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An Experimental Study on Static and Dynamic Mechanical
Properties of Municipal Bottom Ash

by

Keinosuke GOTOH*, Minoru YAMANAKA*
and Teppei OGAWA **

The municipal bottom ash discharged from incineration plants is usually buried at the final disposal
sites. The mechanical properties of this bottom ash was investigated in order to utilize these disposal sites.
In this paper the authors carried out some physical, compaction, permeability, CIU and cyclic triaxial tests
of the bottom ash samples. As a result of this investigation for the bottom ash it was cleared that the cohe-
sion is nearly zero, the internal friction angle is a little bigger than a general sand, and the liquefaction

resistance strength of bottom ash is larger than that of the Toyoura standard sand.
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Fig.1 Grain size distribution.
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Fig.2 X-ray analysis of the bottom ash.
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Fig.3 Moisture—density curve.
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Table 1 Coefficient of permeability.

Wet density Coefficient of
(g/em’) | permeability (cm/s)
1.17 1.08 X 10*
1.27 2.58X10?
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Fig. 4 Mohr’s stress circle.
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Fig.5 Effective stress path.

4. BO=HER (CIU) RBR
4.1 $HERGERHG
CHBEHNKOBHEERELXBL L ¥BEHLEL
T, EFIFEHK=8EMR (CIU) ABRExER L7, #t
KETEIERS5cm, BI10ecmTH Y, TARBEHK
FFHL 2 mmS 5 WEAS T AV, HAGEEL,
B FTHELREBE L L Te=1.17g/cm*KR Up.=1.27g/
cm3tREL, MEOEIC L VHURAGBERE L. A
HHEEIZe=1.17g/cm3DB A, 49kPa i 5147
kPa O#if, o,=1.27g/cm3DB4, 49kPa p» 5245
kPa OB TETNZN 5 £HETT > e WTFhOH
E&EICEWTLFEIII‘KkPa & L, SRHNEZHD
BI=DIZRRA AL BRI ¥, BEIZSHLLEICES
CEEBER LI,

4.2 RBRRUER

Figure 4 (a) & (b) T, BESHp.=1.17g/cm?
RU1.27g/cmiic B 35—V DI HA%Z ZTh X hr
To BRI L DB ONI-NETERA 6", 37.2°
RUAL 3 e ENZThBoh, HAGEEIB L
HIHEVWKEL Z->TW5B, T, AR NERICEK
ZHENCE, WThOBERAFICEWTHITEY
OTH o7z, B TABEHKDIZ LA KNS T
BHIxEZNE, o BREFEYOIEVSEIT
FMTHBHLEZOLND, b TABEHKOBEER
LLT, ¢'=21.2~54.6°BELKELELXETIH
HY LB, KHRGONESAI»OHMLTH, B
LN/ HEERIIZ YU LETHHE 2 5. NFHERHC
BAL Tit, RERATHET, MK F2HESRKE. 2% 5



i & ZBEHK OB R OB D F Rt BRT % ERAIPTE

€ 150 0.15
g E, =
T 00 o o
= E
2 100 o o102
3 o =
E o 2
” B 2
o R |3
E 50 h oo m] 0.05 8
> :&Q ] =
- o O< =3
8 O

s 1 1 |

£ o0 0

5 10 10° 104 10° 102

& Single amplitude axial strain ¢,

177

150

100

50 -

E
afal=ls g

h OO
oOOW

< ] | !

0.15

—0.10

—0.05

o

O

0

Equivalent Young's modulus Eeq (MPa)

10

105 10+ 103
Single amplitude axial strain

102 0
€,

Hysteretic damping ratio h

@ p=1.17g/cm3

b)) p=1.27g/cm3

Fig.6 E., h~¢, curve.

D8 BRATHICIML Tk, HAEER TETOR
FHRPELTWBE I L EHEL TV 5,

Figure 5 (a), (b) CEBESLMHe=1.17g/cm3R
1.27g/cmiiC B A BRI IRERRE Th EF R,
WTFNOBERBICE VT, BRHHEREOMIZEIH
579, HAKHAOAREBRKEDRERIT/ NN
EDBE 2B, HAMOHET & & LIAFMBRAKED
FEBPKELRD, BRETHERICAIICONFEA
BB L LD LIAHERPABRONS, Tixbb, 4
EHRA LR ATE T3, ERERN T EANED
HIRTC EDGP o T,

5. EHAOEEAFE
5.1 HREFEREUERENS
HAGEERARCIERAER, BdO4. 1 LFH
BRTHD, ERFHL LT, THEIkPa, HRRIREIS
kPa il W THEEZ T > 7=, FRi0.5Hz TixE—
FEOIEFKFE %, BE LI0BIERE &7, ZORRII,
R L BE PO ZROLIEZANLLTE
D, BoN/RRIL, EAMCBRRFERBICEH
TEBHY HDOTH S,

5.2 RRRUER

Figure 6 (a), (b) iT, BEEE,=1.17g/cm3K
U1.27g/cmPiC 1) 5 A IRIBEND 3 4 L Sl v/ 7R
RUBEBREROMGR YT, FA%M v /&K,
0:=1.17g/cm3&HOFE#¥130MPa, p,=1.27g/cm?
DB ERISTMPas B bz, BELEHV0=1.27
g/ecmPDF B, Bl TRBPINELE LS T, o
=1.17g/cm3G&EHEOMMAFM v 7R L, BHEEY
OAEAM v 7R L E B THhIE, AFERTHW

