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Introduction

The efficiency and economy of construction largely depends on the successful
introduction of new construction technologies and materials, the use of new equipment
and the development of calculation and design methods. Modern materials and
technologies make it possible to develop new constructive solutions for buildings and
structures, reduce the duration of their construction, reduce labor costs for construction
work, and also extend the duration of their operation. Basically, this is achieved due to
a qualitative increase in the strength characteristics of materials [5...8].

Reinforced concrete is one of the most common structural materials used in
construction, but it has two main disadvantages - high self-weight and low crack
resistance. The main ways to reduce self-weight and increase the crack resistance of
reinforced concrete structures are: the use of higher-strength concrete and prestressing
in structures. Reinforced concrete works especially effectively when prestressed in two
directions [5...8].

One of the ways to increase the strength and stiffness properties of concrete is the
introduction of various composite admixtures into its composition. In this quality, steel
fibers are becoming more and more widespread. This material was named - steel fiber
concrete (SFC). Thanks to the introduction of steel fibers into the concrete matrix, its
structure changes, as internal reinforcing elements appear, which make it possible to
increase the tensile strength during bending - by 1.5...2.5 times, and most importantly,
to reduce the deformability of the material by 10...20 times in comparison with the
corresponding characteristics of the concrete matrix. No less significant is the
improvement of a number of other characteristics of the material, such as frost
resistance, waterproofness, corrosion resistance, heat resistance, resistance to abrasion
and impact, etc.
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4.1. Methodology for calculating bending elements of rectangular cross-section,
reinforced with ordinary and pre-stressed reinforcement, as well as steel
fiber

Consider a bending element of rectangular cross-section, reinforced with steel
fiber and rod ordinary and pre-stressed reinforcement in the compressed and stretched
sections of the cross-section. The stress-strain state of a rectangular combined-
reinforced section is shown in Fig. 1.
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Figure 1 - Stress-deformed state of a rectangular combined-reinforced bending
element

The criterion for the exhaustion of the load-bearing capacity along the normal
section of the steel fiber concrete (SFC) of the element is the destruction of the SFC
when the fiber deformations reach the limit values &.¢p, = —2fcrey/Ecr. Then the
value of the ultimate bending moment in the direction of one of the axes M,, for SFC
bending elements of rectangular section with pre-stressed reinforcement, it is
recommended to determine according to the formulas (Fig. 1):

bfcrke 3
§f Yi=1 %V’Hl - becft(h —x1) + Xit1 05ids; = 0; (1)
bfcrkc 11
I Sty VN — b fepe(h = 2)? + Ty 0aA( — z) =M = 0.
2)

In formulas (1), (2) according to [4]:

N = (%) - curvature of the curved axis in the section (1/m):

= () - e ®
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€c(1) - relative deformations of steel fiber concrete in the compressed cross-
sectional area;

Ec(2) - relative deformations of steel fiber concrete in the stretched cross-
sectional area;

y - ratio of relative compression strains &) to the limit e.:

_ &),
Ecf1 ’
- height of compressed zone (m):
€c(1)
1 N 2
X - relative curvature:
= X
N =
fcfl

0 - stress in the reinforcement;

(4)

)

(6)

Zg; - the distance from the center of gravity of the reinforcement to the extreme

compressed face of the section;

ay - coefficients of the polynomial, which are determined depending on the

experimental value of the prism strength of SFC according to the methodology [8].

We present equations (1), (2) in the form
N¢g — Nepe + Ng = 0;
Mcs + Mege + Mg = M,
N, M5 - forces in the compressed zone of the SFC;
N¢gt , M - forces in the stretched zone of the SFC;
N, M, - total forces in the reinforcement.

The value of internal forces

bfcfkc Ak k+1 .
Nes = Zk 15347 ;

cht = becft(h — X1);
Ns = O-SZASZ + O_spZAspZ - O-slAsl - UsplAspl;
bfcrk
Mcf — Cf CZk 1k+2 k+2 .

