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Abstract. Most span reinforced concrete structures experience repeated loads of various sizes
and signs, that is, a complex stress-strain state. During operation or during hostilities, span
reinforced concrete structures experience significant damage and a significant decrease in bearing
capacity, especially when a low-cycle repeated load is applied. In this regard, there is a need to
restore their performance and/or to increase bearing capacity.

The current design standards do not contain recommendations for determining the residual
bearing capacity of such structures and calculating their amplification. Known methods for
restoring performance and strengthening the structure by increasing the cross section by attaching
additional metal or reinforced concrete elements to them. But the methods for calculating this gain
are also imperfect.

It is proposed to restore the operability of these structures by strengthening their stretched parts
of the CFRP, and the experimental studies will form the basis for improving the deformation method
for calculating their bearing capacity. Obviously, the main reason for the decrease in the bearing
capacity of prototypes under low cycle alternating load is the violation of the structure of concrete,
especially in the supporting areas, its softening and partial loss of adhesion to the reinforcement.

The greatest increase in residual deformations in concrete and transverse reinforcement of the
research beams of the first and third series is observed in the first two to three cycles and, as a rule,
they stabilize until the fifth or sixth cycle. And in some samples with a minimum class of concrete
and the number of transverse reinforcement, these deformations did not stabilize and they collapsed
in 6 ... 9 cycles from reaching fatigue strength or a possible decrease in their strength parameters
due to statistical error in determining the breaking load of high levels.

The prototype fifth-series beams reinforced with external composite reinforcement deformed
almost elastically until they reached their ultimate state in compressed concrete or stretched metal
or composite reinforcement.

The presence of external carbon fiber reinforcement in the lower stretched zone of the beams
in series 5 and on their supporting sections allows to increase their bearing capacity in comparison
with similar series 3 beams at the same low-cycle load, on average, 1.7 times and partially change
the nature of their destruction.

Keywords: concrete, fittings, carbon fiber cloth, reinforced concrete beam, deflections,
deformations.

Introduction. In the course of operation or armed hostilities the span r/c. structures are
subject to substantial damage and considerable reduction of their bearing capacity, especially under
low-cycle repeated loading. In this connection it becomes necessary to renew their operation
capacity and/or improve their bearing capacity. However, the current design standards contain no
recommendations as to determination of the residual bearing capacity of such structures and
calculation of their reinforcement. There are methods of the operation capacity renewal and
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reinforcement of the structures by increasing their sections adding metal or reinforced concrete
elements. Still, the calculation methods of such reinforcement are also imperfect. It is proposed to
renew operation capacity of such structures by strengthening their tensioned parts with CFRP; the
performed experimental research will provide the basis for calculating bearing capacity of said
structures with the aid of the deformation method improved by the authors.

Theoretical prerequisites. Resistance of r/c elements to the combined action of transverse forces
and bending moments at low-cycle non-reversal high-level loads is one of the most significant and
underexplored problems both in the r/c theory and in actual design process [1]. Indefinite repetition in
operation and a change of the reverse load can lead to the consequences that are qualitatively different
from those obtained as a result of calculation for permanent loading of maximum intensity which is,
actually, is taken into account by the majority of the effective design standards.

While the current domestic and foreign national design standards specify the methods to
calculate strength of oblique sections of span structures subject to permanent loading which are far
from being perfect according to accuracy and reliability of the prediction even at permanent loading
and which are far “behind” in this respect as compared with the calculation methods of the normal
section strength, the impact of the infrequent cyclic non-reversal loading upon them is taken into
account indirectly or is not accounted for at all, all the more if such loads are of high-level.

Analysis of recent research or publications. A survey of the available bibliography has
proved that researchers still did not come to a single opinion about the impact of said loads on the
bearing capacity of the studied elements. Majority of authors indicate that such bearing capacity
reduces under low-cycle loading. Another researchers [2-4] state that the infrequent cyclic loading
of the operational level (n < 0.70) can lead to up to 20% higher strength of the span r/c elements,
which needs additional clarifications and experimental confirmation.

Resistance of the span r/c CFRP-strengthened structures subject to low-cycle repeated high-
level loading that have been damaged in operation or in military hostilities was not studies at all.
Therefore, the research along this line is important and up-to-date.

