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Abstract. The addition of short steel wire, polypropylene, basalt and other fibers can improve the durability

index of concrete, such as compression resistance, cracking resistance and carbonization resistance, which
has been widely recognized in the industry. For the durability of fiber concrete, most of the current researches

are qualitative, and the quantitative value of various index needs to be further investigated. In view of this,
linear fitting and polynomial fitting were introduced into the prediction of durability index of fiber concrete
in the present paper. The results show that the fitting method proposed is feasible and accurate for the

carbonation index of fiber concrete.

1 Introduction

In recent years, with the innovation of fiber material
technology, engineering structure has been further
developed. An increasing number of engineering
applications show that the incorporation of various fibers
in concrete can significantly improve various mechanical
properties [ 1-2] and durability indexes [3] of the structure.
Many scholars have conducted researches on the
mechanical properties of various fiber reinforced concrete
materials, such as compression, shear and bending
resistance [4-6] and durability indexes, such as freeze-
thaw resistance [7], carbonization [8] and salt erosion [9],
and achieved certain regular results.

Carbonation damage can lead to deterioration of
concrete's appearance and strength performance, thus
affecting the long-term durability life of concrete, which
is a typical form of concrete durability damage. Since the
1960s, the relevant countries began to study concrete
carbonation. According to the influencing factors of
concrete carbonation, a variety of methods of simulating
carbonation test and related theoretical models were put
forward. Many studies have been conducted on the
carbonation effect of ordinary concrete. However, there
are relatively few researches on durability indicators such
as the carbonization of concrete mixed with fibers such as
steel and polypropylene, and further research is needed.

2 Analysis of Carbonization Mechanism
of Steel Fiber Concrete

2.1. Steel fiber impact analysis

Steel fiber is a typical concrete additive fiber. In the
concrete mixing process, the gradual incorporation of steel
fiber can improve the cracking resistance of concrete,
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reduce the weight of the concrete, increase the bond, and
greatly improve the performance of concrete. The type and
shape of steel fiber are shown in Table 1.

Table 1 Type and shape of steel fiber

Cold-drawn Ingot Low-alloy
. Sheet o steel
Type steel-plastic milling -
cut-off type shear type type melting
type
Shape End hook Flay Deformed Large head
P Deformed g

Compared with ordinary concrete structures, steel
fiber concrete has obvious advantages. The amount of
concrete with the same strength can generally be reduced
by 30-50%, the amount of steel bars can be saved, the arch
bridge can be shortened, and the construction is relatively
simple. It is a kind of advantaged fiber-added concrete
material.

The standard tensile strength of steel fiber concrete is
determined according to Equation (1):

Sy =1,(1+ap) M)

Where f; is the tensile strength standard value of
concrete, unit is Mpa.

A 1s the characteristic value of steel fiber content.

a, is the influence factor of steel fiber on the tensile

strength of concrete, as shown in Table 2.
A, =p,/d, 2)

Where pr is the volume ratio of steel fiber.

I, is the equivalent length of steel fiber.

d, is the equivalent diameter of steel fiber.

The standard bending and tensile strength of steel fiber
can be calculated according to Equation (3):

Ja =T (1 + akkt) €)
Where f; is the standard value of concrete bending

tensile strength, unit is Mpa
ay is the influence factor of steel fiber on the flexural
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tensile strength of concrete, as shown in Table 2. The results show that the carbonation depth of concrete
with different steel fiber content did not show a linear
relationship, but had a certain optimal content. As can be
seen from Figure 1, when the volume steel fiber content

Table 2 Corresponding strength and index influencing
factors of steel fiber concrete

