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H OBbIe TPeOOBAHNS 110 JO/ITOBEYHOCTH K TAKOMY

TPagVLIVIOHHOMY BUZLY CTPOUTEIBHOTO MaTepyata KaK
6eTOH BBIHYX/aeT MCKaTh HOBbIE BU/bI apMUpPOBaHuA. B
Ka4ecTBe apMMPYIOLIEro MaTepraa B IOC/IefHee BpeMs
BCe 60jIee MIMPOKO IPUMEHSETCS JUCIEPCHOE
apMUpoBaHye BOTOKHAMMU. I/ MX M3TOTOBIEHNA
VICTIOTIb3YIOTCS pas/IMYHble MaTePUaJIbL: METa/IT, 6a3ajbT,
HOJIVIIPOTINTIEH, CTEKIIO.

Bo BceM M1pe pa3BuUTHeE AVCIEPCHOTO APMMPOBAHNA KaK
a/IbTEpHATMBA CTEP>KHEBOMY ITPOMCXO/IMIO OCTENEHHO.
W nsHa4ambHO OHO pacCMATPUBANIOCh B Ka4eCTBe
HOMOLIM K TPaAUIIMOHHOMY. B Hamrelt crpane paboTsr,
MOCBAIIEHHBIE TOTYYeHNIO AVICIePCHO—aPMIPOBAHHBIX
TOBapHBIX OETOHOB U PACTBOPOB € IIPYMEHEHMEM BO-
JIOKOH, aCCOIMMPYIOT C IMEHeM PyccKoro nHxenepa B.IT.
Hekpacosa.

Ha 3ape XX Beka OH IIpOBeJI UCCIEJOBAHNS 110 IIPU-
MeHEHUIO JYICIePCHOTro apMupoBanus. B kauecTBe du-
6poBOIT apMaTypbl OH CIIOIb30BAN OTPE3KNU IPOBOIOKY
MaJIbIX IaMeTpoB. Pesynbrarhl nccnegosannii Hexpacos
OIPOOHO U3TOXW B cBoux paborax. Torpa sxe 6t mo-
JIydeH U IIepBBIIl B MUpe MaTeHT Ha KOHCTPYKIMIO U3 Pi-
6pobeToHa.

JanbHeriee pasBUTIe TEMATUKN AVICIIEPCHOTO ap-
MMpOBaHIs ObIIO IPOLOIKeHO Yoke B CoBerckoM Corose
B cepeJiHe IPOIIIOTO BeKa, O 4YeM CBUJETENbCTBYET 3a-
MHTEPECOBAHHOCTb HALIMX CIIEIIVANCTOB B YIy4YIIeHUN
CBOJICTB TAKOTO TPAIUIL[MIOHHOTO CTPOUTEILHOTO
Marepyana Kak 6eToH. BcIuleck akTMBHOCTY 1
Ha/lbHelIas pa3paboTKa JaHHO TeMaTUKM
CIIOCOOCTBOBA/IN MOSAB/IEHNIO ITYO/IMKALVIT M aBTOPCKUX

IIaTCHTOB.
BOHpOC 0 Ka4ecTBe ¥ HOBBIX BO3MOYKHOCTAX OeTOHA

BOJTHOBAJI He TOJIbKO HAIIMX YYeHBbIX. B mopkpennenne K
Hay4HBIM pa3paboTKaM cepefuHbl 70-X TofioB (Kak aTo
OBbIIO IPUHATO B TO BpeMsi) BbILIIO ITocTaHOBIEHIIE
Cosmmaa CCCP «O HeKOTOpBIX Mepax 110 MOBBIIIEHNIO
TEXHIYECKOTO YPOBH;I IIPOM3BOJCTBA XKe/1e300e TOHHBIX
KOHCTPYKLMIL 1 6071ee 9¢pHeKTUBHOMY UCIIONb30BaHMIO B

CTPOUTEIBCTBE”.

ew requirements for durability of concrete, a tra-
ditional concrete construction material, force the experts
to develop new types of reinforcing. Lately, disperse
reinforcing with fibres has been applied wider than before.
Various materials, such as metal, basalt, polypropylene,
glass are used for manufacturing the fibres.
In the whole world, development of disperse reinforcing
as an alternative of bar frame reinforcing was gradual. At
the beginning, it was considered as a supplement to
traditional reinforcing. In our country, research works
relating to manufacture of disperse-reinforced commer-
cial concrete and mortars containing fibres are strongly
associated with the name of the Russian engineer V.P.
Nekrasov.
At the beginning of 20th century, he carried out an in-
vestigation relating to the use of disperse reinforcing,
with cuts of wires with small diameter used as fibrous
reinforcement. Nekrasov described results of these
investigations in detail at his works. At that time, the first
patent for constructions made of fibre-reinforced
concrete was issued.
Further development of disperse reinforcing continued in
the Soviet Union in the middle of the last century. This
demonstrates the interest of our experts in improving the
properties of such traditional construction material as
concrete. A burst of activity and further investigation of
possibilities in this field promoted appearance of new
articles and patents.
A problem of quality and new properties of concrete was
of interest not only for Soviet researchers. To support
scientific researches of mid-1970s (as it was accepted at
that time) the Council of Ministers of the USSR issued a
Decree «On some measures to increase a technical level of
production of reinforced concrete structures and their
more effective use in construction industry».
Thanks to this document, construction sector received a
normative basis for implementation of reinforcing fibres
as a strengthening admixture to concrete. Later, this
enabled to
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Brarogapsi JaHHOMY JOKYMEHTY CTPOMTEIN MOy YN-
711 6a3y [i/151 BHEPEHNS [YICIIEPCHO—apMUPYIOLIVX BOIOKOH
B KauecTBe yIIPOYHsIIoLIeit fo6aBK fiyis1 6eToHa. B nambpHet-
IIIEM 3TO II03BO/IN/IO TOBOPUTD O CO3AAHNI HOBOTO BBICOKO-
IIPOYHOro Matepuana — pubpobeToHa.

K coxaneHnio, CpoKM M3y4YeHUs ¥ TOCTIENYIOIEro
BHEJPEHIA HOBBIX CTPOUTENIbHBIX MaTEPHUAIOB JOCTATOY-
HO JIUTeNbHbIE. VI3Haua/IbHO 9TO CBA3aHO C HEXXETaHMEM
IPUHUMATb BCe HOBOE (MOJI, ¥ TaK BCe XOPOLIIO), a TAKIKe
OIpeie/IEeHHBIMU IPefPacCyJKaMi 110 OCBOEHUIO MHHO-
BaIUIL.

B CoBeTckoM co03e ObI/IO MHOTO HEPCIIeKTUBHBIX
U TIePefOBbIX PaspaboOTOK, HO ydeHble paboTamu B CTOL:
Ha BHeIpeHyIe HOBBIX [IePeJOBBIX MATePUaIOB MOIIN YITH
mecsatunetusa. OnpeneneHHble TPYLHOCTY BO BHE[[PEeHUN
HOBBIX TeXHOJIOTUII B IPOM3BOJICTBE CTPOUTEIBHBIX MarTe-
PUaIOB BOSHMKAIN U [IPY M3TOTOB/IEHNN 6€TOHA, achabTo-
GeToHa 11 XXesle306eToHA. [larke CETOfHS BO MHOTMX HAIIIIX
PeroHax Ipy U3TOTOB/IEHUY O€TOHA He UCIIONb3YIOT TaKe
HepCIIeKTBHBIE 1 JABHO Ce6s1 XOPOILIO 3apeKOMEH/I0BaBIIIe
H06aBKM KaK IIOMMKOPOAKCUIATEL ¥ HUTKA/L. XOTSI IPOU3-
BOZUTEY OeTOHA MOIVIV OBI IIOTTYYUTb OT UX IPUMEHEHN
3HAUNTENbHYIO BBITOLLY.

Tem He MeHee, CTOUT IPU3HATD, YTO U B TEOPETUYECKOI
9acTy, ¥ B 0671aCTH TaGOPATOPHBIX UCCIIENOBAHNIT MBI JIO-
OVITICH [IeVICTBUTE/IPHO BBIIAIOIIVIXCS Pe3y/IbTaTOB.

3amagHble IPOM3BOJUTEN TeM Oojiee He [fpeMallil.
3aTociefHee BpeMs IIPOBEfIEHO 3HAYMTETbHOE KOTMIECTBO
MEXTYHApOJHBIX HAayYHO-TEXHUYECKUX CHMIIO3MYMOB,
KOH(epeHIIUIT U CeMUHAPOB, TIOCBSAIIEHHBIX Pe3y/IbTaTaM
Hay4YHBIX MCCIIETOBAHMIT U IPAKTUIECKOMY ITPYMEHEHNIO
¢dubpoberonos B crpoutenpcrse CIIA, Bennkobpurannmu,
Kanape, OPI' u gpyrux crpanax. Tonbko Ha BeicTaBKe World
of concrete 2006 B Jlac-Berace aBTop HacuuTan MOpsiaKa
10 mpousBoAMTeNIel CHUHTETUIECKON GuOpB U HOpsiiKa
5 — meranmnudeckoit. IIpyudeM cTOUT OTMETUTD, YTO YKa-
3aHHas BBICTaBKa IEMOHCTPUPYET He PEBO/IOLMIOHHDIE TeX-
HOJIOTUH, A TO, YTO NIPMMEHAETCs OBCEMECTHO Ha 3amafie.
Tak cka3aTh, TeXHOJIOTMMY IIATOBO HOCTYITHOCTH.

