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Abstract. The proposed methods allows to make calculation of the strength the normal cross-section of reinforced concrete
beams with concrete upper belt and external (outside imposed)reinforcement (RCBER) that depends on the stress-strain
mode at the time of the destruction of its components (concrete and structural coerced steel profile).
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Introduction

Leading national scientists Y.G. Ametov, A. M.
Bambura, O.V. Semko, Y.S. Slyusarenko, L.L
Storozhenko, V. G. Tarasyuk are author of existing regu-
latory documents (DBN 2010), recognize the necessarily
of further editorial work on State construction norm
“Steel reinforced concrete construction” (DBN 2010) in
their researches (Ametov et al. 2008).

One of the directions of norms improvement (DBN
2010) is to develop specific practical methods of calcula-
tion and design of steel reinforced concrete construction
with its main conditions and certain points of the (Evro-
kod 4. 2007), which used in the EU.

In this work (Muravlov 2012) author substantiated
the effectiveness of concrete and composite structures
with rendered reinforcement, make its general classifica-
tion and analyzes the advantages and disadvantages of
design decisions steel reinforced beams with external
reinforcement, that were studied at research work
(Ivanyuk 2012), (Krupchenko 2008) and (Kuch 2012).

Previously A. P. Vasilev and V. M. Golosov (Vasilev,
Golosov 1981) made general analyze of present mode and
prospects for effective implementation structures with exter-
nal reinforcement. Results of analyze showed, for example,
arrangement in buildings with steel or concrete frame of
monolithic slabs with profiled steel decking allow compari-
son with monolithic reinforced concrete floor on steel
beams, reduce labor costs by 1.5 times at the same cost of
1 m” of flooring and concrete consumption by 35 %.

Reducing of material capacity of bearing composite
structures is achieved by using of high-efficient materi-
als (concrete and structural steel), whose resistance is
used in full; creation of new structural forms of cross-
sections through the rational combination of rolled sec-
tions and concrete. Design of these structures is inhibit-
ed lack of optimal methods of calculation, the essence
of which is to determine the minimum cross-section of
reinforcement and structural steel, cross-section dimen-
sions and reinforcement methods of complex structural
elements.

Existing methods for calculating steel reinforced con-
crete (SRC) structures (elements) that bent, are based on
the calculation of the threshold voltage using rectangular
stress diagram for both materials (Evrokod 4. 2007,
Rukovodstvo... 1979). The suggested in researches (Ame-
tov et al. 2008; Bambura, Ametov 2004.) new concept of
calculating, introducing the practice of the method of
boundary deformations, that allowed to get closer to the
actual stress-strain mode (SSM) of SRC structures (ele-
ments). At the same time suggested in researches (Ametov,
et al. 2008; Bambura, Ametov 2004) and norms (DBN
2010) calculated provisions do not include: general defor-
mation model of element, its cross-sectional design, the
nature and strength of connections between the concrete
and constructive reinforcement, the impact of efforts shift.
For the last two years, methods of composite elements
have undergone further development on the basis of the
calculated deformation model that takes into account the
real diagrams of concrete and rebar.
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So in research (Kushnlr et al. 2012; Kushnlr et al.
2012; Ovsly et al. 2012) there are methods of calculation
of steel concrete beams of solid rectangular cross section
and double-T-section with a concrete top shelf for deter-
mining the strength of normal section based SSM com-
ponents thereof at the time of destruction.

At the same time, in sphere of development level,
methods of calculation of RCBER are lag behind meth-
ods of reinforced concrete elements, introducing in prac-
tice calculations using deformation models of concrete.
For increasing the efficiency and proliferation RCBER is
necessary to improve the theory and methods of calcula-
tion. The foregoing has identified the relevance of the
research topic and great economic importance.

The overall aim of the research

Is develop methods of calculation of the strength the
normal cross section of reinforced concrete beams with
concrete upper belt and external (outside imposed) rein-
forcement (RCBER) that depends on the stress-strain
mode at the time of the destruction of its components
(concrete and structural coerced steel profile). Achieving
the goal carried out by solving these tasks that consisted
in:

— substantiation conditions of application defor-
mation model and marginal criteria calculation;

— developing a method of calculating the optimum
cross-section a constructive steel double-T profile
(CSDP), which reinforced normal section RCBER;

— obtaining problem solving strength of normal
cross-section RCBER, bent, depending on its SSM com-
ponents: concrete and structural steel profiles at the time
of the destruction.