Purpose of work. It consists of studying the effect of concrete strength (class) on the
strength, deformability and crack resistance of carbon reinforced concrete beams reinforced with
carbon fiber, taking into account the influence of other structural factors, the magnitude and level of
repeated low-cycle load of high levels with the improvement of the deformation method of their
calculation and the development of analogues of calculation models of their tedious force resistance
current loads, taking into account the physical nonlinearity of the materials used.

Research objectives. To adapt the methodology developed at the department using
mathematical theory of experiment planning and existing equipment to perform systematic
experimental studies of the effect of strength (class) of concrete on the basic performance
parameters and the stress-deformation state of ordinary and beams reinforced with carbon fibre
sheet. To reveal the features of the stress-strain state of single-span reinforced concrete beams
reinforced with carbon fiber, and to test the effect of low-cycle repeated loading and to make a
generalized assessment of the influence of this research factor on their bearing capacity.
Experimentally check the possibility of engineering application of the most common normative and
proprietary techniques for predicting the strength of conventional and strengthening reinforced
concrete structures under the action of high-level cyclic loads. To improve the existing engineering
methods for calculating the strength of the supporting sections, including inclined sections, of the
specified beam structures, taking into account the action of the specified load.

Research methodology. In accordance with the adopted methodology the in-situ test is
accomplished with the use of 4-factor 3-level B4 plan of Box-Behnken. The factors have been
varied according to the data elicited from the literature review which shown that the most influential
factor X; is the value of the relative span of the section a/hg, which was varied at three levels: a =
ho, 2hy and 3hy. The next influential by value factor is, as a rule, such design factor as the grade of
heavy concrete: X; — C16/20, C30/35, C40/55, and the third factor — the value (quantity) of the
transverse reinforcement in the support areas: X3 — py=0.0016; 0.0029; and 0.0044. The fourth
factor was assumed to be the external action factor X4 and a level of the reversal load: n =+0.50;
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+0.65; £0.80 of the actual bearing capacity, i.e., the transverse load value where at the opening
width of the diagonal cracks (wk exceeded 0.4 mm, and the span sag f> 1/150).

The tested beam samples were kept in normal thermal and humid conditions at the
temperature 20+2°C and almost 100% air humidity during 100...110 days. Prior to testing the side
surfaces of the beams were coated with a thin layer of lime solution in order to facilitate fixation of
formation and development of normal and diagonal cracks, and afterwards these beams were dried
until they reached the natural humidity.

Deformations of the concrete, reinforcement and bending of the test samples were measured
with the help of dial indicators having a division value 0.001 mm and 0.01mm accordingly.

The samples were tested according to the pattern of a single span simply supported beam
which was intermittently loaded from the top and from the bottom by two point forces without any
changes in the beam position.

Before the main experiment the 25 test beams (twin beams) of the first series were tested in turn
for action of a single-time short-period stage-wise increasing loading, practically, up to destruction,
when the open width of the diagonal cracks and the sag exceeded the permissible values (wy > 0.8 mm,
f>1/150). Afterwards, the similar beams of the second and third series were tested subject to reversal
and non-reversal low-cycle transverse loading of the defined levels according to the test assumption N
= 20 cycles; afterwards the sample was additionally loaded, practically, until destruction or
achievement of the critical level, if that had not happened earlier during the previous cycles.
Achievement of the critical values of deformation in concrete or reinforcement, excessively wide
opening (to 1 mm) of diagonal (more frequently) or normal (less frequently) cracks, substantial
increase (to 15 mm) of sags, and absence of increase or reduction (by 15% and more) of the power
plant pumping station pressure gauge were taken as the criteria of the test sample destruction. In the
fourth series the tested sample beams of the 2nd series were brought to their limit state and then
reinforced with a metal casing and tested by reversal and repeated loading.

After the tested samples of series 3 beams were brought to the limit state according to the 1st
and 2nd groups, the damaged lower tensioned zone and almost destructed support areas were
strengthened with CFRP sheets Sika® Wrap® -231C according to the Sika Russie [5] technology
(series 5). The construction of this strengthening is shown in Fig. 1.

The strengthened with external CFRP beams of series 5 were tested according to the same
methodology as the beams of series 3 [6].

Research results. The tested beams of the 1st and 3rd series were designed so that their
strength in the normal and oblique sections was almost similar, however, the destruction of the
samples should have occurred in the relatively plain oblique sections at the final stage of their
operation subject to the destructive transverse force and the associated bending moment with due
account of the other external factors and design factors. The CFRP-strengthened large shear span
beams failed in the normal sections within the “pure bend” zone, and the small shear span beams
failed in the oblique compressed strips in the support zones [7].