Mcft = becft(h - xl)zi
Ms = Aleslx(xl - Zsl)2 + AsplEspl(x(xl - Zspl) - €p01)(x1 - Zspl) +
+A52E52N(x1 - Zsz)z + AspZEspZ(x(xl - Zspz) - SpOZ)(xl - Zspz);

(7)
(8)

)
(10)
(11)
(12)

(13)

(14)

Epoi - relative deformations caused by the prestressing of the reinforcement,

taking into account all losses.
Stresses in normal and pre-stressed reinforcement:
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= EN(x1 — z5); (15)
Ospi = Espz(x(xl - Zspi) - SpOi)- (16)
Substituting expressions (5), (6), (15), (16) into equations (9)...(11), we obtain:
N = LLlelteys | Gkt (17)
Nege = 2 bfepe (h— 2L2); (18)

Ng = Ay E;R(x1 — Z53) + AspZEspz(x(xl - Zspz) - ngZ) -

_Aleslx(xl - Zsl) - AsplEspl(x(xl - Zspl) - €p01); (19)
By substituting equations (17)...(19) into (7) and after transformations, we obtain

—b2+ b2—4a202
N=——V° 20)

2(12 !

the dependence for curvature

aZ = Aleslzsl + ASZESZZSZ + AsplEsplzspl + AspZEspZZspZ; (21)

3
by = thfcft — ecf)(AsiEst + AszEsz + Asp1Esp1 + Asp2Espz) +
+Asp1Esp1€por + Asp2Esp2€poz; (22)
3
ey, = = bfeetery = bferecrike e gV (23)

After determining the curvature N its values are substituted into formulas
(12)...(14) to determine moments M.r, M., and M. After that, using formula (8), we
determine the bending moment M, which corresponds to the curvature Y. The
calculation is performed step by step for each value of the relative deformations in the
compressed cross-sectional area €1y, which successively increases in value A¢. (4.

At each step of the calculation, it is necessary to control the tension in the pre-
stressed reinforcement, which is located in the stretched zone of the section. For this,
we use the «o-e» diagram for stressed steel (Fig. 2) [3].

When the stress value is reached o5, = f,4 in the following steps, the stress in the

pre-stressed reinforcement must be determined according to the formula [§]

= foa + (2= fra) 22222 (24)

Eud—€po

fpok, _ Jpa, _ ) _
foa = %) Epo = EL;,’ Eua = 09415 €5 = V(2 — z5) — 0,0021.

To determine the load-bearing capacity of the SFC with pre-stressed
reinforcement, an algorithm was developed, which is presented in the form of a block
diagram (Fig. 3).
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Figure 2 - Idealized and calculated «o-¢» diagram for stressed steel [8]

1. We enter the input data: parameters of the section b, &; parameters of the
deformation diagram of reinforced concrete f.r, feres Ecrs €crus Ecfus €cf1s Ecfits

polynomial coefficients a; ; reinforcement parameters Egp;, Aspis €pois Esis Asis
reinforcement step S along the axis perpendicular to what is being calculated; the
distance from the upper compressed face of the section to the center of gravity of the
reinforcement Zg,; and Zzgy,.

2. At the first step, we determine the amount of lateral compression of the SFC

e A
Pep0 ;.¢°

3. We determine the coefficient of increase in the strength of SFC under biaxial

from the pre-stressed reinforcement located along the axis Y o, = E

2
compression k., = 1,0 + 1,382 — 1,15 (2) )
fcf fcf

4. We set the value of the initial deformations in the compressed cross-sectional
area &.(1) = Aé&cqy = 0,1ec51.

Ecf(1)

Ecf1

5. We determine the coefficient =

6. We define a polynomial

5 %% k+1 _%.2 9 3,6 93 4, %4 5 % 6
Zk=1k+1y 2)/+3)/+4)/+5)/+6)/.
7. We define the parameters

ay = AspEspZsp;
3
bZ = thfcft - AspEspgcf(l) + AspEspng;

3 a
¢y = =3 bferetcry = bfepgerike Timippr V'
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Figure 3 - Block diagram for calculating the bearing capacity of bending SFC
elements with pre-stressed reinforcement located in two directions
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8. We determine the amount of curvature N = ” )
>

9. We determine the height of the compressed cross-sectional area x; = SC;{”.

10. We determine the value of the relative curvature X = .
cf1

11. We determine the amount of tension in the armature
Osp = sp(xi(xl - Zsp) - Spo)-
12. We check the condition 0,1 = fpq. If the condition is fulfilled, then the stress

in the prestressed armature is determined by the formula

_ Sk Esp~Epo . _ fpoak, _ Jpa, _ .
Osp = fpd + ( - fpd) — o, WC fpd = > €po = s Eua = 0,9&,k;
Vs €ud~€po Vs Ep

Esp = N(xl — zsp) — 0,0021 and we go to paragraph 13. If the condition g5y, =
fpa 18 not performed, then the tension is not recalculated and we proceed to paragraph.

