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OcobeHHocTH hopMupoBaHua CTPYKTYypbl cTaneubpobeToHa
npu Tennosoi obpaboTke

[MpnBeaeHbI pe3ynbTaTbl TEOPETUYECKMX U MPAKTUHECKNX UCCNEA0BaHUI CTPYKTYPO0O6Pa30BaHua cTanedomopobeToHa npu TennoBoil 06paboTke.
YCTaHOBNEHO, 4TO NpU ONPeSeNeHHOM COYeTaHUM COCTaBa 6ETOHHOM MaTPULbI U PEXUMA TENOBOM 06PaBOTKM BOSMOXKHO NoMy4eHne 06beMHO-
NpeAHanpsXEHHbIX CTaneuOpo6eTOHOB. YCTaHOBNEHbI 3HA4YEHUS 0CTATO4HbIX JeopMaunil pasnnyHbIX COCTaBOB CTaneduopo6eToHOB Nocne
Tennoson 06paboTkn. OnpeaeneHbl 0CHOBHbIE YCOBKS, 06ecneymBaioLLe hopMIUpoBaHUS NpegHanPsSXKeHNs B CTanbHON mbpe nocne TennoBoi
06pa6boTku. MonyyeHbl ypaBHEHNS, 0TOOPAXKAIOLLME 3aBUCMMOCTI NPOYHOCTHBIX XapaKTePUCTUK cTaneuropobeToOHOB NOC/e TenaoBoi 06paboTKu
11 NPy TBEPLEHUU B HOPMANIbHBIX YCNOBUAX. YCTAHOBNEHO, YTO (DOPMMPOBAHNE NPEAHANPSHKEHHOrO (hbpoKapkaca no3BonseT yBeNNYuTh
MPOYHOCTHbIE XaPAKTEPUCTUKN CTanednépo6eToHOB 0 25% N0 CPABHEHMIO C TEMM XXe COCTaBamu, TBEPAEBLUMMI B HOPMasbHbIX YCIIOBUAX.
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Features of Structure Formation During Heat Treatment of Steel Fiber Reinforced Concrete

In this article are listed the results of the theoretical and practical research in structure formation of steel fiber reinforced concrete during heat treatment. It was found that in a certain
combination of the composition of the concrete matrix and the mode of heat treatment may receive volume-prestressed steel fiber reinforced concretes. Determined the residual
deformations of various compositions of steel fiber reinforced concretes after heat treatment. Determined the main conditions ensuring prestressed state formation in steel fiber after heat
treatment. The equations obtained which are showing the dependence of strength characteristics after heat treatment and the hardening in normal conditions. Founded that the formation
of prestressed fiber carcass can increase strength characteristics of steel fiber reinforced concrete up to 25% in compare with the same compositions was curing in normal conditions.

Keywords: steel fiber reinforced concrete, heat treatment, volume prestressing, strength characteristics.

B Hacrosiee Bpems 001acTh IPUMEHEHHUSI U OOBEMBI
MIPOU3BOACTBA (UOPOOETOHOB IIOCTOSIHHO YBEIUYMBAIOTCSL.
HakomieH 3HaYUTEIbHBIN ONBIT IpUMeHEeHUs (prudbpodeTo-
HOB B Pa3MYHBIX KOHCTPYKLMSIX, BBITIOJIHEH OOJIBIION
00beM Hay4yHO-UCCIeA0BaTebCcKUX paboT. OCHOBHBIMU
HarpaBJIEeHUSIMU B 00JIaCTH COBEPILIEHCTBOBaHUST (HUOPO-
OCTOHOB SIBJISIIOTCS: TIPUMEHEHHME B KadyeCcTBe MaTpPHIIbI
MOIU(PUIMPOBAHHBIX OETOHOB C OCOOBIMU CBOMCTBAMU;
nccienoBaHue 0ETOHOB ¢ TMOPUIHBIM AUCTIEPCHBIM apMU-
poBaHUeM; uccienoBaHusl 3 GEKTUBHOCTA HOBBIX BUIOB
(uOpHI, U3rOTOBIEHHBIX U3 PA3JIMYHBIX MAaTEPUAJIOB.

