Recycling of Byproducts Fly ash - Slag Iron dust

National Seminar On Environment pollution (UGC sponsored), Dept of
Civil Engg. S.V.R. College, Surat 1981

LDEVELOFMENT OF NEW COMPODSITE USING FLYASH:

The industrial weste disposal of flyash which is now being
 taken very lightly by thermal power plant will create accute |
problems of lapnd pollution at the rate of 82 hectares or
more/year by the end of 193_11. in Gujarat alone, Air poallution
by dust nuisance in areas like Gandhinagar and Ukai requiring
wetting process for storage of £lyash, Loss of agricultural
land leads to loss of production md housing development.,

Looking to above facts in terms of socio=-economic sense,
It ie necessary to plan productive maximum utilization of
ash, Uptill now flyash was succassfully used as;

{1} Filler materials specially in reclamation of land and
nines,

(11} 1n manufacturing of siuteved aggrigate,

{1ii) As an argillacecus rawv material in the manpufacture
of portland cement,

{iv) cCleaning oil conamluation,
(v) Minox percentage in concrete mix.

A:Etfr. r of triale new d:mpnsite have developed by using
follow, composition with 85% flyash 4+ 14,9 cement 4+ 0,1%
Chemical agents '

The above composite was moulded in standard briek mould of
Burnt Clay Brick., (I.S. 1077-1976). The mould can be taken
up immediately ‘mannually (Note: These composite can be
used for machine moulding also), After it is kept one day
for drying in air and it is cored for 28 days, The composite
strength of brick of 5.G. Reglon 15 50 kg/cuz Absorption =
is wvary between 15 to 25,
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Thesza bricks made of new composlite were tested For tha
followl ng characteristics,

{i} compressive strength © 75 kg/omt,
{i1} Absorption % 18 to 21,
(111} Thermal conductivity {Results 0,24 kcal/mhr™ o,

aza in between the enge of brick

& five brlck and very low compars
to xs ashestos Board),

{iv}) Acld Resistance Test Mean % loaa 1%
(By weight) (which not possible
in ordinary burnt olay brick so
thega can be wsed for acid
msistant floor after cheaki g
other propertles),

These rasalts are encouraging and confirms to fs: 1077
1976 for Burnt Clay Building Brieks, :

(vl The Chemlcat analyeia of vkai Thormal Drerer B oL
fly2ash 1s within the range of other thermal prng=l
plant of India and abfoad and conflrme with
I5: 3812 (part=I, I1I, IXIT} 1966, but unsual featyure

1z tracing of Ra 0 and k.0 in very minoy M,

{vi} Hydrometer test ahows 789% of fioe particle size
Letween range 0,002 mo, ~0,075 s [(silt 2ize) and
redt of X of =ize are finer thap D002 mm,

{vii) To study the particle shapa Beck Metallurgical
Ml croseope was nsed, The shapa of particlea is
flak, silty and haz lower =ilica. The sample mass. 1o
in amorpghous state, The presence of spharicel

mrticles will give good resulta of workability of
mertar and concrete,

ADVANTASES ¢

s tniform quality of brick besause Baterial Are more Qr
iz8g unlform within speciflied ranges.,

Ze Low density (1,25} compared to common burnt alay brick
(1-5 gmfcel will reduce dwad load,

3, Elze and sdges remaing perfoct.
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3, Breakage loss will be negligi‘_ble.
S5 Higher and controlled strength 15 pogalhle.

6. Wall using thiz bricks have plane surface relatively
hepce 1t capn be painted directly (Thick plastér is
elimlnated}.,

7. He shrinkade abhIserved,

8. Thermal conpductivity of new composite material iz
lower than ordipary brick masonary with plastor,

%, Acid resistance property is excelient, It glves loss
in weight within permissible Mmit (IS5 48601964},

10, Wilder range of oglour, pigments can be added according
to the cholee of cusomer as heating process is
al Iminated, :

11, It ¢an be marmfactured by small scale rural imdustry
"with wvnskilled labour.

tLastly the lmpact on Mapn and Emvironmental by bthere wWaste
iz led to pollution and enchrochement of land, Disposal

at high cost & not serve the yarpose as it oreate health
hazard to soclety. Mivantage of saving agricultural clayey
sail now being consumed for bricks can not be fgnored. Far
governme it arganlzatlon with social cost of savironmental,
pollution control, may hot cost more than 15,00 paisa/brick,
whereas the higher price of unt clay kBricks in South
cujarat is 18.00 palza. Tt will jneedontly create mAss
scale employment and rural industry in all places arcund
thermal power stations. It 1s cheaper to cast flyash hrick
around thermal power station than to.cest flyash as row material

far brick marufacturing,

The work has been awarded the M,E. degree of South Gujarat.
edveraity in 1278,
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FNCHMECONSIC FRASISILETY Of MR TXS MAIE FROM
INMUSTRIAL YAGTE OF 4 TEERMAL POVER PLiME

Raijiwale D, 3." ad  Deswi W. D.°°

Abmtract

"2he seem Wilding stivity semooisted with the nesle &f
residemiial and irdoetriel growth cantres vill msad huge quantom
of ricks, To wiilize industrial usste of tharsal powsr project
knowo # flyssh, tba mpproprixis techmolosy bas besn ioitipted
by authors for produoing bricke of sgusl or beiter I-pl:i:l':lnl;-
tion tien evEilekls Iosw]l ment aler brioks Frowd he Blnsk
ottt aglles of Ecuth Gojurst reglon. The paper presents the

thaimosgomonical sapects of flysah bricks comparad to bormy clay
“brkoke .

fbe commom Building brick is not ouly sne of tha oldews
bt alee the mowt sxteowivaly aesd boilding weierial io ooseriro-
SAtioh work. K i anganiinlly & loosl bulld ing mdterisl and
oonesqoantly thers sxist large varistion in the gqualisy of rew
metarisl, tha proosmw of manufactire and 1he gaslity of fioiahad
prodmet. Rapid building wetiviiy, to ba oz ratismal Lipes, oesds
B oerthia degres of umiformity in the coriroosien matariale.

W ol A AN b wl b whk mm Em Em Em Em Em Emp mp W RN AR Sy Y TN R Em my mm Em Em Em wm

* Eeaturar v+ Frofwamsor
Inparimast of Applisd Mecbsnias
5.¥Y. Ilngiomul Coliege of Emgg. & Twoh., Burws=-295 00T
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1. Bont olay Brioks of Sough Gujsrst Feglion 3

Though bigh streogth brioks bave bhesp maoufmctured from
Isttexivio apd reamidos] worrom soils in weny perke of tha soumtry,
the regions taying R plestic &1i%4, akod Salis aw will A3 blaak
moll mve pestd seriocos problamm for ki ng standeyd boymt aley
bricks.

F “adr“ was carrisd st to test A1 ersm cetagoriss of
brioke from Gouth Gujarsi region in segurdenas with 1.5, Gode 2
Tt resulid bave Deen tpbuleted =8 shown 1o Teble=1.1,

Ieple-1,]1 Yust resalis of brilsks of Sowth dwjirmt REegion
{Rricks from differemt maoufdotuarsrs wars margad

& to W
O D= (= (1= = (1= D= =0 Ore 0= g Orr =il Dw - O G (e i (e fpm-pyr s rrm [ sy e (o
RRTE mUsUx  AVeImgE Saver Eleive imySeioRsl
on FARple qQcwpTespive EBegrptiol OS4NW telemanies
s~ téirted wirength within Limita
ple Vm® )
A 18 3.10 26.74 Yexy high Ng

B .m 25,26 high Fo

G F.04 : 24.17 Yery high j [

D 18 5.61 14,39 modarets Ne

¥ 20 bl PO .49 bigh ¥e

a s 6,12 19.T¢  medarets [

H f-ya) .2 2.0 Yoxry hbhigh [
o= O e e = O O B = i B e O O O O Or= O Qe 00 1) - O O G G (e e (e (G (- (- D
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The rasilin #veciuslly reflectod toet wost of bricka are
pot witBil the spaoified limite of 11; Int e third ravisilon tbe
Gattlomal Committas deaided to kasp the winimam compressive stre—
ogth ag 3.5 lul"'lllilE fnd waier abzorption legs than E upto olaas
128,

¥hils aonlyxing the resalta it bes baan viswed that the
south Gujsret region the wsolls gaed for mamafvcturing &F Ericks
are silty fine smmd {daltsic alluvium} or blsok cofton mgil and
beth of tham are gemwraily not wuisable for i ng hrmﬁ unlzsm
specially trewted. The kiln tewpeystwre is never miform amd wﬁll
ot reach the speoif i#d velos which results in morh qusmt ity of
untaro hrlnkl huing very bigh dimensionml tnlmnnn, tfﬂuﬂ—
EgenDce lml waisr sdagrpiicn, I bes besn chasrvad Avarars T tn
15% bresksge whilw tranaportation to t be site. fhe range of markwt
cost veriss from #5¢ 10 550 Y1000 brigks. (Fxmpargi Production
of brick ia very low during momticon parioed).

2. Desia pead for drioka of sisndsrd quality »

4D AlieToative wpproach me bwan thought for sanufecturing
of bricke, sbe first arizeris will ba sost And bense the wastd
-lttr.'_tlll frd to b4 rurvered, vhioh stould w srgilsble In abup-
dance with negligible prios, The piomering work started 11376}
br tols Pepartment, in this direction by utilizsing fiyaab wairte
from Ukeji Thorsal Power Stetien for nikiog good geelity bricks.
This weteris] beilng wixiurs of ailice and alpmine, § sultebls

A compilation of Prof. M.D. Desai’s works



Recycling of Byproducts Fly ash - Slag Iron dust

binding agemk 1z required for moulding snd 3 plarticiser for
guiock dl.inulﬁihs 5% low weter comient. The pressnted work is n
summnyy of the waork omeriad n.ut by Aiffersms ressirohara &% u.n,
#pd P.G. levals under the puidsnow of swihars.

3. Flyesh apd it proparties :

Tlyssh ix = finely divided residus resultisg from tha oom-
buation of gromded or powdwwd Dituomiocus goai or -ub-inm-
oous oAl {lignite) and tranmported Ny tha flam asenm of Doilera
Pired by polverisad ooal or ligniie. It im axsracted by oyolons
mparst ion oy elsctrostetic preaipitetion. Lha sffective s of
Ilyask 28 a poskolens 1in tha st ecture of camsot apd for park
Feplecssent oI cawant, &e o simizture in oewent mortar aod
conorete and in lima poxzolaos mixtdre, s bean meestablisimd
in the somtiry in recsnt ysarw,

Only Ukcel Thermml Fower Pro ject ia produalng it lamst
1 willion toooe/yaar £lyeab snd by the end of sixth plen it ia
eIpasied Lo x¥emeh B guantity of 4.7 willion tonne/yesr, ita
dumpicg s well disposal will bs costing 140 willion ihl"ﬂlr.“
The dispomal moquiren large guantus of sgprisultornl lapd sed
iths protlems l.'t.f ®ir pollutich ara unisegioery.

4, Sultebllisy of bindars for mhing bricks &

Sevara]l bindera wezre trisd by diffarent reasmyoters from
tisak 1o timm,
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ygble=3.4 Cheminwl Composition (Ukal Flyawh)

&= [ O == G O 0= Qe v 0= D= O G = O— 0 U= §m U 0= = 0= 0 0= - 0= D= 570

C ot mnt ]
Loas of ignition 3.T5
§111om L2.07
Alomina ¥.12
Farric oxlde .13
Caloium oxide 3.45
Hagmesiun oxlde 5.2
gulpharic Anhydride o.86

.2':;, * Kg0 L )|

Fhysiasl Propertins &

Fropersy

C ol out

Fimenege (Hlaioe's Hetind)

Limk Resayiviiy
Drying ahrivksge
§p. gaviLly

‘Dry Balk densiiy

Yhitish grey with slight
tlack ilogw

30 wo/kg
4.7 Wt
D07 *
2.4

6T xg/n”

i —D -y T (1= = O g g = GO O —0 — 00— 0 O &= 0t O G O 00T
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4.1 Timm 1

Eomar, A {1974) reportwd shat Lims-slag brick is preparad
in V.b.5,E. from 312 % pf limm apd Bd-97 % of aleg, snd lise-
Ilynab bricks from 20=25 & of lise and 7580 % of flysab by welgin,
Trase bricks have m balk Gensity of 1400=31600 kg/m", coefficisnt
of bemt conductivity O.%=0.5 Konl/w.h G &nd compressive mtrength
2.5«T.5 Ia"‘IIE st 90 days= ourinog, Toay ere used for srecting walla
uptc thres storeys sbowicg good frost cessistenos.

;:unll-!.‘-'l { 4554) westioowd that 10 % lime + 10 % sand » DOK
Ilysah wish 0.2 % scceleystor, pressed at 195,75 #/ma® bricks vere
wouldsd mpnd wiemm qurel. The oot bms bean reported as U 600/
1000 brioks. For the produetion of 1 lekb brick, 280 Matric tonne
flyssh was consumed, Thess Briaks were spproved by fwxtiomal Rese~
ardh SEvelopmmc Gorpa., wWese Bengel 'lnfl Tamil Msdu Houalng
Hoards,

g
Bardin, M.D,® (1978) meds brioke with 5 to 20 ¥ 1ime and

§5 10 80 X flpagk § vinder seb and gbiaioed 6 day ssrengib es
1.5 $0 4.3 ua?, ¥eter sbparpiion varied from 19 to 32 %,

Fitze, &, @, T 4na cihers mads serise of laboretory
dkparimsoty with eleked sl unajaked lise with Tiywsh, surkhi,
kiln ash, cinder and stonp dust to be used as ‘mortars. ¥iik 1lina
d4fTerent materipla, the proportions recmmeended sre 42 to 15
and obtaited nompressive strength upto 4,1 Ii"-E at M days,

Thera mre savaral draybmois mgarding liu ks bipdar =
Liss is 2ot available 1o = consistant good quilit; 1 hrowg oyt
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the aguntry. Liws oewds lenger voriog aml for qulcker strength
sienm curing is wdyisable which is upeconcuwicel. Liae shouid be
waed io s fipaly powdsred forw oibwrwise fres gquick lime with

WitRT aTadiss sxpins ion orsoks in the brioks.

