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KRB 1.042 Mg/m® | 1.090 Mg/m®> | 0.873 Mg/m?
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SoFH mg/L 0.8 1.0 0.82 1.1
ESES mg/L 1 0.2 0.2 0.1
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No. i EAKE(%) | FEE | (kgm? GHRAVEI%) | FE | GHRAMVEI%) | St

B 0a MgO % 1 ilﬁl?ﬁ‘r&f 200| CJKX 750 10 — 0 #E 28 H

0b MgO % 1 RS 200| CJX 750 0] — 0 BREt| 28 A

1 BG — T 245| C K 1,500 0| — 0 #E| 28 A

lal MgO % 2 T 245| CJK 1,500 51 — 0 #E 28 H

s—pype | 122 | MgO %2 ilﬁl%&‘r&f 245| CJK 1,500 5/ BB 5 HE 28 A

b | —BhAIOR) | RS 245| CJR 1,500 0| BB 5 BE| 28 H

Ic Ca % VRS 245| CJK 1,500 50 — 0 EE 28 H

1d TN 474 % RV 245| CJK 1,500 0.7] — 0 EE 28 H
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(a) Wood Charcoal (b) Carbonized Cow Dung

B4 LA D SEM i

X 4 (2 3TREEDRILA O SEM EifgZ 7R3 (C6 : XERAL "
B, CC: 5 AHEIRBALES, WO @ RBR) o MELBALATIEA T ME g ALH
SRS WIRAEM IR T, BRI K EWZ 3D, 3 600 04% —

Eo, RIEROREIC L 2WARICED LS /AL 5 [ v’“\h\ﬂ/f\\
2OPHET 2720, MUERFE O TESARERT 8
MEA 1 BERBL A, U7z, AdolokeRiE, fEuEry 500 [ 4 5 A MR R 1L
MU ORKFHRER (JISALIL0) ZBEIL, 24 Bk T ol J/y\ﬁ_ﬁ\“\*—+**
CRUEgIC, BOELMTRAOKDERE LY, i 21 g
WHEZFBLL, (k% OER/ AR OE R X 100) CH B o
HL7= 2, T

B 5 1AM R A RT, 5 MR OBk 0

100 200 300 400 500 600 700 800 900 1000 1100
Carbonization temperature 7" (°C)

KIZBWTIE, BEICL2ENEEIEERE 2L, 300~
350% & 7p o7z, FAEL 900°C THAL L7 BRDN e b WK .
SEAE < 594% L 72 572, UKD K & 72 3678 - Rl & RS Mok & BALIRZOBIER
LTEZOLNDDITHALDOETHD, B 4 1I2HDH SEM H
BoOBEY, F5AHERREMICIESH E VAR SR
WS, XFRALM TIE & 2 A EZ AMILNBERTE 5,
MERACM TN = T 2EFEIC 2> TR D, BRENZWL,
HIIR DA R OB ME & FHEI L7228, 160% & fth 2 > okt
ZEE, KPR R & o7 P,
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KEIZFAET DAEOLSF
e e YELAN ANy &
éfﬁﬂ%k fﬁo“(b\é ( i 1 K’”ﬁﬁ'&*ﬁiﬂ)/mni@@ﬂn*ﬁ:
6) . RN E I RGO Series Water content of clay Amount of carbides
TR LI b D& BT w6 C (eg/m®)
W5, 5 AHERE & RRITAR CG CC WC
— At H—THEA LT 1 70 100,200,300 -
ORI TH D, 70 - 100,200,300
a2 s DR 70 - - 100,200,300
S 2 70 100,200,300 - -
mﬁ%fﬁé“kEiOTE 50 100,150,200 -
T OE K A IR ST, 30 40,80,120
N7 74T 42D
BERECE A0 E R LT, (CG : XEFALK, CC : S AHEIERALE, WC : KREK)

RURTEIIE, VYU —X1TiE, &KL T0%DIAY U+ GRIEIRI 41. 1%) ICF R 2 R CHteA 2 1/
L7z, RAEM OBSHINEIE 100, 200, 300 ke/miE Lz, —J7, YU —R2 T, XMERMZRGITH - 0EKE & R
MOWINEEZEZ THRAEEZER L-, ZhbofEiEic >\, B a—rBEANBREZIT, a—BEEHE L,
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The type of clay Water content W (%) Mixed amount of carbides Content of COS
C (kg/m®) S (kg/m®)
CG CC WC

Kaolinite 70 30,60,90,120 - - 30

Kaolinite 70 - 30,60,90,120 - 30

Kaolinite 70 - - 30,60,90,120 30

(COS: 7 % BERAS)

B KR L2 RAM T CHB T D81, WMBERNRY RES LD EEZLND, TDTD, AR 5%
Bepikt (COS) ZOFH L7=ftr bt 5., A L7 BRI RIGRAMBEDO LD TH D, I F IR I THAER
WL, 2 mm A v 2 TSDININT TR, T0%, IXEMEEZEXIF T 1000°CT 2.5 REREBER L7z, BEkit o
INERIIHT 45% T, IEEE LS T MIEL LI EEZ BN,

4. ERFEREER

ALK &R DIRA O SEM B 2R 7177, BT (DX 912, 200 kg/m? DARZEIML TS CC R FDRMAIC
HOE ORI 25 LT, P r TS IR & R IR W), Mt OME~OREIIEA/ NSV EEZ DR
%, CC OBLIREED =0, HithF I BRI ETE TRV ENDb S, —FH, BT bDE1Z, CG 2RE
Lizh A ) VR EOBEAE, KthF2R CG EE-TNDHRD, SWVMENREOND LHESND, CG DRk
WEICL Y, LHERT RS & E RS %, KM OBMMOFTREMENE E 0, il & RGO A e 5 A
RESNTWD, F72, CGIEMAKENRE D, o TFADBEICE REREENHLLEEZ OGNS,

B 8 1T T L5, RILMDIRGED 200kg/m’ ([ZHMT 5 &, NEMRR) BFEET D, BRI, BRI BRIE
PES — U MBI — 2tk e 2N 5 &, R EogEtERKiEICm EL, 3 o20W VB TCHIERZEEMEDBE N
DEFETDHZEERLTWVD,
CG ZEBMT 2L, o 2 2
RAEM (CC BELO WC) £v b
a—UEENEL RS, T
FEIZ, CG OWAKRMENTRNT- 0,
¥ BN O H HAKRSKIEIZRED L,
B OEENRBEICR T2k
Ezohd, HitloRbME &
HIZEMNT 5 &, #iENo CC
DIRAEN 300kg/m® [ZELRZL
igéihffiﬁjxéii (@) BAV 4+ KR 200 kg/m? (b) I AY »+HRERAGES 200 kg/m?
o ﬂ%fﬁ;%%’@;&@%iy ®7 A &R Lol 1o SEM g

1000 1000
1
e e A 800 - o o
_ Zome I | omelis = W=30% == W=50% — W=70% —
= TInactive Zone ! Active Zone §
2 o s = e e e ey .>|< s i i, S — ] E CG addition Decreased amount/  Decreased amount
Z 600 | : & 600 f———f === - -~
< UL S \ :
% i RAEH %5 I |
—8 . o 1 1
E a0k S, ST A .S 400 ! 1
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1 1
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v ELL SELA =x g
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BENOKSZEETDHZETHDLIEEZRLTVDS, 300 kg/m® O CG THULEL L= H1%, =2— #8508 800kN/m? %
Bz, oLy b RECEL oz, VL FNARNOKSPIEIET XTI EN, FIFICHFLRND CG HE
NEEROBEIZES L, a—BERELICEL ko tEXLND,

9%, KHTogHEKEE CGIRATOa— U REOBRER LTS, BAM ZIRA LRWRLHEORE 0 qc 8
1359 3~7 KNm2 Th b, CG WMEBERH 2 5 &, o T OREMARENINT 5, 72771, o0& KLy
MF 2L, RUBELZERTDZOICLER CG OBRPKIBICHMNT 5, EOMKE, BKEDHENTS L, WEITEh
FEHHETIT AL D, WIS, MtoEKEEE LT &, KFERITRF 7 T A2 —BOEENEL 20, kN okL
TN CG FHICHEBEMNE LT 25, ZHUTE Y, $ENOR 1 & BRI OSSRk En s,

PERDWFFETIX, COS ZWMT 5 LG LORE L REMNH ET5Z EREN TS, UL, COS MKEKRIEL
THKEELA LY 7 I (Ca(OH),) ZAERK L, Mt EIRAET 2 EWERINVPIEEEZFR L, HEOBEZ M LSE57-
WTHDHY, ZoTaAH, FpHREICL VI EREOr AL 7TV I VEBEDN RS, T T B A K
¥y (C-S-H) , NI TUAT I R— KA (C-A-H) , IATTLET VI =0 LT A BEARFY (C-A-S-H) 72 F
DT VFERADBTER SN D, T OF AFITR R & Y 2 B OMTT 5, COS I3 HIZHEE TH D08, Z O
WCIEEHROBEREESMLETH Y, “MLRBHRHEZENSE S, 2070, BER IO 2 MIEOFRBEIZ L
THHIZ, —HD COS ZRILM CTEXMZ L &
IEHTHDHEEZLND Y, 1000

AMFFETIE, B DRINEORILM (CG, CC, WC) 3500
LEEKEKEE~O—FERED COS I (30 kg/m®) @
R EF~T-, B10 17T L9512, CG-COS THES
WD qo 1%, R EREREMT HI2o0T
RHEGEIZEMLZ, CG-COS @ CG DEMED 30
kg/m?1Z#ET 5 &, qclF 800 kN/m2 iz, [FAF| -
M) ICESVTE 2 MR iSRS, CG-
COS D CG HAEN 90kg/m® [ITHIINT 5 L, a— 1000
Fa50s 3000kN/m? ##8x, A—4 72— REROM 500
REBz7=, TDOH, CG &AM 30kgm® & : : . .
60kg/m’> DHFRIAD qc ITFESO TR EZ IO TN 5, % 30 60 90 120 150
ZHUE, CG 2% COS & stk F-HoAFn &Lt 5% &mourtofeabide CHlcg)

HEEEL, WEXZMESETVLZEERLTVD, 10 RAEM & COS Ziff LIzt RE0D
72, CG OMEEOHEE &N RBAKPEICEIE L T 5 D2 — Y HASROHR
AIREMEDRIR XN D,

3000

2500

2000

1500

Cone index ¢, (KN/m’)

-— CC

-—WC

5 F&&H

AWFFETIE, EHERERALIEREIZ X » TERIE N2 RIEM O & & KR+ O B DO 7- O DIE A 2 Et L=, Aot
TR T O@Y Th B,

1) MERA (CG) 1FIME D AN= SMEEZ AT 572D <, OKRBROH 5 AHERERALA T LR TIER 2R
WK MR RS, B — 7 OWIKERT 594% |23 LT=,

2) EE KR L MELRA LA DIRA TIE, BALMEA BN 200kg/m®* 2 #E2 5 L AMICa— 8N REL Y, K&
R REEB A LN,

3) BERH Tk & MELRALM LIRA L7Z CG-COS THRESER LD qc 1, BRALMERENHEMNT S o TREKIC
L7, CG-COS @ CG FSMEN 30 kg/m2 IZFET 5 & qc1d 800 kNm2 2# 2, mKDGHEBEDK L Z2RENT 50
DRERDOE B OREEE & 720155,

TDEHIT, MEFACMITEE KL ZWRT 57200 ) Yo 7 0k & U CEREEER L ORI TR E 22 051
HTE B,

SEXH

1) FEHAREM : 55 RIGEEIC K DRI RN A~ AD R & RAKMAME L UTOEM, 2 15 RIREHMR T
AT L (2023) 2) WHKEA « G2 48E U2 RAGH O TR & U TORAKNE & RAKPEOFEMN, SF0 3 45+
ARFEDTEEEBAZE RS (2021) 3) Li et. al.: Physicochemical properties of carbonized grass (CG): Implications for soft clay
improvement, Construction and Building Materials 419 (2024) 135553. 4) F.G. Bell: Lime stabilization of clay minerals and soils,
Eng. Geol. 42 (1996) 223-237.
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Evaluating water absorption and improvement performances of
bassanite in improvement of high water content soil
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RYKAE CITEAAEBITEEN TR O, [FA 20=12° 'U"?‘"/Elf::/ 110° ‘1201 1302 10° 104 1505 108 (kN/m?)
. . e 5 7
(EC REBOE— 2 BRONTE. ZIE, —HAUKE S 3ﬁ A o

. |
- v .
LT—AEL TS EHALRS BEKFW  RAKEW | KEIKHW)

RAIRE K (PW)
2 HEPICAEAET DK O43H (GCHR 5) 2 40FR)

22 BEIMEIZ& DK REEDTME
Zhu 5 (2005) 913 A > b CEAVGALEE L 7288+ ok 5y

DIREZR pF EICESW TR 2 IR & 9 ITKkfk, ek, HHEK 1$g { .

WZ¥E L, pF3.8 ETICHEAKENAAKEHHAE L TWS, 22T, < 600 ¢ ~e* pF=38
KT & BARFNSE DAL OE TRA S NI A Th D, HBAL 2 o

LA 1 &> THEIIICRE S LTS Th 5 £ LT 5. o o

KRBV TH, FHICIKSABRHEK KRKOREEET o

BT, HEKLHEAKDOEBEREZOET DY 2 > a UHEEA 102~ gzw  EEiAEE

108 KN/MAZ 35 1F 7K 3 PRt & FEBRAGICREAN L 7. BABRIIROKMER & ® KREKEE . .
B (JGS0151-2009) DiELEICESNTITo7c. ELEEIE, RRD 0050 110 140 170 200
KEXOBEOUNFEASETH 7 v a v 0BbaEmHEL, Lofkk ZKEw (%)

BT 2 T THD. M3 %7 varbakbolE

AWFFETIX, FTEO®ELNEZ G2 ZREOEKEEHE LT, 7

Va UHEEME L EAKIEDBUREH LS T B Z & T, AKMULEABEOKSEFEEZTM L. FIHE LT, AFEICKE
KEMZTHEBL, BREICREZRLUAN, KNS EZEZ SE57-010 1R L. 0%, PiEobliEmdE
T3 DA B ORI L B3 DN 2B S8 512, 3 FEREOOBERE IS T, B Zplaliisd B CalBh & 920 L 7=
WOEICE O RDTZERIE W EHEEY 7 > a Ul s OBMEZIK 3 ITRT. 28, 7 v a o TIRETRIEL
TW5. H7 a3 100 KNIMAHE CIEFAESKAEDO T BORE KRB EL o TS, ZHIZARKIE TORK
ENTFAELKEEOIZINEWVWI ENRERNTHDI EEXOLND. —F, HHAKEFBEEKEOERTHLIH 7 v avn
620 KN/m2f-JUT (pF3.8 IZHEY) TIFRREKBED I NEmWEKEEZRT. ZDZ L1E, RBREKABOITBEEEKD
RETOKRGRFENZ L, KDERFINIDBRKENZ LERBLTND.

2.3 MEEK(Z Kk BWKMERED T

WK AEE DRSS & » THREF SN B KRS EERFT 5720108 40 s BETALE
WP AR L7 R A R S, BIBUK AR S5 T L A RA o RAEKEE
b KA EARR O 5 Ll kiR oksy 50 b8
PHFEL, MROHA~OREAELS. PIEEES 0190 1124 M| s |
BERIINBNC k> CHARE IO LR AESAEE R0 FELRAL & :
CB. BAICBNTIE, “kAEE 0C TR~ 120CTHE o
KA~ L TREZELAE U5 = & 2R L= B, ABMEE 70T 5
QCHE R - TRATHEHRERD 5 HEEREL T 2 e e 100 1o
B, ARTHZOFEEBEL, GREEGROHEGE, KAGHE HIBEE(C)
PRBEZRE LT B4 CLATTEOMMELEC L 5 HROE

EBRSEELUFO LB Ths. HkAEIT 5 A RO RBAZ
ZTHEL, KRS E2AE LS. 0%, FKABE~DEEEL £2 S0°CHIERL DB EDE KL

BELRNVEBZ LN DIRE SOCCTHEEN—EIL/RD E THBIET A FACEA R | LA
bOEREE L LTHWE. PIEQHBIREZZE L, WA Z RIS | oo s
Adv, 24 BERILL LA L Coo RS S L ICHBEE L. Y | 4 o) 213 24.3
WLHIEZITY, 2 R FEENRZE LD, WEREEZ EA Wl
EETo T2, GEREEREOWREEEOELEZK 4 ITRT. EH50EFEICBNTY 70 °CLLEDIRE THERD 23 Bth
THEMMNB LN, T, ZAKABRPEPKABICEEZLLIZZ ENRRTHD B 2 5L, 70 °CLLE THE{kA
HETLHHRO D EEZ LD, —JF, 50°CD T0CICE W TCIERBAD B R bR oT=. ZOZEnD, ZOREET
IR OERBITEZ > TE ST, KL THWARWEIBAKEZ 24 B 50 CTMET 2 Z LICK VRS ELIENTED
LEZOLND.

Uboz & zBE 2T, RERTIIAERE 10 g (23 L THEEAK 30 mL 2z T, BERYEICRD L O Ik
THOICEEE LT LRRIBE L. Z0%, THERND 50 °C(+ 5POIIRE L @r 1A Bl 2 v, #ide©
24 WERINEN L 72, 2 0RICE KL (115°C, 24 BHINEY) 217V, BEED ZKAKkEE LTRELEEREE 2




R, RIREKATE & LB KAE & ARFIAKBEDOZEIT 2B RERVER L o, ZDZ b, HERS
ThH->THARFKBEICEEZRER T2, K1 CTHEES U 8K A B SO RHMIC & % KFIPERE~D BB S\ T
INEEBEZHND.

