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Abstract

Relevance of the topic: As it is known in the end of the last century, Georgia
and other seismically active regionshavesuccessfully implementedso-called
Zhezheli 16-storey frame-panel residential buildings with bending armature under
constructional conditions. Dozens of residential houses in Georgia are presented by
such construction, which provide safe housing for millions of people. The building
was constructedwith prefabricated elements.

After infamous events of 1990, when the economy collapsed and all factories
producing reinforced concrete products were abandoned, many frame buildings of
“Zhezheli” type have remained unfinished. A.Sokhadze Civil and Industrial
Construction Department decided to conduct experimental study and
supportability of such unfinished buildings, i.e. granting life to dozens of buildings.
There are several dozen of such buildings in Tbilisi, whereconstruction process
was suspended on different floors, some of them are demolished (on Tsereteli
Avenue), some are still in the foundation phase (Didi Digomi) and two buildings in
Guramishvili 64are still waiting for a builder. Thus, it is possible to continue
construction and provide thousands of families with accommodation.

The aim of the dissertation: the “Zhezheli” system is presented by a frame

building in which the roofing foil from all four directions is held by the pre-
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pressured force of the armoured fittings that are strained between the columns;
Straining of cables takes place on construction site.

The task of experimental research is:
* Study of unfinished construction;
* Investigation of the reliability of existing tense cables;
* Determinationof tensioning values in concrete and armature;
+ Assessing the reliability of the systemby determining breaking point of columns
and tiles.
* The study and effects of changes pre-pressured strengths caused by long-term
deformation of concrete.
* As a result of the research, conclusions and recommendations will be presented,
according to which the construction of such type should be completed.
Scientific Novelty: Practical application of the completed work is important.
Completion of semi-built buildings will provide the city with substantial
residential place,thousands of people’s requirements for accommodation will be
met, namely refugees who are living in unbearable conditions.

The first chapter of the dissertation discusses the nature and development
characteristics of concrete’s and reinforced concrete structurese’s long-term
deformation — creep. Those scientific studies related to the deformation of concrete
due to creep.

The scientists working on this process: A.Goalishev, I. Livshits, A. Zevin, A.
Saakyan, V. Sizionov, D. Patrov, V. Chernigorov, G. Kiziria, Gvinchidze, D.
Dolidze, Zedgenidze and others, as a result of their research several different creep
theories were created.

Creation and development of several scientists’ creep theories are discussed
in details, that state that deformation due to creep is a type of plasticity
deformation. It develops due to long-term pressure. The development of concrete

creeping deformation is especially important in pre-strained reinforced concrete
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structures, since the static scheme of construction, installation and work of
operational elements is different, which results in unreliable results in assessing
the system's tense-deformation state.

Second chapter of the dissertation discusses effective constructive IMC
system with bending armatureunder constructional conditionsof carcass-panel, its
efficiency, the specificsof constructive elements and building practices.

In 1956 in Serbia, Belgrade, the construction materials research institute,
under the guidance of Professor Branco Zhezhel, has developed an efficient,
carcass-paneling constructive system with bending armature under constructional
conditions. A year later after implementation constructions began in new
Belgrade, then in many other cities of Yugoslavia: BanjaLuka, Tuzla, Nishe,
Ossieke, Nivasade, Panc¢evo,Sarajevo and others [24].

In 1982-86, in Toun3HWMDOII under the guidance of A.M. Kimberberga
number of experimental studies have been conducted. Based on the results
obtained, "Temporary Recommendations for Designing Frame-Panel Buildings"
has been drawn up [27].

As a result of experimental studies it has been established that maximum
dense pressure was located in the nodes and maintained before their destruction,
the coefficients of deflection have been found, the form of disposition of pre-
pressured fittings have been developed and their effect oncovering works with
respect to vertical loads. The recommendation was developed that provided
substantial economy of materials compared to current project.

The new constructive system distinguishes itself by high values of basic
technical and economic characteristics. By implementing this system, stainless
steel usage will be reduced to 25+40%, labour intensity will be reduced, metal
usage by 20+41,6% and construction cost by 40% [24].

