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Analytical model allowing calculation of relatiob&nding moment - rotation angle" based on general
deformation model and block model of reinforcedarete resistance and describing stress-strain stdtthe
precast prestressed hollow-core slabs in platfogimtj zone is considered. The model considers temsal
pressure, ratio of reinforcement installed in cagter of hollow void filling to concrete, achievementyield
strength of reinforcement.

The proposed analytical model for the stress-sstite assessment of the precast prestressed roalew
floor slabs in platform joint zone is based on Eleesistance model for bending reinforced concedenent,
initially offered by H. M. Westergaard in 1930 [T]his block model was developed by P.I. VasilyeW. Per-
esypkin [2], V.I. Belov [3], S.E. Peresypkin [4],.W. Pochinok [5], M.V. Brovkina [6], P. Croce, Poifichi
[7], A. Borosnyoi, and G.L. Balazs [8], A. CasanpliaJason and L. Davenne [9] etc. The basic aptons of
the analytical model are stated in previous wotky.[

The maximum value of the bending moment from cotre¢ed loadP; , which is applied aL distance
from the axis of platform joint (support) is givey:

M=P-L-1); 1)

At the same time bending moment in the plastic éiftgmation zone does not extend to the end sexction
of slabs, which are cutting off by critical cracksd influencing vertical pressure (Fig. 1).
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Fig. 1. The scheme of slabs dividing into blocksneen cracks

Concrete blockstaken for the analysis and allochtedeighboring cracks along the element length in-
clude: central block between two critical crackshwiertical grout in platform joint zone, span caie blocks
to the left and to the right of platform joint wifree ends. In case of geometrically and physicsyijmmetric
system it is possible to consider the span blockranside of platform joint only.

Crack width between two concrete blocks is defingdhe sum of slig(x) between reinforcement and
tension concrete along the transmission zdrteshe left () and to the rightr} from crack edges:

Il(r) It(r)

w= [ o [ e xeo( ¥ O @

ey 0

82



ELECTRONIC COLLECTED MATERIALS OF IX JUNIOR RESEARCHERS’ CONFERENCE 2017
Architecture and Civil Engineering

The crack is formed on the end area of transmissime where the strain in reinforcement is the sasne
that in the surrounding concrete £ &), under bending moment, which is equal to theldracmoment M.
At the subsequent loading stages, geometrical agdigal properties of slabs and of hollow void&rfg along
their span concrete blocks are allocated with kemdtL, < [liy+ I ] or Lm > [lig+ lyy], depending on moment
distribution.

In the first case (Fig. &), on the whole length of concrete block straircoficrete at the reinforcing
bars axis does not exceed the ultimate tensileretmstraire ., i.e. transmission zones on the lgjtgnd on
the right () are overlapped, and the conditiyn< €, is valid for any cross-section in concrete bldesr such
concrete block the first stage of crack formatiscompleted and at the subsequent loading stages itha re-
distribution of stresses between reinforcementtandile concrete without formation of new crackshia form
of accumulation of slip which can be seen in thendpg of cracks.

In the second case (Fig. 2, in the middle part of concrete block length thés a joint deformation
zone of reinforcement and concrete with lengthlaf (I 1¢))] > O, i.e. transmission zones on the I&ftand
on the right(r) are not overlapped. The concrete block at thigestd loading is at the first stage of crack forma-
tion. At the subsequent stages of loading dependimgioment distribution from external loading, getrical
and physical properties of slabs and of hollow sditling along their span for the considered ceterblock
there are two possible ways: further division bwmeacks on smaller concrete blocks (as it is desdrabove),
or its transition to the second (established) cfackation stage.
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Fig. 2. Initial stage of crack formation®(tase) ) and redistribution of stresses between reinfomzgm
and tensile concretefxase) )

Central concrete block with cracks on both sidethefjoint and vertical grout directly in zone dap
form joint are further considered. As it was poihtéhe central concrete block in case of pressingdstical
bearing walls is under the transversal pressutaenting the bond of additional and slab's reirdarent and
with the surrounding concrete.

For the assessment of reinforcement and tensileretstrains distribution along the central cotecre
block length, subjected to transversal pressuréherpasis of taken assumptions and the bondaslip,l = f (s)
effective area of concrete of tensile zahgs with length ofdx can be taken with a bar of additional reinforce-
ment over support with area &f .4 (Fig. 3).
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Fig. 3. Free body equilibrium for the central caterblock [7]

Tension of the upper prestressed reinforcementabksat their end faces as a part of surroundimg co
crete of central block tension zone is considerethé specified cross sectional arBgeq = Acerr + ae-Ay. Ac-
cording to the accepted assumptions bending mofmemt external loading along the central block iefheced
by vertical pressing is absent. TRdorce in the tension zone of the central concodtek from action of tensile
stresses in cross-sections with cracks on the e block without taking into account tensiontloé vertical
elements transferring pressure at geometricallynically symmetric system is distributed uniftyralong
the block (otherwise, linear distribution Wfforce along of the block is considered).

For any cross-section at the block length, thel fot@e in tensile concretd, and reinforcing baks is
constant on the whole length of the block. Therilggium conditions within concrete block should tveitten:

dcs D%ad*-do-ctljp\:redzo' (3)

From equilibrium conditions the stresses in reicifog bar with the diameter @ as a resultant of the
tensile stresseA; 54 are distributed on its cross sectional aeea shear (tangent) stresgzgsn the contact area
of reinforcing bar with surrounding concrete, afebalifferences of the strains of reinforcemegpdand concrete
gt as the slips, the bond-slip lawe, = f (S), connecting tangent stress on the contact areaeafeihforcing bar
with concrete and its slip considering the transakpressure can be written:

dosdﬂ%zznﬂ [@Q,, G,(s)dx (4)
(e, —€)dx=ds (5)
Q,, @, =f(s (6)

The parametef),, for bond-slip law takes into account transverasgurep, in concrete of average
strengthf.;,, according to [11].