Ocoboe pasButie u IpuMeHeHne ¢puépobeToH Ho-
ayunn B SInonumn. Eme B 1960 r. AnoHCKasA accouyanys 110
LIeMeHTY OfTHOII 13 IIepPBBIX CIIEIIV/IbHO YIpeyIa KOMUTET
10 u3y4eHuIo pubpobeToHa.

CBoeit ocHOBHOIT 3amauelt Komuter cpmenan mop-
TOTOBKY HOPMAaTUBHOJ NOKYMEHTAaI[UM, PyKOBOAALINX
Mmarepuanos (PTM). VIMeHHO 3TV JOKYMEHTBI JOJI>KHBI
ObLIM 06€eCIeYNTb M PACIIVPUTD BOSMOXXHOCTD ITOCTIENY-
IOLIIET0 MCIONb30BaHMsA GUOPHI KaK MPY IPOU3BOLCTBE
0eTOHOB B IPOMBIIITIEHHOM CEKTOPE 11 Ha 3aBOJjaX TOBAP-
HOro 0eTOoHa, IajIbHelIIIIee UCCIeJOBAHNE XapaKTEPUCTUK
¢ubpobeToHa, TAK 1 M3yUeHME KOHCTPYKIVIL JOPO>KHBIX
MOKPBITHIL ¥ IPYTUX KOHCTPYKIMIT U3 6eTOHA, apMUPO-
BaHHOTO Pa3/INMYHOTO POJa BOMIOKHAMI, KaK CTaIbHBIMU
TaK I ICKYCCTBEHHBIMI.

B 70-e roppr XX BeKa MccnefOBaHNA IPUHATIN CUCTE-
MaTW4eCKUIL XapaKTep, ¥ AKLEHTVPOBaTb BHUMaHIeE CTa/Il
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state that a new high—duty material, fibre-reinforced con-
crete, has been created.

Unfortunately, terms of investigation and the fol-
lowing implementation of new construction materials are
relatively long. Originally, it comes from a lack of desire to
accept something new (in belief that everything is quite
well without it), and from certain prejudices relating to in-
novations.

There were many prospective and advanced research
achievements in the Soviet Union, but works by many
researchers were never used in practice, and implemen-
tation of modern, advanced developments might took
several decades. There were also certain problems in
implementation of new technologies for production of
such construction materials as concrete, asphalt concrete
and reinforced concrete. Even today, such prospective and
well-proven admixtures as polycarboxylates and nitkal
are not applied in production of concrete in many regions
of Russia. This take place despite the fact that concrete
producers would be capable of generating considerable
gains from their application.

Nevertheless, it should be noted that we achieved some
really remarkable results both, in laboratory researches, and
in theory.

All the more, the Western researches developed their
activities. For some time past, considerable number of
international scientific and technical symposiums, con-
ferences and seminars have been held, relating to results
of research and practical application of fibre-reinforced
concrete for construction in the USA, Great Britain, Can-
ada, Germany and other counties. Author of the pres-
ent article counted about 10 producers of synthetic fibre
and of some 5 producers of metal fibre, who took part
in the exhibition World of Concrete 2006 in Las-Vegas.
It should be stressed, that this exhibition demonstrates
not innovative technologies, but methods and practices
generally accepted in the West, so to say «convenience
technologies».

Fibre-reinforced concrete is most well developed and
used in Japan. In 1960 already, the Japanese association of
cement was one of the first to create a committee for research
of fibre-reinforced concrete.

The core task of the Committee was to prepare norma-
tive and instructive documents (instructive and engineering
materials, or RTM). These particular documents were aimed
at creation and expansion of an opportunity for further ap-
plication of fibre for production of concrete in industrial
sector, at concrete plants, as well as future investigation of
fibre-reinforced concrete properties, and also investigation
of construction of road carpet and other concrete structures
reinforced with fibres of various types, both steel and syn-
thetic.

The researches became systematic in 1970s, and the fo-
cus was then put onto practical application of this material.
Majority of research works were related to investigation of
steel fibre-reinforced concrete.
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Ha [TPaKTIYeCKOM BHeJPEHNU STOT0 Marepyaa. bonbumH-
CTBO MICCIEROBAHNUIT OBUIO CBSI3AHO C M3ydYeHUeM MMEHHO
craseubdpoberoHa.

Ha MIipoBOM pbIHKE CTa/IbHbIe BOIOKHA KaK MaTepuas

15 IPOMBIIIEHHOTO apMUPOBAHNS TOSIBUINCH B 1973 T.
[osiBnenne GubOpsI KaK CaMOCTOSITELHOTO TeXHOJIOTMYe-
CKOTO IIPOAYKTA /151 apMUPOBAHSI CTUMY/IMPOBATIO UX VIC-
C/leflOBaHYIe 11 JajIbHelilIIee ITPYIMEHEHE Ji/1s VICIIO/Ib30BaH s

B JOPO>KHBIX OfIeK/iaX 11 B OTHE/IKe TOHHeTIelt. Brraromapst mo-
JIyeHHBIM Pe3y/IbTaTaM, IIOfTBEPAUINCD YHIKA/IbHbIE IKC-
IUTyaTallMOHHbIe CBOVICTBA CTa/IernOpoOeTOHa, 4TO HO3BOY-
710 YBE/IMYUTD YUCTIO KOHCTPYKIWIA 13 HETO U MCTIO/Ib30BaTh
€ro Ipy BO3BeIeHNY PasTNIHBIX 0OBEKTOB CTPONTENIBCTBA.

Hayaso 80X I. IpoI1/10ro BeKa CTajIo HOBbIM 9TaIIOM
B PasBUTUM AIOHCKON WIKONBI Pubpoberona. Crenna-
JIMCTaMU SIIOHCKOJ acCOLMALIMM 10 TOHHENIECTPOECHNUIO
Ob1710 Pa3pabOTaHO PYKOBOACTBO 110 IIPOEKTUPOBAHIIO
un uM3roToBneHno cranedpubpoberoHa, npegHasHaYeH-
HOTO /IS OTJIeTIKU TOHHeIe, I/ KOHCTPYKIIUIT JOPOT
U TUJIPOTEXHUYIECKIX COOpyKeHMil. SmoHckoe 0611ecTBO
MH)XXE€HEePOB IPa’kJaHCKOIO CTPOUTENbCTBA IIOATOTOBM-
JI0 PYKOBOZACTBO II0 OA00PY COCTaBa I IPUTOTOBJIEHIIO
cranedubpobeToHa, a TaK>Xe paspaboTano psj MeTOLOB
€ro MCIbITaHUil. Y>Ke B KOHLe 80—X I.I. KOJIMY€eCTBO IIPO-
U3BE[IEHHBIX U UCIIONb30BAHHBIX B SIMOHNUM CTATbHBIX
BOMOKOH mocturiao 10000 1. HerHemHmit rogoBoit 06beM
IPOM3BOJICTBA CTATbHOI GUOPLI B Poccum, cTpaHbl Me-
TaJIIa U YIJIEBOIOPOJIOB, IIPUOIN3UTEIBHO PaBeH 06beMY,
npoussogumomy B Anonnmn 30 neT Hasazn. XoTa onpene-
JIeHHAsI 9aCTh POCCUIICKOTO IIPOM3BOACTBA CTAIBHOI
¢$ubpsI Bee XKe ULET Ha IKCIIOPT.

Tax>ke Ha HallleM PbIHKE IPeCTaB/IeHbI TPOM3BOJUTE-
yt ubpet u3 benbrun v l'epmanum, benopyccun n Ykpau-
HBL B cTpaHax 6/vKHero 3apy0e)kbs JaHHbIE IPOU3BOICTBA
HaJ/la>KeHbI TIPAKTIYECKU CAMOCTOATENIBHO. 32 aHaJIoT 060-
PYZIOBaHMA B3ATbl MIMIIOPTHbIE CTAHKM, B KA4eCTBE ChIPbA
B benmopyccun ucnonbsyerca HeKOHAMIIVIOHHBIA KOPJ, OT
HIMHOIPOM3BOJCTBA, YTO HE BCEITa COOTBETCTBYET BHICOKO-
MY KaueCTBY USTOTOB/ICHHOI 113 Hero pMOpPBL. ITO CBA3AHO
C TeM, YTO UCIIONb3yeMasl IIPY IIPOM3BOJCTBE IIPOBOIOKA He
BCErfja MMeeT OfIHAKOBYIO TO/ILMHY.

ITponBKeHe BHEPEHNS AUCIIEPCHO—apMIPOBAHHBIX
0EeTOHOB B IIPAKTHKY CTPOUTETBCTBA JO/DKHO OBITH CBSIZAHO
B IIepBYI0 OYepeib C pellieHneM BOIIPOCOB UCIIONb30BaHMA
BOJIOKHMCTOL (p1OpOBOIL) apMaTyphbl HEOOXOOMMOro Ka-
YeCTBa 1 OCBOEHEM TEXHOTIOTMYECKVIX IIPOLIECCOB Ha fieli-
CTBYIOIUX 3aBOJAX CTPOUTENBHOIO KOMIUIEKCA, a TAKXKe
IV BHEAPEHMY JAHHOTO MaTepyaa HellOCPeACTBEHHO Ha
CTPOMTEIBHBIX IVIOMIAIKAX.