Rationale of the obtained results

Methodical bases the calculation of the strength the
normal cross section of reinforced concrete beams with
concrete upper belt and external (outside imposed) rein-
forcement (RCBER) were developed according to esti-
mated deformation model using basic scientific practical
provisions of works the follow scientists: Y. M. Babych
(Babich, E. er al. 2005; Babich, E. er al.1999), A.Y.
Barashykov (Barashikov, Zadorozhnlkova 2005; Ba-
rashikov 2005), A.M. Bambura (Bambura, Ametov
2004; Bambura 2006), V.P. Mytrofanov (Mitrofanov et
al. 2008; Mitrofanov 2004), D.V. Kochkarov, V.L
Babych (Kochkarov, Babich, V. 2012), James J. Mac
Gregor, James K. White (Wight et al. 2011) and certain
provisions of existing national and international standards
(DBN 2010; DBN 2009; ACI Innovation...) and include
the solution of two problems: the selection of structural
steel double-T-section profile (CSDP) that depending on
the height of the concrete belt RCBER, which is a direct
task for optimization design, checking the strength of
normal section RCBER.

1. Tasks of checking the strength and selection of
section CSDP for normal section bendable RCBER,
based on following points:

— task selection of the optimal section A, CSDP,
which is a supporting element the normal section
RCBER, solved according to criterion:

A(€ys€qy) = A, = min,

ey

where: A, =2-A; + A, — sectional area of RCBER,

which consists of the sum of squares of its shelves and
ribs; €., — limit relative deformation ratio in the extreme
top fiber concrete compressed zone of normal concrete
sectional shelves RCBER, are assumed to be equal
€q = 0,0035( f.; =8...60 MPa) or according to the table
1 (Kushnlr et al. 2012; Kushnlr et al. 2012; Ovsly et al.
2012, table.1.1) or table 3.1 (DBN 2009); €, — marginal
relative tensile strain in the extreme lower fiber stretched
zone KSDP, which is part of the normal section bearing

RCBER, the values of which are taken under the provi-
sions of 6.3.3 (DBN 2010).

Table 1. Average value of ¢, for compressed zone of concrete
rectangular shape

foa-MPa| 12 [ 16 [ 20| 2530|3540 45|50
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— task of checking the strength of a normal rectangu-
lar steel concrete beams based on the criteria:

M(e.,;e, >€4,) =max; M(g.,;€,,) = max;

Mg, e, <€,,)=max, 2)
where: M — the maximum value of the bending moment,
which can absorb normal cross-section steel concrete
beams with concrete top belt and the outside (rendered)
reinforcement; €,— relative deformation in the lowest
fiber stretched zones CSDP.

2. To solve tasks have been marked the following
prerequisites calculation:

— on the marginal distribution of the relative phase
of deformation strain on the height of the normal section
RCBER carried out by the linear dependence (3)and (4)
that proved the hypothesis of flat sections:

provided €, =¢,, (€., +€4,)/h=¢.,/Yg,

3)

provided €, >¢,,;¢8, <t,, (. te,)/h=¢./Yg,(4)

where; h, Yp — respectively height of RCBER and dis-
tance between top fiber concrete shelf to the horizontal
zero line of it normal section;

There are ties in the form of rigid vertical or inclined
rods between the concrete top shelf CSDP. It’s provide
compatible (simultaneously) its work in the normal sec-
tion RCBER, resulting in the apparent maximum compo-
site properties of their components. It means that relative
deformation of concrete and CSDP height cross section
normal to change the law of plane sections;
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— normal concentrated force (F) compressed in the
area of concrete section top shelf RCBER. The mode
RCBER in moment of destruction can be described by
diagram “stress — relative deformative” (“o¢ —€¢”) (img.
1), determined by dependencies (5), which was suggested
by scientists (Wight et al. 2011; ACI Innovation...; Kaar et
al. 1978), and (6):

&)
(6)

FCZO,SS'de'Bl'YB'b, at BI'YBSTf’
FC =0,85'de'Tf'b, at BI'YB>Tf’

where: fr; — design value of the compressive strength
of concrete; b — top shelf section width of RCBER; f; —

given rate of compressed zone of concrete in its height,
which was suggested as result of experimental research of
James J. Mac Gregor and James K. White in 1997 (Wight
et al. 2011) and defined by dependences, that showed in
table 2. formed according to data of scientific work (Kaar
et al.1978) and norms (ACI Innovation...):