4,7 Qypaum

Gypsum is also oo of the indusirisi wvasie frow the ohemjisal
indwtries, Authars heve alao seis ssries of &perimemt wvith
lime-grpeua 4pd chmemri~gypaam proportlons.

Ehith-rnjln,lﬁ.{‘.l'iﬂl} asde bloskm with gypeum, lima, fiyssh
in propertion of 135 1 12.9 by valume with vatar/lime retioc am
3.2-00d obttmiped compressive srangth .12 li.l"'--.2 sod weier sbeor—
ptlon 25.72 A

The proportioning of gypsum whould be watcbed wery oarefully
beoausr it bas dl_rm:t affsct oo tbe setting of ocemeni. Autlorm
ussd grpaun 4s a efTluvemt powder from Nevio Fluanrios Inﬂ-mﬂn,
Udhaos sod obtaioed brick strengib upto i1 #/ea? and vater abeor-
piloo 4,24 S with T tc 17 X gypaum, T to 17 £ osment, 28 1o 33K
Tlynsh and 58 4o 338 fime sapd,

"'15 Pﬂ.m“ 1

Experimamtal studiss ware garrisd ouat by Yermm, R.C, 18

{1973) with different sotomsr aystoms B8 Dipderm. Methyl st ba=
arylete (MMA), styrens, polyvinyl soswtate (PYA), morylonijtrile,
jscpmtalic grade of polysster resin wers applisd in experimenial
study and compresmive, tensils, flexurs] sirsogil vers obtpiped
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us 72,85, #1,15, 40,41 'm?. vaeraz #benTRA Aok and moid resistance
vere almost negligible values. Suck binders osn be coosldered for
heayy #Tosion struotures like apillvay buokets but ot Tor wies
production of Mricks. :

The draybeoks 17 wsing awoh moBcawT lllt_i‘l ArS YIry aXpATNEive
oot of moncmers and ooetly polymerization procanassy [piiber Yy
X redistion or by therms) catalytis), |

4.4 Coemenot

Comsit pan e adoptad aw bindar TaTY unnrinhmlr doe tn
frllowing reamons

= Mllebility is esyy, svailahle in fiendard good quality,
pirslosl/abesiosl properties omn e absoked, ouring s guioker.
cont Ll modwrpte.

s

Gardin, . D', wade olooks with ossent ogntent upte 25 %
apd obtmiosd CoEprasEive mrengih of 4.54 \rltI'g sodarste watar
ihn;ptinn.

Stastri, ¥. B0 {1978) ploveed drtrerent curves for reple-
sament of cemant by flysab- consiwiaooy (draph+.1}, sevting
tize (Grapb-4.7) comprassive strengch (Graphed,®, water sbs orp-

tiom= agid reststance— thermal conluotivity {QGraph—4.4),

5.0 Flyawh — Cament Brick

7+1 A dyy wmirture of Llysah/comsnt wan praparsd 1o the preportion
of B5/15, 88/12 ana g0/10 % (weighwent basis). Mddition of Flaa-
tlolsay 2 ¥ by weighy of cement in the weter was for the purposs
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of quick democulding snd low apparemt porousity. Water gontent 1s
judged by 0.91x cowbined conaistamy (cesent + flysah) . The prooess
involved band mixing, moulding vith presaurs of 0.6 t0 0.B Ifli -
Demoulding within 5 to 7 minates, 24 hours air ouring and 7 10 B

deys curing in weter pond.
5.2 Hessults 1

= D=0 Q=== =0 =0 =0=0=D~0~0—0=0= O~ 0~ 00— —0= 0~ &~ 0= 0~ 0~ O=0— O=0~-0=0=

Combimed Comprassive Vater Efflo— Dimen-
PEE: ton ﬂ:::l:- strength lf—z shsor—= rescance siomal

cement ption tolere—
(whighoent (mnh+ 1 L 13 % ﬂ:;h
banis a-?m} hra. hra.

85/15 B4 . 2,89 4.7 18.68 |Modersta TYes
88/12 55.5  2.22  A4.00 24.48 Moderate Yes
g0/10 56,5 2.00 3.3%  24.89 MHodermte  Yas

0= 0= O=0= = O 0= 00— b= 0= 0= =0 = 0= 0= 0= 0—0™=0= 0= 0= 0~ 0= 0~ 0~ 0~ 0~ 0=0=0=
Note ¢ Water absorpiion aan be gomtrolled Yy water repelling
sgents (WHA),

6, Cost Aspecis

6.1 For proportion of 90/10 = fiyssh/cemsnt brick ( 225mn x

100 mmx T5 um )

n
III: bridk rdgquire 200 gm owawnt

1800 gm fiywak
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Ipr 1000 brioks
Miterial Qua Bt L4y Aate Awpunt o
Conent 4 Dapn 0 iag 2B0u 00
Flymsh 1.8 miric vonoe 1% Waetrio jeone 1600
- Flautioiner 4 xg 6 ir'kg 24,00
cenem;)
Iabour oherges
+ mohinary —=——LuEpElUll —~—o B0
Haon
Profit {20%) : Tha0
Say R 460 / 1000 brieks L,

e =y
--—---n—-...——--—-.-—-.--—-—-——-_——-d-
— -

E.:_L'-' ¥Yor 1 MWE Capan ity ¥

Bequiremart of cosl/MWE » 0,6 M.toone
Ask gpmtent - 308
Asd 9pllegtion/day = 0.6 x 24 x 0,3
' = 4.32 M.todne/day
Tols quentity is sufficient to prodwe 2500 brioks.
Acaordieg to & npm“ of Cemiysl Gasearod Inmtitute L1971,

im £1fth plan the Governsent hed Spspt 200 wllfion & for disposal
of 0 willipe tonres of flysnh,

l.e. 25 Mfor dusping/disposnl of 1 % pone flyaahb
10, 0.6 x D5 225 o 4.5 B8/ myH,

A compilation of Prof. M.D. Desai’s works
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T. Cori Lamlone 3

Tie socloeconeioc smpeacy of aomumption of agricultursl
furs lapd for burnt olay brick saking, the hagards of 18nd snd
#lr pollution mod woormous cost of diapowing flyssh wasxse from
t harmel power projects indiomte peed for wtilisinog 1f for bulk
aonavmptlon, Flyash bricks i1f mmiobing Ib aode specifiossisn susk
ne conaidergd sa s tsohalonlly sonnd propoaml svan If the Ooonk ia
aligktly higher.,

1 NWH power production will yield .32 M.toune of flyaah
per day 1is #iouzh to producs 2500 Bricks vithk anitabls bizders
like oewsnt/1iie/gypanm sta. Tie sppropriste technology wod cowt-—
ing wiil dwperd on availsbility of oeeper bioder, site conditionw,
labgur sod plent fecility with iovestosot faawibility, A feawer
. swire au} brick majing plant onn ba arectesd along with & thersal
powiy poject vith & fioregiwent of » Irkctiono 8f » project which
will give owtput of brickes lomtesd of dispoaing fIyech.

With slightly higher ¢t of fiyesh bricks ths merrits sra
no pollution, to dispooal ooet, perfects 5 abmpa and atrengib,
lass bravkages deyiog trenait, laas thiokoess of plarier, ligit
weight, lov eappary™M pordlity.

Eotw 1+ ¥The Matioos]l Sepviom Sobmwe of 5.F.5E. Colisge urii has
built tiw weichwen's goarter's st souwsd Guisrat Upiversity
oampuy with flyask byicka =ioos thres Jears Ago.
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L] | ] . )
TE(HND ECNOMIQ FaasISILITY QF I HE-GYP U FU it

—'.

ES
BI(TES AS APFRGPRISTE THCHROLOUY 00 wilAL 105,107

Ra:jimule,0.0.% and pesai M.p. T

A Insroduction: _

Th apprapriots technolcgy of ths adobe wupz_ houaing
eenatructic i meuns the wuhurrt gun drind oricks blaciy laid in
mad f1ime mocka¥. duz Lo the lewwzpzt and traditionsl vse, rnd
thelr depaniovineg wjon ttia Ly lawael gkill ard dndisorscus MATel=
inlsg, meagpn:ry Ad wdobs dwellines ars v:ey cemmon in rpat zorel
ald poor wrien ros long -.',:.J" =y LeAsg t".e‘.’-:hl-.:-pﬁ:.‘. rppbrias of ihe
world, Such hovaes olEl hove & brittis laternl-loan-resisting
pyatem and = Eeatrun‘ti lo varticrl-load-aupporblng syqtaw of the
ahaar-heariyg tyoaa In Iha form of wrainforcad vearicg and
peTiiticon w4l1l. Only in Indla mors then léﬂ millicn peopla ane
living in e:lobe houzes wailch Bre cehpiructed gn melf help boaico
ornlyr.

Frir a low guat ruwral hauaing aulhors have gurksd suol e

parcentage i:pgt ilemwime (Refar Table He.l} .

EaBLE Ho=-1
Iteo : T .. --,-"'- of tha
- I e ----lotal costi
Foundaticy arnd Footing &
Flooke &arnd its menufBeturing 28
Wood worls 21
Bocfing 11

|
Mortay f:aishin

G

Door /Wit »um q
senltory blacl : g
Miscollaneous iz
(Painting/Eleoiriclty /plumping) : : AT
e s __1I e ) .
SGinior lactursr HFI‘EJ'.E'HE!EDI.‘

_ Dopaetment of Lpplicd swchenics,
3. 7.Replonnl Qollege of :ngg.e Toch.,Swrat-395007 ., _
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woile revieving the Table-1, the prize costing is wivh

blocks and ita manufacturing. In thet aspact, the avthoras hzve
digcugeed the cost scongmics of mkina chean/durable 2dcbe dlecke |

from the zfiluenta of lifferent industries.

2a Eat;:rjala'. 1 .

2.1 Limp: Euilding ifimes gball he clrsgifisd as clags-Al
Iima is aup'pjliﬁﬁ na hydrated limes, Mlagg-B: and Clasa O: limes

aupplied as quick lime or Hydratsd lime {Toble ¥a.2)

TABTR Ho-2: Jongtitusnts of Iime

Mloys-k Jlaga-0 iane~-0 o

) (/) (-/-)
Caleiue and Hapgnesiam Gxids 60 ta TO TO ES i
: ]
Silieca, Alwajina and Ferric Qxide 25 .. 15 L=
Ineoluble Matter 5.7 T 5

Gther . 0 te 10 3 19

Live shouwld -be used in a Finely powdersd Toro otlrsWise
fres gquick lime with watar will ereatc sxpaieion eraciis in blocks.
2.2 - G:.résum: Gypsum is & byeproduct from chemicil industwies
and itz cﬂ-l::[;'-ﬂﬂit-il:‘.'l variaas lavgely from the iype »f dinduatziel
ecoEplex. Cipaun used by autiqra in eﬁ-:-erimental gtudy is a
praduct of 7 to 31 Parl::ent!'..gs' debrdrectsd Calnium Fulnie e,

2.3 Flvash: Zhora are mpyé thar 20 Therrel Fower Stationg
in Imdia produecing otnut T.8 williop doomze ol fivash paT FonT
and this giombity il oo devkind &% “he and of eiri;-':z fivya woar
plan. It ?é:s beon :annrtzﬂ.{lﬂ tirt 2 L3 hag boom spent for
l.lampin;r_,"'d:i.s:;meal of ane teoure flrach. ".-“:ha- digpoaal 2oguircg
large guanium of azricultural land ond %he nreblsas of pollution
ars unimeglnaiy.

FPirazh is a2 finoly fivided resicue rasulting from thc
combugtion I srounded or powdered bitwaincovs cosl oX sub—
bituminous 2oal(ligoita) and fransported by the floe gasza oY
bhotlors. ;It is oxtractad by .n,y_cl_une goparation or 2lactrostatie
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praﬂipitﬂti.ﬂ-ﬂ.. The effectiva nse of Flyigh as A pozsclird
in _1;!1& imafactors of cerent and for port replaceuwehs of i
cament, :La:llran agmixtere o cesent portarfoconereta, 19 1iloe
puzzglanicjmixture has haen eatablished In the coundry
during waLent years. The Govzroment of rfdte ks apnealed
to all ';hejr.:ml power projccts to come with aulizble recoilte=
hdation f;:!: frulifal nnlnaumpt-lnn af *1-/ash byeproduct. -
AnAlYasing the chémiu&lfph,?aiﬂal propoities of Tkak flzash
{Table ¥e,3} the anthors have sebmitied a conauliancy ropol®

for the miss production of eellular hollow blealks frzm liie=

msﬂm—fﬂaﬂh. _

Table No.%; Ukel Flyash: [L‘-h;emic-.al dompualton)

Tontant T ' Perceni2 g

Toas of fanitlon 3.5

2iT4pa G207

Aluming i 2B.12.

 Farric Oride - B Pk

caleiun Creide i J.43

Mo gnasiwe Oxride Tl

ghalphuri: Anhydride . Q.86

Tt RS [ o S

Property ) » — S '

;;inm‘ I I ¥hitigh Hreey with zlipght t:-lf.}&}:
. tinga.

.Mencns{la]ﬂi_uer's Hn’t:mdi ' w0’ k.