B Poccun nccnenoBanms 1 pa3paboTKIL IO CO3AHNIO
AMCIePCHO—-apMUPOBAHHBIX 6€TOHOB U KOHCTPYKIINIA C X
IIpMMEHEHMEM OCHOBBIBAIOTCA B 3HAYMTENBHOI Mepe Ha
(yHIaMeHTaTbHBIX UCC/IEIOBAHNX, OTHOCAIIMXCS K TEXHO-
JIOTMV MSTOTOBJIEHM ], TEOPUM, PACUETY 1 TPOEKTHPOBAHNIO
’KeTle300€ TOHHBIX KOHCTPYKITHIL.

B ux pasBuTue 60nbLION BKIAL BHECIN M3BECT-
Hble yyeHble 10.M. bakenos, B.H. baitkos, O.f. bepr,

Steel fibres first appeared in the world market as a mate-
rial for industrial reinforcement in 1973. Introduction of fibre
as an independent technological product for reinforcement
stimulated investigation and further application of steel fibres
in road carpet and in tunnel lining. Thanks to the results
obtained in the research works, unique performance char-
acteristics of steel fibre-reinforced concrete were confirmed.
This enabled to increase a range of constructions made of this
material and to use it in various building projects.

Early 1980-s were a new stage in development of the
Japanese researches in field of fibre-reinforced concrete.
Experts of the Japanese Association for Tunnel Engineer-
ing created instructions for designing and manufactur-
ing steel fibre-reinforced concrete for tunnel lining, for
construction of roads and hydraulic engineering struc-
tures. The Japanese Society of Civil Engineers developed
instructions for selecting the composition and manufac-
turing steel fibre-reinforced concrete, and also developed
a range of methods for its testing. By late 1980-s, the
amount of steel fibre produced and used in Japan reached
10,000 tons. At present time, the annual amount of steel
fibre production in Russia, known as a country of metal
and hydrocarbons, is nearly the same as the amount
manufactured in Japan 30 years ago. However, a certain
share of Russian-made steel fibre is exported.

Producers of fibre from Belgium and Germany, Belarus
and Ukraine are also present in our market. States of the
former Soviet Union, excluding Russia, implemented produc-
tion of fibre practically independently. Imported machines
were taken as an example of equipment. In Belarus, non-
standard tyre cord of manufacturing is used as raw material.
This is a reason, why quality of fibre manufatured from this
material is not always high. It happens, because the wire used
in production process is not always of the same thickness.

Development of implementation of disperse-reinforced
concrete in the construction practice should be related with
solution of the following issues: use of fibrous (fibre) rein-
forcing of necessary quality, implementation of technologies
for production of such concrete at the existing enterprises
manufacturing construction materials, and use of this mate-
rial directly at construction sites.

In Russia, research and development relating to dis-
perse—reinforced concrete and structures built with the use
of such concrete are based, to a considerable extent, on fun-
damental researches that cover technology of manufactur-
ing, theory, calculation and designing reinforced-concrete
structures.

Notable contribution into their development was made
by outstanding researchers Y.M. Bazhenov, V.N. Baikov, O.Y.
Berg, V.M. Bondarenko, A.A. Gvozdev, Y'V. Zaitsev, B.A. Kry-
lov, KV. Mikhailov, A'V. Nosarev, V.B. Ratinov, B.G. Skramtaev,
M.M. Kholmyansky, A.E. Sheikin and others.

Works relating to investigation of glass-reinforced com-
positions on the basis of cement binding agents were pub-
lished by K.L. Biryukovich, P.P. Budnikov, M.T. Duleba, M. A.
Krasnov, T.G. Markaryan, R.M. Mkhikyan, A.A. Paschenko,
V.M. Rudoi, V.P. Serbin.



B.M. bonpapenxo, A.A. I'Boszies, 10.B. 3aitues, b.A. Kpbiios,
K.B. Muxariinos, A.B. Hocapes, B.b. Patunos, B.I. Ckpam-
taeB, M.M. Xonmsauckuii, A E. Illeitkue u gp.

PaboTbl, OTHOCAMMECA K MCCIETOBAHNAM CTEKIIO-
apMMPOBAHHBIX KOMIO3MLMII Ha OCHOBE I[€MEHTHBIX
BADKYIUX, TIOTYYM/IN CBOe oTpakeHue B Tpyzax K.JI. bu-
proxoBuya, ILII. Byguukosa, M.T. [lyne6sr, M.A. Kpac-
HoBa, T.I. MapkapsHa, P.M. Mxukssa, A.A. ITamenxo,
B.M. Pyzoro, B.II. CepbuHa.

bonpmas sacayra B McclefoBaHMAX CTaje-
¢Gubpo6ETOHHBIX KOHCTPYKLIMII IPMHARIEKUT
[V1. BepauueBckomy, V1.B. Bonkosy, ®.A. Todreitny,
K.M. Koponesy, O.B. Koporbimesckomy, JI.T. Kyp6a-
ToBYy, VI.A. Jlo6aHoBY, B.Il. PomanoBy, K.B. TamanTo-
Boii, I.K. Xarnigykosy, [LA. lluxynosy, B.B. lllyraesy,
@.1. Aukenosuuy.

3HAYNTENbHBIN BK/IA]] B OPTAHU3ALNIO M PA3BUTHE
Hay4YHO—JICCTIef0BATENbCKIX V1 OIIBITHO—IIPOMBIIITIEHHBIX
paboT B 06/1acTy AUCIEPCHO-aPMIPOBAHHBIX 6€TOHOB
BHecnu B.A. Kpsinos, JI.T. Kyp6aros, K.B. Muxaitnos,
[I.J1. Opnos, ®.H. Pabunosny, I K. Xaigykos, 10.B.
[Tyxapenko, A.M. T'op6.

OcHoBHbIe mpO6/IEeMBl BO3HMKAIOLINE NPU IPU-
MEHEHUM TeX WM APYTUX BUJOB BONOKOH CBA3aHBI
C TeM, YTO He BCe UCKYCCTBEHHbIE BOMOKHA CITOCOOHBI
IIPOTUBOCTOATD BO3NENCTBUAM CpPeibl TUAPATUPYIO-
IMXCSI IIEMEHTOB, 0COOEHHO 9TO aKTYya/IbHO IIPY pelre-
HUY BOIIPOCOB [JUCIIEPCHOTO apMUPOBAHNS O€TOHHBIX
MaTepuanos.

Kak nokaspIBaeT IIpaKkTMKa, CTEK/IsTHHbIE BOIOKHA
06BIYHOTO COCTABA MIOJ{BEPTAIOTCS MHTEHCUBHOI KOPPO-
311 B TBepAeIoleM 6eTOHe Ha OPTIaHLleMEeHTe U IIPaK-
TUYeCKU He BCTYNAIOT B XMMIYeCKOoe B3aMMOJeiiCTBIE
C IPOAYKTaMU I'MpaTaliuy TUIICOBBIX BAXKYIUX.

CoBceM fipyras KapTIHa B CUTYalVy CO CTRJIbHBIMU
BOJIOKHaMU, TaK OH) 3aMeTHO KOPPOJVPYIOT B KOMIIO3M-
L/sIX Ha OCHOBE TUIICA, IPMYeM Te >Ke BOJIOKHA HaJJe>)KHO
3aIMIAIOTCA OT MPOIECCOB KOPPO3NUM B TULPATUPYIO-
Ieyicst cpefie LIeMEHTHBIX BSDKYLIMX. DTU 00CTOSATeNb-
CTBa JIOJDKHBI YYUTHIBATHCS PY Ha3HAYEHNM O THMAIIb-
HBIX COCTaBOB KOMIIO3UIINM «6EeTOH-BOIOKHO.

ITpn ananuse NpoBeeHHBIX SKCIIEPUMEHTOB U MC-
C/IeOBaHUI MOXKHO CZIe/IaTh BBIBOJ, O TOM, YTO JMCIIepC-
HOe apMUpOBaHIe 06ecIiednBaeT HOBbILICHNE IIPOYHOCTH
CEYeHNIT CXKATHIX, PACTSIHYTHIX U M3TMOaeMbIX 9/IEMEHTOB
KOHCTPYKI|MIf, YBeIMINBAET UX TPEHMHOCTONKOCTD,
YIApHYIO BA3KOCTb, TepPMIYECKOe COPOTUBIEHE U [IPY-
rre pU3NKO-MeXaHMIeCKe IIOKa3aTel.

brnarogaps nccnefoBaHMAM ¥ MHOXXECTBY HaTy PHBIX
(CTeH[IOBBIX) UCTIBITAHMIT, Y HAC MHOTO IIPYMEPOB yCIIell-
HOTO IIPVYMEHEHNs UCIIePCHO—aPMVPOBAaHHBIX O TOHOB
B KOHCTPYKIMAX Pa3IMYHOTO Ha3HAYEHMA: CTEHOBBIX I1a-
HeJAX, IINTaX IMOKPBITUIAL, HNUIAX PE3ePBYapOB, CBAX,
Tpy6ax, T0TKaX KOMMYHUKAI[MOHHBIX KaHAJIOB, IIOIaX
IIPOMBIIIIEHHBIX 3[JaHNIL, JOPOKHBIX U a9POJPOMHBIX
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Steel fibre-reinforced concrete structures were thor-
oughly investigated by G.I. Berdichevsky, LV. Volkov, E.A. Gof-
shtein, K.M. Korolev, O.V. Korotyshevsky, L.G. Kurbatov.
I.A. Lobanov, V.P. Romanov, K.V. Talantova, G.K. Khaidukov,
G.A. Shikunov, V.V. Shugaev, FT. Yankelovich.

