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In the article presents an engineering method for calculating compressed flexible reinforced concrete elements with sheet
reinforcement over a steel cross section. The results of the calculation are compared with the experimental data. Calculation
of load-bearing capacity of reinforced concrete flexible elements with sheet reinforcement is based on the method of bound-
ary states. The work of specimens under load and the nature of the load-bearing capacity depending on the height and
eccentricity of the effort were investigated. The proposed method of calculating compressed elements with sheet reinforce-
ment on a steel-cross-section allows to take into account their flexibility in both axial and out-of-center application of load.
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HaBe/ieHO iH)KeHEepHHI METO/I PO3paxyHKY CTUCHYTUX PHYYKHX CTAlIe3aJ1i300€TOHHUX EJIEMEHTIB 3 JINCTOBUM apMYBaHHAM
3a 3BEJICHUM JIO CTai IIepepi3oM, a TAKOK HOPIBHIHHS pe3yJIbTaTiB PO3PAaXyHKY 3 eKCIEPUMEHTAIBHIMH JaHUMH. Po3paxy-
HOK HECY4Oi 3/JaTHOCTI CTalle3aTi300€TOHHUX THYYKHX €JIEMEHTIB 3 JINCTOBHM apMyBaHHSIM IPYHTYETHCSI HA METOAI Ipa-
HUYHUX CTaHIB. SIK TpaHUYHUH CTaH 3a MIIHICTIO IPUHHATO 3yCHIUIL, B PE3yNbTaTi Aii SIKMX y JINCTOBOMY apMyBaHHI B
HaWOIIbII HAIPY)KEHOMY BOJIOKHI ITO3/I0BXKHI JedopmManii JoCsIraroTh 3HaYSHHS, [0 BiANOBINAIOTH HANPY>KEHHSIM IIINH-
HOCTI cTaii. Y po3paxyHOK 3a METOJOM 3BEICHUX INEpepi3iB MOKIaJeHO HEepeIyMOBH, IO OCTOH, METAl JIMCTOBOTO Ta
CTEP)KHBOBOT'O apMyBaHHS BBa)KA€EMO i30TPOIHMMH INPYXHO-IUIACTHYHUMM MaTepiajamu, a NMonepevHHil mepepis craie-
3aJ1i300€TOHHOTO €JIEMEHTA 3 JINCTOBUM apMyBaHHAM 3aJIMIIAETHCSA IUIOCKMM aX 10 MOMEHTYy pyiHyBaHHA. Ilpu po-
3paxyHKY IEHTPAIFHO CTUCHYTHUX CTale3ai300€TOHHNX €JIEMEHTIB 13 TUCTOBUM apMyBaHHAM Hecyda 3/1aTHICTh BU3HAYECHO
IIIIXOM 3BEIEHHS KOMIUIEKCHOTO IIONEPEeYHOro Iepepily A0 OAHOCKIIAOBOIO — CTajeBoro. Lle mae 3Mory BHKOPHCTO-
BYBaTH Y PO3paxyHKy TaOin4Hi Koe(illieHTH 030BKHBOTO 3THHY ¢. Hecyda 31aTHICT 103alleHTPOBO CTUCHYTOT'O CTale-
3aJ1i300€TOHHOTO €JIeMEHTa 3 JIICTOBUM apMyBaHHSM TaKOX BH3HAYAETHCS NIIIXOM 3BEJICHHS KOMIIIEKCHOTO TIOIIEPEYHOTO
nepepisy 10 OJHOCKIIAJ0BOTO — CTaueBoro. IIpy 1mboMy BHHHKA€ MOXIIMBICTh BHUKOPHUCTOBYBATH IIPH PO3paxyHKax Taod-
JIMYHI 3HAYSHHS Koe]illieHTa MO3I0BKHBOTO 3THHY (e, IKi MicTAThCs y IBH. ExcriepumenTansHo Oy10 gociipkeHo poboTy
3pa3KiB I1ijl HABAHTAXKEHHSM Ta XapaKTep BTPATH HECYHOT 3AaTHOCTI 3aJI€KHO BiJl BUCOTH i €KCLICHTPUCHUTETY IIPUKIIaJCHUX
3yCHJIb. 3aIPOIIOHOBAHA METO/IMKA PO3PAXYHKY CTHCHYTHX CJIEMEHTIB 3 JIHICTOBUM apMyBaHHSM 32 3BEACHUM JI0 CTali Ie-
Pepi3oM J03BOJIsIE BPAXOBYBATH IX FHYYKICTb K IIPU OCLOBOMY, TaK i O3allCHTPOBOMY IIPUKJIaIaHHI HABAaHTAXKECHHSL.

