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FIBRE-REINFORCED POLYMER BARS IN PRECAST SLABS
FOR ROADS TO OIL AND GAS EXTRACTION COMPLEXES

Considered an example of the application of fibre-reinforced polymer bars in precast
slabs for temporary roads to oil and gas extraction complexes. Found that samples of
products by geometric requirements similar Ferro-concrete products, but reinforced fibre-
reinforced polymer bars accessories instead of metal. The results of replacing metal fittings
on the fibre-reinforced polymer bars in the experimental samples. Given the comparative
assessment of the conformity of prototypes of requirements on indicates the ability and crack
resistance from. Found that fibre-reinforced polymer bars valves may be used in the
construction of a prefab temporary roads without reducing their carrying capacity.
It is proven that the use of this rebar for reinforcement of structures that work on resilient
basis, both at the stage of manufacture and operation. It is shown that the resulting
experience can be used in the planning and in the design, manufacture and test prototypes,
and the analysis of the obtained results allow you to identify opportunities for the
implementation of this direction in Ukraine.

Keywords: fibre-reinforced polymer bars, road slab, modulus of elasticity, crack
resistance.

Bockoobinunux CIL., k.m.n., ooyenm
Tlonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpiss Konopamioxa

MHOJIMEP-KOMITIO3UTHA APMATYPA B 3IPHUX IIVIMTAX
JUIA JOPIT" 10 HA®TOTI'A3OBUIOBYBHUX KOMIIVIEKCIB

Posenanymo npukiao 3acmocyeanusi noaimep-KOMHO3UMHOI apmamypu 6 30IpHuUX
naumax O MuMHacosux oopic 00 HaAPMOo2az08uUd00y6HUX KOMNIeKCis. 3’acosano, wo
00CniOHI 3paszku 6upodi8 No 2eoMempuyHUM NAPAMEempam aHaI02iuHi 3a1i300emOHHUM
supobam, anre apmosami NONIMEP-KOMNOZUMHOW  APMAmMypor  3aMiCmb  Memanesoi.
Haseoeno pesynomamu saminu memanesoi apmamypu Ha NOIIMEP-KOMNOSUMHY apMamypy 6
docnionux spaszkax. Haoano nopisnsanvny oyinky 8ionogioHocmi 00CHIOHUX 3PA3KI6 8UMO2AM
no Hecyuii 30amuocmi ma mpiwuHocmiukocmi. Bcmanosneno, wo nonimep-komMnosummuy
apmamypy MOMCIUBO 3ACMOCY8aMU 8 30IPHUX NAUMAx O MUM4aco8ux oopie 0e3 3HUNCEHHS
ix mecyuoi cnpomoodicnocmi. JlogedeHo, wjo 3acmocy8anHs yiei apmamypu OJsl ApMy8aHHs.
KOHCMPYKYIU, SKI npayrooms Ha NPYICHIN OCHOBI, OOYLIbHO K HA CMAJii 8U20MOBIEHH MAK
i npu excnayamayii. 3’1c06aHO, WO OMPUMAHUL OO0CBI0 MOJICHA GUKOPUCMOBYEAMU NPU
NIIAHYBAHHI OOCTIONCEHb MA NPOEKMYBAHHI, BUCOMOBIEHHI I UNPOOYBAHHI 0OCTIOHUX 3PA3KIS,
a 00epicawi pe3yrbmamu npoeeoeHo2o aHalizy 0ams 3M02y GUSHAYUMU MONCIUBOCMI OISl
BNPOBAOICEHHS MAKO20 HANPAMY 8 VYKpaiHi.

Knrwuosi cnosa: nonimep-komnosumua apmamypa, niuma O1s  0opie, MOOYJb
NPYIHCHOCMI, MPIWYUHOCMIUKICMb.
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Introduction. On the present development of oil and gas extraction requires the
reduction of cycle construction drilling, speeding up putting them into operation and reducing
the cost of the construction of the wells. One of the components, which significantly affects
the data indicators — reduction of time for installation of temporary access roads and roads
and reducing their cost, through the use of modern materials.

Commissioning of new wells objectively due execution of drilling in new areas,
necessitating the rebasing of drilling companies with drilling one district to another. Among
new areas, yak rule, anew create a number of production objects to which it is necessary to lay
new driveways and roads.