Considerable contribution into organisation and deve-
lopment of research and pilot works in the field of disperse—
reinforced concrete was made by B.A. Krylov, L.G. Kurbatov,
KV. Mikhailov, D.L. Orlov, E.N. Rabinovich, G.K. Khaidukov,
Y.V. Pukharenko, A.M. Gorb.

Main problems that can appear with application of one
or another type of fibre are related with the fact that not all
artificial fibres are capable of withstanding the impacts of
the medium of hydrating cement. This is the most important
when the problems of disperse reinforcing of concrete materi-
als should be solved.

As the practice shows, glass fibres of standard com-
position are affected by intensive corrosion in a hardening
concrete that contains Portland cement, while they practi-
cally do not react with products of hydration of gypsum
binders.

The process is totally different with steel fibres, because
they significantly corrode in gypsum-based compositions,
while the same fibres are well protected against corrosion in
hydrating medium of cement binders. These circumstances
should be taken into account when an optimal component
composition «concrete—fibre» is selected.

Based on analysis of experiments and investigations re-
sults, one can make a conclusion that disperse reinforcement
ensures the increase in strength of cross sections of compressed,
stretched and twisted elements of structures, as well as their
cracking resistance, impact strength, thermal resistance and
other physical and mechanical properties.

Thanks to investigations and a large number of field
(benchmark) tests, we have many examples of successful
application of disperse-reinforced concrete in structures of
various types, such as wall panels, roof slabs, tank bottoms,
piles, tubes, trays of communication ducts, floors of indus-
trial buildings, road and aerodrome carpet, left-in—place
form for cast-in—place constructions, and other.

At present, not only traditionally applied vibration
molding is used in work with fibre-reinforced concrete, but
also such effective methods, as prepacked concreting, shot-
creting, bending freshly molded flat slabs, vacuum pressing,
pneumo-spraying, rolling, and many others.

As experience confirms, disperse reinforcement enables
to reduce materials consumption, cost and labour input for
manufacturing concrete structures, if compare with tradi-
tional reinforcing solutions. Such results are obtained on
account of partial of full rejection from application of tra-
ditional mesh or cage reinforcement in structures, as well
as thanks to transfer of the process of manufacturing the
reinforced concrete mixture directly into a concrete mixer in
many cases. Reinforcing fibres can be added to the mixture
both, at a plant and at a construction site.
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HOKPBITUAX, HECHEMHOJ omamybKe [ BO3BeHEHUA
MOHOJIMTHBIX KOHCTPYKIINI 1 Jp.

Hapsany ¢ TpagniionHo IIpuMeHAeMbIM BUOpodopMo-
BaHMeM I IPOU3BOACTBE paboT ¢ prOépoOeTOHOM HbIHE
VCTIOTIb3YIOT TaKe 3 (eKTUBHbIE MPYEeMBbI, KaK pasfie/ibHast
YKJIaJIKa, TOPKPETUPOBAHNE, IPOrnbd CBeXXeoT(HOPMOBAH-
HBIX IUIOCKVIX 3aTOTOBOK, BaKyyM—IIPECCOBAHIIE, ITHEBMO-
HaOPBII, PONIMKOBast 0OKaTKa ¥ MHOTYie IPyTHe.

Kak mokasbIBaeT OIBIT, 6/1arofaps AUCIEPCHOMY
ApMUPOBAHNIO YZlaeTCA JOOUTBHCA CHUDKEHMSA MaTepua-
JI0€MKOCTY KOHCTPYKLMIT, CTOMMOCTY U TPYJOEMKOCTH
M3TOTOBJIEHNA IO CPAaBHEHMIO C TPafiMIVIOHHBIMM ap-
MUPYIOLIIVMY pelieHMAMU. Takne IMOKa3aTenn yEaeTcs
MOZTyYNTh 3a CUET YaCTMIHOTO VIV IOTHOTO OTKa3a OT
HeOOXOJZMMOCTM ITIPUMEHeHMSA B KOHCTPYKIUAX Tpa-
IVIVOHHBIX apMaTypPHBIX CETOK M KapKacoB, a TaKKe
B pe3y/bTare IepeBofia BO MHOTUX CydYasx KOMIUIEKCa
IPOM3BOJICTBA apMAaTypPHBIX paboT B Ipoljecce M3ro-
TOBJIEHVS apMMPOBAHHOI OETOHHOI CMeCH Helocpes-
CTBEHHO B 6eTOHOCMecUTeNnb. ApMupyiomiye Guéposbie
BOJIOKHA MO>KHO H00aB/IATH KaK Ha 3aBOJE, TAK 1 HEIO-
CPEe/ICTBEHHO Ha CTPOMUTENbHOI IIOLIAJIKE.

[1mo6asnbHble MCCIENOBAHNA B OOIACTY TEXHOMOTUN
U M3ydeHMs CBOWCTB cTajiepubpobeToHa HAaUMHAINCDH
B HMVDKB (Mocksa) B cepenune 70-x rr. XX Beka. B To
Ke BpeMs oHY ITpoBoayvch B JlenSHUMOII (Jlennnrpap),
a nosxe 1 B JIatHVVIC. He oTcTraBanu u fpyrue Hay4Hble
1eHTpbL. PaboTBHI 10 AUCIEPCHOMY apMUPOBAHUIO IIPOBO-
o OAO «ITHMMUTIIpomsgaruii», PoctoBckuit Bopoxka-
HanmnpoekT, Kaparanguuckunit Ilpomcrpoiinpoext, BHM-
Crpommai, HVIement, Knesckuit ITonnrexumdecknit
urctutyt, MVICY (MI'CY) nm. B.B. Kyii6piuesa, MXTU
(MI'XTY) um. [I.V1. Menpgeneesa, JIVICU (TACY).

[ToaTOMY CeromHs MbI MOYXKEM MCIIONb30BaTh Kak
3apy0OeXXHBIl OIIBIT, KOTOPBIN yOefuTeNbHO MHOKa3as
TEXHUKO—9KOHOMIYECKYIO 9 (eKTUBHOCTD IIPUMEHEeHNA
cranepubpo6eTOHa B CTPONTENLHBIX KOHCTPYKIMAX, TaK
¥ COOCTBEHHDII!, HAKOIUICHHBIIT ¥ HAPAOOTAHHBIIT B JOCTA-
TOYHO HONTMI mepuop BpeMeHu. Takum ob6pazom, 0606-
IEHHBI/I HAKOIICHHDIII OIBIT [OKA3bIBAET, YTO MUCIIO/Ib-
30BaHUe AUCIIEPCHO—apMIPOBAHHBIX 6ETOHOB PA3/IMIHOM
IIOTHOCTH U ITPOYHOCTH MO3BOJISIET MHTEHCUDUIIMPOBATh
IIPOLIECCHI, IOBBICUTD KAYeCTBO VM CHUBUTD PeCypCOIOTpe-
O71eHNe P BO3BEEHNI HOBbIX, @ TAK)Ke PEKOHCTPYKIIMN
VI pecTaBpaliy CyLIeCTBYIONINX CTPOUTEILHBIX 0O HEKTOB.

Ha ceropusiutamit feHp 6marogapst MpoBeIeHHON pa-
6ore HUVDKDB cosmectno ¢ JIenSHMUMAIIT, MHUMTIII,
I[THMN npomspanuit, OO0 «PubpobeTon», LleHTpanbHbIM
6ankoM PO u gpyrumu opraHu3aLusaMu y Hac paspaboTaH
PsLI pEKOMEH/JaTe/IbHBIX JOKYMEHTOB.

9to BCH 56-97, PTM-17-01-2002, PTM-17-02-2003,
PTM-17-03-2005, BHII-001-01 banka Poccun. [lanHas
HOpMaTMBHast 6a3a MO3BOJISIET IIPOEKTUPOBATD U IIPMMe-
HATD CTPOUTEIbHBIC KOHCTPYKIVIN 13 CTaepuopodeToHa
u crekno¢pubpobeTona. OFHAKO MPSMBIX HOPM YPOBHA
CHulla u ctanfapToB 151 GrubpobeTOHOB 1O HACTOALLIETO
BpeMeHU He ObLIO.

Comprehensive research works in the field of tech-
nology and investigation of properties of steel fibre-re-
inforced concrete began in the Moscow State Research
Institute of Reinforced Concrete (NIIZhB) in mid-1970s.
At the same time, the works were carried out in research
institutes «LenZNIIEP» (Leningrad), and later in «LatNI-
IS» (Latvia). Other research centres also investigated this
problem. The works relating to disperse reinforcement
were carried out at Central Research Institute of Indus-
trial Buildings («I'sNIIPromzdanii»), «Vodokanalproekt»
(Rostov-na-Donu), «Promstroyproekt» (Karaganda),
Central Research Institute of Construction Materials and
Mechanical Engineering («VNIIStrommash»), Research
Institute of Cement («<NIITsement»), Kiev Polytechnical
Institute, Moscow Institute of Construction Engineers
(MISI, now Moscow State Uiversity of Civil Engineer-
ing — MGSU) named after V.V. Kuibyshev, D.I. Mende-
leev University of Chemical Technology of Russia, Len-
ingrad Institute of Construction Engineers (LISI, now St.
Petersburg State Architectural and Construction Univer-
sity — GASU).

