
e
HEAAE R
=
w=aTN
KOHEE K RIEAL
E3EE 79N
KEYIE HO M
v=aTNn
L___________i #
REMET AT y
AT YT =2 TN
okt R ER

2.1 MEDFKEL

ARLIARBREEI.UTFTDO ZD>DAF v I TH
BEh3,

1 HELS19mm UL TFARmOEL,
(2) FHEDOHEDSFIEICESTE, B srHRBE
BILEAT B,

3) FHRNORPICHEELZ TR ICEAIE,
ZOBRDORADFRMEEEHAMT S,
(DEBDRFy FTHZ@MRHEL., ZOHEKME
300 NRiFTHNIE. £O= v 7 IVEITHH

NOBHBEND B EHETE S,

UTTH. AHOKSBEIZROXTRENG L
IKGETET, 5f. LAOHT 105 LEIRERE
(B BR) 28&%4 5,
Mr— Ms.

2%

c "r (1)
Z I T.

MY . @Kk E

M. MBOKRER
Ms: BHOEGHIOHE (HHHE)

3 ZwuTINEFHREhERYTEXEO LS

3.1 HBEOWEE

MEEFARRII. FELZEET I BEOMBDH
O AAB) KB TEHOON A @ENS
BRiETH O = w & V870 8 408 R P 2 1l 3 Ba vk
B, HEBEARXBRZPLE LTHE LKL, 6.
AR ICMOHEZBEAZIR A sy —BA
AR IOV THLBRH LS. Be KXl
FEEL= v VBRI HT 38 BEE LTIER.H
HEARBREEBE LT RO Y FhAE 1
CETHRAL. BRALENM T2, ,

H#EEEARBROMEREIT, HEEA L. b, &
BICHMEEZBEAIRIDOICETANICLIDES
N3, WHARFTICE VT, BLHEXFEICH
HEANEEHAUT 0. = v ¥ VO M EE D
FAMEICENTH..EY T FEIETS®AEABA S
TBEORRKMHEBEANOAS % #EE AR
RELTHWABZ &z L,

MARRAERSTH.ABOH VLI FTb.
ABREBEN = v X IWED /A W% > THE
BARBRLEWRT 55 EEHEELTHELED
e, COFETHo vy ILVEOMEE (BEH%)
WKLo WISATVTEHERET B ENEE
THBIENG Dol . ABOR AN ELH
BMIBI LWL ((FEEBBH),

—HIC. E ALY OIMRE L., KED
WMESHFLRAUTH > TH . HBE(TEESR).
MbEBRBSOhBELERLIORBEO I
LoTENEB, ZOIH. HoBARMOHET®R
EAFUTAICG . HBEEALET 5. 0DER
ORRFRTHY = v & VS A s B 50



RRRR B SRR &

ABEICEOWTH.HBEDETI IS L, 72
B HEDICEEEOHEND 20, BHMHE
DBENS . FIEOHEBICHABEANT, U<
(EEEHEB) EAVTHED TS &L
720

LD OHER. = v 7 VW RN E R
MABREOFIHOMEEX LI TF O b e Ui,

Q) gt hRABOBRRNEELFAMNT S,

Q) AHEEBICBAL. 2o 2BOTHRE

HETH. HAKEEERT 3,
(3) BRADOHBMMEKIZOVWTHMEE AR R

i A
(4) H#EE AR RIZESE, MHLOBR
BEHET S,

CNSDOFEDI B, QOBRTBDEEITE YK
E#ERORL.ABRERORBHEITHE SO THH
hoBEBEEHETS I iz lik,

3.2 HREBSOMLH
3.2.1 BLaIT

HsgEE ARBREE O N R ~DEFE A
REBM-FIZHE I - E& MEEHA NS
S5DIHLUT.=wr VLD ERN T MR
NI HF ORI UL KSR AV 8T W i
BRI TRHEBEIEETEHME., TDH, K&
BN FRAENSHEET ELHEND B, REIIZHR
RAZMGEDHEEAEBELT. AROBERNEE
19mm & U7,

322 BHOBARUVHEED

A DOHFRANBR RGBS M &R
AREOBOI VTS 2EEM LT RBRER
OHEFRUVEREZZNLH 150 mm. 4.000 em?
KRB LU RAREBEMNEORXZZIOMBREEN

3.1 A9,
- 150 ¢ —
28.66

>

ol

2
150 ——
(Penetration Depth)

«—————— 226.35

302
2ee%

etele%

%
Teded

R
Specimen

Mould for Compaction

3.1 BBRBF AN

838% WIT (CPRI3E) WhsisEE 5

Hrhoahdiiic . HtEHRBAER OO Y
VTS ARBRRNED 3EU EE L,

HAEOBARUCKHE D FHEE. JIS Al210,
1999 EEDICL A2 TOHBE DR L] 105
DNTHRELR ZOEBIIEEINLTVWEIEFE
WDICLBHED HiEsBEEXE31ICET, -
W EFDORNEN 150 mm HOEHBOEAMEN 19
mm EVIFREECHETE2ORF . EFDODDHE
DHBTHbBo €DIcD, DDOFEICHM T, 5
vELTHEH. BE4S5 kg, ETEX 45 em DD
DERNBEI LT LT,

HARAEBROEIZEEBLT.BOo%IEs & L.
REDICETLHHEEELXELEELT.—EY/200
ZEEDOEHIZ 60EE Lz, TDERET T
MEDLLFE PLHEAEABE LYY OHEDOT
FIF—F, BFO D OFEICLBEL ELHE
LTHE60%EN 5,

% 8.1 JIS A1210, 1999 - REH I X B3HEHH %

EEWDS o< BT |[e—MEe—IUEEB YA

HiEO| BE | & | PR FER] » |0 EE[DRE

MOE kg | om | em | em® ||BE|wEH] mm
A 2.5 30 10 11.000} 3 25 19
B 2.5 30 15 [2.209] 3 55 | 37.5
C 4.5 45 10 11.000] 5 25 19
D 4.5 45 15 12,209] 5 55 19
E 4.5 45 15 12,209} 3 9% 37.5

HEOBARUVKEDOERHEEAE EHBEE
320BYVTHS, Ib. ABEHEHD B, R
BREBOH T —EH L THBRERO LB L L
DHEBEZ I V-t vy DT B Ak
B9 5 &id. JISA1210,1999 EMBETH B,

*® 3.2 WBlHEMK

AP DR AME [mm ] 19
ARG EREE [om 15
ARESEE [om’] 4000
Zo<HEE [kg) 4.5
FURETHEE [cm] 45
HiE D DB D , s
—BY/hDF v E TEE 60

3.2.3 A#E AR

B ARRER E L TR, KBEOM#, 5,
JEMH 6.45 cm? (EE : 929 mm) OME#LH
TE2LDOERWAI LI L HERARBROE
- T, BAEEIR 1 ecm/sec & L7z, BEA
Bs.Nb, B0 LB H#EDOERE TOBE
TE, RBORBRICETE, 15em & LT,

FlLwreE. HEEBARBRTIT. ROICHES
ek o EmO R RMAEICE y P U BB Lem
DEITHERBOEIN 15 cm I2ET 5 F CTHH#E

()



ZEAIR. ZOBICET AR RKONEZEHET S,
DT, CohixamAKMH#ER AN EMER,

3.3 HBREHIAERAKIAN
HAEOFRANEL 19 mm IZHABM LTS, g
MRS FICLAMHEOE AT RIS
KD . BAHBEBEANNKELIBANH 5,
CHOULLHERPHBRBEROBRMICRIZTEE
EVIRLTBIBIcE RBRERVELEBEL.
BB ELRET IHEND 5, RABROERD
ELUOBRUCREBEEOMY HizR_ET H2DH
—DEBIZOWT 30 HOMME ARREEKEL
Too Tl MME ARBOMRMAKIT. AT RDHH:
THEBREBIZERL ~

BT, O REUHNTFE2E2LE0
Boakaine $£ (4.1 Hi&R) 2 HWT., ko E%ZE
A1 ZODRBHSOWTEMR Ui, FHBhico20
T RBOFZY (5 1 BB O M E AR AR
) EH% (B30 E O MHEE AR AR E)
KA EEFHW Uz HRBER 32ICRT, HO
BEIIEREFS . MMIRAMABEEANTH D,
HFopahECTEMIZ. ThENEHKSME
23.0 %R 24.5 %DORALHIBT HEERTH
B, B, B/ RIS X RO o R M4 E
AJIDPV R THB, . BEBENAELENDIC
HBEDE.ABRFIZABROKDPENETIETFT TS
ZEICE, Fh  HEDOBRE LIZ XY BEEN

BYTHILILD HEENER Licicd &

£i5h3,
— 1000
7, Boakaine
8 800 |-
8 o °© o
& o
£ 600
g P L0005 0 o
é’ a0 b € M =230%
: W
O 200
B M =24.5%
2 ] | | 1 i

(=]

0 5 10 15 20 25 30
Exp. Number
B3z A#BAFTHEARESR
EHBAMEEA O OEBR EOBEITHT S
HBEOEBASGEEZK33ICRT, K33kh. &
AMHSEEA NI HEOBEAIIH T H2HM PO
BROKERNTFICLAHRICLY) KREHEER

©)

FTILEEDIHBEN. —BLUEKEL LB I EITEN
EEZAD, Lo T .HEBEOMHME ARNBREEL
RESEZ . BERH#EBEA IO B, B HIE
WEEREBEETNEBWES LS., U ELOKH
DHRE.RBEEL TR, BAHMEATDORE
fEER WD &IC L.

