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Abstract

The basic principles of the normal sections calculation of reinforced concrete and fiber reinforced concrete bending elements are consid-
ered. In the article the power and deformation methods of calculation of reinforced concrete and fiber concrete elements of rectangular
cross-section are presented. The deformation model of the calculation of reinforced concrete and fiber concrete elements is presented in
the framework of the method of calculation resistance of the section. This method makes possible from the common methodological
positions to perform calculations of reinforced concrete and fiber concrete elements. Namely, to select reinforcement and to determine
the carring capacity. The proposed deformation model for calculating fiber concrete elements is based on generally accepted precondi-
tions. A hypothesis of plane cross sections is accepted as fair. The deformation diagram of compressed concrete is described by a nonlin-
ear function with established parametric points. Distribution of stresses in stretched concrete is taken rectangular with corresponding
coefficients which are taken depending on the type of deformation diagram. Determination of the carring capacity of fiber concrete ele-
ments occurs under extreme deformation criteria. Two cases of destruction of the investigated elements are considered. The first case is
the destruction due to the achievement of limiting deformations in the concrete of the compressed zone with the simultaneous achieve-
ment of the fluidity limit in the working reinforcement. The second case is the destruction due to the achievement of limiting defor-
mations in the concrete of the compressed zone without reaching the fluidity limit in the working reinforcement. Both cases of calcula-
tion are reduced to one functional dependence. This avoids the delimitation of different calculation cases. The main no dimensional mod-
ifier is the mechanical coefficient of reinforcement. According to the developed method, examples of calculations of reinforced concrete,
fiber reinforced concrete elements and fiber concrete elements with longitudinal reinforcement are executed. The possibility of a spread
variant design of reinforced concrete and fiber concrete elements is shown.

Keywords: reinforced concrete elements, fiber concrete elements, bending elements, beams, strength, stress, deformation model.

1. Introduction 2. Methods of Normal Sections Calculation of

Fiber concrete elements and structures have a number of ad-
vantages over heavy concrete structures. It is well-known that
concrete has strong compressive strength properties and is rather
low under tensile. The use of fibers from various materials leads to
an increase in its strength characteristics. According to various
normative sources [1, 2, 3, 4], the increase in the strength of fiber
concrete samples occurs up to 20% in compression compared with
similar reinforced concrete ones and 2-7 times in stretching. In
addition, the introduction of fiber in concrete significantly reduces
the appearance of shrinkage cracks and significantly increases its
dynamic characteristics. This makes it possible to use fiber con-
crete not only to create new building elements and structures but
also to strengthen the existing ones.

At the same time, there are a number of issues related to the calcu-
lation of such elements. Existing power models of their calculation
do not allow for the accurate account of their deformation charac-
teristics. This prevents the effective design of such elements.
Therefore, the improvement of the deformation model for the
calculation of such elements is an urgent task.

Reinforced Concrete and Fiber Concrete
Elements

2.1. Reinforced Concrete Elements

It is generally accepted to consider the power model calculation of
reinforced concrete elements [5, 6]. The power model is taken
from the assumption of rectangular stress distribution in a com-
pressed concrete zone. The replacement of the curvilinear circuit
of stresses on a rectangular in the section of reinforced concrete
elements occurs by introducing coefficients A, n (Fig. 1). The
resistance of concrete areas stretched is neglected.

Value of coefficients A, n, that determine the actual height and
strength of the compressed zone of concrete are determined by
expressions:

0,8 within f, <50 MPa;

A=108- fcz_‘r’o within 50 < f, <90 MPa;

)
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Fig. 1: The scheme of forces and the diagram of stress in the normal sec-

tion to the longitudinal axis of the bending reinforced concrete element of
the rectangular section within calculating its strength

1,0 within f, <50 MPa;

ck —
= - 2
g 1,0—%Within 50< f, <90 MPa.

In the expressions (1), (2) fcx — characteristic value of concrete

strength on compression.