The results of processing the obtained test data of the first, third and fifth series, removal of
the insignificant coefficients and re-calculation of the remaining coefficients enabled, with the use
of COMPEX software developed under guidance of Professor V.A. Voznesensky, to obtain the
adequate mathematical models of strength i.e., the destructive transverse load V,; expressed in
natural or reduced to the transverse section size expressions that contain sufficient information,
display satisfactory convergence with the test data and characterize strength of the test elements:

— reference (seriesl) with the stage-wise gradually increasing loading:

Y (Vyy)=98—41% +12X, + 6%, +16X7 —7X5 —5X5 — 7%y, kH, v=52%, (1)

~(V
Y [b;’]: j =5,60-2,3x, +0,69x, +0,34x, +0,91x,* —0,40x%,” —0,29%,” —0,40%x,x,,  (la)

—similar beams (series 3) with the low-cycle non-reversal high-level loading:
Y (V,5) =90—36x, +10X, + 7%, —3X, +18%7 —6x,” —6X," —2X,> —8XX, + 2X,X,, KH,v=5,1%, (2)
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+0,11x,x,, MIla

Y ( buﬁz ] =5,14—-2,06x, +0,57X, +0,40x, —0,17x, +1,03x* —0,34x,” -0,34x,* —0,11x] —0,46X,X,

2a)

— 3 CFRP-strengthened beams (series 5) brought to the critical state according to the 1st
group subject to similar loading:

Y (V¢ ) =153—69x, +12X, +4X, +9%° —8%,” —7XX,,

(3)
variability coefficient O = 5,2 %,
Y [ b;; j =8,74-3,94x, +0,69x, +0,23x, —0,51x,° — 0, 46X, — 0, 40x,X,, MIIa. (3a)
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Fig. 1. Patterns of strengthening the lower tensioned zones and support areas of the damaged r/c
beams of 3" series with large (a), medium (b) and small (c) shear spans
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Mathematical models (1), (2) and (3) characterize the bearing capacity of the tested elements
support zones in the natural form, and (la), (2a) and (3a) reflect the strength of their oblique
sections reduced to the dimensions of their cross sections only.

The presented adequate mathematical models have essential advantage over other statistical
dependencies because they allow of evaluating the impact of each studied factor on the output
parameter not only individually but in their mutual interaction, as well as of comparing the value of
such impact both in the individual series and in all indicated series together, i.e., to make a
comprehensive analysis. Geometric interpretation of the actual and reduced bearing capacity of the
tested beam sample support zones is partially shown in Fig. 2.

The concrete grade is the next factor according to the impact value. At that, as the grade improves
from C16/20 to C30/35, the strength of oblique sections raises more intensively. With the upgrade of the
concrete, from C30/35 to C40/50, the bearing capacity of the support zones changes slightly.
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Conditional data designations:
—— = —— Before destroying the experimental beams of the series 1;
— Before destroying experimental elements of the series 3;
Before the destruction of reinforced carbon fiber reinforced concrete
beams series 5.

Fig .2. Destructive transverse force Vu or transverse loading (F,) of the tested sample beams prior
to their failure vs the value of the relative shear span a/hg (a), concrete grade C (b), quantity of the
transverse reinforcement pg,y (C) and level of the low-cycle repeated loading n (d)
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The similar pattern is observed with respect of the transverse reinforcement coefficient py,
when it changes from 0.0016 to 0.0044.

Low-cycle loading and increase of the levels from 0.5 to 0.8 of the destructive load produces
a negative effect on the test element bearing capacity.

As mathematical models (3) and (3a) show, the strength of the test r/c beams damaged in the
3" series and later strengthened with carbon fibre in the 5™ series change in accordance with the
same laws as in the previous series, however, with the considerable increase of strength.

As mathematical models (1) ...(3a) show, the natural average values of the destructive
transverse force and their values reduced to the transverse section working area considerably differ
within their series. If we take strengths of the tested sample beams of the first series that are single
time stage-wise increasingly loaded equal to 100%, then under low-cycle non-reversal loading in
the third series the average bearing capacity of the oblique sections is reduced to 91.8%, and that
one which was CFRP-strengthened in the fifth series is increased, on the average, by 56%.

