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STUDY ON SOIL CONDITIONING EFFECT OF
INCINERATED ASH OF SEWAGE SLUDGE

HWMH R -BHE BT - 2K T -k B2 - KB HET
Takashi MASUTA®, Takashi SHIRAISHI®, Hiroshi MIKI*, Yoshiyuki HAYASHI*, Yoshio OHSHIMA**

ABSTRACT; Sewage sludge generated in Japan amounted to approximately 1.3 million
tons per year as solids in 1986, and some 60% of the total amount was incinerated.
Currently, most incinerated ash has been disposed by landfill and coastal
reclamation, but effective utilization of incinerated ash is urgently required due
to a reduction in disposal sites and for reuse of resources. This investigation
intended to establish techniques to judge the soil conditioning effect of
incinerated ash of sewage sludge when used as a soil conditioning additive for
excavated soil and others. It also studied the hydration characteristic of
incinerated ash and the strength of the conditioned soil. The results show that the
soil conditioning effect of incinerated ash of sewage sludge depends on the degree
of the hydratior reactivity. In addition, a hydration rate test is proposed as a
gsimple method to judge the soil conditioning effect.

KEYWORDS; Sludge, Incinerated ash, Utilization, Construction material, Soil
conditioning additive

1. BLoic

HRICBIT D TAEGROBLERIE, 198 6L, BRMTHLI3I0OHt /ETHY ., TARKEDEERIL
Kickvhn, BERIELHINL TH5E, FTREROARS IERIE, BELRUEBEHITILSZNLTHEH,
KEH 2 PO BRASTBORFIEZRBIC-oTETHS, 20, FTAEROBENL - HHAHO
DEUFBE - THE, BBLICOV TR, HERICH 6 0% 0FHRIBHMEShTWS, £/, BET
e —BORBENL - BEMEZ BN LTERTO AL BA T 20HEL 55,

T, HBHECOOTR, BEOE ZA, TR MNSREOBREMAEI O TH D PEHKEUE
B2 T TORBEHEANORBICOWTEH, SEBBHICHETRESARL L TEHRTRBRYITOOATH S,

ZmOHb, BB BMAEKEEZEHEML THKE TS BZERAKE R CIEBKE? & B4 3 5 G KEM
BRESEHLTESRAHHK UUF, RERARHK LTS, ) &, BARCENLEBLGROESDICH L
COLERELNELL BRSNS L. COBERBHREAAL T, ARKRBEHEKIIERD S TESEH, BB
MEAOFEANEH SR THD, LALLEAS, FEHKOMR ¥ THERESHROBRC D W TIEREMRH
NTHWENENS L,

22T, KRER, AKRREAKEZENRISOLERRM L UTHBET 28560, SEHIK OKMFHE L
THHRHREOBREIMEBL, THXRDESHSICHET 2 EA I T2 L2 BME L TERKLE,

kEB# A T KBFFEAT Public Works Research Institute, Ministry of Construction
kok HARTFKBEEEMN Japan Sewage Works Agency

—129—



2. BBRUARTGE

2.1 WA W= SRR 0% % 4« 5

T T T T
BAELLEN S FONESY L RAT LER M A [ RN
. - " wshB [ RN
FRERKEZHOTIT 2k, 28, WBOEDK v 0 TN
S %) - MhD R
Eﬁ%%ﬁﬂmflvﬁ’@ 1*®%R)k shE |
DOWTHRABOFE=To%=. B 1IC3HH sh v OO RN
- =5 nb rsh ¢ (R
ROBREIRT . b, MBS JISR 2 v b e
02 GRIVES > e AY boitERi) RCE sh 1 [ RS
° v FaUs msh X RN

100 %
1

T, TEBEHIFEL.2CEVITOE, Ash L R
O % & = &
2.2 AR FHE Ig. loss Ca0 Si02 Mg Fe203  P20! A1203  Others
28R OBRHIKICOVWT, BREICL 58K Figure-1 Constitution of Ashes

bz #dEHIC, ZR0C, @EB%ORET, ABMETHTCA 2@ KITFTRELE., BEHBII,
0,14,28,60H & U=, BEEHIMICH T 2HEAKERBIL LTUTORBREZITOE.

