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“Application of Sewage Sludge to Construction Works”

#oH x E'.® B % L°
Katsunobu SAKURAI, Yukihiro TSUKADA

WO Ok OBRT,E ¥ OF st
Hirotaka KAWANO, Hidenori YOSHIKANE

ABSTRACT: Utilization ot incinerated ash and smelted stag trom sewage sludge as construction materials were putinto
field experiments. Results are as follows;

a. Incinerated ash of dewatered sludge conditioned by lime can be utilized as an embankment material. a fill material, a
subbase course material. and as a soill improvement material tor the hardeming ot sott ground. b.Air-cooled smelted slag
can be applied to the base course material and the concrete material. ¢. The properties of smelted slag can be greatly
improved by crystallization. d. It is also confirmed that plate slag, cubic slag and lemon-shaped slag can be made.

KEYWORDS: sewage sludge utilization, construction matenal. incinerated ash, smelted slag.

1. R
TARLBIESNT, BETETFTREROLSIBERIRTS 5, B, BFRMASE L TRETMS
LTHY, RAERBEOHBOBRCOHELI -T2 4%I3, TABOERICENHERREE B
RKT2—HT, BXASAHMBAET @RS, BINFLUAORS, BEROADMASERSh T
3, TOHL, BFREMFHR, BETEDRON, TRKEEELBOTHLE(DOBRREMZHELTVS
oo, MARE, BESBHRCOVEAABRIEATZEELONE, CORY, BRELARERT
i, TAKEREZ2EBBREMELTHRAT 2 CH > TOBEWFEMA DL, FAEROBREEMLOILA%EE
HELEHEET->TWV 5,

AHRXTR, Bid, BRM, LEQRBEM, BB, 20270 - rBHELT, BEHK, BRZ5 7 %F
AT H->-TOEANTHEARIZOVT, ENER, ERTERICIVBRIL, TREREOBEZEMF
RAEXRET 5,

2. HBRERUHBOBH

ABETCHRN LI FTKERE % Table 1 Used Sewage Sludge and Application
DB, RCABRNBEER - 1K Sludge Application
o MREUKLTKERI, B | Incinerated Ash | o Ash (conditioned by lime) Embankment material
HIREEMR T/ THB, TKRE o »( ” ) Back filling material

o » ( ” ) Base course material
ROMAABICIOHET 5L, 0 Ash (conditioned by polymer )  Back filling material
OENKOBE%RTONA, @D o Ash (lime ) Soil improvement material
Ko+HBREMELTORA, @ Smelted Slag o Slag Concrete aggregate
BRRS /D3 v — B o Slag (Air - cooled ) Base course material
B . o Shaped and Crystallized Slag

OMA, OBBRA 7 7 OBBM~

O, OBBR 7 7 EREEM ~ORRA LI 5,
* BHA LKA Public Works Research Institute, Ministry of Construction
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<BEHRSKRAERBETNTVS, COAKKIE, OKFCLZFRKERRUVRAERA -EAROEA
-, @92y ICLBBRAER, @FXY 5 Y EIBRL BRSNS 2, chbid, BARKAEIEKS 2
WIIERBEHBO T ERRHELTHW LS &I, MEEBTHEEN LS, BHKE, AROSFRICERAL,
BABOREME LTAREROLBEHR (UT, AKRRBEANIKE DD ) LEBRBEHRNELRAOIBENKT
BREBOLIEV D (R, SHTFREHR) KHHTSE, RAME L THARLELBE_GSEZRAVE
TAERIZ, —RICE0°CHIETEAINS D, BKFr —FOARFITRTELGRCELMTSELEELS
na,

BEHRKFOELEGs 2, 25~30TH0, — D+ (Gs =23~28)KHE~RTKEW, LhL,
BoEOoEREEIY 1g/em® AR E —BROTICHRED, NE, BHKOKE, BREEBEELSEEL
BEzatvtELoNnG, T, BAKOKER, HHANR, HAEE, NEOHESCIOBS L TIKE
TE2HDDOW, YA MATRETEILOEITARKENMLTL D —BICENKDOBRYSRIBERIN
I, HEADPSFLI2ADIMbNEAER TR T 2ERICH 5,

<HE@RT 7>, ThHER (8RS - FX3EHK) 2 1300°C U LI, HROPOERYE — @
RUKHK, ZORMBEEAH, BEIRLLOTH S, BAR 7 70REPREOBUSR, BROKRSPE
MAR, ANHRSELE - TRESCELED 25 70RRBIKADHIRICEDRESN, BRAFHSOR
BREKTRBECHPTI2LMULEY, 2RI THFTIEMIREL S, UT, FIEEKRRS 7, BEL
BRRASITEND, BAERFVEBHMELTHATBICE, BRLALE, HERABASTH>. X7 7 DOHRER,
EHINIBRAMBEREFBR LTV IO L > TAE ZEEZT 2, FRENURFJSOEER, —KMIT
BARBHBODBEOOLTHE2H, BBEDORIT SR, RELXRBUESEOIINNULILE, Rl ETEY
WEBRTAHEICE, OANBEAHBT 255 LO—BREEILLLR T 7 2HABT 2 HED 15 5,

