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Experimental studies on the physical properties of mud and
the characteristics of mud transportation

by
Kuninori OTSUBO

ABSTRACT

Deposition and resuspension process of mud particles on the bed of polluted
rivers and eutrophic lakes yields two serious problems in hydro-soil sphere, one
is the transportation and diffusion of mud particles themselves and the other is
the supply of nutrients and pollutant matters to hydrosphere. In this study, the
explication of mud particle suspension mechanism was investigated-experi-
mentally and theoretically. The main purpose of this study is to estimate the
critical shear stress and pick-up rate of mud reasonably.

It is rather difficult to define the mud in a word, but venturing to say, that
is “Mud is the aggregation of the very small particles, which have been yielded
naturally or artificially, have been transported by rivers and so on, lastly have
deposited on the river mouth, pond, lake or bay bed, and have been influenced
by the biological actions.”

The mechanism of mud particles suspension had not been enough resolved
yet though a great deal of research had been conducted into the basis aspects of
it. That is because it closely relates to physico-chemical characteristics of mud
'and the influences of these characteristics on it have not been enough made
clear. Research works on erosion and transportation of cohesive sediments are
refferred to Partheniaies” and Committee Sedimintation of A.5.C.E”. Most of
the works on erosion resistance of cohesive sediments had dealed with erosion
resistance only at low water content in percent of dry weight close to the Liquid
Limit and had not mentioned about the effect of water content on the erosion
resistance. As contrasted to noncohesive sediments in which the weight and
size of the particles are the principle sediment factors controlling erosion, the
resistance of cohesive sediments to erosion is related to the electrochemical
bond between individual particles. Because the individual particles in cohesive
sediments are much smaller, the weight of the particles is normally an insignific-
ant factor compared to the electrochemical forces. In non cohesive sediments
the threshold of transport was characterized by a value of the Shields'entrain-
ment function z/sgd, (s=¢- p, & : density of cohesive sediment, p : density of




water, 7 : shear stress, g : gravitational acceleration), which has  certain
defined values. In cohesive sediments this value would be increased hy cohes-
ion, but there is no functional relationship which relates cohesion an grain size.
For example, montmorillonites are very fine-grained clays, with sedimentation
diameters less than 1 gm(usually between 0.1-0.01 gm), but a rock flour of
similar particle size is not cohesive. The electrochemical bond depends on the
ionic charge on the particles, the presence of eléctrolytes, the mineralogy,
temperature, pH, ion exchange, and adsorption. These factors are usually not
thought of in the realm of Civil Engineering, but rather are left to the soil
chemists, mineralogists, and physicists. Still, from an engineering standpoint,
it is desirable to find simple and readily measurable properties to characterize
the erosion resistance and resuspension process of cohesijve sediments. These
‘are usually evaluated by use of conception of the critical shear stress or the
pick-up rate respectively. It is neccessary to know not only characteristics of
the critical shear stress and pick-up rate of cohesive sediments but also physical
properties of them, Then both the hydraulic experiment and some kinds of
physico-chemical experiments for mud were exercised. Hereafher, all cohesive
sediments used in this study are called “mud” convieniently, The critical shear
stress and pick-up rate of mud were measured on the former experiment by use
of pipe conduit with rectangular cross section. Some elemental physical pro-
perties of mud, 7.e. grain size distribution, specific gravity, ignition loss,
consistency index, settling properties and flow properties of mud were investiga-
‘ted experimentally. The visco-meter used in the measurement of flow curve of
mud is 'able to arbitrarily change thé relation between the revolutional number
of inner cylinder and time, and able to obtain thelcontinuous flow curve in very
llow istrain velocity range. The relationships between the critical shear stress
and pick-uprate of mudand the its physico-chemical properties were investigated
on the basis of the results obtained from each experiment,

- As a result, it was found that mud were divided into two group according
to the characteristics of settling form, flow curve and resuspension process of
mud. Two important factors concerning erosion resistance of mud were found
to be the viscosity and yield value of mud obtained in very low strain velocity
range. The critical shear stress of mud of each group was experimentally
related to the viscosity but the relations were different between two mud groups.
Bisides the critical sh‘eaf stress of mud of the first group was also related to the
yield value experimentally. The.pick-up rate of mud of the first group could
be generalized by use of the viscosity and yield value of mud. And the non-
dimensional pick-up rate formula of mud was obtained theoretically from




kinematic equation of mud particle for sliding condition.

This paper consists of ten chapters. The substance and results of chief
chapters are summarized as follows,

In the 2nd chapter, the ingredient of mud and deposit structure of mud are
summarized to present elemental informations of mud. Mud consists of the
same materials as soil. But, soil consists of three phases, solid, liquid, gas,
while, usually mud does of two phases, solid, liquid. The properties of main
contents of mud, inorganic matter, organic matter and exchangeable base, are
explained briefly. Lastly the muds used in this study were located from the
rheological point of view.

In the 3rd chapter, the results of soil test of muds are discussed. The
number of muds excercised for soil test was forty. They were clays, clays
blended organic matter artificially and natural muds. The ignition loss of lake
mud was distributed almost 109 to 20% and the specific gravity was 21 to 2.
5. Muds showing high ignition loss tended to have low specific gravity. The
Liquid Limit and the Plastic Index of mud are considered to reflect the shear
strength and plastisity respectively. It was found that the Plastic Index was
proportional to the Liguid Limit for most of muds., Both the Liquid Limit and
the Plastic Index had a positive correlation to the ignition loss and a negative
correlation to the specific gravity.

In the 4th chapter, the settling properties of mud were studied experi-
mentally and theoretically. In spite of the same initial water content condition
in percent of dry weight, there occurred two different settling forms. One was
collective subsidence and the other was free settling. It was concluded that
these settling forms were caused by the exchangeable cation adsorbed on mud
particle surface. Na*-mud showed free settling, and H*, Ca** and APF*-mud
showed collective subsidence. Muds were classified into two groups according
to the type of settling form, The first mud group consisted of natural muds,
Kaolinite, Kaolinites containing organic matter and Montmorillonite, which
showed collective subsidence. The secnod mud group consisted of Bentonite,
Bentonites containing organic matter, which showed free settling. In this
section, the results of collective subsidence were mainly discussed. The settling
volume ratio at final stage, which is the ratio of the height of mud layer at final
stage to that at initial stage, was not determined by the initial water content in
percent of dry weight, but by the viscosity of mud at initial stage. It was found
the effect of the consolidation was not neglected, so the mud concentration
at final stage increased with increasing depth from mud surface. The equation
explaining vertical profile of mud concentration at final stage was devised on




the basis of the ruling equation of settling phenomena, which could be applied
to consolidation period. The features of vertical profile of mud obtained
theoretically agreed with that of experimental results.

In 5th chapter, flow curve properties of mud were investigated experi-
mentally, Mud has thixotropic characteristics, so it is neccesaary to obtain
continuous flow curve. The viscosity and yield value of mud in very low strain
velocity range are neccessary in order to relate flow curve properties of mud to
its resuspension process. The flow curves were also divided into two types.
One was characterized by the existence of yield value and the bending of flow
curve, and the other was characterized by the stage with no vield value and the
smooth flow curve which showed power low. The first mud group had the
former characteristics, and the second mud group had the latter ones. It was
found experimentally that the viscosity was independent of mud temperature in
the range from 5°C to 30°C. It was very interesting and important experimental
results that the viscosity and yield value of mud were determined approximately
by the setting velume ratio at final stage.