Kurouogi ciioBa: CTaJ'Ie3aJ'Ii306eTOH, HECyda 3Z[aTHiCTb, JIMCTOBEC apMyBaHHS, CKCUCHTPUCUTET, rHy‘{KiCTb
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Introduction

When calculating the elements working on compres-
sion, the problem is to consider their flexibility. This
issue remains unresolved for steel reinforced concrete
elements reinforced with sheets.

Review of the research sources and publications
The engineering method for calculating steel-rein-
forced concrete elements with sheet reinforcement for
a steel-cut cross-section was presented in DBN [1].
Prior to this work, compressed elements with reinforc-
ing sheets of 4 mm thickness were investigated and
height up to 1 m [3] and elevation to 2.4 m [4].

Definition of unsolved aspects of the problem

This paper addresses the issue of calculating com-
pressed flexible elements reinforced with sheets by cut-
ting the cross section to steel.

Problem statement

The purpose of the article is to compare the results of
theoretical studies with the engineering method of cal-
culation of central and noncentrally compressed flexi-
ble reinforced concrete elements with sheet reinforce-
ment in a steel-cross section.

Basic material and results

The calculation of the bearing capacity of steel rein-
forced concrete flexible elements with sheet reinforce-
ment is based on the method of boundary states. As the
ultimate state of strength it is taken the effort that as a
result of which the sheet reinforcement in the most in-
tense fiber longitudinal deformations reach values that
correspond to the stress of steel flux.

The following assumptions are based on the calcula-
tion of the consolidated sections:

— concrete, metal sheet reinforcement and rod rein-
forcement are considered as isotropic elastic-plastic
materials;

— we believe that the cross-section of steel-reinforced
concrete element with sheet reinforcement remains flat
until the moment of destruction;

— geometrical and physical-mechanical characteris-
tics of steel and concrete we accept steel-length steel-
reinforced concrete element;

— during the entire work of the integrated section,
concrete, sheet reinforcement and core reinforcement
deform jointly;

— in the limiting state with centrifugal compression,
the ambiguous string of stresses for concrete, sheet re-
inforcement and rod reinforcement in compressed and
stretched zones has the shape of a rectangle;

— concrete of a stretched zone is not considered in the
section of steel-reinforced concrete element with sheet
reinforcement;

—rod reinforcement, if it is in conditions of one-piece
compression or stretching.

When calculating the centrally compressed steel-re-
inforced concrete elements with sheet reinforcement,
the bearing capacity can be determined by the construc-
tion of a complex cross-section to a single-component

- steel. In addition, it enables to use of tablewise coef-
ficients of longitudinal bending in the calculation ¢. In
this formulation the question of the bearing capacity of
steel-reinforced concrete element with sheet reinforce-
ment is determined by the formula
N = (ﬂRsszedy (1)
where A...s — cross-sectional area, reduced to sheet
metal reinforcement area (Fig. 1).
In this case, the aggregate area is calculated by the
formula
R R
Ry Ry
Coefficient ¢ is determined by the addition of K to
DBN [1] depending on flexibility A and the strength of
sheet steel reinforcement R;.
Flexibility of the element is calculated by the formula
Lou
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where Lo free length of steel reinforced concrete con-
densed element with sheet reinforcement;

w1 — coefficient of estimated length;

isee0 — the radius of inertia of the cross-section of steel-
reinforced concrete element with sheet reinforcement,
reduced to steel sheet reinforcement, determined by the
formula

i _ zved ) ( 4)

zved —
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Figure 1 — Cross section of a steel concrete
element with sheet reinforcement in
the calculation for a steel-cut cross-section