(1) &kt HAMRERER

B FEE TARRAERCTEABRKICEL TiTok, Ad, MBEEE 600C, 1EHCL3E0T
55,

(2) KRR
BHROKMBICHEZFET S =0HIc, KRRERRETo72. ARFTERROEBYTH S,

Bl (EHIK) 300g& ABK(25T) 400cc % HROBERICANL, HS AR TLBRL, —ERHEE
BiEE LREREST 2, RERENL0,1,2,3,4,5,10,15,20,25,305 & L, Bed, RBe LTERKICHG
K (Ca(OH), ) 210%&EMLEETDICH>WTELRBEORREZITo=,

3) Rt HRR Table-1 Physical Properties of Soil

RN E LR, TRELEMSHEAELE
e RUBE 5 e, SRt ot Cohesive soil Sandy soil
BR-1IRT LBYTHD. DHMEOR Grain size  Gravel 2% 13%
TREERREIHEC T o, g, Ky comosition o p ™
Vot, BEEOBIRR, WHERRC 5 — o "
VERALNR DS DI, ﬁjﬁif%&}b Clay s 2
tf}%@(ﬁ‘ﬂ;’(‘b R /‘/1?-{‘/‘— Consistency Liquid limit 39.3% ) 34.9%
CRIT DERAE L L DL ER BN, Plastic limit 17.3% 17.0%
B TOERIL. AREKEREDOL OBy —

Plasticity index 22.0% 17.9%
¥+ w=24. 6% BE T w=20.6%) ICBHEHIK ; 'f"d T oleeitionn o <
B AEHE L I R RS R C10%, WH apan unified soil classification

Gravity 2.658 2.652

+iciE 5 %EmEML, ENANLHIFH—T
Bk EHOBELTIToE. COHRRBRTOTHAKBINRE A EHIC, HRTEKI0 tOBRHICHHE
L, ftsMROREE T T 74 VLTEY, W2COBREBOFTER LWL DICT Hi#EAE L, KRE
TAa—-Na—- 2R 7ok, ¥, AK. BRK, LKICOWTid, ARHCCBRAREZTVH., HRE
T4 N3~ VFEBREOHEZ kS, ZoHMMSHORBHC DWW THCBRER#ELE, B, CBR
RBOMAKOERIE, KRBT+ —)La— v RBOHRAKL BEARICICR 2L DICERED THo .

—130—



3. R

3.1 BEHIE O KRt Table-2 Change of Water Content and
£ 2 CREIC L BHAKO AL, BARBOMISE(, _ Shivion Loss with Storage Days
1T, ZORRNS, REFHOREOFEL TR N B T e Banys B0 s
K (LLF, KET D, ) OaKkE, EREBROTTRT  Tma 0.0 - P o0
LU FTHoE, £, BEIC &Y SIS 2 5 “o w48 58
CH o, KK, LKGOHECSWTsaKEm1%0F =0 &1 &f 5 &0
Ehahot, THhSDRBKEYF NS, WELRSLTHR  ashC 0,08 g & 33
BLESS, FRBETAINESBA LI ENEASL — 0, v > v
%, k. BEOKETHICEKEDEIDEERICENT L.a Z.3 22 %9
HIRFIC & BRMERD D AR I >, shE o 2 a3 e 1
BMBEBOTLIIARELH T TR SBRICHEHETE S, Ash F 0.04 0.6 L1 1.4
OAR, CIR, FIK. HR. 1K, JRKEEETE]1%UF oL T %8 1P
LR GR, RECEBEALOMINE LHIckE< B, 0 ¥ e 3D %s
BRERL LTRNSHOL L TR, SARHORMS, K she 02 16 54w
BALAIS T I, RIS T LOSRIC L BBILAINS Y o o 08 i i
LAQBLRT AN ™ MEEMOKRIC & 5 REAKSHH i L8 23 i
ABNMD, ZOYB. RBHPIERK, REEOKL LR MY M 12 L0 48
HHZr, REBANVDILOFMILKE, 898 CTHDZ sk 0.6 0.5 0.8 0.9
LEERTIE, REICLZ2EBMBREORELE., SEHKFD oL e s ﬁ @
BAL 1 LS ™ LD KB H LS ™ WA DB R CHEIK o) 0.6 0.8 0.5 0.6
%)