In the 6th chapter, former studies about erosion resistance and transporta-
tion of cohesive soils were introduced. Though there were many interesting
studies with respect to individual phenomena of mud transportation, there was
only one study being able to generalize the critical shear stress of mud and was
no study being able to formulate its pick-up rate. From the 7th chapter the
transportational properties of mud are discussed experimentally and theoreti-
cally. Inthe 7th chapter, the purpose and need of hydraulic experiment for mud
transportation are described. The pipe conduit with rectangular cross section
was used for measuring the critical shear stress and pick-up rate of mud. It
was-found that the characteristics of mud transportational phenomena was
different between the two mud groups.

Mud of the first group showed a clear interface and some cracks in the
normal direction of streamline occurring just before bed destruction. Mud of
the second group had a obscure interfa_ce and showed misty streamwise streak-
lines consisting of mud particles, and the cracks never occurred any time in this
hydraulic experiment.

In the 8th chapter, ‘the critical shear stress of mud are dealed with experi-
mentally apd theoretically. On the basis of experimental results, it was con-
cluded that the difinition of two different critical condtions was neccessary.
One was the limit of mud particle's movement and the other was the limit of bed
destruction. Futhermore, it was made clear experimentally that both critical
shear stresses could not be determined by water content in percent of dry



weight, but by the viscosity or the vield value of mud in the very low strain
velocity range. Both critical shear stresses showed linear relations to the
viscosity on the log-log paper for each mud group. Besides, these critical
shear stresses of mud of the first group were related to the yield values; the
shear stress for the limit of mud particle’s movement was proportional to the
vield value with about a half power, and that for the limit of bed destruction was
approximately proportional to it and there was little difference between these
two values. According to the theoretical consideration, it was concluded that
the main initial movement mode of mud particle was sliding and the effect of
underwater weight of mud on resuspension (erosion) resistance was negligible
compared with the yield value. It was concluded that the critical shear stress,
given by static force balance condition, was the limit of bed destruction and not
the limit of mud particle’s movement.

In the 9th chapter, the pick-up rate of mud are investigated experimentally
and theoretically. From the results of data analysis for the pick-up rate of mud,
it was found that it was neccessary to deal mud with some granular material in
respect of its resuspension, and was made clear that the viscosity was the
important factor to estimate the pick-up rate of mud, So, from the kinematic
equation of mud particle for sliding condition and consideration of fluctuation of
flow shear stress, the non-dimensional pick-up rate formula for mud could be
obtained. The theoretical curve of pick-up rate of mud well agreed with the
experimental results for all mud conditions. Therefore it hecomes possible to
estimate the pick-up rate of mud over a wide range of the water content in
percent of dry weirht by use of this formula. Furthermore the new definition
for the lmit of mL?J particle’s movement was proposed frem the non-dimen-
sional pick-up rate. According to this definition, the critical shear siress for
this limit was proportional to the vield value, though the value of it was smaller
than the yield value.

In this study, the critical shear stress and pick-up rate of mud could be
formulated experimentally or theoretically by use of the viscosity and the yield
value in very low strain velocity range. The critical shear stress and pick-up
rate of mud are the essential factors for mud transportation, so the formulas for
these two factors would be able to contribute greatly to the future studies on
mud transportation phenomena.




References
1) Partheniades, E. (1965) : Erosion of cohesive soils, Proc. A.S.C.E..91, HY]1,
105-139.

2) Task Committee(1968) : Erosion of cohesive sediments. Proc. A.S.CE.,
194, HY4, 1017-1049,




<]

BIE B @&

WA, B L OBREMRGCHD D EEOREIC OV TOMLARTE > T b, KD 5
LESRTCIYPHEHONMED L3> b0 THD, KERLPKEEMERRICKERBELYRIL T
HIEBHILRh T3,

ER*FHCEHTA - FAME TV, x2S CERTHE THAN, AIHER
L S TRELLEMRTS, MRSt oERSh, Mo -5 -8 BoRCERLZD
DT, ROPACTEROERAY 2L EITFTCCBLD, b5, LicdiaT, KR,
Lan{bFNELE LT Tkb, oS TA00BLslRpEXIIxh?, ELRE, KR
KO EDFRENE Eo 2, EHOEBHPEEHOBLEL D S50, SAERY LD
BUTHD, ERSFOEHER -BH -WO0OT5 L, HEBLoBEHSAE V2, L83
L, LEEHEEERS LS CEHE S - EHTER S ATV S0 LT, BRI,
MR A HABORES ARSI ERHELOD, FEAYOEE, HFERKTHL-XA
Bl - OB CHER IR TR RV AH 5, FhLBTE, IREECARESHCL
HARAGBELSEL VY, ERTREAIHRERD v, PEYC LD LERD—ETHLE~ VD
W - RS HRKOL 5 TH S,

(1) BASKESIEECE L, B 150~250% B ETHEH, HETLI0%REL H 5,

(20 NEZREOTHD, Lo F (BB lead) ik X2 cEE AR T2, FEER

DB, ~VeORETERIEHERLOT, COWRFCEIELD, TOERXHEE
BLHTHELD L,
(3) RIEEHAE, oAb AHE < 50~90% T, Hibat10~50%, B8 3 ~30% & -Th B,
(4) B FHE, 2.5~2. 8 B, BUABERRXEEGE T TR, 1.1~1:2t/w, TETH 1.
2~1.4t mTH 5,

(5) HMEIHEc T v VR RELRE,

(6) R, MBECHEF, HEFEBERIC L D —REL 7RV,

b SETEROYEY - HEMBEOABIA~NLA TV 5,

ERZ, EVCERCOABEOFRC LN LZHEDEYEA TR, MBI CHERLTY,
EEE: LCHOERETHEEL TV Dbtk <, BucEEE L o Lo KE & ofT,
HBE, EARERCL2MBEOBHNDY, X0 LT L - THREAKEHBBENET S
ZERBB, '

BrBOL S BLEVWHTR KBS 2 5REOEEBIM Y KERDDLEZLRDLYY,

_7—



P HBICAR ) 0BOXEFENERASEEIATD I LML AR ST AR L
Liedih, YR FoREOSREEEAEREY»LREFL LB 22 RT3 o Ll {, £R
WHHTE S F — 2 oo BE, MNOEBECFHHO Y I a2 —vavimkuTh, E
JE & WK ORBERTHEBIRIE: LTAR SN 08B THBY, — I, ERbOWHE Y
AR EIT AR, WY E 2 bRhB, ok, BRI LY, ERETEFobo0B
Bhikde RO E e b iR E VRS « AR L LR oKy -
T, EELCHERGC L Y IEES S KB~ R EhA b0 th 5, io—oid, HE LR
%L<mﬁ§&bﬂk%v,I&LTL%@K¢®KE§%ﬁ@%ﬁaKD‘ttﬁmmﬁiﬁ
NOEENC L » TKIRE O b 04N E EFbh, Thic - TERROBHEI VKBRS 15
bOTHhDH, WOBCHRL FOBECRANCEINB IS, < RICk BaRER
DERHED L B b D EE L BRD, WMBICH T LRIC L AEROE X LiFi, 5, #HEh
W, FHEB, NEG, =V WL TREIATVE, i, =AF ¢ ) - RIRHfLED
WMAUS L BIEIEDE & Lo & e { fpyiombanas

