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The improvement of building structures, development of alternative methods of prestressing,
expansion of the boundaries of technological approaches create opportunities for the rational use
of construction materials, contribute to increasing efficiency in construction. Such methods are
based on physical laws, provisions of theoretical and building mechanics, resistance of materials
and take into account the properties of building materials and the practice and experience of
manufacturing and operating building structures.

Prestressed concrete structures are usually manufactured according to post-or pretensioning
technology. There are a great number of proposals as to the application of these technologies.
The majority of them are well studied, and some of the best ones find their practical use. Almost
all these suggestions can be united according to the principle of the steel prestressing transfer,
namely onto the strong hardened concrete. The possibilities of manufacturing more effective
prestressed reinforced concrete structures in the limited frames of the single principle are in
many respects exhausted. Many specialists think it is the reason for slowing down progress in
this direction. We need here qualitative transition to new concepts in the sphere of prestressed
concrete to have precedents for rapid flourishing of ideas and developments.

The author has proposed and put into practice the principle of prestressing transfer onto the
freshly placed concrete mix of structures. In this case prestressing is transferred already at the
stage of cement concrete mix.

The new production technology has led us to the possibility of increasing concrete strength
in prestressed structures up to 50-70 per cent. It is achieved due to the compressing of unset
concrete mix during the operation of steel tensioning. A wide range of research and practical
studies has shown that the given technology provides necessary steel pretensioning and uniform
or predetermined concrete mix compaction as well as further hardening of concrete in a structure.

Taking the experimental research data as a basis, we can state that the self-organization of
concrete structure at the stage of mix prestressing, effective bond between concrete and steel,
preservation of the force of prestressing — all this becomes a guarantee for high strength and
quality of the concrete elements proposed. Industrial application of prefabricated bridge elements
with prestressing onto the concrete mix has proved the expediency of the method developed.

Key words: prestressed concrete, beam, column, compressed mix, pretension, during-
tensioning, posttension, formwork.

Yexanosuu M. I. Ilonepeone nanpysycenns 3anizo6emonnux KOHCMPYKYIll 3a Memooom
Ha Gemouny cymiut

Yoockonanenns 6yoieenvHux KOHCmMpYKYill, po3poodKa ANbMePHAMUSHUX Memodie none-
PEOHbO2O HANPYIHCEHHS, POSUUPEHHS SPAHUYL MEXHONOIUHUX NIOX00I68 CINEOPIOIONb MOJCIUBOCTE
0715 PAYIOHALHO20 BUKOPUCHIAHHSL O)OIBEIbHUX MAMEPIANie, CNpUsoms NiOSUUEHHIO eeKmue-
Hocmi 8 Oyoienuymei. Taxi memoou 6a3yiomuscst Ha QI3ULHUX 3AKOHAX, NOLONACEHHSIX MeOPEeMUUHOT
1 6y0isenbHOT MEXAHIKU, ONOPY MAMEPIANi6 Md 8PAXO8YIOMb G1ACMUBOCI OYOi6elbHUX Mamepiaie
i npaxmuxy 1 00c6i0 8ULOMOGIEHHA Ma eKCnyamayii 0y0ieelbHUX KOHCMPYKYILL.

Honepedﬁbo Hanpysiceri 3a1i300emoHHI KOHCMPYKYIT 6U2OMOBIAIOMb, K NPABUNO0, 3d MeX-
HONOZIEI0 NONEPEOHbLO20 HAMS2Y ApMamypu Ha ynopu abo na sameepoinuti 6emon. Icnye éenuxa
KinbKicmb nponosuyiti wooo peanizayii yux mexwonociu. Binvwicmo i3 nux oobpe eusueni,
a 0esiKi 3 Kpaujux 3HaxXo00my C80€ NPpaKmuyHe 3acmocyeanns. Maudice 6ci yi npono3uyii ModcHa
00'€0namu 3a npUHYUNOM nepeodadi nonepeoHbO20 HANPYICEHHS CIMAll came HA 3ameepoiiull
MiyHuti bemon. Mooicnueocmi gueomosnentst Oiibul eqheKmusHUX NONEPEeOHbO HANPYICEHUX 3Ai-
300€MOHHUX KOHCMPYKYILl 8 OOMEIICCHUX PAMKAX EOUHO2O0 NPUHYUNY 0A2AMO 8 HOMY GUUEPNAHI.
bacamo gaxisyis esadicarome ye npuuunor ynogiibHeHHs npoepecy 8 ybomy Hanpsamxy. Tym
nompiben aKicHuil nepexio 00 HOBUX KOHYeNnyill y chepi nonepeoHbo HanpyHceHo20 bemony, uoo
Mamu npeyeodenmu weuUoKo20 po3Keinty ioei ma po3pooox.