Analysis of mathematical models (1) ...(3a) shows that they are of the same type by quality,
and the impact of the design factors and external factors are similar by quality. The differences are
in the quantitative indicators only. Thus, the strength of the oblique sections of the tested sample
beams of the first, third and fifth series, that was reduced to working area of the transverse section,
increases relative to their reduced average values 5.60; 5.14 and 8.74, accordingly:

— with reduction of the relative shear span a/hy from 3 to 1 in the indicated series by 84, 80
and 90%, accordingly;

— with the change of the concrete grade from C16/20 to C40/50 25, 22 and 16%, accordingly;

— with the increase of the quantity of transverse reinforcement pg, from 0.0016 to 0.0044 by
12,16 and 5%, accordingly;

— with reduction of the non-reversal loading 7 from 0...0.8 to 0...0.5 in the third series;

— at single-time reduction of the relative shear span a/hy and increase of the concrete grade
within the above indicated limits by 7% in the first, 9% in the third and 5% in the fifth series;

— with a single-time reduction of the relative shear span a/hy and a level of the non-reversal
low-cycle loading in the third series.

The absolute majority of the tested beams of the first and third series failed in the oblique
sections in two or one (more frequently) shear spans. The failure criteria of the tested samples were:
achievement of the limit values of deformations in the concrete, reinforcement or external CFRP-
strengthened beams exhibiting evident signs of plastic deformation, excessive opening (to 1 mm) of
the diagonal (more frequently) or normal (less frequently) cracks, considerable increase of sags f >
0.01...0.0067 and absence of the increase or some decrease (to 15%) of the power plant pumping
station pressure gauge readings.

It is evident that the main cause of the bearing capacity reduction in low-cycle non-reversal
loading lies in the structural disturbance of concrete, particularly in the support zones, its
decompaction and partial loss of cohesion with the reinforcement.

The maximum growth of the residual deformations in concrete and transverse reinforcement
of the tested beams of the first and third series was recorded during the first 2-3 cycles and, as a
rule, they were stabilized before the fifth-sixth cycles at the loading levels n=0...0.50 — 0...0.65. In
some samples made of the lowest concrete grade and the minimum transverse reinforcement at
loading n=0...0.8 these deformations did not stabilize and the samples failed in 6...9 cycles because
of reaching the structural fatigue or due to possible reduction of their strength characteristics caused
by a statistical error when determining the destructive high-level loads.

The tested sample beams of the fifth series that were strengthened with external composite
reinforcement were deformed almost elastically until reaching the limit state in the compressed
concrete or in the tensioned metal or composite reinforcement.

Not overreinforced (psw < 0.003 (Bpl); pi=< 0.018 (AS00C)) tested sample beams subject to a
single-time static stage-wise increasing (first series) and low-cycle non-reversal (third series)
loading failed, as a rule, according to B/M pattern, i.e., in oblique sections and the prevailing action
of the bending moment as a result of the longitudinal working reinforcement yield in the unsafe
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diagonal crack mouth and the transverse reinforcement that crosses such crack. As the quantity of
the transverse reinforcement increases psw > 0.0044, the similar test elements having medium
(a/hp=2) and large (a/ho=3) shear spans failed according to C/V pattern, i.e., in the diagonal crack
under the prevailing action of the transverse force due to the transverse reinforcement yield and
shear or bearing of the compressed zone of concrete above the top of unsafe diagonal crack; with
the small shear spans (a/hg<1) the similar test samples failed sometimes according to D/cm pattern
beyond the oblique compressed strip located between two diagonal cracks as a result of the concrete
crush in this strip that follows the trajectory of the main compressing stresses.

Destruction of the normal sections of the test beam strengthened in the fifth series by CFRP
[5] was accompanied, as a rule, by yield of the metal and composite structure, possible detachment
of the protective concrete layer and breaking of the CFRP external reinforcement.

Destruction of the support zones of the fifth series beams that have small shear span also
began from excessive deformation and detachment of the external composite reinforcement along
with the protective concrete layer and crushing of concrete beyond the oblique compressed strip.

Conclusions:

1. Application of the mathematical theory of planning, adopted plan and levels of changing
design factors and external impact factors make it possible to apply a system approach to analyse the
events and compare the obtained data.

2. Peculiarities of the stress-strain state of the tested beam samples. Dependence of the nature
and kind of their failure on the relevant ratio of the design factors and factors of external impacts,
particularly presence and kind of external strengthening with composite materials was established for
the first time ever.