e CELE NS C S X DERIBHOBREXFM T 5 iz, BEROFs EFEo
BART R THD EH LD, KRR CEH IS EFonAEHE LT, KR @K
Ml Ko EER, 2RO NCEEREORELET LGRS, ChboERQSEDHEN
i E e, APFRGE, WKL 2EREORY FFciedRyREL T, £0%E B
BORPALXHNELALOTHD, AMEORKBERER, BEERARENEIRUHLE G L
Fa) ol s sy, ERALTOCHRABOME L SHEHEBErEEYEL, Tthb
MEROEE LTRSCHLETEENLTHI LD, ERODELESMCTALENSS,
Fofos, ERORBRABHEDCROHLEBEY RS DHXREED @M, EROYELRD L0
O EHOYBEMARL, KEERELG, BERORABRICROELESYEFILL, 0
FEH, ESPRL, VRERERCE, WEMEME, BEMRBC kT s - iRl h, ToExERRE
M2, ARTFeRE L O3 3REE A voldEey, KEOpH IS 2 2 LAHL A -,
Shic, BROBFRRBEASROL LEOFERIICI, OF B 0 £ €0 1RO 5B H i
BB, HEE) SFEBE LChh, ChLOBEREICY - TERIATIEE o,
ERIE, FOL A ERY EB, H2TTkWT, BEOEAZHERCTIon, ERD
Ay, R, BcouTEBTL, S3FChVLT, RRODENRBOBELY T T, H4E
T, MR B R, BREOEELTO, H55 TR KR (RAMEN LT
EEOMGE) OEBEE L~ S, M6 ETHREOKXCHTsREOTHELENT 5,
HMIENSHE IR hY, KREOREBCHAT M oLTl~E, H7TETIE, HEERD
By, Hiko#r, mEEEOBEYE /M- 7D LCHBT S, BT Ti, EROKM BT
P oOWTRR, KEORARBAODEZERLLT S, FIRTE, ERORUELEDHMIC
DT, EROMES SO SR icH-T 2 EHTER & ¢ AMCHO TG, KIEOHE
AKTEROHLEOHEFALYEFRL, ERERLUABR L CTORHELRRALL, FETHHR L

_8___




WOR

=

LT, AFRTELhAHERYER L, SEOMBATI VTSI,

1

2
)]

4)

5)
6

7

8
)]

100
11)

12)
13)

& % X m

NIEZER « geHAS— - HEEH - TEET - MBF % - E~RE— « EIPEH - \IE— - iB5 15
E(1974) | SRETHTR LS, sREEIE

Rl HiF (1975) T ~Fr, L & IEHE, 18 (9), 42-44.
BUBSEE - HIBSFSL « BEME— - GHE (OTD (B reRACHM s KEH A ES-1., B
MAETRATE I RN ESSG, &1 8, 80-%4.

MUY 976} B r Homaaicl T o8ell, SFNT oV T, RBRAKERR
AT IEHY, #1135, 20-43,
HHIEFEL (1981) | BB » HOBEBRRC s 208 BvaERRmBaiRs. $£16%5, 95-104
FRRSTRL < KR BRI FEE - BEER - BERE (198D By MERACRGASEE
s, ExAEPRittais, 5225, 281-308,
B - SFMT - TEEF KB  ABR - EESFaL (1982) | MM SERRREEAK SOk L ook
HEEER HuAoEWRPrATEE, #2215, 16-35.
BREE (1982) I % » ik 5 RBEOHER, ENIAEWRFAELEERSE, §225, 3-20.
Sheng, Y. P. and' W, Lick(1979) : The transport and resuspension of sediment in a shallow lake,
I. Geophys. Res., *  84(C4) 1805-1826,
BEHEDQ9S)  EREFROBHEE L ~DBE 5T, 5§ 14 B THEEHSR I, 286-289,
BAEHE— (1974 | =2 F + Vo kA BEMEORESRE (1), 22 OEETYERESHILE,
181-186,

MESE Q974) Wi L AEREL A KE L oBE, F 18 EKERESHRTE, 181-186,
BREEZ- KR~ (1976) - #liiic X 2 BB E L S L UFELHONMK. 23 ABEI¥HE
WERE, 189-194,




F2E EREONDEBES

B2.1H EREMTOHIE

EREFOBRIBEETHZ, BB L LD 5 e, HERTEIFRERT, F2-10L5
B, HERGERALDD, AFVHAOLIRRBYANEETII L LA, BEA
EOBECTHEMERTE, BHLTOBT ERRAATREL» LR - TW5E 2 ETHD, KD
BHHEOBERSOEEFEIH LY TH D, - SESTE IR, (L¥mRlL (KD - B
{efeA - KFAER) LU LZSHLER, FIL ALY T, —RCESENR LY
Bl Tthh, FLOoEBLAESIr A BECHD, EMEEELR, BRI ERCA
A VELTHRESRTVE DT, SHRILRVY, KREESOHEY - (LENEECIET
BE A E Vv, FRMDCRESFOXKBLEE D, PTFEF 0000 EELsEELLRES
FobOEThHY, EEOHEEHEOEIERD -2THB,

# 2-1 EERESTOHRE
Table 2-1 QCutline of ingredients of mud

— R CEEgY), AR

o QYU ot X )]

Tt (WU, @) B
AGEME I (R, (b, WEDES L)
WERERE{ LD

f ) U/EEE, 20O

i 5 W RiIBHOER{L S L D EF e v b
i oE n Wedn, TEEh, AE B

=]

=3

IO

o

1 & M

I #% #

Fr.28 BEREOBHNS

BB D SR G O KT, g GEEE) &gy GEL#y) X oms, |
R EATCEAY, BEIHEMTERETH D, MEOREE, 0.001~0.01 b7z b iy




Hibbh-TwbEEh5,

2.2.1 —R#

Eferho—masic->uwTidb T vabhtuion gy, HEhOERDLE#ETD &, Kbk
o—kEmoBRRE, BRILCHUTERDOBGEEOEERL - LE LR, ERFO—K
S ARILC, PESE, BERE BORS I UHNEE EME FofiTthb,

2.2.2 R
i AE A kS LB IR T VA, AN TFRERE(2 ~0.2 pm) LHIEH(L
0.2 yum) ET 5 E, HFICHE, EREO - RERLEI I EERTWE, EBFTREA

1018 2018
BT BfE
NS _si/
Al Al Al Al
/si Ssi N £ S Si N\
\Si__ si /
q
o / Si_ SiN\
2 RO
£ N - \Si__si/
N Al Al (Al Al
SLLs s AN
/Si SiN\ ~_—__ 7
{a) A YF4H d) =reyo+dgt
« Si Si
ey 2 Al a1
s SiN
3 Hzo —
o . "
- Si Si
/S Si SiN
(b} »~eA454¢