HecMoTpst Ha IpoAOIKUTETBHBIE UCCIIENOBAHMS, ELIE CY-
IIECTBYET OOCTATOYHO BO3MOXHOCTEH IS YIydIIeHUS
CBOMCTB TPaIULIMOHHBIX cTaIeduopodeToHoB. OIHOI U3 Ta-
KUX BO3MOXXHOCTEH, 0 HallleMy MHEHUIO, SIBJISIETCS 1ieIeHa-
MpaBjieHHOe Cco3laHue YCJIOBUI M1 GOpMUPOBAHUS
00BbEMHO-TIpeTHATIPSKEHHOTO (hrbpoKapkaca B OETOHHOM
Marpuiie. Psii mpoBeeHHbIX MCClieOBaHM I TTO3BOJISIET BhIIE-
JINTh IBA OCHOBHBIX CITOC00a, UCIOJIb30BaHNE KOTOPHIX TTO-
3BOJISIET 3a(pUKCHUPOBATh GUOPY B MpeaHANIPSIKEHHOM COCTO-
SHUM, — TeIUIOBOe BoO3AeiicTBME Ha (UOPOOETOHHYIO
cMmech [ 1, 2] v mpuMeHeHUe pacIUPSTIOLIXCS T00aBOK [3—6].
OnHako MpUMEHEHUe JaHHBIX CITOCOOOB, Jaxe COBMECTHO,
He rapaHTupyeT (hOpMMPOBAaHUS TIPETHANPSDKEHHOTO (hu-
OpokapKaca 1 yIy4IIeHHS XapaKTepPUCTUK CTaepropodeTo-
Ha 13-3a psina OCOOEHHOCTEI.

PaccmoTpum 6osiee moapoobHo npoiecc GoOpMUPOBaHUS
CTPYKTYphI cTajepudpodeToHa NMpu TEIUIOBO 0OpaboTke.
Ha navanpHOM 3Tame TeTuIoBOil 0OpabOTKM TPOUCXOAUT
paclIMpeHre CTaJbHBIX BOJIOKOH U MaTpUIilbl O€TOHA, BbI-
3BaHHOE TOBBIIICHUEM TeMITEpaTyphl BCETO MaTepuaja 10
80—90°C. Bo BpeMs JaHHOTO MepUo/a, a TAKXKe B Mpoliecce
M30TEPMUYECKON BBIAEPXKKKU (DOpMUpPYETCsSl CTPYKTypa Oe-
TOHHOM MaTPUIIbI, a CTAIbHBIE BOJIOKHA HAXOASTCS B PacTsi-
HyTOM cocTossHuu. [locie 3aBepiieHusi U30TEPMUYECKOI

(N POVIEIIBHBIE

Currently, the scope of application and the volume of
production of fiber-reinforced concrete (FRC) are constantly
increasing. Significant experience accumulated in the appli-
cation of fiber-reinforced concrete in various designs, a large
volume of scientific research are made. The main trends in the
field of improving fiber concrete are: using as the matrix
modified concretes with special properties, studying concretes
with hybrid disperse reinforcement, and research of efficiency
of new types of fibers made from different materials.

Although long-term studies, there are still enough oppor-
tunities to improve the properties of traditional steel FRC.
One possibility, in our opinion, is a deliberate creation the
conditions for the formation of volume-prestressed concrete
matrix. Several studies, allows to allocate two basic ways, the
use of which allows to keep the fiber in prestressed condition
— the thermal effect on the fiber-reinforced concrete mix-
ture [1, 2] and using expanding additives [3—6]. However, the
use of these methods, even together, cannot guarantee the
formation of prestressed fiber carcass and increase perfor-
mance of steel FRC due to several features.

