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MODELS OF BAY REINFORCED CONCRETE ELEMENTS
RESISTANCE AT ACTION OF CYCLE PERMANENT
SIGN HIGH LEVEL FORCES

The reinforced concrete span beam structures work with small, middle and large shear
spans under the action of cyclic loads of high levels is investigated. It is established that
researches of physical models development of bending reinforced concrete elements fatigue
resistance to the cyclic action of transverse forces and calculation methods on its base are
important and advisable due to following features of said load type: the nonlinearity of
deformation, damage accumulation in the form of fatigue micro- and macrocracks, fatigue
destruction of materials etc. The key expressions of the concrete endurance limits definition
(objective strength), longitudinal reinforcement, anchoring of longitudinal reinforcement,
which consists the endurance of whole construction are determined. Also the role and the
features of influence of vibro-creep deformations on the change mechanics of stress-strain
state of concrete and reinforcement of research elements are investigated.
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Ooecvka depacasna akademis 6yOiGHUYMEA Ma apXimeKmypu

MOJIEJII OIIOPY ITPOI'THHUX 3AJII30BETOHHMX EJIEMEHTIB
3A IIUKJITYHOI 3BHAKOIIOCTIMHOI A1i
IMONNEPEYHUX CUJI BUCOKHUX PIBHIB

Hocniooxceno poboma 3anizo6emoHHUX NPOSTHHUX OAIKOBUX KOHCMPYKYIU 3 MAIUM,
cepeOHiM ma GeluKUM NPONbOMAMU 3PI3y 8 YMO8ax Oii YUKAIYHUX HABAHMAINCEHb BUCOKUX
pisHie. Yemanoeneno, wjo po3pooaenns @izuunux mooenei 6mMmomMHo20 onopy 3aai300emoHHUX
eleMenmie, wo 32UHAMbCs, YUKIIUHil Oii nonepeuHux cuil ma Memoou po3paxyHKy Ha ix
OCHOGI € BAXNCTUBUMU MA OOYINMbHUMU Yepe3 mAakKi O0coOIUBOCMI 6KA3AHO20 6UOY
HABAHMAdICEHHA. HeNiHIUHICmb  0eopMy8aHHs, HAKONUYEHHS NOWKOONCeHb V  6ueiaoli
BMOMHUX MIKPO- | MAKpOMpIWuH, 6mMoMHe pPYUHY8AHHA Mmamepianie mowo. Busnaueno
KIIOY08I 8UPA3U 3HAXOONCEHHS Medici eumpusaiocmi (06’ekmusHoi miynocmi) Oemowy,
NO3008UCHbOI  ApMamypu, aHKEpY8AHHA NO3008HCHLOI apmamypu, AKi U CK1a0aomo
sumpusanicmes yciei Koncmpykyii 6 yinomy. /locniodceno poab ma 0cooaueocmi Gnausy
Odepopmayiti  8IOPONOG3YHOCMI HA MEXAHIKY 3MIHU HANPYICEHO-0ePOPMOBAHO20 CMAHY
bemony il apmamypu 00CIIOHUX eleMeHMIB.

Knrouogi cnoea: sumpusanicmo, yukiiune HAGAHMANICEHHS, BMOMHE PYUHYBAHHSL.
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Introduction. In the current design standards, the calculation of endurance in bay
reinforcement concrete structures is performing under the assumption of concrete elastic
work. Calculation of sloping sections is performing under the assumption that main tension
stresses, which appears on the level of transformed section centroid, should be fully carried by
transverse reinforcement at stresses in it, which are equal to calculation resistance of
transverse reinforcement f;,, multiplied on condition load effect factor y,,, in elements
without transverse reinforcement — by concrete at stresses in it, which are equal to concrete
calculation tension resistance f.,;, multiplied on appropriate condition load effect factor ..

Such calculation approach contradicts to real work character of inelastic work of
reinforced concrete elements and does not display reinforced concrete behavior features in the
zone of transverse forces actions at cycling loads, does not display real stress-strain state, does
not consider the ambiguity of transverse forces perception by different elements at different
shear bays and character of fatigue destruction crack appearance and propagation, does not
consider or consider mediated the influence of number of structural factors and factors of
external action, which ultimately leads to significant differences between calculated and
experimental data.

Analysis of last researches and publications sources. I.T. Mirsayapov, E.M. Babich,
N.I. Karpenko [1 — 3] main attention is paid to the study of endurance and stress-strain state of
normal sections of elements, which are bent, to the endurance of concrete and reinforcement
and their deformability at second loads. During these researches there are accumulated a lot of
experimental data, there is proposed a number of practical methods of normal section
calculation in the zone of structures pure bending.