=o2-1 (RO SR O A RS

Fig. 2-1 Schematic structures of representative clay minerals®




FN RPN L4l

ET_CIRETH B, A EHOERE, FRETsfvohcens, Hi-kitho s
BoEREHE L LTI, M8 RE L IERES D Y, TTET AL Fe, Mg, 7%
VB b s B ERBER Ch A BRE, B2 - 121071 L 5@ S M (Silica-sheet)
3 X8 AL A (Almina-sheet) &V 2EOEABI DI Y, FOHEE O HICL T,
¥tgamnEhz, 118 (AAVF 10, el H g e 214541, vela
FAb, A= idagA baE), 2010 1 HBRE), REBEY, ot msns, &5
LEMOEMBOE R, A4V FA VET2A, A4 FIZ10.2A, 454 12102 A,
A4 eG4 FREBEBKETI0.2A, RERETUA, ) E) 804 M AEE RERE
T 10.2A, 14 ATH D, BERETREIEET S, 20 1Bk 5 20X 5 i
B, O L 5Bl ahE, 2 G T SIMmEED S ART L, 70 Al AEED AR
P Fett, Mg e & v BhRIBER YT - TV 5, ZoBBRIEEBCERN LB E LS
Sivd, SRoRECRRELTLYRL T, ETHoRGAM A VvHARBERTL L, K&
BEFPICRBREEAED, —hyhfT2nsicBs+ v 2 BET5, 20X 5 aHEIN
Bl A v BB, 11l RBeohicy., BRERO S, BETLHN A v OflEHCL -
T, 2 1M B ARG TR TARIGE R -5 D LD,
BROCSHEIhZELENOSELREN—~FL LT, BR-EMPoHErd 5, KEFRER
LTI L~ F a0, &R0 R e XEEaH el T #2 -2 08RY
BrB, R2-21EAE DA VPRI ERBA54 P ROF2 2 5BBLEE- T 5, 2
W, BECETLIEEDAA A L RELUZ eSS RTH Y, BREBEOKLIEDD LS
AFVFA VRTHEDLIEDE, B E LA~V o QEEICEiml|nbofALEALE CEE
LTuwB eSS T0 D,

¥ 2-2 XHBEETCL Lo s
Table 2-2 Relative ingredient ratio of clay minerals obtained by use of
X-ray Diffraction method®

Sample Kaolin Illite  |Ver.+Mont, Remarks

AR
1| Me | 318 | e | Cossturme

N i Bl
we | s | s | awen | Cosotuue

Ver. ! Vermiculite
Mont. . Montmorillonite




$2.38 MER

FHEEEE S L HE A A v ELTRES AT 5, 2O Vik, BitRFe
HRYERECHFEATIAOEN Y hME e siemic, ZhboXREmzRE Sh, MFEkdo
o, ERfEERA 4Dl EThHb, CREDEZOP LA, oA+ v nSHofto
AT, e RS+ VOEFED /2040 Cik 2 HT, HELBRIWLLDTH 2,

AR ToRRREE0E—0BEFRE, MELitEa&Rof+ v oREERTHD, 0RO
BIL > TREISNTCHBA 403, FLLUEGBTEEL S22V REBREICHFEL TV 5,
FHoo0BEREZ, BT ST AR EERHCIhAVETMORR AN, “hilEERTIHL
BEha, F2-JudF LB oFTHoRC oL TORIERAYY T T,

% 2-3 HtEZHoBHEY

Table 2-3 FElective charge of clay minerals?

- AHOWE GUOTHEED .
LS niog) s (avarm 0 BEORER

At )+4 b 5~15 25 IR B ARk S A
FEEASBFLUOHD A
} BHED A + 1k
TR R EL 20~40 50 BBl 24408
I b U . e UREIIIET B
B E RS
EvEYTFAL P 30~100 100 A4 v DERE LU
ahliEEra0h
T s
SN—izFa274 b+ 100~150 75 BTHOAL + v iE#RE

LU s h gL,
, SDhThrisdEs

TU7 L 40~70 120 MHEangEGEL U
MG O Al

HEMORABMNZ, ILFIARESTY =/ - AKBEOKRA A v {LC Lo TELBEERT
VB,

SR TOEBLTEEE A A v, BEENBREL ThCRBRIC L o TIES R B, K
HCHER Lo s kT, Mg, NatA RS £ < e h, ARELE v Cat i & 1 5,
BA+ il F ot - TBEENR L LA, F0IYEETLE, KEkoL k2
EBHbLRTV B,

Lit <Na*<H*<K+*<NH,/*<{ Mg*" <Ca** < AP*

A A v OFRIGICE T, BRENO/DSVI0L, 2TBEENOXKERbOERE




H2E IO kS

RTLES>DOTRS, TRLIS ETIHEBEDO A 4 v BESOREICL > THRE BTHRTEHR
Ef¥TRIL T, BT rBE IRl 4 voBiEr Yl -, Bto Stk L CEEE S,
T, Kt E oMU AELSERTS, chucovTrERT 5,

F248 EREOHEHRAS

B b DEROFEY Y FEA TS, BgHE, BN THOBSOETERO—2TH 5,
HEmd, Rt @ s o TL-A8MEaE LT, ARESE SRR 2T L CER
PICHEET S, ML L EESOHLFIGORER, BL-EHoBR, LK, BEORER
B, BECHETIKOZLERE A+ v ORFE LoCiCAEHOoBE K&& BEXD
FEREDECORFiEREhD, Mt i FEMOHERIGITE, A4 v EBREE L RERE
BEZLAD, LYY TR ORS TEEOFCEBIICI Y AT IEBELD Y 55
A, BEARCR, TiioolGiet s, —RBICEER v A A VvERETCL b, R
HEAEDIIEERECL » BEREAHEY S >T v 5,

2.4.1 AFF]RIE

EEHN Y S OoREH O L ~0RER, Lol syT, #B8HL Vander Waals 7
DEACL > T 2, ZOROEEPOREL, BLoBE A+ v TRERORD, HLEHE
DR, BWEKEOEL, HLokEoB sk s nmbhtvnn,

2.4.2 ABHZTORSE

WLEHOBEIEEETHD, TLEOHFRYEATET LTV 5, L - THIES,
HFEEEEN Y SUER, 5V IBEBER CERT L L, BtoEs X CABROHLE, B
DEEBUSFOL R EFRES L VEBEMOFLEYCEDTEEBREN R 5, BHERETE, T+
TIHTFRMCBEE IR T VA A v 2 S ENCTREE L, BEREC I 2HEESHO
HRGREY, BEtolBl-TRES, Thbd BLtofBMCBEHE LTV AHEOHEED
KRB L TR S,

2.4.3 EEPOHESEY

BE, ZPPE, BB~V e d L THRABRINA <2 F ABHOBERS, ~FehDHg
MEBETAHRES L LT, —C—CH;#—0OH 04 #T L, ¥ AXBERSITERE,S
HREGGHOREIEEUHBE CRASNOIBEOB VLD THLLHEL L,

AH (EIAEWRT, KRR, 1977F6 A, BrigdsiA4s, Rlipls
T, =y 2wy A-UERBEYAGTERLLERC>WT, SHEEHOREYT-%. £
OFEE, CHN o —Fiz L » TR L hi-BRA 4 i8S oFigE e E, Total Carbon 2> B



Tt 5 &, PB6g/ ezl ETen, BELTHETHE.6% L5, LT Total Carbon O
RELTH, HERBE (A5 /-t _yvErp I nsEE+BAL SRS~ 1w
v— A, waew — A, BOKALE 550 229, BB 7 A REE (7 aoh 0 3hE) 4T 38%, HoO,
Mibdhse o — v (BTL7A» ) THLHBIRLVEBREE) 89 33%, HO0,ThiH S
Nigh b = — 3 v 8 %l & H %, Total Nitrogen ORI ERCi, 3ERHEHEH 41.6%, Bk
+ 7 A RY 34.8%, H0uH £ 2t v 4310.6%, H,0, Thi & hictor 2 — 223 13.09%
EUS BRI A, ChbOHEIE, W LA SRR R R & - T R
FrRmELTREBEBR L VA,