INnporexHiune OyIIBHUIITBO, BOJHA iHXKEHEPIsl Ta BOJIHI TEXHOJIOTIT |

| 255

Asmopom 3anpononosano ma peanizogaHo NPUHYUn nepeoavi NoONepeoHbO20 HANPYHCeHHs
HA CEINCOYKAAOeHY Oemonny cymiul KOHCMPYKyil. Y ybomy 6unaoky nonepeone HanpyiiceHms
nepeoaemscs Ha cmaoii YyemeHmobemounHoi cymiuii.

Hosa mexnonoeis 6upodnuymea npueena Hac 00 MONCIUBOCHI NIOBUUCHHS MIYHOCME OemMOHY
6 NONEPeOHbO HANPYICeHUX KOHcmpyKyiax 0o 50-70 siocomkis. e docsieaembcs 3a paxyHoK
CMUCHEHHS HeCXONeHOl 6emoHHol cymiwi nio uac onepayii namsey cmani. Hlupoxuii cnexmp
00CNIONCEHb | NPAKMUYHUX 3ACMOCYBAHb NOKA3AIU, WO OAHA MEXHON02is 3a0e3neuye Heoo-
XIOHE NONePeOHE HANPYHCeH . CMAJL Md PIBHOMIPHE a0 3a0ane YujiibHeHHs. OemMOHHOL CyMIiI,
a makodic Hacmynue meepoinus 6emony 6 KOHCMPYKYii.

Bzaswu 3a ocnogy Oami excnepumenmanvHux OOCHIONCEHb, MOJICHA CMEEPOACYBAMU, WO
camoopearizayis cmpykmypu Oemony Ha emani NONEPeOHbO20 HANPYHCeHHS CyMiuti, AKICHA
aozesis 6emony 3i cmannio, 30epedicents Cuiu NONePeoHbo20 HANPYICEHHs — 6Ce Ye CAE 3ano-
PYKOIO 8UCOKOI Miynocmi ma sAKOCMI 3anponoHosanux OemoHHux enemenmis. IIpomucnoge
3aCmocy8anHs 30IpHUX MOCIOBUX eleMEeHmI6 3 NONEPEOHIM HANPYICCHHAM HA OeMOHHY CyMilu
006€e10 0OYIbHICMb 3aNPONOHOBAHO20 MEMOD).

Kntouosi cnosa: nonepeonvo nanpyoscenuti 6emon, 6aixa, KoIOHA, NPecoganda cymiul, none-
PEOHE HANPYIICEHHS HaA YNOPU, NONEPeOHE HANPYICEHH HA GeMONHY CYMIiW, NONEepeone Hanpy-
JICeHHS Ha bemoH, onanyoKa.

Introduction. The improvement of construction structures, development of alterna-
tive methods of prestressing, expansion of the boundaries of technological approaches
create opportunities for the rational use of construction materials, contribute to increasing
efficiency in construction. Such methods are based on physical laws, provisions of
theoretical and building mechanics, resistance of materials and take into account the
properties of building materials and the practice and experience of manufacturing and
operating building structures [ 1-3]. The new methodology of prestressing structures has
led us to the possibility of increasing the strength of concrete in prestressed structures
up to 50-70 percent.

Analysis of recent research and publications. Prestressed concrete structures
are usually made according to the pre-tensioning or post-tensioning technology [1-5].
There have been developed a great number of proposals as to the realization of these
methodologies. The majority of them are well studied, and some of the best ones find
their practical application. Almost all these suggestions can be united according to the
principle of the steel prestressing transfer, namely onto the strong hardened concrete.
The possibilities of manufacturing more effective prestressed reinforced concrete struc-
tures in the limited frames of the single principle are in many respects exhausted. Many
specialists think it is the reason for slowing down progress in this direction [2—6]. We
need here qualitative transition to new concepts in the sphere of prestressed concrete to
have precedents for rapid flourishing of methods and developments.

