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SYNOPSI S.  The paper  deal s wi t h met hods of  st abi l i zat i on and i mpr ovement  of  st eel - smel t i ng wast e 
pr oduct s,  t hat ' s open- hear t h sl ag,  and of  wast es obt ai ned sul phur  or e t r eat ment  pr ocesses, t hat ' s 
wat er - sat ur at ed car bonat e sl udge.  Some exampl es of  ut i l i zat i on of  f r esh and dump sl ags i n f oun­
dat i on pr act i ce ar e pr esent ed.  I t  i s gi ven a met i i od f or  desi ccat i on of  car bonat e sl udges by 
t r eat ment  wi t h a non- uni f or m di r ect  el ect r i c f i el d whi ch gr eat l y i mpr oves t hei r  physi comechani cal  
char act er i st i cs.

Open- hear t h sl ags ar e r at her  r ar el y used i n 
f oundat i on engi neer i ng due t o ver y sl ow pr o­
cesses of  decomposi t i on whi ch l ead t o sl ags 
di l at at i on.  But  sl ag dumps and banks can be 
successf ul l y used f or  bases of  f oundat i ons af ­
t er  devel opi ng speci al  met hods ei t her  t o st a­
bi l i ze t he condi t i ons under  whi ch sl ags do not  
expand or  t o el i mi nat e decomposi t i on of  t he 
sl ags i nt o bases.

A good exampl e of  pr ovi di ng st abl e condi t i ­
ons f or  sl ag dumps i s f oundi ng smel t i ng shops 
on t he dumps of  open- hear t h sl ags.  The dumps 
age var i es f r om 5 * o 20 year s,  t hei r  t hi ckness 
bei ng 6- 15m.  As gr ound wat er s gr adual l y go up,  
t he l ower  sl ag l ayer s about  2- 8m i n t hi ck t ur n 
t o be i n sat ur at ed st at e dur i ng 7- 10 year s.

Sl ag compr essi bi l i t y was det er mi ned f r om mo­
del  f oundat i on ( 2m2 ar ea)  t est s wi t h pr ovi di ng 
pr essur e i n t he t oe of  t he f oundat i on up t o 
0. 8 MPa.  St r engt h char act er i st i cs wer e cal cul a­
t ed f r om shear  t est s,  by bui l di ng.  The f i el d 
t est s have shown t hat  open hear t h sl ags i n t he 
aged dumps have t he f ol l owi ng char act er i st i cs:  
modul us of  def or mat i on £=30 MPa,  angl e of  i n­
t er nal  f r i ct i onf  =29° ,  cohesi on c=0. 03MPa.

Swel l i ng t est swer e per f or med on sl ags samp­
l i ng f r om var i ous dept hs.  Af t er  dr yi ng t he 
sampl es wer e pl aced at  a gi ven compact ness 
i nt o f or ms 15x15x15cm wi t h a per f or at ed bot t om 
f or  wat er  penet r at i on.  The f or ms wer e sank i n­
t o a t ank wi t h wat er  and swel l i ng def or mat i ons 
of  t he pl at es wer e measur ed.  These t est s cont i ­
nued t i l l  f ul l  swel l i ng def or mat i ons of  t he 
sampl es t ook pl ace,  but  not  l ess t han 30 days.  
The sl ag was consi der ed nondi l at abl e at  t he 
r el at i ve swel l i ng def or mat i on 6e < 0.05 and i t  
was consi der ed t o be di l at abl e at  St  ^  0. 05*

The t est s have shown t hat  sl ag sampl es gat he­
r ed above gr ound wat er  l evel  do not  expand whi ­
l e sl ags t aken bel ow gr ound wat er  l evel  have 
t he abi l i t y t o expand.  Thi s i s caused by di f f e­
r ent  st at e of  i ncl usi ons of  f r ee l i me on whi ch 
sl ag st r uct ur e st abi l i t y depends.  I n aged sl ags 
l yi ng above gr ound wat er  t he decomposi t i on pr o­
cesses ar e al r eady f i ni shed due t o mul t i pl e wet ­
t i ng by at mospher i c pr eci pi t at i on al t er nat ed 
wi t h dr yi ng by ai r  comi ng t hr ough por es.  Thi s

r esul t ed i n l ooseni ng st r uct ur e of  gr ai ns and 
l i me i ncl usi ons exposed t o el ement s got  f ul l y 
decomposed.

The sl ags l yi ng bel ow gr ound wat er  l evel  di d 
not  under go such pr ocesses,  t hat  i s why some 
of  i ncl usi ons of  f r ee l i me i nsi de t he gr ai ns 
wer e not  hydr at ed.  . Vhi l e dr yi ng and under  me­
chani cal  i nf l uences ( sampl i ng and compact i ng 
sl ags i n t he f or ms)  l i me i ncl usi ons wer e bar ed 
and under  r epeat  wet t i ng t hey showed t he 
swel l i ng abi l i t y.