F25W EROHIE

BRA MR LT b1, DENLEREZ3), HFELTVSFI0BREALTTD
HRVFERLEEROTC, HOIBOLELEN YL -T2, tRTORLUHkLOBE LW
ATVDR, EBOEE, HFRES S TR TH Ly, Bk, KRBT B ES
B A vicBBELcvakh, RO+ oL BEcES WEENLHOBE A
<, EERER ISR EE LRIIREE s,

LITFh s NER, TERERLCET I LoERCHT L0 CHEE, EROBELE
BEIOEV v, oS, foBRoBE s, FEMOBECNTELLRE, B
BBy, B—Hi-blWF e E - TR I A TCAEEBMORY], FEBIhD, FIEEOB
ek, BEHEAOH-LRTORTMET L ERIhD, F-BEOBETHIBERIOAE S
iTr T, 2y Fiped >50um), 75 A%~ (cluster 2 ~50 gm), ¥+~ v (domain(.1~ 2
pMITAEE b, HOBREOMER, VoA AR TORIIEBECE L, B AT Y
RORTISETRFITE D, FA4 vPEELTr 28 —2ERL, ThESL Ty VY
BRI HEE2LNRTVD, 2y FORT QAR CHEScE s BB TH S,

SR O R TF I, THRERA A o XKFABLE S 4 v BLABRERE LR D)
EHLT, REHESAMNIGifEBLE 5, 317242, Van der Waals /1 & Coulomb H 5%
9, TEGETHESED 7 RCEEMAL, hRELT LTS LIRmy < Bic S
TADNTHp, BEINTHESO 2RCEEAL T3, ERAGEMOATIENE RS LB
h, KHBOESCHEHEE K ELREYZTS, 2ot FRE#eEToo0L LT, |l
By, KBE:2BRIMGOL Sk, NTORYEDLZREEN HE, “hbnd]
OHEMEHAC L > CHE—REOBESNRE b,

B OBEBEOREAE T AROEDL S TH B, (K2-28R)

{1) 5 v # 4% (randam structure)
RTRORRELPSI L TAREL, 7y sBBLAYEREMYRLL, BKkPTERA
HELABE&EEL,




F2 o IO kb

oy
fomns] % =
{a) randam structure {b flocculated structure
o T2, = — s D e
e T — — — 3
[ %ﬂ: cCco o o
— / = == O — / —
= %CI::: p — = —= 4
=
{c} dispersed structure i) oriented structure

B 2-2 t+oEgikixeiar
Fig. 2-2 Fundamental models for the deposit structure of mud and
soil*

(20 #HTILHESE (flocculated struture)

FF O RINDNFIINC TN E WL, EEEEORNoRMNOLVEOSREAY V5.
Kb & ) I ERETORERICE -,

(3) orifiiEid (dispersed structure)

TSRS ARERN L ANET, AR RGP ERERLL X, HD VST
EEHEETH s XN hRi s,

(4) fitF#Es (oriented structure)

HEYE WA IRETII L R EE T, R EREEHER T LLonE .,

BN R oSS EEL 05, HA—EEoBtok ke T L, FOEED
HEoRsofagrnsh MK LED L L TRE2-3NMORLALDASS, —H#IIZ,
‘FoEEEFHOTER S, H—BEOBESEOCBIRL, HIRBOBEEERLEV- &
E2HRTLD, HETOEBERENED L 5bDTH AL, HEEHOBT-LER, &
B A & v OBE, B OB EOMECED, BOHEGBLTWA, ~ROEALT
W, BRI T AR TEET A LR R AL R, BERMES Y P2 5 ARS8 - LE R
L, FROPVBEMECKTRNCY - THEBOEMAEZENL L Eh TV, LaLAE L
T, SEESLTsE Nat—= v mid o b (ZEBAEBA A+ v Nat) CRl g Bl
Btk FeELoh, H—EE HIEELGOBEDRRN v,

E26H EEANLAQDS—HRE

LIT, COWRONEE LERSHELNEDL b Dok, Ve -OUENLME
SHTEL ST S, HM2-4, T0Orvae s —WEHYERS L ABEBCONTRES




la) 2MEEZHE

v acty FEA)
=y FR®D 7 v & LTS

Fv T Ly FREH)
~w FNORCES TR

(1} BlE~<y v &5
2 2y FRO 5 ¥ & sk TR

LR
) SRR
: ) < K

@~y KEOREN TR

2-3 ANTOF kst Uy RBEORFADRENARESHEY
Fig. 2-3 Representative combinations between the configuration of
primary stage and that of secondary stage*

KT, BARCHEBES LA b0 THhoH, REBICHTRY, BRICSKLYE D, KM
BETHbbEMRBC VTR L, 2X0KRV-ERO, QTHT LBHS EBMRETH
D, HpDu, BEEUIERIRL I LR ERTEATROSKL2ZZRL, ERQAEHLER
BTHELI D EBROSKIEY Rt 2R TA MmN L3 L RANOEENTEALS
WTE, HC2 -3 umUTFTRENOEEFEA IS, [ OFBREREEEZ GRS H,
IOREOBRILCENFET L0, NTHR, RENROBEchs, B%, BERA (L.
LRV E KRBT, I, XELEREELELS#IFHICL » TER3h5, LLA
T, RTFHERTER LR - Cv50, KEXE T TRELRELIFLELT-S, AL
PEIT AR TR -2 FRSS, BBEALBTL TP, ThikohT, Vv 8 Akl
HE»HIE= 2 — b YHBOEEY~T, BERENEE~ BT 2, Bl THRELERR,
BEAFIVOREBKI AL, ¥V, VI, VI, A5, FEBESETEVoRROcEBL,
BRI VL VISR T AL 5 5, IV, VORBOERCEMRENFEL, HpEn,
WHH R L U ARGHEGYRT, SEORREEOTMROMNE & LAERRLH L, 12
LAEN, VORERCESTEhsd, —8V VIOEECEST Sh530655,




WA RO b

s

E

2

H o

H © 2 I Rk

H il ;B
) _i [ VoS, £ A LHE
s o VI: == — b &
%3 VD =5 — b ik

. FHAH D LR

T oEEER

Tu

3 %

o

L. w
ey M Bkl

FIRE )
7k
&%&)oo
K 2-4 EROVvde s —-HEHOFE

Fig. 2-4 Classification of rheological behavior of mud and clay
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Table 3-1 List of muds and clays and results of soil test for them

Bed materials dmjum]|dso pm)| Od rum O/pP [vVSSix| W% WLi%) lp (%1
1 Kaolin g-.g] lg:g} (g:;] 2.60 | 2.3 | 3854 | 51.05 | 12.54
2 Kaolin+Starch (5%) 3423 | 46.70 | 12.47
3 Kaokin+Starch (10 %) .{47.'411) [g'_g] l:?.';ﬂ 2.48 27.87 | 42.28 | 14.41
4 Kaolin+Starch (15%) 2268 | 42,54 | 19.86
5 KaolineStarch (20%] | (4.10)| {2.0) | {3.7) 1658 | 45.04 | 28.46
6 KaolinsAgar (5%) 3390 | 15540 [ 121.5
7 Kaotin+Agar [10%) | (41.0]] (22.01| (47.0f] 2.48 49.80 | 225.0 | 175.2
8 Kaolin+Agar {15%} 57.70 | 246.9 | 189.2
9 Kaolin+Agar [20%) 4930 | 329.8 | 280.5

