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By applying early disturbance to the concrete, the influence of the disturbance on the macroscopic mechanical properties of basalt
fiber concrete during the period from the initial setting to the final setting is explored, and the influence mechanism is revealed.
Also, the influence of this disturbance on the process of sulfate erosion of concrete is evaluated by the sulfate erosion test and by
the ultrasonic data acquisition of its damage process. )e experimental results show that the flexural strength of basalt fiber
concrete is increased after the concrete has been disturbed in the early stage of condensation but is decreased in the middle stage of
condensation and is not affected in the later stage. When the condensation and hardening processes are disturbed, damage is
caused inside the concrete, which is greater with the increase in the condensation degree until the penetration resistance reaches
about 15MPa, which then is more andmore reduced.)e durability of basalt fiber concrete is reduced by disturbance, which has a
significant effect on it when the penetration resistance is between 7MPa and 16MPa.

1. Introduction

Concrete materials demonstrate excellent compressive
performance, but the tensile strength is only 1/10 of its
compressive strength, which is unfavorable to the concrete
in the tensile zone of the structure [1–3]. Addition of fiber
canmuch improve this defect.)ere are many kinds of fibers
often used in concretes, such as steel fiber, carbon fiber, glass
fiber, cellulose fiber, polypropylene fiber, and polyvinyl
acetate (PVA) fiber [4, 5]. )e addition of fiber can improve
the strength and durability of concrete, prolong its service
life, and adapt to complex environment [6–8]. In the early
stage of condensation and hardening, since the cement
hydration process has not been completed, the strength and
bonding properties of concrete continue to change with the
age of it, and the structural properties of concrete also keep
changing.)erefore, the concrete structure in the early age is
essentially different from that in the normal use stage [9, 10].
As a heterogeneous mixed material, the performance of
hardened concrete depends on its early microstructure
formation process [11]. In order to ensure the overall
progress and continuity of the project, blasting excavation

and impact piling are often carried out in parallel with the
concrete pouring construction, resulting in inevitable con-
struction vibration around the concrete structure, and we
call it disturbance [12, 13]. Before the concrete is finally set,
its internal microstructure has not been fully formed, and
the concrete is very sensitive to the influence of external
disturbances. Disturbance causes tensile stress inside the
concrete, resulting in microcracks that cannot be closed
[14, 15]. )e presence of these microcracks will provide an
intrusive channel for corrosive media, which not only di-
rectly affects the aesthetics of building decoration but affects
the durability and working life. Compared with ordinary
concrete, the tensile strength and ultimate elongation of fiber
concrete are improved [16, 17]. Studies show that addition of
fibers significantly improves the early plastic cracking,
antiabrasion, and impact resistance of mortar and concrete
[18]. Fiber has a significant effect on the crack resistance of
cement concrete. )e chaotic support system formed by the
fibers in concrete produces an effective reinforcement effect,
which greatly improves the crack resistance of concrete [19].

Basalt fiber is a new type of concrete reinforced material.
It has the advantages of high cost performance, high tensile
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strength, anticorrosion, high temperature resistance, and
good crack resistance, which make it an ideal substitute for
other fiber materials [20–22]. At present, the research on
basalt fiber in the field of civil engineering is mainly focused
on the mechanical properties of basalt fiber concrete, but the
influence of disturbance on basalt fiber concrete is rarely
studied [23]. )erefore, systematic research on the impact of
disturbance on the performance of early basalt concrete is of
important theoretical and practical value to the analysis and
control of early disturbance safety during the construction
period of fiber-reinforced concrete structures.

2. Test Materials and Methods

2.1. Test Material and Specimen Preparation

2.1.1. Test Material. )e cement used in the test was P•O
42.5R cement, and the performance indices are shown in
Table 1. Natural river sand was adopted as fine aggregate,
whose fineness modulus was 2.9, and apparent density was
2650 kg/m3. Crushed limestone was taken as coarse aggre-
gate, which was continuously graded from 5 to 25mm, with
an apparent density of 2690 kg/m3. )e physical and me-
chanical property indices of basalt fiber used are shown in
Table 2. When preparing concrete, in order to save cement,
improve the workability of the mixture, or reduce the water-
cement ratio to increase the concrete strength level, a certain
amount of water-reducing agent is often added. Poly-
carboxylic acid water-reducing agent was used as the water-
reducing agent, whose water-reducing rate was 25% (mass
fraction).