To speed up the commissioning of drilling rigs importance is performing a compulsory
minimum training of construction works on the new platforms [1]. The issue of the rapid
installation of temporary access roads and highways might solve thanks to the use of precast
slabs using non-metal composite rebar, which is significantly cheaper for the metal. In
addition, the replacement of the metal fittings on the nemetalevu removes the possibility of
damage to the structures as a result of corrosion of the steel and the destruction of the
protective layer that allows you to reduce operating costs. These boards have successfully can
be reused when the development of new areas for drilling.

Analysis of recent studies and publications sources. Application of non-metal
composite rebar construction designs is a progressive direction in the construction [2 — 8].
However, the application of polymer-composite cable and significantly limits the number of flaws
and features composite fittings that do not allow direct replacement of reinforcement in
composite:

— low modulus of elasticity;

— lower fire products, reinforced composite reinforcement;

— low strength at transverse loads;

— the difficulty in making bent rebar products;

— the complexity in the manufacture of prestressed structures.

One of the perspective directions of use of non-metal composite rebar is the reinforcement
of structures that work on resilient basis.

In 2014-2015 by specialists of the Kazan State Architectural Construction University
together with JSC «Tatneft» was working on the introduction of fibre-reinforced polymer bars
for reinforcement of prefabricated elements, which are used for the extraction of petroleum-
slabs, the slabs and walls under machines-rocking, plate under drives cepni (fig. 1, a, b)
[O-11].

Figure 1 — Beam and slab under machines-rocking
a — Beam under machines-rocking: b — Plate under machines-rocking
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The nature of such products is virtually the same, they will be subject to a uniformly
distributed load and work on resilient basis. With the possibility of applying developments in
Ukraine, the most important is to work on the introduction of polymer-composite rebar for
reinforcement of precast slabs for temporary roads to oil extraction.

Parts of general problem unsolved before. At present in Ukraine not manufactured at
industrial level and does not apply to prefabricated slabs using non-metal composite fittings.
This occurs as a result of insufficient awareness about innovative projects that exist in the
world and the lack of development in this direction.

Problem formulation. The main purpose of this work is the analysis of the results of
research on the application of polymer-composite rebar at armuvanni prefabricated panels for
temporary roads and estimation of prospects of development of this direction in Ukraine.

The basic material and results. Opitnij sample team plates for temporary roads 2P
30.18-30 using polymer-composite fittings have been, manufactured and tested [9 — 11]. This
plate is similar to reinforced concrete plates, given the fact that its geometric parameters are
accepted according to [12]. In this case the metal fittings used in reinforced concrete slabs
according to [13], was replaced by a polymer-composite on the criterion — of the strength
longitudinal.

It was also complied with the preservation of the total number of cores and save the
locations of them in opalubci. The process of reinforcement plate shown in figure 2.

Given the great corrosion resistance of composite reinforcement, protective layer top and
bottom plate was taken 20 mm instead of 30 mm. The class is concrete and technology of
concreting was performed by [13] without changes. On the basis of measurements at the load
plate was built the schedule according to the «load-your backbends». Fixing strain was used to
load 11 t., thus destroying the plates with a load of 14 t took place [10].

Figure 2 — Reinforcing plate

With a load of 11 t the magnitude of deflection equal to 50 mm, indicating significant your
backbends plate. Raised deformativnist’ plates under load and the occurrence of cracks in concrete
structure due to the zone stretched polymer composite, namely low elasticity module. This fact is
compensated for by corrosion resistant polymer-composite reinforcement and the occurrence of
cracks in concrete will not cause corrosion destruction of structures, as in the case with metal
reinforcement.

As a result of the tests established that the plate 2P 30.18-30 (fig. 3, b) meets the criteria
of strength — by controlling stress fracture plates. Plate 2P 30.18-30 also meets the criteria of
crack resistance from (fig. 3, a) when controlling the load plate width of the disclosure of the
cracks smaller than 0.2 mm.
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Figure 3 — Test plates 2P30.18-30
a — Test the load on crack resistance from 3,8 t,
the width of the disclosure of the cracks smaller than 0.2 mm;
b — Test the load on strength of 7,0 t, the destruction of the plates do not happen

The results confirmed the possibility of polymer-composite rebar in the construction of
temporary roads without reducing their carrying capacity. As a result of technical-economic
evaluation of applying polymer-composite reinforcement in the slabs found that the cost of
manufacturing reinforcing mesh is reduced by 12%, thus decreasing labor costs on the
reinforcement plates as a result of significantly lower weight of reinforcing products from
polymer-composite cable compared with metal. In addition, concrete slabs, reinforced polymer-
composite accessories have increased corrosion resistance and consequently increased the term of
operation. Thus the application of polymer-composite rebar in the construction of temporary
roads economically feasible as at the stage of manufacture and operation.