14.41 10.0 16.8

10 Bentonite [14. 4) 5.0/ | (16.3} 2.60 1.63 3295 | 186.5 ‘15'3.5

11 BentonitesStarch (5%)| (13.2) [ (4.0] | (16.3) 24.80 [ 167.5 | 142.7
12 BentonitesStarch [10%) :132331 }8‘_3’} “‘7‘5_;32, 2.48 21.74 | 162.5 | 140.8
13 Bentonite+Starch (15%) (13.0) | (3.0) (17.4} 2217 | 164.8 | 142.3
i4 Bentonite+Starch{20%)| n3.3)| 12.5) | {17.5) 2073 | 151.2 | 130.5
15 Bentonites Agar [(2.5% 2930 | 242.9 | 2136
16 Bentonite+Agar (5% 2940 | 276.6 | 247.2
17 BentonitesAgar (10%)| [40.0f%| (27.5) | (450" 2.8 34.70 | 250.3 | 2156
18 Bentonite+Agar (1 5%) 39.30 | 316.7 | 277.4
19 Montmorillonite 2.1 0.8 2.2 2.60 | 0.64 | 453 | 354.0 | 308.7
20 Kasumi Mud 1 207 11.0 | 21.3 2.42 | 1712 | 70.70 | 212.5 | 141.8
21 Kasumi Mud 2 (14.6)| (5.5 | (15.1) | 2.59 | 12.10 | 44.50 | 95.9 51.4
22 Kasumi Mud 3 (9.5) | 12.5) | {154) 31.30 | 97.1 65.3
23 Kasumi Mud 4 38.9" (25.0 | (27.5/* 48.40 | 272.2 | 223.6
24 Kasumi Mud 5 (36.1) | (25.00 | {30.5) | 2.51 | 16.01 | 55.50 | 112.9 | 57.4
[25 Kasumi Mud 6 27.2 | 17.5 21.3 | 2.61 | 11.48 | 44.20 | 102.8 | 58.6
26 Kasumi Sediment 27.7 | 249 188 | 2.28 | 19.00| 77.7 | 324.9 | 247.2
27 Inbanuma Mud 15.4 9.5 14.5 2.51 10.64 | 69.0 | 206.0 | 137.0
28 Teganuma Mud 266 | 17.5 | 225 | 2.30 | 1423 | 82.7 | 253.1 | 1704
29 Ushikunuma Mud 17.3 11.5 131 2.36 16.41 84.0 | 208.8 | 1248
30 Hinuma Mud 1n.a| 7.5 1.3 | 2.52 | 12.71 | 64.9 | 239.6 | 1747
31 Suwako Mud 1.0 7.5 140 | 2.35 | 14.26 | 81.4 | 2321 | 150.6
32 Yunoko Mud 16.5 4.0 3041 2.08 | 13.69 | 96.4 | 250.6 | 154.2
33 Harunako Mud 345 | 250 283 | 2.35 | 1511 | 81.4 | 150.7 | 69.0
34 Nakagawa Mud 478 | 15.0| 119.6 | 2.93 | 1142 | 39.3 | 1196 | 803
35 Dojimagawa Mud 606 | ap.0| 592 | 2.63 | 766 | 33.9 | 59.2 | 253

36 Tosaborigawa Mud 47.6 30.0 68.7 | 2.55 6 89 46,2 68.7 22.5
37 Shonaigawa Sand 1 16 9.0 150 33.31 | 2.75 1.03 - - -
38 Shonaigawa Sand 2 | 5240 | 400 | 3441 | 2.73 | 0.8 - - -
39 Neyagawa Sand ' 6660 | 540 644 | 2.05 1.85 - - -
40 Tagonoura Sand 195.0 100 | 236.06 | 2.95 2.87 - - -
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Table Effects of dispersion method on the results of grading distri-
bution

dispersed by propeller (3mins.)| dispersed by s.sonie wave{Imin.)
clay(%) | silt{%) \sand{%) | da(um) |clay{%) | silt(%) |sand(%) | dn{um}
Montmorillonite 88 12 0 2.1 89 11 0 2.0
Inbanuma Mud 30 70 0 15.4 45 55 0 6.7
Teganuma Mud 16 82 2 26.6 44 56 0 12.4
Ushikunuma Mud 21 79 0 17.3 36 64 0 11.2
Hinuma Mud 32 68 0 11.8 50 50 0 8.5

F3-2C, DEEINESAUCKERCRETEERTLE, 7o BE(35ED &

TERE (158D X 208ECET5, RBERDEdAFERTH5Y, £ aid
FIZEERMAED LAY, BHRTEBEEIRENICL S 0BSME LD, BRCAERE
BENB Db b, HEELORESHOMNERS RS, ABOITAEE Y - TRE CHE
THdBics, BREOEMNCHR-THLH LS, FHAE HERLELYTIAER KLY
HMENEEDTRLEND D, HELERLELUHLTILE DS,

3.1.3 HE:H#EEH

ABYEYRTREL LT, BREERLYERY bfh, BALOSHEHEMEXYERICRD L
TERIEECE LG, —BIEs e Ay ) I FOERTEEPAE TR, 2TOREYY
AT A EAeE vy, $4, CHN =2 — &2 X #uif Total Carbon &, Total Nitrogen
BRRDEZEAAETH LY, 2HFRYEOTMcIBRNLER Y ETHLERS D, —F,
BEMBRE A 50030 TCHOERTRET A D, SEBELTRETELS, AR, &
IO EKPEMANT, ShHhasmsheTCEENETITRELTLES, —RIE3
FCLORDHLALHEDROBRR, HMEELE>CHN = — £ > (LENABEDIRLE 15, 5
mOPFE T, REy 600°C T 3 BRINEE T 5 kv BV,

AAVFAL, R brA b, 2vE)AFA LD vss O 2 Bk LD, TOELFER
RLFEEhLT ESBYE L ThiE, BHEO vesdEI- 10FENS 2% 2ELI VD




DD, MBREET 0% LTH D, 20%TVbDbH5, ALFHETE, MitesES
HELOMNT ~11%, B, BELCSESALL0R3IBLUTER T, — B, FRHORE
BB TH B D, A—80Enb @ RO NS0 REERI AR AR Y R
BLOTLEENES, SEOHEHRZEFNEEILL T 5,

FEEREOLEG M, vssokXhioB DX LbHEEI RDLLDL, —KEWOLE
i, 1 2.65, BEF2.5~2.8, EA2.8~3.2Thh, MK tOkER, EHE2.6/ELL5,
HEHOLEL1.2~1.7RETH 50T, HRYEINENT 2 L LohTEATHLZ EREHT
HH, BWROZBELS B D,

3.1.4 Y RTF—ER

T OWER A we & BERR w, o1, T O OBEREAHGTL ) Liw/HT, HEMT LY
A L CFTE VbR T WD, BB, mKkIhictow AEBRCETARETHY,
THTOEOREYHBMCRBLTE Y, NFOEREROBN, MTFoMr s LHR 8
S, TREEA A R AR SFEEINhD, BTSN BRI DR E, Mok
TROHN LT L BEBRAEC D, o0 XPHBAELE 25, BHERRGLE
AV :