2.1.2. Mix Ratio Determination and Specimen Preparation.
Volume method and mass method are often employed to
determine the concrete mix ratio, among which the volume
method is the most common [24]. In order to make concrete
meet the requirements of strength grade, workability, du-
rability, and economic application, the concrete mix ratio
should be designed with careful selection of raw materials
according to specific requirements and reasonable deter-
mination of the proportion of each component [25]. )e
strength grade of the concrete used in this test was C40, and
according to the information provided by the manufacturer,
the dosage of water-reducing agent was 4% of the cementing
material. According to the mix ratio experiment, the specific
proportion is shown in Table 3. )e slump of the newly
mixed concrete measured 130–150mm.

)ere are generally two preparation processes for
basalt fiber concrete: the direct fiber incorporation
method and the pretreatment fiber incorporation method.
Studies have shown that the incorporation of basalt fibers
will have a greater impact on the internal structure of
concrete [26]. )e mechanical properties of the pre-
treatment fiber incorporation method are significantly
higher than the direct fiber incorporation method. )e
former can make the fibers well dispersed in the concrete,
enhance the adhesion between the fibers and the concrete,
and thus improve the performance of the concrete matrix,
so the pretreatment fiber incorporation method is used. In

the experiment, stones and sand were first put in order
and mixed dry for 60 s; then, cement and water were added
and mixed for 30 s. At the same time, the fiber was evenly
spread into the mixer, and then, the weighing water re-
ducer was added and mixed for 2min. )e fresh concrete
is mixed evenly, without segregation and bleeding, and the
workability is good. Put the fresh concrete into the mold
and use a shovel to insert the mold when entering the
mold. After entering the mold, smoothen the surface with
a shovel and vibrate on the shaker for 5 s to make the
concrete fully dense.

)is experiment formed two kinds of specimens of different
sizes: a cube specimen of 100mm× 100mm× 100mm for the
compressive strength test and sulfate corrosion durability test
and a prism specimen of 100mm× 100mm× 400mm for the
flexural strength test and ultrasonic testing.

2.2. Test Process and Method

2.2.1. Determination of Condensation Time. Since the re-
search object was the concrete which was between the initial
setting and the final setting and did not totally meet
hardening standards, the initial setting and final setting of
the concrete needed to be measured and analyzed before the
disturbance test started. )e setting time of concrete was
measured by the method of penetration resistance, referring
to the setting time test in GBT50080-2016 [27], and the
penetration resistance was calculated as follows:

fPR �
P

A
, (1)

where f PR is the penetration resistance, MPa; P is the
penetration pressure, N; and A is the stylus area, mm2;
calculation was accurate to 0.1MPa.

Setting time was determined by the drawing fitting
method. With the penetration resistance as the ordinate and
time as the abscissa (accurate to 1min), the relationship
between penetration resistance and time was plotted. After
two straight lines parallel to the abscissa with 3.5MPa and
28MPa were drawn, the abscissa of the two intersections that
intersected the curve showed the initial and final setting
times of the concrete mixture.