To implement this direction in Ukraine need to perform research, similar to the above,
with the use of regulations, the existing in Ukraine. In Ukraine at the present time operates a
normative document regarding the design and manufacture of concrete structures with composite
with accessories [14], which contains information about the scope of application, General
provisions of design elements with composite reinforcement, structural requirements for these
elements. In this document these characteristic parameters for composite reinforcement with
links to [15, 16] for the reinforcement of concrete structures with basalt fixtures and
accessories based on glass rovingu respectively. But there is no documentation (DSTU) on
requirements to composite cable, there are no common technical terms. No standardized
methods of calculation of concrete of composite reinforcement, methods for determining the
minimum percent reinforcement. Not enough studied experience of operation of composite
products. Given the above indicated, a very important and urgent task is to develop
recommendations regarding the practical application of polymer-composite reinforcement in
precast slabs for temporary roads. It is advisable in this case to use the world experience
[8, 11,17 -19].

Work in this direction was launched in Poltava National Technical University named
after Yuri Kondratyuk — were conducted experimental research of mechanical characteristics
of skloplastikovoi fittings. The characteristic of the composite samples of the fittings listed in
table 1. Skloplastikova fittings in accordance with the provisions of [14] is a nemetaleva
composite fittings, produced on the basis of continuous glass rovingu. According to tests, the
characteristic values of resistance stretching skloplastikovoi rebar is 500 MPa, and the
modulus of elasticity is 33 000 MPa (average value of the three samples). According to table
6.2 [14] the characteristic value of the resistance to stretching for composite reinforcement based
on glass rovingu should be equal to 600 (800) MPa, and the modulus of elasticity is 50 000 Psi
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while steel must meet the requirements [16]. For comparison, table 2 shows the mechanical
characteristics of skloplastikovoi fittings, which were obtained in an experimental trial and
what the steps in the how to document [14]. Relationship between straight deformation of
composite reinforcement and tensions are in figure 4.

Table 1 — Characteristics of composite rebar

The name | Geometric The mass of | The density | The amount | The degree of
parameters the 1 of the of binder, polymerization,
p.-m.,g g/cm?3 % %
FCS @ 5,0mm 16,27 1,75 26 93
A=7,065mm?2

The characters in the notation of composite fittings have the following explanation:
F — fittings, C — composite; S — skloplastikova fittings on the basis of a glass rovingu.

Table 2 — Mechanical characteristics of composite rebar

The name FCS, FCS, FCS, FCS,
DSTU [14] | sample Ne 1 | sample Ne 2 | sample Ne 3
Characteristic value of resistance 600 510 480 510
strength, MPa 800
Modulus of elasticity has been 50 000 30000 35000 34 000
worked out, MPa
fs, Mlla
600
3
500 >
2 <
s
400
g
% 300 A
H
200
100 ~
0 ‘ &, %
0 0,5 1 1,5 2

The relative deformation

Figure 4 — Graph of dependencies between straight deformation
of composite fittings and tensions
1 — sample Ne 1; 2 — sample Ne 2; 3 — sample Ne 3

Based on the results of the tests, was given the variability of the characteristic values of
skloplastikovoi reinforcement — characteristic value of resistance strength and modulus of
elasticity is significantly lower than stated in the rules [14]. The reason is that the
skloplastikova steel is a rod and profile are made with continuous reinforcing glass fiber
(glass rovingu) and the termoaktivnogo binding. Physical and mechanical characteristics of
such fittings depends on the fibers, percentage «fiber — binder» and production technology.
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Today in the market of building materials appeared in many large and small producers who
work for their own technical, mechanical characteristics of skloplastikovoi fittings vary widely.

Feature of the application of this reinforcement is the fact that it is very important to
have technical specifications on each batch of composite reinforcement used in the designs.
At performance of works using a composite cable, you need to determine its micnostni and
deformation value, and validate these values [14]. When the disparity of these values need to
calculate the design for the real values of the characteristics of strength and deformability,
engaging for this specialized laboratories that have the corresponding certificate. Special
attention should be paid to the quality of the fittings. Not allowed: chipped, bundles, conch,
gusts of winding, dents from mechanical impact damage fibers.

For the reliability of the results that will be obtained when conducting research on the
use of polymer-composite rebar in the construction of temporary roads will be required to
produce and test a minimum of 3 samples. Put into operation in Ukraine DSTU [20]
(with the abolition of [12]) and the entry into force of DSTU [21] (with the abolition of [13]).
Imposed national standards [20, 21], [12] and [13] in addition to the normative references
cited in appendix A. So when planning your experiment, you can use the technique listed above
in the example.