72 S RBERIK DO F H3150MPa BEE /N X \WME & x5 72,
T MY TR, FiREEID 9 %2.0x 1075348
MBHETLTWAERET, &b o0RAGEESLMEIC
bRO6hB,

ARRICE T, HAGEE LFHiv 7ROV
Tit, AOMHBIBAFRAB LN, EESD I hhid
HRAGEE & EMv > /S RIZEOHBIBEHKR LB ON T
W5, COBFREBEOLMCTHDIC, T—FOER
#fT-oTWbEIATHD, —FH, BERERIL,
ThOBELRAICEWTH, REBMFFOMIZ0.13L
BEFACEETR LTS, /o, BERERIT, %
YUTRPMET 5L 2 LR AEMBD 5,

6. #:E LIEHEK=WABR

6.1 RBREHG

CABERK OBRILFFE L ARSI, R LI
BEKRAMBRBRAET- 7o, CORRIL, #HBOKIRIL
DRTEEHEDHIES, BRILDO LT TOBREXFANS
WBELLTHYWLRTWAY, SEAMKICHWRARR
CMERTHER, #idD 4. 1 LEABETH S, BRIEHS
BETHEHELE LT, —BOCHAGTEENMEVEES
KRELRTWI EREbNTWAY, 22T, #id
DNFERBH T > TE/HABEBEEOFRTRL/ PV
BELEHETHS, BHEHEEL=1.17g/cmiiCEH\TH
BriTo7, HAGTRE L/, RBIARUBX
KIZX DEEMESFD -, BEIIIBX L EIC5
AR L BT, ARMRE—ELRHF TICBWTEX
P x0.5Hz AEACTERA L7, xd, BRHHHEELIS
kPa, WHE#98kPal L7z, BIRILOFRESRMBL LT,
DA10% D#:E LEIF & L7,



178 HEEEZE - ILh &I 8RR

0.4
? \ Bottom ash
< 03 | b
S \
= N
2 o
S 02 [ S
@« S
4 -~
£ Toyoura standard sand® O~
vi
§ o1 [
-~
7

1 10 100

Loading cycles Nc(cycles)

Fig.7 Shear stress ratio~loading cycles.

6.2 BRRUER

Figure 712, CAPEHKR BHEENS DR
LEE &R AMIGIEROBIGRE T, CABEHIKIL,
BHEEDLHEL T, RABKIHEBKEL LT
LERILLEENC LG »5, TOZ i, BRIk
EPEEMICHNTAEWI LE2ERT S, JAREH
IRABIT M S, % DOMURL A D LAY — 7R BE 75
LY LT, MRIEDOREBBRE I B, HBHXHh
THDRWTABEHKICE L T, +457aREDIC X
DIRRIEDREEZH S LB TEELEEZONS,

7. ¥&0
FHRICL Y, CHRBEHIKOMM TR IFERHE L

LT, UTFTOIZEBRLNER-T,

(1) WEEEE LT, IARENKIIEESHEA/NX
<, NESHBE,

2 FEDEMHE LT, TRNVF—2FLIRTLE
AEREEICAKZ2EEIEZ\, ¥4, BXKE
BEEIIHERIE— 7 2R,

(3) CABERKROBAML, PROFBKEELE LT
5B 25,

@) BANHEE LT BEIERCEVENTHS
CEBRELMER SN, T, AREEAII BN
T EHELT, EFXKEWEEZTRT,

(6) HRIEHHET, BWEED LT HIE, BRL

LIZK Wk EE 2 5,

(6) BHBEBEOKEL,D, ZABEHKATIIREE
DIEBICKELLESIETHY, KoexRI - REL
RTVEWSIHEERELTW5,
DNEDER® G, CABRK» O 508803, A

B DFRBO OB L EZ L LB TEEN, B

BHERBR» 613, DR LREIEELDH7-D,

COMEPHBTH¥HEERICEDIS>CEETS

n, SHRELLIBRFADLBETHLHEEZOLNS, T,

CABERK I RII T OMRBEL L, FHEUED

UTERHARE L EOBBAPAFELSSBRESHh T

5T Lm0, S8, EITEBICHIG LA ER TS

BB ZT> T RERDHLEEZOLNS,

o o=

APREZED LK), ZEARET YV XY —
PEB=MEE LR R L TOZWIoMABAR
T (FARIGR), RUEERNETFRESEOHEMICHE
HEZzR-> TWAZWoHARBR (RERERNTt
VE=) T, BABHBORERTHRETH 5,

g # x M

1) S.F.Zakrzewski : BIEF$O FF3 ooy —,
LR A, pp.190-200, 1995. 7.

2) FH - BE  —BRERYOLENFEMNE L TOH
EFHE, + ¥, Vol.40, No. 6, pp.29-34, 1992.
6.

3) B - TEIRG : EXIRERW O NF4tE LB BE
MOREMICEET KK, L EPE, Vol.45,
No.7, pp.24-26, 1997. 7.

4) FHRHEHBTFEE  FARSN BBIFS,
pp.69-110, 1996. 7.

5) HREE - ik - I BT S ABERIR ORI E A KT
RUBREMEEIC OWT, H3I3EB ¥R
RRSFRIEERKZMBIEE, pp.671-672, 1998.
7.

6) TERBRDOFLE L FEH, tET¥%, pp.421-450,
1990. 3.

7) W : BRILORAE» OXNELE T, BESHKRE,
pp.11-17, 1988.11.