— distance between the most compressed concrete fi-
ber top shelf in the normal section RCBER and its axis to
focus the efforts of compression ( F, )determined by de-
pendencies (7). This model was suggested by O. F. Ilyuin
in his research (Ilyin 1980, (3)), and (8):

2381. £269
Vy—z = 05— e
E

a

Bi-Yp, at PBy-Yp <T;,(7)

“Loat By Yg>T (8)
, al Yp>T,.
) 14 >1y

— to calculate the strength of normal section RCBER
was used simplified diagram “stress — relative deforma-
tive” (“o,—¢,”) of structural steel (img. 2) according to
recommendations point 6.3.2 (DBN 2010). The value of
marginal deformations of structural steel is determined in
accordance with the recommendations point 6.3.3 (DBN
2010) based on dependences:

16,5'fy
au = L

Ea

€

©)

where: f, — characteristic impedance of reinforcing steel
in liquid limit; £, — modulus of elasticity of structural
steel.

— calculation of the strength and optimal space
CSDP of normal section RCBER based on the estimated
deformation model using criteria occurrence limit state,

that showed in position points 5.6.1.1, 5.6.1.6 and 5.6.2.3
of state construction norms (DBN 2010), and diagram of
condition material (fig. 1 & fig. 2). The main criterion for
the appearance of the boundary condition in the normal
section RCBER is an extreme test achievement defor-
mations of compressed concrete limit values €, during
which carrying capacity is the maximum (My,,,) (fig. 3);
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Fig. 3. Diagram of mode RCBER that transformed from
diagram 6¢ — &¢

Table 2. The coefficient of reduction the compressed zone of concrete B to the height Y3 according to calculated value of

compressive strength of concrete f,

Sour- a 6 B
ces | Limits of variance fry By | Limits of variance fy By Limits of variance fcg | By
(%] feq <28 MPa 0.85 | 28 MPa< f,; <56 MPa | -89 700 ;I(VIJ; ca ~28 MPa)/ feas56MPa 065
a
[**] fca <56 MPa 0.85 | 56 MPa< fcy <126 MPa|  0.97 —0.015x f4 /7 MPa fca £126 MPa 0.7
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— during the comparison the sections of steel con-
crete beams with concrete and steel top shelf bearing ele-
ment having a section in the form of beams (a), square(0)
round (B) tube, located at different distances from the shelf
and were obtained characteristic lines (Fig. 5). All of this
show the dependence of their individual values. Typologi-
cal analysis of different options reinforcing proper section
RCBER and of strength values shown that all cross-
sections can lead to reduced one (Fig. 4).
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Fig. 5. Characteristic ranks of sections of steel concrete beams
with top shelf and brought out concrete reinforcement (RCBER)

Than calculated depending between analytical prob-
lem solving test of strength and recruitment section
CSDP (hard reinforcement) of normal section RCBER,
which were obtained by numerical solutions.

3. Solution of task: selection of required section
CSDP (A,), which reinforced normal section RCBER.

The main aims of task is definition of optimal section
CSDP of RCBER, during the strain in the extreme of up-
per(concrete) and bottom (a steel) fiber of the normal sec-
tion while reaching under the limit values €., and €, .
The optimal cross-sectional area CSDP (A,) of
RCBER proposed to define the following dependencies:

Ay = Ay Ponms

2 A A (IR A,) A -
Homm = oAy 1+ Ay) =y -(1+ A )]

. (10)

where: a, = E, / Ej, — ratio of elastic modulus structural
steel and concrete; A, =€, /€,,; — ratio values relative
marginal of (eeu)
CSDP(g,, ); Ay =h,/Ty; —ratio of height values CSDP
(h,) to the height of the shelf RCBER (7});

deformations concrete and

a

A, = — ratio values reduced the normal eleva-

2
tion section of RCBER; p,,,., = A, / A, — optimal coeffi-

Ty +

cient constructive reinforcement steel I-profile (CSDP) of
normal section RCBER; A, =Tf -B I sectional area of

the upper concrete shelf RCBER.
As a result of the transformation from dependence
(10) and received the dependence on relative values A,

and Aj:

Lrag -p2AZ(1+A,)-A,]
Ag = ,

(1)
(Xal/lAh + 2Az(1+Ah)—1

- aght-(287 —Ag —1)-2A:A,
20 Ay =20 ,0A; —Ag —1

12)

Coordinates neutral line height section (%) RCBER
get the possibility to definite according to dependences
withh =Yy Yy :

1 Ay
—+a,HAy | 1+—F
) abBz ( 2]

Yp=h- A AN (13)
(1+ozap)-(AZ+ Z2 h +2hj
Yy = h- AZ-(Ah+2)+(1+ocau)Ah—1 C(14)

AzAy

2

[2(1+(xau)-(AZ +

%)

As a result, the calculations were obtained numerical
relationship between the dimensionless coefficients of
correlations Ay, A, , A, and composition o W, - SO

value of product a,u,,, according to value coefficient
correlations between A, and A, for normal section
RCBER with coefficient Ay =1 shown in table 3, and
with coefficients Ay =5 and Ay =10 — showen in table
4 and table 5.
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Table 3. Value of product o, , that depends on the coefficient correlations between A, & A¢ with a coefficient A,

=1

AvA, 1 2 3 4 5 6 7 8 9 10
0.05 - - - - - - - - - 0.0043
0.06 - - - - - - - 0.0021 0.0134 0.0228
0.07 - - - - - - 0.0059 0.0201 0.0318 0.0416
0.08 - - - - - 0.0053 0.0237 0.0385 0.0506 0.0607
0.09 - - - - - 0.0228 0.0418 0.0571 0.0697 0.0802
0.10 - - - - 0.0154 0.0405 0.0602 0.0761 0.0891 0.100
0.11 - - - - 0.0326 0.0586 0.0790 0.0954 0.1089 0.1202
0.12 - - - 0.0145 0.0500 0.0769 0.0980 0.1150 0.1290 0.1407
0.13 - - - 0.0310 0.0677 0.0956 0.1174 0.1350 0.1495 0.1617
0.14 - - - 0.0478 0.0857 0.1145 0.1372 0.1554 0.1704 0.1830
0.15 - - 0.0110 0.0648 0.1040 0.1338 0.1572 0.1761 0.1917 0.2048
0.16 - - 0.0265 0.0821 0.1226 0.1534 0.1777 0.1972 0.2134 0.2269
0.17 - - 0.0423 0.0996 0.1415 0.1734 0.1985 0.2188 0.2355 0.2495
0.18 - - 0.0583 0.1174 0.1607 0.1936 0.2196 0.2407 0.2580 0.2725
0.19 - - 0.0745 0.1355 0.1802 0.2143 0.2412 0.2630 0.2809 0.2960
0.20 - 0.0001 0.0909 0.1538 0.2000 0.2353 0.2632 0.2857 0.3043 0.3200
0.21 - 0.0140 0.1076 0.1725 0.2202 0.2567 0.2855 0.3089 0.3282 0.3444
0.22 - 0.0281 0.1244 0.1914 0.2407 0.2784 0.3083 0.3325 0.3525 0.3694
0.23 - 0.0424 0.1415 0.2106 0.2615 0.3006 0.3315 0.3566 0.3774 0.3948
0.24 - 0.0568 0.1589 0.2302 0.2828 0.3232 0.3552 0.3812 0.4027 0.4208
0.25 - 0.0714 0.1765 0.2500 0.3043 0.3462 0.3793 0.4063 0.4286 0.4474
0.26 - 0.0862 0.1943 0.2702 0.3263 0.3696 0.4039 0.4318 0.4550 0.4745
0.27 - 0.1012 0.2124 0.2907 0.3487 0.3934 0.4290 0.4579 0.4819 0.5022
0.28 - 0.1163 0.2308 0.3115 0.3714 0.4177 0.4545 0.4845 0.5094 0.5304
0.29 - 0.1316 0.2494 0.3326 0.3946 0.4425 0.4806 0.5117 0.5375 0.5593
0.30 - 0.1471 0.2683 0.3542 0.4182 0.4677 0.5072 0.5395 0.5663 0.5889
0.31 - 0.1627 0.2875 0.3761 0.4422 0.4935 0.5344 0.5678 0.5956 0.6191

Table 4. Value of product o ,u opt> that depends on the coefficient correlations between A;, & A, with a coefficient A, =5