The r eveal ed f eat ur es r equi r ed t o devel ope 
a speci al  met hod of  bui l di nj g of  f oundat i ons 
bel ow gr ound wat er  l evel .  I t  i nvol vs gr ound­
wat er  l ower i ng of  t he t r ench i n t he way t o 
pr ovi de gr oundwat er  l evel  0. 3- 0. 5m bel ow t he 
t oe of  f oundat i ons.  Then sl ags wer e excavat ed 
up t o t he desi gn l evel  and f oundat i ons wer e 
const r uct ed.  Dur i ng t he wor ks t he sl ags wer a 
const ant l y wet t ed t o pr event  dr yi ng and t her e­
by l i me decomposi t i on.  The t r ench was back­
f i l l ed wi t h separ at ed nondi l at abl e open- hear t h 
sl ags aged at  l east  f or  10 year s i n t he dumps 
and t aken above gr ound wat er .  Sl ags i n f i l l s 
wer e compact ed by pneumat i c- t i r ed r ol l er s wi t h 
wet t i ng t o 10- 12% and pr ovi di ng dr y densi t y 
of  1850 kg/ m3.

The way of  usi ng met hods el i mi nat i ng sl ag 
decomposi t i on can be i l l ust r at ed by an exampl e 
o f  bui l di ng a hi ghway and t r amway embankment  
f r om f r esh open- f i ear t h sl ags.  The embankment  
about  70m wi de ( i n t he t oe)  and 10- 15m hi gh 
was bui l t  on si l t .  The l ower  l ayer  of  6- 8m 
t hi ck was packed of  30cm l oam l ayer s compact ed 
by r ol l i ng.  The upper  l ayer  of  5- 7m t hi ck was 
f i l l ed wi t h open- hear t h sl ags accor di ng t o t he 
f ol l owi ng net hod. .  f i r st  a cor e of  aged st eady-  
st at e sl ags 2m hi gh and 15m wi de was ccnst -  
r uct ed on t he l oam sur f ace i n t he mi ddl e of  
t he embankment .  Then f r esh sl ags at  700- 800 C 
wer e f i l l ed,  on bot h si des of  t he cor e and wer e 
wat er ed t o cool  t he sl agsand t o accel er at e t he­
i r  decomposi t i on.  The cool ed sl ags wer e st i r r ed 
by a dr agl i ne ar r angi ng on t he cor e sur f ace.  
Wat er i ng al t er nat ed wi t h st i r r i ng cont i nued 
t i l l  sl ag st r uct ur e became st abl e ( accor di ng 
t o l abor at or y t est s) .  Af t er  pl anni ng t he sl ags 
wer e compadt ed by r ol l i ng of  40 cm l ayer s wi t h
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25t  r ol l er s,  each l ayer  bei ng r ol l ed 8- 10 , 
t i mes t o obt ai n dr y densi t y up t o 1800 kg/ nr ,  
t her eby pr ovi di ng E=20 MPa,  "t =25 , c=0. 04Mpa 
and el i mi nat i ng t he sl ags abi l i t y t o expand.

A mor e compl i cat ed met hod has been devel oped 
t o make usef ul  car bonat e sl udges obt ai ned by 
sul phur  or es t r eat ment  f or  bases and backf i l l s.  
The sul phur  or e t r eat ment  sl udge compr i ses 
f i ne- gr ai ned mat er i al  cont ai ni ng of  up t o 70% 
par t i cl es l ess t han 0. 1 mm i n si ze.  I t  consi st s 
of  87% cal ci um and magnesi um car bonat es admi ­
xed wi t h sur f ace- act i ve agent s and var i ous 
chemi cal  r eagent s.  vVat er - sat ur at ed sl udges 
ar e col l ect ed i n t ai l s wher e af t er  4—5 mont hs 
t hei r  moi st ur e cont ent  r educes t o 38—4-5%.  I n 
t hr ee year s af t er  sel f - compact i on moi st ur e 
cont ent  becomes 30- 32%.  Then i n spi t e of  spe­
ci al  dr ai nage moi st ur e cont ent  doesn' t  decr e­
ase because of  l ow f i l t r at i on ( coef f i ci ent  
of  per mabi l i t y K<1 0 “ 7 m/ s) .  Car bonat e sl ud­
ges have pl ast i ci t y i ndes I p=5- 7%,  cohesi on 
c=0. 005MPa,  angl e of  r epose Jr  =28°  i n dr y 
condi t i ons.