Despite the large number of experimental and theoretic researches of I.T. Mirsayapov,
E.M. Babich, N.I. Karpenko, F. Aslani, W. Trapko [1 — 5] of reinforcement concrete elements
resistance to the transverse forces action at static loads, the problem of reinforced concrete
resistance to the second loads action remain is not studied well.

Specifying unsolved aspects of the problem. Theoretical researches of physical
models development of bending reinforced concrete elements fatigue resistance to the series
action of transverse forces and calculation methods on its base are almost missing. Therefore,
today the development of physical models of fatigue resistance and destruction of near
support parts of beams, which correctly shows their real work considering real element of
concrete and reinforcement deforming at different shear spans and corresponding methods of
their calculation has just been started.

Setting objectives. The main aim of the article is to study the performance of reinforced
concrete structures by the means of creating these elements common models comprehensive
resistance to the action of high levels cyclic loads with different shear spans.

The main material and results.

Reinforced concrete elements resistance models with small, middle and large shear spans.

Researches of I.T. Mirsayapov [1] and other investigators have shown, that at ¢y / 4y > 2
fatigue destruction of near support parts of bending elements occurs with appearance of
critical inclined crack, which location is connected not only with points of external force
applying and support reaction, but with internal force factors, which occurs in shear span
(moments and transverse forces). At 1,2 < ¢/ hyp < 2 destruction of near support parts of beam
elements at cycle load has little similar signs of destruction of elements with small and large
shear spans. In this case, conduct of appearing and extension of cracks and fatigue destruction
in this zone at indicated load influences internal force factors and local concentrations of
stresses in corresponding zones near points of external concentrated forces applying.

The feature of «long» bending reinforced concrete elements work at small shear spans
(ap < 1,2hy) is appearing of local stress strips, connected with points of concentrated forces
applying within which occurs fatigue destruction. This feature of usual reinforced concrete
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beams with small shear spans joins them with «short» elements. In both cases this feature
occurs at small values of relative distance between forces, applied to element.

B.S. Sokolov [6], T.I. Baranova [7], O.S. Zalesov [8], and others consider that for
practical calculations of «short» elements the simplest solution of a problem is formation of
calculating model as frame-rod system (FRS) which consists of inclined compressed strips
and tensed bottom and compressed top reinforcing zones, which enclosure at points of
concentrated forces and support reactions applying (fig. 1).
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Figure 1 — Formation of force flows in usual («long») beam
with small shear spans at repeated load (a) and its frame-rod analogue (b)

The principle of calculation model development is in determining of compression
stresses in inclined force flows and tensile stresses in horizontal flow, intersection of which
creates system, which can be conditionally called as frame-rod model of short elements.

Main parameters determining calculation inclined strips are dimensions of load [;) a

bot
loc

nd support [, areas, under which there are forming flows of compression stresses.

The smaller is the sizes of areas, the higher is the trajectory density. So support and load areas
forms incline strip and its width at top and at bottom. Angle of incline of main compression
stresses flow approaches the angle of line incline which connects centers of support reaction
and external concentrated force applying.

It is obvious that in process of near support area modeling of concrete element work at
small shear spans using frame-rod analogue it sould be considered that its fatigue strength is
determined by durability of every FRS element: inclined compressed strips and strength of
tensed reinforcement. Fatigue destruction of tensed elements zone occurs as a result of fatigue
rupture of longitudinal reinforcement at place of intersection with inclined crack or as a result
of violation of reinforcement anchoring by inclined crack. Thus, occurring stresses should be
limited by values of objective concrete and reinforcement strength at cycle load (durability
limit) and its friction between themselves, i.e. for provision of such reinforced concrete
elements durability it is necessary to follow the durability conditions:

O () S St (1), L) frtgren(B) O () S an(t) (1)

max

where 0" (t) — compression stress on compressed force flow;

o' (t)— actual tensile stresses in most loaded fibers of longitudinal reinforcement in
the place of intersection with inclined crack;
o (t)— actual (maximum) axle tensile stresses in longitudinal reinforcement in the

place of intersection with inclined crack;
Jed rep(t) — limit of concrete durability at local compression;
Jydp.rep(t) — limit of reinforcement durability on tension;
Jydan(t) — limit of longitudinal reinforcement anchoring durability.
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Experimental researches [1, 6 — 8] have shown that stress-strain state inside inclined
compression force flow is the same as in flat-stressed elements at local load. Thus, for
evaluation of fatigue strength of inclined strip the model of fatigue destruction at compression
and equations of objective (residual) strength of concrete and reinforced concrete at cycle load
can be used. Wherein if axle «1» (fig. 2) is directed along longitudinal axle of inclined
compression force flow and axle «2» in orthogonal direction and use the same designations as
in elements with zero shear span, stress state inside inclined compressed force flow can be

represented as fig. 2.
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Figure 2 — Physic model (a) and calculation scheme (b)
of bending reinforced concrete element resistance with small
shear span at joint action of transverse force and bending moment

Since the vibro-creep deformations €., extension in compressed concrete in the
direction of stresses o

max
le

nothing interrupts its extension, it can be accepted that &“(1)=0; o™ (t)=0;

le

(t,), action, as at local compression, occurs in free conditions and

ol (t)=0""(t,); o' (1)~ " (t,), o/ (t,) and o' (¢, ) slightly simple determines at
first load from the conditions of equilibrium on the base of fatigue resistance model.
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Because stress-strain state inside inclined compressed strip and behavior of its fatigue
destruction are analogical to stress-strain state and behavior of fatigue destruction of flat-
stressed elements at local load action, expression for determining of objective fatigue strength
(limit of durability) of inclined compressed stripe at the moment of time ¢ by analogy and
takes the form:

(ko (2)+ K, (t)cosa)-1ctgp y

>fcd,rep (t) = K
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where Kj,(#) — stress intensity factor which characterizes influence of transverse
reinforcement on crack extension inside incline compressed flow;

A = 1, Buw = 1/sin’ ¢ — for reinforced concrete elements with load areas size
Lp /0 <0,2; Ay = cos’ @, Bun = cth ¢ — for reinforced concrete elements with load areas sizes
Ly / h > 0,2; in elements without transverse reinforcement Kjq,,(2) = 0.

Multi-cycle fatigue of reinforcement is characterized by appear and extension of fatigue
cracks in it. The formation of fatigue cracks occurs as a result of intensive plastic deformation
of reinforcement steel in local volumes of stress concentration in reinforcement, main source
of which is its periodic shape. It leads to significant closed hysteresis loops, which area is
equal to energy, spent by one cycle of load. After plastic deformations exhausted, there
microcracks appear in these local volumes, some of them can transform into large crack. At
following enlargement of cycle numbers extension of main crack up to the critical size occur.
Thus, for analytical description of fatigue destruction process and change of fatigue strength
of steel reinforcement in reinforced concrete element at repeated loads there are used methods
of destruction mechanics. The durability limit (objective strength of longitudinal
reinforcement at the moment of time ¢ at the place of its intersection with inclined crack in
conditions of flat stressed state becomes:

fvd.e (l) = Gsc ' kvcf(l) /\/(Y(l) ' O-sc )2 ) ls (l) + kvch (t) H (3)
O-M
7T 7\’ @
<1 vexp(-2E, -2 /o N1+ 32 /o) >
where o, 7,/ — normal stresses in most loaded (tensioned) fibers and tangential

stresses in longitudinal reinforcement in the place of its intersection with inclined crack;

ls() — length of fatigue crack in reinforcement at the moment of time #;

kser — critical factor of reinforcement stresses intensity at repeated loads at the moment
of time #;

oy, — temporary steel resistance to rupture;

e} — residual plastic resource of steel.
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Process of multi-cycle fatigue anchoring of reinforcement is characterized by
appearance and extension of fatigue cracks in contact zone between reinforcement and
concrete. If the clutch stresses of reinforcement and concrete 7, are high and these stresses are
larger than limit of clutch durability, i.e. condition 7, / 7., > 1 is true, generation and
extension of through (inner) fatigue cracks occurs in contact zone between reinforcement and
concrete. As it is shown in researches of B. Broms, I. Goto [9], N.I. Karpenko [3],
M.M. Kholmyanskiy [10] through inner cracks cone-shaped volumes are formed. Indicated
cracks permeate into concrete thickness, which crumples under these protrusions. Thus,
objective fatigue strength of concrete under protrusions and forces of reinforcement
protrusions clutch with concrete should be determined as function of cone-shaped crack
length /(¢), which is permanently increasing with increasing of load cycle number. So for
analytical characteristic of process of contact zone fatigue destruction and for change of
longitudinal reinforcement anchoring fatigue strength at repeated loads it is also expediently
to use destruction mechanic methods. Then the limit of durability (objective strength) of
longitudinal reinforcement anchoring at the moment of time ¢ is determined by:
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d — rod diameter;

¢, Sr, a,— accordingly height, step and angle of reinforcement protrusions incline;

a — concrete cover;

L, L, — the length of reinforcement fastening in concrete and plastic place of this
fastening;

o — angle of wedge under reinforcement protrusions;

l(t,7) — length of fatigue crack in concrete under reinforcement protrusions at the
moment of time ¢.