With 4 zveq is calculated by the formula (2), and the
consolidated moment of inertia is calculated by the for-
mula

R R
’beb”s”isil- (5)
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Thus, in accordance with the proposed method, it is

possible to determine the bearing capacity of centrally

1

zved ~
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compressed steel reinforced concrete elements with
sheet reinforcement using the instructions given in the
DBN [1] tabular coefficients of longitudinal bending.

By analyzing the stress-strain state and the nature of
the destruction of non-centered compressed steel rein-
forced concrete elements with sheet reinforcement, it
can be concluded that they are highly dependent on ec-
centricity eo. In this case, it is distinguished between
two cases of the boundary state of the bearing capacity
with centrifugal compression (e¢>0):

— the load is applied with eccentricity, but within the
core of the cross-section (case of small eccentricities).
In this case, the cross-section is completely com-
pressed, but the destruction occurs in the tensest zone
due to the bending of sheet reinforcement. All this leads
to the non-use of the strength of the less compressed
part of the cross-section;

— the load is applied with large values of eccentricity,
that is, beyond the core of the cross-section (case of
large eccentricities). In this case, the longitudinal axis
is significantly distorted and there is a stretched zone in
the transverse section.

The bearing capacity of a noncentrally compressed
steel reinforced concrete element with sheet reinforce-
ment can be determined by the construction of a com-
plex cross-section to a single-component - steel. In this
case, it is possible to use in the calculations table values
of the coefficient of longitudinal bending ¢, which are
contained in DBN [1]. In this case, the calculation for-
mula for determining the bearing capacity of the cen-
trifugally compressed steel reinforced concrete element
with sheet reinforcement has the form

Ry
N = , (6)
1 N €0Ymax

AZ"Ed [x(y),zved

where A neq — the area of the cross-section, reduced to
the area of metal sheet reinforcement, is determined by
the formula (2);

Vmax — the distance from the center of gravity of the con-
solidated cross-section to the most stretched fiber;

L), vea — the combined moment of inertia of the cross-
section relative to the central axes, is determined by the
formula

Rb Rsl

I =1 A _s1
st = x(0b st o O

where L)p , Lepys » Ivp),s1 — moments of inertia of con-
crete, metal sheet reinforcement and metal rod
reinforcement relative to center of gravity axes
(Xo and Yy) convex cross-section (Fig. 1).

The corresponding moments of inertia of the cross-
sectional components areas are determined (Fig. 1) ac-
cording to the formula
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where (X3, Y3), (X;, Ys), (Xs1, Ys1), — own concrete axes,
sheet reinforcement and rod reinforcement in the cross
section of steel reinforced concrete element with sheet
reinforcement, respectively;

A', As)' — cross-sectional area of one element of sheet
reinforcement and one element of rod reinforcement in
cross-section of steel-reinforced concrete element with
sheet reinforcement.

The calculation for the stability of non-centrifugally
compressed elements of the constant in length of the
cross-section in the plane of action of the bending mo-
ment, which coincides with the plane of symmetry,
should be performed according to the formula

N
—<1. (14)
PRy Ve
In the formula (14) stability factor for off-center

compression ¢, should be determined by table K.3
application K DBN [1] depending on the values of

conditional flexibility A and the reduced relative
eccentricity m.s, which is calculated by the formula

(15)

where 77 — coefficient of section shape influence of
should be determined by table K.2 application K

Mer = 1] m,

DBN [1];
m = eA/W. — relative eccentricity;
e=M/N - eccentricity, when calculating the

estimated values of internal effort M and N should be
taken in accordance with the requirements DBN [1];
W. — moment of resistance of the cross section,
calculated for the most compressed fiber.

The value of the coefficient of longitudinal bending
@. 1s set according to DBN [1] depending on the design
resistance of steel sheet reinforcement R, and flexibility

A . The aggregate flexibility is determined by the for-
mula

— R
A=A — .
E

Value of coefficients ¢
application K DBN [1].