30

B ML 24.5%
251 C): MIE= 23.0 %
20
: | B
=]
[ L -
% 15
=
= 10
G —
£ 8 ¥ £ ¥
g 8 2§ 8
S 2324
¥ 8 = 8§

Range of Cone Penetrating Force
3.3 PLUFBRICHTHILBROERST

ABOBYELIMPBERET 5720, HHEEA
FHRABROERICE S . AREBEBZAKHBEE
ANOBEEOMGEERANI, EEZE 34T
T, Bt T, BARUTERIISENNMEE AN
DFME. MBRIET. YEEBRORBEDT~F %2 F
PR3 TS D3 bOBRIEME. Kigid, ¥EER
DHEDO2T— 7 2 FLEHT 7D LORIE
HTHB, TOELY., RBEOHIEWDBELES
ElOHET. ZEAPISEEANOREMEICIE. Fic
BAMHMEAND 200 N BEOESIZ. BFENR
EZRBEWNESEZL B, FDH., RBOiEHELE
Fiz3@izkELI,

et
(=]
[=
[=]

—— Minimum in 3 data

=m== M inimum in 5 data

800

600

400 |-
° e o%

M =245%
|

10 20 30
Exp. No.

3.4 BBREHLEBAMAERANDORIERE

200

Max. Cone Penetrating Force [ N ]

<
(=



RRRE B T SE T &

DEEE LB E. =y 7 IIVHLH BN ER YT
MBS HOTIE, HEEARRZT 3 EEEL.
mAMERANOFIEME ((REMMEH AT X
DABRHERENERSEL I LI,

4 REA#KBAHOISAFUT

4.1 #H

REMERBRANEZRET 5728, Gebe,
Pomalaa, Boakaine. Tontouta, Rio Tuba & ®
ABERAVWVTEREEBLUI, ESRNOERE
(FEESR) £RL41ICFRT,

WESHTERA4LIZFRT . T, NESWITE
AMEE 100mm ELEBEDHLDOTH S, I
BT BENTRE CEEOL Ml Rk R
BUABAEEASETHS,. ML, =7V
$:02 0.075 mm BLF . BI bRt b h 1
EELBOLIENGNS, FLHLD. 33HT
BRIz EEE A F AR THEM L7 Boakaine #
. REBNFERLBEHZLELEERL S,

F41 BHONEE  CH : ke/m?)

Ports of loading for nickel ore Solid density
Gebe 2.95 x 103
Tontouta 2.85 x 103
Rio Tuba 2.89 x 103
Pomalaa 2.92 x 103
Boakaine 2.79 x 103
100
—o— Gebe /

20 —#— Pomalaa M
§ 80| —— Boakaine L~ }/
%b 70| —&— Tontouta : « v
3 e
= go| = Rio Tuba /v/‘/ e 4
ol e
a 50 - & /a/
=]
S 40 §4(fj;
[ e/;:v/
g 30, v
2
2 20

10,

G . Lt ! Lol LLLL ! L LIl il Lol L L)

0.01 0.1 1 10 100

Grain Size [ mm ]
41 SHOHMEST

4.2 KD/BELEBNEREORER
4.2.1 K5 & & By B E D B
BAMEGTmm QMM E AT, ABloks

%38% F1H (ERI3%E) HR#Hs

EEEAT—HENRBREERTE I L2k,
HEHBIZOWTKDEELHEEEOBEERD
foo —HHMABROERUEEE42ITRT, B,
KAEEL= v IVEICHE T 5~ AR
REZHMERMARBRELB BT B L0
MENTWB o,

F4.2 —EHHHBRRM

AR FLERBLUERTEL S-08A

BEEA B LA AE LEN NSO
WEIZLD

S ik TR KIS

Syl h LEORRICES S h2EH

AR EFEH--E

A O R AR 6.7 mm

HEREOERE 60 mm

A OE S #1 30 mm

U] peddscy 1 mm/min.

LT A 9 mm

AROKSHEH S EBRE TG, B L
DOIFR A f W vio, kT, A2 HWEOHIZ
T aTNTHERATAEZEICLDERL.ZENE
NOEBRICEYAHEENE 5 HEEA5Z &2
FYHED ., TOB. HHAAKLEERTIOILE
LiciABlOEEE Rz,

BEHRPOKSEEEMBEOMFRER 1.2~K

7

1617 Y . HOBEMITAKSE. HEBTITHIR

B (HGEBR) RUKEN (& E SR)
Thbd, M. —HHEABREROFEMITONT
. & DASBEOI L,

0 0

32 34 36 38 40
Moisture Content { % ] (D < 6.7 mm )
4.2 KB & W5 E OB % — Gebe

- 1 50

'§ Gebe (ID <6.7 mm )

(2]

£ 0.8 x 40

S =

206 S - 30 2

£ Cobhesio =

2 o |
L

= 04 RTC. 20 2

&0 @)

=

202 10

8 &

@



®

1 50
Tonto\lta (D<6.7 mm )
0.8 3\ 40

\Cohe ion
R.TIC. )3\

e
(=)
W
(=]

&
(=)
Cohesion [ kPa ]

=
S
0

e
[
—_—
<

Resisting Tangential Coefficient

0 0
26 28 30 32 34
Moisture Content [ % ] (D < 6.7 mm )
4.3 K5 E & B9 1 3% £ D B #% — Tontouta

1 50

§ RioTuha(D<6.7mm

& 0.8— 40

8 \0\ (Cohesi g
ONEes10

RN ’\& E

£0.4 20 8

< V. =

(=]

Z" RT.C. 5 76\9 S

0.2 :\w e e | 1°

2

(5]

o

0 0
39 41 43 45 47
Moisture Content [ % ] (D < 6.7 mm )
4.4 KGE & B4 E OB — Rio Tuba

- %8 Pomalfa (D <J6.7 mm] 40

ié

T 06 30 —
[

© &

= -

5 0.4 20 §

g <

€02 A 10"

g o

& Resisting Tanggntial Copfficient

0 0
31 32 33 34 35
Moisture Content [ % ] (D < 6.7 mim)

4.5 K4 {E & HEREE OB {HE —Pomalaa

0.8

S
=]

Boakgine (Dl< 6.7 mrh)

@
0.6 Cohegsion

W
(=]

Sod-

Resisting Tangential Cpefficint

N
[l
Cohesion [ kPa ]

o
[N
o
(=4

Resisting Tangential Coefficient
[=]
o

0 0
25 26 27 28 29

Moisture Content [ % ] (D < 6.7 mm)
E 4.6 K5 {E & BEREE OB E — Boakaine

4.2.2 WHENMERET

KB EHRNEREOEFEERD B 720, —
EHWRBICLVBONA-HEBELZRAVWT. W
BhOBERET ® 21707, ZO@FIE, -8
TRCEBTHREOEEEBITITM-T2b DT,
Fellenius &N 5, #HEOFIEIZLL T D&
Uj

MERE) 2BEL, BB EOBYWEM
WEDOFMIZHh~THEIL, EERFON
OTHEZEBELT, BOKBREOHIEI K
VHEIEERD D,

‘ Heel angle

B 4.7 BN BIEREE

(2) BYORKEHRUOHEELFERICESE,
B SEABEBE A EFHET S,

(3) WM AHEBVBLECTHESL, HIlo¥E
ORLE, WbWwdHBYVE—A PER
DD,



RnfE B B SRR &

(4 BEHEHISAICETIRAEOE., Wb b
BRE—A L F2RkD 5,

(5) Z=L£E AL, ERE—ALVFLEBYVE—
AL PDOHERD B,

6) BARBIBEZEELTCOL~GIOHEL
T, BREEOR/NEERD D, Z O
BEEERARTE2R LTS,

(N BRLZEFBICESETHRILOBBRME L
ET D,

HEICAWE e S Lo ANAHERIX. B0

TR E (MIRRERECITEEN) RUARMH»