Line Rl}n::.:ti"iitj E 4.2 1’

Trying Sheinage it oo O

Sp.glﬂ‘l’i'g:p’ H 2.24

Iry hulkr': dongity = 870 Ke/u

1
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. Blogk making prooess Znd Bxperimental resultas

. | '.I'ha block maklng process 1s quita simmler, affer dry
mixing 3£ thrae lngradieuta d.n tha dr:r powlercd farm tha
cnnt;ulﬂled quaatity uf wntn 1 %0 ba judzsd Froo 4he coubined
nunsiatancg:l shonld l:la hﬂmgﬂneour:l'r dized,. &3 mn -Aupr:u‘gr.wh .
technology %3 ruenl Paylona authora have produncd blocks with
‘ungkilled labonr( tribal paopls of backwerd sreas areand thel
tnermal power prujﬂ-c‘l.:} withk wopdan moulde, for theoir own
h.auaiugi colentus, haﬁng coa% cconomics to &s. gaCful . For
the waea production af auch blocks muthors havTo adopted glther
SINVA-Fi:M block presa or wire sut Eleon's block miking Eaehine
kaving cepacity of 20000 ‘:I:nlachs_.ﬂ'da:.r.{'fl‘ahle Hg.4) . Tw Thicf
advants go of thiz ﬁruc::rsu ig that it toterlly wliminatcs 157 =
kiln pr}-ma_aa Hhich‘ is used for the mpufdcturae of buent .c[ﬂ.:]
bricks.]

4. :I CBenclugion:

Adobe rural l?,use = B pooY Man'd abelteT - oan ba-
Built ily oues in hie-a lifo and it should ba pratacted f‘rﬂm—.':;
all hoaardeus forees lika the olher prociows structures, to
achlevr: thia goal the plamaate weed for guch Awellinze
ghould a2 choap, durabla, Licht wxinht, ipcally available

gnd 2t by orarted on self kdelp bagia only.

i
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Experimenial Study of Flyash Concrete

A K Deczal
S M Cesal
Or M D Desal

Gengral :

¥ilh intrease In popalalion every year e
probiem of providee hausing 2 3 hercbzan 1ack Tor
dervaboping cowndry lke ours. AL thig stape K =
alreanty =ing) accepled that Mass housing s the oy
gotion.  In case ol Mass housing project oosl of
malerial ard speed of consludion we the kT
Tactora 1o 1w considered. Use of masonny biocks and
precasted pannel wall can ondy salisfy the aDowa two
fetquiramand. For mass production of Becks and pane
walls, the maderial ke be used showdd be so selecied
that &t grovides durablMy and economy 1o the final
Pridoct.

In 1he light of above problem Asation ol fyash
A3 a consinctiongl matedal can be thoughl o, As
much as 13 mikah tonnes of Nyash B belng produced
as 8 wash from tharmal pewar plants Ikmoughout 1he

cowwtry  which in cwrarlad 4o rion EPTLL RXT; QO

Y TR
i U

Creace. . rutnbar o such panis. -Osposal- ol this

fiyash posa a senews problem 10 the pPower psnl

- alrherity. The cosl ol power produced b increased

’

bercause of 1&g area required ko disposal and han-
dimg ot B gquantity o Nyash,

The pager discirssas llzasibllily of wlilising Ivash
W maes procuction of masonry blacks and panmal
walls. Yhe Iy-ach dtillzation can lead W e baneid
lke,

+  CeAvirsion of wasle wis weglh

¢ eCONNising on frpahdiure for deposat

1 increasing avalabilily ol much noaded
' canstrsorkl maieriai

rachIchan in air, l2nd and walsr palien.
Ehe pxperimantal resulls Tar the basic propeties

such a5 compressie sirabgth Bnd workabily for he
trial mixas are reported.

Feptacoment of Cement by Flyash:
The addition of myash in the  Wwm of

replacerment of ciman, provides reduclion in cost of
corciele, an the other hard it is lounf thia tha yazh

parich bein) Sphetic 2l Morois warkahibily ¢ onnskd.
eable extenl. The Meralure review also refloos that

.the silca comtert of Pyash, combines with free kme

and  ather cakarious oempounds it cemenl which
giva rise 1o increaee In iader age COMmpresshng srangth
of comceete. Flyash (Buks denshy: 800 - 650 kgm?)
being Rghler (kan camert, reduews To oome avle tha
dencity of mzuling concrie.  The [Heakirg revies
alzo FeMacis thal Ihe addibon o ityash reduces the per.
meabilty of concrala ko some gadan.

Al above angurkttds adwerale tha bameticial
uee g Mash In production of concrete MEsSHArY
blocks and panne| walls.

Experimantal Prograpne :

In order ba measuid the basic properties of
Hyash concrala, ti mimes with varyirg Ilyash comend
[0y PEGErSugE] Werd pNEKINed. FIoporians will (hrea
differemt-yWiG- ratid ‘andd“Soven dilerént Myash tonlerd
were ddopled e Shudy.

Maasurement of Workahlity ;

Tha compagtion lactor 1est 1 5. : TAZH1G7 )
which iz more sensitive 1o small vaiation in workabiliny
1% adopled bor Mmedsurament of workability of concrele.
Tha resuls cblained e reponed in Tabi: 1.

Oxtarmination ol Compeegsive Sirength :

15 om cubc specanan were prepared Fae all ricd
Miaks and lested by compressae Srangh {5, 1 51 At
allar ouding posied of 28, 58, £4 and 112 days b study
the devchopmanl of stiengrh with x| o flyash
concxcle. Tha resuMs oltained v labulsted W0
Tabde 2.

DHsCUSHON:

The eetulls of compaclion ISCWr besl
workabily reflects that mkdiion of tyash mcreases the
wirhabidy of conciete mix. M is possitde ke mduce the
Wil: rafic of the i by adding Byash 1 obiain same
wikabilly levit. The redeclion in Wi rafio, & um,
ineases the compiessive  siengin, which can

A K Desai i Laiwrer, 5 N Doal 5 Assistart Protwesor and Dr M [ Dosa & Proieser Appbod Mechoree: Departmant ¥ Pegioral

College of Enginocuisg nd Todh . Fuwrl RSOGO
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Tatie - $ : Varallon of workabilty of concrede dor diiteremt WiC and porcenlage of Tlyash.

% ol liyash .
Gr. Proportion of WG as raplacaement : Compaclion Radar
MO CANGTEte mix. ol camant by megaurgment
waight
1. 1:8:4 052 2 0 A5
10 {.850
20 81l
30 Do .22
-8 - | 056 ] 0.4
10 0.923
20 0437
an : £ 2144
3 1:2: 4 Q6D 1] 09
1a . £.954
0 0.946
30 T 0850
4
Tatk - 2 © Varizlion of Compressive Sirength wiih ityash conlenl, Proporiion of Conereta mix: 1:2 ;4
(by wegrd} .
Ex. WG Ralia . : Compressve Srength of 1% cm concrata
M. Fhyash Cobes Ky f £me
e
28 days 54 days Bd days 112 day
{13 {2 13 4 (5 L k4]
1. n.52 q 2800 2874 ag29 F0E.5
G 254 1 b Zo4@ 267
I 251 8 2R9.2 a08 9 3206
5 1945 2.7 2553 2E7.0
20 1511 1085 235.5 2041
25 121t eosF . 2MEEH 284,44
0 166 66 1874 rer R 255
2. 0 56 o 2489 585 00 2%a3 o
g 1978 #1564 Lol =
1} T 1ERD 1889 198.0 -
15 1481 1841 2002 "
20 144 4 L I I - =
g5 151.5 W11 4 B4 -
a 1465 1578 ! 1741
3 .60 1 L s £ -
L 52 X126 = =
1] 1451 1722 = =
15 139.3 1563 -
20 811 2, = =
o5 844 D = =
3 B0 g7 ’ - -
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compansate lor e lkoes o comprassia sirength
becawse of parial replacemen] of cement by Iyash
Thiz can be verifled by refeming FTabis 1 & 2.

Il i= apparemt from Table 2. thal concreld mix
with popoition 1:2:4, W o 0.52 and lhyash cone
ol ot 2% o % can salisfy Ul MEnEmum re-
quirsmant of b4 15 concmsle mbc Sa fhis N replace-
menl of camenl @n very well Economis the oSt of
malerial. R can 20 ba seen L e ong Leem
rength Le. afer B4 daye & squivalent W 28 days
sirenglh of tedinary concralg. S0 Gl el const -
bon period the Hyash wil g@n e Compretsing
Hengih

Aeferances |

1, Feahl & 3 and Garg 5 K "Proportigning concrelz
M conlaining Flyash®. The sk of
Engioeers (knike) 156465, .

2 Farwal W G and Aogorasml K A -Leikralion ol

Recycling of Byproducts Fly ash - Slag Iron dust

Frorn the abova diarsaion loliwing comke-
s can be drawn - : ’

T} Hapboamatt of camert by Ilyash in caesete iz
taashie and R s possiGle 10 reduce tha comend
consumplion ke 2w aronoimy.

2)  Replacement, as high as J0% fiyasn ks feashie;

and provick minkmum Hagic poperty, al ow oo
ol concrete,

3}  Flyash ulilgaton in produdion of bocks and
panngd walls an =ake e peobdam of Nyash
spoaal 10 $ome voctenl

fiyash and Blad fumace Sleg n Cemenl modas
and concrele®, I, 1967, Nowember.

3. Phiip L. Owmres, "Flyash and i usega in
Concrete®, Concrete Jooms, 1979 July.
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!
firchnmarewr, Froataeent aned Lirdenrinn of Conl Kliring Wistes, ediled Iy AK B Brinluns
Eleevier Seience Prddeitiers 16V, Anesienlon, LT — Printed o The Nellwriuncds

LHUFILDING MATHERIATS FIoH JIHOUSTHIAL WASTE OF {0AT. [INSED FOWER MANT

O Besel Baesl D, 1 el Mo fwijiwata o.e., 1

[L} Prodeessor, Deparlment of appived Mchanics, S.7. legional Qollege of
Eregirewr Eng B Toclwerlogy, Suaratb 335 UYL, Siale Gujacat, Ledla

[7]1  “Sevpinn Lawtuoor, [egarkaent of hpplicd Hecluni-:s. L.¥. Regional College - -
al Eregueses by & Technology, Surat 195 007, Stave Gujarat, iedia,

t. meed for doming :

Providing housing iz ofe of the basic prevonlivwe mwsurcs against diseose
death, sorial wwest wwl =xial wpheaval becowese thoe house and its reighleur-
Bocrd neaald bbe character of the people.  From the reports of Makighal
Buildings hganisalion; it 1s estlmsted Hal the By shortage in 1990 will
be 323 million in rural aceas, ‘ol 6.9 willism im uchan areas in 1ndia.

The averaye limbast of p::l;-'mmi prs el ling was 4.67 [or oie coom, 2.04 for two
toowms, - Percentage distribution of census houses by predonibianl medeciala of
wad Ll el rowf in nural areas is 29 weder {Sursey by MO, Tidial = I1.8% houdte
tasvViE GLGSS, IvGves, IWIEARD TOedW (WWSE [FY0 TR p WAL L DA UKD LG 30.1%
hawe burit Leicka, slone walis, 50.4% hawe o kel oF goass, leaves, thatch,
49,68 have voof tiles, shigles, AC. shoots, R.C.C. ele.

it Liclia 40% of the P:'lli.atim livwe in a oe room howce, JB.6% Jive in a
twa room bouss, 14.1% i a theee room Lhobes, T.A% Dn & (qlr pocsn b and

9.5 'ln a {lve or more 1oom bouse, in rural areas.

Thir rellecls very ovident by, thak there 13 8 agualye s]iﬁrl.m;e = §
housing in developirg corleics aed coscaceh bowacds Qusyer baibiing
congrents should be acceleratberd rapidly.

2. Muibding Mairriols

" while Foviewing bouslng projectls, the major component [34%) of Tailding
maleriats is in Lhe [ores of building brickefblockefcellular blocke etoc. 'the
barnt. clay bricks wel s deied beicks/blocks 1ald db madf lime norcar wil] be ,
" the goneral ised oonsbouction practice all ovar the :;u.mtr_f. For such types of, | e
construction and wanafscture of burat clay bricks mainly depends on the '
avai laillly of quod suil. The soils of India are breedly classified '9) as
albuvlal, Lableoil joc mripn, tosorl gigwesils, black cotton w0l and red mrum,
e expansive black colbgn =0l | eodvey s JOHODS ki avea of lodian pendnaula.
Alluvial silt ard [ine saiel ds powy cobesforesdi lal av; wesuilable [or moulding
standird brichs/nlocks. Twse bricks ok distorticn o shge, lod cmpreaslve
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Ettength, hlgh appacent pocoudity hoaey ef [ lovesoence, lacgs Lreakage whinle o
bransitc (12 to 158} (Takrle-1p (111,

Tablc:l
i Jesnlbs of dckckd of SOkl Gujafal Hegien
jicicks €zcm different munfaclovers weos odcked A Lo 1]
3 _ M .
Hark AN RBuBCarg: Water EiERar— Ditemysicoenal
oo Samp les Compress Eve Slerdpiion wscree to e arres
Sampia Tes Led Errength within
[ SO T % limits
A 18 1.10 26,4 Very High Ho
B iy 1.4 1,76 Hlgh HOo
- 20 . 2.4 . .17 - Mery High M
1] 10 L.dl 14.99 Modacabe H3
E 0 .52 22.97 " Righ ]
F 2 - R Y £ 20_49 High B
G i} b.12 19, Th. Hexhe aLe (%]
H 20 : 4.21 .. 3L vary gl ¥

The resuils evenlually cof hecled that moast of the bricks ave Rol wirhin
bl specified limits ol tndian Staelard Code of Practice 1107 /-1976) . i,
pomprassive slrength is 3.5 MA/N.EQ. A waler ahserptbon is less thane 0%,

[Fal

T range of markel cost warics LEdGn 5007 1o SO0 Hs 2% 12 eley peentn S AL
bricks. The price inflalion 15 bocase bthe suitable soil ls o be wrgaladl »
soil strata. CHwere will ba g huge 1oss of egriculturcal larnd which Canctn D
Loqueerated, © Hngn 4 phwse bos czawy (o the seooch of kbl il ive paw

! materials which Dan ceplece a long timely raes matecial pamely sodl hass.

Lrafler removing Hw: Lop laysr of cipasive.... i

J. Rewer How Hatarials

hibermabive raw matorkald tbat have Loun ased kb experinemta] studies
are lime, Elyash, gmpsun, silpwrc, “Kiln .;:m. cimwder, crushed stoae, sutkio,
ete., Duckng the -last fow decages, & prominent clisap T material as
Indusirial efflm:-.u-l; s - fl]ra:s-h.. o

Fiyash is & finely divided vesidue Fesulting Fron the oombuslion of
qrowanded OF powdered b Lok nous waal or sub-bllwoinoes cal {Yignite),  LE iw
erivactod by pclone E;'_'[-h'_l.l.'..]tif.'lﬂ or olectroslatic prrecipitil . hl IJI..L*:'A.*JH.'