Consider in more detail the process of structure forma-
tion of steel FRC during heat treatment. At the initial stage
because of the heat treatment take place an expansion of the
steel fibers and the concrete matrix, caused by an increase in
temperature of all the material up to 80—90°C. During this
period and during the isothermal holding structure of con-
crete matrix is forming and steel fibers are in a stretched state.
After completion of the isothermal holding temperature of
steel FRC reduced and its residual strains are positive. As a
result the matrix of the concrete compressive forces are trans-
ferred and fibers stored in the prestressed (stretched) state.

Stresses, resulting from linear strains in the steel fibers
(04,), can be determined by knowing the value of deforma-
tion of the individual steel fibre after heat treatment, and
calculate by the formula:
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Puc. 1. BansiHme BOOOLEMEHTHOrO OTHOLLEHNS HA OCTaToO4YHbIE Aedopma-
ummn ctanedurbpobeToHa nocne TennoBor 06paboTKM: MENKO3epPHUCTLIN
6EeTOH C LEeMeHTHO-Nec4YaHblM oTHoleHuem 1:1,5; NpoueHT AMCNepcHoOro
apmupoBaHus 0,5% (ctanbHas ¢ubpa anuHoii 60 mm, anameTtpom 0,6 Mm)

Fig. 1. The effect of water-cement ratio on the residual deformation after
heat treatment of steel FRC: fine-grained concrete with cement-sand ratio
1:1.5, the percentage 0,5% of the disperse reinforcement (steel fiber length
is 60 mm and a diameter 0,6 mm)

BBIIEPXKKH TeMIlepatypa cTajiendpodbeToHa CHIKAeTCs, 1
TIPY 3TOM €T0 OCTaTOYHBIE MedOpMaLlUM TTOJOXKHUTEbHBL. B
pe3yabTaTe Ha MaTpuily OeTOoHa TepeaaloTcsl CKUMalolre
ycuusl, a ¢pubpa HaXOOUTCS B MPeIHANPSDKEHHOM (pacTsi-
HYTOM) COCTOSIHUM.

HarnpsikeHust, BOZHUKAIOIIUE B pe3yJibTaTe JTUHEHHBIX
JnedopMalliii B CTAIBHBIX BOJIOKHAX (O, ), MOXHO OMpene-
JINTb, 3Has 3HaYeHue 1eOpPMalUU OTAEIBHOTO CTATLHOTO
BOJIOKHA IIOCJIe TEIIOBOM 00paboTKu, M paccuuTaTh IO
dopmyne:

Oy, = Al Ey/ I, M

rae [/, — HadanpHas JuHa Guopsl, M; A/ — yuinHeHne Gpub-
pHl, M; E, — Monynb ynpyroctu cranu, I'Tla.

TemmnepaTtypHoe ymiuHeHUe (UOPDBI, IIPOUCXOISIIEE 10
MOMEHTa OKOHYaHUST M30TE€PMUUYECKON BBIIEPKKHU, MOKHO
ONpeNeIUTh MO creaytoleit hopmyie:

AlL=At 1, a, )

rae o, — Koo GUUUEHT TMHEWHHOTO PACIIUPEHUS CTANH, oC.

C MOMeHTa CHUXKEHUsI TeMIlepaTyphbl cTaiedudpodero-
Ha cTajJibHbIe BOJOKHA OYAyT CTPEMUTHCS BEPHYThCS K CBO-
UM TIepBOHaYaIbHBIM pazmepaMm. OnHako obpa3zoBaBIIasICs
OeTOHHasl CTPYKTypa OyIeT MpPensiITCTBOBATb YMEHbILIEHUIO
cTajgbHOU (hrOpPHI 10 TIEpPBOHAYATBHBIX Pa3MEPOB Ha BEJIU-
YUHY OCTAaTOYHBIX Aedopmannii (e5). Takum obpazom, Jiu-
HeliHble AedopMalluy CTaJbHONM (UOpPHI IIOC]IE TEIUIOBOK
00paboTKKU OYyayT paBHbI OCTaTOUYHBLIM JdedhopMalusM CTa-
JepudpobeToHa, a 3HAUCHUE PACTIATUBAIOIIMX HAMTPSIKEHU I
OyIeT ornpenessiThCsl ypaBHEHUEM:

Ost,t = kacb TEy” Est’ (3)

rae kg — KOIDUIUMEHT 3P HeKTUBHOCTH PabOThI HUOPHI.