<BHIESR, BEMR7 7037 ) - BERF~ORARCKEEBERMEENRZRICE EF >R,
HRBRELEEBL K,

3. HEREIFXERUER

31 BMHKBEKRToOBRLH - BEM - BREM~OFH

BRHMELTRERR, SO TFROWEBRIRKE, Bth, TEREME L T3ARREAREMNRELT
TRE UL, FTEEBMICI TTR7 > v MEEEH] CHHEESEDON TV B, MOARCIKFET
EW LN~ AT EEF IO,

1) KREBEBLARE

BELAE-2KRT, BRLHY, BRMOBRAKET IR TR, LBEOLHBEBERV OO TH 5L,
BAAROENBELRERT ., Bt, BRLABLSOTR, HITANOEBARET 3L hBRBEKER
KLU, pH, E€BZREL:. BREMORBICEVL TR, TEREH~OHEAEORNEENET 28,
TWOMBBKIEEID, 20em D2 7 v Y+ -3 VYBAERZRI T —Fv7F-Tél, 2O LMIBEHIK
DEBERT I,

2) #EEHR

KBICAOESKEC LY, BREOMEEA K - 3 IKRT, HKald, R F—HFCI->THEA I L
bOT, MES ( 2mmKiH) BEHFLELHO, BHKDb, ¢, d BRBFHSOEDOT, bdd BA-F
DPLDEDTHS, BRELABIKCAWKLSSFREAKe B, BERMAHREDIOIZDA -1 bR T
)~ BEHBICEM ST 30T, BATRICLTREGREEAENTY 5,

BROBERBEALLATLEEZONIHBEABERRCRT, BLIKETAHNELHRT 2.0 DT
BRBELCE, BEDFT v 7 TOERK S > TEREBH LD D MEBSBERCE, R+ —HPTEE
KRB TERLOTEBEDLS, FREKHFREANODENL >, WINORKREHNKS, EIECBR 20
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BLULTHY, chiITREBRBMEL
TOHELABZEEDTH S,
3 ABRHER

HEO®BEICET 2HEORE
HEAR-4I, TNUBORBEEL
OREFEELT, BLiE>WTRK#ED
Zit, BRLTRITE, BBTR~
Y= vikkbsE, TNTHhK -1,

2, 3ILFT,

Bt TORKMNLEKERLS
YIE RIS D TEEMHEE L0 s,
WREI»E IS %, KELSBELERT 1
kgf/om?, 2 AR T 20kgf/lem?%* B2 T
W5, BRUMORBHEL R S EH
DOHBICBNTHKRRERAKIZ, Th
ZNOMBLIREENBBEETOLOE
L->Tib,

BATFRERNKIZ, v —-0kT
LTLEOEENTE L LD T,
BMELEL, WTBIKCXDAIEL LT
TEBAILHL-TWE, UL, ¥
BEOWTRIZ, 2hith~4Dine
EDOWWTRESBEMTHTLTNSEL
EMEZOND,

LIS TR, fFEEREBEL.
AZANDT V7 — Pk -TEREL X,
LT, RENLZLDERT,

1) <E\E> L~ gami
LIS 0, 2L, AKRE
HRREFOBREEPT &L TH
BHEETH B, L L, BT
REHRIIMERZORLTS S ¥
R ATLENWEESTER
ot (BR), <#hH&sn-
FAONE, BEFEY 7 v 7 OFRE
BH-T (BB, R F—#nfF
DOEDKIKDNTIE, ZhdDH
QuRsNE,M ot (BE) .

Table 2 Outline of Field Experiments

Appli- Spec Testing materials, site, date
cation unit (m ) and conpaction method
{
e S o Ash (1)
Lo L 4 .
- N, . O Toyohira TP, Sapporo
g o o0 o ,
& 77 o Nov. ’83
4 7 .
g c e—— o0 Tire roller 6pass more
= 2, 600
Sampling Pipe . :
5 5 Spreading thichness approx,
& ré=5mm 30cm
\__crusherun
500
J L | o Ash(), Ash (p), Sandy soil
EES m A;‘;*;:“ O Hokubu 2nd TP,
= = Back filhng Vcourse
- & ° [ Oxd material o Sept. ’84
= 2 Pipe (9350~350) .
o P O Plate compacter 2pass
H Settlsment gage
3 Sempling manhole | © Rammer ~ 5pass
ﬁﬂ_'—ﬁu - Spreading thichness approx,
L 40cm
L=2000m
© Ash (1), Crushed stone
@
; . O Kanazawa. Yokohama
8 |2 o Jan, "84
2’ ] O Macadam roller
=2 ° .
Tire roller
1 ‘lime pipolymer
Table 3 Properties of Used Materials
Embankmert Back filling Base course
Sandy Crushed
Ash(l), a Ash (1), b Ash (p),c so1l Ash (1), d stone
Incinerator Stoker Flmd Bed |E B. F. B, -
p - 126 86 - « 0 -
Moisture Content (%) 555 485 353 183 (272) 52
Bulk specific gravity 291 286 269 275 281 210

§ 2mm more 910 0 0 18 « 0

§ Tdz~2mm 53 52.6 143 607 (57)

