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Summary

Theoretical and experimental research of monolithic reinforced
concrete beam and slab bonding zone including the
contact surface specificities.

In this dissertation thesis discussed computer modeling problems in old and new concrete
bonding zone for monolithic reinforced concrete beams and slabs including the contact (bonding) surface
analysis, described stress-strained state in structural elements in old and new concrete bonding zone,
determined contact surface shear stress concentration coefficient and bending stiffness modification
coefficient by numerical and practical experments, worked out recommendations for designers.

Discussed bonding contact surfaces and their influence to stressed-strained state in reinforced
concrete cantilever beam, reinforced concrete beam fixed at both ends, precast-monolithic beam and
monolithic reinforced concrete flat slab. Also provided seismic calculation of monolithic reinforced
concrete framework building including the old and new concrete bonding in floor slabs and studied
building seismic behavior.

Analyzed old and new concrete bonding methodology, calculation and computer modeling
specifications based on modern American, European and also Russian scientific literature. There are
qutations and methods in the thesis from Eurocode, Florida University (USA), Penn University (USA),
Porto University (Portugal) and other articles from western magazines, also from Russian electronic
literature.

In the thesis completed complex calculations within: ‘classic method’, equivalent frame method
introduced in Eurocode-2, engineering calculator (G01) created for this thesis on the Microsoft Excel
basis, numerical methods including flat linear and spatial solid (3D) nonlinear finite elements of LIRA
9.6 R6 software.

Experiment is provided for this dissertation thesis during the project ‘Black Sea Hotel &
Residences’, apart from it, there is used C.T.S. L. Balanchivadze dissertation thesis experimental data.

Determined stiffness modification coefficient gives us opportunity to set up and provide linear
analysis of building superstructure, separate structural element or bonding model but with reduced
stiffness, so that final result will practically coincide to results of nonlinear analysis including the
concrete bonding influence to monolithic reinforced concrete structural element deflections. The contact
surface shear stress concentration coefficient gives us opportunity to define precisely the maximum value
of shear stresses on the contact surface and consequently chose epoxy adhesive or other bonding medium
properties and safely design the element in the bonding zone. Moreover, stiffness modification coefficient
and stress concentration coefficient definition for the structural elements in the concrete bonding zone
allows us to achieve highly precise results with simple ways in practical design.

On the basis of received results, it is strongly recommended to reduce the stiffness during design
for concrete members where old and new concrete bonding takes place. It is recommended to use the

coefficients defined in this thesis to find design modified stiffness values that allows us to provide
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calculations by ordinary personal computer at linear stage; And the received results will be very close to
the results of nonlinear calculations as it is shown in our experimental research. In case of extremely long
spans (>10m) and extremely long cantilever (>4m) structures, it is very important to model bonding
contact surface and bonding medium and calculations to be provided at nonlinear stage to describe the
stressed-strained state of appropriate element. In shear calculations of reinforced concrete bonding contact
surface, it is recommended to use shear stress concentration coefficient and in case of concrete
connectors — the formulas presented in this thesis.

It is recommended especially for seismic hazard zones to increase 2 times reinforcement
percentage in old and new concrete bonding zone or to provide contact surface modeling and calculation
by spatial solid nonlinear finite elements and reinforcing only after this kind of analysis.

Consequently from the numerical experiments and spatial solid models provided for this thesis, it
is recommended for old and new concrete bonding epoxy adhesives to have elasticity modulus not less
than E=250.000t/m? and poisson’s ratio not more than VV=0.4;

In case of reconstruction or renewing of stopped construction where many cases of old and new
concrete bonding take place, its is recommended to calculate the whole structure by using spatial solid
nonlinear finite elements, for worse case the stiffness modification coefficients have to be determined in
the same way based on specific geometric dimensions and existing material physical-mechanical

properties and linear analysis have to be provided only after it.
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