LA, 1 2 3 4 5 6 7 8 9 10
0.05 - 0.0161 0.0258 0.0317 0.0356 0.0385 0.0406 0.0423 0.0436 0.0447
0.06 0.0074 0.0265 0.0364 0.0424 0.0464 0.0493 0.0515 0.0532 0.0546 0.0557
0.07 0.0174 0.0370 0.0470 0.0531 0.0573 0.0602 0.0625 0.0642 0.0656 0.0668
0.08 0.0275 0.0474 0.0577 0.0639 0.0681 0.0712 0.0734 0.0752 0.0767 0.0778
0.09 0.0375 0.0579 0.0683 0.0747 0.0790 0.0821 0.0844 0.0862 0.0877 0.0889
0.10 0.0476 0.0683 0.0790 0.0855 0.0899 0.0931 0.0954 0.0973 0.0988 0.1000
0.11 0.0577 0.0788 0.0897 0.0964 0.1008 0.1040 0.1065 0.1084 0.1099 0.1111
0.12 0.0678 0.0893 0.1004 0.1072 0.1118 0.1150 0.1175 0.1194 0.1210 0.1223
0.13 0.0779 0.0999 0.1112 0.1181 0.1227 0.1261 0.1286 0.1306 0.1321 0.1334
0.14 0.0880 0.1104 0.1219 0.1290 0.1337 0.1371 0.1397 0.1417 0.1433 0.1446
0.15 0.0981 0.1209 0.1327 0.1399 0.1447 0.1482 0.1508 0.1528 0.1545 0.1558
0.16 0.1083 0.1315 0.1435 0.1508 0.1557 0.1593 0.1619 0.1640 0.1657 0.1671
0.17 0.1184 0.1421 0.1543 0.1617 0.1668 0.1704 0.1731 0.1752 0.1769 0.1783
0.18 0.1286 0.1527 0.1651 0.1727 0.1778 0.1815 0.1843 0.1864 0.1882 0.1896
0.19 0.1388 0.1633 0.1760 0.1837 0.1889 0.1927 0.1955 0.1977 0.1995 0.2009
0.20 0.1489 0.1739 0.1868 0.1947 0.2000 0.2038 0.2067 0.2090 0.2108 0.2122
0.21 0.1591 0.1846 0.1977 0.2057 0.2111 0.2150 0.2180 0.2202 0.2221 0.2236
0.22 0.1693 0.1952 0.2086 0.2168 0.2223 0.2262 0.2292 0.2316 0.2334 0.2350
0.23 0.1795 0.2059 0.2195 0.2278 0.2334 0.2375 0.2405 0.2429 0.2448 0.2464
0.24 0.1898 0.2166 0.2304 0.2389 0.2446 0.2487 0.2518 0.2542 0.2562 0.2578
0.25 0.2000 0.2273 0.2414 0.2500 0.2558 0.2600 0.2632 0.2656 0.2676 0.2692
0.26 0.2102 0.2380 0.2523 0.2611 0.2670 0.2713 0.2745 0.2770 0.2790 0.2807
0.27 0.2205 0.2487 0.2633 0.2723 0.2783 0.2826 0.2859 0.2885 0.2905 0.2922
0.28 0.2308 0.2595 0.2743 0.2834 0.2896 0.2940 0.2973 0.2999 0.3020 0.3037
0.29 0.2410 0.2702 0.2854 0.2946 0.3008 0.3053 0.3087 0.3114 0.3135 0.3152
0.30 0.2513 0.2810 0.2964 0.3058 0.3121 0.3167 0.3202 0.3229 0.3250 0.3268
0.31 0.2616 0.2918 0.3075 0.3170 0.3235 0.3281 0.3316 0.3344 0.3366 0.3384
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Table 5. Value Value of product a4y, » that depends on the coefficient correlations between Aj, & A with a coefficient A, =10