WEOEIZBIT Y7 ¥ 2 v 620 KN/m2AFE (pF3.8 (CAHY) DE /KL & Ll d 5 &, A KA BT 60%FEE, KR
mﬁém%%ﬁgﬁbeﬁw,E%%@E%T%%ZK%#*ﬁ*%%%bfﬁé&%@ﬁmmﬁk@’ﬁT#é:
EFER SN, 202 ED, AEOWRANRITAKFIAKE HEE LT, HAKICEDZWANKENT EAHLNTHR-
t.é%u,%2K%#*ﬁ*@@*%&ﬁ@%uﬁw6?*%@%ﬁ%,ﬁé#*ﬁ%@ﬁam®ammh6W@
FE, REREKTEDORBKDOE KL 0WRREICRD. ZDZ b, MAKOEAKRICEL T, HAE¥KEEDIE
IANEL, BIBRAKDOEEIINNEL 2B Z ERH LN 5T,

3. FKAEBICLIURMREZDZEZRDKRE

HRPERR LA EOE K I IC IS U7 2 ME O £k, Bk #3 EREoEARpE

FED LIERBPEKREEZRM L2 B0 a— U BEGRE HH Vb RS T
Fhi L7z, ZOMBICESE, ARMRICHELEZDBEICS | LR T5Ep (glemd) 2.535 2.555
WTEEELTH. HRIERR A we (%) 27.9 28.5
31 EEHH YAVEBR S wp (%) NP 22.3

TOMERICE D BARABEICLZUBRE LK T D201, 2
PO TR ZHEf L=, >V & LTDL 7 b—, kit & LTEMEZA, YL oA THERISNSHEL L v
N ERELEAEER 41 TRA LIRS Lo 2 BEEZ I RICERZITo 72, BLEZREA LD, SEMNRIICHE
KEDOE IR BERT D2 LT, PROBICEDWASKEDRICKIETHELRNT 220 THS. EBOEA
WtEE R 3ITRT.
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$h mg/L| (=0.01) <0.005 <0.005 <0.005
AEZRL [mg/L| (£0.05) <0.01 0.44 <0.01
[0 mg/L| (=0.01) 0.005 <0.005 <0.005
HkER mg/L | (=0.0005) <0.0005 <0.0005 <0.0005
Ly mg/L| (=0.01) 0.008 0.006 0.002
S FE mg/L| (=0.8) 5.5 0.05 0.50
5% mg/L| (1) 0.07 <0.02 0.04

A K TTLIB2021F4A18 & Y, BH(EA°0.003mg/LIC3Eb S hiz (FHHTIE2020410~118 1K) .

OBELKEE nEFtAY FBE DBIFRS MK
100% ) PR I R L T 6,000 - — — - 7,000 =
@D @ | H*TTORATPF @HFREA) F | KPR &S T RER o --o-OPF&
25) 25) 25) = 5000 | -3 @ p £ 6,000 7 —e—OPFE ||
80% | £ -G +® /' 2 u
50, 50| & [ Z 4000 - X 5,000 -0 @PFE ||
60% LI I [ L Il 1 || 25 & 4,000 —e—@PFF ||
& 3,000 - G)PFiE
100 8 — o / & 2000 o o-GPFR |
% | 2,000 N A -0 OPF#R
40% 75 75, “‘f - / - /’ | 2,000 —
I e 0c=800KN/m? & g/ 8 n [ o _800KN/
o 50, (50 50 m 1,000 1% " 1,000 > G ~800KN/m?
20% F{ f PP ST Ao Ta
0 ‘ e il S 0 Fa i) 8 i3 ‘
0% 0 50 100 150 200 250 300 350 0 100 § 20 300 400 500 600
0
o @ ® ® 6 ® BEMRFME p  [kg/m?] BEAEFNE p [ke/m]

-5 HEMOMERK

(a) ERELY

(b) EELN
-6 HEMAMELI—EROBER

BWTH, @FEAL FBREZFMLZ2NEESD, @RU@IF p=300kg/m® FIM L TH BEL T2 a— G NR

Mo,
@FFINL, ERLYIZHOWTIX p=130kg/m3, JEE+
NIZ2W T p=150kg/m?® % 52 FHEL A & L7,

8. WMELTDHFHE

(1) Y%t

F—41F, FEEDLOSRE -OYEFEZ~T.
BEM OB LV ERSPAEM LI & &, BAEY
KAEROEFE A > b BREOLZAIRAKERIC LY
GARUEBETL, aviATr o or—EnRtEsns
NG 2, RIEICE LT, R 2ERME
WG AL LizZ Emnnd.

(2) b4t

F&—51F, KEELEOSE Lo/t E R~
EREYDpHIZ 9.1 &7 B UPEZR LR, Zhi

—7%5, BFEEAC FBREZBFMLEEA®, O UOOIEZFED

=l
HRE

xK—4 EEXRUVHELOYERE

it e L7272, IMEN KD L2 DRlE

® B ]
N ERLY HwELY EREN HELN
(FRY) (R&O) (FRN) (=)
EMERK B:BB:BFS - 50:50:0 - 50:50:0
BEMRME » keg/m? - 100 - 150
- |turome P, Mg/m® 2,620 2.731 2.699 2.716
B |anaki w, % 111.1 88.0 56.7 43.2
e (2~T5m) % 4.3 21.2 0.4 6.4
w (P9 (0.075~2m) % 14.7 44.2 7.8 43.1
B [onts (0.005~0.075m) % 36.1 26.0 60.3 37.4
L TE (0.005m3%%) % 44.9 8.6 315 13.1
L P Do mm 438 438 48 48
WHSEHE | F, (0.075mkKHE) % 81.0 34.6 91.8 50.5
RIERS w % 124.0 96.4 48.8 53.7
7 Yowms we % 46.4 711 343 37.6
z : et I - 71.6 253 145 16.1
| z|esa-mn A - 0.17 0.33 —0.54 0.65
LI A - 0.83 0.67 1.54 0.35
A [EkiRE & m/s | 2.23x107° | 9.73x107% | 1.15x1077 | 7.95x10°®
5 [emrEo _ _ Wt BHHE Sk Sk
o PP (ERIERR) wEt (BRERR) | (ERERR)
HEES - - (CH) (SFG) (ML) (MH)




IKEEMERL 3D 1D Toh D v 7 MREN RSN &2 £—5 ERTRUKRETOL2SM

RREZEZBND. £, WTHOWE LT AL U O [ BEEY | ®ELv | BEREN | HEIN
. _ R H | mry | ®ee | @En | @ae
BMERIN LI, WELO pHIET AV H UEER L. 72 TEFEoM - ol 13 69 10
}5’ F’»ﬁﬁﬁ(’%fi L %E%%E&EIM—& LTW3 71—:&5) E/ﬁﬂi%/f TREGROERIZER mS/m 26.8 211 8.5 140.6
i o R A FFUSL | mg/g | 0023 0011 0.009 0.033
AUPRE (SI02T) MEL 7Y, =7 ) — hOfLFEHS{LER EYE mg/g | 0.034 0.060 0,020 0.045
5 . o AnToh | mg/g | 0530 6.7 0,020 6.7
BEOHREL S D 02%2 7 (=2mg/ g) Z i L7, KEMES |<sFo 9L | me/g 0.012 0.002 0.006 0.004
(3) RELIEH WtmA+> | mg/g | 0011 0027 0.004 0.008
WemALY | mg/g | 0072 83 0,039 12

ZEALRERIY, IR LICEM % p=100kg/m’® (EKIE1Y)
F720F 150kg/m® (EIBEN) N - BA L CRE L 2B L2 RV RCANT6 HREIEAE L, 7 H BICHREL TRERIC
it U7z, ZEEDIZ L D OB ORERIL JIS A 1210 [ZHHL L, JKIETIT A-a ik, HELIT AcETITo72. B—71%,
JEVE + & GE L OREEDFHEZ T WTILDIETR + b BT & 0 R KR EE pamax D3, il 3 7K EE wopt 23HEAN
L, MEOHRIIATIZY 7 FLTIBRBRESNIZR 572, pamex DIRANZEA LT, & L2808 CEEZ HiEEW %
FIETIMELE LCTHWIBAICITERORIAH 20, HEWICHT 2 EEMECHEZERB &2 2800, A8
BIRRFT~DORMN SN D, E, won DI U722 & T, RENRITHEE D 2SR - 7= 8K e C B 6D 23 ATRE LS 7
BB, GAREOEWVEIATHEDHEDE 2155 Z LR TE, FHOLT WM EI L /oo 2 L 2R LTS,

— ERLYDHESHER —— WE LY DFFE S R —— ERENOKEHehIR — BE L NOKE & iR
----EREYDI-VIsHER - -- - WELYO - ERER ---- ERENOI— IEHHIR  ---- XELNOI—iEHIR
1.3 1 1,200 1.6 Y 3,000
=1.193Mg/m? %,
o 12 [Pena=1.193Wg/m . 1 1000 % 15 b, 1 sromgme % 4 2500 =T
3 : £ :
2 o1 | {80 = 2 14 | { 2000 =
= ll
- L D =95% i L L i &
g 10 600 ¢ 13 b e ‘ 1,500
& N0 5
B 0.9 | fum0877M {400 = w12 | A { 1,000 %
% § ? % ?E' 3 \ 'I
B 08 | 5 { 200 ® 11 | N ] "
: E " =3 TNY N -
07 ) 8], ) )\ ) ) ) 0 1.0 L L S s it 0
10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60
Skt w o [%] akit w  [%]
(a) EELY (b) EELN

H—7 ERXRURETOHEOHLE
B — 8%, G /KT L=k VT, JIS A 1211 (CBR #R&BR) ICHELL T2 KR L & L ofE L
BAZORBMK G CBR) 77, WELOFBNEKENE L, WEREBENNINTHE 25T, #FF CBR IIHE
TOFPERL LD KREREEZRL, EREYIIN31ME, EREENEFN1L6fFERsTWND.

12 12
QAZ;ZV 25 ] 5.0 —o—HELY-1 gAiTm 25 | 5.0 —Oo—H®E+EN-1
& | nea | 121 212 - HELY-2 & rs,iilN 0.42 0.95 ——HEEN-2
10 B OBEEY] 15 502 -0 EiREY-1 10 || = [z~ 0.51 1.14 O [EBEN-1
No. 2 -0- EiRLY-2 No.2 | |
a"iil" 4.43| 6.17 BEEN| 07 181 -0~ BREN-2
8 NN gy o 8 el
—
= No.2 | A2 620 E BOEN| o 61| 156
= WHEE | [ oo - " sr:;z
6 | ‘k'\: 13.4] 19.9
- e
&
&

5 15 10 12.5

E A E [mm]

EH 5 - B ERt wEL HE fE5 - BfI ERt wE+
&7kLE w [%] 37.7 63.3 &kt w [%] 25.0 375
BREE | p4 [Mg/m®] 1.250 0912 EREE | o4 [Mg/m?] 1.537 1.295
i%ECBR| CBR [%] 10.5 323 SRECBR | CBR [%] 5.3 85

(a) EELY (b) EiELN

K-8 ERIRUHNELIDHRE~EAZMIR
(4) &E - TR
S L OTREE - BRAREEIE, —BEAETR S X OERARECCRIME L7z, SRBRIC AW 2B BT Z B LR BRI W2 b o &
FUT, FrEMEREL-OLEKLZREE/KIICHEL, A2 MSERERBR T2 Y IR SW THEEE 2 /E5,
JISA 1216 (L0>—HhERMERER T IE) (UL U CJERE R A2 1T - 72



BM—9iF, KREEKELOHEOTHOEG (—EMRRS) 277, WEEOTPEKRERES, WREEN
INSWVZEPD LT, WHEO—EERRS qu i TER L KR LT, ERLY K LA, KR ENDK 146, FEk
2, BRI EsolE, BEJRTYDK 1.9 6%, ERENDK 2.7 5L o7z,

300 350
250 | 300
E _ 250
200 E
z :
= 200
© 150 | ° I
R N
R @ 150 / 7
2 /7
100 | & 7
& —EtY-1 Mo 100 v — HEEN-1 ||
= 0 A7 2N I AR RN R RN R HELY-2 I N WHEN-2
/ - HEEY-3 Y/ - — BEEN-3
50 — ERLY-1 s0 L) 7 —EREN-1 ||
------ ERLY-2 e EREN-2
—-—ERLY-3 — — EREN-3
0 [ 0 T
0.0 0.5 1.0 15 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
EMMOTHE & (%) EMOTH & [%]
BHE 505 - HfI ERt wEL HE RS - HfL ERt wEL
Akt w [%] 375 63.4 Akt w [%] 24.9 37.6
RIREE 04 [Mg/m®] 1.193 0.876 BIRTE 04 [(Mg/m?] 1471 1.262
—HERES | g, [kN/m?] 230 254 —BIEMRE | g, (kN/m?] 229 311
ERRE Eso [kN/m?] 24 46 ERRE Eso [kN/m?] 16 43
(a) EELY (b) EiELN
E-9 ERTRUHHLOHH~VTHEHR
(5) BiEsheH £—6 EELRUVRELINEEZREFIHE

F=—61%, ILT-46 CER3HERETETE 46 5) 2 | 5o | se | s m ¢ v BN v
E 26 ¢ 20

HS U THT o PR £ R OCEE L OV HHBRBRS % 7 e -
T, WEMERCIIHAELKABEDS-FLEEFEE A AERTL | mel =0.003 — — <0.0003 0.0003
s me/L =0.01 <0.005 <0.005 <0.005 <0.005

FBREOAM 7 7 ARSI ARG L CV 7, S AizaL | mg/L =0.05 <0.01 0.02 <0.01 0.03
WWEL TV s EEEUNICNE>TEY, &bt VR mg/L =0.01 0.005 0.007 <0.005 0.008

_— preen mg/L | =00005 | <0.0005 | <00005 | <0.0005 | <0.0005
A2 FBREIICLAPESBEOETE(LEHR (REEzhE) Ly me/L =001 <0.002 <0.002 <0.002 0.002
R, HEOWEEHPEEL TV EEbnd. So% me/l =08 0.25 0.47 <0.05 0.30
PEr me/L =1 <002 0.04 0.02 0.05
#AFIOLR2021F4A18 & Y HE@EA0.003mg/ LIcft S hi (ERLY <, ERL S hEN) .

9. ZEIIHER

FEERERE, BB THEONMAZ R, BRSO TEBEER L, SEE
WEJR L2 R LT, SEHLATREME &SR+ () AErERE A LTV
HIZEERMRTHILEAAME LY To72. BAEENEE, EARBRENS 2 e
1+ (ge=800kN/m?) T, SEMRIMERIZT B E Lz, 7ok, BT 20 E%
OEAHEELE LT, BHRIZED a v v AT — %R LTz,

FLAERRBR L, AR5 A MR R E UL CHERIL T2 2 2 HICR Sio«
—Xa—T VAT A (BUVAT L) 2V OB EHEH L TTo. Mgtk R%IC
BT DBGEAE, BERNEBGEORMEOENEEE L CERREOMENEA SR
L8, BBV AT AT, BEOFEBNLENEARBIER L, BHTOEKICLD
FERACKRZEN 2, W ITEBEREEZBE L2V, 4ENE, ENEARER & G
REBOMBRH X, ZOMERLOERE(CEPHESNIZZ 00, BUGE AT
FHELAD30%E L2 L LTHEMLE. BE— 2%, FHiERBRIRRE2RT.

BE—-31%, e e ERAE L (ME L) OFRERT. EomWER LY
ROFGREMEREWERENDOa 257 v —nthE S, BRb L2 ENRT
B .

K—101%, EJRL:EEBNEARERE QT T LS - ofE o frEI Ot
WZa— R R, ERE Lo S B AR 2 L - (ge=800kN/m?) & L
720y, FEHEEIX BEE O~10 fE0fEZ R Uiz, Zhudk, EiFBR R Lz g Lo

(b) EELN
B2 EIEEBRIKR
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(a) ERELY (b) EEELN
EE—-3 ERL&EHHEL

KRR SRR L VIET (ERLY : weelll1%= w=71.4%, KRN @ wo=56.7%=> w’'=49.7%) L= & &, W
BEMEMENEARBREL D 2V (ERLY : po=100kg/m’=p’=180kg/m?, EIE TN : po=150kg/m’=p’=200kg/m?) = &
LB bDEEZLND.

— EiRLY 0HE DR
HwELY (BBAG, p=100kg/m3) OHFE DR
o  EHMELY (&G, p=180kg/m3) ORHEHFE
---0--- ERL Y OB I & 53— VK -
--0---BHLY (BAG, p=100kg/m3) OREDHEEEICL B - 1EH -
= EEMELY (BAG, p=180kg/m3) D HKINEE"ICLBI— K
--0--- BELY (EBAG, p=100~300kg/m3) DO"KHMELE"ICL HI—VIEH --

ERENORE S HiR

HEEN (BB, p=150kg/m3) DHEHHR

EHWELN (BEG, p=200kg/m3) DHEDHHH

--- BiRE N OBEBHEEIC & 52— 8K

--- HEEN (BAG, p=150kg/m3) OHEHERAMKICLZI— K
EHWWELN (RAEB, p=200kg/m3) D"EMHL L3 I1— K

---BAEN @EG), p=100~300kg/m3) D"HMEE"ICL P I—iEK
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S 10 | ® 16000 ¥  _ 12 /g\ 16000
I | 1 & < Y
W 09 4 4,000 m 11 { 4,000 #&
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- [y O. b e N n
0.7 D e n ¥, S =5 B 0.9 . %o Bng L 0
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aktt w [%] axktt w [%]
(a) EELY (b) EELN
H—10 S=#HUELT REL) Oa—EH
10. HHEEER " .
FERERG AR, SERERBR cHbE L7-sE - (FER 0 20 40 60 80 100 0 20 40 60 8 100
HE) ZEHAL, EEERE (F 1.0m, £ 3.0m, 0.0 e 0.0
JEX 1.0m) Z#EL Tk LB Y — NIZBW\ T, 02 0.2

—%E#%29HE

BHEN o — B ARBRTE (JGS 1433) (23S E 04 |  ME®%54EE E 0.4 i
&, HBROBABRIIORNELEE=F )7L

T, WHLtoM - PHMLERZFM L. 1EO

T 06

B 3 AFSEE L, £ OV E Nofli s i, OB w08 " emssenn
B—1 1131, Bfa—  HAEROES brog W ! —anusEg
RO R, WA, W, Bic ko 12l . 12 - .

B E MR HRAH, 25 TOBEEIR T (a) ERLY (b) ERLN

BB EASHOKE AE TR <, S s B—11 SEERBEOmnD— B AER

BEOMEZMER L TWDA L0 EHEEEINS.