Therefore, now we can use both, our own, and for-
eign experience, that proved demonstratively the tech-
nical and economical efficiency of application of steel
fibre-reinforced concrete in building structures. Thus,
the integrated and accumulated experience shows that
the use of disperse-reinforced concrete of various density
and strength enables to intensify construction processes,
improve quality and reduce consumption of resources
while erecting new buildings, and while implementing
reconstruction and renovation of existing objects.

Thanks to the work carried out by NIIZhB together
with «LenZNIIEP» (Leningrad zonal research institute
of experimental designing), MNIITEP (Moscow research
and project institute of typology and experimental de-
signing), «IsNIIPromzdanii», JSC «Fibrobeton», Central
Bank of the RF and other organisations, we have managed
to develop a set of recommendation documents.

These documents are VSN 56-07 (Industry Build-
ing Code), RTM-17-01-2002 (Instructive and Engineer-
ing Materials), RTM-17-02-2003, RTM-17-03-2005,
VNP-001-01 (Departmental Norms of Designing) by
the Bank of Russia. The given normative basis allows
to design and apply structures manufactured from steel
fibre-reinforced concrete and glass fibre-reinforced con-
crete. However, direct norms of Construction Rules and
Regulations (SNiP) or State Standards level have not ex-
isted up to the present time.

At the end of the 20th and at the beginning of the
21st century, enterprises «Kurganstalmost», NPO «Mag-
fibrastroy», «Severstalmetiz» managed to establish series
commercial production of steel fibre. Volume of produc-
tion enables even now to increase the use of fibre-rein-
forced concrete in Russian construction sector by several
dozens times. At the same time, such growth should not
be expected in the near future because of peculiar fea-
tures of the construction industry. Apart from this, un-
derrun of the Russian economy by volumes of consump-
tion of steel fibre-reinforced concrete can be explained by



Konen npomoro u Hayano HbIHELIHETO BEKa O3Ha-
MEHOBaNNUCh TeM, 4To Ha npepgnpuAtuax 3AO «Kypran-
cranpmocT», OO0 HIIO «Mardubpactpoit», OAO «Ce-
BepCTaIbMeTN3» Y/IaJIoCh OPTaHM30BaTh OT€YECTBEHHOE
cepuitHoe IIPOMBIIITIEHHOE ITPOM3BOJICTBO CTANIbHO (U~
Opbl B 06beMax, MO3BOJAIONINX yoKe Ceif9ac yBeMUInTD
B IECSITKM pa3 npuMeHeHne GprbépobeToHa B OTEIeCTBEH-
HOM cTpouTenbcTBe. OHAKO TAKOTO yBeIu4eHusA B O/1n-
Xaiilee BpeMsA HeNMb3sl OKUAATh U3—-3a 0COOEHHOCTEN
CTPOUTENbHON 3KOHOMMKM. KpoMme Toro, oTcraBaHme
Poccun B ob6bpemax mpumeHeHus cranepubpobderona
OTYaCTV OOBSICHIETCS M3BECTHBIMU KPU3UCHBIMU SIB-
JIEHUAMU BO BCell Halllell 9KOHOMUKE.

3a py6exXoM IOCTOSHHO PACIINPSIINCh NHBECTULINN
B JCC/Ie[IOBaHNUA, pa3paboTKy M IpuMeHeHre ¢pubpobe-
TOHOB, HO B OTE€YECTBEHHOJI ITpaKTVKe (PUHAHCHPOBAHNE
B 9TOM HAIIPAB/IEHU! BEIOCh [0 OCTATOYHOMY IIPMHIINITY
n 66CCI/ICT€MHO, He3aBJMICUMO OT MHEHUS U TIO>KeJTaHNI Ha-
YYHbBIX OpraHM3aLMIL.

OnpIT Takux pas3ButThix cTpaH kak CIIIA, Benuko-
Opuranus, Tepmanus, Ppanuns u ABcrpanus ybenn-
TEeJIbHO JOKa3a/l TEXHNKO—3KOHOMUYECKYI0 3pdeKTuB-
HOCTb IIPYIMeHeH N cTanepnbpobeTOHa B CTPOUTENBHBIX
KOHCTPYKLMAX.

[Tpon3BOACTBOM CTanbHO (GUOPHI 3aHUMAIOTCS
6ornee 20—t 3apyOexHbIX GupM u Kopropanuii. Tonp-
KO B SImoHUM 7 KPymHBIX GUPM BBIIYCKAET CTATbHYIO
¢ubpy pasnmuansix popm, mpoduiert, pasMepos 1 IPoI-
HOCTH, B TOM 4YMCJI€ U3 KOPPO3MOHHOCTOVKON CTaJl.
B I'epmaHuu npousBoguTcs crajabHas ¢pubpa prupmamu
«Manecman Xange», «Xapekc» u gp. Benprusickas ¢pupma
«JJpamukc» usrorasnusaet ¢pubPy 13 HPOBOIOKN B BUJIE
O/I0K-TIJIACTHH, CKJICEHHBIX BOJOPACTBOPUMBIM KIIEEM,
4TO 06JIeTyaeT ee MHTErPaNNIo B OETOH MaTPUILY.

K coxarneHmIo, jo cux mop He ObU1u paspaboTaHbI TH-
1oBble KOHCTpyK1yy 3 CPB , KOTOpbIe MOIIN GBI IIIPOKO
IPUMEHATD IPOEKTVPOBLIVKIAL

HemanoBaxusIM (HaKTOPOM, BIMSIOMINM Ha HEBOC-
Tpe6oBaHHOCTH GUOPOOETOHA B OTEIECTBEHHOM CTPOM-
Te/IbCTBE, ABJISETCS €r0 OTHOCUTEIBHO 60JIee BBICOKAS
MCXOHAs LjeHa II0 CPaBHEHMIO C OOBIYHBIM GETOHOM
i ene306eToHOM. ITOT (aKTOp [ENCTBYeT B Iep-
BYIO O4Yepefib Ha YPOBHE OTHOLIEHWIT MEX/Y 3aBOJOM—
npousBopuTeneM GpubpodeToHa VN KOHCTPYKLUUIL 13
HETO 1 IIOAPSIFHOI OpraHM3alyeii-CTpOuTeNeM, KOTOpas
He X0o4eT 6paThb 60/Iee JOPOroit MaTepuas, He IPeIyCcMO-
TPEHHBII IPOEKTVPOBIINKAMIL.

Kak crponrenbHblit MaTepua cranedpubpobeToH faet
TAaK Ha3bIBAEMbIT OT/IO>KEHHBII 9KOHOMUYECKUIT 3P PeKT.
OTO IPONCXOANT 3a cueT 6ojiee BBICOKOII JONITOBEYHOCTI
U MIBHOCOCTOMKOCTM, 9KCILTyaTallMIOHHOJ IPUTOLHOCTH,
yBeIMYEeHVSI MEKPEMOHTHOTO Pecypca U MOBbILIEHNS Oe3-
OITACHOCTY COOPY KEHUII IIPY CEICMUYECKMX BO3MIEVICTBUAX
U TIOXKapax.

[NepeuncreHnble Bbilie paKTOpbI HarboIee 3P PeKTnB-
HBI B Y3/1aX Y KOHCTPYKIIVMSIX MHOTO9TQ)XHBIX 1 BBICOTHBIX
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manifestations of a crisis in the whole Russian economy,
to some extent.

In foreign countries, investments into research, deve-
lopment and application of fibre-reinforced concrete were
constantly increasing. On the contrary, this direction in
Russia was financed without particular system, on leftover
principle, which did not depend on opinions or wishes of
research organisations.

The experience of such developed countries as the
USA, Great Britain, Germany, France and Austria, proves
demonstratively the technical and economical efficiency
of application of steel fibre-reinforced concrete in build-
ing structures.

Steel fibre is manufactured by over 20 foreign com-
panies and corporations. In Japan alone, 7 large compa-
nies produce steel fibre of various shape, profile, size and
strength including that made of corrosion-resistant steel.
In Germany, steel fibre is manufactured by companies
«Mannesmann Handel», «Hareks», and others. The Bel-
gian company «Dramix» manufactures fibre from wires
in the shape of block-plates glued with water-soluble
glue, which facilitates its integration into the matrix of
concrete.

Unfortunately, steel fibre-reinforced concrete
structures of standard design have not been devel-
oped yet. Designers would be capable of using them
widely.

One of significant factors, which cause low demand
for fibre-reinforced concrete in the Russian construction
industry is its relatively high starting price, compared
with standard concrete or reinforced concrete. At first in-
stance, this factor plays its role on the level of relations be-
tween a factory manufacturing fibre-reinforced concrete
or structures made of this material and a construction
company acting as a contractor. The contractor normally
does not wish to purchase more expensive material, which
was not specified by designers.

Steel fibre-reinforced concrete as a construction ma-
terial gives a so-called deferred economic benefit. The
economic effect comes from its higher rates of life time,
wear resistance, serviceability, prolongation of overhaul
period and increase of safety of structures in case of fire
and seismic activity.

The factors listed above are the most efficient in seg-
ments and structures of multi-storey and high-rise buildings,
especially in buildings and constructions erected in regions
with high seismic activity. Disperse fibre reinforcement en-
sures a dissipation of energy within the volume of a segment,
pack of segments or a zone on account of multiply higher en-
ergy required for deformation and disintegration, compared
with standard concrete.

The problem in this situation is that only an organi-
sation that exploits building or construction is capable of
providing a real appraisal; as a rule, such organisation is
not to take part in the first stage of the project, when con-
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37IaHNIT, 0COOEHHO B 3TaHNUAX U COOPYKEHVAX, BO3BOLVMBIX
B CEMICMMYECKMX paliOHaX.

