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IN CONCRETE CONSTRUCTIONS

IIo OCHOBHBIM KauYeCTBEHHBIM IIOKA3aTeNIAM — COJEPKaHUI0 HECBABAHHBIX
Ca0 u MgO, SO3, a TakKe CTEKJIOBUAHON (hasdsl — 30JBI, 00pasylouiuecs
IIPU CKWIaHWU TBEPABIX TOIJIMB Ha TEMJIOBHIX CTAHIMAX, BecbMa pas-
auyHbl. Tak, HEKOTOpPble PA3HOBUAHOCTH 30JIBI MOTYT COZEPIKaTh garxe
6osee 10 9% cBoGoguoro CaO [1—6].

Kak u3BecTHO, BO MHOTHMX CTpaHaX AJid IIPOM3BOJACTBa 6GeToHa HoIyc-
KaeTcsA HCIOJIb30BaTh 30JIy, CoZepikailylo He Oojee 5 Y HecBA3aHHBIX
Ca0 u MgO, a npu HM3rOTOBJIEHUH OTBETCTBEHHBLIX KOHCTPYKIIMN 3TH Tpe-
0oBaHusa emle xectde. OCHOBHAA NpUYKWHA TAKUX OTPaHUYEHHH — oIac-
HOCTh THApATAllMM Ha3BaHHBIX OKCHAOB B 3aTBepAeBIIeM 0eToHe, IIO-
CKOJIBKY WX HOBOOOpPa30BaHUSA CIOCOOHBI K 00BEMHOMY pAaCIIMPEHUIO, YTO
CTAHOBUTCS NMPUYMHON DPa3pPYIICHUSA KeJe300eTOHHBIX KOHCTPYKIIUM.

OxHako Takue TpeGOBaHHS K 30JIaM IIO COAEpKaHuI0 cBobomuHbIx CalO
u MgO He Bcerja ompaBjaHBI, TAaK KaK OIACHOCTH IIpeACTaBJIfAeT He Ha-
JIAYKe 3TUX OKCHUJOB KaK TAKOBHIX, HO MX T'HJpaTalliOHHAd CIIOCOOHOCTH,
KOTOpas MOeT ObITh pa3anuyHoii. Tak, cBoboguble CaO u MgO 301bI HUSKO-
TeMIIePaTyDHOro ckuraHusi tBepAbix TomauB (7' <1100 °C) umeroT BEICO-
KYI0 DPEaKIMOHHYIO CIIOCOGHOCTb, M II0O3TOMY HMX THApaTanus OOBIYHO
IIOYTH IOJHOCTHIO 3aBepIIaeTcs II0 MCTeYeHuHu 1—2 4, TO eCTh B IIEPHOJ
ILIACTUYECKOTO COCTOAHUSA OeToHa, H, CIeLOBaTEeIbHO, HE MOJYKET BBI3BIBATH
IEeCTPYKIUU 3aTBepAeBiiero oeroHa. K Tomy ke ZecTpyKTHBHOE AeHCTBHE
30JI, KOTOPBIE COAEPIKAT MAJIOAKTUBHYIO <«IIE€PEKIKEHHYIO» H3BEeCTh, obpa-
3YIOLIYIOCSA NMPU (PaKeJIbHOM, BHICOKOTEMIIEDATYPHOM CIKHTaHUU TOIJIHMBA,
MOJKHO HEMTPaJIM30BaTh IIyTEM CIEIUaJBHON 06paboTKu.

3ossl Creispanckoit TOII, o6pasyiomuecs npu (aKeIbHOM CIKHTaHUHU
KAIlIMMUPCKUX ropoouymux ciaaHueB npu temmepatype 1050—1070 °C, comep-
JKaAT BBICOKOPEAKIMOHHEIN cBOoOOxHBIN Ca(O, KOTOPBHIH MIOYTH IIOJHOCTBHIO
TUApPATUPYETCS B TeueHHe 1 4 ¢ MOMEHTAa Havyajla KOHTAKTa C BOJOM, YTO
B UTOre, Oarozapsa o6pa30oBaHUIO HOBHIX (pa3 I'HJPOCHUJIMKATOB B IIpOIecce
rUJpOTepPMaJIbHON 00pabOTKH, CIIOCOOCTBYET YJIYUIIEHUIO DKCIIJIyaTallOH-
HBIX XapaKTepUCTHK OeTOHHBIX KOHCTPYKIUWH (TaKuUX, KaK IIPOYHOCTH,
BO/LOHEIIPOHUIIAEMOCTh, aTMOCc(epocToiKocTs U Ap.). Kpome Toro, B 30Je
KaIITUPCKUX CJIAHIEB IIPEBAJIUPYIOT CYIb(daThl KaJbIUs, KOPPOLHPYIO-
1iee JedcTBHE KOTOPBHIX HA CTAJILHYI0 apMaTypy HMeeT MeCTO TOJIBKO BO
BpeMs THApPOTEepPMaJbHOM o6paborku [1, 2].

