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To verify the steel fiber effect on durability properties of the concrete in cold regions, four types of steel fiber reinforced concrete
were prepared, and the fiber dosage were 0, 20 kg, 40 kg, and 60 kg, respectively. The rapid freeze-thaw test was adopted to evaluate
the frost resistance durability, and the evaluation indexes of the mass loss and the residual dynamic modulus of elasticity (RDME)
the samples were compared, respectively. The frost damage of the matrix regarding the different freeze-thaw cycles (FTCs) was
evaluated using the Weibull distribution. The capillary water absorption (CWA) experiments were also conducted corresponding
to different freeze-thaw cycles (FTCs). The results revealed that the mass loss was not an effective index for frost damage evaluation
of macro-steel fiber reinforced concrete. The FTCs corresponding to the loss of RDME to 60% were enhanced noticeably with the
increase of fiber content. The relationship between the frost damage and the FTCs can be evaluated using the Weibull distribution.
Compared with the PC, the frost resistance grade of the reinforced concrete with fiber dosage of 60 kg/m” increased by 125%. After
the frost action, the CWA capacity of concrete improved significantly, while, under the same FTCs, the CWA of the matrix
decreased with the increment of macro-steel fiber dosage. The steel fiber showed a strong positive influence on enhancing the

durability performance of concrete in cold region.

1. Introduction

The utilization of macrofibers to enhance various me-
chanical behavior of concrete is becoming more and more
common [1]. Various influence parameters of fibers such as
type, dosage, aspect ratio, and length have been investigated
by the researchers [2-13]. Durability is one of the most
critical aspects of the concrete, because it has a fundamental
impact on the performance of the structures at serviceability
stage. The fiber influence on durability performance of the
concrete has been verified by some researchers [14-20]. The
frost resistance of the matrix is one of the most important
factors for durability of reinforced concrete structures in
cold areas. Ma et al. [21] studied the frost resistance of the
concrete with polypropylene fiber; the results revealed that
the polypropylene fiber had a positive contribution to re-
ducing the frost damage of the matrix. Li et al. [22] in-
vestigated the performance of reactive powder concrete
reinforced by basalt fiber under freeze-thaw cycles (FTCs),

and the results showed that the frost resistance of the matrix
got better by addition of basalt fiber. Nam et al. [23] verified
the effect of the PVA fiber and polypropylene fiber on
durability performance of concrete under different FTCs;
the results showed that the PVA fiber was more effective for
frost resistance than the polypropylene fiber. Zeng et al. [24]
studied the permeability of the steel fiber reinforced concrete
(SFRC) under frost circumstance, and the results revealed
that the impermeability of the matrix enhanced by addition
of steel fiber. However, from the literature review, it can be
seen that the systematic investigation of the fibers effect on
the durability of concrete in cold regions is still rare.
Water plays a key role in durability problems of the
concrete structures [25-27]. For any kinds of deterioration
process, the expansion, cracking, and even peeling of con-
crete are inseparable from the influence of water. Almost all
physical and chemical processes that affect the durability of
concrete structures involve the transmission and distribu-
tion of water in concrete pores and cracks [28]. In addition,
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water is also a carrier for the migration and diffusion of
corrosive media into the concrete. In the unsaturated state,
especially, the water absorption process produced by cap-
illary action becomes the main mechanism for the entry of
water and water-soluble media into the concrete. Therefore,
the water transport performance of concrete has received
extensive attention [29-34]. The concrete structures may be
damaged at the serviceability stage due to environmental
factors [35, 36]. Studying the transmission process of
moisture in damaged concrete is an important prerequisite
and basis for accurately carrying out durability evaluation
and service life prediction of reinforced concrete structures
[37, 38]. Bao and Wang [39, 40] studied the influence of
compressive load on water absorption of concrete and
recycled aggregate concrete. The results showed that the
compressive load demonstrated a noticeable influence on
the amount of absorbed water of the matrix. Van Belleghem
et al. [41] and Chen et al. [42] studied the influence of the
cracks on water absorption of the concrete. The results
showed that the water absorption of the matrix was en-
hanced significantly with the appearance of the cracks. In
cold regions, with the deterioration caused by the frost
circumstance, the microcracks occurred and propagated to
intersect each other to form a large number of material
migration channels, which increase the transmission speed
of water, oxygen, and soluble harmful media [43]. Yang et al.
[44] and Bao et al. [45] investigated the water transport
properties of the concrete damaged by freeze-thaw cycles,
and the results revealed that the water penetration rate of the
matrix increased with the increasing of the frost damage.
Gao et al. [46] studied the capillary water absorption of the
recycled coarse aggregate concrete under frost environment.
And the results demonstrated that obvious improvement of
capillary water absorption capacity was obtained. The use of
fibers could perhaps demonstrate positive influence on the
transport properties of concrete in cold regions. However,
studies regarding the effects of the fibers on water transport
performance of the concrete under frost damage are still very
rare.