HE (S E2R), A LDOER (Ra—7

OB N E & RO HBO ), s E Lt T

D, MBEESRMEE LTI, B2 BEMNTEE

L. 20BEXANTE, HARBREEERV

TREZHISTBHED G (HIMOERR A DA

B) TH5,

FLDOEIRBEBEBEEMICHOVNTIE, Z0HE

EERWEES., BRES2FRL L CEAKICIT

1.5 BERICIT12%ETIIELELTVS,

ZOEH WELEEXPORHORFHANICE L T,

BEPOBEDIIH- T, BREELR 1.2 20

HEEL Lz ©®,

423 EMNRANORERURERESR

FHELEMEDOS LMEE L L Tix, BC Code ®
DOWHBVEE (E58) 23R T, 30 D
BHBENEBELLL, BYIXFREREY FgY
ENTWBEEREL, RAAVOFKELTIE, X
4.7TRUHE 11 B) KRT LI RBERELE,
IOXIRTFRY BT 1-EE. An—T7DIRIL,
MOEENP LNy FOLEEZF W EREICAR
BIERBEEINS, v X LHEOEXICIIHE
EEBE_H PV B~UT P EROESEARAMMNHA
WHNAZEEEBL . An—70DBERETS
7D, ZD7FADMOBREO Ny FORIZTON
THBEICHEBELEZEEREZ R 4.3 1277, BB
Tl2g—7E] LHHDE., BIEL Ny FIED
EOESDOETHD, TORRICESX, Ru—
TOBELTIE Tm, BYO A VIEEOFEHE
DIEELTIZT 13 m ZHBEL,

4.3 E5BAMOMERU/NY FIB

AR Ny FHE [ A v —7F

DWT 40,000 28.8 m 15.5 m 6.65 m
ton & 29.6 m 17.0 m 6.30 m
31.0m 13.6 m 8.70 m

DWT 20,000 25.0 m 11.5m 6.75 m
ton #& 22.8 m 9.0 m 6.90 m

BWARANDAR—FIZHIICOWTIL, BE

£38% $F1F  (FHI3E) HRHE

OERBRERE O RO v 7 VRISE T HIR
L TWnWkEniEgicES3iiE, 3~5 m &
EFRETRETHHRLEZLONZED . 5m & L
7=

4.2.4 KFED—RISAFTUT
ERBHZOWT, IS -3 WisE, b,
E 4.2~4.6 777 DE%EHAVT, 4.2.3 i Tk
RIEEFHETIRBWTHANORBEBENT 21T - 72,
OB, BHORMIFEEL. —EBHKAREO
RABOEEZHEL, K44 ZFTHEEAVE,

44 BEEVEITEE

9

Ports of loading for nickel ore | Density [ kg/m3 )
Gebe 1.69 x 103
Tontouta 1.78 x 103
Rio Tuba 1.55 x 103
Pomalaa 1.75 x 103
Boakaine 1.83 x 103

THRNEEFOKBREK 4.8~4.12 12577, X
BV TEREEE .20 T 2 K5 E & BT
TAHZEIZED, KFEO—KRZFTA4FT VT, B
H, BRPE 6.7mm OREHNIR T SHWHANGER
TR HBIZKFED LRERDD LN TE D,
KOBEO—KIZ AT VT 2R ASICTT,

2
\\ GebL (D<6.7mm)

w 1.6 \ ;
s
g \
S 1.2 AN
=08 —
d .
% Density = 1,690 kg/m® | ™\
“ 04

32 38 40

Moisture Content [ % ] (D <6.7 mm )
4.8 KAMEELBRAZTLEDER —Gebe

)



10

TN\
{ontou a(D<67mm)

N\

N

st
[=))

o
[\

AN

Density = 1,78( kgrrﬁ\\
Slope Width =1 m
Slope Height = $ m
Heel Angle = 30/ deg.
26 28 30 32 34

Moisture Content [ % ] (D < 6.7 mm )
4.9 KB LERREEDBR — Tontouta

Critical Safety Factor
=
[=.2]

o
'’

2
\Rio'Tuba (D <6.7mm)
AN

N

N

=
=

=
[®)

N

Density = 1,550 kgm® | >
Slope Width =7 m
Slope Height =5 m
Heel Angle = 3(|) deg,
%9 41 43 45 47
Moisture Content [ % ] (D < 6.7 mm )
B4.10 KAELERARLEDBEFE — Rio Tuba

2

e
%

Critical Safety Factor

S
N

Pnlmalaa (ID <6.7 mm)
AN

\

N

Density = 1,750 kg/m®
Slope Width=Tm
Slope Height = pm
Heel Angle = 3Q deg,
28 30 32 34 36

Moisture Content [ % ] (D <6.7 mm )
411 kB ELERRLEDHER —Pomalaa

g
=2

Jr—
N

e
o0

Critical Safety Factor
7

S
'S

(10)

BoaLaine (P<6.7 an)
AN

N
N

Density = 1,83(Q kg/m®
Slope Width = Tm
Slope Height =5 m
Heel Apgle = 30 deg.
22 24 26 28 30

Moisture Content [ % ] (D < 6.7 mm )
412 KFELBHEREZLEDORMR — Boakaine

#4.6 KOBEO—RISATIT

-
=)

[on—y
[\

e
%

Critical Safety Factor

<
'S

Ports of loading Primary criteria of moisture
for nickel ore content (D < 6.7 mm ) [ %]
Gebe 35.7
Tontouta 29.6
Rio Tuba 42.7
Pomalaa 33.4
Boakaine 26.8

4.3 kKHEDBRHE
REMBRBANOIFATVTERDSLICD
. KFED—RI FAT VTR, Z v T IV
FRhGEEREFOHAREARB. b, RRANE
19 mm ORBOKFEIZHRET HHNERD S,
S NVERE - TRABREBTIE. KA
FRBOARSTHTFHOBMBMEBSIZEETEN
TWBEEZLND, 25 LICREBTIIR., BFI
GHBEBYODKFPEFTATNBEEEZELI SN S,
2T, ME6Tmm~19mm OR 7%, EIHA
KIZB LB N FOERDKER > TKkaEL
Sl L7zo COKRGER. 23 LI+ NEHE
LHEROKSEERLTTIENTE S,
TOERBRICLIDEBEONKSEE . EEKREIC
BUABABEEESELAVAEILILID EKX
BE6.Tmm OREOKSEIRZ. ROFITKY R
KR 19 mm OB OKSBEICRETE S,
r_p-ME+(1-p) Mt - M- ME
M Ml —a-py M @

ZZT

ME: BARE 19 mm OFHB DKSGE ;

ME: B 6.7 mm~19 mm ORAF DR ARKS
&

ME: BARNEGCTmm ORBDOKGE ;

p:  BEAHEI1I9mm OREPFICEENS 6.7



R e B i JERT R &

mm P T ORLF ORI EBIZ B 588

B3k F1E  (ERIE) ESE

® 46 KSEREBR

o 4 nEE - S 4o 1 ‘ g1 88|28
7585\ kA EIRB T BT BT B HFJE D BT DU e 2122|355
Tik, fHECEBEINALL, S1Elg|&|E
KRGEDOBRAERER 46 I1IR T, EOTEM, SEERSSE
BAKE 19 mm OFHMIZET BAEDRR.
B, FEARRKETH B . (D<6.7mminD<19 |[90.8]87.6|84.3|88.7|81.7
mm, Dry) [%]
6.7~19 mm $F DEK
44 REFAEEAADISAFUTF m%fﬁ(%u%%) Lonp|187]166 (247|152 { 147
KA EERBMAEEANORRERD 5720, KSED—KD 545
BAKEE 19 mm ICTHE L3R OkSHE 22 yrD<6Tmm[%] | | 20|47 [334|268
AT BIKGEDRFPUZIDOWT = w & VLT A T RAUR R B
AUfE B8 B BB 42 25 % 3 1 D P AL B (D <19 mm) [ % ] 34.412821405131.7124.8
BaekRl. AEMEIEAN, Bb, BRAMER .
ANORIEEERDI, #HREK L13IZRT,
800 -
ool : FHANE
_ : TARALRR SR
Z 600 - Ko E
R 500 |-
&400 -
e Tontouta
. g
D
%200 i ) Pom:aa\‘\. RERFT 0\‘
100 |- Boakaine Gebe Rio Tuba
0 ! I | ! l 1 ] | ! I I | ! ] | | 1 [} ] I |
22 24 26 28 30 32 34 36 38 40 42 44

KE[%](D<19mm)
413 KHBELREARBAHOBE

B OB AR E 19 mm ABOKMETH D .