13. We determine the moment perceived by the compressed cross-sectional area

_befI‘C(ﬂ3 G2 4 , 03 5 Q¢ @7)
Myp=—- GV +37v t5v +3v +377)

14. We determine the moment perceived by the stretched cross-sectional area
Mcft = %bfcft(h - x1)2-

15. We determine the moment perceived by the reinforcing bars

Ms = AgpEy(R(x1 — 2sp) — £p0) (%1 — Zp)-

16. We determine the moment in the section M = Mf + Myf; + M.

17. We determine the magnitude of the relative deformations in the stretched
cross-sectional area &,y = €¢;) —X-h and compare its values with the limit
deformations €.(3) = €51, If the condition is not met, then we proceed to the second
step of the calculation. If the condition is fulfilled, that is, the relative tensile
deformations are equal to or exceed the limit values, then the calculation is completed
and the moment value is taken as the bearing capacity M=M,,.

18. In the second step, we increase the value €.(1) by A€, (1) = 0,11y and we
perform the calculation according to p.p. 5...17.

19. Value M and X at each step, we put the "moment-curvature" on the graph.
The block diagram is implemented in the program Mathcad.
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4.2. Effective pre-stressed slabs of airfield pavements

For the arrangement of airfield surfaces and helipads, prefabricated reinforced
concrete prestressed PAG-14 slabs are used, which correspond to the current DSTU B
B.2.6-136:2010. Structures of buildings and structures. PAG-14 prestressed reinforced
concrete slabs for airfield pavement [1]. The slabs have plan dimensions of 6.0x 2.0 m
and a thickness of 140 mm (Fig. 4).
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Figure 4 - Precast reinforced concrete airfield plate PAG-14

Slabs are made of C20/25 grade concrete and reinforced with longitudinal pre-
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stressed reinforcement S14AT-V in two levels and C2 reinforcing meshes in two
levels with reinforcement @5Bp-1 with a step of 100 mm, located in the transverse
direction of the slab, and 405Bp-I, located in the longitudinal direction of the plate
(Fig. 5). In the end parts, grids C1 are arranged in two levels with reinforcement
408A400C, located in the transverse direction of the plate, and 205Bp-I+208 A400C,
located in the longitudinal direction of the plate.
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Figure 5 - Scheme of PAG-14 airfield plate reinforcement
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4.2.1. Calculation of the bearing capacity of the PAG-14 plate without steel fiber
Cross-sectional dimensions b=2000 mm, h=140 mm (Fig. 6).
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Figure 6 - Estimated section of PAG-14 plate (a) and
calculation parameters (b)

Pre-stressed reinforcement in two levels of 5@14At-V: Ay=A4,,>=769 mm?;
E,=190000 MPa; f,=840 MPa; 1, 1,=765 MPa; £,=0,018. Unstressed reinforcement
in two levels according to 4@5Bp-1: 4,=A4,>=79 mm?; E,,=170000 MPa. Elongation
of reinforcement, taking into account all losses, is &g,0= -0,002. The distance from the
upper compressed face of the section to the center of gravity of the reinforcing bars
Zep1=100 mm, zg,,=40 mm, z,;=105 mm, z,,=35 mm.

Class of concrete C20/25: f.;~14,5 MPa, E.~23000 MPa, ¢&.,=0,00165,
£a=0,00344.

Polynomial coefficients:

aj

az

as

ay

as

2,8785

-3,1586

1,7454

-0,52904

0,06374

We perform the calculation according to the block diagram. The calculation
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results are summarized in Table 1. The "moment-curvature" graph is shown in Fig.

The bearing capacity of the plate is M,=71,49 kNm.
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Figure 7 - "Moment-curvature' graph when calculating the PAG-14 plate

without metal fiber
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4.2.2. Calculation of the bearing capacity of the PAG-14 plate with steel fiber

Cross-sectional dimensions b=2000 mm, h=140 mm (Fig.8).

Pre-stressed reinforcement in two levels of 5@14At-V: Ay,=A4,,>=769 mm?;
E,=190000 MPa; f,=840 MPa; f,,1,=765 MPa; £,=0,018. Unstressed reinforcement
in two levels according to 4@5Bp-1: 4,=A4,>=79 mm?; E,,=170000 MPa. Elongation
of reinforcement, taking into account all losses, is &g,0= -0,002. The distance from the
upper compressed face of the section to the center of gravity of the reinforcing bars
Zep1=100 mm, zy,,=40 mm, z,;=105 mm, z,,=35 mm.