A, 1 2 3 4 5 6 7 8 9 10
0.05 0.0244 0.0337 0.0384 0.0412 0.0431 0.0445 0.0445 0.0463 0.0470 0.0475
0.06 0.0344 0.0439 0.0487 0.0516 0.0535 0.0549 0.0560 0.0568 0.0574 0.0580
0.07 0.0444 0.0541 0.0590 0.0620 0.0639 0.0654 0.0664 0.0673 0.0679 0.0685
0.08 0.0545 0.0643 0.0693 0.0723 0.0743 0.0758 0.0769 0.0777 0.0784 0.0790
0.09 0.0645 0.0745 0.0796 0.0827 0.0848 0.0862 0.0874 0.0882 0.0889 0.0895
0.10 0.0746 0.0848 0.0900 0.0931 0.0952 0.0967 0.0978 0.0987 0.0994 0.1000
0.11 0.0846 0.0950 0.1003 0.1035 0.1056 0.1072 0.1083 0.1092 0.1099 0.1105
0.12 0.0947 0.1053 0.1106 0.1139 0.1161 0.1176 0.1188 0.1197 0.1205 0.1211
0.13 0.1047 0.1155 0.1210 0.1243 0.1265 0.1281 0.1293 0.1303 0.1310 0.1316
0.14 0.1148 0.1258 0.1314 0.1347 0.1370 0.1386 0.1399 0.1408 0.1416 0.1422
0.15 0.1248 0.1360 0.1417 0.1452 0.1475 0.1491 0.1504 0.1513 0.1521 0.1528
0.16 0.1349 0.1463 0.1521 0.1556 0.1580 0.1597 0.1609 0.1619 0.1627 0.1633
0.17 0.1450 0.1566 0.1625 0.1661 0.1685 0.1702 0.1715 0.1725 0.1733 0.1739
0.18 0.1551 0.1669 0.1729 0.1765 0.1790 0.1807 0.1820 0.1830 0.1839 0.1845
0.19 0.1652 0.1772 0.1833 0.1870 0.1895 0.1913 0.1926 0.1936 0.1945 0.1951
0.20 0.1753 0.1875 0.1937 0.1975 0.2000 0.2018 0.2032 0.2042 0.2051 0.2058
0.21 0.1854 0.1978 0.2041 0.2080 0.2105 0.2124 0.2138 0.2148 0.2157 0.2164
0.22 0.1955 0.2081 0.2146 0.2185 0.2211 0.2229 0.2243 0.2254 0.2263 0.2270
0.23 0.2056 0.2185 0.2250 0.2290 0.2316 0.2335 0.2350 0.2361 0.2370 0.2377
0.24 0.2157 0.2288 0.2354 0.2395 0.2422 0.2441 0.2456 0.2467 0.2476 0.2484
0.25 0.2258 0.2391 0.2459 0.2500 0.2527 0.2547 0.2562 0.2574 0.2583 0.2590
0.26 0.2339 0.2495 0.2564 0.2605 0.2633 0.2653 0.2668 0.2680 0.2689 0.2697
0.27 0.2461 0.2598 0.2668 0.2711 0.2739 0.2759 0.2775 0.2787 0.2796 0.2804
0.28 0.2562 0.2702 0.2773 0.2816 0.2845 0.2866 0.2881 0.2893 0.2903 0.2911
0.29 0.2663 0.2806 0.2878 0.2922 0.2951 0.2972 0.2988 0.3000 0.3010 0.3018
0.30 0.2765 0.2909 0.2964 0.3027 0.3057 0.3079 0.3095 0.3107 0.3117 0.3126
0.31 0.2866 0.3013 0.3088 0.3133 0.3164 0.3185 0.3202 0.3214 0.3225 0.3233

The optimal cross-sectional area CSDP (A,) of

RCBER defined by dependence (10), with initial data: of
concrete upper chord beams B, and 7/ ; strength charac-

teristics of concrete and steel: E., E,, €., and €,,;
CSDP and beams:
Za
—
T, +—+4
)

ratio of height cross sections

h . .
A, =T—“; ratio values of heights Z,: Ay =

f

4. Solution of task: fest the strength of normal sec-
tion RCBER. The aim of the task is to determine the
threshold parameter bending moment ( M, ) given normal

section RCBER and compare it to the current point in it
(M ) from external loads:
M

=>M. (15)

u
As a result of consolidation has been allocated three
separate cases of stress-strain mode(SSM) normal section
RCBER at the stage of collapse or at the boundary condi-
tion depending on the position of the neutral axis with
respect to the steel profile and the top shelf (fig. 6):
— variant “a”: when the extreme upper fiber com-
pressed concrete sectional area relative strain of concrete

reaches a compressive strain limit €, =¢_,, and in the

lowest fiber stretch, relative deformation CSDP change
within €, > g,, , there is plastic deformation zone;

— variant “6”: when the relative strain of concrete
reaches €, =¢,,, and the relative deformation
CSDP —values ¢, =¢

— variant “B”: when the relative strain of concrete
reaches €, =¢,,, and the relative deformation

au >

CSDP change within ¢, <¢g,,.