> >

If reinforcement strains achives and exeeds thlel \atrainss > e, QUOTE (sz sy) the reducing
parametef, is taken for the bond-slip law [11].

For the resistance problem solution, the centrati@te block in the tension zone of section defpth allo-
cated with the neighboring cracks, is divided wittross-sections inta( 1) intervals with length afx .The interval
Ax borders are matched with borders of vertical goettveen end faces of hollow-core slabs (see FigtZhe same
time, taking into account a low adhesion of theccete of vertical grout filling with concrete ofetislabs, transversal
tension of the concrete of the grout in the sestimatching its borders is not considered. Therafar¢he interval
equal to length of vertical groni,, it is accepted thes“c" diagram of for concrete of hollow voids fillingnd that the
effective cross sectional area of the tension aoencrete of fillingA. ¢ agWithout consideration of upper reinforce-
ment of slabs.

Equations (4)..(6) can be rewritten as a follovéggtem of equations:

9= (o) —sm(m}
dX A,eff
d

4
&05 = EQyQ oo 1(S)-

(@)
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Since boundary conditions depend on the straimiloligion in reinforced concrete element, the soluiti
of system (7) requires an iterative procedure. giio@osed procedure is based on the iterative solati system
of the differential equations (7). Also for the trah concrete block the process of crack formatadkes place
into two stages as well as for span concrete blothe feature of the central block is the reductosa of con-
crete in the tension zone in the place of vertigalit (only concrete of hollow voids filling, ««is taken into con-
sideration) that during symmetric loading of holloare slabs to the left and to the right from mati joint at
the end of the first stage of crack formation féaties the appearing of crack in this place.

For cracked sections (at the edges of the allddalteck) values of streseg) andos(y are known, but
values of slipsy; ands;) — are unknown. The iterative procedure of the Ewiubf the system of equations (7) for
the central block is as follows:

1. Initial parameters of iterative process are assuthedblock lengthAL), the area of tensile reinforcement
(A, the effective area of the tensile concrgtg, theN force corresponding to force in the tension zone of tesicl-
ered central block. In the first approximation thiéial slip s is recommended to take equal to product of the maxi
mum reinforcement straimax at the cracked section with and block length)(

S T & max DL (8)

2. Diagrams &-¢" for reinforcing steel and concrete, bond-slip lave' are defined. Besides, the parameters
Q, andQ, [11] are taken into account if the effects of gistrength and transversal pressure of concretk blo
are considered.

3. The considered central block is divided imip&lements of equal lengttx.

4. As the origin of axis x{( = 0) cracked section is taken. Stress in reinforceffogg) and in tension concrete
are known ¢, = 0). Under the taken bond-slip law tangent stegg(S,) is calculated

5. Tension stress in reinforcing baitlag first(n = 1) section at distance< from origin of axisx is calculated:

4
=0, G 1, ,[Ax 9

s,1

6. Concrete tension stress at the considered sestaaidulated:

w 10)

7. Reinforcing baes; and concretey; strains are defined froms-¢" diagrams.
8. The slip s is calculated for the considered sectien 1):

S.L = SJ _(Ss,l_sc,l)AX (11)
9. Under the taken bond-slip law tangent steggs;) is defined.

10.The iteration procedure repeats for the subsegaetipns. For the any section at the length of the con-
crete block the equations can be written as:

Ogi =051 _% 0, ,Ax, (12)
N-0 .

o, _(N-0, () , (13)
A\:,eff

§ =8, (&; —&,)AX (24)

Criteria of convergence of the iterative procecanethe achievement of concrete strain the valudgeaulti-
mate strain of concrete(= ¢y, g that indicates a new crack formati@chievement of concrete strain the strain of
reinforcementd; = ¢¢) that indicates the completion of zone of stressassition and the beginning of zone of joint
deformations of concrete and reinforcement. As sathe convergence is reached, the iterative guveas fin-
ished. Otherwise, new value of initial parameteesdefined and the iterative process repeats.
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After the achievement of the iterative proceduravesgence, the distributions of strains along the-c
crete blockes(x) ande.(x) and the location of neutral axis in sections vithck are received. In this case distri-
bution of section curvatures along the length efltfock allocated with cracks is possible to caltmil

6 =—2 =0, (15)
d- X
where d —effective depth of section;
X.i— depth of the neutral axis irsectionFor intermediate sections of concrete block iswdated by lin-
ear interpolation of change betwegrandx, — values on the ends of the block.
For the known curvatureg distribution along the block length, rotation angle determined by integra-
tion of the equation:

0= j d(x)dx, (16)

where ¢(x) — distribution function of curvatures along thedia for any stage of loading.

Carrying out monotonous loading the relation "bagdinoment — rotation angle" is received which is ap
plied in nonlinear analysis of structural system.

Conclusions.The proposed analytical model is based on genefatmation model and block model of re-
inforced concrete resistance and describe stresig-state of precast prestressed hollow-core stapatform
joint zone. The model considers transversal pressatio of reinforcement installed in concretehoflow void
filling to concrete, achievement of yield strengftreinforcement. The model allows calculating tiela "bend-
ing moment on the support — rotation angle" forlimaar deformation of hollow-core floor slabs irethone of
platform joints of buildings in nonlinear analyticaethods.
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