During cycle loading under the influence of high stresses of concrete crumpling under
the reinforcement protrusions there are intensive deformations of vibro-creep.
With enlargement of load cycles number N due to concrete vibro-creep under reinforcement

protrusions, which surrounds them, increasing of displacement increment g, (¢) on loaded

max
X

end and inside fastening g”“*(¢) occur, and it leads to redistribution of clutch forces P;, from

more loaded protrusions in the end of fastening to protrusions, that are situated in the depth of
fastening, i.e. occurs redistribution of clutch stresses 7, along fastening. Wherein enlargement
of load cycle number leads continuous increasing of plastic area length and increasing of
completeness of clutch stress diagram.
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Analysis of a number of experimental data shows that fatigue strength and limit of
durability of reinforced concrete bending elements in the zone of joint action of transverse
forces and bending moments exceeds appropriate stresses (loads), where inclined cracks in
tensed zone of element appear even at short time static load, i.e. bending reinforced concrete
structures resists to repeated cycle loads at presence of normal and inclined cracks in near
support areas. Concerning it at development of calculation model for evaluation of fatigue
strength or such structures durability at the transverse force and bending moment action, it is
necessary to consider existence of cracks in tensed zone, because appearance and extension of
inclined cracks radically changes the quality of stress-strain state especially in elements with
large shear spans.

The condition of crack appear in tensed zone of bending elements on appropriate
trajectories is attainment by main tensile stresses the limit of concrete tensile strength at flat
stress state «compression-tensiony if cracks appears on first load or fatigue strength of concrete
at flat stress state, if cracks appears after some number of load cycles, including its high levels.

In elements with large shear spans (ay / hyp > 2) in the zone of joint action of transverse
forces and bending moments, at first normal cracks appear, and then at optimal quantity of
longitudinal work reinforcement (in not over reinforced structures) they are warped on near
support areas by trajectories of main compression stresses and transform into inclined cracks.
At increasing of cycle number one of such inclined cracks starts to expend more intensive
and becomes critical. Trajectory of main compression stresses with appearance and extension
of initial place of critical incline crack can be described by equation y/h = m/(n + h/a), where
m; n — are determined from boundary conditions. Appearance character analysis and expand
of fatigue cracks, fatigue destruction of experimental beams, their stress-strain state in the
zone of joint action of transverse forces and bending moments at repeated loads of high level
and experimental thermograms [1] of near support areas of experimental elements allows to
propose the following hypothesis of following expand of critical inclined crack and develop
the physic model of fatigue destruction of bending reinforced concrete elements with large
shear spans. Long before appearance of normal and inclined cracks in shear span especially
before forming end expansion of critical inclined crack, in normal section at the end of shear
span where maximum moment occurs, normal crack appears (section 1-1 on Fig. 3).

Until the remaining cracks appears in the zone of transverse force and bending moment
action, the normal crack in the end of shear span extends on high height and tensed zone is

practically fully off from work, the diagram o (¢) 1s twisted, increases the completeness of

thE diagram w, and in top part of it starts to form plastic area; reduction of compressed part of
concrete section height which has no cracks yet leads to sharp increase of completeness of
diagram @, of tangential stresses and to sharp increase of maximum value of tangential

stresses 7" (t). Thus, inside the plastic area x,; of compressed zone it is sharply increased

resulting N ;" of normal NI = J'o-;”‘“( t)-dA and tangential QU =V = J'z-’”“x( t)-dA

Xy

Apr Ay

forces, where A4, — area of plastic part of compressed zone in normal section with crack at the
end of shear span. Influenced by force N;y" in compressed zone, which acts in limits of
limited load area x,, / cos y, in the direction of this force action there is incline compression
force flow, inclined on angle y to longitudinal axle of element. Pattern of stress distribution
inside this inclined compressed force flow is the same as at local compression. At the cycle
loading even before appearance of critical inclined crack inside inclined compressed force
flow from micropores in concrete body or shrinkage microcraks on the action line of tensile
stresses generates and extend fatigue separation microcracks, later they join into separation
macrocrack ed at angle y to longitudinal element axle.
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fggram  Diagram