General equilibrium equation for each of the cases
SSM normal section RCBER are:
in variant la, 2a:

Mu=Fc'21+Fa'Zz+Fapl'Z3é (16)
— in variant 1b, Ic, 2b, 2c:
M, =F -z +F-2; (a7
— in variant 3a:
My=F. 5 +F, -5, +F 5 +F -z,:  (I8)
— in variant 30 3B:
M,=F,-zy+F,-2,+F, -z, (19)

1
where: F,; F, ; F,; FP - total normal force in sec-
tion beams under its section compressed concrete and
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structural steel profile and spread its area of construction
steel profile, working in the elastic and plastic stages; z;;

2,5 233 24 — vertical distance from the neutral line of

efforts to section (fig. 6).
In the first step of calculating the strength of normal

section CSDP with specified parameters (€., ;€,,; E,;
E;s feas fys Ac=BpTp; A, =2-hsbs +h,, -1, check
the condition:

gl 2 Moy - (20)

If the condition is satisfied SSM with normal section
RCBER responsible SSM for variant “c”, if none —so
SSM with variant “a”.

With conditions o, =0, le,— SSM  section
RCBER directly responsible SSM with variant “b”.

In the second stage calculation determines the posi-

tion of the neutral axis with respect to the normal section
CSDP in terms of (21) and (22):

h—Y, <h,,

21
(22)

where: value Y, which find by dependence (13), and the
value of h, =2-hy +h,,.

And if conditions (21) and (22) not satisfied, then
the neutral axis passes between the lower edge of the

upper shelf and the upper edge section RCBER (case 2),
if the condition (21) satisfied — then the neutral axis pass-
es through the section CSDP (case 3), if the condition
(21) satisfied — then the neutral axis passes through the
upper section of the concrete cross section normal shelf
RCBER (case 1).

In the third stage of the calculation we make the
equation of equilibrium of bending moments relative to
the neutral line of the normal section RCBER under cer-
tain cases SSM and check for dependency (15) compli-
ance with the terms of its strength.

Conclusions

The basic position of the normal methods of calcu-
lating the strength of the reduced section RCBER accord-
ing to SSM concrete and CSDP. Suggested allow to dis-
tinguish between cases of calculating bearing capacity of
RCBER, that give the possibility and the process of sim-
plifying the calculation of the deformation model. The
aim of further research is:

— To develop a method for calculating the optimum
area of structural steel double-T profile (CSDP), which is
one of the main components of the normal reduced sec-
tion steel concrete beams with concrete top shelf and
outer (rendered) reinforcement (RCBER);

— To research of common algorithm and analytical
dependences (equilibrium equations of bending moments)
calculation of normal strength sections RCBER, bent,
depending on the options for SSM.

Bun. 1 a  0,85%d B 0,85fq 8 085fd
J Ec M— Ecu M— Ecu M—_
l.:[ /Wf !:ﬁ - 5 Fc ; FE
L - f::l x = i rf'i ﬁ / ﬁ
Es =13
oot I = - Fa = Fa
_ | =
<3 | by £a=Eau fya Fa Eau fya Ea<€au  ga<fyd
Bun. 2 3 0.85f.q 6 0.85fq 8l 085fq
?’ ,ﬁﬁ Ecu %M Ecu %\M Eeu ’ﬁ\hﬂ
L [+ | =
F{'W’h:ﬂ ?‘ E o ?;( &P ‘[ Bt
o e _';TI_ —I— _NE = Y| - =
3| i = Fa, = Far
=
£a>Eau fya Eau fya Ea<€au  ga<fyd
Bun. 3 a) 0,85fq ) 0,85%.q 8 085kq
4 Ecu M Ecu M Eeu M
[/ @ —] E—c ) — [—c Ca<cau ) I-c
PL 5 Ea=Eau Ll s 4 Ea=Eau x‘[ = ™ xj X
== Tl = O3 == Od B
o o " NI : fq o
| AR é . Fa, W g A éFa 4
€a>Eau &| fyd Fa Eau fya €a<€au ga<fya

Fig. 6. Instances of the stress-strain state of the normal section RCBER depending on the position of the neutral axis
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