Ocrarounbie aedopMaiuu cranedpudpodbeToHa (g) IMO-
cJie TEITOBOM 006pabOTKM, TaK XXe KaK 1 JUIS TSDKEJIbIX OeTOo-
HOB, 3aBUCSIT B OCHOBHOM OT COCTaBa OETOHHOI MaTPUILIbl U
pexuMa TeruioBoit 06padotku [7]. Ha puc. 1 u 2 npuBeaeHbI
3aBUCHMMOCTH OCTaTOYHBIX Aedopmaiuii ctanedudpodeTo-
HOB I10CJIe TEILUIOBOI 00pabOTKM B 3aBUCMMOCTH OT COCTaBa
MEJIKO3epHUCTON MaTPUIIBI.

Jns mpoBeleHUsT MCIBITAHWI, pe3ylbTaThl KOTOPBIX
MPUBEACHBI Ha puc. 1, MCMOJb30BAJICS MEJKO3ePHUCTHII
OETOH C LIEMEHTHO-TIECYaHbIM OTHOIIeHUEeM 1:1,5, mpolieHT
nucriepcHoro apmupoBanust 0,5% (cranbHas ¢pubpa mmm-
Hoit 60 MM, TuameTpom 0,6 MM).

CornacHo dopmydie (3) obsi3aTeIbHBIM yCI0BUEeM Ghop-
MUPOBAHMS MIPEAHAIPSIXKEHUS B CTAbHBIX (DUOpaxX sSIBIS-
I0TCSl TOJIOXUTENbHbIE OCTaTOUHbIE Nedopmanuu mocsie
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Puc. 2. OctatouyHble gedopmaumm ctanepmbpobeToHa nocne TernsoBom
o6paboTkm: 1 — cocTaBa C LEMEHTHO-MEecYaHbIM OTHOWeHveM 1:1;
2 - cocTaBa C LeMeHTHO-necyaHbiM oTHoweHueMm 1:1,5; 3 — cocTtaBa c
LleMEHTHO-MecYaHblM OTHoLLEHnEM 1:3

Fig. 2. Residual deformation after heat treatment of steel FRC: 1 — with the
cement-sand ratio 1:1; 2 — with the cement-sand ratio 1:1.5; 3 — with the
cement-sand ratio 1:3

Al-E,/1,, (1)

where: [, — initial length of the fiber, m; A/ — fiber elongation,
m; E, — modulus of elasticity of steel, GPa.

Thermal fiber elongation occurring before the end of the
isothermal hold, can be determined by the following formula:

AlL=At 1, a,, )

where: a, — coefficient of linear expansion of steel, °C.

Since lowering the temperature of steel FRC, steel fibers
will tend to return to their original size. However, the result-
ing concrete structure will prevent the reduction of steel fiber
to its original size by the amount of residual strain (gy). Thus,
the linear deformation of steel fiber after the heat treatment
are equal to residual strain of steel FRC, and the value of
tensile stress will be determined by the equation:

Oyt =

Oyt = keyf Est* Esta 3)

where k. — coefficient of efficiency of the fiber.

Residual strain of steel FRC (g) after heat treatment, as
well as heavy concrete, depend mainly on the composition of
the concrete matrix and heat treatment schedule [7]. Fig. 1
and 2 shows the residual strain of steel FRC after heat treat-
ment depending on the composition of a fine-grained matrix.

For the tests, the results of which are shown in Fig. 1, was
used fine-grained concrete with cement-sand ratio 1:1.5, the
percentage 0,5% of the disperse reinforcement (steel fiber
length is 60 mm and a diameter 0,6 mm).