T 744 less 32 474 857 375 (943)

& Soil Type Sand Sandy Sail | Fne g""s“oeg Sandy soil - -
Modified CBR & 580 890 136 440 5 128
Optimum mo1isture (269) 51

contemt 594 594 443 181 599
Maximum dry (1371

density (g/em*) 098 098 107 176 087 222
Lime content % 35 % 29 10 - 29% -
Store exposure moistened | ditto moistened at
condition to weather Just before — | loading as well -

tor 3months apphcation as a day hefore
after moistened application

* 1 reported ( )t

sampled before maoistemng

2) <HHBL> (HARCHAKLTHE-7choh ) BLEBIKEIH o OBRE LT bDHHD,

HBALEER S BEDL 1, ik, EEKRCR IS BRT L (BE),

BEOOE > (HE ),

ERCmALLBAECORE

3) <ME> VLFTHOBLICBOTS, MELTH-HDOTKORKIIRSNLE -,
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Bt E»oBBMLELREEKDOKED, Table 4 Results of Experiments

rﬁ E %T.F;& @;0 E%g{‘: ﬁ% i '{%\b A *U E;‘:;“k' Back filling Basce course
ig&éﬁb%%ﬁfﬁﬁ%J (HE*D48££ Ash(1).a {Ash(1),b | Ash(p}.c S;)!:i‘ly Ash(1).d E::::ed
BREBFER) CED LN TV BHEK D oin 9 931 1018 781 877 901 970
DWTEBRALTTHDEEBE KR | ar vaime
A 152 918 67 8.7 - -
L TFE Tz, 2L, pHIZ 10 [
AT, BETKGE RS P}(’;g“?;‘g"fg/c;@) 11 910 | , 60 116 272 297
z_ A :O }% E & L ~
" Measuring data CBR 0 5 days 2 days 1 day 0 0
(l_’_ f; -S> TWVE ° (since constructlon){plate 0 5 5 [ 0 0
30
20
- vd
25 % x 10 | /// \D—\uSandy soi1l
< N N Y e E— T TG B
g 7 N 0 ¥t + + +
3 20f /’/ X - \ 34 6§ 9 15
S x / x x g - 10 \\ Time since construction ~Months)
g / E \
E d 2 —20p O
> 151 A
3 7 £ T X
= %/ 2 220
&
10F x —o— avarage —-230r
—240 F Ash (p)
0 1 2 4 24 —osol
(weeks ) 250
Time since construction . . .
Fig. 2 Settlement in Back Filling
Fig. 1 Results of Plate bearing test
(Embankment ) _ar
g R
32 WEHRO+LAKEMELTOMA g3
. = | — . .
LRFBEHK (LT, @K Ews) ozm g 2707 0 Crushed son
BEMCEALT, BAKOEBRELE2EES ‘; lfo—o—u— o _
L i 1 4 i 1 ASh (1) 1
KM ICE Y 5 LERRME LTOBMEE 0 -
ZENEARBAVEBREALEBERBAE LICK - T (months )
‘L1 Time since construction
- = Fig. 3 Deflections measured by Benkelman
PNE =
W FARSHRCL SR beem (Base course)
1) H®FHik
AEARKRBRTIE, -5 Table 5 Characteristics of incinerated ash
ﬁi?’f%i{]ﬂi?&#ﬁ*ﬁ%@){kﬁé’c ttems |gravity |1igmition organic matter content &) water
o _ 0ss content | application
€- PHEE (BKE=1600%) sampld| Gs |Lag 9| CaO | MgO |$10, |AL,0, |Fe;0; | 50,
BRUMEL (BKE=60%) |, .| 286 223450 | 157 | 2170| 1390| 1510| 378| o2 fab test.

KR -BAL, RERRA
DEBAEREMEBR LI, B,
HRAKOIMERAER, [HE
BAEEDIZOZELE L DR
BAGEI(THELIYSEER) WEL LI, IREANSRAGRGE L TR, TRAKEKRL, THAK+x
AV P ABZEL, LRORMDS [B+eA v ] ORAGEDVTHEBL T S,

ash f 304 10 {3830 487 | 17101270 1540 331 01 | lab- test

ash g | 318 25 (3550 214 | 260 765|174 24 15 | field test
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2) HEBEHR

6 [ ashf + 1

20—

4, ®M-512 2 Peat pemenf 20% ;:i clay hf+

-4, X~ , - ' ! as|

~ _ § 5 /i Sement zo9l % ?Celmem 10%

FEL (EKE=600%) 3 Il & @““rh%
¢ PN — hi+ 1 she + = 15 : I cemen

&U*E‘ﬁi ¢ o 7J(H: 60 g' gtfment 0% §ff gem::nt 10% : /

BYEK LTI ERE §F ¢ . Ed o/

i . ] g / ash e 8 \4/ ash f +
SRABEELSEHNKOE 5 j \/"/. /] & /'I\/celment 5%
AELBOLELOHAR ¢ s 18 g