3. Owing to the adopted methodology new experimental data was obtained in order to essentially
specify physical models reflecting behaviour of oblique sections of the span r/c structures subject to
high-level low-cycle repeated loading which resulted in description for the first time of the system
impact of the shear span a/hg, concrete grade C, transverse reinforcement coefficient psw and level of
repeated loading n on crack resistance, deformability and strength of the tested beam samples.

4. Presence of the external carbon fibre-reinforced polymer strengthening in the lower tensioned
zone of the beams in the 5th series and on their support zones makes it possible to enhance bearing
capacity of the beams as compared with similar beams of the 3rd series, subjected to similar low-cycle
loading, by 1.7 times on the average, and partially change the nature of their failure.

5. Increase of the shear span a/hy from 1 to 3 not only reduces by 2 and 2.5 times the destructive
transverse low-cycle loading, accordingly, in common (series 3) and CFRP reinforced (series 5) r.c.
beams but also defines the nature of such failure.

6. The performed research proved that upgrading concrete from C16/20 to C40/50 results in
higher bearing capacity of the common beams of the 3rd series by 22% only, and in the carbon-
reinforced beams — by 15%, because the tensile strength increase of the concrete “lags behind” the
compression strength growth of the concrete when the concrete grade is upgraded.

7. Along with a greater quantity of transverse steel reinforcement from psy =0.0016 to
psw=0.0044, the bearing capacity of common beams (series 3) is increasing in a non-linear way,
same as the carbon-fibre strengthened elements (series 5), on the average by 15%.

8. A change in the low-cycle transverse loading levels n from 0...0.5 to 0...0.8 with the
common beams (series 3) results in reduction of their bearing capacity by up to 10% while with the
strengthened beams (series 5) their strength remains stable.
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Y0oecvra deporcasna axademisn Gydienuymesa ma apximexkmypu
By Jlinpixcona, 4, M. Oneca, 65029, Ykpaina

AHoTamif. BinblIicTh NPOTiHHUX 3ali300€TOHHUX KOHCTPYKLIM 3a3HAIOTh MOBTOPHHUX
HaBaHTAXEHb DPI3HUX 3@ BEJIMYMHOIO 1 3HAKOM, TOOTO CKJIAJHOrO Hamlpy>KeHO-AepopMaliifHOro
crany. B mporeci ekcruryararii abo B Xoxi OOHOBHX Iiii mpoOTiHHI 3a7i300€TOHHI KOHCTPYKIIii
3a3HAIOTh 3HAYHUX TIIOMIKOKEHb 1 ICTOTHE 3HIKEHHS HECY4ol 3/JaTHOCTi, OCOONMBO TpH mii
MaJIOLIMKJIOBOTO MIOBTOPHOI'O HAaBAaHTAXEHHA. Y 3B'SI3KY 3 IIMM BHHHMKA€ HEOOX1IHICTh BIJJHOBJICHHS
ix mparne3naTHocTi Ta / abo 301IBIIIEHHS! HECYUO01 3/TATHOCTI.

VY nirounx HOpMax MPOEKTYBaHHS BIJCYTHI pEeKOMEHJAlil 1I0JI0 BU3HAUEHHS 3aJMILIKOBOI
HECY4Ol 3/1aTHOCTI TaKUX KOHCTPYKLIHN 1 pO3paxyHKY iX mocuiieHHs. BifoMi ciocoOu BiHOBIEHHS
Ipale3JaTHOCTI Ta TIOCHJIEHHS KOHCTPYKIIi 3a paxXyHOK 30UIbLIEHHA mepepidy MHUIIXOM
MPUEAHAHHS JI0 HUX JIOJAaTKOBUX MeETajJeBUX a00 3ai300€TOHHUX €JIEMEHTIB. AJie METOIUKU
PO3paxyHKy TaKOTO MOCUJIEHHS TaKOX HEJOCKOHAII.

BigHoBneHHS poOOTH 3a3HAUYEHUX KOHCTPYKLIH MPOMOHYEThCS 3AIHCHIOBATH IUIIXOM
MIJCWIECHHS po3TArHYTUX ix yacTuH PAIl, a BUKOHaHI eKCepUMEHTANIbHI JOCTIIKEHHS JISKYTh B
OCHOBY BJIOCKOHAJIEHHS Jle(hOpMalliiHOTO METOAY pPO3paxyHKy iX Hecyuoi 3aaTHocTi. OueBHIHO,
10 OCHOBHOIO MPUYUHOIO 3HWKEHHS HECYYOi 3/JaTHOCTI JOCIIIHMUX 3pa3KiB MPH MaJOLUKIOBOMY
3HAKOIIOCTITHOMY HaBaHTA)KE€HHI € TMOPYLIEHHS CTPYKTYpH O€TOHY, OCOOJMBO Ha MPUOMOPHHUX
TISTHKAX, Horo p03yminLHeHHsI 1 YaCTKOBa BTpaTa 34YECIUICHHS 3 apMarypoio.