40 thermal power plas in Dredia are viclding 9.2 mllion Laues ol flywad

. ayear. & thermal et plant of 250 M4, 13320 Kcal/kg having an ash conkenl

" of 19%, the quantily of coul Fequired will be 240 toruesfhour with saximen
racirg. The medunleal @alleclor bavim 80 cfElciensy Will culiect BA rowwesf
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Four Elypashe i lappers, wherr checvronlatin precipitabur having 95t gfEiciemy
WL 11 evelBent (b Arapussiflomig ol A Lyl Ll foim o 2% bRd vkpama] peaecr plant
wibly anp el 1owd Cocior of 30% 4GUOD JouesSpeart, tho 4 lyash outpall Wikl b
400000 LonnesSanmom.  [L Ds Laen rpr ke ril Weal P 15 {1 poawrst) b bocn
raenk Eium dompiregfd ispes i of one bureee ol Flpasl, Dok i aoapines o laoge

guatttwa ol afeicnllucal lakl avel Al ptutalons o1 allin ion are unimag eIy -

i, Lindiam Tlpasler

Wil oompad g Lodlan Flyaste:s with bl 'fl:,ra:,-tu:ﬂ of diflerenl coantries
it [wa been tevealol LAt Peadban flyo=les ace ticher o 2ilica, aluina
miilonts bl paossarsiaes Lo aueit s, ol Cerrie, sulpfuat bo gnbyeds ides,
yrabte-2y . W

Taule 2!

Variatiw in chonlcal compposition of 1radian Flyasho:s

Chemioal Contonk % Corkeaild D age sLandlazd
Coey Libuant Max innal Minimuni L dayiatlon
Loss wi Egnikion 16,60 .30 5., 96 4.68
zigr b, 74 3.5 - 5%, 34 .76
M110a - .47 LR. 3L 13, 42 101

b 2t 21.494 LA %.19 5.6%
£l 10. R L 1,22 2.55
T 5,25 a0 2.11 I.46
Sl -m Tracus v . 0.75

Mincgal mn[miLim”” ol £ lyash wge ies with fineness, minccal matter,
comust Lo qt.aréz of cual.  "he major mlneral foims in the Indlon coaks are
hydrabed =iticate (kaolinilel, carbonate koalcite), sulphate {pyriles)  plarkz,
Eepbnpr ek, The apcible curfare of Irdian [lyastes ushmg Blaime's air
porneability epparalis Iares bolwcen 21U4 b G042 omosgfom, § is greatly
affecked by unburnt carixai oombent, puwlicle shape, particiv gize arxl sp.
gravity of [lyash. Tha pozzalanie activity ot flyash can bw estimated by 1im= "
" posctivity tests el Lo Indian fiyasl, Hie strength is always goeater Ehan

4 Himn s & M?[,;,.U

Anerperineislal 5't-|_|.;j:l-1.1'“ was condueled by Departnml of Nyeelied
poctunics, S.W. Peaional College of tgimering & Theechuwa LTy . Surat-395047 [or
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tie marmuEocture of | ini—gyypmstin - Elyash bricksf/blocks [or Dkai Toeons] b
Ulant. {Table -7) '

Talle= 3z
LA i Armee]l Paenn Plant — Flyash
Clpsnical Congsasikioon
A . A
Coul.enl ’ i
Clerin nl Iymikion R P
filica . S, 07
Abuaiig 2H_12
e cie (Boicks ) S LY |
Caloivun D ity _ -1.45
Hevgewe i i (e ida . L1 I
Sulptwrle Ankydr ide .45
HaxD + Kzl ) 0.3l
Phwysical Poopertios:- :
Property
Colour ik ish gooy wllh
r sligme black tiregoe
Flimzas [Blaine's Melhed) - ' KT o
Limea berpcbivily : 4.2 HSmm. . '
Loyarry Shr Lrdagqe .07 %
Spr- Oravily - .M
oy Ualk Deesity . B Uk e
5. Yl bgiry Elowenks Fron Elyash

fowergl bioders wopre esperimenled Fron blne Lo time by sescarckers, liks
lunz, gypswn, conenl and polyoers e,

il Br ik oy

Gacrdin, M, by (L9 mads hwicks with S-20% Dinae 2icd 953,B04 ofF Flyash

plus vhidder aoh, atel otilained a 6 day strength as b6 to 4.3 Niwn,sgo, havim
a watar absorption cf 19 Lo 3. :

[LIE ] H.u._“' (L90d] mont ivnesd Ehat LOR Jime plos 10% faed plus BB
[lyasly wilbh 0.2% accelerator, peoessol of 19.75 HfmoLsg., brwks were oo losd
arel sbiden cUPid, sectimg tho oode copiiboensits. The cosking sakod ool Lo L .

[ G TOUD DTickn sl Wheey” ares opgwodsd by Wost Dermg P lum b Nonla skt
LarmerimienkE . ' ’

teyveli Lignlve corporation, Tamil Mady prepared bticks [aize 1J3 x 113
x Vomm] wwh Blecks Isize 330 x LY & 190w with (1pach-lima-qypsun
propertion g ars 92-iy-341 welumeerically. it canpressive sCoergtln will b
1.5 BSm g, willt Jb chuyst wet and 28 days hiv euring ard the oosL price will
Lor B PO0S1U0U Dricks. Dy lesd buile thels complote toaship Wil bhaer
blocks as webl as Floo bog il dbvsaryed sal isfactory petformance simo: a
dacinle, ' '
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Jo7 Swate MpTade Ag Baramd

“Eymae [ JI6] BUITIND Seaem UMl BUT Wead 1
ﬂ._...u_.n.h ru,._u._..___.. oIoe SacLFLR{OR [NEITRMLTE 2R 9 PUT L Yo CIE 194 Fdesrg  sE1Dy

O (- AnERE B"E TI'EL b A} By, 1 4 £ |
1A Aneag i°F B3 E "t 16 L g L

Lt | demon ¥ R A7 1576 5 5T B ¥ % 5
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Hrirt- vy BSRISEIO] I35 InTeERsdas] | JueTeddy Y- L} ANTeA A uoTizodsidy a5

AButhors have summacizexit ') a sorics ot experimental werk in Table—d
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5.2 F Lot ineg. Paoling Tidim

huthwirs bave cepreled uk [Inum'jlrnfmufing Liles are prepared with
volamekric proportion as b orok: Lzl of f.ElTEﬂt; Pime: Elypash: Fine sand amwd
cbtained Fleamal ol of i 48t 4, The bples were progsed and waver cunel
[or 3 wasks and air ouring for @ wecks., The vosk of Such wil will le 155 Rs/f

brass. An aocelerator was wied fur quick o iding process.
"

L
5.3 Moctars/FLoishi g Fane | g

Buthors have essuled weclars! panelling work of projpuctionimg 1:8 to
1:18 a5 gzent, flyesh weluretrically vhbch shemesd siguificent by woll

'L chiy gl TN Mt

s an appopriabe technology to moral regions, authors bave produced
blocka with unskil ke labour and ipdigencous technalogy. For mass peochicbion
of sudL Elyash blocks, adapt ity eithor CINVA-RAM block pross or ELSOn's Wi
cut block makiipg machine Tiawihg & uajnciw of MOl blocks faor Jday.

G. Coy i s 141

Ytilization of [lyash i bailding Gmeonomais is an activicy of palluthon
crutlral ad prekbocing cheapddutabile cloments. A Kiln pooness lwnd for
production af Lavnk clay bricksl is toLaily elimipaved ad Uw Ilyash sLoacoyee
are very Might weight. Use of [lyash and gypsum, Loth bye=prohicrs whose
prices ore going b conain unchareod o a [ youare into the [ulwre shoatld b2
acoepted u [asis naterials for wiwn/rural sl Lingga on o self |l keeiss.
ConsLruction anongst the binders, L imer Peds IONQOT ULy Gk wwlens (Fi
cearcl is Eor cheap accelerabar Lo gain quickes borul.

Sense of Thaks

Autlora are indchiled to authorilies of oolluege For providing L
Facilities of thr laboratory sclug and studenls W were assoclated wikh Ehis

projucts for a peticd ut’_ a decade., - . ;
. . \. L] ) i
"pilliog :ﬂ.l‘ﬂ"
1l fuse, M., “Utdbization b fedr Erom [hermal Foecr LSlarson”, Jour. wl -
then sk, of Pnainesrs 1Gen. E. frhir.] oo, JOEA. -
# hithoranjan, He Jounakristwe, Y5, and Garsshuan 5., "h e Prochetlan
et logy for WanuEaciure of Collular Coawcrute™ lodian Coikrete Journal
ock. 19E7. . .
1) Chitharanjan: ., = papresgut Line—Flyash-Grp=i Bluks®, Liwlian Coecrcle
JewaTiald, June L9A3. . _
4]  Ppwai, ¥.0., "Flyash as Bullding Haterial*, A Technical Report st £ bed
) ©o Fural Tech, Institute, Atwedihad on Flyashes in Gujarat, April 19T,
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Ept pesai, M.0., “Geatechmical hspects of przvdoal Sopils of India™, Proc.

OF 15515 ComeitLer ca sampling anel besking ol Besidaal Soils, San
Fransicor, WA, #arch 198%,

) Gavdin, M. Prasad, K-E.. abwd Clelior jivs, fail. , "Manilacture of
pai ki Dricks wikh Flyash”, Erdian Cobcrers Maaedl, May-juse 1378,

71 Cxexlian, [od., Pamsa, E.G.o ol al "bow Jost llous iy yechnology— An Lasl=
Wenl Permect (v Proy.mon Press, 197

Bl I3: BA91-1972, “Motbeels of Sanplisg Flyash®.

9p  TR: 3812-1941, “Specifloalion [oo Fiyash [ox use as fozzelana and .
bl gbuce:”,

Yy Pltre, 5.6, Gatrae Y5, and kukeo s, C.l., “lnvestbgations o Motors i
Llper amd obher Waste Materials®, chwt, of Inst. «f Cbgineers, fChwil Evnd.
[lw), March 1968%.

L1y Bailiwala, L., ad Desal, M-B.. "o ayonconomiy Feasibliity of Dricka
ek [eom Lnchusbrial Wosbe of a 1wsomal Power Planl™ Haticnal Seminar on
lu=irg Eog (he Mural poor in imdea, iniver 51y of hnnamalal, TamiI-Hadu,
Jdune 155, : L:

121 Maijiwals, DB, andd De=ai, M.D-. reriteria for Seisuic Design of Adohe
Low Crd. Bousing™ Rlh Syspazsim on EBarthequake Fagloeering, Rxrkes,
ks 158G

11 hehed, 5.5., "Boilding Matecials from Indian Flyashes®, Contral Building
feziarch Instikole, Roookes, tebruary 19891,

14] Shascri, Y.R- "Feasibility of Mrick manut acLurirk Eviae Bkai Flyash®, M.E.
(Strucl.] Thesis ak South Gujarat Iyiwersity 19714

151 Metma, Cule e lehed, Sok . and foben Gai. ™Fchuooecoromic: leasibi Hily atady
for mamilasiuring of Line-Flyashe cellular Concrete Blockss [rudlan
Concimle Journal., Haoeds LD,
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Aoclamation, Trehien ang UTilizalion of Caal by Waeshes, Maotiow (oo, O 1530 Hadama, Botortidt. S0 50 Gigh IS

Development of flyash composiles for buildin pclements

. Dhesai Maliesh

Apyiticd Mechenics feprar finent af S¥R Cerlipur, Stivar, frrelic

J: M:Patel
Hrerach

R.C.EG Merma
SYRCET

ABSTRACT :: Indla ' B ma lor '2ource for: Domar 3upply 1a‘tharmal pawsr pglenty which hea
nroduced iml | 1lons 'of 'tonnes gf-kshland by 1980, the anmual production might reach 12
wmbilban tonnms par year. Tha disposal without pol Witlan of ;land and ‘slr la erlillcal
prablam. : : '

Tha need for housing 'm Indla 13 enormous. This wou!d ksan demand Tar buliding--
matar |3l= [ Ikp bricks, blocks, pansl walje'etc has. bpen Eummarisad. Thasxtsnslon
work waa garrlad aut to svolva & polymot Liyash compas | ta (FFC) which-can te Gzed - -
farrcapt bhg bullging oledants and sanlbary f1ktIngs [aubpt Wl bng Chimawadrasl. Tha
Ilteraturd g reviewsd. “Flyash |a ugag aa f111ar-phasa ot componlta.. - Tha matrix
matarisl 'tharooplastic polyastar {a produet of poliocham|cal bndustrime, now growing
gl In'indialmar salaciad g3 Ft-hed -crowe [Inka belwsen lamg chaln malaculep. A3
thaoratical -approach <18 yab to-be avolyad, Lhe trimk mix smair &8 APEToosh wWaa
adopted zand gpoaclmahx Wars CcamTes WILA GIFIQroni wepe & e Hef B BT :
amtlantes al-onglnear Ing orapsrtley, . Lsophthalic grads paiywator rasin madg lacall
with melhsdo— athy | ketone as catalyat, gohalt maphifonals E3Mdl lon sy accaleralor
and mLyravs-28 sgnomal RAR boon anlectsd tor miudy. S|

The composlte FFC' yoad imane worg. casied for Lhe Tour daiffsrsnt proporLlohy of
Angradiant:and Lha. specmony hive Dean tgalsd for comprasgive, spllt tanslle,
fleaural, hardness and. durablbily. Jesls.