2.2.2. Disturbance Test and Ultrasonic Testing. When con-
crete is between the initial setting stage and the final setting
stage, the disturbance has the greatest impact on its per-
formance. )erefore, the disturbed period was determined
between the initial and the final setting stages [28].
According to the influence of different disturbance forms on
concrete performance in the actual project and the relevant
literature [29–32], the DC-1000-15 horizontal electric vi-
bration table was selected to provide the disturbance, with
the frequency being 15Hz, the maximum vibration speed
37.7 cm/s, the amplitude 4mm, and the vibration forms
sinusoidal vibration. )e vibration started from the initial
setting of cement mortar and was distributed in the whole
process of cement mortar condensation. )e vibration
duration of each group was 40min.
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After curing for 7 d and 28 d, the disturbed specimens
were subjected to ultrasonic nondestructive testing by an
NM-4A nonmetal ultrasonic detection analyzer to detect
whether the defects in the concrete were increased due to
disturbance, as shown in Figure 1.)e test principle was that
when the wave transmits in concrete, it will encounter
various medium defects and its transmission direction and
path will inevitably change, so the energy of the wave at the
defects will be attenuated. As sound time, amplitude, and
frequency change, velocity, time, and amplitude change too
[33]. After mold removal, the specimens were cured in water
for 7 d and 28 d, and then, they were, respectively, conducted
ultrasonic testing. Before the test, the specimens were kept
dry to avoid the influence of water content on the test results.
)e average value of three measured data of a sample was
taken to be compared with that of the undisturbed sample,
and then, the damage degree was calculated [34].

2.2.3. Concrete Compression and Flexural Test. Considering
the limitations of a single evaluation method, the influence
of early disturbance on the macroscopic mechanical prop-
erties of concrete was comprehensively evaluated by indices
such as compressive strength, flexural strength, and damage
degree. When the test piece reached the age of 28 d, its
surface was wiped clean and dry so that compression and
flexural tests referring to GBT50080-2016 could be carried
out. When compressive strength of concrete was being
measured, the loading speed during the test operation was
set 0.5–0.8MPa per second in order to make the data re-
liable. A 100 kN universal material testing machine was used
as the flexural test equipment. When the test was being
conducted, the side of the test piece was used as the load-
bearing surface. )e descending speed of the press head was
controlled to 0.5mm per minute when loading.

2.2.4. Sulfate Corrosion Test. )e properties and micro-
structure of concrete are the direct factors affecting the
durability of structural engineering, and the erosion of
concrete by sulfate is one of the important factors causing
the damage and destruction to concrete [35]. Early disturbed

concrete will inevitably be exposed to sulfate erosion en-
vironment in the service process. )erefore, the early dis-
turbed concrete after being hardened was subjected to the
dry-wet cycle sulfate erosion test to explore the deterioration
degree of the disturbed concrete by sulfate erosion with
measurement of mass change rate and ultrasonic testing.)e
test was conducted with reference to GBT 50082-2009
“sulfate dry-wet cycle test” [36]. Considering the effect of
concentration on the erosion mechanism and according to
the related literature, sodium sulfate solution was used as the
erosion medium in this experiment, with the solution mass
fraction being 7% [37–40]. When reaching 2 d before the
predetermined age, the specimen was taken out of the
standard curing box, wiped until its surface was dry, and put
into the oven. After being dried, the specimen was cooled to
room temperature in a dry environment and then put into
the sulfate dry-wet cycling machine for test. After this test,
the mass of each sample was detected, and ultrasonic de-
tection was conducted every ten cycles.

3. Analysis of Test Results

3.1. Concrete Setting Time. )e development of concrete
penetration resistance was first studied, and the conden-
sation and hardening processes were divided into three
stages. It was defined that when the penetration resistance
was 0∼3.5MPa, the concrete was in the initial stage of
condensation and hardening; when the penetration resis-
tance value was 3.5∼28MPa, the concrete was in the in-
termediate stage of condensation and hardening; and when
the penetration resistance was greater than 28MPa, the
concrete was in the later stage of condensation and hard-
ening. )e resulting data are shown in Figure 2.

)e fitting function equation is

y � 0.0173 × 1.0125x
. (2)

According to the method of setting time fitting, the
initial setting time of basalt fiber concrete was 430min and
the final setting time was 640min. After the initial setting
time had been determined, vibration was carried out, which
started exactly from it.)e two specimens were, respectively,

Table 1: Chemical composition and properties of P•O 42.5R cement.