Statement of the problem. Traditional methods of prestressing reinforced con-
crete structures do not significantly affect the strength of the structures. The strength of
the structures remains a reserve for improving efficiency in construction. It is time to
develop and research new methods of prestressing reinforced concrete structures that
significantly increase their strength.

The purpose of the research. The purpose of the scientific research is to develop
and investigate a new method of prestressing reinforced concrete structures that signifi-
cantly increases the strength of structures through technological solutions.

Presentation of the main research material. New technology. The author has pro-
posed and put into practice the principle of prestressing transfer onto the freshly placed
concrete mix of structures (Fig. 1). In this case prestressing is transferred at the stage of
the mix of cement concrete components.

After vibrodynamic compaction, the placed unset mix is under compression of the
steel prestressing force, and it hardens under the pressure. All this leads to the concrete
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mix compaction, the removal of water excess and air from the mix, to eliminating macro-
and partly microdefects of the concrete structure, and to restraining destructive (degra-
dation) processes during concrete hardening.

Concrete
Pretension During-tensioning * Posttension
Effect off steel
Mechanical Thermal Chemical

and combined

Ways  of prastressing  transfer

Onto the hardened Onto the compressed
concrete concrete mix*

Fastening of steel bars due to

adhesion with anchoring
concrete

Fig. 1. Extended scheme of methods of carrying out prestressing
in reinforced concrete structures

Steel prestressing is preserved, for after the compaction of the specially proportioned
concrete mix, rather a strong and rigid skeleton of solid ingredients is formed, and the
stressed steel is then fixed onto this skeleton (Fig. 1). It is also possible to partially trans-
fer steel prestressing onto the concrete mix. The implimentation of the new technology
method of concrete mix prestressing became possible after the author had invented origi-
nal movable forms and devices for a full or partial prestress transfer [6, 7].

Experimental results. According to the presstressing method proposed there
have been made experimental beams with rectangular cross section and dimen-
sions of 100x200x2000mm and columns with round cross section with a diameter of
250 mm and length of 1500 mm. For comparison, under all equal conditions there were
also produced traditional prestressed elements and usual reinforced concrete ones. The
results of beam and column tests are graphically presented on Fig. 2. For the experimen-
tal beams with u=2.2 per cent we have reached an increase in carrying capacity up to
25-34 per cent due to the compression according to the new method. The effect of car-
rying capacity increase in columns amounted to 75 per cent. It is illustrated graphically
on Fig. 3, where K is the ratio of the carrying capacity of a reinforced concrete element
compressed according to the "during-tensioning" method to the regular one.
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The analysis of the results shows that the losses of steel prestressing caused by defor-
mations due to shrinkage and concrete creep are less than in traditional structures. The
prism strength of concrete after the compression increased up to 2.2 times compared to
the initial one. The most intensive strength growth was marked under the pressure value
up to 6 MPa. The values of elasticity modulus E_and relative deformations ¢ , increased
by 40-50 per cent.
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Fig. 2. Typical "M — »" relationship for the beams with u =2.2% when P=5 MPa — 1,
P=2.5 MPa — 2 and P=0 -3
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Fig. 3 Diagram "K— P" I-for columns, 2 — for the beams with i =2.2% and P = 10MPa;
3 — for the beams with u =2.2% and P = SMPa; 4 — for the beams with u=0.6%
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Theoretical analysis. According to the research data obtained by the author, to pre-
serve the force of steel prestressing we should use in the structures proposed concrete
with contacting location of grains of strong coarse aggregate. Here the greater part of
the prestressing force is transferred contactingly through thin mortar membranes in a
grain-to-grain way (Fig. 4).
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Fig. 4. Scheme of loading coarse aggregate grains

To get a strength formula for prestressed reinforced concrete of a matrix-carcass
structure the author has suggested that one should proceed (besides the well-known
premises) from the fact that the value of failure loading depends on the crushability of
grain mix of coarse aggregate as an integral characteristic of its strength. The influence
of precompression on the concrete mix is revealed in additional loading of the skeleton
of coarse aggregate grains.