@ cement 20% a4 @ A sand +
ACEU 5 -BHEMESqu & ) .\1 E' cement 10%
DHEETT, N-4kb  § Jé g of | )
s k=3 d 9 5 [—ash e +-1 las e
v~ METicH LT, & g & cement 5% .
X b= / A g
AV RAEH-EOEHE  § A Cana + o= ]
THEEORORAEEMMES 2 cpen WE] 3 Sjnd  comept %
B3 CEICE B quatging 0 20 40 60 80 100 (%) 0 20 40 60 80 100 (%)
mixing ratio of ash and sand mixing ratio of ash and sand
BEEIENTE D, il 5k (curing time ; 28days ) (curing time ; 28days )
HIKBEK] CTRALKCES Fig. 4 Relationship between Fig. 5 Relationship between mixing
A . mixing ratio of ash and ratio of ash and sand unco -
THRARDHEICHED qu unconfi}xllefd c?n‘l)pressive ?fined compressive stregth
o= . - strength for laboratory or laboratory ~improved
DEMBBDONB. &5 -improved soil (peat ) soil (clay)
i, [TEEHR+e£ 2] (remark) Mixing ratio is defined (remark ) Mixing ratio is defined

: the ratio wet weight of same as Fig. 4

DEATE, €2V MEA soil to weight of mixed
materials.

OO qu 3N L
TBO, TOEMEEGZ L2 Y OBRSGEREZILPBHARICHEZEBIMNL B, Tk, [B+Ex v H]
ORALEETZLREALNBERAPBONTEY, BARKOBANEBEHEODENID OSN3,

g, -5 XoMtioo iz, TEEMREE, BHKI+2s v 5% ORBFERVTCE - E
TELRABICEHNKOBEELEMT 2 qu BENMLTHWEIEB@YONE, T, TORERER
T+t x /] OBAGEHFIDAREL N -TVE, THHKEK] ofHcEETIE - VELOBAL
B0, BARMN B BRI Lqu BT EABMAONS, 7, AROFERY EFEHK+2 2 v |
O—BWBOEFICBNTHADONE, 3, BHARPLEEINTHECaORFLIBKIERAD LD E
KEDETEEBREBEAEBRCLIOVUBRAUTOGKREN s tHEBEIOLNBE, THEbL, BH
KBARNELIBD2ETOAKEBETTIZ2ELD THUEK IERKOBENGETL, MERREICL L —8
ERBRTHENIBOBENNICFMINEZEDOEEZ ON D,

B EERALEBRABBIKCE 2%

1) ABEITOME air collector

ABBRELR, LRZAECRROBREB LA T, [HRAKE
1 F7c3 THRAKR+ €4V M ] ARRAORETELGHEEICID
wesHAmhicta L, ERBECTHE - BAT I CELE-THEDS
N2+ EURDBEAFMBICEOTRFILLZEDTHE(H-625
Bl)o CCTid, RBWBORBUBL LTEKLB BRED ¥
v B LR, AKE600 BEEOLY - FEMBD 2 BHEE
ELT,

(2) HEBMETHR
1) SJHROKE L B~ OBRAER

R—-7icid, BEHK (£R-5 EHKeg ) 2AOEE L MR Fig. 6 ?_ul%lige gf improvement on
ield tes

incinerated ]
{ ash,cement | T 81T

incinerated

ash, cement } +air

cutting and
mixing blade

improved column
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(BRAKLSOBEE) KE Y 2 EBRALE dopth (m) unconfined compressive strength 121(1)1 (kgf/;mz)
0 5 10 15 5

RBREIRRELRT. TORKD, TBEHKBAK] 20— T T i ' )

original ground ash g 20%+

DBAE, BAE2 %, 50 % DML, lekwr v backfil ash g 25% cement 5%

—2 {silty sand|
FOSFBERMUKLEATIR, BRAKEAR20%, >

P bx
sandy silt

35 BDIEICqu DERBABD S e, BIZIL M4

\ Y
HKBB++x Y 5% OBRASTIR, — 8T i1 }%ww% ash g 5% +
cemen
% & 20kgf/em® U EOERE D T HRRF AN v/
ShTW3, F7, [BEHKS50BHK| DRAI g
ashg 225% +

BOTh, —HFEHBES skgf/lem® BEORR R
378 ¢ 2 N ;

EFRBONTN 2, CORRMELL SPERR DR Fig. 7 Results of field improvement tests using

BrBoEBEALERRM L LCHERAYELSE incinerated ash on clay soil (Nagoya)

cement 2.5%

e lhmBINT, -~ %o‘ cone resistance qc¢ (kgf/cm?)
2) BEHRODE - L EHE~OEAED Egg ae Ckgf/om?)