The bends of the average height of the cross-section
of flexible steel reinforced concrete structures with
sheet reinforcement can be determined on the basis of
the condition

(16)

is shown in table Kl
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M=N(e0+f)=1_N,
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where M — moment acting in cross-section;

N — longitudinal effort;

Ngran — conditional limiting force perceived by the de-
sign

2
T ES[zved
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Figure 2 — Scheme of cross-section
of steel-reinforced concrete element
with sheet reinforcement, with defined
moments of inertia of component parts:
a — sheet reinforcement; b — concrete

Substituting (18) in (17) and decided the equation rel-
ative f; it is obtained a formula for determining the com-
plete bending of steel reinforced concrete structures
with sheet reinforcement in compression:

Gﬂze
fx( ):72 02—60,
Y Gr~ — NL
where G — rigidity of steel reinforced concrete structure
with sheet reinforcement:

G=Egl

(19)

x(y),zved > (20)

where E; — modulus of elasticity of sheet metal rein-
forcement.

In the table 1 the research experimental data of steel
reinforced concrete elements with sheet reinforcement
bearing capacity are given [4]. For the study samples
were made in different heights and different applied ec-

centricity. The process of manufacturing steel rein-
forced concrete elements consisted of two parts: the
manufacture of steel frames and concrete concreting.

Table 1 — Results of comparison
of calculations of bearing capacity

E | Z )

E | % | ¢

S 8 <
Sample é ; § z X
series 3 k3] o ,§ g
= & = ° g=
= = g = =
2 S | & S s
[
3 2 | ®E|E2| &
SB-PD-10-1 | 1000 0 238 219 8.0
SB-PD -10-2| 1000 25 154 146 52
SB-PD -10-3| 1000 50 105 101 3.8
SB-PD -17-1| 1700 0 234 223 4.7
SB-PD -17-2| 1700 25 144 132 8.3
SB-PD -17-3| 1700 50 93 86 7.5
SB-PD -24-1| 2400 0 211 198 6.2
SB-PD -24-2| 2400 25 148 136 8.1
SB-PD -24-3| 2400 50 102 93 8.8

For the production of experimental samples, section
of which is given on Fig. 3, steel sheet was used
t =4 mm, cross-section valves of a class A-I &6 mm.
The sample height was at 1000, 1700, 2400 mm, sec-
tion 100x100 mm. To find out the effectiveness of the
work of steel-concrete elements, a sample of steel with-
out concrete height was tested 1000 mm.
Standard concrete concrete cubes were tested for deter-
mination of physical and mechanical properties of con-
crete aggregate 150x150x150 mm and prisms
150x150x600 mm, made from the same concrete as the
prototype.

When tested, experimental specimens had a different
bearing capacity, which depended on the constructive
solution of the load application eccentricity (Fig. 4).

a) b) .
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Figure 3 — Breakdown of experimental samples:
a — in the supporting part;
b — in the middle of the sample
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Figure 4 — Dependence of tested steel-reinforced
concrete samples with sheet reinforcement
carrying capacity on element height

The work of the samples under load and the nature of
the bearing capacity loss depending on the height and
eccentricity of the applied efforts have been experimen-
tally investigated.

In the course of experimental studies, longitudinal
and transverse deformations were measured at different
distances from the ends of the element, as well as the
displacement of the average height at the cross-section.
All this enabled to get a complete picture of the work
under the load of steel concrete racks with sheet rein-
forcement both at central and centripetal compression.

In the table 1 the comparison results of calculated
values of load bearing capacity of compressed flexible
steel reinforced concrete elements with results of ex-
perimental research are given.

Conclusions

The proposed method of calculation of compressed
elements with sheet reinforcement in a steel-cut cross-
section enables to consider their flexibility both in axial
and centrifugal loading. The theoretical values of the
bearing capacity are satisfactory with the results of the
experiment, the difference is no more than 8.8 %.
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