HucriepcHoe ¢pubpoBoe apMmupoBaHue obecrieynBaeT
IVICCUIIALINIO 9HEPIUY B 06beMe KOHCTPYKLIIMY, Y3/Ia YN
30HBI 3a CYeT MHOTOKPATHO Gosbluert sHepruu gedopmu-
POBAHIsI M PaspPYILIEHNs II0 CPAaBHEHNIO C OOBIYHBIM 6eTo-
HOM.

[Tpo6nema B JTaHHOJ CUTYaLI MU 3aK/TI0YAETCS B TOM,
YTO peajbHYIO OLIEHKY MOXKHO HaTb TOJNbKO OpraHmu3a-
LM, 9KCIUTYaTUPYIOlasd TOTOBOE 3/JaHNe WU COOPYJKe-
HIe, HO He yYacTBYIoIllas, Kak IpaByIo, Ha IepBOM 3Ta-
Ie B BbI6Ope KOHCTPYKTUBHOTO PellleHN s KOHCTPYKIIUN
VIV COOPY>KEHUA.

Pacummpenne npumenenns ¢pubpo6eTOHOB B CTPOU-
TE/IbCTBE MOXKET ObITh JOCTUTHYTO TOJIBKO B pe3yJIbTare
COBMECTHOTO B3aMMOZENCTBUSA HAYYHBIX U IIPOEKTHBIX
OpTaHM3ALNIT B COITIACYY C OPTaHMU3ALVAMII-3aKa3IVMKaAMI
00'BEKTOB, SKCIUTYaTUPYIOIIMMI MX B [Ja/IbHELIEM.

Ceropusi HeoOXORMMO pa3paboTaTb METOLUKY
OLICHKV 3KOHOMUIYeCKON a3 dekTUBHOCTI PrbpobeToH-
HBIX KOHCTPYKIMII, yYUTBIBasi O0jiee BBICOKME (PU3UKO—
MeXaHUYeCKle CBOJMCTBA, [JOATOBEYHOCTb, TEXHOJIO-
TUYHOCTD, OOJIBIION MEXPEMOHTHBIN PeCcypc U T. II. IO
CpaBHEHNIO C XKele300eTOHOM. B 1eoM KOHCTpyKIuu
u3 COb HeCOMHEHHO HanyT OONMBIINIT SKOHOMUYECKUI
a¢ddexT Ha FKCITyaTalMio BCero 3paHus. Ilo MHeHMIO
aBTOpA, pasIMYHbIe BU/BI BBIITYCKaeMoll puoOpsr B 3aBU-
CUMOCTHM OT CBOMX KaK 9KOHOMUYECKNX, TaK U TeXHMIe-
CKJIX IIapaMeTpPOB JO/DKHBI IPUMEHATLCA B PA3HBIX BU-
IaX KOHCTPYKIWIL ¥ B COOTBETCTBUM C PaspaboTaHHOI!
TEXHOJIOTHENA.

[71aBHBIM IPENATCTBMEM HA ITYTU MAcCOBOTO MHJY-
CTPUAIBHOTO IPUMEHeHNs cTanepubpobeToHa B CTPOU-
TE/IbCTBE 10 IOC/TeTHEI0 BPeMeHM AB/IAIOCh OTCYTCTBYE
HOPM ITPOEKTVMPOBAHNA KOHCTPYKLIMII U3 HETO.

Ha ocHoBe pe3ynbTaTOB MCCIEIOBAHMIT OMBITHOTO
IPONM3BOACTBA U NPUMeHeHUs cTanepudbpoObeTOHHBIX
xoHcTpyKunit HUVIKD, JIenSHMMIIT u THMMII 6511
B 1987 1. pa3paboTaH IepBbIil HOPMATHBHBII JOKYMEHT
B 3TOIt 06macTy — «PekOMeHJAL MY 110 TPOEKTUPOBAHNIO
U M3TOTOBJIEHNUIO CTaTeprOPOOETOHHBIX KOHCTPYKIINIT»
(HUVKB, Mocksa, 1987) , opueHTMPOBaHHBII Ha IIPU-
MeHEeHMe TeX BUIOB CTa/IbHOI GUOPBI, KOTOPbIE IIPOU3BO-
IWUINCH B TO BpeMs B OIIBITHOM Hopsaake. OnHako ¢pubpa
ObI/Ta HEZOCTATOYHO BBICOKOTO KaueCTBa I BBIITYCKaIach
B Majibix o6beMax. Ceityac Takasi pubpa Boob1Iie He IPO-
U3BOJMTCA.

B 1997 r. HUVIXB 6b11u paspaborasst Ajisi I. MOCKBBI
BCH 56-97 sl IpOeKTUPOBAHNA U TeXHOIOTUN IIPOU3-
BOZICTBa cTeK10¢ubpodeToHHbIX KoHCTpYK1mit (HUVDKB,
MockBa, 1997).

Bonpumoit BKIa# B Hay4HO-UCCTIENOBATENbCKIUE Pa-
60Tbl, HOpMaTVBHOE ObecredeHne 1 IPAKTUKY MacCOBOTO
IpVMMeHeHNs cTanepudpodeToHa BHECIN IPOM3BOJCTBEH-
Hble o6 benuuenust 3AO «Kyprauncransmoct» u HITO «Mar-

structive solutions for a particular building or construction
should be selected.

It is possible to increase the volume of consumption of
fibre-reinforced concrete in construction sector, only pro-
vided that research and design organisations work together
with customers which order the construction objects and
then manage them.

Currently, it is necessary to develop a method to esti-
mate economic effect from application of structures made
of fibre-reinforced concrete, which would take into ac-
count higher physical and mechanical properties, as well
as longer service life, workability, overhaul period, and
other better properties, if compare with standard rein-
forced concrete. Structures made of steel fibre-reinforced
concrete will undoubtedly add a significant economic ef-
ficiency of upkeeping the building as a whole. In author’s
opinion, different types of manufactured fibres should be
used in different types of structures in accordance with
the developed technologies. The types of fibre differ by
their technical and economical parameters.

Up to recently, the main barrier on the way of mass in-
dustrial application of steel fibre-reinforced concrete in con-
struction industry has been the absence of normative docu-
ments that would set requirements for design of structures
built from this material.

Based on results of investigations and pilot produc-
tion, as well as application of structures made of steel
fibre-reinforced concrete, obtained by NIIZhB, LenZNI-
IEP and TsNIIP, the first regulative document in this
sphere was developed in 1987. This document, «Recom-
mendations for designing and manufacturing structures
from steel fibre-reinforced concrete» (NIIZhB, Moscow),
described requirements for the types of steel fibre that
were manufactured at that time by pilot production.
However, quality of fibre was not sufficiently high, and
volumes of production were low. At present, such fibre is
not produced any more.

In 1997, NI1ZhB developed departmental construction
regulations (VSN 54-97) for design and technology for pro-
duction of structures made of glass fibre-reinforced concrete
(NIIZhB, Moscow, 1997) effective for Moscow.

Industrial corporations CJSC «Kurganstalmost» and
Research and Production Centre «Magfibrastroy», who
were first to implement industrial production of steel fibre,
introduced their large contributions into research and
development works, preparation of regulative documents
and practice of mass application of steel fibre-reinforced
concrete.

At the end of 1990s — beginning of 2000s, indus-
trial corporations CJSC «Kurganstalmost», Research
and Production Centre «Magfibrastroy» and CJSC
«Severstal-Metiz» established production of steel fibre
of three types industrially: milled from slab according
to technical specifications TU 0991-125-46854090-2001;
cut from thin steel sheet according to TU 0991-123-
53832025-2001, and chopped from wire according to



¢bnbpacTpoit», BiepBble OpraHI30BaBIIIie IPOMBILITIEHHOE
IIPOM3BOZCTBO CTANbHOM PUOPHL.

B xonne 90—x rr. XX B. — Havaze 2000-x IT. Ipo-
u3BofcTBeHHbIMM 00 beguHeHnAMY 3AO «Kyprancranp-
MocT», HITO «Mardubpacrpoit» n 3AO «CeBepcTanb—
MeTns» OpraHM3OBaHO YCTONYMBOE IPOMBIIIIEHHOE
IIPOVI3BOJICTBO CTaJIbHOI (pUOpPbI TpeX pasIYHbIX BUIOB:
¢dpesepoBanHoOIt U3 cnab6a mo TY0991-125-46854090-
2001; pesaHOJ M3 TOHKOTO CTalbHOro nucra mo TY
0991-123-53832025-2001 u py6eHOl 13 IPOBOIOKU
mo TY 1211-205-46854090-2005. [Tponssopymmast STMMA
opraHmMsanyAMyu ¢ubpa OTINIAETCA BHICOKMMM TeXHU-
YeCKMMU XapaKTepUCTUKAMI, OJFHOPOJHOCTDIO CBOJICTB
U TEXHOJIOTMYHOCTDIO IIPY IIPYMEHEHN .