Initial setting time (h/min) Final setting time (h/min)
Stability (mm) Flexural strength

(3 d) (MPa)

Compressive
strength (3 d)

(MPa)
Standard Test Standard Test Standard Test

2/45 3/51 ≤5.0 0.5 ≥21.0 30.6 ≥42.5 54.6

Table 2: Physical and mechanical properties of basalt fiber.

Length/mm Density (kg/m3) Tensile modulus (GPa) Tensile strength (MPa) Elongation at break (%)
18 2650 93–110 4150–4800 3.1

Table 3: Concrete mix ratio (kg/m3).

Cement Sand Gravel Water Water-cement ratio Sand rate Water-reducing agent
420 760 1040 176 0.42 0.42 16.8
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disturbed at different time periods until all the specimens
were completely disturbed.

3.2. Influence of Disturbance on the Strength of Basalt Fiber
Concrete

3.2.1. Influence of Disturbance on the Flexural Strength of
Basalt Fiber Concrete. Twelve specimens were prepared by
five perturbations between the initial setting and the final
setting of concrete. )ey were divided into six groups, two
for each group, and numbered, respectively. )e flexural test
data of basalt fiber concrete and plain concrete are shown in
Tables 4 and 5.

It can be seen from Figure 3 that the flexural strength of
basalt fiber concrete has been significantly improved by dis-
turbing the concrete specimen before the initial setting of
cement mortar. As the concrete hardens, the disturbance has a
significant negative effect on the basalt fiber flexural strength.
Since the setting time is about 400min, the disturbance makes
the flexural strength of the fiber concrete decrease significantly.
When the penetration resistance is 7.4MPa, the basalt fiber
concrete is vibrated, and its flexural strength reaches the lowest.

)erefore, it can be seen that the flexural strength of basalt fiber
concrete can be significantly improved by disturbing the
concrete before the initial setting. After the initial setting, the
flexural strength of basalt fiber concrete is greatly reduced by
disturbance. When basalt fiber concrete is disturbed near the
final setting, the effect of the compressive strength decreases
gradually. In addition, the flexural strength of basalt fiber
concrete is slightly higher than that of plain concrete.

)is phenomenon is closely related to the bond degree of
aggregate, fiber, and gelling material. After the initial setting,
the bonds between the materials have been formed, which
make the concrete lose its plasticity, but vibrance will disturb
the newly formed bonds and separate them.)erefore, after the
disturbance, the condensation continues to be not much af-
fected. As a result, during the disturbed time, the flexural
strength loss is small. With the development of condensation
and hardening, more and more connection bonds are formed,
so the damage grows greater after the disturbance is caused. In
the later stage of condensation, due to the formation of the
bonds, the plastic loss reaches a certain stage, and the impact of
the compressive strength decreases gradually.

3.2.2. Influence of Disturbance on the Compressive Strength of
Basalt Fiber Concrete. )e test process was the same as
above. )e basalt fiber concrete and plain concrete com-
pressive test data are shown in Tables 6 and 7.

Tables 6 and 7 can be used to make a broken line graph,
as shown in Figure 4.

As can be seen from Figure 4, the compressive strength
of basalt fiber concrete and plain concrete first increases and
then decreases with the increase in penetration resistance
after disturbance, and the compressive strength increases
most obviously before condensation. )is is because in the
early stage of condensation, the connection between the
aggregate and cementitious material has not yet been formed
and is in a separated state, and the fiber concrete is in the
plastic stage. Disturbance makes the fiber, coarse and fine
aggregates, and cementitious material fully combined so that
the various interfaces in the later stage of condensation and
hardening are fully combined, thereby enhancing the
compressive strength.

(a) (b)

Figure 1: NM-4A nonmetal ultrasonic detection analyzer.
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Figure 2: Curve of penetration resistance-time.
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When the penetration resistance is 7∼16MPa, the dis-
turbance has a negative effect on the flexural strength of the
two kinds of concrete, while the fiber concrete is less affected.
)e influence of disturbance on the compressive strength of
basalt fiber concrete and plain concrete is reduced when the

final setting is near. )e influence trend of disturbance on
the two kinds of concrete is basically the same.

