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Abstract: Manufactured sand and natural sand have great differences in terms of physical properties, chemical
composition, and so on. In the mix ratio design of manufactured sand concrete, the traditional common
concrete ratio cannot be used. The water-cement ratio playing a crucial role in the mix ratio design. The
optimum water-cement ratio can not only improve concrete performance, it can also reduce cement
consumption and costs. The present study examines the working performance indicators and mechanical
performance indicators of manufactured sand concrete using Fujian granite with three strength grades (C35,
C40 and C50) at different water-cement ratios. The impact of water-cement ratio on the operational and
mechanical performance of manufactured sand concrete with different strength grades is analyzed and
summarized. Revised sentence: The findings suggest that the workability of Fujian granite concrete is directly
influenced by the water-cement ratio. Additionally, the water-cement ratio indirectly affects the mechanical
properties of manufactured sand concrete. Finally, when changing the water-cement ratio, cube compressive
strength, splitting tensile strength and bending strength exhibit similar trends. The optimal water-cement ratio
for C35 concrete is determined to be 0.39, considering the workability and mechanical properties of Fujian
granite manufactured sand concrete. Similarly, the optimal water-cement ratio for C40 concrete is 0.34, while
for C50 concrete it is 0.32.

Keywords: manufactured sand concrete; mix ratio design; water-cement ratio; working
performance; mechanical properties

1. Introduction

The exponential progress of technology and science has resulted in a commensurate surge in
population growth in recent years, the rise of the real estate sector and the encouragement of urban
development, the global demand for construction materials has doubled, and river sand, sea sand
and other natural sand resources have been in short supply. The imbalance of river bed sediments is
caused by the detrimental exploitation of river sand, has adverse effects on flood control and
navigation channels, and even causes natural disasters in the basin area. Excessive exploitation of sea
sand causes irreversible damage to the living environment of marine organisms. In the context of the
short supply of sand and stone resources, coupled with the uneven distribution of natural sand, it
being not easy to transport and other restrictions, the cost of natural sand has experienced an increase
significantly. At the same time, excessive demand for sand and stone also gives rise to illegal
activities, such as illegal mining, trade, etc., disrupt the social economy from developing as normal.
To sum up, the excessive mining of sand and gravel is detrimental to the natural environment and
social environment, and new sand and gravel resources are urgently needed to make up for the gap
in the natural sand supply chain and solve the problem of limited resources.

In response to this problem, the implementation of "construction sand" on February 1, 2002 for
the first time stipulated the definition of artificial sand, technical requirements, inspection methods
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and so on. Since then, manufactured sand as an important source of construction sand began to enter
the building materials market [1], while the study of manufactured sand concrete has also gradually
increased.

The water-cement ratio plays a pivotal role in the mix ratio design of manufactured sand
concrete [2], which has a significant influence [3,4] on its working performance and mechanical
properties. The durability of concrete made with manufactured sand is positively correlated with the
water-cement ratio, as evidenced by various studies [5,6] indicating that a lower ratio enhances frost
resistance and chloride ion erosion resistance. According to the relative humidity method, Song et [7]
al. explained from the microscopic level that the water-cement ratio affects the capillary suction in
concrete, thus affecting the porosity of concrete, and that it is also an important parameter for the mix
ratio design of pervious concrete [8-10].

Based on the investigation of the water-cement ratio, the proportioning of manufactured sand
concrete mix design has also emerged as a significant aspect of the study [11]. Due to variations in
particle shape, gradation, and other factors, there are variances in the characteristics of manufactured
sand and that of natural sand, the characteristics of manufactured sand and natural sand concrete are
slightly different even with the same mix ratio [12]. The problem [13,14] of poor workability often
occurs in mixes of manufactured sand concrete. G et al. [15] put forth a mix design methodology for
an optimal water-cement ratio based on the water consumption of concrete. Luan et al. [16] used the
minimum paste theory to prepare concrete with good working performance. Wu Maosheng [17]
improved the fluidity of a concrete mix by controlling the production process of manufactured sand.
Many scholars have added mineral powder and fiber [18-21] or used orthogonal experiments [22] to
prepare concrete to improve its performance in all aspects.