Class of concrete C20/25: f.,~14,5 MPa, E.~23000 MPa, &.,=0,00165,
£=0,00344.

Steel fiber STAFIB 50/1.0: f=1000 MPa; /=50 mm; d=1 mm; 14=0,01.

The calculated compressive strength of steel fiber concrete is determined
according to DSTU [4]:

We define the ratio (h/[)=140/50=2,8 and (b/l)=2000/50=40 and determine the
coefficient £,=0,534.

We determine the coefficient of efficiency of indirect fiber reinforcement:
5+L 5+ 0,1967

Pr =1¥a5L 1+45-01967 >/
L kZ - wpy - f _ 0,5342-0,01 - 1000 01967,
fcd 14,5
fer = fea+ (K2 - @f - upy - fr) = 14,5+ (0,534% - 2,767 - 0,01 - 1000) =
= 22,36 MPa.
Coefficient

K; = \/1 —(12- 80;%)2 =1-(1,2-80-0,01)2 = 0,9165.

kgr “Hfy lf

0,8-7nf- df,red

0,534* - 0,01-50
0,8-09-1

The modulus of elasticity of SFC is determined according to DSTU [4]:
Ecr = Ecq(1— pipy) + Efppy = 25000(1 — 0,01) + 190000 - 0,01

= 24940 MPa.
Polynomial coefficients:

fcft = 1i1fcd <KT + 0,08 — 015/"}”1)) =

=1,1-14,5 <0,9165 + 0,08 —-10,5- 0,01) = 1,49 MPa.

aj az as aq as
2,51816 -2,14804 0,71003 -0,04839 -0,03169

Relative deformations of SFC in compression £, = 0,00176;
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Ecreu = 0,00293.
Relative deformations of SFC in tension €.¢.; = 0,00018; &5, = 0,00035.

We perform the calculation according to the block diagram. The calculation

results are summarized in Table 2. The "moment-curvature" graph is shown in Fig. 8.
The bearing capacity of the plate is M,=86,73 kNm.

M, (kHwm)
90

R N S ™ | e Y
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/
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0 L

0 001 002 003 004 005 006 007 008 009 0.1

Figure 8 - "moment-curvature' graph when calculating the PAG-14 plate with
steel fiber

As a result of the comparative calculation, it was established that the bearing
capacity of the PAG-14 plate, in which the reinforcing meshes were replaced by steel
fiber, was M,=86,73 kNm. The bearing capacity of the standard PAG-14 plate was
M,=T71,49 kNm, which is 21.3 % less.

The effectiveness of the steel fiber plate is that the steel fiber almost completely
replaces the reinforcing mesh with a total weight of 72.0 kg. There are also no costs
for the production of these grids. The comparative calculation showed that it is possible
to reduce the amount of high-strength pre-stressed reinforcement to 10...15 %.

Due to the good anti-abrasion properties of steel-reinforced concrete, their service life
1s much longer than that of reinforced concrete.
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4.3. Effective pre-stressed road slabs

Pre-stressed concrete slabs of the P60.38, P60.35 and P60.30 brands are used for

the construction of road surfaces, which correspond to the current DSTU B V.2.6-

120:2010 [2]. Structures of buildings and structures. Reinforced concrete slabs for

covering city roads. Plates of the P60.38 brand have dimensions in plan of 6.0x3.75 m,

the P60.35 brand - 6.0x3.5 m, the P60.30 brand - 6.0x3.0 m and a thickness of 140 mm
(Fig. 9).
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Plate brand L, mm B, mm h, mm
P60.38 6000 3750 140
P60.35 6000 3500 140
P60.30 6000 3000 140
Figure - 9. Precast reinforced concrete slabs of brands P60.38, P60.35 and
P60.30

The slabs are made of C25/30 grade concrete and reinforced with pre-stressed
reinforcement in two directions (Fig. 10). The P60.38 slab is reinforced with 240 10At-
V reinforcement, located in the longitudinal direction of the slab in two levels, and
18012At-V, located in the transverse direction of the slab in the center. The P60.35
plate is reinforced with 220010At-V reinforcement, located in the longitudinal direction
of the plate in two levels, and 18012At-V, located in the transverse direction of the
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plate in the center. The P60.30 slab is reinforced with 20010At-V reinforcement,
located in the longitudinal direction of the slab in two levels in two levels, and
18012At-V, located in the transverse direction of the slab in the center.