3.3. Influence of Disturbance on Internal Damage of Basalt
Fiber Concrete. )ere is a certain correlation between ultra-
sonic wave velocity and concrete strength, which can be used to
reflect the internal microscopic damage of concrete. In order to
quantitatively analyze the internal damage of concrete, the
relative value of ultrasonic wave velocity attenuation is defined
as concrete damage degreeD [41], andD is calculated as follows:

D � 1 −
Vt

V0
 

2

, (3)

where Vt is the ultrasonic wave velocity of disturbed con-
crete, km/s, and V0 is the ultrasonic wave velocity of un-
disturbed concrete, km/s.

)e graphs of ultrasonic data are shown in Figures 5 and 6.
As shown in the figures, disturbance at any time during

the whole coagulation process causes damage, but the
damage degree is different at different periods. At the initial
stage of condensation, the basalt fiber concrete is in the
plastic stage, and not so many connection bonds are formed.
)e connection between basalt fiber, aggregate, and ce-
mentitious material is damaged by disturbance. However,

Table 4: Flexural data of basalt fiber concrete.

Number Maximum force (kN) Flexural strength (MPa) Average (MPa) Vibration time (min) Penetration resistance (MPa)
G0-1 14.910 6.150 6.301 0 0G0-2 15.670 6.452
G1-1 15.692 8.062 8.011 40 1.82G1-2 17.020 7.959
G2-1 14.010 6.305 5.911 40 3.4G2-2 12.260 5.517
G3-1 10.240 5.608 5.432 40 7.6G3-2 13.900 5.256
G4-1 12.450 5.603 5.736 40 15.27G4-2 13.040 5.868
G5-1 18.020 6.509 6.399 40 23.4G5-2 16.200 6.290

Table 5: Flexural data of plain concrete.

Penetration resistance (MPa) Vibration time (min) Number Flexural strength (MPa) Average (MPa)

0 0 A0-1 5.278 5.558A0-2 6.838

1.82 40 A1-1 6.858 6.377A1-2 5.895

3.4 40 A2-1 4.514 4.723A2-2 4.932

7.6 40 A3-1 4.740 5.116A3-2 5.492

15.27 40 A4-1 6.467 6.253A4-2 6.039

23.4 40 A5-1 5.371 5.043A5-2 4.715
According to Tables 4 and 5, graphs can be drawn, as shown in Figure 3.

9

8

7

6

5

4

3

2

1

0

Fl
ex

ua
l s

tr
en

gt
h 

(M
Pa

)

0 1.82 3.4 7.6 15.27 23.4
Penetration resistance (MPa)

Plain concrete
Basalt fiber concrete

Figure 3: Comparison of flexural strength of plain concrete and
basalt fiber concrete.

Advances in Civil Engineering 5



after disturbance is stopped, the basalt fiber concrete is still
in the plastic stage or has just lost its plasticity, which can be
reformed later. When the penetration resistance reaches
3.4MPa, which marks the initial setting, the concrete is
disturbed to minimize the damage. )e disturbance in the
middle stage of condensation has the greatest damage to
concrete. Because the connection between the materials is

smaller at this time and the connection is more and more
difficult to form after the disturbance is stopped, the in-
fluence of the disturbance increases. As the condensation
progresses, the plastic phase is nearing its end and brittleness
appears. )e bonds between aggregate, cementitious ma-
terial, and fiber are great, and the influence of disturbance on
concrete decreases gradually in the late stage of condensa-
tion. It can be seen from the graphs that the damage degree
of basalt fiber concrete cured for 7 d is obviously higher than
that cured for 28 d.