Taking into account the above mentioned and proceeding from the well-known
premises, there has been obtained the following formula of the strength of prestressed
concrete (using the during-tensioning method) with a matrix-carcass structure:

f :(K 9K, KKy K Ty o —CO J-{l—K r] (1
c Nk 12t T Ret T Im, ct N . \

or 1-Kgn
where
K. =1+ a1ln9,8p, 2)
Ke. =1+ a2In9,8p, 3)
n=-. Em , (4)
E.
Ky.=1-0.027 p %4, (%)
roVn (6)
V

Here K — index reflecting the change in the structure of coarse aggregate under
cmshablhty (0.2-0.36); q- value of standard loading while determining the crushability
of coarse aggregate grains (11.32 MPa); K — crushability index of coarse aggregate
grains placed as in concrete, i.e. it may be filling, vibrocompaction, dynamic effect with
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loading; K, K,; and K|, — corresponding indices of form (1.27-1.55), relief (1.18-1.40)
and microrelief (1-1.41) of aggregate grains; p — value of pressure action on the cement-
sand mortar; f, — tensile strength of the usual uncompressed mortar; co, — value of
pressure acting on the coarse aggregate; E and E  — elastisity modulus of mortar
(matrix) and aggregate material; K — compaction index of the mortar, a,= 0.18 and
a,= 0.10 for concrete and mortar.

According to the given formula it is possible to calculate concrete strength under a
full or partial transfer of prestressing o, on the concrete mix. If prestressing is relieved
after compaction, and it doesn’t further load the carcass of coarse aggregate, the value C
is to equate with 0. Besides, in this formula the value of the P parameter for the usual
uncompressed concrete with a carcass arrangement of coarse aggregate grains equals 0.
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Fig. 5. Diagram “k-o *
------------------ — experimental; — — — — — — — — ——— theoretical
I-compressed under dynamic influence and its further relieving, 2 — the same operation,
under preserving the stress of compression, 3 — compression without dynamic influence
with its further relieving,; 4 — the same operation under preserving the stress
of precompression

In Fig. 5. there are typical plots showing dependence of the index of concrete strength
increase on the value of prestressing and the mode of its application. The comparison
of analysis dependences with experiments testify to their being in agreement. The given
formula shows satisfactory results in practical application. It takes into account the
transfer of prestressing onto concrete mix both in cases of its preserving and relieving.

Production implementation. The level of research includes production implemen-
tation. Large 30-ton bridge elements of prestressed concrete made by compressing the
unset concrete mix with the force of steel tensioning are successfully used in Ukraine

(Fig. 6).
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Fig. 6. Scheme of compressing the pillar in the formwork according to the “during-
tensioning” method 1 — frame, 2 — tensioning device, 3 — tie-rods, 4 — section formwork,
5 — functional joint, 6 — concrete mix, 7 — reinforced bar, 8§ — movable end of the formwork,
9 — concrete cube sampling form, 9 — deformation seams

Favoring practical application of the above mentioned elements was the device
invented by the author, which provides reliable control over the quality of the com-
pressed concrete directly in the product (Fig. 6) [7]. Service observations of the
reinforced concrete pillars made according to the technology offered in the pillars
of the trestle part of a large bridge over the river Dnipro in the town of Kamianske
(Ukraine) confirmed high quality of the structures compressed according to the “during-
tensioning” method.

Conclusions and suggestions. Based on the research findings, we can state that
self-organization of concrete structure at the stage of mix prestressing, effective adhe-
sion between concrete and steel, preservation of the force of prestressing — all this
becomes a guarantee for high strength and quality of the concrete elements offered.
Industrial application of prefabricated bridge elements with prestressing onto the con-
crete mix has proved the expediency of the method proposed.

The current level of the method development allows recommending for the lot pro-
duction the following reinforced concrete structures: columns and pillars, piers, bulky
foundation elements, some beams, thick slabs for bridges, airfields and motorroads,
curbstones, railway sleepers.

We expect that further experimental research and perfection of the during-tensioning
method will make it possible to broaden the list of economically expedient compressed
reinforced structures. The lot production of the structures compressed according to the
during — tensioning method, and tested in practice, will hopefully contribute to the pro-
gress in construction.
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