R-8icid, MK (&K~5 HAKe ) ZMOLE-FE B[] . 0 203 50 100
Sl (ERAKI 600 BRRE) iKY ZRRETHED S, &
RET® 28 ATO45 v FR_EHI - VEARBROBRER | 115
T, HEOREMBLTREN T — VEAES D 3 kgf/em® 2 , TrYyY fashe | - "
EThB0IHLT, [HMKEMK600kgf/m') O%&HTEE N A M oot
# 10kgf/em? Pl EE FA B O 3 EREOBREEZRELTSE Y, s%%ﬁﬁ%f,>>r” i
BARBETH > T UBURESRRBENSBLNT ST 1~ M
EHHES NI, $5IC, €4 Y FARMLARAREI B << <
TR, BRAEBEHRD 10 ~20FORESKBONTOD, M- 9 § 4521 N
i, BEKEME ($hides v FEME) & —#EERS, N~ T
AXLOBEZTERRET E EAEARRD 28 A M 210 5 )

WTHEBELTRT, Mib, XBHMENEN—~FETh 24, Fig. 8 Results of cone penetrationtests
BHKEMBOBAL & bIC—MERBS KBS LTED, & e
KEDBHGOE - PEMBCEOTRIERBEYHRIEICL 4 ¥

PCEZEAENBNTENSI MBI D, L L, MNEHKEEK]
TH->THEKLI ZERBICED L, 25C—BHERFEI D
2kegf/em® BERBELTWVWS, CORBREBEI»S, K
-~ FEBBORBERSLERRMELTHBEBRESGO T &b
aRINI,

content of mixed
8F material 600kgf/m? Ji20

curing time ; 28days |

-—- -\Tvzt‘(;r_ content 100
Jab-test )

water content |
(field test )

water content of improved soil (%)

unconfined compressive strength qu (kgf om?)
-9

[ 6
33 WHBRXI77O0BBHMKELLTOFA sl "
-7 2Ny FPRBEBFLORETIERBFRR I SEAL, .l %J:“
MRERRCRBBEET, BRHKE LTOREET - 70, 120
1 RBHYEE tr i
HEBELLEBLLIBEHOBELR -0 CRT, HABRET 00 700 200 300 400 500 600 |
1,2m%&—g,3@:@%ﬁwmwt§@f§50 ash content (kgf/m*)
@) HE B 6001500 400 300 200100 0
cement content (kgf/m®)
BILICBE RS S E?#EODEWEQE% BEER—-6WCRT, X Fig. 9 Relationship between mixing
SIOBAER, TONDEEIRSVTIE, TRX7 70 MEEEM ratio, unconfined compressive

strength and water content for
field - improved soil ( Yono )

OHEBEBATH I, BECBREBAESEHLTVE, 0T
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Case Site, Dste Outline
Plane Cross section
C Crushed (mm )
rushed slag rushed stone rrepreer e
1 Parking i‘ —||= co 727,57 330 Surface course
lot 50m 60m "
100. Slag or
Jan. 1983 20m Crushed stone
A
£=100m (mm )
;I(:;:in Crushed stone Crushed slag ——rr— Wt:
2 Treatment ¢=50m £=50m 50} Binder course
Plant 5.50m Sl
Dec- 1983 | | J L S / 199 Criched stone
'I; A H il / / // /
(mm )
Public Crushed slag 61m —
3 Road : - - — - Slag
Dec- 57 0| or
ec- 1985 Crushed stone m Crushed stone
1100 Crusherun
7
£=30m I//
Fig. 10 Qutline of Trial Pavings (Oosaka Prefecture)
N TBEREOLEM Table 6 Physical Characteristics of Air-cooled Slag as Base

. Coarse Materials
D20EBATED, —

Trial Paving No, 1 2 3 Specified value
WO b 0TI ¢ i
. . 30 100 100 100
DOHEEMB ZBZ T 25 100 100 100 95~100
i 20
W3, Gradation 13 83 64 899 55~ 85
5 58 37 567 30~865
= N 25 44 28 347 20~50
27 TBABKEL 04 20 13 81 10 ~30
N - g 0074 9 4 21 2~10
MENRLTLIERE L
Bulk specific gravity in (%) 2790 2820 2511

TIROKE, @R F 7 |saturated surface-dry
&R 25 7D} Specific gravity under

Bkt (27 70M over dry condition (%) 2.780 2810 2.493

B, WHEE) B8EZ

Coefficient of water

LB, ﬁg@%g% absorption (%) 0357 0398 0680
B, RBET 3 Unit weight (gf/em®) - 1970 1683
G ERLE D ‘W Sohd volume percentage (%) — 702 67.1

o B Abraston loss (%) 321 327 369 Under 50 %
DRI TERERREL Plasticity index NP NP NP under 4
(2701, 2) 8RR Optamum moisture 4.8 50 5.5 Manual for design

P tent %)
T -t, TORER conten ¢ and construction of

Maximum dry asphalt pavement

UEECBREZM - 11 density (gffem® ) 2.381 2321 1.937

. R Modified
WRT. M—BELRH [CBR | Degree of %) 95 95 95
! compaction
DA77 THMESD -
. Mggl‘{“*d (%) 1060 83 420 base 80 more
200 (EFN1> subbase 20 more

EFN2 >HEBRHELSI)
BEBECBROMEMSAREL B ->TED, HENBEICRKE(ESLTWS, —F, RREL20BES, A
KNP ELEECBRIZS0ZHEIZCEP, RB1ELEF NI LEEIRENRILTHADIT, &
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ECBR@izRzwe, 1000
Modified
KEXGTREATS CBR (%)

BOBAEEL, 23 800 1

83
. s ” 3 35
rEDbooREE g Model Nl 70 JSA 00
CBR#®AE k%S G 600F Trial 3, Model No 1and M- 25 Upper himit