The constructive cell of the system is createdby built-in columns, roofing tiles,

and pre-pressured cable fittings. The column and roof tiles are integrated into the
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whole diskwith pre-pressured fitting under construction conditions,that are
located in both directions between the roof panels and goes through holes in the
columns. As a result of fitting clamping friction between tiles and columns is
crated, that provides system's combined operation during exploitation.

Analysis of conducted surveys [12,17,26,27,29] found that the main building
material used was a high-strength B25, B30-grade concrete and K-7 grade @15 mm
cable fittings. In all existing technical solutions the use of such concrete types and
the sizes of the elements as well as application and calculation methods weren’t
justified, that created a major problem in the construction of the roofing system.

The existing normative materials did not allow for the calculation of the
specific system, which further hindered the implication of the system. Due to
absence of a single methodology of calculation of constructive system and its
nodes, which should have beena descriptor of real work during exploitation, did
not allow for the full usage of building materials’ strength, which led to the higher
indicators of building’s load bearing capacity.

The carcass-link system inconstruction conditionsis very difficult to calculate
in terms of pre-pressured fittings. This is caused by both individual nodes and
constructive solutions, as well as construction technology.

The tense-deformed condition of the pre-pressured frame differs from the
deformed condition of the usual traditional carcass, and hence the calculation
method is different. If for the calculation of usual frame the operational scheme of
nodes is known, in this case such schemes aren’t specified. That is why the
assumptions made are often not justified and are based on engineer experience and
intuition.

The third chapter of the dissertation discusses the calculation of deformations
due tocreeping using European norms. Concrete and reinforced concrete are
considered, the features of the construction material and its impact on various

loads, the fact that in the calculation of structural elements and the system, the

33



relationship between tension and strain can be any (linear, nonlinear) if they
correspond to the behaviour of concrete. In special cases (also pre-pressured),
according to the information from special attempts, it is necessary to set the
strength of concrete for a period of less than 28 days and, based on the results
obtained, to study the effect of long-term deformation.

The module of concrete elasticity depends on the filling elasticity module. E,,
relative value of elasticity module (which lays at 0 and 0.4f.,,) * is given in the
tables for different fillers. If fillings are presented by sand or sedimentary rocks,
the elasticity module should be reduced to 10 + 30%. If the filler is basalt, in this
case the elasticity module increases by 20%.

The creep of concrete depends on environmental humidity, size of the
element and concrete structure. The creep is also affected by the age of the
concrete when it was first loaded, its duration and the speed of loading. The
creeping coefficient ¢(t, ty)depends on thetangent creep module E., which is
equal to 1.05E.,,. If there is no need for greater accuracy, creepeingcoefficient
given in the appropriate table can be used, provided that tension in concrete does
not exceed 0.45f, (t - is the first load in case of toage).

The fourth chapter examines the experimental and theoretical studies
conducted in the reinforced concrete frame-link buildings in order to study the
reliability of the system and long-term deformation caused by fittings.

Fulfilment of planned tasks has been made possible by monitoring 10
completed and 2 unfinished 16-storey buildings located in different districts of
Thilisi (Gldani Second, Third and Seventh Microdistricts, Varketili
ThirdMicrodistrict, Vazisubani Microdistricts and Nutsubidze Plateau).

Review and study of 10 16-storey buildingfound that the buildings do not
have defectsthat aren’t allowed by thenorms. The load-bearing elementsof
completed and operating residential houses include: columns, roofing tiles and

monolithic joints, where pre-pressured fittings are located. Concrete strength was
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checked with two different hammers that are based on reversible elasticity
method, which was about 30-40% more than specified by theproject, which was
anticipated due to concrete hardening conditions and due to heterogeneity.

Two unfinished buildings showed interesting results. The bearing elements of
unfinished buildings were checked from the first floor to the 6th floor,
prefabricated as well as monolithic areas, hardness diaphragms,side and centre
nodes were also checked.

In order to determine the reliability of the system as a result of the monitoring
of unfinished construction, taking into account stability characteristics of
prefabricated and monolithic concrete elements and using engineering software
LIRA-10 two versions of calculating models were developed and tested for the
impact of permanent loads and pre-tension.The model used B25 class characteristic
concrete (it corresponds to the object’s average parameter) and mechanical
characteristics of high-grade cable steel K-7 of (asserted by the project).

The final results are given in main conclusions.

35