11. F&&

BEAEAR— FHROFAEKAEEZHNT, ERTZFERL LZWE ORI O THREF L. ZO/E, A8
HBETEHITEDRENHE LNV, REMK UMM Z 0T 5 2 & THARM B L CRIAMRER MEIcE T 5 2
LERER L., £, FEFRBROMSE, B ABEEEHOWTIEMEOHE L NG OND I L 2R LIz, EbiT, 20
ABROBERYMTIEH 22, WELOREITHESNLTWAZ LR TEZ. L L—FT, #RowE % B
LCWER, BIFEAVIBEZZEME L CHERLEZZ S, BEREAOCHEGERT A IMEZRLEZZ D
HY, HELFIT A VEER L. B, WHTOMBEA A IREN a7 U — b DL S LR S O HYEE % 88
L7z Z LIZB LTI, WIC=50% T BT 7= 2 VA%, Bile A 4 IRE 15mg/g (=1.5%) OFRBKHIZ 90 W7
5L COHMBRES LB bRV L AR L TNE2D . 28)
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1) BMKFEE : ToDMofESR, AFHE (https://www.maff.go.jp/j/nousin/bousai/bousai_saigai/b_tameike/attach/pdf/index-
116.pdf) (M 202448 A 8 H)
2) ENCFEBRRIENENLREEMIIUET BWIRIELR - RIS 2 —  BAEABERORIFETA RT 4 (F—
), BFCAES A
3) RIEE, BEABER—FOY A 7 VOHEICET IMFNERS  BATA— RO U A 7 VORI T D&
F, TR 144 12 A
4) HifE 3)
5) —FHEENENAER— FLER  ABER— NV RT w7, 5% BER, FR2844 A
6) Hii4e 5)
7) ISIATBOE N ESLEREEIIEET, H RHE=AR - ZE R T BT D miR B LK R I AR D fiE B 72 b ONT 2
DERBH GBI I BI9 208, ESZBREEATZEATT 7S, 25 188 &5, Kk 17483 H
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TH 1846 A 1 H
9) Wi 3)

10) AR HE N EEEEREEYES S B ) o 7 VESICET 2HEO RE LI OWTOEEE, Frk29 49 J
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pdf) (B 202448 A8 H)
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htm) (B 202448 H 13 H)
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878 H)
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UG 2 5 RS OB ATIIC X 5 — BRI S ORI 5 Mt

RGN A 7 ZIRERMEL —EERERS  ENELAHER AR () EERRER OmM B
HIERERR(RY) EBR2E #s i fofd

1. [FLCs®Ic

VEVS T8 TSSO IS ORIE I - CTHRAET 2REERM T (LU, BiEL) Z2F2FAT 57201, Bk L gk
FTCREH SR Sl R 2 7 77 (LUF, dEH) oRe0AHE Lt (LI, WEL) ORI S TS,
ZOWE LI INTTUE LT, B =2 T AREIT STV D Y, G RITERGE RO T 72 & TR

AT
g iilmﬁér ERDHY, TOERAD=ALNTREL O I LUEM T OIS 7 LA TICEH L
Ny L) r— N FRAKF(C-S-H)E AR5 & %-1 A ER T F 7= 30RO B
d V5 A, = = FEC
Lié&é??bé °ffb’aﬁi@EM%ﬁb LR | RPERR R | BMERROR | IOMERRE | B AR | R L e
WML 7200 TR <, M OBE O K wL| w, W, I
SOYAME, M ORI & o RIS b IRIET D, glom® % % % %
0)7—;&) ff’fﬂ']“?’w«:7ﬂ/ X, $H'J )ﬂ%ﬁiﬂ@{ﬁ A 2.593 55.8 345 21.4 19.2 27.0
B 2585 63.0 409 22.1 57 345
WL EWHMERNT, RELOEKE, WHMOR c 2610 65.5 33.7 317 48 37.4
BEREZNEN 3 KERERE LI ENESGERZE D 2621 718 412 30.6 7.8 336
MEL, FAE 28 HO—fliEMER I 0 HMLEE L Ie B oRE E 2615 784 407 317 56 267
. " A st o S e F 2679 99.4 25.3 74.2 2.8 56.4
%{ﬁf_‘ﬁ*ﬂ BEMORGRERET L2 LTS D, FWCHEPE | WKHR | I KRR | 50%RIEE [HRI 2y & A R
T, WEMORERIIMAMEETH DD, FUK YERE Do Do Fc
ﬁ{rbu$f HIBELOEKEIZL > THEMOERE L alem® % mm mm %
%%i@iﬁ%gi@m$#ﬁﬁéo S AR 40
Iy P . - b 292 292 265 42 3.9
ERBAR ORI OWNT, PH O ITHH O] c 3.8 425 26.5 23 37
E;H Gkt E —E L U TWEM & RO E &I T d 265 6.41 26.5 19 30
—HYEMER S 2T LN THD Ean LT 3, e 345 3.78 190 17 22
E7z, JH ST EKIL 1.75~2.3wL DR TIC S EH -
BEITA —RELB BELC
IRFEIRA R T 25%F TIRA L7-SE Lol & Ebks :;’E;ﬁiD —h;’%%‘ﬁiE :;’g;ﬁiF
2 % n— e 2 W EMa —~—WEMD —~HEHc
RAEBML, #4 28 HOWHE+ i EAE R & &gk B et
B L RE O RE B I EWRBERBEGER S D 2 = 100 ¢
LEIRLTE 29, X5, HOEOUWEM & RELD E-F 80

WL B bE C —BEAEIR X 2 B L CIESUL L — BT R 60
FiR S & QUM L B L O B O BIRIE, IR m 2
IRV A TS D L AR LT 9, T
T, ABFETIE, XELOBRARBRERICLD m 20
—BEAR S % SR & R TR IS B LR o, L A i
T3 HiEOMEAEE R T D70, BELOE KL 0001 001 0.1 1 10 100

A3 1.0~1.8we, SEM DOIRFHREFAS 20~35% 0 il HIfE(mm)
TN L 72 B O SE L OB A RBR R A RB L Tz, Bg-1 fidaRlBR L I 7 BB O R BN i
&-2 HEERIRERSRAE
2. RERHE
E.1 IR ARERIC R & BB oW R WAk | REELEAKIL | RRRAE
_ s ] o o series |- | omt | TRMEFRA DL w B
PEZRT, LT A~F o 6 FSEFEH L, BiEL whvL % %
A~E [Z[E— OB TR ORR 5 DO TH D, 1 A 2 | 10121518 55867.0837,1004] 20,30
%%iA~Eﬁ@%iFk%&Lf@@@ﬁ&ﬁ%% 2 B a T |630,75.6,945,1134
;&ﬁ){&b Y %(:{E/%iﬁ Al s /\ﬁﬁa’—ﬁ)% < (152 il‘E 3 c b 786,983 117.9 20, 25, 30
. = N " , 4 D c 86.2, 107.7, 129.2
A {‘EAE‘b‘O UEMIT a~e D 5 FIEAE MM Lf:o h 5 = . 12,1518 TRTLIRVIE
E @¥§Y%:t & &g*ﬁ@*ﬁ?&ﬁu*ﬁ@;fﬁ%'l a:/j—\‘j—o 6 F e 1193’ 1491‘ 1789 25‘ 30’ 35
Investigation on evaluation of unconfined compressive strength of Takada, Akio(Toyo Construction CO., LTD.)

clayey soil mixed with steelmaking slag by laboratory mixing tests Tsurugasaki, Kazuhiro(Toyo Construction CO., LTD.)


hayan
テキストボックス
２－１


R B OB MERS M 2 R-2 17T, AR 6 DD ) —XTHEM L=, B OBE oK, R
R 2B LD E KD wiwe & 1.0~1.8 OFPH CRE LT=, SEM DIRABIZAFEIEA R T 20~35% DHiJH T
ELTz, 78, YU —X1, 2 THEELA, BlZx L CRMOSEM a #iRE LT,

HRAEOERIIKRDO L I LT, BT LE L TR &R LB L2 K CAREDEKIICRE L-, wi, &
KRB Lo L2 R U LICHTER A EL, £ ZICWEMEHEAL THEN— FIFF—TRE L7, BEEZOK
E+AEA 100 mm, FE 200 mm OF T AF v 7 E—)b RIZEEDIAA THRKZER L, HIRENQ0C)THAE L2,
— I EAERBRIS A 1216) % i U 7=, FAEMRIIEEGGRE LS, AR TIIRAE 28 HOARE G LT 5,

3. EER#ER L@
3.1 —ENEMEER S LARBREEDORER

K-2 I EA Y ) — AOEE L O—EMFR S qu & EM ORRIREROBREZ T, KL, FrEDOHE KL
B LICSEM ORRIRS R 2T S TRA L& — 20BN E REEL R LTWA, filziE, @12WL [T+

2
o 200 r e 1.OWL y =10.202x - 156.08 o 00 e 1.0WL y = 12.424x - 213.61
£ [ e 1.2WL R2 = 0.9865 g e 12WL R? = 0.9867
S L e 1.5WL ° b r !
w0 | i i S w0 | A
S i "o s P #7281 " 8
g 100 WSS /8 y; 100 | w=630%
ga1 5 i; % [ y=8.862x-159.45
{ r 'y =7.2157x - 109.96 o I Re=09314
Eﬁ S0 0. Re=09643 H 50 f y=9.7557x - 180.57
= r e = R? = 0.9544 l y = 9.3977x - 165.87
*T" “T" o & R2=0.8912
0 . L . ‘ L I I L I I
0 10 20 30 40 0 10 20 30 40
KERSEY) HEESE%)
(a) seriesl (b) series2
o 200 y = 12.193x - 216.66 o200 1.2WL
N =12. - . Y e 1.
£ C e 15“:: R?=0.9453 g o 15WL y=55103x- 90444
é 150 | elswL . <150 [ © 18wL y = 3.496x - 50.243
S L s 28 = F#AE28H R2=0.9265
< N \,1735_55% R [ w,=62.8% y =2.3507x - 27.35
w100 F ° 1 100 | Re=0.8494
48 L Fi)
1@ i &
= [ y=9.5547x - 160.99 L
i 50 RIZ0S% g % 50
=5 i y = 7.3383x - 115.49 | i
| 0 L ‘ ‘ ‘ _R2=0.9069 0 L. L
0 10 20 30 40 0 10 20 30 40
KEESE%) REEEE®)
(c) series3 (d) series4
~ 400 ~ 600
& e 1.2WL & e 1.2WL y = 35.263x - 740.49
2 ® 15WL ’ E 500 | ® 15WL R2 =0.9927 '
<300 | °© 18wL s L © 18WL  y-57645¢-56652
3 # 428 H = 400 | #e’k28H Re=09755 @
R WL:78'4% — L WL:99-4%
x 200 r y = 21.886x - 339.14 x 300 i " .
i R2=09593 "o 000 - ’
E y=16.86x- 274.83 ¢ = I
g 100 r R2=0975 . |H
8 y=10.974x - 161.268 = 100 y=19.514x - 389.93 @
| R2=0.9883 | 0 - R2=0.9782
O I L I L I L L L L 1 L I L
0 10 20 30 40 0 10 20 30 40
HEEEE%) HEESE®%)
(e) series5 () series6

-2 FEE S U — X0 —filEHER S & ARG ROBG



D wwi=1.2 D7 —A%ET, ZORPEL, WTNOEAY Y —XIZBWTHWEM ORRIRARNFE UHE, BE+LD
WG AKEMENE EYWE O —MEMR S 1T < ROEMICH o7, £z, KEREEPRELL RDIFEHE LD~
BEMEIR S 1Xm < R ol B —AO—HERMETR S & RRIE G R ORBGROMBENO R? fHix 085 LLEEZR LD, %
B o—#TEHER S & ARG ROBRIIFEFICEWVHBEEEZ T Ex N5, 72720, B-2 D(b)~(e)? 1.2WL,
1L5WL DA T, KRGS 25% TO—#EHEIR S AFHBERXO T HIZ Ty FILTHY, FEEEFE 25%1 6 30%
W T ERFR S NRF LML, 2ok, FHUEKEOBRELIRET 5 S0EM ORBIREGEN S 528
25 L —HTEMERES N T L9 REELHDE EEXLND, ZOMMAITAMDLOBG 90 X 5 I AR AR
AFRFEUHGRPERCTHEICAONTWD, L, T INEMT L L 010, —HEMMmS L RBEIRG RO
FRTIX, SEM ORINE LE LOEKLOBEEDFEMEEL TCWNDIZbEEZLND,

3.2 —BiIEMEAS LHBEMERRTOEBRES OB
WIS, FEHMNRUEM LRELORBOL L E 2 SN 5 UWEM LRI ORI RE BT — 8RS 2 K+ 5, F-3
GC%EE/E.\“/ U —ZO)*iﬂi}jﬂ:%\ﬁé‘ﬁé Jf E&g/ﬁ—k {ﬁ{%io)ﬁiﬁégitt Mslag/McIay @Eg'{%\ %3/%@”0 ZZ ’C‘\, Mslag l‘iﬁﬂl’%ﬁ‘j{@ﬁi

200 200 —
—_ [ e 1OWL y = 144.77x - 93.915 o~ [ @lOWL = 1523':1(2))(9;3%20'46
T [ e 12WL R?=0.9546 £ - eLl2wL o  y=113.17x-86.139
S50 [ ©Low ) S 150 [ elswL ‘o R? = 0,931
< [ e 1.8WL o e~ F @18WL /7 @ y=97932x-78.603
~ - :28 £ y=48.201x - 14.485 S [ S @ . Re=0.9665
= i ﬁis.abl% ’ RZ:o.ngss o 100 | éigoﬁ ' )
- - % - r W, =bo. g
1 100 : L E] [ o y = 83.945x - 58.383
bl 3. i o i : R2= 06452
€ 5 | S £ 50 |
% ; ® & : odbe
| O .HH‘HHMHMHH‘HH‘HH | O PN T T T T T T T T W A S I
00 05 10 15 20 25 30 00 05 L0 15 20 25 30
Mslag/McIay slag’ "V clay
(a) seriesl (b) series2
200
& 200 ®1.2WL — 164.09% - 120.08 & e 1.2WL y = 50.254x - 33.455
£ [ el5WL Ve ‘ S ® 15WL R2=0.9444
Z 50 [ el8wL 0g® 0% > 150 [ © LewL = 23.857x - 55866
L _} < B =23.857x - 5.
= [ #&4:28H ©y=130.19x - 80.889 ~ #4281 R2=0.8122
o F W, =655% W R? = 0.7644 o W, =62.8% y = 14.893x + 2.2074
- 3 . 3 R2=0.6998
y 100 y = 107.38x - 59.649 4 100
4 [ R2=0.8251 4 r
{1 i T C
W 50 | o 50 f
& I B :
I 0 -\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ I 0 -\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
00 05 10 15 20 25 30 00 05 10 15 20 25 30
Mslag/McIay Mslag/McIay
(c) series3 (d) series4
&g 400 = ingvt RE—— K‘E\ 600 e LoWL y:zszg_jgxg-6 ;1;2.31
£ e 1 & R=09561 > 500  ® 1.5WL O - 179 44x - 250,84
E 300  ° 1.8wL _.:‘"'y:209.39x-153.77 X L © 18WL S Re=07771
. #4281  R2=0.9476 = 400 | #E28H o
< w=784% S 8 ] W, =99.4%
;200 | . w 300 0o°®
L ®.
m -y = 105.14x - 50.049 & 200 | @
Eﬁ 100 L4 e ) R?:o.xgooz H 100 i 0wy Y= é&ﬁoxéoljglﬂ
e 5 I ° o
| 0 PR ST R T T ST T S S N S S H N S S S MR N | 0 PR T N T T N S S T T T T T (Y NS
00 05 10 15 20 25 3.0 0.0 1.0 2.0 3.0 4.0 5.0
Mslag/Mclay Mslag/Mclay
(e) series5 () series6

B-3 KHELE T ) — A DO—HlEMER S & Msiag/Meiay DB



BB R, Moay |1 TRE T ORBE R T, Moy [F—EMRBROMERIKOMMEL & Sk L, BRE L -SEM RS,
BB LA bR E A IOV TREM L, BITiE, B-2 & RRRICETE ORI E K 0 LIS OG5

BEZTHRE LIcr — AR E RMEZ /R L TWD,

ZOMNE, FBEEY Y =X TR UEGKED 7 —ZTIE, Msiag/Mday 235K E VT & — Bl EMETR S ITE L 225 2 L W00
b, T, HRAVY =X TRELOEGKENELS 2D1FE, Tuy "BRROA TV Y MFAEEICH 7=, ZhiT,
Fl— DAY ) — X CHREM DOETEHIRERAE CHAICIE Mag 1 EETH DA, BELOEKEOEm 25 L, ik
IRIEFED O YWBM IR 2 22 LW iR BE T RRE (R +IBRAK) HORIBRKOEEREL 22D, ZAULES T Maay 23
NS el ltBEZOND, o, WELOEKELELS DI ETMEMBIDNETTHDEBEZND,
|Z series6 (X series1~5 X ¥ Msiag/Moay 2K E o7z, ZAUE, BIELOERMEBRAN seriesl~5 THW-=bD XV &<, &
EMOEEEE S LIS N EEZ NS, 728, seriesé 1% seriesl~5 X 0 & B+ OHIE KL Em WSS Eb
53 UARIREG RO @ BRI NE ) oTz, TO7, B O IIMEOMIRER T T, bk o
WEBEZITLZEBRHERIND,

Kr—AD REZERTHDE, L8WL O —RZEL2&ERH L7 —ANHY, RZN 0.6~07 BELhoTcr—2A
MWRONDD, ZThbakr< & R2IF 075 BLEEZRL, —HEMTES & Maag/Maay D BIRITMHBAM A BT L E 2 b5,
ZIT, K307 uy boIEL DX OERIZOWT series5 6 ZANRFNCHELET 5,

B-4 |2 series5 OHLFAAEDIEEEE & Msiag/Melay D BEER, -5 12 seriess OHLFADIEEEE & Msiag/Melay D BIFR & 777,
-4, 5 £V, Maag/Meay BREL 2D &, WEHLOBBEENELS 2V, GKENMETTL2ZEn005, ZiUL, K
HORECIRA T2 WEM OIREGHENEL D70 TH D, F7-, seriess I TEEE L G E BITIEL2ER/MEL,
TR FEC B K L & Mstag/Metay D BIRITHIE OMBIBIR 2 BT 5 L E 2 6D,

— 5T, E-6 IZ7RT seriesé DULFRIARDITIEELEE & Meiag/Moay DBIR &, B-7 1Z7R7 seriesé DALFR AR oD 155 & &
Mstag/Mclay DBIFR LV, series6 TiEL 1.8WL D7 — A TIEHE L GKHEDILHDENRKRENWT LR TE 5, AREt
TROWCSEM TR RIRD 19.0~265 mm EJRWVRIRIECH 57, BE LWl T4 E—/L RICFADBICSEM
DRI ERURIZ Lo TX S DWW BRI B D, ARG TIFERUATERIR OB EE R 2T > Tz, Z
DO ENBEBERLEKLDIELSENELHHERE R T EEZDLND,

N0z END, E-3 IR LE—HIEMERE D Msiag/Meay OB THBIMED LB < 72 572 77— A1F, Msiag/Melay
AR BR O ERAR OB B ECE K OFHIEN DR L TV D7), ThbDIEL 2 NEBLI-ZENBEX