In this paper, four types of SFRC were prepared to verify
the fiber influence on frost damage of the matrix. By carrying
out the rapid freeze-thaw test, the mass loss (ML), and the
residual dynamic modulus of elasticity (RDME), the samples
were investigated, respectively. In addition, the capillary
water absorption (CWA) of the SFRC was also studied and
the effect of the FT'Cs on water transport ability of the matrix
was compared. It is expected that the study will contribute to
improve durability performance of concrete in cold regions.

2. Materials and Test Methods

2.1. Mixture Design. The binder consisted of the Portland
cement (P-O 42.5R) and fly ash. Coarse aggregate was
crushed gravel with a distribution diameter of 5mm to
20mm. The fine aggregate was natural river sand. The
polycarboxylic superplasticizer was adopted, and the water-
to-binder ratio was 0.5. The basic mix proportion of the plain
concrete without any reinforcement is shown in Table 1. The
hooked-ended steel fiber was adopted, and the contents of
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the fiber were 0kg/m’, 20 kg/m®, 40kg/m’, and 60 kg/m’,
respectively. The physical properties of the steel fiber are
shown in Table 2.

The mixing procedure was conducted according to
CECS 13 [47]. First, the fine aggregates and coarse aggregates
were homogenized by dry mixing for one minute, and then,
the cement and fly ash were added (+1 minute of dry
mixing). The cementitious materials and aggregates were
mixed with an additional two minutes; the water mixed with
the super plasticizer was poured slowly during this process.
After that, the steel fibers were gradually added into the
mixture; at last, all the materials were mixed for one minute.
The whole mixing procedure took about eight minutes.

2.2. Freeze-Thaw Test. 'The fast freezing method was adopted
in the freeze-thaw test following the guidelines of the
standard [48]. The prism sample with the dimensions of
100 mm x 100 mm x 400 mm was used. The mass and dy-
namic modulus of elasticity (DME) of the specimen were
measured after every 25 FTCs, and the measurement of the
DME is shown in Figure 1. The test was stopped when the
RDME of the specimen was less than 60% or the mass loss of
the matrix exceeded 5%. The ML and the RDME of the
samples can be obtained according to the standard [48], as
shown in (1) and (2).where, AW means the ML of the
concrete, %; W, means the initial mass of the sample, g; W;
means the mass of the sample after i FTCs, g.

Wy -W,

AW = £ % 100, (1)

0

where AP means the RDME of the concrete, %; P, means the
initial DME of the sample, GPa; P; means the DME of the
sample after i FTCs, GPa.

P.
AP = —1 x 100, 2
P @)

2.3. Capillary Water Absorption Test. The CWA test was
conducted according to the guidelines of standard [49]. The
cubic sample with the side length of 100 mm was adopted,
for every 25 freeze-thaw cycles, three samples of each group
were prepared, and the mean value was adopted for analysis.
The absorbed water of the cementitious materials regarding
the effect of gravity can be described using (3) [30, 50, 51]:

AW (Vt) = a[l - exp (-bt )], (3)

where AW denotes the amount of capillary absorbed water
per unit area; t denotes the time of the capillary absorption; a
and b denote the parameters, which can be obtained by
fitting the experimental results. The time-dependent coef-
ficient of CWA can be determined by finding the first de-
rivative of (3) [30]:

dA W (V)
d(Vt)

where A denotes the coefficient of CWA; B, denotes the
initial coefficient of CWA, Bipitial = a X b.