Geometric parameters, class of concrete and technology of concreting of prototypes of
plates for temporary roads P-1, P-2, P-3 be taken like slabs of reinforced concrete 2P 30.18-30
[20]. In this case the metal rebar used in concrete slabs replaced by polymer-composite on the
criterion of equal strength longitudinal.

By calculations using these tests (table 2), is an example of replacing the metal fittings on
the polymer-composite (table 3).

Table 3 — Replacement of reinforcement for polymer-composite rebar

Ne The diameter of the metal rod, mm | Diameter polymer-composite of rod, mm
1 ?@8F400 DOFCS
2 @ 10F400 O8FCS
3 @12F400 @10FCS
4 ?A14F400 @12FCS
5 ?A16F400 D14FCS

Determined that the longitudinal steel @10F400 in research samples P-1, P-2, P-3 can be
replaced by a composite @8FCS, of the metal rods, that located along the short side plates
@8F400 — on the composite @6 FCS. Diagram of the reinforcement of research designs P-1, P-2,
P-3 take in accordance with [21, 22], while maintaining the total number of rods and their
locations in the opalubci.

Opitnih test samples necessary to carry out the static load by a technique for evaluation of
their strength and compliance with regulatory requirements. In this case, the main goal of the
tests is to research the destruction and deformation of plates reinforced fibre-reinforced
polymer bars.

The final stage of data research is the development of technical specifications for the
manufacture of prefabricated plates with the use of a composite cable.

Conclusions. The use of plates with fibre-reinforced polymer bars leads to a reduction
of the cycle of building wells, their accelerated commissioning, that gives the effect in
increasing production and reducing the cost of the construction of the wells.

You can use the experience gained in the planning and the design, manufacture and test
prototypes, and the analysis of the obtained results allow you to identify opportunities for the
implementation of this direction in Ukraine.

126 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




References

1. Ocnosu npoexmnoz2o ananizy 6 Hagpmosiil i 2az06iti npomucaosocmi / A. @. Anopees, B. @. [ynacs,
B. /1. 3ybapesa ma in. — M., 1997. — 341 c.

Osnovi proektnogo analizu v naftoviy i gazoviy promislovosti / A. F. Andreev, V. F. Dunaev,
V. D. Zubareva ta in. — M., 1997. — 341 s.

2. bapoapuna T. M. Cmexnosonoknucmoie cmpoumenvuvie mamepuanvt / T. M. Bapbapuna. — M. :
Cmpouuzoam, 1968. — 172 c.

Barbarina T. M. Steklovoloknistye stroitelnye materialy / T. M. Barbarina. — M. : Stroyizdat, 1968.
- 172 s.

3. @ponos H. Il. Cmexnoniacmurxosas apmamypa u CMeKIONIACMOemoHHble KOHCMpYKyuu /
H. Il. ©ponos. — M. : Cmpotiuzoam, 1980. — 102 c.

Frolov N. P. Stekloplastikovaya armatura i stekloplastbetonnye konstruktsii / N. P. Frolov. —
M. : Stroyizdat, 1980. — 102 s.

4. Huxonaeg E. Ilpumenenue KOMROZUMHBIX MAmMepuanog 6 cmpoumenvcmee 6 mupe. Ilomenyuan
pocma 6 Poccuu [Dnexmponnsiii pecypc] / E. Huxonaes;, OO0 «I anen».

Nikolaev E. Primenenie kompozitnyh materialov v stroitelstve v mire. Potentsial rosta v Rossii
[Electronic resource] / E. Nikolaev;, OO0 «Galen».
http://www.rusnanonet.ru/download/presentation/galen_in_the_world.pdf

5. Hememannuyeckas apmamypa: onsvim paspabomku u npumMeHeHUs HeMemaiiuyeckol apmamypsl 8
CCCP u 3a pybesicom [ Dnexmpounnviii pecypc] / Texnonoeuuecxasn epynna « IKUITAXK ».
Nemetallicheskaya armatura: opyt razrabotki i primeneniya nemetallicheskoy armatury v SSSR i za
rubezhom [Electronic resource] / Tehnologicheskaya gruppa « EKIPAZh».