OcHOBHBIE TIOKA3aTeJW KAaueCTBa 30JIBI 3JIEKTPOMDUILTPOB KAIIMUPCKUX
CJIAHIEB CJIEAYIOLINeE:
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BrnaxxHOCTH 0,48 9%
OcraTok Ha cure 13,5 %
CozepaxaHue:

cBoboxuoro CaO 4,38 %

S0; 3,51 %
II. m. m. 4,73 %
O6beMHas macca 830 xr/m’
I1JI0THOCTH 2,5r/cm®

Y penbuasi moBepxHocTs 3700 cM/r

ONnTUYeCKUMH HKCCIELOBAHUSAMU YCTAHOBJIEHO, YTO B 30Ji€ COLEPIKHUTCS
okoJio 30 % crexaodassl B BuAe MEJKHUX CHEPOJTUTOB.

CogepixaHue OKCHUIOB, %:

Si0; 38,45 MgO 2,42
Al,03 10,62 K0 2,01
Fe;03+ FeO 6,98 Nay0 1,09
TiOy 0,38 10158, 8% & 0,45
MnO 3 0,10 P205 0,41
CaO 27,73 SO; 3,72

B ny6iaukyemoii cTaThe OIHCHIBAETCSA HCCJELOBaAHHE BO3MOMKHOCTEH
KUCIIOJIE30BATh OXapPaKTEePU30BAHHYIO BBIIIE€ 30JIy IIPHM M3TOTOBJIEHHUU
6eroHa. B paGore mcmosbsoBasu moptiaaHaunemedT M 400 ¢ KIMHKepoOM
CJIeAYIOLIEero cocraBa (KJIMHKEPHBIE MHHepaJsibl 0003HaYeHBI CHMBOJIAMHU,
NPUHATHIMUA B I[EMEHTHON IIPOMBILIJIEHHOCTH), % :

CsS  61,568—62,55 C3A 6,60—7,84
CoS  18,27—18,64 CsAF 12,19—12,36

30y CMeNIMBAJIU C IMOPTJIAHJIEMEHTOM B DA3JIMYHBIX IPONOPUUAX U
OIIpeJiesIsiIi IIPOYHOCTH 00pasdioB (Tads. 1). Okasaysocs, 4YTO IPU HOPMAaJib-
HOM TBEpJEeHHHU LieMeHTa, comepsxaiiero 1o 20 9% 30Jbl, IPOYHOCTE €ro (Bo3-
pact 28 cyT) He BaBHCHUT OT LOJIH 30Jbl. IIpu Gojsiee BEICOKOM COZEDPIKaHUU
307bl HabGJIofaeTcad TEHJEHIUA K CHUXKEHUIO IIPOYHOCTH. B TO Ke Bpems
IIpU THAPOTepMabHOU 00paboTKe, cMelIaHHBIE 06pPas3Ilbl, COAEPIKAIINE He
6osiee 30 9% B30I, IPUOGPETAIOT GOJIBIIYIO IIPOYHOCTh, YeM y 00pasIlOB U3
OILHOTO TOJIBKO TOPTJIaHAIIEMEHTA.

Tabauya 1. Biuaane K0GaBEHM 30/bl HA NPOYHOCTH PACTBOPHBIX 00pasioB
Table 1. Ash admixture effect on concrete samples strength

Cocras BaxyuLero, % B/1], IIpounocTs npu cxxarTuu/usrube, MIla
Binder composition, wt.-% W/C Strength under the compression/bending, MPa
Iloprnanza- 3Bona HopmainbHoe TBepaeHue Ilpomapka
LIeMEeHT (28 cyT)
Portland Ash Normal hardening Steam curing
cement (28 days)
100 — 0,38 48,6/7,1 28,7/4,5

90 10 0,40 48,4/7,2 34,2/5,9

80 20 0,41 48,0/6,9 33,5/4,7

70 30 0,41 42,3/6,7 28,8/4,6 .

60 40 0,42 33,8/6,2 26,8/4,5

9T0 00BACHAETCH CHHTE30M B Ipoliecce TMAPOTEPMAaJbHOM 06paboTKu
HOBBIX ()23 T'MAPOCUIMKATOB ¥ MMAPOATIOMUHATOB KaJbIUsA, YTO IIPUBOLUT
K YIJIOTHEHUIO GeToHOoB. PaKT 06pa3oBaHUS 3TUX MUHEPAJIOB MOATBEDPIK-
AaeTcss PeHTreHO(asoBBIMM HCCJIELOBAHUSAMMU, 4 TaKiKe IIyI[ILyJIaHOBOK
aKTHBHOCTBIO B30JIBI, KOTOpas oleHuBaeTca mo mnoriomjeHuno Ca(OH); u
cocraBisfeT B gaHHOM caydae 37 mr Ca(OH)q/r 3075I.