A(WE) = = By €Xp (-bVE ), (4)
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TaBLE 1: Basic mix proportion of the concrete (kg/m?).

Cement Fly ash Coarse aggregates Fine aggregates Water Super plasticizer

390 155 822 848 273 5.5
TasLE 2: Physical properties of steel fiber.

Types Length (mm) Diameter (mm) Aspect ratio Modulus of elasticity (GPa) Tensile strength (MPa)

Steel fiber 35 0.54 65 200 1345

Signal transmitter

Signal receiver

FIGURE 1: Measurement of the DME of the samples.

3. Results and Discussion

3.1. Slump, Air Content, and Compressive Strength. For the
fresh concrete, the slump test and the air content test were
conducted according to the guidelines [47]. For the com-
pressive strength of the matrix, three cubic samples with the
size of 150 mm x 150 mm x 150 mm were prepared for each
group, and the uniaxial compression test was conducted
according to the guidelines [52]. The slump, air content, and
the compressive strength of the samples after 28d are shown
in Table 3.

From Table 3, we can observe that as the fiber content
increased, the slump of the matrix decreased gradually.
Compared with the PC, the slump of the SFRC with fiber
dosage of 60 kg/m” decreased by 31%; the air content of the
fresh matrix increased as the fiber content enhanced.
Compared with the PC, the slump of the SFRC60 increased
by 65%. While obvious difference was not observed for the
compressive strength of the samples, it is revealed that the
compressive strength of the matrix was not significantly
affected by the steel fibers. The fiber influence on com-
pressive strength agreed with the previous investigations on
high performance concrete by Ding et al. [53].

3.2. Mass Loss of the Samples. 'The variation of the ML of the
samples after different FTCs is shown in Figure 2.
From Figure 2, we can see the following:

(i) For the samples of PC, the mass loss declines slowly
when the FTCs were less than 100; the decrement of
the mass loss is significant when the FTCs reach 125.
The mass loss of the matrix corresponding to the
FTCs of 100 is only 0.8%; the mass loss of the matrix
regarding the FTCs of 125 reaches to 2.7%.

(ii) For the samples of macrofiber reinforced concrete,
the mass loss is not observed; on the contrary, the
mass of the samples demonstrates varying degrees
of increment. For example, when the FTCs were
175, the mass of SFRC40 and SFRC60 increase by
2.6% and 1.4%, respectively.

(iii) Because the RDME of the samples reach the control
line (see 3.3 Variation of the RDME of the samples),
the test is stopped; the mass loss may not be an
effective index for verifying the frost performance of
SFRC.

The reasons may be that the deterioration features of
concrete after frost attack include surface peeling off and
cracking. The mass of the sample decreases due to the surface
peeling off. The water can enter into the matrix through
some of the new cracks. This phenomenon can compensate
the mass loss caused by the surface peeling off. For the
samples of PC, the surface peeling off is severe with the
increment of FTCs; the ML of the samples is increasingly
significant. For the macro-steel fiber reinforced concrete, the
surface peeling off is restricted by the fibers, and some of the
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TaBLE 3: Slump, air content, and compressive strength of the concrete.