The carring capacity value of bending reinforced concrete ele-
ments of a rectangular section is determined by the expressions:

a) within E=x/d<&R

My = fcbx(d—051x), @
6) within £=x/d>&R
Myt =M febxg (d—05AxR ) 4

In the formulas (3), (4): My — the limiting point that can be
taken by the section; fg — estimated value of concrete strength on

compression; d, b — working section's height and width of the
reinforced concrete element, respectively.

The height of the compressed zone of the reinforced concrete ele-
ment is determined by the formula

_ 1 TydAs
A feb

, ®)

where fy 4 — the calculated value of the reinforcement strength at

the fluidity limit; Ag — the area of stretched reinforcement.

The boundary value of the height of the compressed zone is de-
termined by the condition of the strain linearity in the section of
the element

€cu,3

€cu,3 T €s0

tR="1= ©)

f
where gq9 = ELd — the estimated value of the boundary relative

s
deformations of the reinforcement; e, 3 — Limit values of com-

pressed concrete under using a simplified deformation diagram.
The proposed expressions allow solving the following tasks:
checking the carring capacity of the reinforced concrete element
section for known reinforcement; determination of the carring
capacity of the element section for known reinforcement; determi-
nation of the sectional area of the working reinforcement for the
known values of the acting efforts.

2.2. Fiber Concrete Elements without Longitudinal
Reinforcement

The power model for calculating the fiber concrete elements is
also taken from the assumptions of rectangular stress distribution
in compressed and stretched concrete zones (Fig. 2).
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Fig. 2: The scheme of strength and stress in the section normal to the
longitudinal axis of the bending fiber concrete element of the rectangular
section within calculating its strength according to the power model

The carring capacity value of the bending fiber concrete elements
of a rectangular section without longitudinal reinforcement is de-
termined by the expression

Myt =05nfgbxeh, (6)

where x; — the height of the compressed zone of fiber concrete

element without longitudinal reinforcement is determined by the
formula

kfscth
Xf = NtKTct ) )
nekifrer +nfre

k=056, n; — a coefficient of completeness of the stresses dia-

gram in the stretched zone in the section of the fiber concrete ele-
ment.
The coefficient n; is taken depending on the ratio of the re-

sistance of the fiber concrete to the tensile strength at bending, to
the final strength of the fiber reinforced concrete on the tensile
bending (Fig. 3)

0,75 within 0,5 < ffﬁ% <0,7;
fct

0,85 within 0,7 < ff“/ <0,9;
fet (8)
=

0,95 within 0,9 < ffﬁ/ <11
fot

1,05 within 11 < f'ﬁ% <13,
fet

1,15 within 1,3 < ff% .
fet

—h
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Fig. 3: Deformation diagrams of stretched fiber concrete
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2.3. Fiber Concrete Elements with Longitudinal Rein-
forcement

The value of the carring capacity of bending fiber concrete ele-
ments of a rectangular section with a longitudinal reinforcement is
determined by the expression (Fig. 4):

b nf,
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Fig. 4: The scheme of strength and stress in the section normal to the
longitudinal axis of the bending fiber concrete element of the rectangular
section with longitudinal reinforcement within calculating its strength
according to the power model

a) within &=x¢ /d<Eg

Myt = nfcbixs (d - %}rmkffcb(h i )(h_%—aj- ©9)

where xf — the height of the compressed concrete zone of a fiber

concrete element with a longitudinal reinforcement is determined
by the formula

fy dAs +nkfrebh

Xf = . (120)
(Tlt Kifoth +mifee )b

0) E=xRp/d>ER

h—-x
Myt :nffcbXR(d_kXR)+ntkffcb(h_XR{T_aj- (11

The boundary value of the height of the compressed zone is de-
termined by the expression

Wefcy,3

=" (12)
€fcu,3 T &0

f
where ggg = ELd — the estimated value of the boundary relative
S

deformations of reinforcement; &g, 3 — boundary values of com-

pressed fiber concrete using a simplified deformation diagram; @
— the characteristic of the compressed zone of fiber concrete
which is accepted for fiber concrete of heavy concrete class up to
B60 equal to 0,8, and for fiber concrete fibers from heavy concrete
classes B70 - B100 equal to 0,7.