According to the formula (3), a prerequisite for the for-
mation of the prestressing steel fibers are positive residual
deformation after heat treatment. However, the present con-
ditions are not enough, there must still ensure a number of
conditions to the effectiveness of the empirical coefficient of
fiber (k.p) was greater than zero. In this study were defined
conditions for steel FRC based on fine concrete matrix, pro-
viding positive k. use of steel fiber with anchoring at the
ends, sand-cement ratio from 1:1.5 to 1:3, the strength of the
concrete matrix at least 20 MPa , the pre-exposure is not
more than 3 hours. The actual values of k.4 calculated by the
formula 3 and amounted 0.04—0.18. At the same time, ten-
sion in the steel fiber (o, ;) determined on cylindrical samples
of fine concrete, in the center of which established the indi-
vidual fiber extending beyond the end of the cylinder. The
diameter of the sample is selected depending on the desired
ratio of reinforcement. Fixation of the linear dimensions
provided evidence of the actual strain of steel fiber.

It should be noted that the production of volume-pre-
stressed steel FRC possible when a certain combination of
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TeIUI0oBOii 00paboTku. OmMHAKO BBINOJHEHUS OaHHOTO
YCJIOBUSI HEAOCTATOYHO, HEOOXOAUMO obecreueHue eule
psiaa yCJIOBMIA, IJISI TOTO YTOOBI SMIMPUYECKUNA KOIPhU-
UEHT 3P HEKTUBHOCTU PabOThI HUOPHI (K,q,) ObLI GOIbILE
HyJs1. B pamkax naHHOTO ucclieqoBaHUsl ObLIM OIpenesie-
HBI YCJIOBUS IJIsT cTajleduOpobeToHa Ha OCHOBE MEJKO-
3€pHUCTON OETOHHOM MaTPHUIIBI, 00eCTIeYNBAIOIINE TT0JIO-
KUTENbHOE 3HAYEHUE K, IPUMEHEHHE CTAIbHOU QUOpbI
C aHKEPOBKOW Ha KOHIIaX; LIEMEHTHO-IIECYaHOEe OTHOLIEe-
Hue ot 1:1,5 no 1:3; mpoyHOCTh GETOHHOI MaTpHUIIbI HE
MmeHee 20 MIla; BpeMsi mpeaBapuTENbHON BBIIEPXKKU HE
Gomnee 3 4. PakTUYeCKUe 3HAYEHUS KOIPPUIMEHTA Ky,
paccunThiBanuch mo popmyie (3) u cocraswiau 0,04—0,18.
ITpu sTOM HanpskeHust B craibHOM Gubpe (o, ,) onpese-
JISITMCH Ha o0pa3lax UMIMHAPUYECKOU (hOPMBI U3 MEJTKO-
3€pHUCTOro 0€TOHA, B LIEHTPE KOTOPBIX YCTAHABJIUBAIOTCS
oT/Ae/bHbIe (UOPHI, BBHICTYIAIOIIME 3a TOPLEBYIO 4YacTb
mMHApa. JInameTp o06pas3IioB MoaOMpaeTcsT B 3aBUCUMO-
cTU OT Tpebyemoro Ko3dduIMeHTa apMUPOBAHMUS.
dukcrupoBaHue JMHEWHBIX PasMEpPOB MO3BOJUJIO TMOJY-
YUTh NaHHble O (haKTMUYECKOM HANpPSDKeHUM CTajJbHOM
buodpsI.

Crnenyer 0cob0 OTMETUTH, YTO MOJIYYeHHE OOBEMHO-
MPeTHATIPSDKEHHBIX  CTajle(hrOpOOETOHOB BO3MOXHO TMpPU
OIpeleIeHHOM COYeTaHMU COCTaBa OETOHHOM MaTpHIIHI,
MIPUMEHSIEMBIX 100aBOK U pexXuMa TeIUIOBOM 00pabOTKU.
ITpuMeHeHMe TOJIBKO TEIIOBO 00paboTKu craneduopobe-
TOHa, Ha TpUMepe CcTaiedrOPOOETOHOB € paCIIUPSIIONIM-
Mucs nobaBkamu [8], He rapaHTUpyeT siBHOTO 3(dexra. B
KaXJIOM OTAEJIbHOM cJlyyae HeOOXOAUM MOCIeA0BATEIbHbII
TOI60P TEXHOJOTUIECKUX (DAKTOPOB, B COBOKYITHOCTH 00€-
crneyuBalomux (GopMUpPOBaHUE OOBEMHO-IIPEIHAIIPSIKEH-
Horo ¢pubpokapkaca.