2.0 70
R T R O
S [ @ 18WL y =0.1665x + 1.483 S C g R?=0.6757
S 19 [ srosn R2 = 0.8838 T 60 | 8. y=112314 77375
~ E W, =78.4% y=0.1073% + 1.5345 r .g R2=0.8835
QU N R2=0.7977 N 5 ’ o
;18 » 2 50 [
iid C ? % e lo2wL & L@
" r ) @
5! r 4 [ o 15WL o R
w17 H 40 [ 18WL o
I3 L m [ #428H y =-13.569x + 65.09
G : ﬁ.‘( Fw, =784% R2=0.9217
16 R BRI B R A B A A S B R S A A A A A 30 _HIT”HH‘HHHH‘HH‘HH
00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
Mslag/Mclay slag’ "Y'clay
-4 ﬁ??itﬁ-‘@{ﬁ{lﬁ%fﬁ L Mslag/Mclay @E@{fft(seriesS) X-5 ﬁi\%ﬁﬁg@é\ﬂ(tt L Mslag/McIay UDF%{;?:(seriesS)
— 23 | ®@1.2WL B — 60 [y =-7.6179x + 68.829
E 9o [ elsWL y=0.1831x + 1.5546 S [ Re=03082 g
S “% [ elswL R?=0.8157 T 5o [y=-9.3187x +67.533
21 2 ‘s i o Reoniige ®
5T L w=99.4% . @00 3 C ¢ .°g
(20 | o 20 | o
yiid i S el 4 [y=07843x+61.12® ™. __e
& 19 ‘.. ? H 20 C R2 = 0.7366 .0’
B r . =0.1219x + 1.5449 T el2WL
w18 [yt 870 B [ i memn
" . L @18WL W =99.4%
1'7 NN N TN TN N T T N N T N T S SN T O SN S NN S T N 20 \\\.\\\\\\\\L\\\\\\\\\\\\\
00 10 20 30 40 50 00 10 20 30 40 50
Mslag/McIay I\/Islag/'vlclay

K-6 HLERIROIRIEEE & Msilag/Melay O B4 (series6) X-7 RO E K L Msiag/Meiay D B (series6)



bNb, ZHIEWEMZH L LOWL ONORER TS D WITT 52 &R, ERIKIMERIHCBEFHA{T) 2 &
THELOZEMHTEDL LEXOND, 72720, B-3 O—HEMIEE & Msag/Meay DBAFRD RZ IZIWTHLOIr—ATH
0.6 LETH D20, EHEICKBIT HELARBR T, WEMOFERID 5D W PEREEREOBEEERZ2{THRTH
HOBREOHBEMEIIAELND EBXOND, D), EEMNR

B OUWEM O RO EE 2 BID MaagMoy T B LR S % 600

- e seriesl = series2

BT 52 LIIAENTHD B BND, 500 |-+ series3 4 series4 7
- < series5 x series6 ‘
400 seso8m
4 EARBRERO—MEIMRRS OR—MWEEOREH 300 | 5 i
-8 (IR GV ) —ADRT — 5 O AR S & O 200 | T T

BigaE R, MPomEBIEES ) —XTORFABERL TV,
ZOREY, FEHAEVY —XIBWTRBEEBEENREILI RS &E—
LR S @< 72D, FOBRMITERBR TRV D L3R
T& 5, o, AU —#EHER ST 2BEEEOfIZS Y —
AN Ko THI2 D Z LNy D, FFIT, seriess TILImEEE M ik
BIES 720 TV B2, ARA ORI Tk —BIEMIR S 25 Ly BI-8 £ S & ORI
SEBLTWD, Tk, WEMICL > TREBENERY, [H

100
0

—BhEMESR S, g, (KN/m?)

16 17 18 19 20 21 22
:E:Fﬁﬁr—, pt(g/cm3)

< 600 —_——
LEAHORMBE R T LR LORBEES RS Lol B ppetisclibeiie
BURFPETZT T <, EMROBRE L ORI X - THEERHE é . < series5 x series6
PEREDZEREBLTOND LD LEZLND, 400 % 281
9 IHELA YU — X0 EERR S & AR OBIRE TR, w300

ZORNE, SEEOEALNEIEL MRS HE< 25 oo [ %
B d D 2 E B DD, Lo, seriesl~4 & seriess, 6 & ClAl U ﬁ "‘%’.MQ&%

EX Gt = 100 | Faa & o
BERIRE R IS T 5 — M ERR S IR & < Br T, 29 LI & - .

| 0 LB el !

b, WHELEOWMEE L GKL TIRSE Lo —fliERTE S

g A 20 30 40 50 60 70 80
o) E/‘]ﬂ_ujr:ﬁﬁi%)\_&ﬂi‘?%ﬁbb\_&ﬁ ZEiobhb, ; WELEKE. w(%)

1. ~ A ] e . =3 /*\
To HHPOSMITEES YY) —AOBRBEEERT, ZORND,

Mog/Moiay 78K % < 727 & —BIEERGIR S (275 < 72 D BRIC 5 & 18 600
PAB D, MeagMoiay 28 2.5 LI D83 &1 —BIIERIR S DI1E 5o T o " riosz Ny
MDREV, 2072, —BEHTES & Msag/Moay DBEFRIL, B-3 O Z ,iaﬁ )
gLt L{k{%iﬁ*ﬂﬂ}qa?kl:l:@@b"i’l:%”ﬁ‘é_kﬁz\ﬁﬂ%ék ;400 j;:g::gzg %
2B, MsiagMoay TUE L0 — B S % #— AT 5 300 | %
CHEHE LV EER BIS, @ 000 |

B-11 (ZB-3 (TR L7 —BEHEIR S & Msjag/Moiay DBIFRIZH1T 5 &
WA S 2, 47— AD MaMay=2 0 & % O—HIEIHR X Elm *
Qu at MslagMclay=2 CIEBI L U 72 — B EHE 78 &, qu/Qu at MslagMelay=2 & | 0 : : L
Msiag/Meiay DBEIEZ 79, -3 1TIZR-11 1277 L 7= BIR ORI L 00 1.0 20 30 40 50
O, By, RERLTWS, ZORLY, seriesl~5 TE#EL Maiag/Meaty
®%ﬂ%ﬁa7ktt%°ﬂﬁl’féfﬁ®{ﬂs(a/\* B et R i g R-10 — I EMFIR S & Msjag/Moiay O R
RLTWDZ L AR T
z)o%?;\r;s;g;ebn\g%ﬁ :_J:j; g N ° ser@esl ’ ﬁ'?’ qu/gu at I\(/Islagl/lv‘lclayfz CI: Ivlslag/Mclayd) )

= series2 X, e ELloME, Ui, R

L7272, Mslag/Mclay 73 2.5 T 6 | e series3 Eann | = T =
VAL TR ERR > & e LT g 5 | *seriesd seriesl | 0.6l 024 | 074
WHEbRbND, 72721, éb 4 2222:2 series2 | 076 | -055 | 0.5
£3 Ly, %LU —20 é 3¢ series3 | 0.73 -0.46 0.83
crownienaze &2 b = oo [os [ oo
no, FYU—RZBNT S (l) . ll.‘.“j L wriese | 242 206 | 0

Qu/qu at Mslag/Mclay=2 L
Mateg/Metay @ B8 % 13 2 0 1 Mf 3 4 5
EHL, EHEHTESZ e

caly

'11 qu/qu at Mslag/Mclay=2 ‘E Mslag/Mclay0) Bg'f%



LnExbND, £, —

3

B D - ies|
HFERGSR X & Mot/ Moty OB [ o sries] -4 0/, o wtagctay=3 & Majag My
RiIZEL2ENALN D 'L [ o series3 B ofEEloEE, YIh, R?
Bi%, ERME L7z — e S 2 | aseriesd ‘ EAEER | x| Gt R?
B L Mslag/McIay OBIUE O _?:h ser@?sg . series1 0.40 -0.17 0.72

© B 7, = Series X series2 0.41 -0.30 0.85

BATEL = ° =1 [ series3 | 0.42 -0.26 0.81

* 71, AR ET O FEPH Tl = - NPT series4 | 0.39 0.15 0.79
Maiag/Metay 78 2.5 LI E D84 = i W g seriess | 042 | -025 | 090
o R U o Lo _,gﬁ‘h o series6 |  0.66 -0.96 0.79
Sk Mslag/Meclay DIXTHHOE N 0 1 2 3 4 5
BBHIR X oo, ZhD Mo/ Moy
1% {Z‘%(%i @@7}( i d n H‘% ?B % '12 qu/qu at Mslag/Mclay=3 CE Mslag/McIay@ Fﬂg{’f\r‘
VY series6 TH BN, Gk
2> Mg Moy 5B Cito 2 7057 — 5 b IR B 4L T H 0 B o S 5
BRI, 0 i 7

Iz, ML OEEIZEBET D &, seriesl~5 & %‘ L
series6 T Msiag/Meiay=2~3 ZBEHRIZ B /p DH & & FFoEARES % 2 [ y=0.4484x - 0.309 °
FBTHHEIICRAS, Z2T, AR THOEZRELD 2 [ Re=08625  Jo
RMERFICHE BT 5 &, seriesl~5 O DL 80%Aii TdH 8 1 -
D, series6 Db OIL 100%FEE TH o7z, ZD L H 7R EHR o L
P OBEE OB, BELOEERK, LT — i
Mg/ Motay 5B L 7= = L S AIREME L LCE 2 BILG, o Lot

B -12 (21 Msag/May=3 @ & & O — il JE #5 8
Qu at MslagiMclay=3 C EHAL LS A o — dl EHFEE S
Qu/Gu at MslagiMiclay=3 & Msiag/Mclay DBIfR & 7R $, &-4 ([Z1XE-12
(R LTCBR OB EloME, 1k, R2 Z/RLTW5D,
Z DM, FHD, seriesl~5 [T LA ETEIZ IR L,
series6 DOfE X ¢, seriesl~5 £ D KE W OO LEAPIVMEL 7212 2 ENRF 0D, £V —AXDRAUT 072U Lotz
T T, seriesl~5 |[ZBWTIEFLOREAEL L7z Msag/Moay ITH M L7Z&EH LD S RE L, qu & Mslag/Meiay D EFRITELH
DAME LT qu CIEBUYE L2 2 L1 b, ARFOFIETIE, Z0OX 9 2BATH quliu a MslagMday=3 & Msiag/Mciay O BRI
HBEEZHT 20 LE2 6N, ZOMHBEMEOMRSIZIR-11 1SR THH L 72 Mag/Mciay OFLFH O FHATITD Mstag/Mtay
—HREARIR S CESML LI L RES LD LRV b D Lol

H-13 ICE-12 0&T — X %2F O TT v b LA D Msag/Maay=3 D & & O—BHEATR S qu at MslagMclay=3 CTIERE L

— W EAETR & qu/qu at MstagMclay=3 & Mslag/Maay P BEfRZ R T, KIS R ZRLTCWE, ZORMND, qua
MslagMclay=3 CIEHUL L7236 1E, 23 U — XORERN LB HORIPIIZIGR L, R2 1% 0.86 &7e b @ HBEMEZ A LT
HEEZLND, TOZ LMD, REFTOFPHTIE, Msiag/Mcay=3 D & & O—HlEHNEIE S qu at MslagMelay=3 TIEFRLT 2 =
&, FHAL L hEMER S & Msag/Moay DRARE 1 KOBEMRITELTE LB HbND, SEIEREE LI
LT, ZOER—BNRBARPIEOND L TDH L, EFULT DHEMEL L2 Msag/Mday TO—HlEMETR S 23R DT,
INEMHBEAXICRAT L2 LTI EIER Msjag/Moay TORE O —BIEMR S ZROONDHZ L E2EKT D, 2721,
®-11 2R L2 L 91T, Msag/May=2 O & & O—#lEHER S TIEM L L7254 1%, seriesl~5 & series6 OMREEIFRIL
Mstag/Mclay=2~3 ORI %SRRI DEHE L ipodz, 2O eh D, —HEMHRS Z2 EFET EAEL 72D Msag/Metay 23
Brpn L, FRLLE —®EMR IS & Maag/Meay DBHRIZRE SRR D2 ENEBEX NS, U EDOZ b, —HEHM
MBI EEHT D720 DHEHEL IR D Msiag/Mday DIEDZAVEDRF NS ZORELE B b D, Fz, @%t@m@&
FR° Mislag/Melay 23 IEFRAL L7l EfEes < & Meslag/Mclay D BEFRIZF 2S5 ] BEHELEZLNDLTZD, ZHHIZONWTT —
ZEEMLUTCHHIiZIT> TS BER S S,

o 1 2 3 4 5

Mslag/McIay

X-13 C]u/(]u at Mslag/Mclay=3 L Mostag/Mclay ORR (&7 —%)

5. Fé&H
ABFFETIL, RELOEKREZ 1.0~1.8 w, BIFREAZ Z 7 2 506 & 2 WEM OREIRG R 2 20~35% D i T
RE LI OB OB A EREZEE L, FE 28 H CORELO—EHERS 2B S EoBEEICEH L COER
T2 IEDBERTEICOWTRE LT, Bocmil a2l FITRd,
1) AR TORELOEKIECEEM ORBHR G RO TIE, RELOEKWAFE CHE, —uEfERS & ARHR
AR L OB S & OB &R L ORI E R Maag/Meay DBIFRIZ E D b b BIZBR S H LT,



2)

3)

4)

5)

—HIEAETR S & Mslag/Meiay D BAGR O FHBANE A2 R TIRERENL, HEREFERFEOBEERZITR> TR TH
Wwﬁuiﬁﬁamtoﬁﬁ,:@%%@H%o%@%ﬁ&bf,&ﬁm@@ﬁag% KEEDIE S D& NS
LI EREZLND,

— e & AUk, —EhERER S &R O BRITHRO R TH Y, b ORBRIERSE o E-IZH
W B R EM O A G DRIC L > TR D Z LGRS,

& D Mstag/Meiay CO—HlEHETR S CIEFL L7z —HlERETR S & Maag/Mey DEIFRIZ, F—ElA TV — X CTERELOE
IKEERCUE M OIBRFRIR A FIZ L & T iAW EEPRICINR L, FHBEIRIREH T2 Z & ot
AETORFA T, KBET Y —AORE LICEETOEKILZ & D — A0 —HIEHRETR S & Msag/Meay D BIFRA
5, Msiag/Maay=3 TO—BHEMIRSIC L > T — A DO —@EMER S 2 EFLT 2 &, ESMb L —fiEffms &
Mstag/Mclay DBEFRIT 1 ROBERUTUR L, EWVHBEMEEZFE T2 030057, —H T, Msag/Mday=2 D & X D—Hif
JERRTR X CIESE L2581, MBERXOMEE 1T Maw/May=2~3 Z2BERICE/r-7-, Z0z®), EHLTEHEL T
5 Mstag/Mciay 12 & 0 IEBIE U 72— Bl EAE TR S & Mstag/Motay DBIRMN 725 2 &N no T2,

SE XM

1)

2)

3)

4)

5)

— R EIEN IRFEANRIIE > 2 — - 22 - RIS B T 2 W T WE IR~ = 2 T v, IR

74> 1U—, 2017.

Kanako Toda, Haruna Sato, Nilan Weerakoon, Tsubasa Otake, Satoshi Nishimura, Tsutomu Sato: etal. : Key factors affecting

strength development of steel slag-dredged soil mixture, Minerals, 8(5), 174, 2018.

IR, KB SEsE, ME, RS B T JIRE L ORE - IRE SN T DFRVECE 2 D REICH

W, AR ZE R IR ZEA R, Vol.51, No.3, pp.77-106, 2012.

AAVHERS, &P, dURBCE, WEEZ, AHENE, BNER, SthElE 0 2T ZRAM L o—#hEfER S
BT HERIA L - R T ZRIE OB BT 5 —FFli, LA ICE B3 (MFERR%) , Vol.79, No.18, 2023

(DOI: https://doi.org/10.2208/jscejj.23-18112)

JFORAHERT, (LIRS, FRAFRECR, BERICTT, dURECE, WEEZ, AHEERE, NG, MES, HrE

A Z JIRERE T O —BhEMEIR S ORI ST 50 < D2 DkE, 5 15 BIBREHEE T5¥ 0 RN YU ARERE,

pp. 202-205, 2023



[ =]
EIE L7 A 5 7k LOFERS - k7R & O HRHk SBEARHE

A7 7IREML BRI H G OR WM K TFEBE s
IRFEANIEE 2 —  RBEJEHER AT A9HhER
E @ E SN R LR JEiER RAK

1. [FL®IC

BB R CRAET DB L OAEIEMZX 5 =012, Mk CEHShLBE SR Z 5 7 (LT, %E
B ZEIN - BE LA T 7RG (LU, BT OMFRSERIIITON, T OREMBALTEE i~ =
27V DRFEITENTWD, £72, AFD VIEE L E2EIMCES~ v v FERM & U TERA L QWA HA 2 A L
TW5, ELORMIIBEMYEEZET 52 LT, TAENOWE EOBILOFREL, M O OE KM &
DOYIRFFECTEM ORECHRA L TV AR O & EIEFT 5, D728, T OUWE L2 HEY O &
LCERT 72010, ZOHMTRELINIBEEA L TND I ERMRIESNILERDH S, BUK, BLEFEBIT 28
H#EA L72BE L o—ilEMER S 2 N— R ZEEMORMELRE L TBY, ZE LomEiE—iERRRN /6N
LERFERE R L E LI ROBR LN IRWICH D, D7, WHEEZBEWOEM & T HBICEETIE, JEES
FKEE, WHESMER LRI TOTRERER &, R THREL ENLEFEOFEEZ HE LNICT HLERD D,
AXTHE, ZOLIRERPLINETHE L TELE(LL TV ASRE LOERE « BAKFE D, 706 QN Z8lERERF
PEOEREEICE D EEICE D 2L DD THRET S,

2. RBRISRVRL CEERER £ WHEOBH LG BMHE L ONEEE

B L ORBICIE, BT EIR R AL 35 JE L O HEEk > S R EL THFEE| RERR | BHRR | Bty | BHREEX
U7-ERBUGAT & REIN 72 205+ 1, T 2=, 22T, W glem® % % %
BT = B 4 5B 00 (S R~ 2 A% 1 o m $ht+ 1| 2603 | 995 | 295 70 49
YR 1 = il A AR O BERRA TR A B 100 mm, 5 & 50 mm vt 2636 | 865 | 538 = 1

LD, HSAVESXSmm A EELE-bDE L, &- p—
12N b OYEEEE £ L5, 8L 1 DNR, BashRk X2 Eﬁﬁzirf L,;;iﬁlﬂ Xu;;x;a)g;%z%wﬁgﬁx
WO EIBIECh o1z, R-2 13, KEME LTz 2 FEEHO R hTEE ke PR

glem?® glem?® % mm %
2T 7 OB T, TRHIXEERC L S RMETH - 72, B al 3625 | 3.36 | 254 | 1.70 57
B-1 12, BT 5k 122 & ON WS B bt ok FE &b 3662 | 336 | 345 | 150 2.1