3. Normal Sections Calculation by the Method
of Settlement Resistance of Reinforced
Concrete and Fiber Concrete

3.1. Reinforced Concrete Elements

Considered in the previous section, power models include a lot of
coefficients due to the use of rectangular stress distribution in
compressed and stretched zones. The adoption of nonlinear de-
formation diagrams of concrete and the hypothesis of the linearity
of longitudinal deformations in the element section allows losing

this disadvantage. The sections of elements calculation with a
nonlinear stresses distribution in a compressed zone involves the
solution of nonlinear equations and the use of destruction criteria.
In the general, destruction criterion is determined by such a sys-
tem of equations:

dm o
¢ =Qwithin ¢, <¢,,;
£
o, <ty (13)
&, L&,

In the system (13): ., , &g, — boundary deformations of concrete

and reinforcement, respectively.

For further researches for the concrete of a compressed zone, it
can be accepted a function which is laid down in the norms of a
reinforced concrete elements designing [7]

e _ kn—n’

fo 1+(k-2m’

where n=g./g.1, K=105Eceq /fc.
The expression (14) is written in the form of a functional
dependence

(14)

oc =Fe xf(k,n) =fc xF(fe). (15)
Putting equilibrium equation and conducting simple transfor-
mation with taking into account the hypothesis of flat sections,
there will be:

- for not re-reinforced:

; (16)

£c
2 [T(fc)ecdec
0

Ol

- for re-reinforced:

MEgq .
fogbd?

Sy () ij - %)

fcdk d

X _Eses Pifyd g
d fyd fed

; (18)

£c
[f(fc)dec
0

€c
2 [T(fc)ecdeg
0

Ol

Taking into account notations

(19)

N Eges TydAs ( XJf MEgq

1- %= .
fya fea U d) f gbd?

f
0):Pf yd,

Eses
» Ms = .
fed

20
o (20)

equations (16), (17) and (18), (19) will take on this form:
- for not re-reinforced
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i: 0)780 ) (21)
gc
[f(fc)dec
0
&c
2 [f(fc)ecdec M
(5} o +m(1—ij= Ed @2)
d e d) fyqbd
- for re-reinforced
X € )
E—nsw%i, (23)
[f(fc)dec
0
&c
2 [f(fc)ecdec M
(i) Oiz-rnsm(l—i): Ed2. (24)
d ek d) f.qbd
Introduce notations to equations (22), (24)
6M M
ky =f(fo,0)=——Ed - TEd (25)
T g pd? fWe
Finally, get
- for not re-reinforced
ec
" 2 [F(fe)ecdee X
k :6[7j o +60)(1——j; (26)
27 \d 62 d
- for re-reinforced
gc
X 2 [f(fc)ecdee X
ky=6/"| O 46ne1-"| 27

An introduced parameter k, in general depends on the mechanical
coefficient of reinforcement » and deformation characteristics of
concrete. Let's represent the graph of the parameter dependence k,
in depends on the mechanical coefficient of reinforcement o for
different classes of concrete (Fig. 4).
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Fig. 4: — The parameter dependence k, of concrete reinforcement on the
mechanically reinforced coefficient with unit reinforcement

Influence of deformation properties of concrete (parameters
n=¢eJe.1, k=1,05E.e./f;) on the carring capacity of bending rein-
forced concrete elements for the considered classes of concrete

varies with a difference of 10%. Such an error is completely ab-
sorbed by the normative variation coefficients of the strength of
such elements. Then it can be accepted a single functional de-
pendence k,=f(w) for all classes of concrete, and the estimated
resistance of reinforced concrete can be determined by the formula
fav =K fe. (28)
Finally, the condition of the normal sections strength of bending
reinforced concrete elements will be:
MEgq <Wefoms (29)
where f,,; — the estimated resistance of the reinforced concrete to
the bend, which depends on the classes of concrete and reinforce-
ment, the shape of the section, and the percentage of section rein-
forcement is determined by the expression (28). The parameter k,
in expression (28) is calculated depending on the mechanical rein-
forcement coefficient o by Table 1.