The .nrapart lss of composkiea are compared wilh Indhan tode ragulrpmsnta Tor T poar,
matarialg, slrustural. coomonsnte, Tepolia joba, ganitary aquipaents and plpss. -

The -work hamigatabllansn the toechnical Teaziblilty of PFC a3 & albermaliva
mator{al far houslng.-Economlca will changs from time 1o bles snd placa lo.place. -

" 1 PRESEMT SCRNE

India, & East developing ocountry, has 63 " browght aut need for Elrding alternati
WEjar Enermal . powec gkations bo ganecats systems.  The use of ash must be sxch i
T4 x 107 MR [1962] electrinlby. The nesd  inskead of speryding millions Yh-partia!
for- paer -15- Capidly -[roEeasing and present Alepoeal, bt must creats prodocts whict
protuction.gf. 13 mLlliom tang of flyash is- gould geferate wzaleh. [8] .
expected korreach: 33 millics kons. This, T
Fine dugt.produced s 2 Maste Greating lang
-apxl -alc-pol lution. - L :
Mosh it the.pases  packial dispogal ta - . s ;
Laguans and keaping it wetiis eatimated to  Tirere are bwo majol waste products: s
roak: s, 300 milisn every Year ak- hlerent. rnal llgnite (Heyvell) in India. The

2. WASTE; MATERLAL:

cate-of H5.4/=per Wiy, powver peoluced. L2) .15 collechel and dlspoeed of In most ©
e aacicultucal . lande irad to.gutp ash, plante by wet poomeds. Doy process is
citipated ot 3.16..10.0 hectapes/1 W/  The bottom ash and ash from precipitat
year, is- 2¥107 hectaces/yoor..; The gobluticn ate miwed with water to form & BlUCTY
coneciouaness, enloroawcnt of ack; " ig pumped Do Lagoons. )

inflathon in oconome and ron avallability The pah cullected from electes statl
of woste land for disposal of ash has . .precipltatocs is Finer than bottom ank
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AR AmuanelaT, i LT T e s R B D -

gt lepet collects|muaraer Eractivnwlen’ oost of romdering is alsa high.
1igher rarbon content. . The finencss of ash Thus indualsy was Eoroed Do soacch
e succeoiling sbiys b5 Drsreaalieg wkthe oftecmativos, e pooueinl production of 20

satlotr content chelooasing.  Twr lagoon mbilion tores of ash is
zample of ash js 3 mixtwee ot all ashas, - shartage of brlcks. CLF
sedimenteod bn loreqular skratifbcakinons. by Central Fuel Heseoo
Iyt natocial is Cioe araleexd oon praslic ardd Heyweli plank have POOOWDCN DCICES AT 1
:nil For all practical pugposes. marketabbe rates of JOO0/= Ag., 2007- B, pac

L0OUgZ . Thos: blocks do oob hewve most of
b disadvarkasges of bricks ciked saclice.

3 PHIES LT sl CEWMAACTERLSLLCS Heyvirl b project has suoceeded in puoducing

) . jnsulation brecks for intoceeuliate limdog

M camples frow bagooas okl dilfacent using Elyasn lime and foaming agonk

skakions exhibj b wery wide yanjye of (Allumirniuwn powder) whilch can shaod 300°C.
properties hut bnoall Hre ¢ases of majob The twst is halE of omventional alternatives.
plants theo ash confirms to IS A2 [Al Theugh uses in =inall quantities of Elra=h

The maint fractioo passiog is 4% micron are reportod in canal liokngs, dams celliular
wi bR P20 f reta i cons S inieren slewa, t:lty - oonorete, light woiyht aggregates. E.C.C
s ibulk Idens) by iofvi. Zabfm? epecific ! o Still peroentage ykilisation iz insigniflcant.
wravity 1115, fLime reactiviky 42 kgiud - e (B i f - - -
fury ash Eran height sheea 60 kofoud b ard

0Tdays drykg sheinkage 0,07k #i07 wrorme o o 0
I Yemnictally- sl ene Ladioe "Erom leqnite -hasic S THE O ECOHONY D!
5107 45400760 P AL 0, < F10=20%, Fe, 0 47kt 1 v 0 T '

G377 LOTri0 eodl5% and Emall’ percentage - tliousing sector-in India has vask potential

oF Caleiom, Magrwsclan,slkal les, apd’ 1 i° ¢ for growth. (1] The demand is ever increasing
sulphates. «Tee glass’ content of "ladian 1-~and hence cowsk escalation iz logical
Elya.shﬂi:i'-'tel_.urtéd'im'-be'-:-1111,-‘.?D'tﬂ % as~ i comseMCreT. © The torgets for lod law oosh
cgalnet RO b eahes’ Eoda FSAand! France, . 5*' rucal and wgban heusing sooid b2 aktakid
Tomce: legser ronchbvley 'is’mspectad, “1abi'is by flysan bricks awi blocks. I conkimiatlon

litgagl mhonr anl@iag S0r2ts Jjadrnaee of work {Uesal 1981-671 furbher work on
R EHEERG e reThE stk B Smen B A sHeers ey e A et Srhbaph e Lo inhe s
4 RULE NSRS | ' et Lt Te e phowit b (TARIE @ 3 photo plate shows +
FA R adan Ll sy s b el il and bl low flyash hlocks.
Hesai M. 013 b reviewed the extensive %7 "Tha wie of total { lyach will prowics
work dope stocklng with Canac ("74], ke * pawings of Rs-300 millicns o disposnl cost

conLributinns’ of Gardle M0, (BP 7RIV 1 777 ond Save angther Is. 300 injlilon or soTe by
shagtrid V.. (8], H.B.0.'('85] 1" Rerenkly i =} citbing down cost of byicks from Re.700 Go
central fuel reseanch institute (*86]) Tl inpg 450, ek least, per 1000 bricka. Teese
Sharma 02 L. (6] 7> Alluwalia 8.C. (1) and 77 ' Elyash hollow behcks with 1 moisture
Sintes B.P. (T have evaloatad bulk gse of absorbtien and betker Finish. now desioned,
ady Lor mockikl bousing elements. . can save o plaster as well.  Booeilcs, at
wiyr unea oover bechnaloay For prodoecing coet of 11ving today. gy jusiEy brick plank
hricks, hlocks, S=11— =l rreF it S ar a tart of thermal power peojecks -

rﬁlmm ti:j.E'E_r.
eglocement oE famenc 10 rmas nia imioeoras
rfq;ﬂp'han}umts- higimeais and, 3.7 The 6 ECLYHER—FLYAS] CHEUS1TE
i ndustry. has YeE o avertome’ipartlalta UV S T T
"adept e techpological optjons. ¢ N mechnical ly applications of ceramics ahd

The miln thrust has been b develop brigks—polymecs almost wnfnoun untll LSOGADY, hava
placks with corent [S-10%) or lima {10=128)7 lincreased several folds. The atwEament
or cement al lime as tinder, with .23 F Y pelymer bechrology i3 tremendeun. The
accelerabor.  The biocks ‘ace alr dried By | few polyms are suitanle bo form compasite =
;2 ra.apd then elther, cuged under waker for “matoclale.  The £liash waste mateclal is . :
L ey

Eoam, cuced, for, 5 hes. - ZF Lapedied ps Elller phase of a womposite. T
- 2The main, Jp=LiEicatish £or’the developrent develop compatible phase wlkh Elyash khe
-is estimted. shortage of 23,00 million _ * ‘pbrix makcgtal ‘must have link between
“bricks.es per. tie Findings of ‘All - tndia’ =% *"vong chait molecules ol eposyy polyesier.

' Be ks F.1.1.5_1.;-_-1 Fodaratioh. The prescrt iThese two are solécted undct availabllity
market prives [or_ bricks are Ks.700/- per’ " and curing at room temporsture.
_!t]_-u._:ﬁaﬂ,in,-:mj,'. o, wban ‘growth coptres. )

T Pt shape, | 15% breskagee, high watar :

‘absarltion ore added difedvantages. ~The
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TAHLE @ 1
.T::a_i.l mires by '.ienth-_.
Gomposite Bimsar Sysbum  Monomec by we | Filler Systems by wil  Bindes
: “*-"‘-’""-IHEEJ'TnI .: - nal I:El.n - F.A. sand,marble,grit  filier =
: ! _.._...\_._,_.._,.,__.,_._._--.-..,-...._..-\_T-_-_-
G L 1 - 4 - - 1:4
2 1 .25 s - - 1.4.8
e I L 0.4 ' 5 5 S 1.7.13
BT e] M : . .
i3 P A | .25 - 2.5 3 1.5 1.7.2

I_BINDED _bHASE

Thez ﬂll:-nmsettlrlq plastic [r:ulmter B polyester resing bo foom e bolldieg

S erry Wmatorabed cesins) which looses matecial. Use of aorl-concrets (MAN [oc

. baverahbl iy bo soFben cn pehesablrer, . kexlabome, Sanatory arbiclas, staircases
ieoth=elmis reszin has lesan begted. elc. has been disoussed by Hoblischeck {'70).

: \ Browne R0, ph..al {'795) baee browght out

eyl sl ot ~ a8 advanbage=: atad Aleaxlvankages of PC [or
B FILLER9"! oo bullding irndustry. Magaraj ["67] uvsed

SRS L | et sugar indushkt i&s wacke [WTurol Bostone
The Lllisra ocald ke Librea, lamdnates or . - wooomers. For [,

poder,.  Cbhe use of Quarkz, Chalk, Rarites,
Sawalngt hawe Dean repocbed Lo obtain heak

and acid esistant poodees, plasticizets, 13 POLYHER FLAASEH COMPCS1TE

fy=s, Jubglrants, catalyeera are ino 8
 with Eiller (cament Messarch lnstiktute of Iha size, shopo and parbicle Size

Endia, Mew Delhi {158B] §. Use of polyesber distcibutlon moechanical interaction sith

resin with Benzol perodide catalysk wwl mabt fx. The sarface area, wetbing, |
styrone.af ool agemik Bas b o . odimtribarion of. aggregates effect adiebot
suxli=d. The properiies achiewed are batwean two phasos.  Yolume charefes on

stremgth, deneity, corroeion and alkaly turing indcres branshenk lhkernal stresses J

recigkanee, poor heat condoctivity. - at particle inbecfate. . |
. o, o “Ihe varisles for 11ller phase are i

: : : CfeEs e WL S wnd flyash.  The binding is atbainod !
. 9 LITERATURT, STUHRY by resin system which is fluid wvaEweh LoE I
_ penatration and which polywersies wlikhout |

Thws prlynesy q::mpcsihe have heen developed . 'heat or pressure. Unsaterdbed goljyeater !

tn overoome deficiency of boncrete in © 0 [leothalris rosint poovided principais
special applications. Lil:araf%um sucvey - mglectilad chain and styrens used provides
{3).. indicatos wogk drse oh polyser impreg= . crome Llink le. clgldity in three diseeicong.
nated qrocrete (PIC), polymer conorere (PC), For workability of few howrs -aoganic catalyst
Polymer cement concrete "(ECCH, wo Will E is added. The acceleratrora are uweed to

limit to o only. 0 reres inikiate polymansation. .

Fukacks L.E. et ak ("7} has used pclwlq:l: For experimontal. wock T=yphtlhelic -
{MMaa)- for high strength concrata. Valore! .. palyester pesin Glefstar India itd. havimg -

© RaCa "&Maus . {"73 seudied polyesbec follewhng propertiss were viecocity at :

bound aggregatsand cpoty homrl aggregate 25(C, polss, ep. gravity = 1.132, esbbing .
s¥shoms.  Compresslve stresgth of both . kime could be adjesbed by propmrbloning
dectanie Kapldly with ‘increalng temperatura. ' catalyst mix! acxeierstor [TALLE @ 2).
Eobayashl 1775 found sbrength docrcases Cast 'polyester laminates shows hardoeas
in.IC.i5 linear For baoeke of 20°=LQ0"C. . - M0 (Rockwell H Scalc), leat dlskoctioo

© TixAxs B ('"75) dlocasasd PO nalng symthetic MC, lmpack (J2od) D.54 omhg, 5p. beat -
pesins Eor skrwcbural elemenks., Klocker W .55 calll; , Im:nnal crmaartivitr 5 x 10
{'75] reporked aloab lighL walght PC using cal Sec
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Filler system is flyash Eoomm poed and dey
ool lectdan [rom hopper fcom kal powsr plant
and fine sopd fcoan sea ab Cwnas. The ash
hal pabtlole sige B.002 o B 0.075 o
whareas gamd had rarge O.06 to 3.2 non.
proyeich huaxd  acgRmtk 4TRIEE 1 3 by weight
ol remshn, oo localolr alel styeore eoce niimel
in a containoe- ' Filled nabntial aof
caloulabel proporticons is Ehen added wntil
EEil L oonalarey is attained. Catalysk =
then adaed. Afber thatolyh bletdbig aand
s xkhad geaxlually until the mixture
remainet workable and compakbiblo. This
blended [RC wan Used Lo cask specimens for
Elexne e
70 mm diameter and L4% mm ooyl Indecs shers
castod Tor spkike benslle strengbh.  The
opacLion was dome by roddiog.  Thee fest
results for Four trials ate shean in Table 3
and Toble 4.

10 APFLICATICR D PFS

© Mg por the coaposlbes parformance depsnds on

cwbacksrlskics and proportions of Eiflers
and binders ond adhesive forces birding the
He phaacu=i.  The BT ooald be designod to
chbain roguiged properkles for a prodock.

PPC could be wsed for flooc matesial,
soowcburnl comxnents, pepale of atroctures,
WY SOULAESIS DUpeS S L0 7t NAF v
gpecifications oF absorhbion, it -
strength arvl sulkabhlity agalnet chemdcal
akback could he met with by mix "PPC 4!
using marcle chips as aggrogabe wWlkh
modifications. o e alaas Lwe used for a
soamless Flemelieg.

The alructural componenkts mibjmted ko
high wear and tear; high boixhbey benaile and
compreaaive strosses and feslstopoe bo
weathering couwld be made From FEC whithout

{40:£15%200 &mp, ocompression |30x30mmok
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any meservation except oosting.  Fooduehs
Tike Wasibafing, bathe, kbbelwen plabEodrmoa,
stair casas, doors and window Eames,
architectural effects oould be well planmed
using 1.