Haii6inpimmii npupict 3anuikoBux Aedopmariiii B 6eToHI 1 monepeyHii apMaTyp1 JOCITITHUX
OaJIoK mepuIoi 1 TPEThOi cepiif CrocTepiraeThes Ha MEPIIMX JBOX-TPHOX IHUKJIAX 1, SIK MPAaBUJIO, BOHU
CTaOUII3YIOThCS JI0 M'SITOrO-IIOCTOrO IUKITY. A B JIESKUX 3pa3Kax 3 MIHIMAIbHHUM KJIacOM OETOHY 1
KUTBKICTIO MTOMEPEYHOi apMaTypy 3a3HaueHi Jiedopmallii He cTaOlTi3yBasIucs 1 BOHH pyHHYBanucs Ha 6
.. 9 MKIax BiJ TOCATHEHHS! BTOMHOI MIITHOCTI 200 MO>KJIMBOT'O 3HM)KEHHS X MIIIHOCTHHX MapaMeTpiB
BHACJIIZIOK CTATUCTUYHOI MOXUOKH NIPY BU3HAUEHHI PYHHIBHOTO HaBaHTAXEHHS BUCOKUX PIBHIB.

Hocniani 3pa3ku-0anku M'sAToi cepii, MOCHUJIEHI 30BHINIHBOI KOMIIO3UTHOI apMaTypolo,
negopMmyBaucss Maike NPYKHO /0 HAcTaHHS TPAHUYHOIO CTaHy B CTHCIOMY O€TOoHI abo
PO3TATHYTOI MeTajeBoi a00 KOMITO3UTHOI apMaTypH.

HasiBHICTH 30BHIIIHBOT BYTJIEIUIACTUKOBOI apMaTypd B HUXKHIM pO3TATHYTIH 30HI Oanok B
cepii 5 1 Ha iX MPHUOMOPHUX AUISTHKAX JO3BOJISIE€ MIJBUILIUTH 1X HECYdy 3JIaTHICTh y MOPIBHSIHHI 3
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aHAJIOTYHUMH Oankamu cepii 3 mpu aHAIOTIYHOMY MaJOIMKIOBOMY HaBaHTAXEHHI, B CEPEAHbOMY,
B 1,7 pa3u 1 4aCTKOBO 3MIHUTH XapaKTep iX pyHHYyBaHHS.

KirouoBi cioBa: OeroH, apmarypa, BYIJICIUIACTHKOBE IIOJIOTHO, 3ali300eTOHHa Oanka,
MPOTUHH, Aedopmalii.
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AHHOTAIUs. BOJBIIMHCTBO TPOJICTHBIX IKEJC300€TOHHBIX KOHCTPYKIIUH  HCIBITHIBAIOT
IIOBTOPSIIOLIMECS HArpy3KH pasJIM4HbIE 10 BEJIMYMHE M 3HAKY, TO €CTh CJIO0XHOTO HAaIPsHKEHHO-
nedopmalmoHHOro cocrossHus. B mporecce skcIutyaTaluy Wi B XoJe O0€BbIX AEHCTBUI NpOseTHbIE
KeJIe300€TOHHbIE KOHCTPYKIIMM WCIIBITHIBAIOT 3HAYMTENFHBIC TIOBPEKICHUS M CYIIECTBEHHOE
CHIKEHHE HECYIIEH CIIOCOOHOCTH, OCOOCHHO MpH JACHCTBUM MAJIOLUKIOBOM TTOBTOPHOW Harpy3ku. B
CBSI3H C 3TUM BO3HUKAET HEOOXOAUMOCTb BOCCTAHOBJIEHHSI X PAOOTOCIIOCOOHOCTH M/WIIK YBEJIUUEHHUE
HECYIIEH CIIOCOOHOCTH.