http://armada-spb.ru/informaciya_pokupatelyu/stati/

6. Xamovxo A. A. Cyennenue cmexioniacmuxogou apmamypsl ¢ 6bemonom / A. A. Xamvrxo //

Mamepuanvt Mesicoynapoonoti Hayuno-memoouyeckoii kongepenyuu «Coepementvle npodiemvl
BHEOPEeHUsL eBPONELCKUX CManoapmos 6 obaacmu cmpoumenscmea» (27-28.05.2014). — Munck,
BHTY, 2014. — C. 158 — 168.
Hatko A. A.  Stseplenie  stekloplastikovoy — armatury s  betonom / A.A. Hatko //
Materialy Mezhdunarodnoy nauchno-metodicheskoy konferentsii «Sovremennye problemy
vnedreniya evropeyskih standartov v oblasti stroitelstva» (27-28.05.2014). — Minsk, BNTU, 2014. —
S. 158 — 168.

7. EN 1992-1-1: 2004 Eurocode 2:Design of concrete structures General rules and rules for building.

8. ACI 440.1R-06. Guide for the Design and Construction of Structural Concrete Reinforced
with FRP Bars: Reported by ACI Committee 440. — Supersedes ACI 440.1R-03; became effective
February 10, 2006. — [S.1.]: American Concrete Institute, 2006. — 44 p.

9. I'uzoamyanun A. P. [lonumep-komnosumuas apmamypa 6 OemOHHbIX KOHCMPYKYUAX — SPAHULbL
s03moxcHocmet d¢hghexkmusnoeo npumenerus / A. P. T'uzoamynnun // Mamepuanvr VI esicecoonotl
Meswcoynapoonoii kongepenyuu « Komnosumor CHI » (27-29.09.2016). — Munck, 2016. — 20 c.
Gizdatullin A. R.  Polimer-kompozitnaya armatura v betonnyh konstruktsiyah — granitsy
vozmozhnostey effektivnogo primeneniya / A. R. Gizdatullin // Materialy VI ezhegodnoy
Mezhdunarodnoy konferentsii «Kompozity SNG» (27-29.09.2016). — Minsk, 2016. — 20 s.

10. Xozun B. I'. [lonumep-komnozumuas apmamypa 6 cOophvix O0opodichbix naumax / B. I. Xosun,
A. P. Tuzoamynnun, A. H. Kyxnun // Honumepol 6 cmpoumenvecmae: Hayunwlil Mumeprem-sicypHal.
2014. — Boin. 2. — C. 125 - 132.

Hozin V. G. Polimer-kompozitnaya armatura v sbornyh dorozhnyh plitah / V. G. Hozin,
A. R. Gizdatullin, A. N. Kuklin // Polimery v stroitelstve: nauchnyy Internet-zhurnal. 2014. —
Vyp. 2. - 8. 125 - 132.

11. Ilpounocmos u degpopmamusHoCnb OEMOHHBIX KOHCTPYKYUL, APMUPOBAHHBIX NOJUMED-KOMIOIUMHBIMU
cmepoicuamu / A. P. Tuzoamynaun u op. // Unocenepro-cmpoumenviuuiit scypuan. — 2016. — No 2. —
C.32-41.

Prochnost i deformativnost betonnyh konstruktsiy, armirovannyh polimer-kompozitnymi
sterzhnyami / A. R. Gizdatullin i dr. // Inzhenerno-stroitelnyy zhurnal. — 2016. — Ne 2. — S. 32 — 41.
ISSN 2071-4726. ISSN 2071-0305

36ipuuk HayKoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 1 (48)" 2017. 127




12. I'OCT 21924.0-84. Ilnumet srcenezobemonnvie 01 NOKpulmull 20poodckux oopoe. Texnuueckue
yenosus. — M., 1985. — 20 c.

GOST 21924.0-84. Plity zhelezobetonnye dlya pokrytiy gorodskih dorog. Tehnicheskie usloviya. —
M., 1985. - 20 s.

13. I'OCT 21924.2-84. I[Imumwl oicene3obemonible ¢ HEHANPs2AeMol apmamypou Oas HOKDbIMUlL
2o0poockux dopoe. Koncmpyrkyus u pazmepot. — M., 1985. — 13 c.

GOST 21924.2-84. Plity zhelezobetonnye s nenapryagaemoy armaturoy dlya pokrytiy gorodskih
dorog. Konstruktsiya i razmery. — M., 1985. — 13 s.