B « No. 2 from same lot.
BTEERLTOE, & ~

2 ° Trial 1 Trial 3
(3 MIARER E" 400F  Model-No-1

. 8 M- 25 Lower limit
ABEL2, 30 §
ITEBRABRERLE - ™ 200} Trial 2

TICRT, MERE S
T IERERY &8 o T, 0

1.00 5.00 10.0 50.0

. 001/ 0.50
BILITBNTR T I Model Mo 2 Diameter (mm )
G, BHEBK (24 Fig. 11 Grading Curve of Crushed Slag

Yo-—-35, vhHEF LD

Table 7 Results of Trial Pavings
-7 ) DbELOEHL

Degree of CBR value | Plate bearing | Deflection Subbase coarse
BRI TE-S, T Base compaction | in situ test K 30 measulred by CER value | Plate bearin
B, HEOpasbEe | ™| w) | | aeremt) | UG fmant | e
s (kgf/cm
BEHHTHEHENHC Graded
crushed 98 1 268 27.2 173
LThy, FRLIR slag
2
SUBEREBET s Graded
7o FRETRE crushed 99.3 584 373 112
BHohTHET &K stone
. s - Graded
BHATELEZO05, crushed 1024 108 249 2.7 122 184
"~ 1
cocrid, ERER |5 122
- . Graded
ARBEHEREECBRAR crushed 991 281 277 18 665 198
stone

MRARKET L&, 5
ETR, ERMRA LR
BRALBEEARTOCH LT, BETRRAS IRADEMN2HD I ~35D1 E/PMIBHDENL->TVEL
LhobHEMING,

RBET1, 280 TH, REEBLLBVCLbHD, 1 EXREICENT, VUHN, FHMES
KOWTHBARAER S IBOOTRIRIBZREL TN,

34 BMAIZ7Oavs ) - +rEBEMELTORNA

B@A77%, a7 ) - bHOHEBHELTAVEaI Y2 ) - P HHEEBRETL, BREX S 7 EHMO%E
HAEEEL K,

1) MR Table 8 Slag Aggregate Used as Concrete Aggregate

BAERNSE LK 6T :
Slag aggregate Slag production process
= e -

HOR7 7 EMOEE Coarse aggregate (A) | Coke bed type smelter — Air - cooling — Crushing
A K- 8BITTRT, ” (B) | Coarse aggregate A — Heat treatment (at 1100°C for 40 min )

A ey ” Coke bed type smelter —Air- cooling — Crushing — Heat treatment
#MAHMB . D, MHEH @ (at 750°C for 4 hours )
Bil, ¥Rt EED K ” (D) | Coarse aggregate C — Heat treatment (at 880°C for 4 hours )
LDTH 5, HEHD Fine aggregate (A) | Electric arc melting furnace — Water granulating

Cyclone melting furnace — Water granulating — Heat treatment

H A = - ”
B, MELory o ‘B (at 920°C for 25 mun )

REISANEREER,
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1100 ~ 1150 °C L E SN T3, L L, HBEMC LDDHA WO C LLEOFRIKISTEHAMT S
T&pb, 880°C & T750°C TRAUEAT -k, BEATH, XKRAFBERMBORRSHERTE b1,
HBMAOERTI, 7 REATHEECESLTHEH, HRILLELBIE, BO»IBB LTS (K-
128R1) .

T, HEMRBT~Tav s ) — rHA (JIS A 5005 ) OReA 2005 DREICHE L, X7 7 HB2HE
DREAB —13 ’
WWiRd o MEH
B3, MK oA
AR LT,

B R EBER
AFK—-9ICRT,
chichie T,
avyy—tH
BHICET 5B ’ ‘
& T 240 " <Crystallized Slag > < Amorphous Slag>
(JIS) DfE% Fig. 12 Effects for Slog Aggregate by Crystallization
To 25 7B
MafEiL, JIS OBBMHEICES T 5, BMA, BELUEKT AL, 100 - =
HRADDESWURICEEbITED, BOFMSAIKKN, ZE %;,, " Y 7l
R TONDBEREBRBICHESNTOE, MEMH2EICO  § 2 A
T, BRESRCHEHESRLES0T, BALODRENS § 78 E
KRBTSO, UL, SbEEDEB 2, LEtokiEc  § oS
mELTW3, § 20 ,,AI,, < JIS A 5004
nE, RRCAOEZ T 7 BHE, LEECE>TTon ) B & F Jo T Manvtactured
MRS MERICA S T EMNERINI, 015 03 06 12 25 5 10
2) HBEH Diameter (mm )

HEL, Z-10ICTRIT KBTI TNLOEDEAR, XT V Fig. 13 Grading curve of Slag
. Fi A, te
F8cm, ZEBSFBEABLELODTH B, 27 7 MBMER W SEgreeR