The expression (29) allows solving a number of tasks in determin-
ing the reinforcement and strength.

A more detailed derivation of the basic formulas of this method is
shown in [10].

Table 1: Functional dependence of parameters k,=f(®)
Parameters for calculating bending elements
No. K Mechanical reinforcement

i coefficient o
1 0,000 0,00
2 0,568 0,10
3 0,828 0,15
4 1,071 0,20
5 1,299 0,25
6 1,511 0,30
7 1,706 0,35
8 1,885 0,40
9 2,028 0,45
10 2,070 0,50
11 2,140 0,60
12 2,195 0,70
13 2,310 1,00
14 2,476 2,00
15 2,542 3,00

3.2. Fiber Concrete Elements without Longitudinal
Reinforcement

The deformation model of the normal sections calculation of fiber
concrete elements also involves the use of nonlinear diagrams of
deformation of concrete. The deformation diagram of a fiber con-
crete during compression is taken as (14) or in the form of two and
three linear functions. The general view of the deformation dia-
gram of fibro concrete during stretching depends on many factors:
the kind, type and number of fibers, the type of fillers and binder,
and so on. Such diagrams can be of two types (Fig. 3). The type of
the diagram is established by experimental testing of reinforced
concrete beams with a cut to the bend according to the method
described in the standards [8, 9]. Because the zone is stretched
concrete that has a rather high variability of expediency in the
description of the nonlinear functions diagram it disappears.
Therefore, a valid deformation diagram of the stretched concrete
zone will be replaced for a straight line with the corresponding
coefficients k and n (Fig. 5).
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Fig. 5: The scheme of strength and stress in the section normal to the
longitudinal axis of the bending fiber concrete element of a rectangular
section in the calculation of its strength according to the proposed strain
model

In this case, the equation of the static equilibrium of the section of
the fiber concrete element, taking into account the notation

— ffctkﬂt ) (30)
frc +fretknt
will be:
Ll NN S (31)
gc
[f(frc)dec
0
£c
X 2 [T (frc)ecdec
e
h gg h (32)

_ ke MEg ,
2(ffc + ffctkﬂt) (ffc +Frctknt )bh2

Equations (31) and (32) obtained by considering the following
assumptions

2
frotknie fectknie
(gcfm& ~ fretkn, % ~ fretkn. (33)
[f(fec)dec 2 [f(fc)ecdec
0 0
Introduce the notation to the equation (32)
gc
. 2 [T(frcdecdec X
k, =f(fre0)=| 20| O so1-"F| (34)
h &2 h
c
Finally, the expression (32) can be represented as follow
Ky —30= OMEd Med (35)

(fre + Frotkn Jod? ~ (fre +FrotkngWe

The value of the estimated resistance of the fiber concrete during
bending can be determined by the formula

fram = (kz - 3‘”)(ffc +ffctknt) (36)

The strength condition of the normal sections of the bending fiber
concrete elements will take this form:

MEgg <Weffam. 37)

The parameter k, in the expression (37) is calculated depending on
the mechanical reinforcement coefficient o and also by Table 1.