To st abi l i ze and i mpr ove char act er i st i cs of  
sl udges t hey wer e t r eat ed wi t h non- uni f  or m 
di r ect  el ect r i c f i el d.  The oper at i ng vol t age 
was suppl i ed i n t he way t o pr ovi de pot ent i al  
gr adi ent  i ncr ease t owar ds cat hode but  di f f e­
r ent l y i n each l ayer .  Anot her  gr adi ent  cr ossed 
t he gr adi ent  t owar ds cat hode and was f or med 
by speci al  el ect r i c equi pment .

Thi s met hod r esul t s i n t wo t i mes accel er a­
t i on of  dessi cat i on pr ocesses and i n decr ea­
si ng ener gy consumpt i on i n compar i son wi t h 
convent i onal  met hods of  el ect r oosmot i c dr yi ng.  
Whai  usi ng i ndust r i al  vol t age of  0. 4 kV and 
ampl i f yi ng uni t s of  400- 600 A act ual  out put  
i s 12- 18 t ons per  one i nst al l at i on.  Addi t i onal  
t r eat ment  wi t h t i me- i nhomogeneous el ect r i c 
f i el d dur i ng t hat  t he vol t age i s suppl i ed i n­
t er mi t t ent l y accor di ng t o a gi ven pr ogr amme 
al l ows t o decr ease power  consumpt i on by 30% 

at  t he same out put  f or  an i nst al l at i on.

The t r eat ment  of  sul phur  or e wast es wi t h 
non- uni f or m i n t i me and i n space el ect r i c 
f i el d r esul t s i n i nt ensi f yi ng t he f or mat i on 
of  coagul at i on and cr yst al l i zat i on bounds,  i n 
decr easi ng humi di t y and i n el i mi nat i ng1 of  i t s 
abi l i t y t o t hi xot r opy.  Af t er  t r eat i ng car bo­
nat e sl udges have t he f ol l owi ng char act er i s ­
t i cs:  moi st ur e cont ent  vl / =7-10%,  K>1 0 “ 5 m/ s,
I p =3%,  c=0. 05MPa,  angl e of  r epose fj , =32- 34 . 
Ther e wer e t wo var i ant s t echnol ogi es of  t r eat ­
ment  i n bases and f i l l s.

Accor di ng t o t he f i r st  var i ant  car bonat e 
sl udge was kept  i n t ai l s t i l l  i t s moi st ur e 
cont ent  r eaches 30- 35%« Then t he mat er i al  was 
put  i nt o i nst al l at i ons t o be t hr eat ed wi t h 
non- uni f or m el ect r i c f i el d as ment i oned above 
t o decr ease humi di t y near l y t o t he poi nt  cor ­
r espondi ng t he pl ast i c l i mi t .  The pr epar ed 
mat er i al  admi xed wi t h 4—8 % of  l i me or  any 
st r uct ur e- f or mi ng agent  was f i l l ed i nt o bases 
of  f oundat i ons and compact ed by r ol l i ng or  
t ampi ng.

Accor di ng t o t he second var i ant  car bonat e 
sl udges wer e t r eat ed wi t h el ect r i c f i el d 
di r ect l y i n t he body of  t he embankment .  F o r  
t hi s pur pose on t he pl anned sur f ace of  soi l  
el ect r i c cont act  uni t s wer e mount ed.  The 
el ect r i c uni t s wer e f i l l ed wi t h a 2- 2. 5m l ayer  
of  sl udges t aken f r om t ai l s wi t hout  any t hr eat -

ment .  Then t he mat er i al  t r eat ed wi t h t i na- i n-  
homogeneous di r eot  el ect r i c f i el d t i l l  i t s 
moi st ur e cont ent  was 6- 8% and t he base became 
f i r m enough.  Thi s i s an ener gy- consumi ng met hod 
i n compar i son wi t h t he f i r st  one,  but  i t  pr o­
vi des bases of  hi gh bear i ng capaci t y ( up t o 
6- 8 MPa) .

The abovement i oned exampl es pr ove t he possi ­
bi l i t y t o ut i l i ze var i ous i ndust r i al  by- pr o­
duct s i n bases and f i l l s f or  engi neer i ng const ­
r uct i ons under  condi t i ons t hat  speci al  met hods 
ar e devel oped t o st abi l i ze t he mat er i al s cha­
r act er i st i cs,  and t o ensur e t hei r  hi gh bear i ng 
capaci t y.  Use of  wast es i n f oundat i on pr act i ce 
r esul t s i n r educt i on of  cul t i vat ed l ands di s ­
t ur bance,  i n sani t at i on of  t he envi r onment  and 
i n br oadeni ng t he var i et y of  const r uct i on mat e­
r i al s f or  bases,  f i l l s and embankment s.
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