4.3.1. Calculation of the bearing capacity of the P60.38 plate without steel fiber
Cross-sectional dimensions 5=3750 mm, #=140 mm (Fig. 11).
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\\ \ H7-0np xn A-IV /
& ]
::—-hk_’i_‘l_o v L 0 . ) og—
| - 4 3
& j n !
Cx ! ‘5+.239+_._. — 152350= 5250 o
size, mm
Plate p 5 " ]
P60.38 350 200 9 3750
P60.35 350 250 8 3500
P60.30 350 175 7 3000

Figure 10 - Scheme of plate reinforcement P60.38, P60.35 and P60.30

Pre-tensioned reinforcement in two levels of 12010At-V: Ay,=A4,,,=942 mm?;
E,=190000 MPa;  f,=840 MPa; f,01,=765 MPa; &,=0,018. Elongation of
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reinforcement, taking into account all losses, 1s &= -0,002. Distance from the upper
compressed face of the section to the center of gravity of the reinforcing bars zg,;=105
mm, z,>=35 mm. The step of reinforcement along the axis perpendicular to the one
that is calculated S=350 mm.

A / /

/ / A 7 771 = S N
< / / ~ / oy -
< & / dd & 4 dd & d 444 , 83
- l\ __________ — N
- ‘ , ‘ P T A
ot R S A A O O T 0 - B |
\\ \\ \\ \‘\ \\ \ \ \\ \\ \\ \\ \\ AS pl \"\
3750 A
spl
a) b)

Figure 11 - Estimated section of plate P60.38 (a) and
calculation parameters (b)

Class of concrete C25/30: f.,~17,0 MPa, E.,~25000 MPa ¢.,=0,00169, &.,=0,00328.
Polynomial coefficients:

aj ar as ay as

2,7404 -2,7649 1,3416 -0,35004 0,03295

We perform the calculation according to the block diagram. The calculation results are
summarized in Table 3. The "moment-curvature" graph is shown in Fig. 12. The
bearing capacity of the plate is M,= 144,9 kNm.

M, (kHm)
150

_______________________________ 7—|P\
125 /
100 /

75 /

7
1/ j

[

0 0.025 0.05 0.075 0.1 0.125 0.15

X,(1/ ™)

0

Figure 12 - The "moment-curvature' graph when calculating the P60.38 plate
without steel fiber
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4.3.2. Calculation of the bearing capacity of the P60.38 plate with steel fiber

Cross-sectional dimensions 5=3750 mm, #=140 mm (Fig. 11).

Pre-tensioned reinforcement in two levels of 12010At-V: Ay,/=A4,,>=942 mm?;
E,=190000 MPa;  f,=840 MPa; f, =765 MPa; ¢,=0,018. Elongation of
reinforcement, taking into account all losses, 1s &= -0,002. Distance from the upper
compressed face of the section to the center of gravity of the reinforcing bars zg,;=105
mm, z,>=35 mm. The step of reinforcement along the axis perpendicular to the one
that is calculated S=350 mm.

Class of concrete C20/25: f.;~=14,5 MPa, E.~23000 MPa ¢&.,=0,00165,
£=0,00344.

Steel fiber STAFIB 50/1.0: f=1000 MPa; /=50 mm; d=1 mm; 14=0,01.

The calculated compressive strength of steel fiber concrete is determined
according to DSTU [4]:

We define the ratio (h/[)=140/50=2,8 and (b/l)=2000/50=40 and determine the
coefficient £,=0,534.

We determine the coefficient of efficiency of indirect fiber reinforcement:
5+L 5+ 0,1967

Pr =1¥a5L 1+45-01967 >/
L k2 sy ff _ 0,5342-0,01 - 1000 01967,
fcd 14,5
fer = fea+ (K2 - @f - upy - fr) = 14,5+ (0,534 - 2,767 - 0,01 - 1000) =
= 22,36 MPa.
Coefficient

K; = \/1 —(12- 80;%)2 =1-(1,2-80-0,01)2 = 0,9165.

kgr “Hfy lf
0,8-7nf- df,red
0,534* - 0,01-50
0,8-09-1
The modulus of elasticity of SFB is determined according to DSTU [4]:
Ecs = Ecq(1— ppy) + Efptp, = 25000(1 — 0,01) 4+ 190000 - 0,01 =
= 24940 MPa.
Polynomial coefficients:

fcft = 1i1fcd <KT + 0,08 — 015/"}”1)) =

=1,1-14,5 <0,9165 + 0,08 —-10,5- 0,01) = 1,49 MPa.

aj az as aq as

2,51816 -2,14804 0,71003 -0,04839 -0,03169

Relative deformations of SFC in compression £, = 0,00176;
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Ecftu =

0,00293.