= — R A s i -~ MEH a (R2) --0---R2-200-14  --4==-R2-200-11  -=-x---itf+ | (R2)
T, £, BT OIRAEEROERNOCBEELTD  MEb bR e RA20020 e RE200.15 ﬁh%ﬁmm|
—HHEREE S & A HELARR2; 14, 11%, R3; 20, 15%)& L 100

o & & DY EO AR b PETRL TS, gl
BE L, R2-2 Y — X CIdphEL 1 BB a %, R3- *éf;”o T mREE |
LU —RTH, Mkt I SWEM b AAADETHER  mo [ ;
Ui, 1R B UE L0 2R A 70, SHH a 13 40 HEH
BRI 2B ZRA L, RAKROERARLARS R0 | 1oy eammh %%WW%V

%
w4
o7 MRS 1| HIEERE 1
-

RAEMMNEORE TR L bOE Az, &EM b 0 @Ed e
% 6 BEBEORIEREIZ S DWW T2t%1, BRE Lok & 0.001 0.01 0

A
. 1% (mm)
GER L A RLERE OB B » R .
%‘4kgéioé%mﬁh HEa2X Y, MMt H1 BHOBML REH RELOHE
W - IRE LT,

1 10

NFRBRICIE, TEO—MEMRBRS 2 AT 2WE L2 A5 Z LIC Lz, EZ Wo=200% 2
ZOREEAT HUHEOREZRDBEDIC, KORAEREIToT,  § g |oR¥I-X /7
BEME DR EOEKEIE 200%E L, EHROBRAE (KSR OXTME 3 g |*RYY-F o/
TR A I L, Zha 28 ARKS A L-BIc - MERR B eo s
B % IS B ICHE U AT o 7, Y 40 o B

B2 i, Wi Y —ATHLNZSREM OB E - —ERRS OBGE | 20 ,ﬁ”'g
R, RV U — AT, BAEE 5~15%E Lizk X IC—HEMRS 5 ~ 0, ’g ; T
120 kPa |2, R3-v U —XTid, BlERE 10~20%L L7z & &2 EEHE = A (%)
SIL5~80kPa L 72Tz, ZNHDFERND, R2-2 U —XTiX, BEFEDO— H-2 mRELOEERBROEE

Characteristics of consolidation, permeability and undrained triaxial compression of solidified clay and slag mixtures.
M. Katagiri, W. Oshita R. Kato (Nikken Sekkei), Y. Kasugai, T. Fujimura, Y. Kikuchi (Coastal Development Institute of Technology),
M. Kitahara, T. Kiyoyama and K. Kajiki (MLIT Kyushu Region)


hayan
テキストボックス
２－２


HHIEAEIR S 2 50, 100 kPa IZRXE L, ELAHEE 11, 14%& Lz, R3-
U —RTIE, AERELD UIKT S W72 40, 80 kPa IZEXEL, I
BRE 15, 20%& Lz, R-31C, BMTHIHMLOEKE, REL
ToBUEM ORG FIRTEBRE) &, M &R TE B0 (Mslag/Mclay),
KA T 7 tb(Mwater/Mslag) & 7~ L7z,

R-3 IR LTzl G OWE L OGRRLE % B-1 ISR d, O/ R
X, IOk &S EM OER EENENORE N SEE LIZFF
HEOKETH D, MUK, WEMOEIENEL 0D L, MhinoEE
PETTDENIFER LS TND,

B-2 (o3 2 MO G ERRER & LT, W CIRIMEOUE +0o—hEHETR

ENMRKRESHERL-THBHZ LR
NRALDEMEZRE L CNZEWD Z L1272 Y,
A U —Wh B & & 722 5o’ i%%@#ét
TEREHRLTND,

R2-2 U — XD —#EAFEIR E DX H D& A3,
Ed, B2 hoERTED, ZOELOEOERKIL
DEINT 2 YEM O FEM: &Mﬁﬁﬁkwo&
INCEL L, R2-V U —X T,
ﬁ%Jmmomn %ofLﬁW%W%Lto#&b% SCE A
EIC K o THIMLTHIM LT, 2 0RR, —abtak oo i
VREBIED S £5% DXL ENE LT, ZOBEDEWD —lEHE
ﬁé:%@%%it%@&%itoR3VJ—ffu LY b
WHEM ORI EDOHBMNZ®D D7D AL LT R E RO B M %
Eﬁb,%M%m@ﬁaﬁ@gg%mwﬁof,%m@&%ﬁ@ﬁ
B Uiz, AT, HEEARIERLEE WM % OE & 3% 3 E ol
EDD E3%LUNE 725 X ICEEOIAATE, DX D /s i E s
HAWE+O —HEHBREDIISSZIEELL LizbDEERT,

fé@ bolzbDd,

3. EMeLi-HRELDEE -
31 ERFHLEERAE
JE% - BARRBRICH L E £1E, R2-V Y — XS, Thbb,
FEtE RO E K 200%, WEM OREE 11, 149@&:1,7; (LT,
200-11, 200-14) , F£7z, HBORE®OIZ, GKEE 200%CTHE L
FEEL T % R#E po : 50 kPa TP LR LR Yl L7,
JEBBR & BRI AT O 2O ORI OME L F-39R"d, =
DB E VLR - BKRER DIF B ML 2 R i B O KA IC 2K
A KRR AT 9 DT, FARRERZBEERET D & 2 AITRHENR
Hb, ZORBRICHODYWE TOMREIL, ITEOSEM EZ T -
GLEAT Y —ROUBELEZEE )  7IZFEO A, TEY L
LTI v TICLB =BT, (EIR

BIKFFE

721, FIGIPRREECOEEREIT 21 Bl & L, ZTO®RE

®-3 BEEERMORELESERLEER

WTE5, 2LV UV —XTHW=SWEM
&Eiwmgééﬁ,fﬁba
X, EAEBRNRARTHD

R3-2 U —=ADZNLY HIRNT

AR L O E D & L 72 iR AR

— R A 2 RS 5

Lo | HEHOD Mslag | Mwater
Zktt |[BEEN):%| Mclay Mslag
R3-200-15 200 15 1.370 0.730
R3-200-20 200 20 1.940 0.515
R2-200-11 200 1" 0.960 1.042
R2-200-14 200 14 1.264 0.791
7¥) Mslag: & H DZIREE(9)
Mclay: i#8 + R D5z IRE 2(9)
Mwater: 2t 8 + N DREMEKE &(9) .
8RHE
EFES _
A =
{Lﬁmﬁﬁi z
B
Kz =
a
|
2
v
S
i
I EEH
R X <= -, Kzt
EZER  BEKEE

-3 EERFF - EKEFOHKRRKE Y

1.8
0R2-200-14 & R2-200-11
17 L mR3-200-20 A R3-200-15
e 320020
§ I a— a—d
) i R3-200-15 &~
'M 16
) N S A
W15 3 R2-200-11  R2.200-14
1.4 I B Y S
0 10 20 30 40
By (B)
M-4 ZWELHRAOEEEE
180 ¢
160 E OR2-200-14 & R2-200-11
E mR3-200-20 A R3-200-15
~140 E
120 f
g 100 -
e 80 F
%60 f 6
H : O™ R2-200-14
?i 40 f /M
20 | R3-200-15
0 C " " 1 " " " " 1 " " " " 1 " " " "
0 10 20 30 40
B (B)

H-5 FSRELD—EEMREESORKEL

E§m+NﬂWT*¢%$LTﬁﬁbko
KA 26 HIRIZ, JEEY T NOMEIED E T A L <, EHEEE

\CHAIA TR, BB ERRBRZ G LT, T2
SKNLTE K FRER 21T > 72, BKRERTlE, FAKEFEZ 90 750 & L

T, B3I T2EEEa2—Ly MNTELTEKLE 2 BEEE2—L v MMUD —EDKNL & DFEEE ZEEFT, fit
%iﬁﬁiﬂiﬁmfﬁﬂﬁ“é7J<J£li7kf§+f~‘§ﬂﬁubf:o ZOBKRBROBIL, #Hiie v REEEL, ZBANAETRVIRIEE LT,

7e¥, dAr
-4, 5

WA H D RERWVEEIC

Bra L, 1 T5~10 kPa N L7=Z & DR TE 5,
DEI S T2, ZOZEN 10%RRE & /& vz
Ltoﬁ% EE e 3
EEHBRER
HﬁtﬂRsz—fwa

L7 R3- U — DY

B b ONTR REE (@

, HERENOBEIKARARKE < RD L9122
ciJummmymam41@Eﬁ%ﬁ%@Lt&gi&ﬁ¢®ﬁﬁ%§k*%E%ﬁé@ﬁ%Ek?,
EEIIEB IR0 IM L TV AL DR H ST MEE A EBL Lol 2 &

HERNICAREZ G AT,

o : 50 kPa) OJEAFHIRRE R T, SE L

17 7

, —HHEAER S TR B D 26 HEN D
E@Fﬁﬁ%fiﬁﬁ@%&w%&ﬁf i A AR X
EMBEE - BAKEBEBRT DRI

LZDEEER LRV LI

: 200-14 32 5 ONC

BEOZNORFELEREINTNDD, Zhbi3kikd 5,

ey



+ 1 200-11 REOEMERER Co & EBRRIGN pe 1%, THEh, 1.40
& 360 kPa, 142 & 250 kPa Th 7=, £7=, Ftoznsix, 072 &

25

53 kPa Z R L7z, Wk Eo&EAKE (BB &0, BibsnT 20
WD ICEB BRSNS BRI B o 1o 72 LM CX 5, A3, O
WIS BEE O 72 o DU b LR BENE, R & MEM O bR & 1
B A B A R OH BRI TS LI AR R T8 4 AV 2, =10
E-7 12, R2-2V —RXDOBE 172 5 N 3B (po : 50 kPa) DJE 05
BIEN L ERRE o OBIRERT, 22T, o LA RO ML
FEEEA— b CETERLTROE mhbRELELOTHS, B 0
MrORME L TIE, MIEEREEC 351 2 E#REE 700 cm?day FREE T
EHFERIRIEIC /22 & 20 cm¥/day &5 T4 2 WA ARG EORFER R 0000
L7z, )7, BB+ CIRES KRG E TOMlERRE TOEBRK i
5, 1,000 em?/day BhbEF<, [EEIBRIEHEBRD LEFLTE, §
3.3 FKRABRER 5 f

-8, 912, R2-2 U —X (200-14, 200-11) (kT BIEHMHE 157 &
kPa O BXBEHATING O JE AT AR TR L 72l & Bk o) 8
fRamd, A, ZhoOEKMEKRRODMAN A 13, 04 m B

BHERARLLT, HMLTWIERENEZBE LT, RR508IKEE

(ZZTiE, 14m) 25 %27-,

FAKE L FOBEEE ORI, 1IEIFTERER-oTWAHZ 8, xk
FENZEE U THEKRBEN RS 2 ERMHRTE 2, £, BM Ok
PEERICH L CHRBOBERA G ONZ, 2L EFEAKRBROMEENS
ROTZFBARE L MR OBEEZ, K-10 (ORT, R—RE TR 2B KER
BR—H 2 ERREDOER L LN, FIEER-> TN LFHMETE S,

3.4 FEKREB DT

B-11 1%, B-10 DR RIS BREHm £ R O 15 O W EBRE, 1K
FEIEARARE D D 2R 72 B AR SR & A BB O S HIIBR L O BAfR &2 B 72 b
Thbd, FEREDGROIZFERGE L BRI OBRIT, FARBRNSRD
BRI LI L TR W EFA TIEH o 7208, EARDERE oT-, FEMIC
HDE, RELSE LT, BRL-BRRRERITERDMEICH Y, KE
T CIRIEERRD D RO B KRBEPB KRR DROZZEN LD L
FRETHEWORRE o=, L, TOETIWE LT 3 FRE, K+T2
BRECTHY, TEMICIEEEIIRD 52 B EERBRN O EH L
FHARRECCEME L TR Wi cx 2, F, EERRNOROLILE L0
FTARREIE, FRCHIBRE S m VMR R IR &N S <, EEREK
72 5 NS EREAR R B OB EICE 2 ARERENKE R, ROTZFEKEF
BOBEICBEEZ-b0LEZBND,

4. BEb LI-HELOEZIFPFK=MEMRFE
4.1 RERICH LA DRt L RBREH

@
o

250 kP
L R K S ,l
® z ® 09 360 kPa
53 kPa .
27 ol CelA0Ng (g 4y
Cc:0.72
©200-145
©200-1150 8
X R 15 #(po : 50kPa)
1 10 100 1000 10000

EEE A (kPa)

X-6 WMHREL - RELOEHEIRER

100 |

-
o

1

JEF FEPEK = s EAE BRIt L 7 1.00E-08
RERE ORI IEI 3.1 1IZFdd L7, ,‘
HEERIR ORI 7 BE 7 & ONT — Bl £ A % eo
5 S ORERFEAIE, B-4, 5 IR LEZ Em%%- G i?‘
LBV Thotz, £z, RBEHEO o 8§)“
Bt T, FAEMMD 26~31 HOHD X
ERVE, COMOREMMO M § 0
FERESR S1E, PRI+ 10% & Hoigeryik g o
WO R NS N, o2k X B+ 34 (p0:50kPa) 7Kk
1.00E-11

ME, BRI D TR S 2 B8R
925 9 2 TO—HIEMER S OREE
I, ZAHEAEMRB 28 BE3 HE

1

1.5 25

2
gL e

1.2
T o1
S

0.8
18 0.6
%

% 0.4

X-10 FEKEHERMN 5ROF=FBKEH

250 kPa
pc:
P *
* ’ .l360 kPp

%
*8

X

% 23 kPa

X

X X

X

©200-14:88}
¢ 200-115%k}
X J& £ FkHpo:50kPa)

1

10 100 1000
EZE A (kPa)

H-7 mREL - [ REOEEREK

1.6
1.4

200-1458#4, 157kPa

0.2
0

0 1000 2000 3000 4000 5000 6000
ZiBRERI ()

-8 200-14 FL 4 D FEKEHERKE R B

FEKEH Kk (ms)

3.5

200-1158%4, 157kPa

1000 2000 3000 4000 5000 6000
RIBEERA (s)

-9 200-11 R DB /KRERFER W

1.00E-08

1.00E-09 ¢

1.00E-10
©200-115084 FEK
©200-14584 BK

x JR 1 54 # (po:50kPa) Bk
©200-11 £

0200-14 £ %

* [R L 5% (po:50kPa)E

1 15 2
FlgLE e

-1 EHERBOBKRHO LR

1.00E-11

25 3



it ya
B0 D — g EHER S O B HE % 01 1 10 gﬂﬂi%?)(ﬁ) 1000 10000 0.1 1 gﬂﬁfgo(ﬁ) 1000 10000
: 0 ' m m

WD Z Lo L, 0 prde—
JERIEHEA ZMEMRBROA o
PRIERE, —BIERERS O 0.5, g
- e e x2 DET:
L2, 3 f ?Eﬁ& L, WEE & R3-200-15 :ﬁ R3-200-20
300 kPa %‘%"‘}\7_7}’:0 if:, E%O) o 3 | —a—20kPa =] 2 —o—30 kPa
FIo)v Refi, 3t B2 LD RD § . —A—40 kPa &5 :?goki:
BRI L Lo, BT ARBRRIC B oy ‘ 3 |—a2s0kpa
THMOT HER 005%E Ly ® oy R3200-15 *® T(b) R3-20020 HH
Wijﬁﬁ%ifﬁifbto ©-12 EEIEHK S MERRROS S BRI 1 5 B- S R
BRED 3.1

B-12(a),(b)iz, ZAZ4, 26~31 H#EAEL TE{L L7 R3-200-15 725 29 ¢
TNZ R3-200-20 #UEFO &S5 7 EEBRE DAL ORI E L 2R d, WmE 27|
WP, —EFEMERS SMENHOIR Y, ERBRICET A FRAAE 2% f
feBZl, WAIEICHKTE L CEBRIVET 5 2 L AR TE 5, E | emamnn

SHEEBRTORM-MOT AL, ERENORE SICHbLT, | oo

FERIREE & & BICHOT 2B L, log MM CORMAT DMERLBIE o, [ xsenm
O 258 (=T O 9 2 D BB (LS8 N A TS F T B %2R LTy g e ™

1 10 100 1000

LI ENMERTE D, 72720, FAAEL L 7 D RSP OT s A3 2 AYERGS (kPa)
IR TS B RAULEMENICKAE L, EREASENELTALORME  B-13 FHRATORALOEHELHR
B< o T, MBS, TRZN, RAESENE Y 2 - -l
HEMCBIRICH LT, 3 A L0 boT, Fig L b 3 ses P R
ATHY, EEOITOY ML LTREY Thole L VIR TE 5, 2y, a1 g
FNEVIBRWEBEN Z M2 ZERICBWTY, tEFEZBEL WD Z L, E ‘,(i/_/'x WR3-200-20
ZOBOEMOTHENEL A ERIMLTWARNT & BAHRTE 5, M0 \wtes g7 o
B3 13, MBI T LEIEAOS RO s | o |57 o] 2014
ENOBIFCHS, =2, Bkt M§ (10 kPa OEERE) O z by
B2 BEEES) 10 kPa OfIEIZT oy NLThDH, 72, ELO ° 0 100 200 300 400 500
T R R L Oy L AR R TR A D T D | EERRIES (ka)

B-14 EZRRRG N & —BEMRER S DK
HERAEDE > FMREOWE oMK, B-6 1R L?‘_n‘é‘.% ZHET R2

VU = XOZEBITIAMTIE RV, IRMEMENZEEL RHEMICH D, o, BMHEELTETPHESR L TWAHTE
O, MBI 2 FREE & FHRHNAR S 22 o TN,

2 DOREVE T O JEHE R, 140 —own]
MR 7ok L O ERidRER L, 120 N
JEF ARG I FET B AT ORIE
BIENCIIIF L A EBER LR
ZALET, EFBERIS 282
TR IRE TR E < B LT,
HELIZBNTY, Kt E

N
«
=]

r—‘ Gc=240KPa

0c=120 kPa

¥
0c=40 kPa 12 o s
N\ ae=30kPa
“co. | R320020
0c=20 kPa R3-200-15 g 0c= a 20kPa _ 0 60kPa
0

N
o
S

0c=80 kPa

-
o
=]

BEISN (kPa)
g

[
=]

20 kPa 4 40 kPa

4 80 kPa 4 120 kPa o120 kPa = 240 kPa

o

BHEIS A (kPa)

BOEfRZ/RLTWD I &I 4 8 12 16 4 8 12 16
L1 Es BUOTH (%) BUOTH (%)
WTx5%, 27T, WELI (@) #AERAH (a) BEHERH
W {) *ljj M- & I—J% &' |3£F 120 R3-200-15 20kPa o 40 kPa 250 R3-200-20
a80kPa  a 120kPa 0c=240 kPa
RIGTTEZERZRL TRDT=HRA S / =120 kPa =200
hERHFIZRAICR LTz, &8 I‘ZS“ [ 230l ;150 30 kPa o 60 kPa
LT, REHORMERED ¥ o Fm < I “i20ka | 201
& R " -
LOIFY, EEERIE @ gm‘/' oAt kP =10 TS0
ZERNbns, o ? —2okPa 5o e 0c=60 kPa
®-14 12, B3 TROLER 6 2s30HF
FRERIG T & —dih A 7R < o BA1% 0 4 8 12 16 0 4 8 12 16
e I WOTH (%) WOTH (%)
o, [MIKICHE, B-6 (2L (b) B IR K E 2B (b) BEIRAMKEEE

T2 B BE AT R OKE RN D ®-15 R3-200-15 DEEHEBIEDEREE E-16 R3-200-20 DEEHEBE D TR 5



RO 7o FEEBRRIS ) & —HERER S OBIR bR L TN D,

Mt L OEFEELE S T OEERRIGS & —#EHERSOmIT 12 :1 T, ZELoFT14: 1L, EELozn X
D BEBEERISHPCRCEDOBRE R Lz, 612, AULHELTH, —KIDRE TIIEERRIGS IR EmOD 1.7 11 O
Btk & 2rotc, TR OERBUIEGIL RV 1XH D23, SRS SHAVZIGIEIAO It E T O R BERIG ) & — £
B OBRIE, —RITENET LV F CHMEMECThONIE, WRETRRIN—FBNRBEGERHDEE2DLH)TH D,

4.3 BHEMEBREDEE

B-15, 16 {2, R3-200-15, R3-200-20 FEFOEHOT 2 & #7205 71 (a B), &FIFRAKE( B)o %% =9, R3-200-20
JEFIES] 30, 60 kPa D —A 140

S— 300 —
R3-200-15 30KkPa R3-200-20

B, BRI AITMD o | o 0 | S

PR 3%TEL, ZO%, B g | 1200 o |xmBw
EEAREE—ETOTs €| (e ks £ |memrma
BASHICEL T, BT 30, B . Be0 : .
60 kPa DI S-HOT 7B # *, . K100 . .
SR oS VA A S SO B (N B . §e x
— I LT, e 1 [ >0 Y R .