N o CF strength was about 2%, the carbonation depth reached the best.
pe e grade « o This conclusion indicates that the mathematical model of
Cold-drawn 20MP~45MP 076  1.13 the carbonization depth of steel fiber concrete cannot be
Steel(;‘;gsme cut~ End hook SOMP-SOMP 103 125 directly applied to the linear model based on the ordinary
P : - concrete carbonization depth model [10], but a staged
Flat 20MP~45MP 042 0.68 model should be considered. Therefore, based on the
50MP~80MP 046 075 above research, the relationship between carbonation
Sheet shear type depth, steel fiber content and concrete strength was further
20MP~45MP  0.55  0.79
deformed analyzed.
50MP~80MP  0.63  0.93
Ingotmilling oo 2OMPSMP 07092 3.1. Linear fitting of carbonization depth
type 50MP~80MP 084 1.1

Table 3 shows the linear fitting results of carbonation
depth under the classification accuracy of 0%, 1%, 2% and
50MP~80MP 0.62 091 3% steel fiber volume content for C50 concrete at 0-28d
age.

Low-alloy steel 20MP~45MP 0.52 0.73

melting type Large head

2.2. Carbonization mechanism analysis Table 3 Linear fitting results of C50 concrete with
different steel fiber volume ratio

The CO; in the air reacts easily with the alkaline

substances in the concrete in a humid environment, 0~28d age
causing the concrete to calcify. This process is called the Volume i ) Age
carbonization reaction of the concrete. The main reaction ratio of Carbonation Fitness iz | Aee
R ; . ) steel depth equation R2/% . influence
equation is shown in equation (4): fiber/% at;tgn' coefficien
{ Ca(OH ), + H,0+ CO, — CaCO, +2H,0 COI‘; ]i“e 74
.28i0, -3H,0+ .28i0, -3H
CaO-28i0, 3 2Q co, —) CaC.O3 . Si0,-3H,0 (4) 0 V. 06T 7965 |
The carbonization reaction principle of steel fiber
concrete is basically the same as that of ordinary concrete. 1 Y, =05626JT  75.19 0.8103
0.6943
2 Y =03706JT 826 05338
3 Numerical example
3 Y, =0494T  79.65 0.7118

Age and compressive strength are the main factors that
affect carbonization of steel fiber concrete under
unfavorable conditions. Based on the analysis of age
factors, taking C50 concrete mixed with steel fiber as an
example, carbonation reaction test under different fiber
content was carried out.

C50 concrete was mixed with 0%, 1%, 2% and 3%
volume ratios of steel fiber to compare the carbonation
depth of concrete at 7d, 14d and 28d ages, and the results

It can be seen from Table 3 that the linear fitting
method could be used to obtain the concrete carbonization
depth equation under different steel fiber volume content.
The carbonization depth of concrete had a certain
correlation with the steel fiber volume ratio, but there was
an optimal addition volume. According to this
characteristic, the fitting equation of carbonation depth
under different volume content of steel fiber was divided

were shown in Figure 1. into two stages of 0%~2% and 2%~3%:
(D When the volume ratio of steel fiber was 0%~2%,
——7d - TA 0.6943[-0.23314(0)NT  » R*>=0.9886

. Yo =k T = )
’ 0.6943[-0.04344(0)— 0.1463(0)+ INT . R>=1
/N ©)
""""""""""" >A<< el X @ When the volume ratio of steel fiber was 2%~3%,
B Yoo =k T =0.69490.17840)+0.1778T . R*=1 (6)

(
)\e\e»/‘e 3.2. Polynomial fitting of carbonation depth

Table 4 shows the polynomial fitting results of the
) . carbonization depth of C50 concrete under the 0%, 1%,
volum ratio of steel fiber/% 2%, and 3% steel fiber volume content at the 0~56d age.

carbonization depth/mm

Figure 1 Comparison of carbonization depth of steel fiber
concrete at 7d~28d age
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Table 4 Polynomial fitting results of C50 concrete with
different steel fiber volume ratio