Relative deformations of SFB in tension €.¢.; = 0,00018; &5, = 0,00035.

We perform the calculation according to the block diagram. The calculation

results are summarized in Table 4. The "moment-curvature" graph is shown in Fig. 13.

The bearing capacity of the plate is M,=180,3 kNm.

M, (kHm)

200
180
160
140
120
100
80
60
40
20
0

\i

X, (1/ m)
i i

0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.1 0.12 0.13 0.14 0.15

Figure 13 - The "moment-curvature' graph when calculating the P60.38 plate

with steel fiber

As a result of the comparative calculation, it was established that the bearing
capacity of the P60.38 plate with metal fiber was M,=180,3 kNm, which is more than
the bearing capacity of a standard slab (M,=144,9 kNm) by 24.4%.

The efficiency of the plate with steel fiber is that the steel fiber makes it possible

to reduce the amount of high-strength pre-stressed reinforcement from 24010At-V to

160010At-V. At the same time, the bearing capacity of a plate with steel fiber 1s much

higher. Also, the amount of pre-stressed reinforcement in the transverse direction is
reduced by 15...20 %.
Due to the good anti-abrasion properties of steel-reinforced concrete, their service

life 1s much longer than that of reinforced concrete.
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4.3.3. Calculation of the bearing capacity of the P60.35 plate without steel fiber

Cross-sectional dimensions 5=3500 mm, #=140 mm (Fig. 14).

Pre-tensioned reinforcement in two levels of 11@10AT-V: 4,,=A4,,,=864 mm?;
E,=190000 MPa; f,=840 MPa; f, =765 MPa; ¢&,=0,018. Elongation of
reinforcement, taking into account all losses, 1s &= -0,002. Distance from the upper
compressed face of the section to the center of gravity of the reinforcing bars zg,;=105
mm, z,>=35 mm. The step of reinforcement along the axis perpendicular to the one
that is calculated S=350 mm.

, i Aspz A

/ _/‘ / / ,_" / / /_/ sp 2
I.’. 7 - / ; £ 7 y ,.-" 7 " / = -
S T F 33
S v — A L N A KT
= ¢ ¢ o 9 e & ¢ ¢ ¢ o = £« -----*----\ ----- L

A
\ spl
3500 Asp?‘

a) 0)
Figure 14 - Estimated section of plate P60.35 (a) and
calculation parameters (b)

Class of concrete C25/30: f..~17,0 MPa, E.~25000 MPa ¢&.,=0,00169,
£—=0,00328.
Polynomial coefficients:

aj az as ay as

2,7404 -2,7649 1,3416 -0,35004 0,03295

We perform the calculation according to the block diagram. The calculation
results are summarized in Table 5. The "moment-curvature" graph is shown in Fig. 15.
The bearing capacity of the plate is M,= 134,4 kNm.
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Figure 15 - The "moment-curvature' graph when calculating the P60.35 plate
without steel fiber
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4.3.4. Calculation of the bearing capacity of the P60.35 plate with steel fiber

Cross-sectional dimensions »=3750 mm, #=140 mm (Fig. 11).

Pre-tensioned reinforcement in two levels of 7G10AT-V: Ay,=A4,>=550 mm?;
E,=190000 MPa;  f,=840 MPa; f, =765 MPa; ¢,=0,018. Elongation of
reinforcement, taking into account all losses, 1s &= -0,002. Distance from the upper
compressed face of the section to the center of gravity of the reinforcing bars zg,;=105
mm, z,>=35 mm. The step of reinforcement along the axis perpendicular to the one
that is calculated S=350 mm.

Class of concrete C20/25: f.;~14,5 MPa, E.~23000 MPa ¢&.,=0,00165,
£=0,00344.

Steel fiber STAFIB 50/1.0: f=1000 MPa; /=50 mm; d=1 mm; 14=0,01.

The calculated compressive strength of steel fiber concrete is determined
according to DSTU [4]:

We define the ratio (h/[)=140/50=2,8 and (b/l)=2000/50=40 and determine the
coefficient £,=0,534.