Figure 3 — Physic and calculation model of fatigue resistance
of not over reinforced concrete element with large shear span

The most characteristic feature of normal separation cracks on near support parts of not
over reinforced beams is tendency of any, even initially inclined to compression force action
line, crack to align its trajectory in the direction of this force. Wherefrom it can accepted the
hypothesis that from all inclined cracks which were formed on near support part from joint
action of transverse force and bending moment in tensed zone at first load or at increasing of
cycle numbers and load levels, critical becomes the inclined crack, which comes to zone of
influence of inclined compressed force flow, generated by action of resulting Np;* of forces
in compressed zone inside plastic area x,. It can confirm that the critical crack as a rule
becomes extreme (closer to support) crack, which forms and expand along less loaded
trajectory of main compression stresses and the following extension of critical inclined crack
and more intensive its disclosure comparing to other inclined cracks and sharp increase of
normal stresses in longitudinal reinforcement in the place of its intersection with critical
inclined crack, i.e. alignment of longitudinal forces.

It is known that fatigue destruction of reinforced concrete element on inclined section
becomes by compressed zone or as a result of fatigue rupture of most stressed rods of
transverse reinforcement which intersects with initial area of critical inclined crack, or on
tensioned zone as a result of fatigue rupture of longitudinal reinforcement in normal section
1-1 or because of anchoring violation of longitudinal reinforcement on and out of support.

So for assurance of operability of element at repeated load in is necessary to adhere to
conditions:

G]’Z“X (t) < .fcd,rep (t)’ O-:;zmr\; (t) < j;rdw',rep (t), G:’:’X (t) < j;rdq,rep (t), O-;"‘L‘f(t) < .fydan,rep (t) H (6)

max

where o, (t) — actual main compression stresses in compressed zone over critical
inclined crack in the direction of resulting of longitudinal and transverse forces action inside
concrete inside plastic part of compressed zone;

Searep(t) — durability limit (objective strength) of compressed zone over critical

inclined crack at local compression in the direction of main compression stresses at the
moment of time #;
ol (t) — actual maximum stresses in the most loaded rods of transverse

reinforcement at the moment of time ¢ at the place of their intersection with initial part of
critical inclined crack in tensed zone;

30ipHuK HaykoBHX mpails. Cepist: ['any3eBe mammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 119




Syiwrep(t) — durability limit of transverse reinforcement rods at their axle loading at the

moment of time ¢;
o (t) — actual maximum axle stresses in longitudinal reinforcement at the moment of
time ¢;

max

o, (t) — actual maximum tension stresses in the most loaded fibers of longitudinal

reinforcement at the place of intersection with inclined crack at the moment of time #;
Sigrep(t) — endurance limit of longitudinal reinforcement in conditions of a flat

stressed state at the time #;
S ydanrep (1) — durability limit of longitudinal reinforcement in conditions of flat stress

state at the moment of time ¢.

As in elements with large shear span action of repeated load which leads to extension of

vibro-creep deformations of compressed concrete in the direction of stresses oy, o).,

action is accompanied with appearance and extension of additional (residual) stress-strain
state on near support part of bended reinforced concrete element. With the aim of
simplification of stress-strain state evaluation, action of repeated load and reinforced concrete
element work it is expediently to divide into two stages. First stage shows stressed state of
structure at first cycle (N = 1) of load to maximum cycle load P,,. Second stage is
characterized by stressed state of element in the process of its repeated load (N > 1), which is
directly continuous changed through intensive extension of vibro-creep deformations ;. ,; of
compressed concrete.

In general flow stresses in concrete and reinforcement and factors of cycle asymmetry
becomes in form:

O_imax (t) — O_imax (to)i O_iadd (t) : (7)

pi(t)=(p-0 (1,)+ 51 (1)) /o7 (1, )+ 51 (1)) . (8)

where p = Py / Puax, 0" (¢,) — initial stresses in concrete or reinforcement at first
half- cycle of load;
“(¢) — additional (residual) stresses in concrete or reinforcement, which appears as a

result of concrete vibro-creep deformations accumulation.
Initial stresses at first load o

i

(o

(t,) are determine from conditions of external and
internal forces equilibrium on the base of model of fatigue resistance of element. Additional

stresses o “(t), which appears at process of its repeated load, starting from the second cycle