3.4. Influence of Disturbance on Durability of Basalt Fiber
Concrete. Ultrasonic detection and mass loss measurement
were performed after cyclic immersion of sulfate solution.
)e mass change rate is used to measure the quality change
in corroded concrete. )e mass change rate is defined as the
ratio of the mass change in the disturbed concrete specimen
when it is eroded to a certain age to the mass before erosion,
which is calculated according to the following formula, and
the test data obtained are shown in Figures 7 and 8:

Km �
mn − m0( 

m0
, (4)

where Km is the mass change rate of the specimen after n
days of erosion, %; m0 is the mass of specimen before

Table 6: Compressive data of basalt fiber concrete.

Number Compressive strength (MPa) Average (MPa) Vibration time (min) Penetration resistance (MPa)
G0-1 36.332 36.513 0 0G0-2 36.684
G1-1 37.410 37.421 40 1.82G1-2 37.432
G2-1 38.124 36.885 40 3.4G2-2 36.656
G3-1 35.162 34.752 40 7.6G3-2 34.332
G4-1 35.940 35.491 40 15.27G4-2 35.042
G5-1 37.854 36.024 40 23.4G5-2 36.624

Table 7: Compressive data of plain concrete.

Penetration resistance (MPa) Vibration time (min) Number Compressive strength (MPa) Average (MPa)

0 0 A0-1 35.361 35.129A0-2 34.897

1.82 40 A1-1 36.213 37.079A1-2 37.945

3.4 40 A2-1 36.676 36.431A2-2 36.185

7.6 40 A3-1 33.294 34.585A3-2 35.875

15.27 40 A4-1 34.070 33.856A4-2 33.641

23.4 40 A5-1 34.723 34.959A5-2 35.194
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erosion, kg; and mn is the mass of the specimen after n days
of erosion, kg.

As can be seen from Figure 7, with the increase in cycle
times, the damage caused by basalt fiber concrete also in-
creases, and the damage of disturbed specimens is greater
than that of undisturbed specimens. On the whole, the
internal defects and damage are greatest after disturbing the
basalt fiber concrete in the middle stage of condensation and
soaking it in sulfate solution. )is is because in the begin-
ning, the components in the basalt fiber concrete react with
the sulfate and produce condensate, which increases the
mass of the specimen. After the cycle of soaking, the fiber
concrete is eroded and starts to peel off, so the mass becomes
smaller. Before and after the initial setting and the final
setting, the quality of the specimens changes slowly and the
durability is not affected. When the penetration resistance is
between 7 and 15MPa, the quality of basalt fiber concrete
varies greatly, and the corrosion resistance decreases
obviously.

4. Conclusions

By disturbing the basalt fiber concrete and investigating the
influence of basalt fiber on the macroscopic mechanical
properties of the disturbed concrete, this paper establishes
the relationship between the microscopic strengthening
mechanism and the macroscopic mechanical properties of
basalt fiber concrete. )e main conclusions are as follows:
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(1) A variety of comparative tests show that the me-
chanical and antidisturbance properties of basalt
fiber concrete are superior to that of plain concrete.
)is finding can be used in engineering practice to
increase the safety and stability of concrete by adding
basalt fiber.

(2) )e flexural strength of basalt fiber concrete is about
21% lower, and its compressive strength is about 5%
lower than that of undisturbed specimens when the
concrete is disturbed in the middle stage of con-
densation. During the period of condensation, the
bending strength and compressive strength first
increase and then decrease with time. In addition,
the flexural strength of basalt fiber concrete is greatly
improved due to the disturbance from the early stage
of condensation to the initial setting, but the dis-
turbance has little effect on the compressive strength
of the basalt fiber concrete.

(3) In the early stage of condensation, the internal
damage of basalt fiber concrete is relatively small and
the damage degree is small too. In the middle stage of
condensation, the damage degree of basalt fiber first
increases and then decreases, and the damage degree
caused by the disturbance after the final setting is
quite small.

(4) )e durability of basalt fiber concrete is reduced by
disturbance. Before and after the initial setting and
the final setting, the quality of the specimens changes
slowly and the durability is not affected. When the
penetration resistance is between 7 and 15MPa, the
quality of basalt fiber concrete varies greatly, and the
corrosion resistance decreases obviously.
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