WEIIREMNMEEANTH 5, AP O BN
EERLU.7 273 KkSEEREMN#BEANOY
BAERT S, AL WHARRKSERTZ
NICHETH2REAMEEANERT, A, Ak
EROBMIIHWTE. & DAESHININ,
EHRBOWMBNIBIRAKSEIZHIET 5 R EMH
BANEELTIZRT,

RATERNEBRKSEIC

WiETHREMAMEAN
o [ S @
o | 51 2| = 5
BBt AR AN I
ElElS| A
TR RASE [%]]34.4]28.2|140.5131.7|24.8
rEmMEEASH [N] |195] 190|285 ] 290 | 250

Z T f AR R S E S ST A e
BEANDELDEIIDVWTHEET S,

A48 KDTEDO—KRI AT )T (BRI
F6.7mm) ICHIET B BT IRTIR BT E N

ERULICDDTH S, b, HHENEERT O
B.BAEZL2BEN12LELIEHNBEEATR L2
DTH 5B,

£4.8 KBBEO—XRI54FUTIC

XY B TR E

= T = % g
R gl 3| 5| =] 3
12| E|ZE| 2
Sl 58| 2] &
S = I
KO- 47 |, e N _
35.7129.6142.7]33.4]26.8

07 [%] 3] > {
BWTEHURE (cang)  |0.39]0.39]0.26]0.56]0.54
Y& (o) [kPa] 23.5]24.5|28.5[16.5]17.5

FZED. HEIHEGEH tang RUOHE N c O &
Hid. tang=0.56, ¢c=16.5 kPa /3% tang=0.26,
c=285kPa DENHBEIENGMB. —FH. B
HORMIOEEIE. 1,650 (Rio Tuba)~1,830
(Boakaine) kg/m* OFTH 0 . 55 Wik {e B2
WEHEEELT, ROTHBEEDERITNME N,

11

EWORITEEE 1,700 kg/m® & L., 4.3.2

(141)



12

HTRRIEDANOBERERVCEERBED
ZHETT. BRESR 1.2 1CHIET 5 BRI E
HEMENERDDE H 114 BB ONE, B
DR EIS T WP R S (BERHD. Bt
HTHB. 77 70EER 1,700 kg/m3 & Lz H
EOBRELEHE2ICHIET BB M IEHT RS &4

ENOHEE, BARBERZEE 12105 T 5

BB OMWIRIBH ENEET (£ 4.8 R,
AptE ERICR U8B AR e 1210
ETAREMRBEEANTH S, BT, BREEHE
L2 IS d 5 NERMHEFE AL, HE AR
EHMBENOMERICIVERZ I LxRRLT
Wa,

40 - -
Density 5 1,700 kgfm
35 Critical Safty FPacigr= 1.2
3
530 e
E‘ 25 Rio Tuba Tontouta 190 N
2 UI28S N
é Gebe 195 3oakaine
‘8 20 250N
Slope Wiidth = 7 ny \Q.\
15| STope HYighr="5 o " Pomdlaa 200 N|
Hecl Angle = 30 da{g.

18.2 0.3 04 0.5 0.6
Friction Coefficient
Bl4.14 BRBRSEI121CWHET IHEEE
IO ENS HRANBRKSGEICHIGT 5 M0E
HEEANSGRABHI XV EL IO MHENIIZHE
BIB=ZO0WHEME. Nb. ROTEE. WE.
BT EMGHAE . REAKBALE NS —D DN
SA =S TRESHILIIEDOBRIZHZ EEZ
‘5 ﬂ % o
REMBEAHICESCWHLEHBRTBEHED
RBABRUCXRFRIZBWTHBRLTWE W w Ay
NEBSZHZEEBERTHLE. TRRICEDES
NARERLEEANNIDISA TV TERAL
NERETHHIEVWIHEBRETHDOEFFYT
7S, ZD I = 7 IVZET AR A 57 5Bk
DB TR E W8 (FAN OB
NHLIDIMBAICBEHITEDEHNT S Z
E1ELHEDILHDONEHMBA IO 54
FVTEBLTICEDSE, Ze2RhGEERAET
ICEREEND T, 300N & L7,

5 #E

AFFICLD FTHABBRECE SO ST OH
HEEZICHEHIB Oy VEEEHTHIHD
= T OLELTE R R R BRI AR A B R L A
ZOHBEEFERL. REMNHER A A 300 N

(12)

KGTHNE 2O v F VI ROORBBEME
WP B, FHLHEZBUBMVWRD, hES
IZBEMNWEER D,
CORBIEORFBICL D LRI RTEETH -
IHERBIIB Y5 EWOHE RO MmN
BEICIT ol 2D &L . BHBIZ= »wHIVE
OREEBENERIND DOTIHEON, AR
BEEELSERIIAELHFETELDEER B,
EPREB . YFEAFRBEERENRES EOLRB
RELTEBELIZLDTH B, BAHERERS
KB aH%IE. BXAMBOXEAHB T, IMO
HICEBLOEBERIZESEERI N KDL
WO—EEE Rl EHREHSEAETRFANE
Wi U7z, BB 5 RR AT ER AR
OFEICEL T, BFREERS. FREBHL
st K EESBHASH. K&t A Rl
MR UCBEABRSLERKSHICITHI VR
Wiz, Filo, HEEGHHURBEK (4 12,
BWERABICBUIEBRICIH I E0 i )
BREDOT o TIOHEEIZE LTI M= 5
REET TERRTLHEMIBE NERICIH
Hniziinic, BERBBEREHS IMO JIGEER
SHHEEMEEGRE. BREEBS. K FES
Bk st. BrAsigmkstt. B ARBELTE
B . BAMBARUCEFESMICHEELET 5,

sEYH

(1) HEXEFHEHS: WEHREOESED
DEZEBERICHET LR -HBEMES .
2000 3 H

(2) 8.0ta, et al : "Study on Prevention of
Sliding Failure of Nickel Ore in Bulk",
B 2% & in S MU 186 5 pp301 - 307,
2000 .

3) International Maritime Organization :
Code of Safe Practice for Solid Bulk

© Cargoes, 1998 Edition, 1998

(4) S.0ta & T.Ura : "Determination of Upper
Bound of Moisture Content of Nickel Ore
in Bulk". Association of
Institute of Navigation 1994
("Navigation" Vol.123 1995. [ X #iig%¥
£)

(5) IMO document, Annex 2 of BC 33/3/2,
1994, "Upper Bound of Moisture Content
Nickel Ore Shear
Strength”, Submitted by Japan

International

Based on Static

(6) IMO document, RBC 32/3/16, 1993,
"Precautions for Cargoes (lontaining
Fine Particles such as Nickel Ore",



AR BT JE TR

Submitted by Japan

(M KEf: T=w I oHAIELDRSE
AP B AR ESRICES 87 5. 1992

8 KEM: TEoEWAEMOWRVYAFS
A DOWR I BFMIBEEMLHEE 83 5.
1990

9 BFRBEEHREWHS IMOWIEERL. (BB
WO LEEICETSIENE) Filo g
B#HE#E. MAR. 1998

FHBA T VHERNERE
EERBET =TI

Test procedure for evaluating danger of
sliding failure of mickel ore

1 Scope

When nickel ore contains much moisture, its shear
strength becomes low and piles of nickel ore formed
in cargo holds of bulk carriers may slide. To prevent
sliding failure, nickel ore containing much moisture
should not be accepted for shipment. The shear
strengih of nickel ore can be evaluated by this test
procedure in view of the danger of sliding failure.

If a shipper or a master of the ship have doubts that
the sliding failure of nickel ore may take place during
the voyage, if is recommended to apply this test
procedure to the cargo, prior to shipment.

For the evaluation, it is assumed that the cargo pile
is trimmed as level as practicable. The assumed
width and height of remaining slopes of the cargo pile
after trimming at each side are 7 m and 4 m,
respectively.  The assumed rolling condition is
static heel at 30 degrees.

This test procedure should not be applied to solid
bulk cargoes other than nickel ore.

2 Terminology
For the purpose of explanation of the test procedure,
the following terms are used with the following
meanings:’
.1 Original sample means a sample of nickel ore
without sieving;

o

Sieved sample means a sample obtained by

sieving of which the maximum diameter is 19

mm; ‘

.3 Sampfe means original sample and sieved
sample;

4 Specimen means a sieved sample filled and

tamped in the mould and leveled off along the

brim of the mould without collar;

.5 Sieve is the sieve described in paragraph 3.2;

.6 Mould is the mould described in paragraph 3.3:

.7 Collar is the removable extension piece of the
mould;

-8 Cylinder is the cylindrical part of the mould
other than the collar;

.9 Bottom plate is the bottom plate of the mould;

.10 Compaction hammer is the tool for compaction
descried in paragraph 3.4;

.11 Hammer is the part of compaction hammer;

12 Straight edge is a flat bar for leveling off the
sample piled up above the brim of the mould in
order to control the volume of specimen;

13 Sample removing apparatus is the apparatus
for removing the sieved sample in the mould
descried in paragraph 3.5;

.14 Cone-penetrometer is the apparatus descried in
paragraph 3.6; .