Hdns  omnpeneneHusl 3aBUCUMOCTEl MPOYHOCTHBIX
CBOICTB cTanehudpodeToHa, MOABEPraeMoro TerjaoBoii 00-
paboTKe, OT cocTaBa ObLIO MPOBEACHO MCCIEAOBAHUE Ha
OCHOBE TpeX(aKTOPHOTO SKCTIEPUMEHTA.

B kauectBe (hakTOpOB BapbMpPOBaHUS OBLIM IIPUHSTHI:
eMeHTHo-necyaHoe orHoiueHue (LI:I1), BomouiemMmeHTHOE
otHomeHue (B/1l) u xoapduiimeHT apMUpoBaHUs cTajie-
(ubpobetoHa o oovemy (|,). 151 XapakTepucTUKH cocTa-
Ba cranedubpobeToHa ObUIM TPUHATH He (QaKTUUeCKUi
pacxofl Kakoro-Jimbo U3 KOMITIOHEHTOB, a UX COOTHOILIEHMS
(L:IT u B/II), 4yTo MO3BONMIO ABYMsI IMapamMeTpaMu, KOTO-
pble BO3MOXHO BapbUpOBaTh B Mpeesax OrpaHMYeHHBIX
MPaBUJIOM aOCOJIIOTHBIX 00BEMOB, XapaKTepU30BaTh COCTAB
IIEMEHTHO-TIECUaHOW MaTpUIlIbl. YPOBHU BapbUpPOBaHUS
¢daKTOpOB NIPUBEICHEI B TA0IHIIE.

IIpu mpoBegeHNM 3KCIIEPUMEHTA OBLI IMPUHST PEXUM
TEIJIOBOM 00paboTku (2)+3+6+1 u rpu TeMIiepaType U30-
TepMHUuecKoii Bbiaepxxku 80°C.

B npoliecce akcnepuMeHTaIbHBIX UCCIIEA0BAaHUI ObLIN
roJjiyyeHbl ypaBHeHUs1 (4)—(8), oToOpaxkaroline 3aBUCHUMO-
CTU TIPOYHOCTH TPH CKATUHU W PACTSDKEHUM TPU U3THOE B
Bo3pacte 1 1 28 cyT mocje TeIIoBOil 00pabOTKM, a TaKxKe
MpY TBEPACHUN B HOPMAJIbHBIX YCIOBUSIX:

Rey. 1 = 36%7,76(X))—6,54(X,)+4,27(X;)—
—4,73(X))(X)=5.4(X )% 4)

Rox 25 = 50,59+12,44(X)—8,84(X,) +5,12(X3)—
—2,49(X,) (X35)—11,9(X;)*+6,96(X;)?; (5)

Rey iy, = 46,02+17,76(X,)~7,74(Xy)+
+5,08(X;3)—3,47(X,)*+4,43(X3); (6)

Rl/l3, 28 = 12,54+2,69(X1)—2, 1 1(X2)+6,39(X3)—
—0,99(X)(X3)—0,96(X,)(X3)—2,34(X)%; (7)
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Puc. 3. 3aBMCMMOCTb OTHOLLEHUWS MPOYHOCTU NpKU CxaTum ctanednbpobe-
TOHOB Noce TennoBoi 06paboTkn K NPOYHOCTM NPU cxaTum ctanedudpo-
6eTOoHOB, TBEPAEBLUMX B HOPMaJIbHbBIX YCIIOBUSIX, OT KOadbduLmeHTa apMm-
poBaHus: 1 — coCTaBa C LLEMEHTHO-MECYaHbIM OTHOLWEHNEM 1:1; 2 — cocTa-
Ba C LLEMEHTHO-MecYaHbliM oTHowWweHnem 1:1,5; 3 — cocTaBa C LLEMEHTHO-
necyaHbIM OTHoLeHveM 1:3