Type Steel fiber content (kg/m3 ) Slump (mm) Air content (%) Compressive strength (MPa)
PC 0 160 2.0 37.1
SFRC20 20 150 2.5 37.6
SFRC40 40 125 3.0 38.2
SFRC60 60 110 3.3 36.5
105
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FIGURE 2: Variation of the ML of different samples during FTCs.
spalling concrete remains loosely bonded by the fibers. The 100 —
phenomenon demonstrates a negative influence on the ef- Ny e
fectiveness of ML to verify the frost damage of SFRC. 00d m Kk T
AL e
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3.3. Variation of the RDME of the Samples. The RDME of the 80 A I
samples after different FTCs are shown in Figure 3. g . '\_\ "o,
From Figure 3, it can be seen that with, increasing the g 70 R .
FCTs, the RDME of each group shows a downward trend, 3 Aa s
and the RDME of the PC specimens decreases faster than 60 *. \: -
that of the steel fiber reinforced samples. With the increment " A GB/T50082 limit
of steel fiber dosage, the RDEM of the specimens slowed 50 4 e
down gradually. For example, when the FTCs is 100, the
RDME of the PC, SFRC20, SFRC40, and SFRC60 are 70.5%, 40
74.8%, 84.1%, and 89.8%, respectively. Compared with PC, 0 50 100 150 200 250
the RDME of the SFRC20, SFRC40, and SFRC60 enhanced Number of FTCs
by 6%, 19%, and 27%, respectively. When the FTCs are 125,
the RDME of the PC, SFRC20, SFRC40, and SFRC60 are -m- PC %~ SFRC40
--A-- SFRC20 @® - SFRC60

57.4%, 67.2%, 80.2%, and 85.5%, respectively. Compared
with the FTCs of 100, the RDME of PC, SFRC20, SFRC40,
and SFRC60 decreased by 19%, 10%, 5%, and 5%, respec-
tively. It means that the frost resistance of the matrix can be
enhanced noticeably with the strong positive influence of
steel fibers. The reason may be attributed to that the de-
velopment of the microcracks caused by the FTCs in the
matrix are limited with the randomly distributed fibers; in
addition, the number of closed pores in the concrete are also
increased with addition of fibers, which can relieve the frost
pressure in the matrix. Thereby, the damage of the concrete
caused by the FTCs is reduced.

FIGURE 3: Variation of the RDME of the samples after different
FTCs.

According to the analysis of mass loss and the RDME of
the samples, it can be seen that the experiment was stopped
due to the decrement of the DEM and the loss of mass as the
indices of degradation under FTCS were not effective for
macro-steel fiber reinforced concrete.

The frost resistance of the concrete can also be verified by
the frost resistance grade F and the durability factor Dp
[48, 54]. The frost resistance grade F means the maximum
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FTCs of the samples under the fast freezing test. The du-
rability factor Dr can be obtained by the following equation:
_0.6xN

E™ 300

(5)

where N denotes the maximum FTCs of the samples.

The frost resistance grade F, the durability factor Dp, and
the applicable condition regarding the Dy of the SFRC are
listed in Table 4.

From Table 4, we can see that the improvement of the
frost resistance grade F and the durability factor Dy is re-
markable as the fiber content increases. Compared with the
indexes of PC, the values of F and Dy of the SFRC20,
SFRC40, and SFRC60 increase by 50%, 100%, and 125%,
respectively. In addition, the durability performance of the
matrix is enhanced with the increment of steel fiber dosage,
and the matrix can be adopted in the frozen area. The
concrete can service for a long time under different frozen
circumstances when the dosage of the basalt fiber is up to
60kg/m”.

3.4. Damage Model under FTCs. When concrete is subjected
to FTCs, the internal stress generated by hydraulic pressure
and osmotic pressure is repeated. The microcracks produced
by a FTC are not enough to cause global damage to the
concrete. The ultimate failure of concrete is caused by the
frost damage accumulated from the FTCs. The mechanism is
similar to the fatigue failure of the concrete [55, 56]. The
frost damage of the concrete can be obtained by
D,=1 Ey
n EO) (6)

where D,, means the frost damage of the concrete corre-
sponding to the FTCs of n; E, means the DME of the
concrete without influence of FTCs; E,, means the DME of
the concrete regarding the FTCs of n.

The frost damage values D, of the samples corre-
sponding to the different FTCs is shown in Figure 4.

From Figure 4, it can be seen that the frost damage of the
matrix increases with the increasing of the FTCs, and the
values of D,, decrease with the increment of the fiber dosage.

The Weibull distribution used for lifetime prediction
may be feasible to illustrate the relationship between the
frost damage of the matrix and the number of FT'Cs. The
distribution function of the Weibull distribution is shown as
follows [57-59]:

B
F(n)=1- exp[—(%) ], (7)

where F(n) means the frost damage of the matrix; n means
the FT'Cs; 1 means the parameter relevant to the guaranteed
life; B means the parameter relevant to the shape of the
Weibull distribution.