At R B A FE VP A & & ° 0 zi 42 60 3‘0 100 1;0 140 ° 0 SOH 100 ) 150 200 .250 300
M:tﬁbub, O B 2~ @ R3_§0ﬁ8ﬁ§5ﬁ]§ﬁm, E#EBA (k) o sztgf%m, EHGA (kPa)
;g:iiﬁgiigi%gg’ B-17 E L OB AR & 2 DRETORES - RIBRER
RS E S — A BEE L iokes e 1461 - soken R3-200-20
BAEIIEIE —ECho s, B | '\%‘ Y B e f\\ :
MR AERS E Dy — 2 & 2 L T & - R -,
TITBRIM K ESME T Lz, @315 \ {%ao.al . \ =
SNHOREE, ThER, & (%A ", “ | goo Af ., .
B R R 0D TR 4R gm“/§ % | Cl Bl gy .
fE, IR RO SE) & o . : 021 /= . :
L=t THoT, 0 0 60.5 ' 1 15 2 : 25 ° 0 : 05 * 1 ) 15

BA7 15, R3-200-15, R3- (a) R3 20?14’1?%%”/&%%“ (b) R3-200 2?155%7]/&%%”
ggggﬁﬁjgigiﬁ;’ 18 FERIS 85 CTEAE L1306 £ DA AR £ 25K BT OB
G L ENERAPIERY, Then, a®, b BICRT, [ 0220014 1116 O
B, AN 26~31 O BIERRS 2 EREN T rOMEIcR £ | R

N
o
>
o

LTWo, AREHREEE, @EORELERC L 9IS, EHBEME

A R3-200-15

R
12
& 4
WSS ICITIBERRE, SOSAICTEREEREOEBE R L, o 8 _,_/'
WO R LR ALHER (TR OMx T, ERESRECE § 0% 907
WT L 2 B LW TIREER S T i AL
5, RERTER LT ERIE ) & B O BIR % A 72 25 1 R RE O %“5 -
N o e
BT, FEBIENNE B OMOBBER /1 Th 2 —HEHERI 2 EH T2 oo
% < - L[| B = 0 1 2 3
O@Iﬁﬁifﬁﬁf‘z‘ Z)_&#UHEH’T% D EZEEH/EZEBIKIEN oc/pc
4.4 BIRRERORE B-19 EFMMKIE N CTESE L= ika
3.0

B-18 1%, B-17 1278 L7 R3-200-15, R3-200-20 KO AR IHEREE &,
FHEFES FORKEZEIST A (BER) %2, ThThO%HEEIS
TOEBERERIE) CESLIZBERTH D, ARG REOBIRIZEAR
M7ZRTERITZE D BT, EHUL L2 2R JPIRIBIC 381 2 B ALY\ Vi A
B L TND LS TH D,

B-19 1%, B-18 (TR LIS EEIES) T OEERRRIG ) TER LT
EISTPRETOMES, RO R2-V Y —XDZFNLEERZLDOTH

N
o

N
o

o4t ST £ ()

N
o

~ AR3-200-15 WR3-200-20

JRBELN/EERKESN alpc
[$)]

0.5 {,/ OR2-200-14 ®R2-200-11
5o ZHBIEHAL U-REE L, BRI E > TS Z &, oo A XEME(RS)  XHEHT(R2)
JEREIE A REBIRIG S X 0 b ARV L &V R IC BV T2 R Z s o o5 1 15 2 25 3
BCEBETEXBMGE o TS D L AbND, 28, ZHbEBROK EBIER/ERRRIEN odpo

e P L TR ®-20 EERREATERELI-BRELE
EiE, HIH T 045, %A T 116 Thoiz, T7abb, EEENIHTD S U HE M + (B M) DR A



w
o
N
(&)

e K20 13 B ARIE T " [0k / R3-200-15 R3-200-20
CE->TERILTE, ZOM 4 °|low /0 A 5 2 _
i 4 120 kPa ki
FRIZEERBRIE AR TIE B2 508 0 o §
oc/qu \

045, THELLETHE 116 To # 2 /\\ “ #'°

®-20 i, BE-19 R B 1k Q&% 2 .

T OMESAEZBINLEZLDT T os A 05 "

bo, FEBRRENED BE oLt . I ;
B8 ) 73 A R R R R T ’ - : foo0 s 4 te 2 28
i R\ EE T, FENM N, —WERRS TR 5/ MRS
WETIZIEE R - 7208, JEH (a) R3-200-15 (b) R3-200-20

R AR b B2l —HEERS TESIL LS E L ORMGHEN & 25 DRETORBRE

BARIE T, ML ORISR DB LD TN E D b FHICAE 3 ,e | omaom
L, ZOMEXE0.77 BN THDZENbND, ZOZ L I3WEM % ao | ¢R2200

WML 2 LIC kD, EABHER A2 L LT 2 & 2B LTV 5, ol v
®-21 1%, K-18 TR LI RERFRRIS ) CTERL Lo 0 iz —ihT

MRS CERE LG Ch D, B-14 ([RLIEE I IC, —EMRRS
CIEBBARISINTREERICH D Z b, K18 EE-21 (IR LEE

BUL LIS B RIS, BUEROBIE IR L & o, o

X-22 1%, EERBERG S TIESL L2205 JIREE COMEE S 2/~ L 0 1 2 3 4 5
B-19 L iikic, B-21 (R LB S CERILLE R3-v U =X o, e B i
DEIGITIRETOMEES, 5N R2-V U —XDZEnbEEREH D
Th b, —HEMTRES CIEBR(L U7 U MBREN 2 WV — iRIETIX 1 720, FMEESEINT 512241 T 0.45 OfF
XEATIEROEDICIE L TND, Z0%, MEER—ERFRS O 14 F282 55000, EHL LmkEEs
WEEUR 28 DI E 1.16 OFBRAHTICALE L=,

BT L DA ) T ORI AER % 55 5 R S F OJEBMEARIG I CIERL Li=3a, FEBRRRIS ) % BHC ERLREE,
MR TR 72 5 Z L SR T & 7, —HEMIRS CERL LA TY, 2 SO R DHERNHIT 5
MaE LR, ZOBERMMI—MERRSD 14 FREOEBENTL Rot-, @%, BEERITERHRS 2 <—
ANCRAREBRET D20, —WEMRRS OFRIIAESBOND, L0, ZORSERICKIT S —ERKRS 2
AW CHERIHEECX 5 L, THMCERICENERD LEZLND, 5%, %< O LoEEH K = ihEHR
BRI L TR L TVWETZWNEEZ TN S,

3.0
25
2.0
15
1.0

RAHES S/ —HERES o/qu

5. £&H

AT, —HEMETR S 23 40~120 kPa DOUUE T OB Him R B, ZAKALEAKRER, JEE YK =il i ERiE

REREGWIZED L DTz, TORRE, ROMAEBE LRI,

) SHEBEFCTHL—RICEE FThH, WELOEMIHRIE 070 L FEOXE 2R L, M ORNENE
WME EEBRBIRIE T E < o T,

2) WHELO%EFEETI) T OEBRRISS & —TEHER S ORI 1.4 FBE L — RNt LoZN I bED T,

3)  HE L OEKMFEKRER TRD B KRB & OMBIMERE <, Rkt L oL HIZIEF—FK LT,

4y B DHEEGOUWE LOEETET] &R RKMZEIR ) & E NN OEGEET T OJEERRIG I Tl L7 BIfRIE, By
FEICALE Lz,

5) O L BHRIZEE RG] 2 BB IRE & TRIEEIREICY T b, ThENRR LA E -7,

6) WELTOHFITEETLE T OIER UER & B O Loz a2 i3 2 &, FEREEREBETOME N 1.5 1%
FREE B L7oAER L 720, UOEMZ RN LTS RS BTz,

7 JEBERIG O I — TR S TR L OMEREEZ TERL Lz & 25, [EERBRRIST) TESE L-BER L
FER UK E 2o,

SEXB 1D (—REERIE VF—2017) : ¥ - 22 - RIS 2 L T RE TR RSN =2 T v, R

A EE v #—, 254P. 2) HTHB—5Q016) : WL 7 UE BT X AWEEIRS, HASZRERITE BIMEIERR),

Vol.70, pp.l 431~1 436. 3) AHHEN 5(2021) ; Bk L= 2T ZIRAK LOER « FBAKE, 4 14 MR T2
AT A, pp281-284. 4) FHMER B (2022) ; IRNSED R T ZIBA NI T OEEIEPK ZREMRRAE, TARERMUE,

B-3, pp.l 961~1_1 965, 2022. 5) A FFER, HABE (1989 : EHEMLEUTEIT 5 2, 3 OME, # 24 MR TFS0FE%
£, pp.433-436.




=R FRELDOLIARMEE L TOEHES

F—U— N @orEER &R WEEE AMA ExB O
MMM EXE =i E
MMM EXE AR EH
1. [FL&IC

MILHERCY—/L N R VEOBS TR T RET D, Thar TEGBRM CHRRE L, #ER4ATE LTHBF
MT22 LT, EREASESHELOMALRZHIBT S ZLNTED, ZOLIREA, BA L MGIKR EDRELH
BHNLND I EBZNR, TFEFESTHEMOHVOND LI TETVD, LOWEIZHWLNDE S TIX
RVT 7 UNEEY —FRRI T 7 VAT I RELEMSE LEbDT, SFENRE . BHEMENHIF T 2 BEHI
KPERHAFF T & DWMAM 22 ER D B,

B TWEMDA D =X NTEA Y NRAKRR E LT R 0 BEEROLA TR KEEIC X0 B BFAKZ D S
20, TWEMRILT S Z LT, LOMELREmDTND, TAKMIEZEOMBRKZM#EERIZHRK L, B AR Z D
EHDZETLOMEMMELKR T SERELHMEIETND P B THEMIIVEORNETHZREOKERFEFT 572
. RERUWEDRNPHFFTE DI, BEAV MOAKRERRY | BAEZLEL LRVOTHWERNRILDL E TORF
MINIEFICEL . A THEZRB TEAHERH D, ZO L 5 RBE» S, BEEAITZ —V R L THCRT
LHEETWLHH LOTEBEOUBIZANONTVAEFNH D 2, £, WAKMEEICEEKLOTIRROLE2HE
LT, BEEMRALICE T 2BEEDOSHIRS T ERORLELE LTHHA S TWSHFNSH S Y,

By T TidE A v NEORITKFSE AR LKESEO—E LCHEET D A= XL EITRRY | jix D -H
O HHAMBEAKZ S FREETOKOEEFRFELTND, ZOLIRFTLVA D =R L0 ESFUWE L2 5
HEE. BESOERARNZYEREN L S b OB L T LERDH D, £ 2T, AW TIExISGEORE, &5
TYEM OFECTMEIE U T, B T38E O ERNZ2YEREN &0 X 9 e @ 2 R+ OonERE Lz,

2. BRFREL OV EETMAS X

MHELE LT, WHELEEMELD 2 BEEZBE L, @ FUCEM & U THiSIEm O &5y 1 EEEAR & O 0Bk
Mo 2 FERZ R, BINEEZZ X TR EZ A L7, WEASIEORMEILE 3, S L ORIE DR &gz i ~%
T2 DI 52 E [E DI K 2 i Ok & Al D 72 1o =2 — B A Sl L7, £ 0HbREED TE HED 7 — A Z4hi
U, B & =l AR & 520 L 72,

* 1 B tomitiE

giﬁiﬂi HH | W | WEL e
e Jetr 7. 785 i 3
SRE} LI TRVE - & R 10 2FBRE L L. VR LIS S i;;;f gg“ iif :Z?
CUNBEERD 45 & 7 U > (Hydrite Flat DS -S4 dum) % e % e o3
TRE LT 73 OBACRA LTHER L, Kt bl prew T
ORI LA Ui, 2o TR & B 2E MRARD | B DRt
R REHEIEE 110, BB 1 IR L,
100
32 BRTFHREM S 50
5 TS ETHHA VSR DB & SRR OBORK D 2 T
ZHV, ZR5 O TIEE 2 12FER LT, &60
I# 40
4. HEAE % —e— i+
41 WEDHRERE I —UHER B 2 b
SO RYET | & B L R DA R T 5 720, A 0
CIRIC CTHEEDIC L AREEDRE (JISA1210) % %hE L7z, 0.001 0.01 0.1 1
= O, R MR A SRR 0 72 1o = — LR Fi % (mm)

B 1 FRER o RPN Hh#R

Example of evaluation of polymer modified soil as a civil engineering material
Koga Miyamoto, Toshihiko Miura, Yukinobu Kimura (Obayashi.Corporation)

10


hayan
テキストボックス
２－３


QIS A 1228) b L7z, H7o, @ T SE TITA R %0 B FREM O

AT UEM E LORMERSHY 02%L 06%DHETENE e e TAb

h#]éj‘m Lf: 4 *i (§+ 8 /7“*}0 & [/: 7]“/{“_‘ f\ \: &V‘Z_ET%TJ#L ll,é\(lj: {fﬁfﬂi‘«lj( *ﬁj\’ﬂg‘«lj(

TERLU, SE L2 ERU%, BB & R 0 3R & FIULTIR. | 77U NRES

o B A LT, oy | T UABET RY | RS R Y Y
7 LILEAY LIGZAEY)

42 [EHEHER o EIE FELABA 97%

WE L& EARMEE L CRIHT 2856, BUGCIIREBEOE (UL 3801 r o VFEALO | BEZEM OS4SR
F. D CHEDL. WEDE 100%05 1L Do &7F) THITE B

FEN, TORETREDE 90% (Do) TEHIND Z LHE
W, fEo T, JEBERBRCIIREE OB OERE N S, Do OHIEREE & Do ORFOHEED MR FIZk 1 5, R a kb &

D B OF K (We) DG CHERIR A ERL L7, 7238, BB L2V T2 < & b5 4 FRA THYIC R 520
L EARMELE LTRIFTE 2020, EROOIREE L KA T 2 22— 488k qc 2% 200kN/m? BL Edh D 2 & %
RO b, HERIZHWZ,

AREBRT PSR L D EERBR QIS A1217) ([CHEU CHEME L7z, WH ., BFEfATIC X 2 EBERBRIIA < GLRE TRk
B a0, ARBRCIIRE L2 T UCHEM Lz, #EORR L R 2FBEORE L EmoTE L 45 (57107
—2) ZBER LT, FNTRORELIZ OV T Do 530 Weo DEIETER Y > 7T L, PRS- THATHE L 9.8~
1260kN/m2 > 8 Bk, 1 Bepkico & 24 BEM DM o 72, EBRAE & U CEMFRE L VRS ITHE S M 028
bz&ii~7,

4.3 =BHEHEFER

FEERBREFLC L5 IC, ELEMELEZHWT, B E DA 10 77— 1238V T Deo 5> Weo S THEE A
AER L7, RBREMHIIEYMOBLE UCHA LZBOMELZFMT 2 Z &, 2 FHORB L2 k325 2 & A AHE
7o Z LI DIEHEIEPEK (CUb) = EMEER (UGS 0523) % S8 L7-, 5EiE 100kN/m? TIEZIG I 1E 50kN/m?, 100
KN/m?, 150kN/m? & U 24 REffer L7z, & Dk, OV A3 0.1%/min C 150 43 2T CTIEAMR L. RIS HWFRROE T ¢
L NEREEE A o B L OVERNIS IFRORAE 1 o L NEBEEEE A o' 2B L 7=,

5. HBREBEREER
5.1 #ME&ORERE I—HER

fE O REROFERIIWE L0 r— 2% X 212, ¥itELor—2 %K 3 1R T, WE LI oREEORHEL. &O T
BHERZWSINT 2 2 & CHRUREENME T L, SKMIEE L e b MR Uiz, @ RAKM 23N L7z — A TR
B3 0.2%0 7 — A TIE B AT & I EIFFREOFFE O FFE 7S > 7= DIk L, 0.6% D7 — A B W CIHBBEENME T L, &
KGNS 2 5 ~HERS UTe, Btk Lic ki DREm oL, WE Lo —x LR CHEHME R L, @8O8 & R
T 52 & CTHBEENMET L, SRS 2 F~ B Lz, £72. B FRAKM%Z2 0.6%HRMN LIz 7r—ATiik b
EORTRBELE >7, UL, BWARM OB LY 2 okE @& FEPICRFELZZ LT, BRBBANRNZEL
THREBEIDIFIZ BRI SIS K o lofb R, HREENKTLTCLE LI ERFREE X, ZDXH 7R, ¥
BEEOK MERIZ =D 2 bR LTEY, BordE8LzEt s L CRIAT IR, BAERES -0 o L&E3E
DT D ENRBRESA, TER EOEEAETLIEEZLND,

a—UEBRORRIIWE O — 22K 4, Bt r— 225107, WELICBIT 5 a—rRROBENS ., £
TOr—AT, GAREBEL 2DIZONTARKIZ qc MET L TWe, @ P8 EM 2R L2854, SCERnce~ XY
BEWEKEGEETH qc BEL e oT, HELICBWTHLRILER TH o7z, LLEOREEND, Eo 1l LI3kE o 7=
RRICIREBIEIC /2 208, BAELU LOBEZHETE 22 R I,