.15 Cone is the part of the cone-penetrometer;

.16 Penetration depth is the depth from the brim of
the mould without collar to the tip of the cone,
during penetration of the cone into the
specimen;

.17 Cone penetration test is the test described in
paragraph 4.5.2;

.18 Cone penetrating force is the force required to
penetrate the cone into the specimen during the
cone penetration test;

.19 Maximum cone penetrating force is the
maximum value of cone penetrating force
obtained by single cone penetration test; and

.20 Representative cone penetrating force means
the lowest value of the three figures of the
maximum cone penetrating force, which are
obtained through cone penetration tests of
three times for a sieved sample.

3 Apparatus
The following apparatus and tools are used in the
test:
.1 Containers of suvitable size for temporary
storage of sample and for sieving (see photo 1);

to

A sieve having mesh size of 19 mm (see photo
2) and rubber gloves; '

.3 A cylindrical iron mould of which the inner
diameter and the capacity are 150 mm and -
4,000 cm?, respectively, with a removable
extension piece, and a straight edge for the
mould (see photo 3 and 4);

(13)
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.4 A compaction hammer specified by JIS-A1210
of which the mass of hammer and height of drop
are 4.5 kg and 0.45 m, respectively (see photo
5)

.5 An apparatus for removing the sieved sample
from the cylinder of the mould (see photo 6);
and

.6 A cone-penetrometer of which the maximum
measurable load is not less than 500 N with the
cone of which the base area is 6.45 cm® (see
photo 7).

For convenience, it is recommended to have a scoop
for inserting the sample into the mould and suitable
cleaning tools for the apparatus (see photo 8). It is
preferable that the cone-penetrometer is able to
indicate the maximum load during the penetration of
the cone into specimen. The test can be conducted
without a weighing instrument. It is, however,
recommended to prepare a weighing instrument of
which the maximum measurable weight is more than
150 N, in order to check the quantity of the sample.

s

2 SR
Photo 2 Sicve (mesh size 19 mm) and
rubber gloves

(14)

Photo 6 Sample rcmovig parats

Photo § Compaction hammer
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Phote 7 Cone-peetromter

Photo 8 Scoop and cleaning teols
(scoops, brush, seraper, paper towels)

4 Test procedure
4.1  Precautions for the test

During the test, care should be taken to prevent
unnecessary change of moisture contents of sample,
Especially, the following precautions should be
considered:

.1 The test should be conducted in a sheliered
place away from direct sun shine or rain;

.2 All apparatus and tools contacting sample
should be kept as clean and dry as practicable;
and

.3 All procedures should be conducted as quickly
as possible.

Great care should be paid while taking the original

sample from cargo to be tested.

4.2 Outline of the test procedure
The test procedure consists of the following steps:

Step 0 :  Preparation of apparatus and tools;

Step1: Preparation of original sample and
sieving;

Step 2: Measurement  of maximum  cone
penetrating force; and

Step 3: Judgment.

#3E WIF  (PHRI3E) HRSE

Step 2 consists of the following steps which are
repeated three times.

Step 2.1 : Forming specimen in the mould using
sieved sample by tamping;
Cone penetration test for the specimen
formed by step 2.1; and
Step 2.3 : Removal of sieved sample from the

mould.

Step 2.2

4.3  Preparation of the test (Step 0)
The following procedures should be carried out
prior to conduction of the test:
(1) Check the method for using the sample
removing apparatus by using the empty mould;
(2) Become skilled in dismantling and assembling
the mould; and
(3) Check the method for using the compaction
hammer.
Prior to the conduction of the test, all relevant
apparatus and tools should be ready for use. The
cone-penetrometer should be assembled.

4.4 Preparation of original sample and sieving
(Step 1)

4.4.1 Preparation of original sample

Original sample is prepared in a container. The
quantity of original sample required for the test will
vary depending on size distribution.
sample should be
prepared to obtain more than 8 kg of sieved sample.
After removing large lumps such as a head of infant

from original sample, 15 kg is enough, in general.

the grain

Enough quantity of original

4.4.2 Sieving (see photo 9)

The sieve is prepared at the top of stacked
containers and rubber gloves are put on hands. The
container including original sample should not be
stacked. The original sample is put on the sieve and
sieved sample is stored in the container by being
passed through the sieve manually.

When much fine particles remain on the sieve, the
moisture content of sieved sample become lower.
During sieving, therefore, particles [iner than the
mesh size remaining on the sieve should be as little as

. practical, not to decrease the moisture content of the

sieved sample.
The quantity of sieved sample stored in the
container should be more than & kg.

(15)
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Photo 9 Sieving

4.5  Measurement of maximum cone penetrating
force (Step 2)
The procedures described in this paragraph are
repeated three times for a sieved sample.

4.5.1 Forming specimen in the mould (Step 2.1)
Prior to cone penetration test, the specimen is
formed in the mould by the following sub-steps:
.1 The mould is assembled by connecting the
bottom plate, the cylinder and the collar,
properly (see photo 4);

to

The sieved sample is filled and tamped in the
mould being divided into five layers.
Approximately one fifth of the whole sieved
sample to be filled in the mould is inserted into
the mould and the tamped

uniformly over the surface of the increment.

increment is

Tamping is executed by dropping the hammer
60 rimes through the guide, 0.45 m each time,
for each increment (see photo 10), The
dropping height, 0.45 m, is achieved by pulling
up the handle of hammer to the end of the guide
and releasing the handle while the bottom of
the guide is put on the surface of the sieved
sample. The performance is repeated for all
five layers, respectively; and
.3 When the last layer has been tamped, insert a
suitable flat bar or the straight edge between
the sieved sample and the collar of the mould
and move the flat bar along inside the collar, to
separate the sieved sample from the collar.
After separating the sieved sample from the
collar, the collar is removed (see photo 11).
Then the sieved sample is leveled off along the

(16)

brim of the mould using the siraight edge (see
photo 12), to adjust the volume of specimen.
Removed sieved sample is put back in the
container for the sieved sample.

The quantity of each increment, that is the sieved
sample for each layer, is around 1.6 kg. To control
the total amount of sieved sample inserted in the
mould, it is recommended o fill the sieved sample
along the brim of collar by pushing the sieved sample
manually without tamping, at the insertion of the
sieved sample for thé last (5th) layer.

Photo 11 Removal of the collar of the mould

Photo 12 Lng ff the samble

4.5.2 Cone penetration test (Step 2.2)

Two persons are needed for cone penetration test.
One person (the tester) penetrales the cone into the
specimen and the observes the

other person

peneiration depth and notice the penetration depth to
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the tester. The maximum cone penetrating force is
measured by the following sub-steps.

.1 The tip of the cone is set on the surface of the
specimen approximately at the center;

.2 The cone is penetrated into the specimen
vertically at the speed of 1 cm per second until
the penetration depth reaches to 15 cm (see
photo 13); and

.3 The maximum cone penetrating force during
the operation of the cone-penetrometer is read
and recorded.

In order to control the speed of penetration as

accurate as practical, it is recommended to count the

seconds from "one" to "fifteen” during the penetration.

It is also recommended to fix the arms to the body and
push the cone-penetrometer by utilizing the weight of
the tester, during the penetration, in order to reduce
the fluctuation of speed of penetration.

When the cone-penetromefer .does not have the
function for indicating the maximum conc penctrating
force, the tester should observe cone penetrating
force continuously and read the maximum value.

Phoho 13 Cone penctration test

4.5.3 Removal of sicved sample from the mould
(Step 2.3)

After the cone penetration test, the sieved sample
forming specimen is put back in the container for
sieved sample and the apparatus are clcaned by the
following sub-steps:

.1 The mould with specimen is dismantled into

two parts, that are the cylinder and the bottom
plate;

o

The sieved sample in the cylinder is removed
by using the sample removing apparatus (see
photo 14) and put back in the container;

.3 The residual sieved sample on the bottom plate
is also put back in the container; and

.4 The cone and rod of the cone-penetrometer and
all parts of the mould are clecaned and water on
them is wiped.

The sieved sample removed from the mould can be
used for the repeated test procedures in step 2 after
divided into small lamps and mixed with the other
sieved samples.

Photo 14 Renoving the samlpe from the mould

5 Judgment (Step 3)

After the maximum cone penetrating forces are
measured three times for a sieved sample, the
minimum value of the three lowest cone penetrating
forces is selected as the representlative cone
penetrating force.

In the case that the representative cone penetrating
force is less than 300 N, that is 30.6 kgf, it is judged
that the shear strength of the original sample is not
enough to prevent sliding failure during voyage.

The shortage of shear strength of original sample
means that the original sample contains too much
moisture to be accepted for loading. In other words,
the shortage of shear strength of original sample
means that sliding failure of the cargo pile may take
place during voyage when moisture content of a
certain proportion of the cargo is equal to or more
than the moisture content of the original sample.