3.3. Fiber Concrete Elements with Longitudinal Rein-
forcement

For fiber concrete elements with longitudinal reinforcement, the
distribution of stresses in the compressed zone in the form of non-
linear dependence is taken (14). In a stretched zone, as in the pre-
vious case, the distribution of stresses equal coefficients k and n;,
is accepted (Fig. 6).

b
Etey O,
fe
- g r
»
/é 7l M X
y L*z
| 1 e
A 2 =~ 0)A
A o Nkf,,

Fig. 4: The scheme of strength and stress in the section normal to the
longitudinal axis of the bending fiber concrete element of a rectangular
section with longitudinal reinforcement in the calculation of its strength
according to the proposed strain model

Introduce the notation

h
fyq+Ffretkne —
_ Pflyd+Tfctknt d - Esss' (38)
fro + Fretkne fya
Equations of static equilibrium will take this form:
- for not re-reinforced:
Mooy e (39)
€c
[T (Fec)dee
0
€c
" 2 [T(Frc)ecee
) )
d sg d (40)
_ fetkne Mgy :
2(ffc + ffctkm) (ffc +fetknt )bd2
- for re-reinforced
Xf €c .
Xt . 4
g =N o (41)
[ (frc)dec
0
€c
" 2 [T(Fc)ecee X
1 el
d gg d (42)

_ fretkne MEgq ,
2fse +Fretknt)  (fre +Frorkny Jbd?

Equations (39) - (42) are obtained taking into account the assump
tions (33) and

Pt Eses + fretknt - Esés _

Ns- (43)
pifyd+frctkne  fyq °
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Introduce the notation to the equations (40), (42)
- for not re-reinforced:

€c
2 [T (frc)ecdee

Xf 0
Ay 1
4 d sg

- for re-reinforced

4 60)(1— %j (44)

&c
X 2 [T (fec)ecdec
ROL
d Sg

Finally, the expressions (40) and (42) can be represented as follow

+ Gnsa{l— X?fj (45)

kZ -3 ffCtknt — GMEd 5 (46)
fre +Fretkne  (fee + Frerkny Jbd
The value of the estimated resistance of the fiber concrete with

longitudinal reinforcement under bending can be determined by
the formula

feotk
frzam —[kz —3_fettt J(ffc*‘ffctknt)- (47)

Frc +Fretknt

The condition of the normal sections strength of bending fiber
concrete elements with longitudinal reinforcement is expressed by
the formula (37).

4. Examples of Reinforced Concrete and Fibro
Concrete Elements Calculation

Let's illustrate in the examples the advantages of using the pro-
posed calculation methods.

Example 1. Determine the carring capacity of beams that have a
cross-section 20x30 cm and made from:

a) heavy concrete C25/30 (f;=17 MPa), reinforced in a lower area
3718 A400C (fy4=415 MPa, A=7,63 cm?), working high of sec-
tion d=26,0 cm;

6) fiber concrete C25/30 (f,;=17 MPa), characteristics of fiber con-
crete on tension are next f4=3,5 MPa, f3=3,1 MPa;

B) fiber concrete C25/30 (f;=17 MPa), characteristics of fiber con-
crete on tension are next f,=3,5 MPa, f3=3,1 MPa, reinforced in a
lower area 3318 A400C (f=415 MPa, A=7,63 cmz), working
high of section d=26,0 cm;

Solution.

1. Determine the mechanical reinforcement coefficient

a) for reinforced concrete elements

oo Pifya _ 763x415 _
fed 20%x26x17
b) for fiber concrete elements without reinforcement
_ fretkne  _ 35x056x085 0,089
feo +Fctkny  17+35x0,56x%0,85
c) for fiber concrete elements with longitudinal reinforcement

pifyd+Fretkny % 0,0147x415+1,667x 30

6 _ 0,430,
ffC +ffctk1’]t 17+1,667

According to Table 1 determine the value k,:
a) for reinforced concrete elements k, =1,735

0,358

b) for fiber concrete elements without reinforcement k, =0,505

c) for fiber concrete elements with longitudinal reinforcement
k; =197.
Determine the estimated resistance of the section

a) for reinforced concrete elements

f; =k, fc =1,735x17=29,50 MPg

b) for fiber concrete elements
f; = (kz - 303)(ffc +ffctkm):