We determine the coefficient of efficiency of indirect fiber reinforcement:
5+L 5+ 0,1967

Pr =1¥a5L 1+45-01967 >/
L k2 sy ff _ 0,5342-0,01 - 1000 01967,
fcd 14,5
fer = fea+ (K2 - @f - upy - fr) = 14,5+ (0,534 - 2,767 - 0,01 - 1000) =
= 22,36 MPa.
Coefficient

K; = \/1 —(12- 80;%)2 =1-(1,2-80-0,01)2 = 0,9165.

kgr “Hfy lf
0,8-7nf- df,red
0,534* - 0,01-50
0,8-09-1
The modulus of elasticity of SFB is determined according to DSTU [4]:
Ecs = Ecq(1— ppy) + Efptp, = 25000(1 — 0,01) 4+ 190000 - 0,01 =
= 24940 MPa.
Polynomial coefficients:

fcft = 1i1fcd <KT + 0,08 — 015/"}”1)) =

=1,1-14,5 <0,9165 + 0,08 —-10,5- 0,01) = 1,49 MPa.

aj az as aq as

2,51816 -2,14804 0,71003 -0,04839 -0,03169
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Relative deformations of SFC in compression £, = 0,00176;
Efru = 0,00293.
Relative deformations of SFB in tension €.¢.; = 0,00018; &5, = 0,00035.

We perform the calculation according to the block diagram. The calculation
results are summarized in Table 6. The "moment-curvature" graph is shown in Fig. 16.
The bearing capacity of the plate is M,=152,2 kNm.

M, (kHm)
160

140 =

120 /

100 -~
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/

60 A

ot/

20

\
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0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

0

Figure 16 - The ""moment-curvature' graph when calculating the P60.35 plate
with steel fiber

As a result of the comparative calculation, it was established that the bearing
capacity of the P60.35 plate with steel fiber was M,=152,2 kNm, which is more than
the bearing capacity of a standard slab (M,=134,4 kNm) by 13,2%.

The efficiency of the plate with steel fiber is that the steel fiber makes it possible
to reduce the amount of high-strength pre-stressed reinforcement from 22(10At-V to
14010At-V. At the same time, the bearing capacity of a plate with steel fiber is much
higher. Also, the amount of pre-stressed reinforcement in the transverse direction is
reduced by 15...20 %.

Due to the good anti-abrasion properties of steel-reinforced concrete, their service
life is much longer than that of reinforced concrete.
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4.3.5. Calculation of the bearing capacity of the P60.30 plate without steel fiber

Cross-sectional dimensions »=3000 mm, #=140 mm (Fig. 17).

Pre-tensioned reinforcement in two levels of 10010AT-V: 4,,=A4,,,=786 mm?;
E,=190000 MPa; f,,=840 MPa; f,) =765 MPa; £,=0,018. Distance from the upper
compressed face of the section to the center of gravity of the reinforcing bars zg,; =105
mm, zy,»>=35 mm. The step of reinforcement along the axis perpendicular to the one
that is calculated S=350 mm.

A

7777777705 v/
1{\ 4(\ 4:\ 4K\ 4K\ ﬁ\ T\ ﬁ\ ‘(\ Yﬁ \
3000 A

a) 0)
Figure 17 - Estimated section of plate P60.30 (a) and
calculation parameters (b)

70
Zspz ,

140
v Zspl |,

70

Asp 7

Class of concrete C25/30: f.;=17,0 MPa, E.~25000 MPa ¢&.=0,00169,
e—=0,00328.
Polynomial coefficients:

aj a as ay as
2,7404 -2,7649 1,3416 -0,35004 0,03295

We perform the calculation according to the block diagram. The calculation
results are summarized in Table 7. The "moment-curvature" graph is shown in Fig. 18.
The bearing capacity of the plate is M,=117,8 kNm.
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Figure 18 - The "moment-curvature' graph when calculating the P60.30 plate
without steel fiber

4.3.6. Calculation of the bearing capacity of the P60.30 plate with steel fiber

Cross-sectional dimensions »=3000 mm, #=140 mm (Fig. 17).

Pre-tensioned reinforcement in two levels of 6@10AT-V: Ay,/=A4,,>=471 mm?;
E,=190000 MPa;  f,=840 MPa; f, =765 MPa; ¢&,=0,018. Elongation of
reinforcement, taking into account all losses, 1s &= -0,002. Distance from the upper
compressed face of the section to the center of gravity of the reinforcing bars zg,;=105
mm, z,>=35 mm. The step of reinforcement along the axis perpendicular to the one
that is calculated S=350 mm.