FEE DFE & U Tl 3 7K b & e Rz | Doo D IRFOD HEIRE E & 2 DIRF D Weo 38 L N qe & 5 3IFT# L7, JE&ER
B b EAE R TIIL Bt D Do DARY DRI BT DI R EKLLDEED ge A 200 KNIM? LA ETH 2 BERH 5
N, BTOr—ATENT 200kN/M? B 2, 5 4FRAEL L L TOEREEMRE LT\, o T, EERRBR =Hh i
ARERICEBWTIZE 3D Dol BT K (Weo) 38 & ONZAGE B D St THERRIA 2 /ERL L CRlBR & 920 L 7=,



k

&

2
—— R

—e— R WA
1.9 /\ BEEA10.2% 19 EEEA0.2%
18 {7\ E4E10.6% 18 BEAE10.6%
o d WAkH0.2% e Bk F10.2%
51.7 / —m— Kk 410.6% Q 17 —m— K H10.6%
RS / S
ﬁg]"6 ﬁﬁ ]
K = e
= 1.5 & 1.5 .
== IN) \\
= 14
1.4 . S
)
1.3 1.3 ;
1.2 1.2
0 10 20 30 40 50 0 10 /Z\O 30 40 50
= 0,
&K (%) a7k (%)

B2 WE T oofHEE o Hhif B4 3 kM oo o Hhf

2500 2500
—— W
EEEEA0.2%
2000 BEEEF10.6% 2000
T Wk HH0.29% £
2 1500 —a— UKH10.6% S 1500 | —e— il
X
1 200 kN/m2 = EEEEA0.2%
%= o EEEE0.6%
N 1000 < 1000 " °
| | Wk bH0.2%
3]
n —a— WKH0.6%
500 500
200kN/m2
200 200
|
0 0 S
0 10 20 30 40 50 0 10 20 30 40 50
EIKEE(%) EIKEE(%)
X4 WE+Oa— RERGER X5 $5E+o a— aRERGE R
#F3 MEEORBRE a— R BEREE LD
WE+ FhPE 1
HH BAAT B BEEEA | BEEEA | WROKEE | WKEF R BEEEA | BEEEA] L WAKEE | KEF
o 0.2% 0.6% 0.2% 0.6% a 0.2% 06% | 02% : 0.6%
To]
e % 115 | 145 143 118 154 24 262 | 258 | 261 @ 259
&Kk
SN
o glom® | 1955 1797 | 1820 1916 @ 1731 | 1573 1526 @ 1515 | 1517 @ 1454
Hr s
Woo % 170 | 219 201 181 = 235 | 324 344 | 346 = 349 = 363
Dao
Y glom® | 1760 = 1617 | 1638 & 1724 1558 | 1416 1373 | 1364 = 1365 = 1.309
Hr s
D
P | knm2 | 30 380 200 260 310 80 420 590 340 640
a— R




52 HEEHR

BV 136 K OMHE LIC R 2 B OR RE R 4 IOR T, $7o, ERIS K4 JERHREORR

1 LRI OBURIC N T, K6 ICHE L&, K7kt LE R, M6k PR JEAEHE X Ce
TIZOWTIFEREIS A 0 Th D HHIREEDEICOWTHERT D720, *HK WEL | R
FRL TR, EREERIIELOBE., SB8BMENZ2 8L, U BT 0.063 0.222

o, MMELOGEITWE ORI TRERBIRN TN, EOLEMT EEEEF 0.2% 0.136 0.222
HIRINEZ IS5 & EMEECS MBI H - 7o, Bkt & OBk % EEEEFH 0.6% 0.123 0.239
RoE. WTNOESFREMZIRM LT — A TH Y ORI K& W% kA4 0.2% 0.106 0.212
{7 TWEBN, EEISNEEMEE2 L EEMEES N, MRk RA W% kA4 0.6% 0.226 0.302
WhsL o T ole, WWE LD — A TILSERT & [FFRE O MBI
WL TCW BN BT, itk — 2 TR OK T IR0
DRI T H A5, WEICHE AT & RRRE DML & 70 5 EHERI S vz,
BB LTI OBBREARENoToZ Eix, & —A

L Do 2D Weo DIRFETHBR L7=Z & T, £3IXHRT LI 11 —

5 U L TR OASBNE S Ao T 2 & 2SEIA —e— S

LW B, TOREICK L, EBISNEBNEE TN T L 1 BEAE0.2%
T, BT BHK S I, BCEEATOBBHEIT I RIS —a— BRERFI0.6%
LCifol b B2 bD, MLmS 10m LABGE LImbom 17 0.9 WkH0.29%
L HAT AR E R 20kN/M® &% & 200kN/m? & 72 %, = DR 08 —— k#0.6%
PR & el & B4 FERE L0 R & VR L Ao 7,

BRI L WAM O — A THBT 5 & BEAOr — 2T R o,

FMRITIS U B o BB oA H 0 Ron  E

TR T DITxt L, WK O 7 — 2 TIIIRINEIZIS U T 0.6

B LT, = OB 3513 B8R ORFZE I 51 % 4y

FWAM OFE L [ CEECh -7 ¥ . = OFHT ORI & 0.5

57T, FNFHOHED A=A LDEWZL D EEZ LN \.\’

B WA IERARARIC & 0 B BB 2 R L TR S 0.4

M. BHERI OB A 2 BT 5 2 & THREERITV. WA
IR AL LD b0, = OWOKIAENE D B\ ME 8K % R 03

L3 <, B AES 72 5 = b ASEIR & 72 0 . BAKKE O 0 200 400 600 800 100012001400
0.6%0D 4 — A TIXMIBRELOIE FAUERH 72 51 & PSS, FEFIET1 (KN/m?)
—J5 T, WK D 02%0D 7 —ATIEIHHORRIT/ NS, JE X6 W'HELOERST LR O%R
BIZE DKk D7 noTz, ZHUE, £ 2 D We HIEL 2> T
B LD ICE S TUIRN D72 KEDEDRFFL TN T 11 E————
CLREREELBRS, 0 294
BLED T &b, B TEIE R E OUKIREN 5. 0 1 o
BIBREC A5 < . FERRHEECHA X IO B B = 1 AUTIE ST, oo T e
WE S % 10m b LBHOARGE X5 0% HAFE 200kN/m? G ' BAH0.2%
S FYE DS CRIBEA R E N 2 L TR 2 LEEA R S 0.8 i DOkH06%
ns.
X
& 0.7

53 SEAEMRER =

SRR Gk T VE L5 K O ORI B4 % 5 1C 0.6
T, BECKIIAISHETD ¢ & s B LOEMENERD ¢ &

S EFNFNRE UL, $7, WELOERHRS & EHSH O RIG 0.5

I 8 IR 112351 B MR A 9 10 R, BRI OB Tl

LoBIO CL g bR LD RKE otz ZHIE, BWE LS 0.4
KMt & FREICHIRIA S S in o T 12D T2 L B 2 BB,

WE BN CIRESEA THET 52 LT, ¢ b g b LT 0.3

. AR TH ¢ I & A B2 . pIEBB LT, o'k 0 200 400 600 800 100012001400
LA CHET L5 A, OB LS, o' IEE A BB L FEEIGS) (kN/m?)

Mo T, KN ~ORBIL, BEEAIN LR T2 R Lz Z & B7  HELEOIERIST) & R O BLR



WX DRRIZLEEZAOND, WM OGS TR, CIZEM L2720 g ITEMEEINT 52> TR FEm 72 -
Too AEMET DA SRR ZEINNIIE T L IZIEFERTE o 7225, ¢ IXCERT & i LTI T Th o 72, Wok# &
0.6% ATl — A TITHVE + & FERIC ¢ DIR T2 A BTz,

WELEMMETLOWTNTS ¢, ¢ DRERATEWEE TIZLAEED LR STZR, @ FWRARM OBRINEZ HIN S
VI —ATIE g BIERT LTe, 202 &%, Mo b b AREORYE HIZHW TR T Z2# R L TR Y . Wk 23R
T MU D Z & TR FRIOBEENED LICRERTEEERL TWD 2 Enb, REROBAZNEZ o7 LHEHE NS,

JEREIR S & ORI GIE, WELOHEE. BEAID 7 — A TITBERRE o 7ohy, WAMITSER & RRELE -7,
BT DGE BIZIFREROMIATED, WK & 0.6% ANT=r — A TIIRHTHRENMED o T2, R 2 03— HBROMR L
R 5 & BHERITHE T2 L EMMB S b 3 — 4880 LR L Tnic, —7, WAKMOLEE Tld=— B
ERA 0 FEMETR SIME T L7, AU Deo (281 2 HURME E NI IR 2o TV Z ERRBL TS EERD
No, MAT, WAMORBHFIZIT 7 AL OZE TIEMR S MET Lz SRS D,

b Z b, @ofrdEL a2 tSo REM & LT LIcEE, EERITWERT L IZER CHEETH L -9,
EENHEE D E RS UTE OB RNWEBEZ bR, Ll maFRkM 2RI 5 L HEHo 7L
BT 2 L PRINDT2D, WEEREAIMET L TWS /TREMD B 5 Z L IZRET 2 L BN R ST,

K5 W td JOKE to0 =il £ R R

WE L Rt

A HAL — BHEA  BRER | WM Wk — BEEA] | BREA L WK Wk

o 0.2% 06% | 02%  0.6% B 0.2% 06% | 02% | 0.6%

A c kN/m?2 9.3 22.9 35.6 10.1 8.2 18.1 11.6 41.8 11.7 10.9

71 ] ° 9.9 14.7 18.1 12.7 13.3 16.9 195 16.8 19.6 14.0

| © | kN2 0 46 43 0.1 0 1.9 0 9.2 1.8 0

I 7) &’ ° 334 31.8 34.6 31.3 27.2 33.6 35.8 32.8 34.2 30.6
300 300

N

(on)

o
N
(on)
o

£ 200 T 200

N N

Z Z

< 150 <

s =150 1
& &

% 100 £ 100 /
H H

a
o
a
o

0 0
0 50 100 150 200 250 0 50 100 150 200 250
JEEIET (KN/m2) JE# 571 (KN/m2)
—e— LA EEE10.2% FEHERI0.6%  —e— SCELRT EEHE10.2% EH710.6%
WKF10.2%  —m— WIKF10.6% WKkF10.2% —m— I IKA40.6%

X8 WHLOEMIMRE & LIS ORR B9 KEMELOEMRE & RIS ) O RS



6. £&H

O TUE L2 LAMEE LCRIAT 2RI, M5 LofE, &0 T8EM OfECIMEIDS U T, RN B
PN ED L D 72 E R T O, MEORER, 2— B, EERER, TR CEE LR, UToZ &350
Mmool

1) FFEORBROM R S d o 1S LB RT & i LT, R MK T L. BRI 2 & 5 (SHfE DR
WEE LTz, a—BROFRTIE, SEATL N TE D EOEKEEMFIZBN TS qc @mnol, BlhkoZ e
Mo, FEEOTZRHARB IR 20, FBETLU LOREZHRTE 5 2 ERE ST,

2) JEERBROBRENL., BOFHETOSHE. Do 70 We OIREETRER L7z 2 & CTHMHEECHIF O RIBREL A3 UE
A& He L CRE Do Te, BRI D 0.6%IRIN LT — A TZ OMEAINABHZETH Y | BB L DFBED
IR RDRERNE TN, ZOETE D FOBKBAEDIE NI LD LEZ NS, Mm% 10m & L7okpZA80E
S R EE 200kN/m? Ti@ 0 UE 10 THRIBEDR KR E W LI ET D LESENHEIND,

3)  =HhEMERBROMER, S0 FWE LOASNRRORMET) o' & WHEEMA g 1IREORIBR THED ENRA LI
Rino Ttz EENIHEE D E BT E EORBIT RN EEZL SN D,

4) @O TWARMEZ 0.6%IRIM LTy — A TIIHMREEME T I 5720, BEEE UTHIMAT 223, AR SH 20
DEBENEDT D Z L0, ARNSNFRO ¢ PMET T DM 55 2 LI E L TE L3 20 EMEIVRIR S L,

B F B TIEARBRGE A ORPAN TIRIRE PR TE T e7e®d, EREORB HEICHAIT 2 I3 E D RS 2 —
HRETET TR S BBOER PSR D0, BMEFEOLAME L LT TR EH#H Sh D, @moFRkMEzLEIC
WIS 5 L HBEEPMMETT5 2 L CTREOLENED 2 & REEROWNEREEMA OIR TR I 7223, HYREm
O YN OB B AT T AR L LT A RO OFRHAN TIXELFORBRICERTE 2 2 80072,

SEXH

1) HEERE - B RG  ERKER ) v — & ZORIH, AAFEERE, Vol40, No8, pp.721-724(1989)

2) PR - NVE— - TEKSR  BBIGIEO LRI T D ARERITSE, B SCEE, Vol12, Nod, pp.10-16
(2001)

3)  BHIRF] - BT - HERIES - T — - HHIER - FEH=E - BIERMS S0 L0 B SR
FAETOTERER OHEFIA, 63 BIEEE T VAR Y U ARKRGRSUE, pp.27-32(1999)

4)  =JHEE - LR - AR - MR . PEMRINAIRE L0 U E Lo MIRTRER], 5 13 RiiRi R >
YRV U LAk, pp.357-360(2018)

5)  Jialin Mo and Kazuto Endo : Influence of water-absorbing polymer agent on soil water retention, shear strength and sorption of
B7Cs, % 14 BRI T50 R U0 A3 FGm U, pp.379-384(2021)



Adsorption characteristics of caesium on polymeric soil modifiers

Superabsorbent polymer, Removed soil,
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1. Introduction

A devastating earthquake struck eastern Japan on 11 March 2011
and subsequently caused a massive tsunami. This led to a severe
accident at the Fukushima Daiichi nuclear power plant. Signifi-
cant amounts of radionuclides, particularly caesium-134 and -137,
were released into the environment. As a result, the ground in Fu-
kushima Prefecture and the Tohoku and Kanto regions was con-
taminated with radioactive materials.*® In the aftermath of the
accident, several measures have been implemented to restore the
environment (excluding the inside of buildings) and address the
contamination problems. Such measures include decontamination
work and the disposal of contaminated waste.*

Decontamination of soil, vegetation, etc. was carried out
extensively with the aim of lowering the air dose rate in inhabited
spaces to the lowest practicable extent. Through these efforts, the
detrimental effects of radioactive materials on human health and
the environment can be swiftly mitigated. A wide range of
methods were adopted for the decontamination activities
according to the level of contamination. They included scrapping
away a few centimetres of topsoil (for example, to a depth of 5
cm), removing branches and fallen leaves, and cleaning and
washing of the building surfaces.”

The soil removed from the decontamination activities
(hereafter referred to as ‘removed soil’) has been transported to
the interim storage facility (ISF). Current estimates indicate that
14 million cubic metres of it have been received in the ISF.9 The
soil will be safely stored here until it is finally disposed of outside
Fukushima Prefecture, a process to be completed within 30 years
from the start of interim storage (i.e., by 2045).

The storage protocol used at the ISF is notably different
from that implemented at the temporary storage sites. In the latter,
the soil was kept in bags.” However, in the ISF, the soil is
removed from the bags and foreign materials (including
vegetation, metallic objects, and plastics) that are contained
within it are removed, as illustrated in Fig. 1. After this, the soil
can be stored in the soil storage facilities of the ISF. The objective
of this separation work is to make the soil more suitable for
interim storage in the ISF. The removal of foreign materials from
the soil has an additional benefit: it prepares the soil for recycling
in public works. These recycling efforts will be instrumental in
significantly reducing the amount of soil that will need to be
disposed of.

In the separation work, the removed soil is often mixed
with soil modifiers containing a certain amount of superabsorbent
polymer (SAP) to improve the separation work.8% The removed
soil is characterised by a high water content. Furthermore, the soil
removed from the farmland contains a large amount of cohesive
soil admixed with organic matter, making it difficult to separate
the organic matter from the soil.®) Because of this, the separation
work was a bottleneck in the ISF's operations, in particular
because of frequent interruptions caused by clogging of the
sieves.®) When the polymeric materials are mixed with the soil,
the SAP absorbs a considerable amount of excess free water in
the soil, thus making the soil loose and dry. As a result, this led
to a more effective separation process, as evidenced by a notable
reduction in the incidence of sieve clogging.” An effective
separation process is necessary given the immense amount of soil
that needs to be handled in a relatively short time.
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Although such polymeric materials are already used
extensively in agricultural soils,1%12 this is a new and
unprecedented approach to use them on removed soil. The impact
of polymeric soil modifiers on the chemical, mechanical, and
hydraulic properties of the removed soil has not been fully
investigated. It is recognised that further research is required to
gain a comprehensive understanding of the geotechnical and
environmental implications of soil treated with these modifiers
for purposes of interim storage, recycling and disposal. For
instance, when required for ground bearing capacity in public
works, such as when recyclable materials are used as fill for
embankments, it is necessary to evaluate the mechanical
properties (strength, compressibility, etc.).314 With regard to
concerns about the leachability of radiocaesium (rCs), a recent
study®® has shown that incorporation of these materials into the
soil results in a significant reduction in the amount of rCs leached
from the soil. However, further studies are required to clarify the
interaction between organic and inorganic substances and how
this affects the leachability of rCs in the soil, especially in soil
with an exceptionally high level of radioactivity.

Research on the adsorption characteristics and underlying
mechanisms of Cs in individual organic and inorganic materials
has been extensive.'518 However, the way Cs interacts and is
adsorbed by composites of organic and inorganic materials, such
as polymeric soil modifiers, is not yet well understood. The aim
of this study is to evaluate the adsorption characteristics of Cs in
polymeric soil modifiers through a series of batch adsorption tests.