JaHHble KUHETHKM CBASLIBAHWS B NPOAYKTAX TUAPATANUU GETOHOB
Ca(OH);, obpasyiomieroca B pesysibTaTe THADPOJIH3a KJIUHKEPHBIX MUHe-
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Tabauya 2. Copepxanne Ca(OH); B mpoayKTax rUApaTaluy IeMeHTHOro KamMHdA, %
Table 2. Ca(OH): content at the concrete stone hydration products, %

Cocras Bsxy1ero, %, Bospacr, cyT ITponmrapuBaHue
Binder composition, %, Age, days Steam curing
IlopTiaHALieMEeHT 3osa 3 28
Portland cement Ash
100 - 1.96 3.60 3.20

80 20 1.89 3.04 2.80

paJjioB MOPTJIAHAIIEMEHTa U 30JI0IIOPTJIaHAIleMEeHTa B Bo3pacrte 3 u 28 cyT,
a TakKJKe IMocJie MPOMapKK IpUBeAeHbl B Taba. 2.

Copepxanue Ca(OH); B mpopykTax rujgpaTanuu 0eTOHOB U3 MOPTJIAHJ-
1eMeHTa U 3oJionopTaaHanemenTa (20 9%, 30Jibl) B HAUAJIBHBIN IIEPUOJ T'HJ-
patanuu (3 CyT) IOYTH OLUHAKOBO, a uepes 28 CYyT B €CTECTBEHHBIX YCJIO-
BUAX TBepAEHUS U IpU nponapke goJus cBobomzuoro Ca(OH); B Gosbieit
CTEeIleHW yMEHBIIAeTCsS TaM, I'le COLEPIKUTCS 30JIa, YTO SBJIAETCS HOIOJTHU-
TeJIbHBIM IIOATBEPIKJAEHUEM HaJUYUA B 30Jie aKTUBHBIX ILIEHTPOB, B 4acT-
HocTu SiOjs, CIIOCOGHBIX CBSBHIBATH T'MAPOKCHUJ KAJIBI[HUS.

Bce 310 cBUZETEIBCTBYET O TOM, 4TO cBoGogHBEIe CaO u MgO, B Tex mpe-
ZenaxX, B KOTOPBIX OHM IIPUCYTCTBYIOT B paccMaTpUBaeMbIX B30JIaX, He
IOJIKHBI OTPUIATEILHO CKAa3bIBATHCSA HA CBONCTBAX 0ETOHOB IIPU YCJIOBUH,
4TO coJepsKaHue Takoi 30Jbl He mpeBwimaeT 20 9%, mo macce 50 memeHTa.

3HauuTeNIBLHOE COZep)KaHue B 301ax HecBszaHHoro CaO (mo 5 %) BEI-
3BaJI0 HEOOXOAMMOCTh MCCJIEOBATh BJIHAHHE 30JbI HA HEPaBHOMEPHOCTH
U3MeHEeHUsI 00beMa I[eMEHTHBHIX O0pasIloB IIOCJEe IIPONapKH M aBTOKJIAaB-
Ho# o6pa6Gorku. Mcciaemosasuck o6pasupl, cozepskamiue or 10 mo 80 %
30J1bI. Y CTAHOBJIEHO, YTO 00pAasIbl IeMEeHTOB, cogeprkamnue 10—20 u 50 %,
30JIbI He IPOABIAIT KAKHUX-NTH00 NMPU3HAKOB JeCTPyKuuu. VI Juilb Opu
0oJiee BBICOKOM COJEPIKAHUM 30JIBI B 00pasiax HaOGIIOJAI0TCH TPEIHHBI
B BuJe ceTOK. IIpu aBTOKJIaBHOM 00paboTKe IleMEeHTHBIX 0aJIoueK, comepixa-
mux 20 9% 30iBI, TaKKe He OOHADPYIKEHO AedopMaliuii.