= (0,505— 3x 0,089)>< 1867=4,44MPg;
c) for fiber concrete elements with longitudinal reinforcement

fretkn
f, =| ky —3—TM i(fe 4 frokng )=
z [ z fro+ Frokny (fc fet T]t)

=(1,97-3x0,089)x18,67=3180 MPa

Carrying capacity of beams sections is equal:
a) for reinforced concrete elements

without reinforcement

Mgq = #fz _20x26° 2950x1073 = 66,47 kHM

b) for fiber concrete elements without reinforcement

Mg = %fz _ 20x30° 4,44x107% =1332kHm

c) for fiber concrete elements with longitudinal reinforcement
Mpg = P f, 2 29%26° 3100103 _7165KkHm

6
Example 2. Determine the necessary reinforcement of the beams
section for the perception of the bending moment Mg4=80 kHm,
that have cross-section 3030 cm and made from:
a) heavy concrete C25/30 (f;=17 MPa), reinforced in a lower area
by reinforcement of class A400C (f,;=415 MPa), working high of
section d=26,0 cm;
b) fiber concrete C25/30 (f;=17 MPa), characteristics of fiber con-
crete on tension are next f;=3,5 MPa, f,3=3,1 MPa, reinforced in a
lower area by reinforcement of class A400C (f,q=415 MPa, work-
ing high of section d=26,0 cm.
Solution.
Determine the required estimated resistance section

f, = GMgd _ Lgozx103 — 2367 MPa
bd 30x26
Set the parameter k;:
a) for reinforced concrete elements k, = :i: Zi’f? =139
C
b) for fiber concrete elements with longitudinal reinforcement
_ f; +3 Fretknt _
(frc +Fretkne)  fre +Fretkng
_ 2367 +3x0,089=1,535.
18,667

According to Table 1 determine the mechanical reinforcement
coefficient
a) for reinforced concrete elements ®=0,272
b) for fiber concrete elements with longitudinal reinforcement
®»=0,306.
Set the required percentage of reinforcement:
a) for reinforced concrete elements

_ ofeq _0272x17 00111

fyd 415

b) for fiber concrete elements with longitudinal reinforcement

h
m(ffc +ffctknt)_ffctknt d _ 0,653x18,667—1,92
fyd 415

The final section area:
a) for reinforced concrete elements

Ag =pf xbxd=0,0111x30x 26=8,658cm?;
b) for fiber concrete elements with longitudinal reinforcement
Ag =pf xbxd=0,0091x30x 26 = 7,098cm?.

=0,0091

pf =
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5. Conclusion

The calculation of reinforced concrete and fiber concrete elements
from the unified methodological positions by the method of calcu-
lation resistance of reinforced concrete and fiber concrete is pro-
posed. The method takes into account the features of the sections
of bending reinforced concrete and fiber concrete elements under
the load. As a result of the theoretical studies, a generalized model
for calculating reinforced concrete and fibro concrete elements is
successfully developed. In general, the condition of the normal
sections strength of reinforced concrete and fiber concrete ele-
ments has the form

MEgg <Wcfz,

(48)

where f, — estimated resistance section:
- for reinforced concrete elements

f, =k;f¢;

(49)

- for fiber concrete elements

fzz(kz—S

fretknt ](
1Ol (fre + Frotkng )
Fre +Freeknt

The value of the parameter k;, is accepted depending on the me-
chanical reinforcement coefficient » and by Table 1. The mechan-
ical reinforcement coefficient o is determined by the formulas:

- for reinforced concrete elements

f
(szf yd.

fed

- for fiber concrete elements without longitudinal reinforcement

Fretknt

fre +Fretkne
- for fiber concrete elements with longitudinal reinforcement

W=

h
pefyd+Fretkny q

fro +Fretkne
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