The sewage ar industrizl waste drains,
Bamnatory wotrk ol plpg=s (EE E51=1%71] oouald
b fabig fuuakesd usligy FFC. Thesy will b= Ehin
in eection and light in weight. 1he sobecial
having also bottor txwed for stoesgbheudesy
old sorrete ghiociures.
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12 OXEASI0N

In akjition to inkyodocticn of Elyash as a.
bagic raw matecial Eor hollow of. selid
twildlg blocks o Lelcks, anple scope exists
In development of Polymec Flyash e rets
IP'F'C] oyl ke For wee dn I:lv.ril E‘:l;i.neeri_nq.

c msemod me b Baaadbd B —
iiw TaaL ¥o ThGEm may oo

prowe eronomlcal for each element ak poessdik
has signified poboobialiby bo mest

fhatlenginy sesiganents. The techoology is
based on-waske to wealth and can be -
sidered as a ootion avallable for exploltation.

TAELE = 4
Proparkics of PFC s e
Cranges b Strengtly {MG/0ond] Water - ) Acid - Mardness nik
SR Compressive | Teneile | Flexcal | absoc— | tessisha-| (Reckwell weighk
. Moo noeg ccale) Ko,/ m?
lesg
1Ly W,
Procl Tin G2i ETR 0.5 1.4 11 GO 16
BPEFPC2 © BB2 419 S50 0.10 1.0 H &5 15.2
prey . 652 265 3Ll 0.60 1.b HTS 1M
FFLC4 652 - L D.55 2.0 B B2 |
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TLIRD NCB 1IN ERNATIONAL SEMINAT ON CEMENT AND RTELDING MATERIALS £ gl
B e fu (R

Flyash Ferrocement Building Elements for
Low Cost Housing

J A Dasal, M I Desal

5V R Cdiege ﬂfﬂmgmeemg & Ie-chmi!ngu
Surot, fndia

5YMOFSIS

Flyash ferrocement beams and roofing shesis were devaloped
lw study the load-deflection characteristics and cosl. The eifect of
pararnetars ke, varjation in shape of the Cross  sed Lo, I'I'I-IF'I'EI'.'MI:I;' ol
wire mesh layers, use al skeletal steel and; suine  replacernent  of
cement by  flyash ‘were examumed 10 minimise the cest  without
affecting 1he strength and  durability. Eighi beams wl rhanmel and 1
sactions and twelve rooking, sheets of irough, corrugated and folded
plate shapes were “cast and lested in flexure under cne third peint
loading. Folded plate sheets and | beams exhibit more stiffress  for
same reinforccment, The nmber of wire mesh and skeletal steel has
shown the clicct only in cracked sitape, Use of flyash reduces the cost
by 20 percemt without affecling strength. The cost of the beam i5 HI¥
less than R.C. beams, maintaining strepgth cost ratie same, where at
the cost of sheet is 35% less and having the strenglh cost ratio double
than the A.JC. sheet. '
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// ’ INTRODUCTION

Housing shoriage in the world t» a well recognized” problem,
In India, by the year 2008, certain estirmates put this shortage ol
about LE. 3 millipn im rural areas and &0 million in urban areas - thus
at a total of abowr 2%.5 million [1], Developrmentl ol new materials of
construclion, low cost housing and acceleraled Conslouws tion melhods are
some of the different measiges Lhat tesearch workers ad engmeers
have been  attempting  Lowards :ﬁeting this  challenge,  Use ol
ferrorement  for housing  has  peceived ITl.IJ'i'I'I attention in developing
countries due to 1ts consbruclion being labour inlensive, and due 1o the

economy, strength, digability and lightweight characleristics.

The conventional asbestas and galvenised iron rooling sheets
are mecanomical io the poor as they are hawving high basic cost, high
maintenance cost  and reqguire stlf supports  and  cuesily  [astenings.
Sienilarly ronyentional ELF.; beams and columns nesd replacernent o
pptimise the cost where high strength is not the oriteria in a single
gtoreyed chalter, Many tlmes BC limieds alse bacome ooeconomical as
they nesd inere constrection period which may stop the progress of the
masonry work. All these gave adirection te authors te check  the
fmaxibility of ferroCement with respect te strengih and cost and to
.;tudy the application of flyash - the waste material of Lhermal power

planis.

REYE® OF FERBROUTEMENT BEAMY/LINTELS

Based on the experimental evident of fhe mack paltern,
methods were proposed for compuling cracking amd woltimate moment
flexur= for flat, ‘“trnugh_, chanel, | amd hollow box beams {2,351
Faropoament iy M|s?;dtred a5 a hybrid maierial belweeh tetnforced
concrete (material exhibiting cracking efc.) and steel lan elasto-plastic
hunrwigeneans material with large ductility and resilience). Addivon of
ateel fibres -in ferrocement imncreases Lhe strength andd energy absorpiion
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rapacity significanmly ) Brick infill i precast feocement mnvered
charnel exhibits befter resistance to crackng ard  deflection [6]. The
vost ol [errocement lintels IiﬂVing spars of 0 o L m s 12 to 23
percent  less  than R.C.  lintels of buth  chaorel  and  reclangular
sections (7).

BEEVIEW OF FERROCEMENT ROQFING ELEMENTS

Ferrocemeht is an excelient material, particularly for roofing,
harause of ils low cost, durability and weather resisfarke. EL Can span
long chstances  amd  eeduce the need for Costly ".'iupp-ﬂfl!-. [2]. Precast
corrugated roof  units reinlorced  with  local  libres  comparabls 10
ashestos cemant and galvanised iron  sheets hava beely developsd in
Auslralia, Widonesia, [srael, ltaly, Pery and Zimbabwe [9]. The sicength
of ferrocernant corrugaled shests  was found half  that of asbeilus
sheet, whereas strength 1o cost ratio was same 110}. Ferrocement
folded plale ¥ and trough Lype seclions are found econoemical having
thickness up e M mm and span up to 3 om (11). in Californaa,
Thailand and Baopladesh, the cannel »cciion hupdini M8 mm, lenplh
2.4% m, lhickness 13.5 mm and weighlt 399 M) was found wversatile and

econemical [17].

EXPERIMCNTAL PROGEAM

Flyash Ferrocement Beams

Total eight beams were Casl, out of which four of 1 section
and four of channel section. The Cross sertion detaii and pholugraph 1s
shown in Fig. | &nd Fhoto. | respectively. The reinforcement ConsIs LS
ot two ot three layers of hexagonal chicken wire mesh (0446 mm &,
12.5 mm ¢fc)] with or without skeletal steel wires (3.25 aun @1 The
remani-flyash-sand matrix ratio  was kept 1:0.75:3 by weight with a
water rcement catio 035, The beams werd tested in [lexure under

universal  (esting machime by applying on= third point  loadings. T
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fa— 75 .
. | (2% Lo —A— -
r Span =300
Length+ 2GD
Spanagog gth
WO Lengthi200  F. H
g L, .10 i
75 75
CHARNEL SECTION
[ | Tizs _
All dimenstons ore {n MM
te?2 1 1,75,] |

B 1-SECTION.

Fig. ! : Cross Sections of Flyash Ferrocerent Beawns

Photo. | z Flyash Ferrocement Beams after testing

deflection was.rneasured maximum up to 3 me at the mid span with
a dial gauge (0.01 mm) and then lhe beams were tested fot ultimate.

lead. . : 5
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Flyath Ferrocement Roufing Mwecis

Trough, rorugated and  Oolded plate  ype  $ecrtions  wers
smlecied for the iest. Toelal twelye shests wers Cast, four of =ach
shape, The vrosws sac o detail and phitograph is shown i g, 7 and

Phate. 2 respeciively. The remlercament comsisls of thres layers el

'_ SPAM = 2070
Lergth = 2450
ns

L Flon widthuZ20
TRI]I..IE_H T'!’PE{TH_}
15 Span = 1680
W@m Length = 2250
1,150,] 508 Flon widih=750
-
CORRUGATED TYPE (CRQ)

. . Span = 1980
Lersgity o 2250
A Plan width =51}
L 70 . 120 L 170 -

FOLDED PLATE TYPE [FOLG)

All dirrensions are in MM

Pig, 2 : Crass Sections ol Flyash Ferrovement Shests

Photp? ; Flyash Ferroremeni Shests (Categery  2)-Trough, Currugatsd,
Folded plate type.
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chicken mesh or two kyers of chicken mesh pius three wires {L23 mm
) or twae layers of chicken mesh plus mine wines (3,25 mm @# plus
three bars (6 mm @) In all exvept category 2, the cement flyash-sand
matrix ratio was kept 100733 by weight with water cement ratio 9.35,
in watepery 2, no flyash  was  used ke:hmg 1the  emend-sand  aecd
walel=rement ratio 132 apd 0080 respeeblively. The sheeti were tested

in fiexure under -specially made plattoim as shown in Photo. 3

Phato. 3 : Test sct up for Hoating Shests (Treugh type  sheel under
L=sting).

DISCUSSION OF TEST RESULTS
Flyash- Cement-Samd Matrix

A direct replacement of a part of cvement with flyash in
cement mortars adversely affects the strength and other propertics. To
=t ths eqhalh early strength, 19.) percent cement was replaced by
adding tlyash of abuut thres times the replaced cement by weight. The
compressive strangth el this flyash cement sand matrix was same that

of nmo flyash mortar, These detas are shown i Table 1.
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Table=-{
Mix proportion hy Wi, Quy.sd Materials  Comp. Sirength Saving
CementzFlyashzSand Regd. tar 1 rn]' z in
murtar [Mfenm ™) canmmt

Cerment Flyash %and 3 days 7 davs
(M) (M} (M}

e ooz 3 B2 H} ad 1200 .13 S.67 -

1 ¢ 5 3 Fnun 235 10EM Lo %4 12, 1%

Flyash Ferrocement Beams

[t has been obeeryved that ke tlexyral behavieur of thess
slamants are similar to that ol sweel, The peneral  shape of  the
logd=-deflection uryes are shown o Fig. 3. They could be ddealised by

3.3-1
= CHANNEL BEAMS /
. O=sr
=
?-2 -': 1
(=]
A R 3 ir 1- BEAMS 3
-l c-ﬁ [:I :zi R —
56 28t e ,
ito '

48

o
F 1 -
d'cu ) EDLE Lo 15‘“
2,24 f 4 = 16
1
2.4 ) L :
150 B
1.&
4

1 LI [ | (|

¥ 2 3 ] B 1 i 3 r.M 5
Mid span def lection-MK Mid span deflacilon

Fig. 31 : Load dellection curves for Beams (Elfect of variation 1n
reinforcemeant for same sec o)

"I D SRR T T TN TR I ﬂ_"'_!_""
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frilinmar cwrvesancracked stapes, cracked stage and wliunale stage, The
number of wite nwesh |ayer and  skeletal  steel has no wignilicant
effect one tlexurat rigidicy in wwracked siage. The morcase m skeletal
sleel in the lenston flange and owinber of wire mesh layers in the
rross-secuon has the effect of uereasing te [exgral rigidity i the
Crarke=d 5tag|.:-. enly., The ultimate load carcyig Capacify  was incoeased
from two te four times by prowiding skeletal steel wires {3.25 mri @l
l'or zame rl:inlurl.':rnn:nt-, the ulumote strenpth of | Section 5 four
times higher than channel seCiion. The weight, uollimate load and cost

of bBeams are shown m Table 2.

Tablie-2
Motation Reinforcoment it Experimernial Cost ot
5 Weight of Lliimate heam
tal
_f_:n}:;ren S::i:: Composite  Load (KN a
{046 4325 (/) {R%fm )
mm @) mrm B
| 11 2 layers — Zug2ds 20,04 b2l
5 i 2 2 layers 9 Mos. 375D AL 5 HES
E 133 layers — 12783 13.70 4520
T 1a 3 layss % Mos. 325e8 300 5294
i
o
C C 1l 2 layers -— 29026 2,23 78]
T c2 2iayers 6 Ne. 29550 9.00 4202
Mo G 3 3 layers — 30193 .00 ' Y9z
B .G & 3 layers 6§ Nos. 0737 7,80 5333
L ) '
™

Th= 1.—|.;|.5'r. at this channei and 1 beam is ® 45/~ amd k. 70/
respectively, which is 20 ta 33 ‘percent less than ihi: R.C. beam ol
both channel and [ section and 3¢ percent less than the cooventional
"R.C. linicls., The strength €ost ratin approaches the same as that of
R.C. hecama.
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shapse ol sheets havng wariation

Recycling of Byproducts Fly ash - Slag Iron dust

1

The [Inad deflectivn curves ate shown m Fig. & dor same
in reinforcement.  Thres  distinct

lincar ranges arc cvidant,

Fig-

mf  IRGSITIE FOLDED PLATE TYPE
T-ﬂ: .ﬁ!-‘. E*Dr_ o -
5-3 " '*‘-THD'! l 12 » fp_.r .
5.5' I E-'a__ f"‘" '._..-ﬂ;
] ‘t‘ IX.18 Z 561 FOLD 2.~ AFQLD
= s
W oL2Y
= 3.5¢ TRO-3
Py —t
g4 L[ R E—
E F | -
;_f; Ty
Ur‘ L4 b i3}k L1
horeg i w TR
Mid span deflection-Mh —- Mid span dnfle:hun-HH'—r.
8.0F  CORRUGATED TYFE
T2t . ’r'
Bt | /7 ] P
$ 56t -:nn-z}r’ }
=kl 7 SRy I .
& L ’ : :
o - : L | 3 L/3
g32f < S I’:ﬁs!-::'l.
= 24t Eiﬂi*j,‘_ SR L L] TN ——
S et —
' . COR-