14. JICTY-H b B.2.6—185. Hacmanosa 3 npoekmysanus ma 8Uc0mosieHHs OemoHHUx KOHCMpPYKYil 3
HeMemanegor KOMROZUMHOI apMamyporo Ha OCHOBI 6a3anbmo- i ckioposginey [wunnutl 6io 2013-
04-01]. — K. : Minpecion6yo Yxpainu, 2012. — 28 c. — (Hayionanvuuii cmanoapm Yrpainu).
DSTU-N B V.2.6-185. Nastanova z proektuvannya ta vigotovlennya betonnih konstruktsiy z
nemetalevoyu kompozitnoyu armaturoyu na osnovi bazalto- i sklorovingu [chinniy vid 2013-04-
01]. — K. : Minregionbud Ukrayini, 2012. — 28 s. — (Natsionalniy standart Ukrayini).

15. TY ¥V B.2.7-25.2-34323267-001:2009. Apmamypa Hememaneéa 0a3aiwmosa HepioOUYHO20
npoghinto. Texniuni ymosu.

TU U V.2.7-25.2-34323267-001:2009. Armatura nemetaleva bazaltova periodichnogo profilyu.
Tehnichni umovi.

16. TV V B.2.7-25.2-21191464-024:2011 Apmamypa romnosumna «Exibap» 0nsa  apmysanmns
KoHCcmpyKyit 3 bemony. Texuiuni ymosu.

TU U V.2.7-25.2-21191464-024:2011 Armatura kompozitna «Ekibar» dlya armuvannya
konstruktsiy z betonu. Tehnichni umovi.

17. I'OCT 31938-2012. Mioscoepocasnuii cmanoapm «Apmamypa KoMNO3UMHA NOAIMePHA O
apmyseanHs 6emoHHUX KOHCmpYKyitl. 3aeanvri mexuiuui ymosu». — M., 2013. — 14 c.

GOST 31938-2012. Mizhderzhavniy standart «Armatura kompozitna polimerna dlya armuvannya
betonnih konstruktsiy. Zagalni tehnichni umovi». — M., 2013. — 14 s.

18. Fibre-reinforced polymer composite bars for the structural concrete slabs of a Public Works
and Government Services Canada parking garage / B. Benmokrane, E. El-Salakawy, Z. Cherrak.,
A. Wiseman // Canadian journal of civil engineering. — 2004. — No.31. — P. 732 — 748.

19. CAN/CSA-5806-02 (R2007) Design and Construction of Building Components with Fibre-
Reinforced Polymers. Canadian Standards Association, 2012. — 206 p.

20. ICTY b B.2.6-120:2010. IInumu 3aniz06emonni 015 nokpumms micbkux oopie. Texniuni ymosu
(I'OCT 21924.0-84, MOD) [yunnuii ¢io 2011-07-01]. — K. : Minpecionbyo Yxpainu, 2011. — 37 c.
DSTU B V.2.6-120:2010. Pliti zalizobetonni dlya pokrittya miskih dorig. Tehnichni umovi (GOST
21924.0-84, MOD) [chinniy vid 2011-07-01]. — K. : Minregionbud Ukrayini, 2011. — 37 s.

21. JICTY b B.2.6-122:2010. IInumu 3ani306emonHi 3 HEHANPYICEHOI0 apMamypoio 051 NOKPpUmmsl
Mmicorux oopie. Koncmpyxyis i posmipu (I'OCT 21924.2-84, MOD) [uunnuii 6io 2011-07-01]. — K. :
Minpecion6yo Yxpainu, 2011. — 23 c.

DSTU B V.2.6-122:2010. Pliti zalizobetonni z nenapruzhenoyu armaturoyu dlya pokrittya miskih
dorig. Konstruktsiya i rozmiri (GOST 21924.2-84, MOD) [chinniy vid 2011-07-01]. — K. :
Minregionbud Ukrayini, 2011. — 23 s.

22. ICTY b B.2.6-123:2010. [Inumu 3anizobemouni 011 nokpumms MicCbKux oopie. ApmamypHi i
MOHmMaxdCcHo-cmuxosi eupoou. Koncmpykyis i posmipu (I'OCT 21924.3-84, MOD) [uunnuii 6i0
2011-07-01]. — K. , Minpezionoyo Yxpainu, 2011. — 20 c.

DSTU B V.2.6-123:2010. Pliti zalizobetonni dlya pokrittya miskih dorig. Armaturni i montazhno-
stikovi virobi. Konstruktsiya i rozmiri (GOST 21924.3-84, MOD) [chinniy vid 2011-07-01]. — K. ,
Minregionbud Ukrayini, 2011. — 20 s.

© Voskobiynyk S.P.
Received 21.02.2017

128 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