Equation (7) can be transformed into

B
1 - F(n) =exp [—(g) :| (8)

Taking natural logarithm for both sides of (8) and
moving the negative sign to the left side of the equation gives
the following:

8
“In[1-F(n)] =(g) . (9)

Equation (10) is obtained by taking natural logarithm
again for both sides of (9):

In[-In(1-F(n)]=flnn-p1nn (10)
Setting Y =In[-In(1-F(n))], X=Inn, a=flny, then
Y =X —a. (11)

Therefore, the statistical distribution of the frost damage
of the SFRC can be evaluated by (11).

The fitting results of the samples are listed in Figure 5
and Table 5.

From Figure 5 and Table 5, we can see that the corre-
lation coefficients R* of all the samples are larger than 0.950,
and it means that there is a significant linear relationship
between X and Y. Therefore, the frost damage distribution of
the concrete regarding the number of FTCs follows the
Weibull distribution. The Weibull distribution can be
adopted to predict the damage of the steel fiber reinforced
concrete in cold regions.

3.5. Capillary Absorption Capacity of the Samples.
Because the maximum FTCs of the PC are 100, the maxi-
mum FTCs of the samples for capillary water absorption test
were set as 100. In order to evaluate the consequence of steel
fiber addition on the water transport properties of the
concrete under frost damage, the amount of absorbed water
of different samples corresponding to the same FTCs is
shown in Figure 6, respectively. With the intention of an-
alyzing the fiber influence quantitatively, the amount of
absorbed water of the samples regarding the square root of
time 1.0h%%,2.0h"°, 491", 9.8h**, and 13.0h"* is listed in
Table 6.

From Figure 6 and Table 6, some interesting points can
be obtained as follows.

(i) When the FTCs are 0, the amount of absorbed water
of the PC, SFRC20, SFRC40, and SFRC60 is similar.
It means that the addition of the steel fiber shows no

obvious influence on the CWA of concrete without
the effect of FTCs.

(ii) When the FTCs are 25, the differences of the
amount of absorbed water of the matrix emerge
clearly, and the amount of absorbed water of the PC
is greater than that of the steel fiber reinforced
samples during the experiment. For example,
compared with SFRC60, the amount of absorbed
water of PC corresponding to the square root of
time 1.0h%°, 2.0h*?, 4.9h*°, 9.8h"°, and 13.0h*°
increases by 187%, 161%, 116%, 57%, and 50%,
respectively. Additionally, it also can be seen that
the positive influence of the fiber addition on
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TaBLE 4: Frost durability factors and applicable condition of the SFRC.

FIGURE 4: Frost damage of the samples with different FTCs.
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FiGUurRe 5: Linear regression of frost damage in Weibull
distribution.

restriction of moisture transmission is more obvi-
ous at the initial stage of the CWA test.

(iii) When the FTCs are 50, the increment of the amount
of absorbed water of PC is significant during the
experiment. The difference of the amount of
absorbed water of the macro-steel fiber reinforced
concrete is not noticeable. For example, compared

No. Frost resistance grade F  Durability factor Dr (%) Applicable conditions
PC 100 20 Nonfrozen area
SFRC20 150 30 Nonfrozen area
SFRC40 200 40 Moderate saturated and slightly frozen area with design life of 30 years
SFRC60 295 45 Moderate saturated and frozen area with design life of 30 years
Moderate saturated and slightly frozen area with design life of 50 years
50 TaBLE 5: Fitting results of the frost damage in Weibull distribution.
. . Types B a R?
10 - K e PC 1.027 5.709 0.965
a Pl SFRC20 1.057 6.087 0.980
A e SFRC40 1.088 6.610 0.982
' Pl SFRC60 1.451 8.750 0.967
g o
~ / 7
Q ,-/. f 2 *
_/-/* - with SFRC60, the amount of absorbed water of PC
A corresponding to the square root of time 1.0h%,
’ 2.0h%°, 4.9h°>, 9.8h" and 13.0h* increases by
152%, 128%, 114%, 113%, and 123%, respectively.
. The reason may be that more internal cracks
0 % 00 5 200 50 emerged because the FTCs anq the frost d.amage
Number of FTCs give more paths for water entering the matrix. The
addition of macro-steel fiber can bridge the
-m- PC -~ SFRC40 microcracks caused by FTCs and reduce the
A SFRC20 @ SFRC60 deterioration.