Table 9 Physical Properries of Aggregate

1)
| Specific | Absorp- | Sound+ Decantation | Unit Solid Crushing | Chloride
gravity tion ness | Abrasion less weight | volume vale content
surface
dry %) %) %) ) (kgf/€) %) [Z2] %)
Slag coarse . _
aggregate A 2.86 0.19 8:5 33.7 0.15 1.72 60.3 27.7
” B 2.88 0.79 3.9 21.3 0.16 1.69 59.1 18.1 =
2 C = 0.5 0.49 38.5 - 1.51 58.7 = =
7 D = 1.1 1.08 34.3 = 1.46 59.7 = =
Crushed stone 2.68 0.6 0.8 10.1 = 1.60 60.0 9.4 =
2.5 3.0 12.0 40 1.0 _ _ _ _
JIS 5005 more below | below below below
Slag fine _ _
aggregate A 2.27 15.05 32.7 2.65 1.07 54.2 0.059
” B - 2.4 4.73 = 0.53 = - = =
River sand 2.60 2.23 5.9 = 1.85 1.59 62.5 = 0.003

1) Under saturated
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W1 BA(RE8) Table 10 Used Aggregate and Strengths of Concrete

DR, KBS Sample | Aggregate Unit Weigth (kg /m®) Congpres:ive Bindin%h
N . 3 . Coarse Fine streng streng
{Ed-tcled, Mo | Coarse : Fine | Water | Cement Aggregate | Aggregate (kgf /em®) | (kgf/em®)
TV bFwTF T ;
b7 v 7k 1 | Crushed . river | 57 | 334 1,103 689 355 44
T =8 , -4
wEC, R 2 |Slag  river | 0 332 1,161 720 270 37
DEIBICHMA S | A sand ’
7%, AE FAM 3 |Slae  .river | g6 | g3 1,161 715 370 a7
AU 1, 4 %gf:ﬂf 174 348 1,049 620 289 39
(3) HEBREER i
28 1o E;Yﬁ 5 C;;‘gﬁgd PTver | g7z 344 954 810 428 53
. g |Slag . river | ;g 344 925 810 375 46
HERUH T RE I C * sand
AR -101LRT, 7 |Slae cmiver | ygp | 4 886 810 409 54
MEBRZHEL TR 8 C;“;’(’;ﬁgd ;slag | 506 412 792 884 313 44

DT EDBNZ B,
1) HEMDALB, CEDARLRT SL,
B (FRL) LEEMEERLIZa Y7

Cycle of freezing and thawing

0 50 100 150 200 250 300

~tOHBRENTTED, BRLOHRss 10 ? 2
5. 3

2) MOE (R LEBRBBEROE §
BADa 7Y — PRER, BERGEAOL & 4
boichk~, BELOEDOERL STV S, E 3

3) MEMICOLTR, RRBELLBZRAL g 100
rTBATH, ERBENSEERS S T~ E-> o
THO, HRBEOHRHBTN TN, g

KREOZS SHBMEROIEE, HWED “80
B0, HEAKORBRIL, S BEMKXEHSE
S THBEIDENEINEDNBEABBETLT N

NECEBREBRREELONL, MEILL Fig. 14 Results of Tests for Freezing and
1A 7HEMBERVI 2 /7 ) - POBRKE Thawing
BEOY, TCORABLI Y FF»7 PITBENERNENZELTHILEELILNS,

AV ) - FOMAREZEET 00, EHEEARLET -/, BEEN- 141087, HRUEREREOE
TOELWHOE, HIBTLOBEOBEVWRZ JHBMEACKLLDTE 12, X7 TMBMRUKBILEE
DENRFZTHERZROALODR, BEES (1, 5 ) ICHNKEREITL,

35 HRMR7ISERBRENOEE

TARERBROBMALICODNTR, Bh, PORBERLLTOEEEH~OFAMBPLE 25T 54,
O MBEEOSNERBEMOBERBICO>OTHRIEZMA 12,

1) BMEEZBRAZR

AEEBRTIZ 150 mm X 10 mmDBH, — L 25 ~50mm OV HARRSLvEF (ER35m, 5&20mm)
BHEMELUIc, WM, UHKEDL, FAVYEY F I v 2 —RE->THKERZ £, EBRIFE 70 %K~ 15
ICRY,

(2) ERFER
HEVE > S ERBEORMBESEON, KERETK A - K VERERDP OOBMBBRRBRIFTH -1, T,
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HELOEAKXZTLE Basicity adjustment : adding lime to incinerated ash

DR7IBBONI, . . . ' o .
77 HRLNT, Smelting : putting ash in alminum crucible into electric

KR 7 7Ok furnace and raising temperature to 1450 °C,
BT, # 1000kef/cm? keeping it for 1 hour l
LIk, Ef®ER, Forming : pouring molten into graphite mold

4500kgf/cm?® & 138 - 72, L . . .
kgf/om® £ 15 - Crystallization : putting the shaped slag into electric furnace
MEHEE o) ~ b and keeping the temperature between 1100 °C and 1150 °C for 1 hour.

HZIHREERGHE
ER->TWD, =47
Oty —REER, YT s b 800kefcm®

Fig, 15 Flow Chart of Producing Shaped Slag

120 (mm)

LD DEEETS >,
CCTHMEENAMBET Y~ b L DEAH ._C,ystamzed .