0~56d age
Volum . Age
e ratio Carbonation depth Flst:e carboniza ) é\ge
of steel equation R2/% tion mn flf{el}cet
fiber/% ®  coefficien ¢ }men
that/ka Hal/Na2
0 Y, =0.006837+06638T  79.74 1
1 Y =001 138T+0A5118\/7" 75.5 1'66761%/0'7
0.00683/0
2 Y, =00M4@RT+0308/7 8374 0038 2'056%/ 0.4
3 Y% =001027+04486/T 80 ! ‘49735‘;/ 0.6

As can be seen from Table 4, the equation of concrete
carbonation depth under different steel fiber volume
content could also be obtained by polynomial fitting. The
carbonation depth of concrete had a certain correlation
with the volume ratio of steel fiber, but there was an
optimal content. According to this characteristic, the
fitting equation of carbonation depth under different
volume content of steel fiber was divided into two stages
of 0%~2% and 2%~3%:

(DWhen the volume ratio of steel fiber was 0%~2%,

(7

Yie =kt + k1, NT

_ | 0.00683[0.52644(0)+1.047]7 + 0.6638[- 0.268¢(0)+ 1.013NT . R? =0.977,R? =0.993
0.00683(—0.1398¢(0)+0.8064(0)+ 1] + 0.6638]- 0.0394*(0)-0.19(0) + INT . R*=1

(@When the volume ratio of steel fiber was 2%~3%,

Yoo =kan, T+ kuzlhzﬁ (8)
=0.00683[- 0.5593¢(6)+ 3.171]7 +0.6638[0.21184(6) + 0.0404NT , R*=1

4 Result

It can be seen from the above calculation examples that
both linear fitting and polynomial fitting could get better
prediction results. Substitute the above equation and
compare with the actual measurement results, as shown in
Table 5.

Table 5 Comparison of calculation effectiveness of
carbonation depth of C50 concrete with different steel
fiber volume ratio

Carbonati
Volu Carbonation OIlefreOI;th
depth X/mm .
me comparis
ratio Age on Effectiven
of d Actual ess
steel measu  calcu evaluation
ﬁlg/z:r/ rer[rltgnt 1;(?/(1):11 XX
Xc/m m
m
7 1.34 1.8 0.74 Average
0 14 3.14 2.58 1.22 value
28 3.54 3.7 0.96
1 7 0.99 1.43 0.69 0.97

14 261 207 126 Mean
28 287  3.03 0.95 square
error
7 068 091 0.74 0.0454
2 14 163 135 121
28 1.94 2.02 0.96 Variation
7 092 091 0.74 coefficient
3 14 223 135 121 02197

28 2.54 2.02 0.96

As can be seen from Table 5, although the carbonation
depth of steel fiber concrete was different from that of
ordinary concrete on the whole, the carbonation depth of
both steel fiber concrete and ordinary concrete increased
with the growth of age. However, when the volume
content of steel fiber was changed, there was an optimal
content instead of a linear increasing relationship. Using
the method proposed in the present paper to predict the
carbonation depth of steel fiber concrete, the average
value of the ratio between the measured value and the
calculated value was -3%, the mean square error was
0.0454, and the coefficient of variation was 0.2197. The
accuracy and reliability of the proposed method were
justified.

5 Conclusion

The addition of steel fiber can inhibit the carbonization of
concrete to some extent, but its quantitative analysis needs
to be further studied. In this paper, linear fitting and
polynomial fitting methods were adopted to predict the
carbonation depth of steel fiber concrete under different
fiber volume content, and the following conclusions are
drawn.

(1) The carbonation rate of concrete can be reduced by
adding steel fiber into concrete;

(2) The mathematical model of the carbonization depth
of steel fiber concrete cannot be directly applied to the
linear model based on the ordinary concrete carbonization
depth model, but a staged model should be considered.

(3) The staged carbonation depth prediction model
proposed in this paper has substantial accuracy and
reliability.

(4) The addition of steel fiber can inhibit the
carbonization of concrete to some extent, but its
quantitative analysis needs to be further studied.
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