R ARG

Mid span deflection-Mb—e-

& : Load deflection curves for sheets {Et{ert ol wvanatien in
reinforcement for same shape of sheell
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The stilfness ol the sheet increas=s wilh the use ol skeletal siezl in
lhe  wvalley purilien. Iecrease  inc the  poober of chicken  wire  mesh
layers does not atfect morh the wllimate lead carryimg Capatity. The
elfect of shape on the stiffiess s el very clear at besser loads, but
higher slifliess was exhibited at higher loads by telded. plates ratlior
than  the trough and rorrugated sheets, Skeletal simel (323 mr Eﬁl
wers started yieldng iirst lollowed hy zipper action of chicken wire
mesh. Sheets ot category-Z having no ityash amd cement sand ratio
1:2, exhibit only 70 to 30 percenl incrmase in ostrength compared  to
sheets ol other categories having cement-flyash-sand catio 1:0.73:3
Uluwmale rmement - rapacity  and  strenglh cost ratis b shown m

Table 3

Table-3
Matatian teinfarcament Lhirt E!{perin_wrr— Stren
Chicken %25 mm @& & mm @ ¥eipht  1al Lilu- -gth
nnesh shemlmtal sheletal vl !r_j'“ﬁ E’_Ub'l_
(046  stesl siee]l Ompe- Moment R
. f'!'} site
Nfme—em)  (Num)
T TRO-1 2 layers % Nos. 3 Nes. 303 £60 1.6
E; TRO-2+ 2 layers & Mos. 3 Nos. 378 2530 0.7
LI TRO-3 3 layers - - sl 1040 2.6
© TRO-4 2 layers 3 Nos. . 272 500 1.3
g COR-1 2 laycrs 9 Nos. 3 Nos. 520 1500 2.7
R COR«Z* 2 layers 9 Nos. 3 Mos. 334 2000 3.7
& com-3 3 layers - - 243 350 0.9
i COR-4 2 layers -3 Dos. - 269 530 1.3
A
T
E
D 1

A compilation of Prof. M.D. Desai’s works 52



Recycling of Byproducts Fly ash - Slag Iron dust

F FALD-1  Z layers 9 Mos. 1 Mos. LD 2190 2.5
o

L POoLm-2* 2 layers ¥ Mo, 3 Mos. 35r 2590 in
If:'?' FOLD-3 3 laymrs - - 265 ] L.k
 FOLM-& 2 layers 3 Mo e 7E¥ 1220 2.2
AL Sheet S - - 6l 7 1.1

e =

"Rithoul flyash having cemeni-sand raim 1:2

The cosi ot Llyash terrocement sheel ol t'ﬂ'legur.}.r ] was B Jii.l’m?
whereas that of 3 and & was B, 3‘4.Fm2- The cosl 15 3% percent dass
than the A O, shest (R E]j'mz} aied the strength cost ratic s more
than double. Strength aof catepory 2, having e Hyash, s nore than

the required whicrh bscomes wieconemical Lon low cosl beusing.

COMCLUSIONS

Based on the experimesntal resulls,  lthe 1llowmg Cone lusions

may be drawn:

i. Cemam-sand matrix of 23 m ferpocement _-:'uustnlrﬂnll cai. be
replaced by cement-tlyash=gand  matrix ot 1053 without
aliecting  the early =strength. Thie  12.] percent  sawving o
cement and  bence  peduction in fost ouwp to 20 percenl 05

possible by utilising a Lhermal waste prodect-flyash,

2. heTease in the number wf wire mesh Jayers and skelatal steel
har no signiticant elfect on flexwral rigidity of f{lyash frrroce-
menl fexiral elements in weracked stage. Ii has more eifect

ol inéreasing flectwral rigidity in cracked stage only.

3. Ultimate load carrying capacity can bhe  wreased  rmore by
providing [=w riumber of skelelal sieel wires in lension zone ol
the beams and valley portion of the roohing shests rathet than
providing more number of chicken mesh layers,
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4. Flyash lerrocement | beams  and tobded  Tooling  sheats  hawe
more  flexural strength. The same  elements can be used as
colump 2nd wall panels in the construction of low cosl hasing.
The dimensions of thess clements are desigred n such a way

that they require very less or no fmxures.

5. The cost of tiyash [errovement beam is 20 o 37 percent less
{han the B.C. beam of both chanpel and 1 section arnd 50
percent  less  than convenlional R.JZ. lintels. The strength rost

*ralie is same that of K., beami.

£. The cwst ot Llyash ferrocement tooting sheet s 35 percent less
than the A.C. sheet and il strength cosl ratio 5 alse TROES
than double,

7. Unit weight of ilyash ferrolenent elepent i higher than the
ronwanbonal slements (R.C. beam wr AJC. sheed This can b
reguced by osing  mechanised  process ot construction for

reOUCIng e RCRIEs .
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FLYASH BLENDED PORTLAND POZOLONA CEMENT
AN ENMVIORMENT FRIENDLY FRODUCT
A thooght paper by Dr. M. I), Desgi

Cement in present coolext must be selected taking pollution of ground watsr. eavironmenl
and aar. Soretg conercte nocd oot be durablc  Apart from cost many factors Eovern selaction
ol cemcnt. Thanks to 5 years of forward march of copntry that we have “choice™ of comeng.

Baroda and South Gujarat have industrial growsh. Air and wmer pollubon are by produect of
past 180 - L3 years. High selphates, chlondcs and Men in ground .uuasl.ul regione pH of
subsol and ground water, intrusicn of zalinily due W gound waker lewering poscs 0w range
of prohlems mever faced v past. ’

Dravs of OWPC-grade ong bype coment and scarmity ane aver. Now macketiog and consultancy
services are affered for product. B & I s constant process in prodonet devclopmcnt for beter
and cosl effective production. OFC, PPC, SEC, masonrny coments with ranee of admixiumes

are availahle.

Hisher grade cements arg wsed as comperitive charaagnsue, The regumitemenis of minimum
euments eomierts and practice of using mix proporbons (o desten mis) los beither ntlized
high strenglh nor encouwraged designers to economise the structural sootions b and larpe

Eeduced columus or footings. reduccd shibtering timcs saving in cast are moe advertised
thae practiced in mapority of progects. In very little Lirw bound problems rate of coustruction
has to be very fasl. For such problems accelerator Tos it Teietir.

Allgpvial and =ea deposiled reyions random samples shows sulfates 0.2 o 0.5% o soil. Yery
bigh chlorides conlents in ground and water 15 wadely obsecved Cyclical hanidioe. aplashing
rains and winds are problems of recent angin. Ukal Narmada Mahio DANGORENS resemvoirs
have arhled ponds grecno 2omes and hae: chanped local wingd patternz and changed il

condmion

Gord comerete must have impermeabilitye. Non-cracking, mon-scgrepatcd well graded well
cured concrete with adoquate cover over stecl 8 good concrote, The coment, which msiils
heat, cyelical reversals of bunidity. salmity, pollution of ground water with lower heal of
hydration performes better over lifc span of the structure (durabilgy).
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8 In 50" vear of independence engineers with social responsibility shall keep envirommeot

aspixcts at all cost in nouid.

9 We gan not do without pawer. Major source being thennal power plams - by 200Hr ALY 33
million Lems of ash will create air. land grouwnd pollufion in the country. We shall huve worst
effcct in {ujarat. Cost of dust proofing @& Re. S0 million / year and loss of pood land 2
tilhon hectare per year {used for dumping) must be saved. This waste Fly ash - cnd produoed
of power plant can be canvertel ioto assat for die nation, If we can not do it we may suppart il
b inmizting wae of products made cut of it

10 Power plants have ESP and Flyash noaw availahle in fine (45/0 passingd powdcr of actve
silica and Aluminz. Thiz ash mixed with high grade clinker wodor coptrolled conditinn and
pulvariced. The addition ol pypsum requircd 15 degided by conteolled tesis. The output s
blended cement kaving all propertics of OFC 43 grade or more.

Il Advamages are lnw termal conductivity, capacity to absorb cxtra tme o form silica gel,
lighler in weisht amd mose fexibility for the samc strength, The stnmgth gain continues wp 0
365 days. The coment is more esis@ant o mifates, 80y low pll solution and eveles of drving
and wetting, Flyash blended Cement has more Breness (3600 cm*/g}. scttiug ame inical 120
- 150 min and [inal 250 min. the strengeh after 3 davs is 200 tn 300 kglom® against 1640
kpdemd lor OPC 33 prade. It is matehing to grade 43 and almosl 1o 33, Old Phobia of PPC - 3
poor grade sement most be wiped out from the mind of wsers. This blended cement being
light in volume, vield of comerets £ bag of cement is more.

12, The Tata Sudh or blgnded coment using a fiy ash a end product of sationsd pollutane Las boen
mansfactircd by 3 lechnofogy o provide 43 to 53 grade OPC.

13. 1z 5" independence year can we resolve 1o wse a cement which will epcouraps nsc of cnd
product Flyash, This use will partly help reducing, pollution of ar, land ground and waler of
2000 AD  The cousumption of clay and cocrgy we prepanng elunker are: saved

mdd | b .dew:
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FEASIBILITY REPORT ON UTILIZATION
OF ASH, FOR THE PROPOSED
240 + 5 % COAL BASED
CAPTIVE POWER PLANT
OF ESSAR STEEL LTD.
|
CLIENT:
ESSAR STEEL LIMITED,
HAJMRA, 394 270,
DIST: SURAT (INDIA)
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FEASIBILITY REPORT ON UTILIZATION QF ASH, FOR THE
FPROPOSED 240 + 5 % COAL BASED CAPTIVE POWER PLANT
OF ESSAR STEEL LTD.

CHIEF ADVISOR:

D M. D, Dresai,

B0, HERITAGE APPT,,
CITY LIGHT ROAD,
SITRAT-7,

Ph: 0261-32235686
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FEASIBILITY REPORT ON UTILIZATION OF ASH, FOR THE
PROPOSED 240 + 5 % COAL BASED CAPTIVE POWER PLANT OF
ESSAR STEEL 1.TD,

1.4

INTRODUCTION:

A 240 + 5% MW pulverized imported coai bascd thermal captive
puwer plant is proposed at ESSAR Slcel — Hajira. The summary of
project repart by DE Tox Curporation lor environment iinpace
assescment forms basic data.

The plant will penerate fly ash (dry — hopper), hotiom ash and
miixed ash in the pond, The refevant data is sunimarized below:

{1)  Location at Hajiea, 26 villages fall iz 15 km radips,
(2} Propased ¢oual source: imported from Australia ladonesia, South

Alrica, China (Maximum lumr size 1040 mm)

(3} Coal pr¢ scanned by magnatic separator to remave hesvy metals,
{4t Ash handling ic eavarad Convavar, Sila, 2nd Sharrs pumas,
(5] The ash penvrated will he

a} Bottom ash

b} Fly aszh {voarse and fng)

The ash will e conveyed Lo slag bath.

The mixture of ash and watcer is diveried to grinder,

The bottom ush is stored in hopper or mixed with F.A and waler

and pumped to ash pond.

(6)  The plant plans to store FLA, for ficst year in .ﬂ.ﬂh pond. Then it is

Flynned to employ agency Lo vonsume 10% of toral ash produced

in 2™

WeAar, -

(73 The total ash gencrated in L% years will be stored in 12-hectare
pond, The maximom height of pund is 5m.

(B}  ES5AR proposes supply of fly ash frec to producers of ush based
praducts for 10 years,

(93 The digpesal wlﬂ'ﬁhnws layour of Ash pond, Settling

pond  and rocycling  of  water., The ash pond  plot s
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12 hectare area for settling and stilling pond. The entry [ exit for

buyer of ash has been planned outside securily requirements.
DATA:

Coal consumed: 45 TPH [ unit

Asgh content of coal: Max.13.6% (Adopred 10%)
Dy Density of FA: 0.75 T/ m’

Dry Density of Pond Ash: 1.00 T/ m?

Bulk Density of Pond Ash; 1.6 TV m’

Bottom Ash, 20% of total Ash.

Coarse Fly Ash, 4% of total Fly Ash.

Fine Fiy Ash, 90% of total Fly Ash.

Fly Ash 100% dry, ash storage in sile for Fly Ash.
Unused Fly Ash has option of wet disposal.
Storage of Fly Ash for 12 hours operations.

Ash at point of generation,

I 1
. |
Bottom Ash 48 TPD Fiy Ash 192 TPD

Storage of Hottom Ash for IR vears in disposal area,

Flv. Ash shall be used for manufacture of bricks. cement,
concrete, hellow blocks, in phased manner with 10% in 2™ year.
The increase will be 10% per vear. By 6" vear 50% utilization is
proposed.

Expected Characteristics of Fly Ash generated is shown in
Table: 1.

Based on general information. the bottom ash (48 TPD) has range
of grading as shown in Fig: 1,

Particle Sire; TePassing;

1D mm 40 % Clay™0% P i
5 mm 40% Silt (0.002-0.075mm): 50tc T %
1 mm 208 Sand (0.075-4.75 mm): ﬁln gg%
0. 1mm 5% Uc=215 w0 3.75, Cc=1.9

It ie equivalent to poorly graded silty fine sand. It is planned to
store 100% dry ash in separate silo, The physical properties are:

&SP, gravity=23to 24 g f oo, {}Mﬂ-tg%- At MDD Bottom ash
Ze—Ao
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will be expected to  have coelficient of permeghility

e-2 x 107 cr/sec, The compycted sand could be considersd as e=0,

$ -34°, shear parameters undet drained condition,
The characteristics of Fly Ash likely (o be available are
reproduccd in Table: 1, using Table: 3.3 of Exccutive Summary
report and (% 3812 The Oy Ash {coarse and fine) meets 211 limits
for use as pozolonic materials {except %0 content which is not
critical). fre vimeral plasnic caiil be Caled, or Flgdad )
The fly ash (compasiie} of similar coals shows the following
physical properties.