@B HOSTOVLEXICEATIRE - B

1 BE - RETOWME
MhybDZy FEED A VIZE - THE
BARBAEERT AL ALV EkE—
SORBELTHBALOGKEYEZEMTENE.
KEOEWARBELTHWSEZ LR B9,
REXBROMEOMBEA R M TE 5 a[EENDH
B =~ = v & JUSLTT i AL E I 1 A A A BR R (3
WMESHEOMDEAOHIRICL ST ICEHT
ERTNAER SR, XoT, Z v H VDN A
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WV BT O M HE A S T AN E R
BEULTHATEAENI.EHTDOM#EE A
RBRICIVBONABEAHBEBEA DT 7 %
BB &tk PE, KEMNBEEA
JEBYICEETAZEICLDEBICE SN
REMFEEANDOI/ SATITERETE DD
BEDICEBEEZLSD, €D, Pomalaa $E R
Of Boakaine $£IZ DWW T, = v 7 IVEL OB FH & H
BT.H M OBRBEABEL. TOKGEEZ R
Lo 8B A IV LT ELUHEE AR
ZEBU.EMONNA N ETOFRMAR A EDOH
ZOUEEEICOWTHE - BE L.

EXAOICR.BAHONM N ETORMEE AR
HRICESE . NEBEREENAKFED LB ICH
T3 RMAEEANOREMELRD . HBICX
BRI FIATITHRRETELINENERE
THEHRO, LAL. BHERABTORBICH LY
TFHEMRIN I Boakaine FLD N O 7k 54
Ehhofolcdh KRG ED ERBICHIET 5 HEEE A
ABEEEFEON NI T, TDIcD .. B %S
BICEWTHRAMNEL 19 mm ISR UHA %
ER L. FHEE2AWTICHAB LI UTHEAKE
R UMHSEEARREERLUCERE.BGOS
EZFHLTICABONANETERL-HEEG A
ABROBBICESEZ BT OLEMA MM L
oo TR HBIZL O, BV T ETHAN
BELITEEORAHNHMEEANONEED
BRNRERLLZZENGTND, %ﬁ”b‘ﬁ‘)‘?ﬁ‘%%@&#ﬂ
HiLicoT, UTI#ET 5,

—Hh- Tﬁﬁﬁ’“ﬁ%hiabjéuiﬁﬁﬁ@f:kb%*?ﬁﬁ
M LR . EVetkoEERESE S
HOEBOHE FHEIZO>VTIHE D ARUH
RIADPZDHREETHI LN G -T2 %
DizH. AEH L OMBE . R L= v 7 IVEL
WHHLEREFMAREOMMBEERITS> DT
BENEEZSNS,

2 BLNSTEFTLTOVAHEARBRER

b & LT Pomalaa 8 & T Boakaine 8%
Aunde, BBONZESHEFICONTE. £ 4.1
fizsRaIhicn, EHRTE. A3 P OB
AEL.RTICEANZZ 100 mm & U TKSHE
ZEHET A EE b, EB OB EETEEA~D
MKEEZEE L. T/, REICOKSMEZEHL
720 Pomalaa 8% % O Boakaine $E DA E & BT
kS EEEBLIRPEB2IZRT, BIZHNT,
KETRULBFGENME. B4 TR ULEFR
HEETH 5,
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% B.1 Pomalaa SO EBBERBRUASE

(D < 100 mm)
=t fok | BRER R KoE (%]
B8 BER | BER |E5
[kgf] | [kgf] | [kgf] *1 | *2 |y
3426.29 28.3| 25.9| 28.6
3400, 74 24.556 1] 28.3| 289 28.6
3379.85 20.89 1] 28.3] 28.9| 28.6)
3395.28] 15.43 28.6) 28.2] 28.9
3410.20] 14.92 28.9) 29.6) 28.2
3385.56 24.64 21 28.9| 29.6| 29.2
3365.62 19.94 2| 28.9] 29.6| 29.2
3380.24| 14.62 29.2| 29.9] 29.6
35394,97] 14.73 29.6| 30.2] 29.9
3375.87 19.10 3| 29.6] 30.2) 29.9
35359.95 15.92 3| 29.6] 30.2}) 29.9
3374.67 14.72 29.91 30.5{ 30.2
3389.99| 15.32 30.2| 30.8) 30.5
3369.67 20.42 41 30.2] 30.8] 30.5
3348.60 20.97 41 30.2| 30.8] 30.5
33653.46| 14.86 30.5) 31.1] 30.8
3378.568) 15.12 30.8) 31.4) 31.1
3356.86 21.72 5| 30.8) 21.4) 31.1
3338.00 18.86 5| 20.8| 31.4] 31.1
3362.76] 14.76 311 31.7| 31.4
3367.61] 14.76 31.4) 32.01 31.7
5 B.2 Boakaine O BB EBR UK A E
" (D < 100 mm)
#HEE | ok | BE | ERE| koE [%]
B a8 | EE | &5
[kgl | [ke) | [kgl *1 | *2 |FHy
3236.11 2221 22.9| 22.6
3214.67 21.44 1| 22.2) 22.9| 22.6
3192.52 22.16 1] 22.2) 22.9] 22.6
3205.47| 10.956 22.5| 23.2) 22.9
3208.31 5.84 22.6| 23.3] 23.0
3186.82 22.49 2| 22.6) 23.3] 23.0
2165.98 20.84 21 22.6] 23.3| 23.0
3176.25) 10.27 22.9| 23.6) 23.2
3182.46 6.21 258.0) 23.7] 23.4
3160.40 22.06 31 23.0| 23.7) 23.4
3138.77 21.63 3| 23.01 23.7| 23.4
3148.61 9.84 23.3| 24.0| 23.6
3156.11 7.50 28.5| 24.2| 23.8
3135.92 20.19 4| 23.5) 24.2| 23.8
3116.02 19.90 41 25.5] 24.2} 23.8
*1: MEE ARBENCEE L KSEROZCE
SNTEHE LKA E
* B ARBRBICEHA LI ASEROENICE
SOTEE LAk E
UT.RqABOKSGEE. ZOEDOHIIR LIZF
BRSGETRESEEILELET S,