HUVDKDB 6p11n paspaboTaHbl TeXHUYECKUE YCIIO-
BUsI Ha BCe 3T BUABI GUOPHI 1 cepTUPUIIMPOBAHO ee
HIpPOU3BOACTBO. [/IsI CO3aHNs BOZMOXXHOCTHU OIIBITHO—
IPOMBIIIIEHHOTO TIPYMEHEHST IIPON3BOAUMOIL (ulpsl
U IIPOEKTU POBAHNA KOHCTPYKINIT 3 cTanepubpobeToHa
HUVKB 65111 pa3paboTaHbl pyKOBOAsLINE TEXHIYE-
ckne Marepuansl (PTM) mo mpoeKTUpOBaHUIO U NpU-
MeHeHMIo cTanepuOpobeTOHHBIX KOHCTPYKIINUIT COOTBET-
CTBEHHO JI/Isl YKa3aHHBIX BUTOB GMOPBI. DTO MO3BOMUIIO
OPraHM30BaTh ONBITHO-IIPOMBIIIIEHHOE IPOU3BOACTBO
U IpuMeHeHMe cTanepubpobeToHa ¢ yHOpPAFOUYeHIEM
IIPOEKTUPOBAHMN M TEXHOJIOTUM IIPOV3BOJCTBA.

K coxanenuto, PTM He ABIAIOTCA IOPUAMYECKN HOP-
MaTuBHBIMM ToKyMeHTamy yposHsa CHulla. O6 sTom u ro-
BOPVJIY HEOTHOKPATHO U NPOeKTNpoBIyKy. Kpome Toro,
B flelicTBYOWuX 0 2004 1. HOpPMaTUBHBIX JOKYMEHTaX
(CHulI 2.03.01-84") ¢pubpobeTon BoobIIle OTCYTCTBOBA
KaK y3aKOHEHHBIVI CTPOUTEIbHBIN MaTepyaJl, YTO CO3JaBajIo
TOTIONTHNTEIbHBIE TPYJHOCTH B €TO IIPYIMEHEHN L.

BonpiminM ycmexoM oTedeCTBEHHON HAyKM U IIpaK-
TUKI ABUIOCH TO, 4TO B HOBBIT CHuII 52-01-2003 «be-
TOHHBIE U XKe/le300eTOHHbIe KOHCTPYKII» GuOpoOeToH
BKJIIOYEH KaK Y3aKOHEHHBIJI BUJ XKelle300eTOHa ¢ AC-
[IepCHBIM apMIPOBAHIIEM, A IIPUTIOKEHIEM K HeMY Oblita
npexycMoTpeHa paspaborka «CBOJa IPaBuI 110 IPOEKTH-
POBAHMIO XKeTe300eTOHHBIX JUCIEPCHO—APMIPOBAHHBIX
KOHCTPYKLMiT», B TOM 4ucje ctanepubépoObeTOHHDIX.

Paspa6oranusit HUVDKBom cBop npasun CIT-52-
104-2006 «Cranepu6pobeToOHHbIe KOHCTPYKLMV» SABJIACT-
Cs1 3HAYMMBbIM 9TAIIOM B Pa3BUTUV HOPM IIPOEKTUPOBAHNA
XKee300eTOHHBIX KOHCTPYKLMI M paciipernu cepst
1 00'bEMOB CTPONTENIBCTBA U3 CTaTehOpobeToHa.

Copepxanne n nocrpoenue CII 52-104-2006 aHa-
normyHo CIT 52-101-2003 n CII 52-102-2004. ITpu aTom
cofiepXKaHue pasfielioB ¥ IPOEKTHbIE MONIOKEHN YIUTHI-
BalOT CrienudMKy CBOVICTB U paboOThI cTanednbpodeToHa
B KOHCTPYKLIMAX.

CaMbIM [IepBBIM HOPMATVBHBIM JOKYMEHTOM B 00-
JACTY MPOEKTUPOBAHMA KOHCTPYKIMI M3 AUCIEPCHO—
apMupoBaHHbIX 6eToHOB sBMIcsA CHuII 2.03.03-85 «Ap-
MOIleMeHTHbIe KOHCTPYKIUI», paspaboranusiit HUVDKDB
n JIlen3BHMMOIII B 1984 r. OcHOBHbBIE pacyeTHBIE ¥ KOH-
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TU 1211-205-46854090-2005. Fibre produced by these
enterprises is remarkable for its high technical proper-
ties, consistency of properties and well workability when
used.

NIIZhB developed technical standards on all these
types of fibre and certified their production. In order to cre-
ate a possibility of test application of manufactured fibre and
designing structures made of steel fibre-reinforced concrete,
NIIZhB developed instructive and engineering materials
setting requirements for designing and application of steel
fibre-reinforced concrete structures for corresponding types
of fibre. This enabled to implement experimental-industrial
production and application of steel fibre-reinforced concrete
so that designing and technology of production met to the
regulations.

Unfortunately, instructive and engineering materials
(RTM) are not legal normative documents on level of Con-
struction Rules and Regulations (SNiP). This was repeatedly
stressed by designers as well. Apart from this, in normative
documents SNiP 2.03.01-84, which were effective before
2004, fibre-reinforced concrete was not mentioned at all.
That created additional obstacles on the way of application
of this construction material.

The new standard SNiP 52-01-2003 «Concrete and rein-
forced concrete structures» describes requirements for fibre—
reinforced concrete, as a legal variety of reinforced concrete
with disperse reinforcement, and this is a large success of the
Russian science and practice. Addendum to SNiP 52-01-2003
envisages that «Rules for designing disperse-reinforced con-
crete structures» including those made of steel fibre-reinforced
concrete should be developed.

A set of rules SP-52-104-2006 «Steel fibre-reinforced
concrete structures» developed by NIIZhB is an important
stage in development of designing norms for reinforced
concrete structures and increase of volumes of construction
made of steel fibre-reinforced concrete.

The content and structure of SP-52-104-2006 is similar
to SP 52-101-2003 and SP 52-102-2004. At that, the content
of chapters and project statements take into account the spe-
cific properties and working of steel fibre-reinforced concrete
in constructions.

SNiP 2.03.03-85 «Armocement structures» developed
by NIIZhB and LenZNIIEP in 1984 was the very first norma-
tive document regulating design of structures made of dis-
perse—reinforced concrete. Main calculation and construc-
tive decisions developed by NIIZhB back in 1987 became a
basis for the document «Recommendations for designing
and manufacturing structures from steel fibre-reinforced
concrete», and later the series of aforementioned RTMs.

Taking into account that scientific and technical, con-
structive and technological, as well as practically tested back-
ground, adopted by aforementioned documents, had been
well proven, they were taken as a basis of the Set of Rules (SP
52-104-2006). For this document, some modernization was
carried out, with a use of practical experience in application
of steel fibre-reinforced concrete.
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CTPYKTMBHBIE IPEATIOCHIIKY OBIIN MOMTOXEHBI B OCHOBY
IPOEKTHBIX [TOI0XKeHmit, paspaboranusix HUVIKE eme
B 1987 r., «Pexomenpanuit o NpoeKTUPOBAHNIO U U3-
TOTOBJIEHNIO CTanepuOpoOeTOHHBIX KOHCTPYKLUII»,
a rosgHee cepuy ynoMaHyToix PTM.

YuursiBass anpoOMpOBaHHOCTb NMPUHATBHIX B yKa-
3aHHBIX JJOKYMEHTaX Hay4YHO-TEOPeTUYEeCKUX, KOH-
CTPYKTUBHBIX ¥ TEXHOJIOTMYECKMX, B TO )Ke BpeMs IpakK-
TUYECK! IPOBEPEHHBIX IPEATIOCHIIOK, OHY IIPUHATHI 32
ocHoBy 1 B Csoge npasun CII 52-104-2006 ¢ onpepe-
JIEHHOJT MOJiepHM3aL el Ha 6a3e HAaKOIIEHHOTO OIIbITa
npuMeHeHus cranedubpobeToHa.

Iens paspaborku CIT 52-104-2006 siBisieTcss co3fa-
HUe Y3aKOHEHHOJI BO3MOXXHOCTY IIpYIMeHeHus cTanedu-
6pobeToHa IMpYU MPOEKTUPOBAHUN HOBBIX I PEKOHCTPYK-
LMY CYILECTBYIOUIMX KOHCTPYKLIMIA, 3JaHUI M COOPY KEHMIA
C Le/bI0 paCHIMPEHNA €TI0 MHIYCTPUaTbHOTO IPYMEHEHNA
B CTPOUTENHCTBE U TIOBBIIIEHN SKOHOMUYHOCTH CTPOU-
TENbCTBA U SKCITyaTallUy COOPY>KEHMIA

OnHOBpeMeHHO BBefieHIe B felicTBie 3Toro CBoga
MpaBU/I MO3BOMUT 00ECIeYnTh IIPUMEHEeHNe KaueCTBEH-
HBIX CTPOUTE/IbHBIX MaTepuasoB, B JaHHOM cry4ae ¢u-
OpbI, a TaK>Ke 06eCIIeYnTDb HY>KHBII KOHTPO/Ib, HAZIEXKHOCTD
U JO/ITOBEYHOCTD KOHCTPYKINIL ITO 00YCTIOB/IMBAETCS TEM,
gro CII 52-104-2006 oduimanbHO IpegycMaTpuBaeT Ipy-
MeHeHJe TONbKO CTa/lbHOJ (puOphL, yKa3aHHOI B HeM, Ha
KOTOPYIO PacIIpOCTPAHSIOTCS IPUHSATBIE HOJIOKEHMS IIPO-
eKTVMPOBaHSI.