Fig. 3. Dependence of the ratio compressive strength after heat treatment
of steel FRC to steel FRC compressive strength, but under normal conditions
cured from coefficient of reinforcement: 7 — with the cement-sand ratio 1:1;
2 - with the cement-sand ratio 1:1.5; 3 — with the cement-sand ratio 1:3

the composition of the concrete matrix, applied additives and
heat treatment mode. Use only the heat treatment of steel
FRC on the example of steel FRC with expanding additives
[8] does not guarantee the apparent effect. In each case re-
quires a consistent selection of technological factors in all
providing the formation of a volume-prestressed fibercarcass.

To determine the dependencies of strength properties of
steel FRC subjected to heat treatment from the composition,
a study was made on the basis of a three-factor experiment.

The factors of variation were taken: a cement-sand ratio
(C:S), water-cement ratio (W/C), and reinforcement ratio by
volume of steel in FRC (). To characterize the composition
of steel FRC were adopted not the actual consumption, but
the components ratio (C:S and W/C), that allowed with two
parameters which may vary limited within the rule of absolute
volumes, characterize the composition of cement-sand ma-
trix. Levels of factors variation are shown in Table.
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Factors

LlemeHTHO-necyaHoe oTHowweHwue Li/M

Cement-sand ratio (C:S) X, 0,33

0,67 1

BogouemeHTHoe oTHoLeHue B/L,
Water-cement ratio (W/C)

06bemHoe coaepxaHie Guopbl
8 6eToHe |, % X3 0,5 2,5 45
Volume of steel FRC (L)

X, 03 | 04 | 05

R o= 12,53+3,59(X,)—1,99(X,)+6,18(X3)+1,96(X,)(X5)—

U3, Hy

—0,81(X,)(X3)—2,03(X,)*+1,67(X,)?>—0,98(X3)%.  (8)

CpaBHUTENBHBIN aHAJIW3 IO TTOKAa3aTeli0 MPOYHOCTU
MpHU cxKaTtuu cTajaeruOpoOEeTOHOB B Bo3pacte 28 CyT, Ioa-
BEPIrHYTHIX TEIJIOBOM 00pabOTKe, C TEMHU XK€ COCTaBaMM,
TBEPAEBILIMMU BCE BPEMsI B HOPMAJIbHBIX YCJIOBUSIX, IPUBE-
JIeH Ha puc. 3.

B pe3ynbTare npoBeneHHBIX UCCIeA0BaHUI YCTaAHOBJICHO,
YTO TIPU ONTUMAJTBHO TTOI0OPAaHHOM COCTaBe U PEKUME TeTl-
JIOBOM 00pabOTKM BO3MOXKHO ITOJIy4eHUE OOBEMHO-IIPEIHA-
NPSDKEHHBIX CTaaeuOpOOETOHOB C YBEJIMYEHHBIMU IIPOY-
HOCTHBIMU XapaKTePUCTUKAMH 10 25% 110 CpaBHEHMIO C TEMU
K€ COCTaBaMM, TBEPAEBIIMMU B HOPMATbHBIX YCJIOBUSIX.

HawnbGosiee mnepcrneKTUBHON 00J1aCTbIO MPUMEHEHMUS
00BEMHO-TIPETHATIPSIKEHHBIX  CTaIe(uOpOOETOHOB SIBJISI-
10TCsA COOpPHBIE KOHCTPYKIIMU U MAcCCHUBHBIE MOHOJIUTHBIE
COOpYXXeHUsI, TaK KaK UMEHHO TIPU MX MPOM3BOACTBE BO3-
MOXHO OINTHMAJIbHOE COYETaHWE BCEX TEXHOJOTMYECKUX
(hakTropoB, obecrieurBaIOUIMX MOJyYeHUE JAaHHBIX KOMIO-
3ULIMOHHBIX MaTepUAaJIOB.
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While the experiment was passing heat mode accepted
(2)+3+6+1 hour(s) at the temperature of the isothermal hold
80°C.