HwNFTETLTIEABO N NVIZE->TH
HEIE AR AR L. M ARBICH T AH
HMEABRERCESE.Z w7 IVEEMBN AR



e B SERTHR &

FMARELRAMUTHS . ABICBVWTHERALL

% B.4 Boakasine QZPJ&&EA%KE&%%

HEBOMEEANONEEHIAD 50 kegf TH » 7 HEES 1 2 3 4
T HEE AN 0kgf B Z 72 H Dl over" Kar 22.6 | 23.0 | 234 | 238
ELTESEU L EHAROBIZIE Y a NILE 55 BARAEEAN [ kel
L BMEDETOY . MBEEARRE RIET 5 ; 179 1 157 | 112 | 86
) g g K 2 2.4 .
BTy B8 10 kg, JEHOEE 10 om O = a8 182 g Ll 1 99
%@IIJ%‘ (fE:}:“'ﬁ'%) %E‘]"‘ﬂﬂ}.ﬁ(:fgéﬁ@ 30 cm 4 ;1.2 181 1;}.6 117
NO10MEEFEELTIEICIDMBEHELEEL I, 5 214 [ 186 | 148 | 11.9
M ARRIZ. FHBEKSEIZ20T 30 @ 6 238 | 210 | 163 | 124
ELi, ABREE*EB3IRUEBAIZTET, 7 ‘43? 219 | 17.1 | 124
FUSR L RAEERAN NS 0ES 2SI S 218 2] L ITL L 138
S ) 9 252 | 221 | 174 | 155
RENRFZEDTHE, 10 257 | 221 | 176 | 157
BERUeT—0REFEELTR.E/NEE 11 262 | 231 | 19.0 | 183
AWBHFERTNSWEDT —F OFBMH %A 12 264 | 233 | 221 | 188
WBHFENREZ OGNS, 30 F—=5D 5B, &/ 13 286 | 23.6 | 26.2 | 205
BRUNECHEDS 3(&F =5 D 1/10). 6 (1/5). T Y R T
10(1131\ 15(1/2)7T — 5 OFBEe£ BS RUE 16 3211 260 | 120 1 219
B.6IZRT 17 33.3 | 281 | over | 221
% B.3 Pomalaa i EARBRER 18 :}3’? i%l.() over :2'21
SRR T > 3 7 = 19 36.2 | 35.0 | over | 24.3
B = : : 20 37.9 35.0 { over 27.9
7}(%’1@ 286129212991 3051 31.1 21 38.1 36.92 over 29.6
&5 BAMEMEEAN [kef] 29 39.8 | 41.9 | over | 345
1 333 ] 243214174 16.0 23 41.7 | 44.0 | over | 405
2 34.0 [ 26.7 1 22.1 | 188 ] 16.2 24 45.2 | 17.6 | over | 48.1
3 3571293243219} 17.4 25 | over over over over
4 36.7 1307 | 24312241179 26 over over over over
5 379 | 314125712331 18.1 27 over over over over
6 381131912621 2431| 18.3 28 over over over over
7 405 1329|2741 245 | 18.6 29 over over over over
8 4051 33.1 | 28611 25.7]18.8 30 over over over over
9 1.2 3382882577200 .
10 412 | 852 | 29.0 | 26.0 | 205 RB5 RARMAADORRME - Domalan
F B BY; Y v DL ke
11 4261362 | 800 | 26,2 | 20.5 HTE 1% ] 12861292 ] 2901 305 ] 81.1
12 43.1 [ 36.4[31.9]26.7 [ 207 N O :
- e — Minimum 333 1243]121.41174116.0
13 452 [ 374329279212 3730 dato 1315 268 o2 6 T 191165
14 .71 565 1330 L2806 | 212 9 [76/30 data | 86.0 | 29.1 | 24.0 | 204 | 17.3
15 464 1893 L334 1266 | 914 16 | 10730 data | 37.9 | 30.9 | 258 | 23.0 | 182
16 46.7 | 405 | 35.2 | 29.8 | 22.6 15/30 data | 40.1 | 33.2 | 27.9 | 24.6 | 19.1
17 471 14121 386 [ 2908 [ 233
18 47.1 [ 42.4 | 45.7 ] 30.5 | 24.0 £ B.6 RAAHBEANDARIE - Boakaine
19 17.9 [42.9 [ 17.6 [ 305 | 25.0 _ __ CBUT : kgf)
20 195 | 42.9 | 47.6 | 31.4 | 271 KAME [%] | 226] 230] 234] 238
21 over | 43.8 1 48.3 1 3291 29.3 , Mmimum 179 15.7 11.2 i 8.6
99 over | 45.2 | over | 32.9 | 293 :g 3/:‘30 data })9.2 19.2 122 9.3
23 over | 45.7 | over | 33.3 | 36.2 6/30data | 207 )| 17.7] 136 10.7
- : - —= & [10/30 data | 22.3 | 195 | 15.1 | 12.1
24 over | 47.-4 | over | 39.0 | 38.6 15730 dat 519 508 183 117
25 over | 48.1 | over | 40.5 | 48.8 LA UL - 2 . -
26 over | over | over | over | over ) o
27 over | over | over | over | over 3 BAHNETI9mm CBREL-A#BAR
28 over | over | over | over | over BB
?.9 over | over | over | over | over BHERBICEYIRRICH VLTI ZOHT
30 over | over | over | over | over R AEME L. BAKEN 19 am EAB LD IS

HOSTETVLFEREAVTICHAMZEDS I -
ElC XD REERRL . MR AMBE KB L
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foo HBHE. ZEBA1RUEB20O F#BES ] i<
RUERBIEBOTHE L HNAHT L b0
BRWC, KAFUDHREER BTILRT,

#B.7 BAHIE19 mm RE 0Kk E

Pomalaa Boakaine
HEBET PROE [%])] AEES [KHE [%)
1 31.4 1. 26.5
2 31.2 2 27.0
3 32.1 3 27.4
4 32.3 4 27.6

5 32.7 ,

Mg ARBRIT. —DOM/REIZH>NT 7 [
ﬁ‘?f‘:o %%%ﬁ B8 &U‘ﬁ Bg &:zl—:\.j‘o

£ B8 BABUEI9 mm BEHCETS
M#EASRESR - Pomalaa

HBLES 1 2 3 4 !
kaE | 314 | 31.2 | 32,1 | 323 | 337
HRES BAHE AN [kef |
1 over | 33.1 28.8 20.7 23.3
2 405 | 338 24041 195] 171
3 3691 343] 800 221 ] 148
4 3931 352 2481 200 174
5 dgr | 324 | 281 205 169
6 429 3691 233] 207 183
7 357 | 348 267 200] 176
. F 39.0 | 344) 265 205] 179

#£B.Y BRHMZE1Y mm HBICHT S
A EARBRESR - Boakaine

HEES 1 2 3 4
KAE | 265 | 270 | 274 | 276
BT S SRKMEEE AT [kl ]
1 16.2 10.2 9.0 8.3
2 13.8 11.4 9.3 7.6
3 15.0 15.5 9.0 10.56
4 13.6 11.4 11.2 10.2
5 14.3 11.2 9.0 10.7
3 15.9 11.9 9.0 8.3
7 ‘ 12.4 10.5 10.0 8.8
G 114 1.7 95 9.2

AT ETORVRAROB A & KT i,
BAABEEANDONAS Y FIZ/NE NI D ABRES
BRIBEAHMEANOFHETHEZEAL.HL.
Pomalaa ST B EBKD S b, K ENRK
EUVIREE T, M A 10 over' 2R LicT —
YRUOGERFTHRENHN I DEERTRERNY
BEAANNFHUTEL T -7 DBEFENT
WA, TORHCOVTE. BEHDOST—F
DOFHEAERERONKME LT B, K& B
AH#EFEA OV HEOMEEE B.1 LUK B.2
[NB7 e

(20)

L
(=)

Pomalaa (D < 19 mm)

b (7% S
[=] (=) (=
[ [ |

Average Cone P. Force [ kgf
=
T

0 | l |
30 31 32 33 34
Moisture Content [ % ] (D < 19 mm)

B.l K8 E 19 mm APICET S
FMERA KN - Pomalaa

Wy
(=]

Boakaine (D < 19 mm)

oS
(=
!

W
(=3
[

[ ]
=]
[

s

0 | | !
25 26 27 28 29
Moisture Content [ % ] (D < 19 mm)

B2 BXHZ 19mm FHEICHT S
FEYMHET/ A S - Boakaine

Average Cone P. Force [ kgf'
=)
T

4 BOSHoFELKEMAEEAD
EBHECEBGIIRLICEHOLDTETHA L
HEOMHEREANOREMBEE., % B8 RTEBO
WARLKEERNE 19 mm ODAMOEHMMEE A
FOBEEHE B3 RUTE BAIILFET  MOMEEIT.

BB 100mm DB EOKSETHY B

W19 mm OFEFBNIONTIE. AR EMb L
FTORBOKSE CHISd 5HBESDKSE)
ICESNWT TS 7R ER LI, BP., 5O
KBEBAMZE 19 mm ORBOFH MR AL,
BENHEOLOMNH VST ETOLARVEBON
EMHEEANTHH ., THHIEICR/NE. 30 7 —
S DILMEINENS 3, 6. 10, I8 F—7DF
BWETH B,



AR BRI SERT R &

W
[=

Pomalaa
D <19 mm

o
[=]
]

N / Average of 15/30 data

b (78]
(=4 [=]
| [

Represent. Cone P. Force [ kgf ]
= .
T

0
28 29 30 31 32
Moisture Content [ % ] (D < 100 mm)
B.3 AHOBRMENAFEANIC
BIEYTEE - Pomalaa

0

> Boakaine
40

30

Average of 15/30 data

b
S
|

[
o
[

Represent. Cone P. Force [ kgf ]

0
21 22 23 24 25
Moisture Content [ % ] (D < 100 mm)

B4 BHOBXEENAHKEA HIC
EIFTEE - Boakaine

THHOELD. REEOWY HIZ LT &
WA EFLRCABORELHEBEANE GO
BIEToLABNOREMNHEE AN L ORI,
RBICEVERBEELS, Hic. HEBEAND
RKEWHE. L, BUOWMMENKEVES
B GBS TOEEORENAMIL > TELS
ZENGTNB.