B pelicTByronMx HOpMax IPOEKTUPOBAHUS OTCYTCTBYIOT PEKOMEHAALMU I10 ONPEICIICHUIO
OCTaTOYHOM Hecyllel CIIOCOOHOCTH TaKMX KOHCTPYKLMHA U pacyeTa UX ycuieHus. M3BecTHbI criocoObl
BOCCTAHOBJIEHUS paOOTOCIIOCOOHOCTH M YCHJICHUSI KOHCTPYKLIMH 3 CUET YBEJIMUEHUS CCUCHHUS ITyTeM
IIPUCOETUHEHUSI K HHUM JONOJHUTEIbHBIX METAUIMUECKUX WM KEJIe300€TOHHBIX 3eMeHToB. Ho
METOAMKH PacyeTa TaKOIO YCUJICHUS TaK)KE HECOBEPILICHHBI.

Boccranosnenue paboTOCIIOCOOHOCTH YKa3aHHBIX KOHCTPYKLMH IpEJIaracTcsi OCyLIeCTBIISATh
IIyTeM yCUJIEHUs pacTaHYyThIX ux vacteid DAII, a BbIIOIHEHHBIE SKCIIEPUMEHTAILHBIE UCCIIEA0BAHUS
JSTYT B OCHOBY COBEPIIEHCTBOBAaHUS JAe()OpMaIlMOHHOIO METO/AA pacyeTa UX HeCylleld CliocCOOHOCTH.
OueBHJIHO, YTO OCHOBHOM NMPHUYMHONM CHM)KEHMS HECYILEH CIOCOOHOCTH ONBITHBIX OOpasloB IMpU
MAaJIOIIMKJIOBOM 3HAKOMOCTOSIHHOM Harpy3ke SIBJISIETCSl HapylLIeHWe CTPYKTYypbl O€TOHA, OCOOEHHO Ha
IIPUOIIOPHBIX YYACTKAX, €r0 Pa3yIUIOTHEHUS U YACTUYHAs ITOTEPs CLEIIJICHHS C apMaTypOH.

HauGonbumii mpupocT octaTouHblX Jedopmanuii B O€TOHE U IONEPEYHOW apmarype
HCCIIeIOBATENbCKUX OalOK MEpBOM U TpeThel cepuil HaOMOAaeTCA Ha NEepBbIX ABYX-TPEX LUKIAX U,
KaK MpaBWJIO, OHU CTAOMJIM3HUPYIOTCS IO MSTOro-IIECTOro LMKIa. A B HEKOTOPBIX oOpasuax c
MHUHHMAJIbHBIM KJIACCOM O€TOHA M KOJIMYECTBOM MOIEPEUHOl apMaTyphbl yKa3aHHbIE Jedopmanun He
CTaOWIM3NPOBATIMCh M OHU Pa3pyllauch Ha 6...9 HUKIax OT JOCTHXKEHHs YCTaJOCTHOM MPOYHOCTH
WIM BO3MOXKHOTO CHIDKEHMSI HX IIPOYHOCTHBIX IapaMETPOB BCIEACTBHE CTATHCTUYECKON
MIOTPEIIHOCTY IIPU ONPEAETICHUH Pa3pyIIAOIIErO Harpy3KH BBICOKUX YPOBHEM.

OnbITHBIE 00pa3UbI-0aTKH MATOM CepuM, YCHICHHbIE BHEUIHEH KOMIIO3UTHOW apMarypoii,
1e(QOpMUPOBAINCH MOYTH YHPYro J0 HACTYIUICHHS MPEAEIbHOTO COCTOSHUS B CKAaToM OETOHE WM
PaCTSHYTON METAIUIMYECKOM NI KOMITO3UTHOM apMaType.

Hanuuue BHeIIHeH yrieriacTUKOBOM apMaTyphl B HIDKHEH pacTsSHYTOH 30He Oajlok B cepuu 5 U
Ha MX HPUONOPHBIX YYacTKax MO3BOJSET MOBBICUTh UX HECYIIYIO CIIOCOOHOCTH IO CPaBHEHMIO C
AQHAJIOTUYHBIMU OAJIKaMH CEpUU 3 TIPU aHAJIOTUYHON MaJIOIMKIIOBOM Harpyske, B cpefHeM, B 1,7 paza
Y YaCTUYHO U3MEHUTH XapaKkTep UX pa3pyLICHHUS.

KioueBble ciioBa: 0OeToH, apMaTypa, YIVIEIUIACTUKOBOE IOJIOTHO, XeJIe300eTOHHas Oalka,
poruosl, 1eopMarii.
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