2. Materials and methods
Polymeric soil modifier A soil modifier containing some organic
SAP (courtesy of Leafair Co. Ltd.) was selected for the purposes
of this study. Incorporation of SAP into the material results in its
capacity to absorb approximately 70 mL of water per gramme of
the material. A sieve method was used to estimate the water ab-
sorption capacity of the material. Based on the amount of SAP in
the material, it was calculated that the SAP in the material has the
capacity to absorb approximately 2,000 mL of water for each
gramme of it. The appearance of the material before and after it
absorbs water is shown in Fig. 2. After absorbing water, the ma-
terial transforms into a gel-like substance [Fig. 2(b)].

Its specific surface area (SSA) was determined to be
23.06 m?g using a surface area and pore size analyser
(NOVATouch LX-4, Quantachrome Instruments). The pH of the
material was measured in a 1:200 mass/volume suspension of the
material in distilled water. After an equilibration period of 1 hour,
the pH was determined to be pH 7.84. Details of its chemical
composition and other properties are given in a previous study.
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Fig. 1. Schematic illustration of the separation work carried out at
the ISF for the removed soil. Modified from MOE?.
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Fig. 2. Picture of the soil modifier a) before and b) after it absorbs
water.

b) Gel-like substance

Adsorption experiments A series of batch adsorption tests was
carried out to evaluate the adsorption characteristics of the soil
modifier against Cs. Solutions with different concentrations of
Cs* (1, 5, 25, and 50 mg/L) were prepared by dissolving specific
amounts of caesium chloride (CsCl) in distilled water. The mod-
ifier (in amounts of 0.2, 0.25, 0.5, and 1.0 g) was then added to
200 mL of the solutions in a 250 mL polyethylene bottle (n = 4).
The mixtures were shaken horizontally at 200 rpm for 24 hours at
20 °C using a mechanical shaker (TS-10N, TAITEC). However,
to evaluate the effect of shaking time on adsorption behaviour, a
range of shaking times was considered, from 30 minutes to 28
hours. After shaking, the bottles were left to stand for 10-15
minutes. The liquid phases were sampled and then separated from
the solids by centrifugation for 10 minutes at 3,000 rpm using a
KUBOTA 4000 centrifuge. The resulting supernatant was then fil-
tered using a 0.45-pum pore size membrane filter.

The pH and electrical conductivity (EC) of the solutions
were immediately measured following filtration, while the ionic
composition and other analytical parameters were evaluated later.
Measurements of pH and EC were taken using respective
electrodes (from HORIBA), with the aid of a benchtop
multimeter (LAQUA F-74, HORIBA). Concentrations of Cs* and
other cations were analysed using inductively coupled plasma
mass spectrometry (ICP-MS, 8800 triple-quadrupole ICP-MS,
Agilent Technologies). Concentrations of the ligands (SO4%,
NOs, etc.) were determined by ion chromatography (930
Compact IC Flex, Metrohm), while a total organic carbon (TOC)
analyser (TOC-L, SHIMADZU) was used to quantify the TOC
amounts in the solutions.

3. Results and discussion

Adsorption behaviour and mechanisms for caesium Figure 3
shows the adsorption isotherms of Cs obtained based on the ex-
perimental data. The results show that the modifier has a certain
capacity to adsorb Cs. A steeper slope of the isotherm indicates a
higher adsorption capacity of the material.

The adsorption capacity of the modifier for Cs can be
attributed to the interactions between Cs* and soil minerals and
SAP, as illustrated in Fig. 4. Although the specific adsorption
mechanisms and the extent of each remain inconclusive based on
the experimental data currently available in this study, the
following adsorption mechanisms are hypothesised based on
previous studies. The small hydrated ionic radius of Cs* (0.33 nm)
allows it to traverse the polymer mesh of a hydrated SAP with
relative ease and bhind to negatively charged hydrophilic groups
within the SAP, which are created during the hydration reactions.
Furthermore, Cs* can exchange with Na* present in the
hydrophilic groups (e.g., carboxylate-Na group) [Fig. 4(a)].?
Concurrently, the existence of negatively charged surfaces in
specific soil minerals facilitates electrostatic interactions between
the negative surfaces and caesium ions. Furthermore, clay
minerals adsorb Cs in multiple ways, including by electrostatic
attraction on their negative surfaces and by adsorption at
interlayer or frayed edge sites (FES) [Fig. 4(b)].2>-%3
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Fig. 3. Adsorption isotherm of Cs for the soil modifier.

The adsorption isotherms were linear in slope over the
range of Cs* concentrations used in the tests. This suggests that
the adsorption of Cs by the modifier is governed by the Henry
model. Therefore, the results of the adsorption isotherm were
quantified in terms of the distribution coefficient, Kq, which is
defined by the ratio of the adsorbed amount of Cs ([CS]ads.eq in
mg/kg) to the concentration of Cs remaining in solution ([Cs*]soleq
in mg/L) (Eq. 1). The results of the Kq obtained are summarised
in Table 1. It should be noted that K¢ describes only the
adsorption data within the range of the concentrations examined
in the adsorption experiments. It cannot describe the adsorption
behaviour outside this range. Furthermore, given that stable Cs
exhibits geochemical properties similar to those of rCs in the
environment,? it is reasonable to assume that rCs will be
adsorbed by the modifier in a manner consistent with the
observations made in this study.

_ [Cs]ads,eq

K. =
[Cs*]

; &)

sol,eq

The modifier's adsorption capacity for Cs diminishes with
a reduction in the liquid-to-solid ratio (L/S). These findings
contradict previous studies, which have suggested that a decrease
in L/S leads to an increase in Kq¢.2% Table 1 shows a notable
disparity, approximately one order of magnitude, between the Kqg
values for L/S of 1,000 and 200. Another interesting finding is
that TOC amounts increased as L/S decreased. As shown in Table
2, the TOC amounts reached almost 20 mg/L for L/S 200.

Cs*

~Polymer chain
py Yy Na‘<

LN Na* ‘Cj.s*

Cs*

a) SAP

b) Soil mineral (e.g., clay)
Fig. 4. Schematic representation of the selective adsorption of Cs*
by SAP and soil minerals in the modifier.

Table 1. Kq values relative to L/S.
Liquid-to-solid ratio, Distribution coefficient,

L/S (mL/g) Kd (L/kg)
200 2.8x103
400 1.4x10*
800 8.7x104

1,000 6.3x10*




Table 2. Concentrations of specific cations, ligands, and TOC in solutions after the adsorption experiments.

Liquid-to-solid ratio, Initial caesium conc., Sodium ions, Potassium ions, Sulphate ions, Total organic carbon,

L/S (mL/g) [Cs*]soinit (Mg/L) Na* (mg/L) K* (mg/L) S04% (mg/L) TOC (mg/L)

200 1 52.51 (14.99) 1.03 (0.04) 5.84 (0.25) 17.53 (2.55)

5 41.81 (6.16) 0.72 (0.27) 5.80 (0.08) 17.90 (1.96)

25 44.92 (8.18) 0.86 (0.35) 5.65 (0.14) 17.59 (1.84)

50 49.54 (9.65) 0.96 (0.44) 5.54 (0.06) 17.88 (1.50)

400 26.48 (4.59) 0.61 (0.02) 2.50 (0.03) 7.70 (0.95)

5 25.39 (5.50) 0.74 (0.55) 2.49 (0.06) 7.87 (0.96)

25 27.79 (7.53) 0.86 (0.61) 2.43 (0.08) 7.85 (0.51)

50 32.80 (6.50) 0.75 (0.57) 2.38 (0.06) 7.59 (0.51)

800 17.79 (7.85) 0.67 (0.29) 1.16 (0.06) 414 (0.71)

5 18.69 (6.79) 0.66 (0.52) 1.19 (0.06) 4.10 (0.59)

25 20.14 (4.18) 0.78 (0.56) 1.16 (0.05) 4.00 (0.50)

50 24.51 (3.78) 0.85 (0.59) 1.15 (0.04) 3.99 (0.53)

1,000 19.36 (8.32) 0.61 (0.22) 0.96 (0.08) 3.54 (0.90)

5 16.52 (3.64) 0.60 (0.47) 0.98 (0.04) 3.29 (0.40)

25 20.65 (6.65) 0.67 (0.52) 0.99 (0.06) 3.36 (0.56)

50 22.90 (4.98) 0.66 (0.61) 0.94 (0.06) 3.04 (0.29)

Note: Mean values are given for each parameter and the data in brackets are standard deviations (n = 4).
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interlayer sites) of clay minerals, preventing fixation of Cs to the
clay phase. It is suggested that DOM blocks access to adsorption
sites of clay minerals by adsorbing on clay surfaces.®32 As
Schlautman and Morgan3? have observed, the adsorption of
DOM (e.g., humic acid and fulvic acid) onto mineral surfaces can
occur in a number of ways, depending on the pH of the solution
in question. For instance, at high pH, cation- and water-bridging
become increasingly important for the adsorption of humic acids
with increasing amounts of Na* and Ca?*. It is important to note,
however, that the inherent properties of mineral surfaces exert a
significant influence on their interactions with DOM. Further
research, as exemplified by the work of Weng et al.3®, has
demonstrated that the molecular size of the DOM is a determining
factor in its adsorption behaviour. The authors explained that
organic acids of smaller molecular size (e.g., fulvic acid) are
better able to form close associations with mineral surfaces,
thereby enhancing their adsorption onto these surfaces.

Impact of dissolved organic matter on caesium adsorption The
notable correlation between TOC and the amount of modifier
used in the adsorption experiments prompted a more detailed
investigation into the variations in solution chemistry resulting
from the use of different amounts of the modifier in the tests. The
test was carried out by mixing 0.2-1.0 g of the modifier with 200
mL of Cs* solution (25 mg/L, pH 5.5-5.9) (n = 1). The procedure
for the shaking step and chemical analyses was conducted in a
manner similar to that employed for the aforementioned adsorp-
tion tests. The results of these tests are shown in Fig. 5.

Modifier amount, M (g)

Fig. 5. Changes in the adsorbed amount of Cs and concentrations
of TOC and specific cations after the adsorption tests, as
affected by the amount of modifier used in the tests.
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Fig. 6. Kq values affected by the TOC amount.

As SAP interacts with water, it hydrates, and Na* is
released. In addition, since the SAP in the modifier is of an
organic nature, organic matter may have leached from it as a
result of its interaction with water, as previously discussed.
Figure 5 illustrates the evolution of Na* and TOC (presumably
DOM in this study due to the nature of SAP in the material) with
the increasing amount of modifier used for the tests. An



interesting observation from this investigation is that as TOC
increases, there is a significant reduction in the adsorbed amount
of Cs, from 20,000 mg/kg to approximately 4,500 mg/kg.
Subsequently, the adsorbed amount of Cs remains relatively
stable at approximately 4,500 mg/kg when TOC levels off at
around 15 mg/kg. It can be concluded that an abundance of DOM
in solution (or pore water) will result in a significant loss of the
material's adsorption capacity.

Figure 6 illustrates the relationship between Kq and TOC.
The Kq values decrease by approximately one order of magnitude
with an increase in the amount of slightly more than 10 mg/L. The
findings provide compelling evidence that the organic matter
leached from the SAP exerts a significant influence on the
material's capacity to adsorb Cs. This also suggests that DOM in
soil pore water may have a significant impact on the mobility of
Cs in soil. Therefore, it is suggested that the impact of DOM is
considered when examining Cs migration in the soil. In addition,
further research is needed, paying more attention to the effects of
different types of DOM on the adsorption of Cs by polymeric
materials.

Kinetics and mechanisms of caesium adsorption Adsorption ki-
netic experiments were used to investigate the rate and mecha-
nism of adsorption of Cs by the soil modifier. The tests were car-
ried out by adding 1.0 g of the modifier to 200 mL of Cs* solution
(25 mg/L, pH 5.5-5.9) (n = 1) and shaking the mixtures for dif-
ferent durations (from 30 minutes to 28 hours). The results of
these tests are shown in Fig. 7.

As noted previously, the process of SAP hydration results
in the dissolution of sodium ions. The evolution of Na*, as shown
in Fig. 7, suggests that the hydration of SAP in this material takes
several hours to reach equilibrium conditions. This investigation
suggests that equilibrium conditions can be established within a
24-hour shaking period. This is evidenced by the relative stability
of both the concentrations of Na* and the adsorbed amount of Cs
beyond this time frame.

A further significant observation is that the adsorbed
amount of Cs is comparatively high when the shaking time is brief
(e.g., 30 minutes). Furthermore, the dissolution of K* does not
change significantly when the shaking time is prolonged, for
example, to 28 hours. It is important to note that the Cs*/K* ion
exchange mechanism represents a significant mechanism through
which Cs is adsorbed by clay minerals.3% Since the
concentrations of K* do not change significantly, yet the TOC
increases and the adsorbed amount of Cs decreases with longer
shaking times, it can be concluded that the effects of DOM are
significant.

It was also observed that the highest adsorption amount
was attained when a shaking time of 30 minutes was used. For
this duration of shaking, the SAP within the material is expected
to be in a partially hydrated state. This suggests that the primary
adsorption mechanism of Cs within the material is associated with
interactions between Cs and soil minerals. This also means that
the organic matter leached from the SAP blocks the adsorption
sites in the soil minerals.

4. Concluding remarks

A series of batch adsorption tests were carried out to assess the
adsorption characteristics of Cs in a soil modifier containing some
amount of SAP. The findings indicated that such polymeric soil
modifiers have a certain capacity to adsorb Cs. Nevertheless, it
was found that the presence of substantial amounts of DOM in
solutions (or pore water) could significantly diminish the adsorp-
tion capacity of these materials. As a result, it is advisable to con-
sider the effects of DOM when investigating the leachability of
rCs in the removed soil. Moreover, further investigations are sug-
gested to explore the influence of DOM on Cs adsorption by pol-
ymeric materials, with particular attention to the effects of differ-
ent types of DOM.
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Fig. 7. Changes in the adsorbed amount of Cs and concentrations
of TOC and specific cations after adsorption tests with dif-
ferent shaking times.

In conclusion, the function of polymeric soil modifiers in
adsorbing rCs in removed soil represents a significant benefit.
This is a particularly relevant issue in the disposal of soils with an
exceedingly high level of radioactivity (e.g., in the hundreds of
thousands Bg/kg), since the fate and transport of rCs in landfills
represents a potential environmental concern. The findings of this
study may prove invaluable in the design of landfill
configurations that incorporate appropriate measures to ensure
safe disposal of these materials.
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Figure 1. Particle size distribution of materials used
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Table 1. Chemical components of materials (%: mass ratio)®

a) Ao clay (wi.=40.7% wp=23.7% ps =2.716g/cmq)

Ca0 SiO2 Fe204 Al03 TiO2 MgO P20s Others
2.83 56.96 15.41 15.27 154 2.36 0.54 5.09

b) BFCB (ps =3.04g/cmd)

Ca0 SiO2 Fe204 Al03 TiO2 MgO P20s Others

65.57 19.07 291 5.26 0.6 1.98 0.23 4.38

¢) PSAS(ps =2.603g/cm?)

Ca0 SiO2 Fe204 Al03 TiO2 MgO P20s Others

63.89 13.55 3.27 6.89 3 1.30 0.95 7.14

Fundamental Study on Neutralization and Carbon Fixation of
Reclaimed Soil Using Atmospheric CO>

Yagiura.H,. Yokohama National University
Hayano.k,. Yokohama National University
Yamauchi.H,. domi environmental solutions
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Table 2. Properties of sludge specimens and curing conditions

Case wof Ao Asrcs Aps w of pH Pd T(pH=0.0) Sr Curing condition
clay (%) (%) (%) treated (g/cm®) (h) (%) Temperature  Humidity

clay (%) () (%)

Case 1 31.8 12.14 0.725 - 31.6 25 50
Case 2 314 12.14 0.727 319 31.3 25 90
Case 3 1.0w, 3 20 29.1 12.00 0.740 314 29.7 70 90
Case 4* 52.1" 12.08 0.747 434 52.0 25 90
Case 5** 50.5™" 12.12 0.737 426 52.8 25 90
Case 6 1.5w; 47.0 11.86 0.725 388 40.2 25 90

pa: Dry density, TpH=0.0: Curing time required for pH to reach 9.0, S, : Degree of saturation before curing began
* Water was added before curing began, ** Water was added before curing began and as needed during curing

(a) Case 1,2,3

(b) Case 4,5

(C) Case 6

Figure 2. Treated sludge prepared

Sludge specimen
1n stainless steel container

Temperature and Hunudity
sensor

[ Airsupply hole

Figure 3. Neutralization test using constant temperature and humidity apparatus

3. MREE - B A A U 7o TP e

#2112, FKBROMUAIER - BARTESME, M2
W3R Case BRAART OB 2779, FK w %2 1.0we
b U <1 15w ICFH#E L7 B4 11C BFCB % RE #ilbt
T 3%, PSAS % 20%¥WsINL, #ELORLRILZIT - 72,
ERIL =308k 6 AMEMRAEL, 20k, 4.75mm 5
HEiEiE L7z B R Lz, Cased TIXRABREALAHE]
BB LTZIBRO w28 50.0%1278 5 X 5 ICHuk&a1T-
7-. ¥£7-, Case 5 Tl Cased OFMTmz, 2 HIZ—[H,
RIEITE S HEIR D B & 7y DK oy & A AR |
W Loz -t4, HERENOEKER—EIZRD
KO BSUEFML Tl EITo 72, 4 Case 12D

WT, REAZERZRIBMM DO AT L AL > FIZES 3cm
T CHERED Lo fitskiR % 10 BEfER L=, 2ok, K3
WORTEIRERIEEEFIH L CEBEEZTo. b,
RERBAAERTIC CO2 IEEFHZFIH L CEBND CO2 B
ZHIE L4558, 400~550ppm TdH -7-. % Case Tid,
FTEDOEAMEZICHREZTV ML, w, pH BX W
PREEYE G A BRI & 5 mCO, (atgatkl1g 729 CO2
DOEER) OFMEZIT-7-.  pHITHIME T2 5 IGS
T21INZ L 0 JE LTz,



mCO,(g/gdry-sludge)

CO, content captured in sludge,

‘Water content,w(%)
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Table 3. Properties of sludge specimens and curing conditions

Case w of Ao  AsrcB Aps woftreated  pH Pa Tpr=9.0) St Flowing  Waterin
clay (%0) (o) (%) clay (%) (g/em?) (h) (%) g

Case A 1.0 3 20 29.6 12.09 0.741 - 30.2 X X

Case B WL 30.8 12.01 0.734 - 31.0 O X

Case C 29.3 12.20 0.742 143 30.0 O O
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Figure 8. Images of neutralization test using airflow
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A soil solidifier with a reduced environmental KASAHARA Shoji, (Agro-Japan Co.Ltd)
impact using papermaking sludge incineration ash as NISHIKAWA Miho (Mud recycling Association)
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