Camoe I71aBHOe, 4TO Ha GpUOPY APYTUX BUJIOB M BBIIY-
CKaeMyIo Mo IpyruM TexHudeckum ycnosuam CIT 52-104-
2006 He pacIpoCTpaHsAeTCs. ITO OTHOCUTCS I K 3apyOex-
HOJI Gpubpe 1 aHa/IOraM 13 O/IVKHEro 3apy0exKbsl.

JanpHermmM pacuirperyeM HOpPMaTUBHO 6asbl Ipu-
MeHeHus cTanepubpoOeToHa ABATC paspabaTbiBaeMble
HWVIXD BpeMeHHbIE HOPMBI 11 IIPABI/IA TPOEKTUPOBAHNSA
MHOTO(YHKIIVIOHTbHBIX 3JaHUI U 3JaHUI-KOMIIIEKCOB
BT. Mockse (MI'CH 4.19) 1 BpeMeHHbIe peKOMEHAALINI [0
TEXHOJIOTMY ¥ OpPraHU3aLUU CTPOUTEIbCTBA MHOTODYHK-
LIMOHANIbHBIX BBICOTHBIX 3JaHMII U 3[JaHUI-KOMIITIEKCOB
B T. Mockse (MJIC 12-23).

YKasaHHble BpeMEHHbIE HOPMBI BIIEPBbIE COflepKaT
MOJIOKEHM ST O IpUMeHeHun ctanepubpobeToHa B ae-
MEHTaX J y3/l1aX KOHCTPYKLMIT KapKaca ¥ Orpak AeHNU s
3MaHUI.

Hopmbr MJIC 12-23 (10 TeXHOJOTUM) COJepKaT
KOHKpETHbIe YKa3aHMs [10 ONTUMAIbHON TeXHOIOI U
3aBOJCKOTO M3TOTOB/IEHNsI U IpUMeHeHus cTanepubpo-
OeToHa (B TOM YICIIe IIO COCTaBaM, PeXMMaM YKIAZKU
U YIUIOTHEHVA Y IIPOY.).

Braromapst IpOHMKHOBEHNMIO Ha HALI PHIHOK Pas3ind-
HBIX (prOP—aHAJIOTOB MIMeeT MECTO IIPAKTYKA IIPYMEHEHIsI
cTanbHOIT GUOPHI, He MEIOLIIel TAPaHTUITHON TEXHUIECKON
DOKYMEHTAllM) Ha Hee, a TAK)Ke COOTBETCTBYIOLIEIT TOKY-
MEHTALMII Ha IPOEKTIPOBaHMe KOHCTPYKIuit 13 ¢pubpo-
6eTOHa Ha ee OCHOBe.

The document SP 52-104-2006 was developed
with a purpose to create a legal opportunity of ap-
plying steel fibre-reinforced concrete in projects for
building new and reconstructing the existing build-
ings and constructions, with a purpose to widen its
industrial utilisation in construction sector, to increase
economic efficiency of construction and management

of buildings.

At the same time, consummation of this Set of
Rules should enable to ensure the application of high-
quality construction materials, in this case it is fibre,
and to ensure the necessary checking, reliability and
durability of constructions. This results from a fact that
the document SP 52-104-2006 officially allows to use
only steel fibre, that is described in the document, and
the accepted rules of designing can be applicable only
to this fibre’s type.

The most important is that conditions of SP 52-104-
2006 cannot be applicable to fibre of other types or manu-
factured according to other technical specifications. Con-
ditions of the document are not applicable to imported
either, manufactured in the West or in the countries of
the former Soviet Union.

NIIZhB is currently developing temporary norms
and rules for multi-purpose buildings and complexes in
the city of Moscow (MGSN 4.19) and temporary recom-
mendations for technology and arrangements for con-
struction of multi-purpose high-rising buildings and
complexes in the city of Moscow (MDS 12-23), which
would further expand a normative basis for application
of steel fibre-reinforced concrete.

The aforementioned temporary rules include, for the
first ever time, some norms relating to the use of steel fibre—
reinforced concrete in elements and construction units in the
construction of building’s framework and walling.

Norms of MDS 12-23 considering technology con-
tain specific recommendations for optimal technology of
manufacturing steel fibre-reinforced concrete at factory
and for its application, including recommendations con-
sidering compositions, modes of placing and compacting,
and other.

As various «no-name» fibre emerges onto the
Russian market, there exists a practice of application
of steel fibre without guarantee technical documenta-
tion, and also without corresponding documents which
would describe requirements for designing structures
from steel fibre-reinforced concrete that contains such
steel fibre.

In future, such practice should be stopped, especially
considering a necessity of designing and wide application
of critical structures and constructions made of steel fi-
bre-reinforced concrete, with ensured safety, reliability
and durability of service.

As a consequence, namely this approach for deve-
lopment enables to put into practice a technical policy



Takyio OpakTUKy B OY[yIIEM CIeLYeT UCKIIYUTD,
0COGEHHO YINThIBasl HEOGXOAMMOCTb IPOEK TV POBAHS
U IINPOKOI'o IIPUMEHEHN S OTBETCTBEHHDBIX KOHCTPYK].U/IIZ
U coopyKeHuit us cranedubpoberoHa ¢ obecriedeHHO
0€30MaCHOCTDIO, HAJIEXKHOCTBIO U JJONTOBEYHOCTHIO 9KC-
[UTyaTaun.

Kax cnefcTBre, IMEHHO TaKOJ ITOfIXON B Pa3BUTUN
ABJIAETCA peanusalyeil TEXHUYECKON IONIUTUKMU II0-
BBILIEHNA Ka4yecTBa IPOEKTUPOBAHMUA U IIPOU3BOACTBA
B CTPOUTENIBHOM MHIYCTPUINL.

B Hamu fHM anpobarysa TaKoi pa3HOBUIHOCTH TO-
BapHoro 6etoHa Kak COB B poccMilcKUX yCIOBUAX YoKe
3aKOHYEHA C IOJNIOXUTETbHBIM Pe3yabTaToM. Marsbie
o6pembl otpebnennst COb B Poccuu B 3HAUMTENBHON
CTeIeH! OOBACHAITCA HEOCTATOYHBIM ITIOHMMaHUEM
POCCUIICKMMM CTPOUTENIAMU BO3MOXKHOCTENl U IIpen-
myuects COB, geduiuroMm HOPMATUBHOI HOKYMEHTaA-
I[UY, HEJIOCTATKOM 060CHOBAHHOI PeKTaMbl TOBAPHBIX
6eTOHOB U PacTBOPOB, OTCYTCTBMEM IlelleHAIIpaBIeH-
Hoit paboTsl 1o pumeHennio COB, 6eTona 1 pacTBOpa
B CTPOMTENIbCTBE.

B Poccum TexHOMOTMA IPUTOTOBNEHNA M YKIATKN
TaKOJl Pa3HOBUIHOCTYU TOBAPHOTO 6eTOHA, KaK cTanedu-
6po6eTOH B OOBIYHBIX U B 3MMHIX YCTIOBIX ObIIa IIPO-
BepeHa Ha CTPOMUTEIbHBIX IIOM[a/fKax. TOBapHBIi 6eTOH
mapky COB 6bL1 ¢ ycIIeXoM UCII0Ib30BaH Ha CTPOUTE/Ib-
CTBe B3/IeTHOII II0/0CHI aspomnopTa «IIynkoso» B CaHKT-
IMerep6ypre u «lllepemerpeBo» B MOCKBe, IIPOIETHBIX
KOHCTPYKLIMII MOCTa B HeA0MHCKe, y9acTKe aBTOLOPOrY
bapnayn — buiick, npu ycTpoiicTBe BpeMEeHHON Kpenu
TOHHesell MeTpo Ha craHuuu «Toprossiit entp» (Ye-
ns16uHCK), craHnuyu «Boxosa» (Exatepuubypr), cran-
uun «Ilapk ITobens» (MockBa), ydacTKa aBTOLOPOTHU
Mocksa — JIo6Hs, MOHONMMUTHBIX CeiihOB XpaHMINIIA
C6epbanka Poccun u l'ocb6anka Poccnn.
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Puc. 1. ®DubpobeToH co cTanbHoii Gubpoin
Pic. 1. Fibre-reinforced concrete with steel fibres

Puc. 2. 3anueka pnbpobeToHa
Pic. 2. Fibre-reinforced concrete placing

of increasing the quality of designing and production in
construction industry.

By now, steel fibre-reinforced concrete as a variety of
commercial concrete has already been tested successfully
under conditions of Russia. Low volumes of consumption
of steel fibre-reinforced concrete can be explained, to a
considerable extent, with insufficient knowledge of op-
portunities and advantages of steel fibre-reinforced con-
crete in the national society of builders. Other reasons
are a deficit of normative documents, insufficient amount
of well-based promotion of commercial concrete and
mortars, absence of task-oriented work on application
of steel fibre-reinforced concrete, concrete and mortar
in construction industry.

In Russia, technology of preparing and placing the steel
fibre-reinforced concrete was tested at construction sites un-
der regular and winter conditions.

Commercial fibre-reinforced concrete (trade mark
SFB) was successfully used for construction of a land-
ing strip of the airport Pulkovo in St. Petersburg and
Sheremetevo in Moscow, bridge span structures in Chely-
abinsk, a section of the motor road Barnaul-Biisk, tem-
porary chock-shield support of metro tunnels of stations
«Torgovy Tsentr» (Chelyabinsk), «Bozhova» (Yekaterin-
burg), «Park Pobedy» (Moscow), a section of the motor
road Moscow — Lobnya, monolith safe deposits of Sber-
bank and the State Bank of Russia.
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