WL RSB RLe v ) ad A b><NvbF A b >H4 074 b OIREER TS, &
+Ed, FUFvEHILL ST, BRERRIKRE ALV, SHEEOEME L bicET
Triafsd s, EHRALABETH D, BRESEHCL - Tk, EHERRL 100~280%EE b
k&, SHEOEME LB AEC B, —4, BHBRI, aFRCHLTETD
WIMEE RS BT EAET LIy, FOLDEERA I BUBROETERINHHEHER
Lb 100~280% K %<7 h, THEIEALT-5, BR-EM"L, BEUEHABLL~F R
HLCRBEOHEAYBT5, BEXSHOBEK, BHIRANSHRE &b BT s01L, &
KOEGFHENELTORMLAOIABEEENRRLELbLD, SHENAT Y, #
BSOS L, BENRHTLOBEERASAE LD LELLNDS, BERREHE D
T L i HHREHE TRV, By BEROBEIL, AEBRECL - TREBANEEL, #
PEFRR S 20~30% R L1s, #ORE, BEHL SO%BERAD L, HED, T@LLETL
foo Edbma, FvFy, BERESHCILHEML KLtoBgriRBOKRE kT,

FRROBEY, BB REESHREYEGT 200%0L LT, BHERL 120~17T0%BETH D,
®3-2 wBEATRLE, TNTot

L= 073 Cw,— 20) (3-3)

TE%%hbkﬁ@ﬁ%%L(@L%Kﬁﬁ?ﬁoC@C&Hqﬁﬁ@ﬁﬁ%VQQHEHEﬁ
LA LD EWTT, BRI A-BOTAMBEERL T2, Tv7v&FtE, &0
fh L FRAUMEE Y, RESHALR, AL VEEBEMEACHEL, BNoREELSA

_26_.




AT BROMECH T 5 HE

[ A-line 1,-0.73 (W.=20) )
[ 19
00—
B
250~
200
lp
mw |
150
100 —
L)
50
i 5
.—)‘/ B
ok.“.zru..l.l.1..\.|.‘.|..\I —
[+] 50 100 180 200 250 300 350

W(%)

B 3-2 EEIHLoWMEE
Fig. 3-2 Plasticity chart of muds and clays
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Table 4-1 List of muds exercised settling experiment and the settling
modes of them

W(%) |
10° 10° 10°

Mud LT III\III’ I |I’l!
No
1| Kaolinite
3| Kaolinite+Starch o (@] i"'i“i‘fl“*
7| Kaolinite+Agar o0 - -
10| Bentonite 0 *.JT_ - - -
12| Bentonite~Starch Ol - - - — - - -
17| Bentoni te+Agar 0 ¥ [oF 2 5 B
19} Montomorillonite (o] O O—00-0
20| kasumigaura Mud 1 O—Ob—0-00—0
5] Kasusigaura Mud 6 - -
27| Inbanuma Mud o—
8| Teganuma Mud O0—O—0—-0-0-0
29 Ushikunuma Mud O—b——O—O-O—-O
301 Hinuma Mud O—{S—O—O-O—O
31| Suwako Mud o_é)_o_o-o-o
32| Yunoko Mud d)_o
33| Harunako Mud O-'—@
26] Sediment of. OO
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H./H, T (Fa-y)
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Suwako Mud — 0.67 -
Yuncko Mud 0.55 0.55 —
Sediment of Kasumi.| 0.49 0.71 =
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Effects of mud dry weight on the final settling volume ratio

ry wo (%)
Mud 1000 2000 3000
Kaolinite 1.13 1.00 1.00
Montmorillonite 1.01 1.00 1.07
Kasumi. Mud 1 0.98 1.06 1.09
Inbanuma Mud 1.05 1.11 1.06
Teganuma Mud 1.04 1.06 1.10
Ushikunuma Mud 1.06 1.08 1.06
Hinuma Mud 1.00 1.10 1.18
Suwako Mud 1.04 1.03 1.06

BRI BRI i B TR S oK e o B2
Effects of initial water content in percent of dry weight on the
final settling volume ratio

fi Ws (g

62.6 1 32.0 | 16.1 | 10.8

"~ Kaolinite 0.78 | 0.93 | 0.87 | 0.92
Montemorillonite| 0.57 | 0.63 | 0.91 | 0.94

Kasumi, Mud1 0.92 0.77 | 6.97 | 0.90

- Inbanuma Mud 0.88 | 0.98 | 0.98 | 0.95
Teganuma Mud 0.79 | 0.84 | 0.87 | 0.93

Ushikunuma Mud | 0.91 | 0.85 | 0.93 | 0.83

Hinuma Mud 0.85 | 0.94 | 0.97 | 0.96

Suwako Mud 0.83 | 0.93 | 0.87 | 0.84
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Table 5-1 Experimental conditions for measuring the mud flow curve
- . Mud T, T, T Nmon
Siries Materials Temperature T | (mm) {mm) (m!;) r.p.m)
Clays
. 0 64
I Muds ete, 20 0.1 !
Kaolinite
i Bentonite 20 0.1 i a 64
Montmorillonite
Montmorillonite 5, 10
. 0
m Kasumi. Mud 1 20, 30 0.1 1 64
. . 0.5, 1 :
Montomorillonite !
N 20 0.1 2,4 0 64
wo=1500% 8,
Montmorillonite 16, 32
wo=1500%
v Kasumi. Mud 1 20 0.1 1 0 64, 128
Wo=" o 256
# 5-2 EROEEE HBMBOR
Table 5-2 List of muds and clays and the characteristics of mud flow
curves
T T 1
W (%) 10 10° 10*
R EIIIJIIEJ N R R
1 Kaolinite —A— A E E EE E
3 Kaolinite + Starch ~(C—=——D— '
7 Kaolinite + Agar —A—
10 Bentonite —B— D D DD D
12 Bentonite+Starch —RB—
17 Bentonite+ Agar «—B—
18 Montomorillonite —A— A A A E
20 Kasumi Mud 1 —A— A E E E E
25 Kasumi Mud 6 —A—
26 Phosphorus of Kasumi —A—
27 Inbanuma Mud —A— Al E E E E
28 Teganuma Mud —A—s E E EE
29 Ushikunuma Mud —A— E E E E
30 Hinuma Mud —A— E E E E
31 Suwako Mud —A— E E E E
32 Yunoko Mud «—TAi,
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¥ - r d?’ (5—2)
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BEOmEEEY f () EThi
ro= f(7) (5-3)
EfC, M:275h07’1’i0
., dw M do dw
r dr  zhr? dr 2t dr (5-4)
THh, & (5—-3) BER
dow
2t dr = f{t) (5—-5)
L, ER&MHE,
T = Tg : v = £
(5—6)
T = T} : o = (
b@ﬁ)%o ﬁ (5¥5) %’ﬁﬁ'ﬁ"%&
_ 1 fre f _
a = qu - dr (6 —-17)
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9—2 kr ar
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- 2; (2,:;,0) (a%,m - b,lgn ) ,l::. (51D
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m log M + const. (5 —12)

log £

L,

corst. log{ m (—;—%;‘ - %?—) -El; } (5 —13)

THb,
(iii) Bingham B
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Fai o4
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0 s—1 51

21‘{}10 6112? Tya (5_17)
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REE v A ARBETH LT, Q-MBEY LI - M., MohS

Mo - 25%
M. $5—1

log 51 (5 —18)
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SFEIR P —(3) E@RF - (3)