KOBHERBT S0, M-160X5%K87a ., [ Plate Slag

EBEL, BERRET 700 25 7 OREFIC, g ~—Concrete

av o) - bEORNBEILTRLDWEEEFAT 12,

BET oy s OFBERERCEMRBEORIE ST -

Fig. 16 Shape of D ¢ Block
teo ® AMHEE L ddkglf/om? BI2E3E 12 10kgt/om? & ape of Lauement Bloc

ThHhO, BEMABRAEM L2 Y2Y - rOER Table 11 Utilization of Sewage Sludge
HTH 5, FMAEIZ 590kef/em® & [FIGITFT - 7o 12 N
#Y7) — bR O WEE 350kgf/em?E Ho, B Application g §n
BOBORENSB oL, COLE, KRELRMR 218wy 3
BESNT, 37 ) - L BASBES AL, £181215 ]
g | %
Sludge 'é % |g| g8
Q ] -] Q¥
I H|hn | A |00
o Lk e . . , N Ash (lime) (O VAN IVANR BVAN
PEB~BNRBROKRIELC LD, TAE |0 por oo SaRon s
RBEHNK, RUBMRA 7 7OBABRBTEGEET  [Slag (Air- cooled) Al A
X3 (F~-11), ik, chdid, Bonh Bk #  (Water- granulated ) A
CHEICBUTRI AN LOTEY, ARty | 7 omeelned) e
” apet
BMRICLVRESNENE bDb B B, O e
(1) R R o FIfB % £ possible
X weeees impossible

1 B, BmRY, ERULH-- KR BEHIK
B, BTE#CHSBHRESBON, 2B LHBRICOALD, RESENLTHWSOT, BEOCED® S
ABEEBRIM, BRILMELTHSEATE 2, BBV ELTE, BRTERER DAL S LEEBBMIC
HERTER0, TERSEM, OEEE, SERYOBBMICRERATE S, KL, GREREHNKTSH
BICHESE»OSDICDNTIE, AKMARBCERELEVE, BIHEHTEENBLILOELPBUAZORM
BEBELEEEIOoNS, BELHAKCERSNZBRUOBEBILLOSBANOGALE, BARTERT S &
HEOLRENACBDTEZE LN L0T, BRULMELTHATERT 203 FE LA, T
LA, TEURBMELTLEEYRRLEELTERT 2 EBEEI L,

BATHEIKRZ, BEHGB ALV LD, BESICHELIOmMEML S I OMEBIE LTOER
BHFE LD,

2) TEHHKRM - ARZABHIKEZ, LEOBNLEEHEBL TV S, Bkd 203 Mmomks &4
AEDETRHVWZCERED, THEUBHELTCTAERAMBTETHZ, THEK] TAC2H813, REHK
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THCRATACLERNBELT IS, " BEERBOBEZZNEALEEHLBVLOT, HARERERR
HMELICbODICRON B,

2) ‘@z 7oRMRAFE

1) BB BHEERRAF TRRROGHMEABECORELEFLTEY, MBHE~OHRBELITETD
208, AARBRBETICAVLE RS 7BV TE, BRIHERCHEDROZEUBESBAICENTE > T
foo CTORY, BETIR, TERECHGEE, S8, HAEBUTLOBRREEROBB~ORHAICR LN
%,

2) VY -+ EH - BBMLERSI TAESEE, KRBT I EFNFREENRD, ThERVE
AV Y — PREOEE c WRABEBICL, RCBHBICIIAVIKCWEEZONE, 2D, THhLD
BME, BREDCa Y7 ) - ~DFABEZLONS, —F, BEALLELXRZITEMER I Y2 Y -+
DHBEPLHAKR, TBBEMZAVLLOREBLTLELALBEORVOODET R ENTE, #$H
VI ~—bPbELTRVWRCLENBTEREEEZ LN S,

3) BRI G- BRREORF /2 EBOBKOE -~V FEZURHERELICE L, WAVLALEEL
rEaRED "G PEETEE, 240, 7oy s E~ORABEZLON S,

5, SHBOMIINREA

TAREREHK, KRR 70BEERFAFEICDOTRBETLICE DFEET -8, UTick~3
EORHRBRBYPTHD, SBRFEMAI TS T EELTV S,

1) JAKOMKR (i, HK) &REDORK,

2) BEHROOHKOK, KK EOEMBICIZEMRT IO L 2RESEYE, URBEHOEL,

] 3

ZOMER, BEBMBR oY 27 + [BRBE~OEEYFALMOBMAE] (M6 ~60FEK) D
—~BETEBLLLDOD—BTH3, AFREEDBZCHIc > THUBHEA VKL [EELRUESB
Sl DAYN-—DF 4, RUBBHELOEBRUERMHORECENT, EREBHEBLERE, KR
FF, AR, BMET, 20BRTAR LT3 HNERRCENBELERBOELET 5,

<& F X #>

1) BADTKE: BM60 FE, () BATKEHS, P235

2) BREDNOBRRFE~OFHAURBICHETIAERESE | (M) HLHRKMNAEL 2 -, BMS573

3) HEEHTKER  BXKEROGEBEREERER 7 704K, REHTKEREMBAEEH, BHN59 3

4) FHBE-BEE I TKERARMR S JOBRAMC>OTOERER, FIIRTKERERELBIHE,
FaF 57

5) WHEW, EHEK I TKERERENKOBMEML, B35 HFEREMBEAEMESL, 1980
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