= Specific Gravity (i =2.210.2

* Clav ltaction 0%

+ Silt {0.00Z-0.075mm} F0-G0%

« Nand (0.073-4,750mm)  :50-46%

= Tic=i.5-1,75, (e 1.0

* Maodilied procior MDD =17 gige

OMC =32-35% (70 be chedeed 1 et
Bt o g 17 j—:rr ~aller L
¢ Shoar Paramearers £~ 0.2 to 1.0 kgfem® s eitroead )

(Cu) @ OMC, MDD §=27°

+ [Permeability eoelficicnt 19°% 13 107 em / sec.
&  SNpecific Sorface =320 m’ S g

+ Lime reactivity =20 w 40 kg / cm?®

FEASIBILITY FOR USES: TA LRA

Though there are many applicatinns For zbove! materials. A

realistic planning mest consider wdjoining area, indusiries of

building malvcrials bricks, tiles. ccment and the projects

planned in decade (2002-2012),

The cansymers of flv ash are prouped as:

al Burnt clay Bricks manufactures: conventional & manual
technology. {Bhathhg)
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b} Manufacturers of products made v;éi Fly Ash — Bricks, Tiles,
Concrete, Pozolonic additive 1o cement for plaster and
subgrade for roads in expansive soils area.

¢} Contractors Sepplying Fill material in construction of:

* Road embankment

* Drvkes for pond for Ash.

= Fill material for wasteland.

* Grout for the ONGC dead wells

* Fill in mined areas (Eroded land scapes}

* Plinth fill for housing. factory, tank Pad foundation,

vacklill of retaining walls.

15.2 Immediate market {Burnt clay Brick worksl: fGhadhife -
There are plenty clay brick manufacturing wnits around Surat.
The survey done by Locai Agencies has identified 200-300 Nos of units
making appmximatc%m x 1067 bricks / year on average in Surat
district alone. {Table: 3}. There may be many units\:}_niggijwhich are
net covered by survey. The {r;trerall deficiency im supp]}r;_ia 25 to 50%.
Quality of bricks made ﬁmnisnline expansive soil is poor. They have
high percentage of breakages. The process involves pudling of clay,

with water, addition of Rice husk and admixtures, mould it manuatly,

air dry and fire, TP€ 7gechin o vy —undevbuant bricics ba fomsedvonable .

Fly Ash and Bottom Ash in proper proportion {say 1 FA: 1 BA
by weight}; depending upon characterisiics of Clﬂ}’—’ can be wsed as
admixture in above process. The marterial replacement of clay could be
30 to 50%. The soil will foose its high plasticity and its high swelf and
shrinkage. (R & D will be required for optimum percentage of flv Ash
that could give best bricks). The marketing will require demonstrating
improvement in size {(+ 10 mm to + 2mm or s0), reduction of
absorption and improvement in strength of burnt clay bricks. The use
of fly ash will also reduce fuel consumption for firing process as it is
by product of firing. The envirofriendly aspect is saving 20% of
agricultural land - soil_<tfed s foeye Tradcivig -
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Orpganized .days workshop. with some R & D resylts, will attract
the mostly uneducated manufactures to adopl such mew matcrial. The
ust1 i;:&c?t altcring the presemt working system, blinded caift bindtv,
In machine made hricks, soil js pulyerized, mgﬁt mixed with
water, Adding of fly ash will he made at pulverizing stage easily,
These bricks are fired in kiln under controbled conditions., ¢ cB 21 fechnalagy)
Eztimated Use Of Fly Ash In Burnt Clay Bricks:
= Mo of Local Bhathhgy making bricks : 200 .Nl:'lﬁ.
= Avergge production : 10,800 bricks [ day
* Fly Ash eonsumed by L3000 » 7T S unit { day
Bricks @ 0.7 kx / hrick
{ Wi, Of brick 2.3 ky
0% Ash - 0.7 i:gj
*  Ewven il 30% of users el kT - 420 Tiday
adopt F_A {cchnology

* ESSAR can market by stages

1* year by conveying 10 units : 7 Tiday
2" year et o P 1400 TMday
3™ yeae 2z 0 IS0 U day

Thus from first year isclf thers iz polential e disposc of 70 T/day ash

which will be much more than requirgd by DOEF. ¢ Fiie delovdsy  pnoy
AR Yack Cmsuviest [ (5 v aey

I5.3 Use in Machine made stahilized KA bricks:

There arc 4 plants. semiantomatic, making Fly Ash Lime
Gypsum, Fly Ash cement bricks gnd tiles, The matertals consumed per
such brick wil' be minimum 80% F.A. & R.A 4 (13 7 5% sand) 1
binder (cement! limme/ B¥pyum/ polymers cte.}Such products per brick
will cansume about 1.8 kg of FA and BA. These products, in the
market. arc known for high steenuth, perfect shape, low breakages and
low abserption of moeisture. Total production aow mav be around
30,000 bricks / day consuming about 54 TPD of FA and BA, Proper
marketing and sirategy of R & I can create g markct of 10 TPD ash in
first year iocreasing al the rate of 205 Per year in future. The
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technwlogy. acceptibity of preducts, economic viabitity has been
vstablished beyond doubt. These bricks have high strcogth of
100 kg / cm®, lower thermal conductivity and higher gbrasicn
resistance, It is replacing hollow €O blocks for housing,

The feasibility of putting up a plant to convert 60 T of FA & BA
{dry} in automatic planfﬂli;f::g ime and chemical as additive could be
worth exumining, The%@ﬂdﬁﬁ‘?ﬂnf’:ﬂsmﬂking andl disppsing ash could be
mvested in making bricks for self-use & marketing in Tisjira belt. A
30.00¢ brick auto plant with a blender. warcr sipﬂ*ay::r, mixipre, press,
conveyur and steam curing chamber could be cstimated to cost araund
300 lacks. The imfrasieyerure, fand & steam are avallable ecomumically.
Such & plant will reduce disposal of ash b¥ 60 Tiday &£ provide
excellenl strong, proper construction material for houging, paving &

exXpansion programs of industries, Recavering plant cost in 6 years.

- €ost of ime & chemicals. power ‘n&ﬁrnut cosl more than |0 Bz / brick

oF steength 100 kg / cm®.or more. The decreasc in storage cost ol
8 8 -S-H-Pu.?ﬂhﬂr :

U R0 P L L o i ey usejby Dovi. Depi. of Eﬂvirnnmt‘ﬂ[:.pruj{:ﬂts

strong case for project prima faci. Present market price oi such bricks

fs Rs 1,50 mm . Marice by abla]. 70 coude b2 focaipie, Shmd

Fooaent baned brokd Coueid b meducad fony o fures

forfates Plosbey Swm Ty nal- b ALouavad ipuen) Lmlont |57}

15.4 Use As Soin

Recently for major ‘Earthwork at Caleutia (Corridor PM Road)
And backfili on metro rail tuonel Dclhi, exicosive R & D have
promoted use of fly ash and botium ash alene or with admixture of soil
as u fill materizl. 13 Code 10153 &P and CRRI have recommended
use as fill material in embanknient construction Thc material properties
for composition expected Flv azsh & bottom ashk {Para 14) indicate
extensive potential for use as fill material for dyvke and embankments
for flood and rouds / reclamation of “kbar land™ or tidsl wet tandy, The
physical and eopinesring propertied permit use of soil as impervious
with high shear resistance, lower .uﬂmpresﬁ{bilit}' and better drainage
characieristics. The lower deosity afier compaction imposes lower

stresses on soil and retaining walls. The long-term pozalonic activity
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(subject to testing of lime reactivity} shows improved resistance with
litne.

The rap coclosed shows mussive evasion of tidal flow, which
has 10 be countered by dykes and massive fills. Tr is pressible 1o reclaim
land and wze 0 extensively. The pana fill now used in Hajirs coustal
belt could be replaced by SU%:&%H-I+ 3% ffy ash. Around [0 TPD flx
ash and bottom ash could he utilized o Hajira Olpad esuary areas,

15,5 lise As Road Suly Grade:

For the reads in South Gujarat region, {preduminantly expansive
top clay area) roads iyi) by swelling and shrinkage whh rains ang
summer,

The jechnology used by SMC to minimize this preblem is 1o
plough the cja‘!'r'":..h-mfﬂfffﬁ‘{g:. by disc harrow, add Iy ash & lime
{F lime: 4 Ay ashp/around 2ne; by weight. repiough, add optimym
maisture, cure fur 72 hours and roll it by heavy roller. Such f treatment
is reported (o; {80k avadd)

i) improve sogked CBR ufmigfmm 2 e 12 min {range of 16 1o 28 04

2} Reduce pavement thickness by 300 to 400 mm,

3} Make sub grade imperyious and non-¢cxpansive thercby ngt allowing
wracks and seepage of rainwaiter,

4] The sub grade is Nexible, Cof (A B ot St ol

3) The IRC provision of 700 10 1800 mm CNS soil layerfis eliminated. '

The type of work has been advocated by SMC & IRC EBR
recommended praciice for lime Iy ash Mubilized base / sub basze in
Pavemenl construciion.

The pavement thickness and hence CO5t Can be vompared as under

“Practice Biabilired New Praclice
* Traffic F Traflic E
* Soak CBR 2 Soaked CBR (FA+ lime ireated} 12

* Pavement thickness: $00mm Pavement thickness: 250mm
* For swelling soil add ONS Nu Special Treatment — 1 000 mm
The major users are GI BC, SMC, PWD, Hajira Industrial internal

roads ste,

67
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The design of ash pond for this project could be made using Fly
Azh & Gottom Ash (Mow RCC) dyke. The ash dyke per m length
an periphery of ash pond will comswme 30 o 40% af ash (lengih
of dyke approximately 1400 m.

The tentative design shernatives of dykes are shown in
Fig: 2, 3. The waterials are FA, BA, & Stone or slag if tests are

affirmative,
Conclusion:

Fur proposed captive powet plant at FSSAR, the utilization of by
product (Fly Ash) with imported coal can be convenienily uscd
upte 100 Ufday ur 150 T/day as shown betow. Markeling stralepy
and R&D workshop — seminars to educarte users & manufaciurers

of bricke ol courge, % a must.

The ash could. to start with be free & even transpart uplo T0km

in 1" & 2™ vear could be arranged frec.

Alternative study of economic Teasibility of FA-cement of lime
products manufzcturing plant which can latter be developed for
making insulating bricks using FA for on line use of 60 to 100 T
Fiy Ash could be assessed. The need of good brick for Hajira
helt with ESSARs own needs for comstruction, availability &
cheaper blinder & steam, saving in stocking of 60 Tiday ash
points 1o a economical viability at first sight. The technolopy

oplinns are cstablished & available. evly FRD o2 freo dni ok
Bgh Few £ Govan Fanf Lol b Tﬁquuz{._

The proposal 1o change over 1o dyke for ash pond. replacing RCC
structure. using ash & slag needs to be congidered as excellent

option of using ash rom day one.
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PLANNED USE OF ASH

[ Source Consumprion RKemarks |
{Avp.dor a veyr)
[ 152 [ Mannual brick makers 70 T/day Withiz 20 km radius
153 | Stabilized FA bricks 7 10 T/day '
| tiles! puvers blocks., or
Own plant Capital Ry 3 Crores
a0 day
15,4 [ Use a5 507, 16 T/day --
(15,5 [tlsc as Road Sub prade 5 Tiday SMC
B : 5 T/day Other Roeds (Hajirg)
Totul CORZumption; 10 Tiday
or
150 Tiday

Encl; Tabte; 1,
Table: 2,
Teble: 3,
Fig I;

Fig 2:

Fig 3:

Characicristics of Fly Ash to be generated at ESSAR, With
Ave;agc F.A. from Indian Lijerature,

Expected physical properiics of ESSAR F A based on the
gimilar Ash.

Data of brick manufacturers in 50 km radius.

_ Grading and prapertics of Buttom Ash {expected)

Dyke section for proposed Ash pond at ESSAR of FA &
slap or rock dyke, Alternative 1.

Dyke section for proposcd Ash pond for ESSAR with FA,
Bottotn Ash and Georope gabbions h-:-l-ﬁing slag - 1o be

constructed in stages uver 2 ie 3 vears, Alicrnative — II.
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Table; 1

Recycling of Byproducts Fly ash - Slag Iron dust

Avcrage F.A. from [ndian Literature.

Characteristics of Fly Ash to be generated at ESSAR. With

-

% Parameters Expecied Avcrage Code
- Value Literature requirement |
| e | e
EEL 41.5 imﬂ%iﬁm.”j* ---D:-Jdmmﬂ}
% ALO, 30.8 23 * iHsniﬁ’ﬁ . T';ahj
% Fes0s 4.8 5 £
% Ca0 5.7 3 A
(% Mg0 2.2 2 {Max} &
% Na:0 0.2 o -
% K0 i3 S :
% Ti10z 1.1 . -
% Pa0s 1.0 - | 5
% 80, 7.6 0.9 ij' {Max) 2.75
Base / Acid Ratio .22 -- -
Loss on ignition{%) 5 & {Max) 11
Fineness( ¢m>/g) 3200 ) # (Min} 3000
Sound ress [kl — S {Max) 40 -

Lime reactivity kﬂaﬁl

40

[
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Table: 2 Expeccted physical properties of ESSAR Ash based on the
similar Ash.
Sr. Property ESS5AR Ash
Mo,
Fly Ab Bottom Ash
I Grain Size: .
Clay (%} ¢ 0
0.002-0.075 mm (%) 50-70 10-16
0.075-4.730 mm (%)} ¢ 30-46 §0-90
= 4,75 mm [ %) o 0
2 1lc 1.5t 1,75 2.7 o 3.7
3 |l i.G 9.8 10 1.2
4 MDD 1.2 1.0 '
5 [OMC 32-33 30-40
a .0 14+02 2.2+ 0.1
7 K fem / sec) 10 1o 10(silty | Z x 107 (silt)
8 e kg / em®) II}:E to 110 0
s |4 ' 27° 347
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Table: 3 Data of brick manufacturers in 50 km radius (basic panchayat

Olipad, Brick manufacturers Associationd traders like
lalaram Traders, Karang)

=t Mo, Areq Bricks produced [/ Kilns Manpual |
year {MNos) Bhgthi (Nos)

1 Olpad Taluka |60 x 10° 1010 15 | 100 to 200 |
2 Upeleta 20 x 10 ‘-

3 Palzang 10 x 10°

Valeswar
4 Mahuva 10 x I0°
Total: | 106 x 107

Note: Machine Made F.A. lime brick producers -- 3 tn 5
(Gurjari Blocks, Olpad, BBC (Vesma), Desal Consiruction
( Valsad))
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