(iv) When the FTCs are 75, the substantial increase of
the amount of absorbed water of the SFRC20 comes
out. The amount of absorbed water of the SFRC40
and SFRC60 remains low. Compared with SFRC60,
the amount of absorbed water of SFRC20 corre-
sponding to the square root of time 1.0 h%?, 2.0 h%,
4.9h%, 9.8h°°, and 13.0h%° increases by 192%,
161%, 176%, 127%, and 115%, respectively. The
phenomenon reflects that, with the increasing of
fiber dosage, the frost damage of the concrete can be
reduced.

(v) When the FTCs are 100, the difference of the
amount of absorbed water among the four types of
samples is great during the test. When the square
root of time is 1.0h%, compared with PC, the
amount of absorbed water of SFRC20, SFRC40 and
SFRC60 decreases by 31%, 51%, and 70%, respec-
tively. When the square root of time is 2.0 h%>, the
amount of absorbed water of SFRC20, SFRC40, and
SFRC60 decreases by 38%, 52%, and 71%, respec-
tively, compared with that of the PC. When the
square root of time is 4.9 h%®, the amount of
absorbed water of SFRC20, SFRC40, and SFRC60
decreases by 10%, 26%, and 60%, respectively,
compared with that of PC. When the square root of
time is 9.8h%°, the amount of absorbed water of
SFRC20, SFRC40, and SFRC60 decreases by 11%,
26%, and 60%, respectively, compared with that of
the PC. When the square root of time is 13.0 h®~, the
amount of absorbed water of SERC20, SFRC40, and
SFRC60 decreases by 13%, 27%, and 60%,
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FIGUure 6: Comparison of the CWA of the samples after different FTCs: (a) 0; (b) 25; (c) 50; (d) 75; (e) 100.
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TaBLE 6: Amount of absorbed water of the samples corresponding to different times.

Square root of time (h®?)

FTCs Types

1.0 2.0 4.9 9.8 13.0

PC 1469 1960 2865 3271 3437

0 SFRC20 950 1441 2359 3209 3404
SFRC40 925 1413 2320 2998 3118

SFRC60 875 1359 2209 3033 3204

PC 3115 4336 6238 6494 6671

25 SFRC20 1330 2441 4278 5205 5366
SFRC40 1384 2180 3642 4456 4584

SFRC60 1120 1660 2893 4129 4436
PC 3169 4690 7897 10608 11366

50 SFRC20 1846 2851 4547 6136 6790
SFRC40 1636 2585 4255 5210 5334

SFRC60 1259 2057 3687 4971 5084
PC 4405 7503 13392 13827 14099

75 SFRC20 4149 6284 11573 13131 13156
SFRC40 1846 2851 4547 6136 6790

SFRC60 1420 2410 4200 5780 6120

PC 8744 14491 16164 17011 17460

100 SFRC20 6059 8932 14622 15227 15256
SFRC40 4324 6958 12009 12661 12702

SFRC60 2631 4254 6445 6731 6918

TasLE 7: Fitting results of CWA with square root of time.

Types FTCs
0 25 50 75 100
a 3332 6555 11450 14247 17216
PC b 0.508 0.626 0.275 0.399 0.809
R 0.960 0.985 0.991 0.994 0.992
a 3454 5526 6771 13432 15300
SFRC20 b 0.274 0.297 0.262 0.353 0.502
R’ 0.988 0.999 0.993 0.994 0.994
a 3159 4620 5385 6771 12828
SFRC40 b 0.306 0.331 0.338 0.262 0.423
R 0.994 0.996 0.997 0.993 0.994
a 3263 4671 5304 6306 6874
SFRC60 b 0.269 0.225 0.256 0.244 0.497
R’ 0.993 0.993 0.996 0.996 0.997

respectively compared with that of the PC. It means
that the ability of absorbed water of the matrix
decreases with the increment of fiber content.

