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^BSTRACTT 
From researc! i.vesligarion on NIS\V bottom-ash il was found that fte nrechanical

bchalior changes dependiüg on time, orisinal colnpaclion. availabilily of qaler, loading condilions
etc. The chä.gc in mechanical behavior is due to chemical readions generating minerals like calcnc.
gtpsum. ettringite and CSH phäscs. A marhematical app.oach $as found to calculaie pcaL strengdl
and srain softening ofthe marerial Lom triarial lcn. \ialues from research e\perience arc gi\ en.

RESUMi; Cendrcs d€ dachcts se compone diffarcmm.nt en fonclion du tcnrps, Ie ass.mcnt origrnal,
disponibilra de I'eau, les €ondidons de cha.g. clc. La modifcalion dans l€ componemenr mican,que
tienr au\ rdacrions chimiques qui causenr lä disposition des min;rau\ comme la calcite. le g'"_pse.

l'c(ringit er dcs phases CSH. Une appruche maihenalique s est 0!drde pour calculer ld force ma.\imalc
er pour tendrc sc ramollir du matöriel Des ralcurs de lerpdrience sonr indiqudes

I Ih-TRODUCIION

Scrics inlestigation on 8 botom'ashcs tioln nunicip!l solid wastc incineralio! (vSw batton asn)
sh.red high tjme deFndency of.hcmical/mineralogical as \rell as nechanjcal propedles. One NIS$
botlom'ash $ar .xamined in detail. On the basis ol soil mechanical classificalion tests three difitrcnr
mixrues (Dr,.=l-0, Dp,=0,97 on (hc dry and on üe $cl side of optimum) we.e i testigatcd
regarding therr slrength development ard their minerllogical change with time. Triaxial lesl XRr-
powdcr diffraction analysis and SEM \\,cre co.ducred at cudng times of l, 7.28 days 6 and l:
moorhs. Funher a mathemarical approach was de!eloped to describe th€ stress-slrain beharior

: \IDIER,ALOCICAL DE\TLOPMEN OF I,1SW tsOTTON1-ASH o\er one year

Unlike mosr soils \'ISW botlom-ashcs urc not chemicllly inel1 matedah. Their chemical composition
i5 sinilar ro inorsänic binding agenrs lnd lhe following reacrioos arc to be erpected as maJor caüse ol
change in rtrenglh: h).dration ol calcium, cubonisarion, ibrmrtion of CSIJ phases. hldraliou of
rrl))ddte to bassdnite and gypsum. hydralion olalLrminum and fomDtion of curingne. Thcsc rcac!on5
ar€ dcpcndcnt on üe alailabili$ ofqaler. ai.. diflcrctrt elenr€nls and curing tine. Table I gives.l
rc!ie$ ofthe cx!€cted chemical reactrors. the ri €lrame the associated mechänical changr.

Figure I shoNs rhe mineralogical change Nithin one !eff liom XRD po\rdcr diffraclion analyses The
content ofanhydrite [Anh(020)] d.creascs \\hilc the contenl ofgypsum [Gy(00])l inc.eascs. After 7

days etlrinsrLc tEtt(100)l sLarts to tbnn from s)tsLrm, cnlclie lcc( 10.1)l and ahrminum (nol slnn'D rn

Muin Sesion 1 tldh-nade dcpoli[ recettt drd an.i.n|' l9t
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figu.e l). Calciie is licrcasing over the pe od of one rear. Gypsum and calcite conrribuie to

hardenirg Etrringite causes hrrdenifg ol thc matcriai as lons äs c.ough pore rolune is ävailablc il
nor. rhe rolume increasc of ctringite fomalion bre.iks up the matrix and causes r loss of strucaure.

srrengrh and inilial slifress (E,). This was fo nd by lhe Dr.= 1.0 mixüre whici siowed s;gnificanr
gain of sdffn.ss olcr 28 days and a slgnificani loss subsequeldt. The miitxrcs {ith Dp,-0,91
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,howed increas'ng E, values over one year, shere Dp,:o 97 aI dre dry side of optimum developed
higher E \rlues as at the wct side of optimum. Furthennore strength gain is due to the fonnation of
CStl phases paftly which we.e shoün by scannirrg electron nricroscopy (SEM). see figure 2 Figure i
sho$s cltringire fomrarion on a pdlandite crystal.

J STRESS STR{INBEHAVIOR OF J\{S\! tsOTTO}VI-ASH

Beforc the mineralogical inlesrigations triaxiäl resrs sere performed ar the specimens. 
^t 

I da) a
hyferbolic sress-srain relalion ship rias l_ound. Atter longer curing periods strain herdening up ro
peak strength and strain sofiening was obsencd subsequ€ntly. Bascd on the hyperboLic strcss-srnin
tormulation (Kondner, Zelasko 1963) and (Duncan. Chang 1970) a mathemarical formularion could bc
found to describe peak development and strain soffening lvjü incrcasins äxinl strain. Eq. (l) sho$s the
fomularion \liü only rhree cüne parameters In eq.(l) u can be assiened ro rhc mechanical prope4

'I rr( i.rnal * less rrec or^cül or E ,. rh( pc amer-.r, / ha1( rJ be dr,erminc,l b) .L^E ri .rl

" l\ rnlh<r"- .u'Jr!J,<o' -l th<Lu^cr(dLcesrJJf\pe,brld\v.r1d.j\ rprLrcut 2/'

(dL - or) and r mean deviato.ic strcss dnd sxial strain fron1 the conventional triaxial descriprion
figure 4 and figure 5 sho\r'a cornlarison be!*een lalues fro tiaxiältesting. ihe lormularion äon
eq. (l), the hFerbolic model md (he anrlyses from (Duncan. Chang l96l) lr can be seer thar eq.(l)
gives good fit forüe cunes and is ako abte to lake account for slrain soäeorne-

On rhe basis of 60 triaxial tests il could be shoNn lhat initial stiflhess Ei is dependenr on the nrixture
parametcrs like water contcnt ! and optimum dcnsity Dr, as ivcll as on sress level, see eq. (2)

(", - ",)
€l (l)

Er = (2)

\:olume d€velopmenr is contract'ng ar lo$ srräins and dilaliDg ar higher strajns. Table 2 gives !alues
ol c\pcrience fronl thc rcsearch project for a first cstimation ofstress sLajn behAvior using an elasric

lerfectly plaslic materialnodel wilh a Mohr Coulomb yieldng condnion and flow rule. More d€tails
crn be fbuDd i! (Otl2001).

,* 6 (.,*r t)

rigure:. CSH at lS0 days, BB = 105ftm Le.rel. enangißpndla.di!'ar lqrd.\. RA=2. Fn
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Figurel. nonlincarslress-crrainbehavioral360days
comparison oflestvolues and mechanical mod€ls
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