5 B

B 4.112R L7@Y . Boakaine $ii¥ Pomalaa
BLEHBLT, KEBNFELCEL. BB X
D, ZORE T, KSEMENEE BB
BEAKZVBEE BV ETOEVEEOR
AMBEBEANR. TOREMETH > TH, KRN
#19 mm ORBOEHHEEANI Y KREAM
ERTIENSN B, I D UIHUE T I8 W5 g
NhkE{ABE, MHEEAMRKOBIZ, MEEAE

BREUNFIEHEELLVWEETHTH . KE
HRMFICLHEOBEAICHT MRS RZERM
HEANCEBEEARIZTEELZONS,
AX3BHICRLUICBY, REANFIZLAH
DB AICK T B HROBE . FHB O RN E
Z19mmICTHAE L AHETHRTHN LA, &
BOBWATE2ThRnWBEeE. KRETNTOLE
MESIIHBLENDELEEAD ULDERICED
X ABICLOBVWHEEBEATOI ATV T %
BET BT, HOSUNLEEHE LI,

88 Cc kSEOBRESEICHT SRAE - RS

1 WE - REFOHME
AFETIR KD EENT A —F & LT
B-mMANLERELAREMRSERE AN ZBHKEATT
WBDIH LT BT (— TR WAl ERD
EREMNMEFTA NG (HEEARR OBEOR
BOBANBRENLN > TS ko ExEY
ICHETAIREND D (A 4.3HHSH),
IHNETOHFE @ TIE. HERKEARBD
IKFED—R7 SAT VT2 BRANEDORLS
AEOKSEDO ERICAT ZHIC, ~EUED
KEZONFRAKGEEEHLOLEOMEERY
T, ZOKSMHBEFETIR. BEIZXDE

SR RETHFELHABMOKSED ERIZE

(b, B2 THEHIEN REMHBEEAOY
SATFYTOBREBIZAVAICIIBEYTEHE L. £
D, KFEOBWBEHEWCODOWTHE - BRI L
1o

FF BEANBENEAOE - AR POR-TF %,
E0A Y o OHNEEHEAPLBLUTE ST L.
FTORBREVG TRABOKSEEZFNTEZ L
itk (T, CoEBREIEEUKTEARET
2D BAEEFELBICE X, BEMIIHE VS
AT bhicBa 0 B (LT A LR
&R, OKAMEDSHE R RS, DR,
COEBLAKSERBRZOLDESLENIEEL
FEiR LEE o b KSR E O Iz DRBiE L L
THEY)TIHENZ ERGD - 2dS, RIS, HE
WLEABOKSBEEITOREDKSEIZLST
NWEWSERAERE L. BEHO--BI &L -7 O
ZDRER. AL 43 HicBRI ARG EREH %
BRELk.

UT AWETRORASERELRZEIZDONT
Mg BHEEBIC. ZORBEIWLODWTH L S,

9 KA EBREREOBRE
I EENAKE N FRAKICEEN
Z5DE. MTFOBBIZEEhILONH B, K

@n
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FOMBICEEN B KT, S ICBmB K& FREK
AU THELONIBE LI AN, 2 TIEHER
LAEh, N FOMBICESENBIKOEIE. G5
I ORESFLREDRERE{E(T B &
ZZonAB. ABOKGN—FDEELBZ I8
ENFOFILEETNBEKOBIZFEEZML LN
EEZOND, BEOHR M IZLD, &k
RBO= v 7 VHIZKEMAZ T &Kl A—
RUEICHE > EZ ATRABICHENNAZL
BABZENRINTHWSE, 25 LicENIR. &=
ELUTHTOEBOK (BIClkEA) 12X 2%
HAILEBEEZONLI DS LiclE[ S aME
AT 3HOREBTH KGDOE FRFIZEFTEN
TWBEEZLIENTES, b, = v ¥ IE
DIFENPRBITKE LR BKAEE ., KM
HNFOFLFICRADENBOEOKSETH
5EEBZOND AR T, RBHE I hiE
KD THEHBRUTE ST BRAEASEICRE T
BHMBENOETICLBHBAOBREIZONT
BHLTWS, 25 L7c/KSEOHE T, §1B

OEERE LR OKSER BFOPIEENE

KOBDOBERKMEIGENEEZ S, BB Okl
N—FULETHNOE. HTFHRABOKSEIZL SR
WEBZBDONRYUTH S, &» T KSEDH
Bl TR . HDFIRIOBOBINBFHE
ODHNEHEHONTHNBIETAHBEIHRKDKDE
ZEAIL. ZOKRSEEGH ERABOKSEE LT
AOhBRBWEEZZ 6N S
UEDOBRIIETE KD EREFHEERE L
72,

3 KHEBEOR
ERRBIHBY2RBEEE S RITERIZL
DRDBZENTE . FHEDONRMAOK 71
HBBERKDOKSET N T2 EMREKICEL.
ZDRBEDOKEFER & W - TKSE LI
FTAHIETRDBIENTES, LT, BAHE
BEEARBRUFEONEHREON FHEAES
HROKGEIZEDEZ . @HTHBOKSEN S,
TCOEBOKSHEERD D ENTENE KD
EOMEMNITA D, RIFLUTO@Y, HL., 2K
ODEERENRT S,

Mo=-—Mw_. (C.1)

Mw+ M,s
Me- Ms i
My = =<5 C.2
W= Mo (C.2)
M§ =p M (C.3)
I
ME=Q-p) MY = png (C.4)

22)

My = My} + Mf

_ME-M§ ME-ME (C.5)
C1-ME 1~ ME
r_ My
Mc = My + M7
_ ME-p+ME-(1-p)- ME- M¢ ‘Qa
C 1-pME-Q-pyME
ZIT.
Mc : Ka1E
Ms : B0 HEE
My : kOB E
T: TOHEM (BANEA) 28R T3 L6
EDRALE '
K TS (RANEB B<A) 85
THELEHEDRALE
L: WEGHE B~A ONT42E%T 5 LM
EDRAE

P JLOEBPIZFTEThhs@H TABODE
BRBICBTLIEREOH S .
(CH)K (FAX43HKUITH U ZHWT,
BANBONI VB OKSEE . FEARENK
EVEB Ok EICRETE S,

4 KAEREFEODFHHED T

AR D@BY . B UKD EABRITEEETERL
o, TR KSEREREORBE S
AT ADDOF - ELTIEHBEY T, —
J#i« Pomalaa 8 & T Boakaine 85127 2 &%
HGER (BB K TIR.BULWa9T%
THROVEBIZODWTIEEAREE 100 mm &
LTKRDEEEFWNT 2L E B BEANBE19mm
OREBE. HEHLBI LIk MEL. 20
KGEEEWM LI, £ C1RUE C.21Z, KB
DOFH - HREERERT, BIZHEOT*I"TRL
ToEDHE T MR ARBRATOKRIE R
IWEDCDD, " 2" TRUACHOMMBEIZHEFA
RBEOKSEHWERIZEDSL LD KFE>E
U Fzk M8 SR EH L fo kBB TR ik
BERVAHEREIZES{HEETHE. 215
DEIZFLULIET—FIEIE . RKPFRTH K
SERERHEOEHMEETMTE S,

£ C.1 BRBFELKSE - Pomalaa

K51E (%]

HEES HRRIE 100 mm B RRiR
#] *9 19 mm

1 28.3 28.9 31.4

2 28.9 29.6 31.2

3 29.6 30.2 32.1

4 30.2 30.8 32.3

5 30.8 31.4 32.7
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= C.2 BARMBLKSDE - Boakaine

KorfE [%]
REEE BARBIE 100 mm BooRiR
*1 *2 19 mm
1 222 22.9 26.6
2 22,6 23.8 27.0
3 23.0 23.7 274
4 23.56 24.2 27.6

B K BLEE 100 mm @ Pomalaa #5 & O Boakaine
HIZTEND 19 mom RFOKFOERKEICE
JO5BEERETSEIX, ThFh 81.1 %E T
67.8 % ThHo7z, £ C.3 IZ, Pomalaa LR O
Boakaine #L @ 19~100 mm DB F & B HE X Iz
BLER . AEOKRKEZR > TASEEFE L&
BE3T,

£C3 HFNEABHIKRSE
(19 < D < 100 mm)

e REEE HIREE Koyl
Pomalaa 3695.0 g 3626.3 g 13.1 %
Boakaine 418452 | 4090.6¢ 121 %

IR LEZ 19~100 mm OB FOERAKG RO
HBRREBIIBITI2B8EEETORLAVT, K&
BOBRBZITV, TORBRERHBLELOMNE
CILERUC2THD, Mo E MR 19 mm
DR DK E, HEE T F KK E 100 mm DR E
DAGETHD, IFOERITE C.1 RUE C.2
CARLEKSETHY, 75 7%, ApEORE
ERTHD, ChoDOREY, AW THWIZK
SEOHBEFIEL, TOREBEOAKSELZR L TIE
(22 KEZ2ERARLHELOD, HHh
FEThHdELEELS,

= 320

Pomalaa

31.0 F ExperimentI

30.0 Calculation

31,0 320 33.0 340 350

Moisture Content [ % ] (D <19 mm )
C.1 BMEKSBELEBEOLSE - Pomalaa

Moisture Content { % ] ( D < 100 mm
[\
[@<]
o

v
s
n

Boakaine

b

B

(=}
T

Experiment

[
et
n

Calculation

[
bhag
=

N
!\)
U

)

g

=
1

26.0 26.5 27.0 27.5 28.0 28.5 29.0

Moisture Content [ % 1 (D <19 mm )
BC2 BREKIELERIEDLE - Boakaine

[
[
W

Moisture Content [ % ] (D < 100 mm )

& D BBRERKROFEM

1 —EERRRER
—E BRI W TIX, BWEA, WA,
ETFEMOBERS AR L, BB WS S,
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