The time-dependent coefficient of the CWA of different
kinds of samples can be obtained according to (4) and (5).
The fitting results are shown in Table 7.

From Table 7, we can see that the values of R* of sev-
enteen groups are larger than 0.990, and only three groups of
the results are between 0.960 and 0.990. It can be revealed
that, for SFRC, the relationship between the amount of
absorbed water and the square root of time follows (4).

According to the fitting results in Table 7, the time-
dependent coefficients of the CWA regarding different FTCs
are shown in Figure 7.

From Figure 7, we can see that, for different FTCs, the
variation of the CWA coefficient demonstrates the similar
varying tendency and the CWA coefficient decreases with
the increment of test time. With the increment of FTCs, the
CWA coefficient of the PC is greatly larger than the macro-
steel fiber reinforced samples for the early period of the test.
When the square root of time is larger than 6.9h% the
difference is not significant in the coefficient of the CWA of
different samples. Additionally, when the FTCs are 100, the
initial coefficient of CWA of the PC and the SFRC20 are both
larger than 6000 g/(m*h®?). Therefore, the dimension of the
y-coordinate increases to 18000 g/(m*h®?) (see Figure 6(e)).
For the purpose of quantifying the influence of fiber dosage
on initial coefficient of capillary absorption of the matrix, the
initial coefficient of CWA corresponding to different FTCs is
shown in Figure 8.

From Figure 8, the following can be seen.

In general, the values of By increase with the in-
creasing of the number of FTCs. For the samples of PC, the
value of Bj,itial corresponding to the FTCs of 50 is smaller
than the value under the FTCs of 25. The reasons may be
attributed to the peeling off of the surface of the samples. For
the samples of PC and SFRC20, the values of Bj,j;;, increase
in a pronounced manner when the number of FTCs is above
50. For the samples of SFRC40 and SFRC40, the noticeable
increment of the B, is observed when the number of
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FIGUre 7: Comparison of the coefficient of CWA of the samples after different FTCs: (a) 0; (b) 25; (c) 50; (d) 75; (e) 100.
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FTCs is larger than 75. The values of the Bj,;i, decrease with
the increment of macrofiber dosage. Take the FTCs of 100 as
an example: the Bj,jsa of the PC, SFRC20, SFRC40, and
SFRC60 are 13928 g/(m*h*%), 7681g/(m*h®?), 5426¢/
(m*h%°) and 3416 g/ (m*h°?), respectively. Compared with
the value of PC, the values of B;,j. of SFRC20, SFRC40, and
SFRC60 decrease by 45%, 61%, and 75%, respectively.

4. Conclusions

According to the experimental and analytical investigation,
the following conclusion can be drawn.

(1) For the rapid freeze-thaw test, the descent speed of
the RDME of the concrete is restricted with the fiber
dosage. The mass loss may be not an effective index
as the deterioration features for macro-steel fiber
reinforced concrete.

(2) The frost damage of the concrete is reduced by
addition of macro-steel fibers. Compared with PC,
the frost resistance grade of SFRC60 increases by
125%, and the concrete reinforced by macro steel
fibers can be adopted in several conditions of cold
climates.

(3) The relationship between the frost damage factor D,,
and the number of FTCs of steel fiber reinforced
concrete follows the Weibull distribution.

(4) The transport properties of the concrete increase
noticeably with the repeated freezing and thawing.
The CWA of the matrix increases with the increasing
of FTCs. The amount of absorbed water and the
coefficient of CWA of the concrete decrease with the
steel fiber dosage.

(5) Due to the strong ability to restrict the crack
propagation in the matrix, the addition of steel fiber
demonstrates positive effects on the frost perfor-
mance of concrete; therefore, the fiber reinforced
concrete may be a choice for concrete structures in
cold regions.
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