IlosyueHHBIe pE3YJIBTATHEI CTAJM OCHOBAHHEM [Js IIPOMBIIIJIEHHBIX
WCIBITAHUIN 30JIbI B IPOU3BOJCTBE «JIETKUX» U «TSAMKEJIBbIX» OETOHOB B YCJIO-
Busax CapatoBckoro [ICK. Beliu mcmosib30BaHBI COCTaBBI, COAEpIKaliue
10 u 20 9% BoxBI, a AJIsi CpaBHEHUSA — OAHMH NOPTJIaHAIEeMeHT. VI3 cmeceit

L

Tabauya 3. OCHOBHBIE CBOMCTBA NPOMBINIJIEHHBIX (GETOHOB
Table 3. Main properties of industrial concretes

Pacxop uemenTa, kr/m’ 6erona B/I], IIpenes mpouHOCTH Ha
Cement rate, kg per 1 m° of concrete ciKaTue IocJje Ipomna-
wW/C puBaHus, MIla
IlemenT 3oisa Limits of strength
Cement Ash under compression
after steam curing,
MPa

Tamensit 6eron M200 (ocazka xonyca 5—6 cm)
Heavy-weight concrete M200 (cone setting 5—6 cm)

354 — 0.55 14.85
327 37 0.52 21.36
292 72 0.54 17.50

Jlerxuit 6erorn M100 (ocagka xonyca 2—3 cm)

Light-weight concrete M100 (cone setting 2—3 cm)

220 — 0.64 8.28
200 ! 20 0.58 10.0
182 40 0.63 9.68



49 Cranyeeasn 3oaa 6 GeToHHbLX KOHCTpYyKyusx: A. Cudoposuyu u 0p.
Shales ash use in concrete constructions: Ya. Sidorovich et al.

ObLIU 3a(h)OpPMOBAHEI OCHOBHBIE HeCyIllMe U Orpajrkjaloliue AeTalu KPYIIHO-
MaHEeJbHOI'0 AOMAa: JIECTHUYHBIE MapIIW, IIyCTOTHBIE ITaHEJIHN IePeKpPBITUA
u3 xeyseszoberoHa Mapku 200 u orpakpamoiniue NaHeJId U3 KepaM3HUTO-
6erona mapku 100. OcHOBHBIE CBOMCTBA STUX GETOHOB IIPUBELEHEI B Ta0I. 4.
IIpouHocTh Ha coxkaTue (IIOCJie TIPONapKM) OETOHHBIX 00pasIloB, COAEepIKa-
mux 30y, Ha 15—40 9% Bbllle, yeM 00pasIloB M3 OLHOTO IOPTJAaHJ-
LleMeHTa.

PesoMupysa H3JI0KEHHOE MOXKHO 3aKJIOUYUTh, YTO KCIIOJIB30BaHMUE IIPHU
M3rOTOBJIEHUN OETOHHBIX MBJEJHI 30JIBI OT CXKUraHUA (IIPpU TeMIlepaType
1050—1070 °C) ramnupckux caanieB Ha Ceidpanckoit TOIl B oTHOCUTEB-
HOM KoawuuecTBe 70 20 9, He BBI30BET KAKHX-JIU00 aHOMAJbHBIX SBJIEHUN
B TBepJeloleM I[eMEHTHOM KaMHe U MOJXKeT OBITh PEeKOMEHJOBAaHO [AJd
IPYTUX OETOHHBIX MPEAIPUATHH.

SUMMARY

Ash formed by low-temperature (not higher than 1050—1070 °C) jet-burning
of Kashpir oil shale at the Syzran thermal plants contains 4.38 %, free CaO and
3.51 9% SO3;. When forming the ash-containing concrete, Kashpir shales ash CaO,
which has high reactionability, is hydrated almost completely within one hour
starting from the moment of the mixture’s contact with water, i. e. during the
period of concrete plastifiction. Thus, the ash CaO cannot initiate any destruc-
tion process in the hardened concrete.

Moreover, during steam curing of the ash-containing concrete, new hydrated
calcium silicate and aluminate phases are formed that result in the improvement
of the concrete construction operation characteristics. The corroding effect of
calcium sulphates prevailing in ash is possible only during the process of steam
curing.

Samples consisting of portland cement and the above-mentioned ash were
investigated by standard methods. As it is seen from Table 1, addition of up to
20 9% of ash in the case of concrete normal hardening and up to 30 % of ash
in the case of steam curing does not affect the concrete strength.

The ash studied is characterized by high puzzolanic activity: Ca(OH), absorp-
tion is 37 mg per 1 g of ash. Table 2 demonstrates the higher reduction of free
Ca(OH); content in the hardened ash-containing concrete as compared with pure
portland cement concrete.

Because of the high free CaO content (up to 5 %), the effect of the addition of
ash on volume changes of concrete samples after steam curing and autoclaving
was investigated. In the presence of ash, cement stone strength increases.
Samples containing up to 50 % of ash showed no destruction symptoms.

Commercial scale tests were carried out at the Saratov house-building plant.
The strength of various ash-containing mortar samples was 15—40 9% higher
as compared with the controls (Table 3).
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