During the experimental studies were obtained equa-
tion (4)—(8) showing relationships between compressive
strength and the flexural tensile aged 1 days and 28 days after
heat treatment and hardening in normal conditions:

Re,1=36+7,76(X,)~6,54(X))+4,27(X;) -

—4,73(X)(Xy)—5,4(X))% 4)
R, 25 = 50,59+12,44(X)—8,84(X,)+5,12(X;)—
—2,49(X)) (X3)—11,9(X,)*+6,96(X3)%; ®)]
R, ne. = 46.00+17.76(X,)~7.74(Xp)+
5,08(X3)—3,47(X ) +4,43(Xy) ; (6)
Ry, 25 = 12,54+2,69(X,)—2,11(X,)+6,39(X3)—
—0 L99(X)(X3)—0,96(X,)(X5)—2,34(X)%; (7)

Ry e, = 12,53+3,59(X,)—1,99(X)+6,18(X3)+1,96(X ) (X5)—
—0,81(X,)(X5)—2,03(X,)>+1,67(X,)?—0,98(X5)%.  (8)

Comparative analysis in terms of compressive strengthof
steel FRC after 28 days subjected to a heat treatment with the
same compositions cured all the time under normal condi-
tions is shown n Fig. 3.

As a result of studies, it found that by optimally chosen
composition and heat treatment schedule may receive a vol-
ume-prestressed steel FRC with increased strength charac-
teristics up to 25% compared with the same compositions
cured under normal conditions.

The most promising area of application of volume-prestressed
steel FRC are prefabricated and massive monolithic structures
cause in their production possible optimal combination of tech-
nological factors, providing those composite materials.

References

1. Sukontasukkul P., Pomchiengpin W., Songpiriyakij S.
Post-crack (or post-peak) flexural response and tough-
ness of fiber reinforced concrete after exposure to high
temperature. Construction and Building Materials. 2010.
No. 24, pp. 1967—1974.

2. Solovyev V.G., Buryanov A.F., Yelsufyeva M.S. Features
of the production of steel fibre concrete products and
designs. Stroitel’nye Materialy |Construction Materials].
2014. No. 3, pp. 18—21. (In Russian).

3. Yan Z., Pantelides C.P. Concrete column shape modifi-
cation with FRP shells and expansive cement concrete.
Construction and Building Materials. 2011. Vol. 25.
Issue 1, pp. 396—405.

4. CaoS.P.,Zhou Q.F., Peng Y.L., Li G.X. Effects of expan-
sive agent and steel fiber on the properties of the fly ash ce-
ramsite lightweight aggregate concrete. Applied Mechanics
and Materials. 2013 Vol. 357—360, pp. 1332—1336.

5. Wang A., Deng M., Sun D., Mo L., Wang J., Tang M.
Effect of combination of steel fibers and MgO-type ex-
pansive agent on properties of concrete. Journal of Wuhan
University of Technology-Materials Science Edition. 2011.
Vol. 26, pp. 786—790.

6. Elsuf’eva M.S., Solovyev V.G., Bur’yanov A.F. Applying
of expanding additives in the concrete reinforced steel fi-
ber. Stroitel’nye Materialy [Construction Materials].
2014. No. 8, pp. 60—63. (In Russian).

7. Bazhenov Yu.M. Tekhnologiya betona [Technology of
Concrete]. Moscow: ASV. 2011. 528 p.

8. Corinaldesi V., Nardinocchi A., Donnini J. The influ-
ence of expansive agent on the performance of fibre rein-
forced cement-based composites. Construction and
Building Materials. 2015. Vol. 91, pp. 171—179.

'Q OV Y BHBIE

46

cenmsabps 2015 LLLL\I' ERVIAYIBIN