of load are determined on the base of deformation relation for normal section (1-1) at the end
of shear span and inclined section (2-2), which is placed on critical inclined crack (Fig. 3).
Fatigue destruction of compressed concrete zone over critical inclined crack occurs

under the action of resulting Np," of transverse and longitudinal forces which appears inside

plastic part of normal section 1-1. Due to stress-strain state of compressed concrete zone over
critical inclined crack (inside inclined compressed force flow) and behavior of fatigue
destruction are analogical to stress-strain state and behavior of fatigue destruction in flat-
stressed elements at the local load action, objective fatigue strength over critical inclined
crack at the moment of time 7 we determine:
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Durability limit of longitudinal reinforcement f;, .(z) at the place of its intersection

with critical inclined crack in conditions of flat-stressed state is determining by (3) and (4).
Durability limit of longitudinal reinforcement anchoring f, (¢) by critical inclined crack

dan,rep

we determine by (5). Durability limit f

ydw,rep

(¢) at axial load we determine by (3) and (4),
taking at that, 7" =0.

Testing [1] reinforced concrete beams with rectangle cross section with shear span
ap=co= (1,51 — 1,67)h, allowed to specify the following picture of appearance and extension
of cracks and character of fatigue destruction in the zone of transverse forces and bending
moments action. Since elements with middle shear span 1,2 4y < ¢y = ayp <2 hy are on borders
of elements with small and large shear spans, in their operating and in mechanics of fatigue
destruction at middle shear spans there are determined features of first and second, i.e. on the
behavior of appearance and extension of cracks in the zone of transverse force and bending
moment action and fatigue destruction of these elements has influence as internal force
factors, as local fields of stress state and stresses concentration in corresponding zones in
places of concentrated external forces applying. Thus, at middle shear spans fatigue
destruction occurs with appearance of critical inclined crack, but local fields of stressed state
and concentration of stresses in indicated zones have influence on destruction.
Critical inclined crack can appear on the distance (0,2...0,3)4 from the tensed edge and
extends in support or concentrate external force direction. In tensed zone it disclosures along
line 2-2 (fig. 4) which connects inner edge of supporting plate with external edge of load plate
and fully intersects (to inner edge of support plate).

But in its extension from support to concentrated force critical inclined crack
after approaching point O, i.e. intersection of lines 2-2 and 3-3, changes its direction and
resume extension along line 3-3 by the axle of inclined compressed flow. At the same time

max

inside compressed force flow on the line of tensile stresses o, appears and extents rupture

crack d — e along axle 3-3, which afterwards merges initial part OO, of critical crack. It is
obvious that appearance, extension and disclosure of critical crack in tensed zone (area OO,)
are connected with flat rotation and shear of inclined section 2-2, and its extension and
disclosure in compressed zone (ed) are caused by appearance and extension of rupture

max

microcracks on the line of tensile stresses o, (Fig. 4) action in the zone «tension-
compression» inside inclined compressed force flow, formed under the action of force Py,

and following merge into macrocrack with following extension and disclosing of this rupture
macrocrack. Behaviour of stress distribution inside inclined compressed force flow is the
same as at crumpling.
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Figure 4 — Physic model and calculation scheme of fatigue resistance
of inclined not over reinforced element with middle shear span

For this cause of stress-strain state and destruction character objective fatigue strength
(durability limit) of inclined concrete strip over critical inclined crack becomes:

GL  6EIL, -n-cos(p—p)sinf

1- + X

.2 3
k. (t)+K, (1)) ct sin- @ / /
_fcd,rep(t) = ( uf( ) léW( )) g(DX {ds4 Es{l,4+1,254 aéj} Sln@ . (10)
lmpsmﬂ,/ﬂ-l(t)Y(l) E. d,

1 ken ¢ 0 1
—+C | |Kay +|— +C(t,T) (dt
g Gl K, iaf{Eﬂ) ( )}d

Durability limits of transverse and longitudinal reinforcement and durability limit of its
anchoring is determined by (3), (4) and (5).

Conclusions. Thus, the calculation of reinforced concrete structures at joint action of
transverse forces and bending moments presence methods analysis, based on the researches
[1—6, 11 — 13] shows that in most cases they performin assumption of elastic concrete work
without considering its physic nonlinearity and change of deformation modes of materials in
structures at cycle loading.

Considering physical models and calculation schemes of near support areas resistance
of not over reinforced span reinforced concrete structures to repeated load of high level, there
are envisaged different types of fatigue destruction of materials considering vibro-creep
deformations, accumulation of damages in form of fatigue micro- and macrocracks.
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