4
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-Photo 7-1

FuAvER~SY A (5%) ORBERE (#EAYL -
fe=AEROER LEF)

Transportational characteristics for the Bentonite containing
starch (5%) (Appearance of triangular form with the acute
angle and its slow flowing downstream)
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(1) (2)
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(a)

(b)

FH  7-2 EROFEHEDHID)
(a) BrERL w=530%
(b) BrHEE4L (HOMBRLBEET Y WY SHIXELLO)
w=515%
Photo 7-2 Representative transportational forms of muds and clays
(a) Kasumigaura Mud 1 w =530
(b) Kasumigaura Mud 4 (treated by heating with H.Q,
(30%7 and contained with agar (109 w =515%
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(3) (4)
(c)

(2)

(3)

(d)

FEH 7-2 (DIF)
(¢) Fr7vaEH~Lv At w=230%
(d) BEREEEDO Y + 71+ w=440%
Photo. 7-2 (Continued)
(¢) Bentonite containing starch (10%) w =230%

{d) Bentonite on the high water content condition in percent
of dry weight w =440%
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BRAIRF N e RoDI-EE & A4

List of muds and clays measured the critical shear stress and

the water content condition in percent of dry weight for
the hydraulic experiment

w (%)
Mud

10°

3

10

Kaolinit

Kaolinit + Starch (5%)
Kaolinit+ Starch (10%)
Kaolinit + Starch (1 5%}
Kaolinit + Starch (20%)
Kaolinit + Agar (5%)
Kaolinit + Agar  (10%)
Kaolinit + Agar (1 5%)
Kaolinit + Agar  (20%)
Bentonit
Bentonit + Starch (5%)
Bentonit + Starch (10%)
Bentonit + Starch(15%)
Bentonit + Starch (20%)
Bentonit + Agar (2.5%)
Bentonit + Agar (5%)
Bentonit + Agar (10%)
Bentonit+ Agar (15%)
Montomerilionite
Kasumigaura Mud 1
Kasumigaura Mud 2
Kasumigaura Mud 3
Kasumigaura Mud 4
Kasumigaura Mud 5
Kasumigaura Mud 6
Kasumigaura Sediment
Inbanuma Mud
Teganuma Mud
Ushikunuma Mud
Hinuma Mud

Suwako Mud

Yunoko Mud

Harunako Mud
Nakagawa Ung2 Mud
Dojimagawa Mud
Tosaborigawa Mud
Shonaigawa Sand 1
Shonaigav_va Sang 2
Neyagawa Sand
Tagonoura Sand
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Mont,
Kasumi Mud |
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Teganuma Mud
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Suwako Mud
Yunoka Mud
Harunako Mud
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Relationships between the shear stress for the limit of mud
particle’s movement and water content in percent of dry

weight
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Fig. B8-2
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Relationships between the shear stress for the limit of bed

destruction and water content in percent of dry weight
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% 8-2 3 (8-2), & (8-3) dhoORREK ST CHEHE

Table 8-2 Experimentai coeffcients and adaptable viscosity range for

the equations (8-2),(8-3)

The first Mud group |The second Mud group
daptabl
a raapn;gse 0.05<?7|<4Pa-5 ol <n1<2OPa-s
Tei a 0.90 0.4
84 0.59 0.23
adaptabie
ranges| 005<Ti<2pas|{ 0.1<¥],<20pas
Te2 b 1.3 0.67
i 0.85 0.46
Te1: The limit of mud particles movement.
Te2: The limit of bed destruction.
FRLR AR ter = 0.8 z,0% (8 —4)
R A ter = 0.9 o ¥ (8-5)

A (8-5) kb, WEBASBRRECEEELRALEFOMELIRITEL -2 &850 5", LRk
Bb, FRBREBRELOBEL AT v r2b kel BERAIEREL VET IS0k
HERELCE, RO ENEZLRD, BRELRDLERICEL-T, EREANTREL A
RSB S, FRT 2D BT R TRENER L v, FRBREREROMEE
EORHWIREYTTRETSH D, ~HRBEERTE, ERZ < LB rBHEY L,
FRAERTLNLLT LA RANHR TR EMUC LB L ER T4, HRERTR, B
BB EOHBCER»LHEELST <, 25EROBEHOMIMLBEIK & OEHT T L
~OIENOEFLSHL, UEoBEdhic kb, ERFECBRBEL YN IDCRE EELLAD,
Lal, R8-10DRELY, B—KR7 v 7 OWERRITEEFKE & HES 2T bR,
B8 -9 iz, Mignot*® Ik - TR LA LCBRARTN L BREOERNLHRLTH B, Mig
not DEBARIL, KRTEIIB,

0.316 r,'?
SElOERGH T, Mignot DRER L, MEARRCHLTr o IVELMR LTV 5,
Mignot DR FAREOEBLEZELRAMHLLOTH -2, Mignot DEBL-BREFE 220
EFELUCHERA LD L CHIER, Zo0ERERPHEILEI LT & 7 - o, Mignot 0

= ( ry =1.5N/m?)

Te

0.256 , (¢, = 1.5N/m?)
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= (Wrcosfo+ Dsinfo— Lsinfo)tangs + Res (8-~9)
R EENT LD T-T AR, ¢, 88BATH 5,
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Fig. 8-15 Changing properiies of the ratio of the stripping force to the
slipping force
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Table 8-3 Representative density g, diameter d, and the value ot

(po— p) 94
Po do (}%—P)Qdo
(t/e) (um) | Ao (N/m)
@ |0-26 |dm=20| — 0314
@ 1.2 38 | /6 0.074
® 1.1 a7 | 1 0.046
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Po = A ot —pl+op (8 -25)
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F 9-1 MOLLELRDLEROBE L 2K LAH
Table 9-1 List of muds and clays used in the hydraulic experiment for
the pick-up rate and the water content condition in percent
of dry weight for the experiment

W(%) 0 10° ¢
Mud T T P11 T TTTTH
Kaolinite o0—O0—00-0
Bentonite &-0-0-000
Montomorillonite o000 00
Kasumi Mud 1 G-0-0000
Kasumi Sediment 0—000-0
Inbanuma Mud [oapeio ]

Teganuma Mud oO—CO—00
Ushikunuma Mud C—O000
Hinuma Mud O—0-0C00

LT, IIE0&KLoR»EENKCE S >H, RECBMEERE R, BARBKNOER
DBFZERBETH L, BP T FREERTE D ERld o, MEBLER L - ¥ —BES
WL OFHL A, v —F - HROFGENI AR AR CREE L, BEFORN & REDOBR
BHELEHLHRDTRE, FRPECHFRET > TEOBEREF = » 7 L, KERXHTLIRIE
bk LC, BBEORMTRECEKOSE L L, RUH L AKRBIBEHKTICIHRE - 1
TR v, REFFOEDOETRBEHES CORFH LETHIEL T 5,
R Ao s 2 2 MEE LY By icied, ST 30 R b U ik 60 B o RigRE & T
T BT & OB fRY R, RUOHLEP, (ke/m?s) 3

L (9-1)
THizbhb, L TAAKKRNER, U, WETHHEE C WHEHERRE, B ¥3K
HWEETH D,
C ERIEERCHLC KL LTRA Y OFKERECZIDT oM s fo, RIEYEH
EHicERET, ERSOREIERLL,

F9.38 XRBROBE

H9-10—BHoRE, RUBLEP.L2ANEN roMRTHE, FERI LTI EDTH
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