Class of concrete C20/25: f.;~=14,5 MPa, E.~23000 MPa ¢&.,=0,00165,
£=0,00344.

Steel fiber STAFIB 50/1.0: f=1000 MPa; /=50 mm; d~=1 mm; 14=0,01.

The calculated compressive strength of steel fiber concrete is determined
according to DSTU [4]:
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We define the ratio (4/1)=140/50=2,8 and (b/l)=2000/50=40 and determine the
coefficient k£,=0,534.

We determine the coefficient of efficiency of indirect fiber reinforcement:
5+ 1L 5+ 0,1967

Yr=1tasL 1+45-01967 >'°7
L SRy _ 0,5342 - 0,01 - 1000 01967,
fra 14,5
fer = fea+ (ki - @f - usy - fr) = 14,5+ (0,534° - 2,767 - 0,01 - 1000) =
= 22,36 MPa.
Coefficient

Ky = J1 —(1,2—80us,)" = /1— (1,2 80-0,01)% = 0,9165.

k2, - pey, - 1
fere = L1feq <KT Q;%f{;ﬁid
0,534% -0,01-50

08-:09-1

The modulus of elasticity of SFB is determined according to DSTU [4]:

Ecr = Ecq(1 — ppy) + Eppipp, = 25000(1 — 0,01) + 190000 - 0,01 =
= 24940 MPa.
Polynomial coefficients:

+0,08 — o,sufv> =

=1,1-14,5 <0,9165 +0,08—-10,5- 0,01) = 1,49 MPa.

aj ar as ay as

2,51816 -2,14804 0,71003 -0,04839 -0,03169

Relative deformations of SFC in compression £.7; = 0,00176;
Ecfeu = 0,00293.
Relative deformations of SFB in tension €.¢.; = 0,00018; &.54, = 0,00035.

We perform the calculation according to the block diagram. The calculation
results are summarized in Table 8. The "moment-curvature" graph is shown in Fig. 19.
The bearing capacity of the plate is M,=130,5 kNm.
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Figure 19 - The ""moment-curvature' graph when calculating the P60.30 plate
with steel fiber

As a result of the comparative calculation, it was established that the bearing
capacity of the P60.30 plate with steel fiber was M,=130,5 kNm, which is more than
the bearing capacity of a standard slab (M,=117,8 kNm) by 10,8 %.

The efficiency of the plate with steel fiber is that the steel fiber makes it possible
to reduce the amount of high-strength pre-stressed reinforcement from 20010At-V to
12010At-V. At the same time, the bearing capacity of a plate with steel fiber is much
higher. Also, the amount of pre-stressed reinforcement in the transverse direction is
reduced by 15...20 %.

Due to the good anti-abrasion properties of steel-reinforced concrete, their service
life is much longer than that of reinforced concrete.
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Conclusions

1. The proposed general algorithm for calculating bending elements of a
rectangular cross-section reinforced with conventional and pre-stressed reinforcement,
as well as steel fiber.

2. The calculation method is based on the deformation theory of the calculation
of reinforced concrete structures, taking into account the full "o-¢" diagram for
concrete and steel-reinforced concrete under compression.

3. The method makes it possible to calculate two-way prestressed slabs. At the
same time, the increase in strength of concrete and reinforced concrete under biaxial
compression conditions is taken into account.

4. As a result of a comparative calculation of the load-bearing capacity of the
standard PAG-14 airfield coating board and a similar board in which the reinforcing
meshes were replaced by steel fiber, it was established that the bearing capacity of the
board with steel fiber is 21.3 % higher than the standard board.

5. As aresult of a comparative calculation of the bearing capacity of standard road
slabs P60.38, P60.35, P60.30 and similar slabs in which steel fiber was included and
the amount of tension reinforcement was reduced by 30...40%, it was established that
the bearing capacity of slabs with steel fiber is higher than the standard one by
10.8...24.4 %.

6. The effectiveness of plates with steel fiber is that the steel fiber almost
completely replaces the reinforcing mesh. There are also no costs for the production of
these nets. It is also possible to reduce the amount of high-strength pre-stressed
reinforcement to 10...15 %.

7. Due to the good anti-abrasion properties of steel fiber concrete, the service life
of airfield and road pavement slabs is much longer than that of reinforced concrete
slabs.
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