KIS WA{K%%@?K*U‘\—-&5%3%%0355&‘:;5%0) L Upper: Water content (

Lower: Ignition loss (

Abhd, LEF-T, ZhdoREKMBIGHENAKENE
Zx1%. @BK. DK, EK, GRIEEFiMDKEL, HEEICLBZEL
han, @KKK, LEKIERER. RE#LEB/DEV,

K— 2 ICHEHKOAFEBERRER L TRT. CORIE. KAEEREGM
HOFHOBRE LREZBREFHRECHELELOTHD, ZORML, &
KTt AKIZRI0C, JEEBH0TEAELBEERERL TS, &
NHOKIE, KEBETIZLICLYARBICKARIGERZ L, BELE
bnLtEZXLND, £, EK, FIK. HK, I K&0CEEDRE
AARLNE, 8. ERG EROEKE., BEBEONEICHVTHE,
BRBEIC X BN DL, KRS MEVWEEZ B NE, LALES
5, KAEERRTIE. H2BREORELELRVASH, KA
WRERY, OKEGEL>EERERS>TVS, BERKEBREHED
Bwme L HICERE EREEIL . SOHRERICIIZLALERE EAYFRYL
haot, Zhid, REPFICREBICEIBRLICKMPETLEEZDE
Eiohb,

HROKETRE LRERMNEWKTE, PIVAYRENT S 2 L TRE
FRAKELRBEFH D, M— 3BEKICCa(0), 210%HML EHE
LHEMUEWVBROBRE FROEARLELOTHS, ZORD L, TK
3Ca(0N), MY 52 & T, BHEMOBEL WNBCTLIBE LAV KE

—131—

©

(

Temperature rise

®

)
35

b OA O0FE el
08 mF mJ
30( AC AG AK
OD ¢H oL

23+

20

0 14 28 60
Storage period {days)

Figure-2 Results of
Hydration Rate Test



<mBILADDD, T, CK. HRO5THilk 8

BEERNRE <R TOE, TABORE, 7V o |

AU & SRBE O TANS I LEROKRIA T |

{RfExNELEASND, HAKBKTRE RO 5

ELDOL AR, JIRICa(OH). ZEMTEZET § |

BELRSBL LTS, ZORBALLT, AR, £

J RGARBUGIC & 0 Ca(0) . ZERT BAILSY ; o[ u__r] —

MEBMESATNBZLNERLNS, DEY, ¢ U U U

KHEUSPIVA ) BEEETDEHIC, KRICEVER S J e
SC10TA B CODEFGH 1 J KL

FTRECa(0H) . ABERUIC KBV, KRS
HEREDOTERRVAEEZELLND, MOKiECa(0
H). o&EMCE 5 Biu2EZRERONT, ZILAUNBICE 2BBRIVEL,

Figure-3 Change of Temperature Rise

3.2 TERBHROHEHE

31 TRRELHIC, BEKRBEHIKIL, RICL Y FOKASHEICENELE, 22T, ZOKARIGHED
KA TEGRHROBREFEL L. KRIIGHOEEL LTI, AVS I LEHE, RBIC L 5RBR
BOECRUTKMFEERROBE LRI EiFE,

Q) ANV LEFERL THARHE

R~ AICBEHEDO AN T LEFRLE ThTHOFEHK (%K) 2&NLERRTOC BRIEL 0fR%E
RY., ZOEMS, ANSILEEREDHWVRKIICBREDAZ VW LADIS, 202 i, BRARRICH
AROEMELZ TR I DL TCLERRMCHELEKARMETEDZLEZRL TS, LAL, SHKOR
Bid, RECLDREBICEYBLEL, ANV LEFROBVWKTH, REHHIR < LOhEBEREAN
LBy, TOHBRBHRE. AV ILEERONEVWKELTVEORVDOICRS, LESST, AL
VOLEEERETTE, RECIHIHAKOEZIEERICANEZIERRHREFES 22 L FRETH 5.

20r ZOF
OA OF el [ OA OoE ol
08 of mJ| 4 © og of mJ )
AC AG AK AC AG AK
g 5t (6D OH oL g ISt |©D OH &L
'Y
R
% ok A 5 o K 1of °
a M
N
5r QA 5r a 00
A ©
. . a O
1 L J] 1 "] 1 1 —_ 1 —t
0 0 20 30 40 50 0 10 20 30 40 50
Calcium content (as Ca0) (%) Calcium content (as Ca0) (%)
a) Cohesive Soil b) Sandy Soil

Figure-4 Relation between the Calcium Content
and The CBR Value
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