In summary, the correlation between the water-cement ratio and the performance of concrete
made with manufactured sand is significant [23], and the sources of manufactured sand are rich and
varied, so it cannot follow the same sets of concrete mix designs. According to the physical and
chemical characteristics of Fujian granite sand, the present study investigates the influence of
different water-cement ratios on both the operational efficiency and mechanical properties of C35,
C40 and C50 sand concrete, and the optimum water-cement ratio for Fujian granite sand is compiled,
so as to achieve the optimal concrete performance.

2. Test materials and scheme

2.1. Raw materials

The raw materials of concrete are cement, manufactured sand, gravel, water, and a water
reducer.

2.1.1. Cement

The cement selected for testing was Yangchunshanshui brand 42.5 grade ordinary Portland
cement produced in Zhucheng, Shandong, and Table 1 shows its mechanical and physical properties.

2.1.2. Manufactured sand

The manufactured sand produced in Quanzhou, Fujian Province, has sharp edges, rough
particles and appropriate thickness. The grading curve is shown in Fig. 1. It conforms to the
provisions of manufactured sand Zone 2 and the Class I technical requirements of "Sand for
Construction” and the "Technical Regulations for Quality Inspection and Application of Concrete
Manufactured sand for Transportation Construction Projects of Fujian Province". The performance
indexes of the manufactured sand are presented in Table 2.

Table 1. The cement's mechanical and physical properties.
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Cement  Specific

Compressive
Varieties  Surface Setting Time Bending Strength
Stability Strength
Strength Area (min) (MPa)
(MPa)
Grade (m3/kg)
Initial
Final set d3 d28 d3 d28
42.5 the set
350 good
PO >3.5 >6.5 >42.5
>150min  <240min >17MPa
MPa MPa MPa

Table 2. Performance indicators of the manufactured sand.

Stone Packin Apparent
Fineness powder Mica content . 5 PP . Void ratio
modulus MB value content %) density density %)
%) ? (kg/m?) (kg/m?) °
o
2.86 0.6 6% 0.5% 1530 2750 44

—e— Lower limit of zone 2
- . —e¢— Limit of zone 2
~ —— Fujian Manufactured Sand

100 4

Cumulative sieve residue(%)

0.15 0.3 0.6 1.18 2.36 4.75 9.5
Sieve size(mm)

Figure 1. Grading curve of manufactured sand.

2.1.3. Gravel

Gravel, as the coarse aggregate with the largest volume proportion of concrete, which acts as the
concrete skeleton and is an essential guarantee of concrete volume stability. We used Shandong Jinan
stone Factory homemade 5~20mm continuous graded gravel, for its hard texture, low needle flake
content, and low water absorption (Table 3).

2.1.4. Water

Water and the cement hydration reaction are the key to improving the strength of concrete.
Ordinary Jinan tap water was used.

2.1.5. Water-reducing agent

A water-reducing agent is a common admixture in concrete construction. Its effect can
significantly improve the flow of the mixture, improve workability, reduce water consumption to
enhance the durability and strength of concrete, reduce cement quantities, save costs, etc. This study
used polycarboxylic acid superplasticizer, with 30% water reduced and 50% solid content.


https://doi.org/10.20944/preprints202310.1528.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 October 2023 doi:10.20944/preprints202310.1528.v1

Table 3. Performance index of the gravel.

Water Needle flake

Crushing index Apparent density Packing density = Void ratio

%) abso:ptlon cor(l)tent (kg/m?) (kg/m?) (%)
(%) (%)
7.5 1.6 7.8 2729 14800 39.2

2.2. Test scheme

2.2.1. Mix ratio design

The design of the mixing ratio of manufactured sand concrete should not only meet the
requirements for the strength of concrete, but also meet the requirements for the performance of the
mixture, the mechanical properties and the durability of the cured cement concrete. The preliminary
mix design of manufactured sand concrete was carried out according to the "General concrete mix
design Regulations" (JGJ55-2011).

The procedure for determining the mix ratio of concrete using manufactured sand is as follows:
First, determine the preparation strength of the manufactured sand concrete, taking into account the
working conditions during construction and the technical level of workers. The preparation strength
is 1.645 times greater than the standard deviation of the design strength. Determine the water-cement
ratio and use it to determine water consumption and cement dosage. The concrete test mix is then
adjusted to determine the sand rate. Finally, determine the amount of gravel and manufactured sand.
After determining the amount of raw materials, adjust on the basis of the concrete test mix, keep the
water-cement ratio unchanged, adjust other parameters to ensure that the performance of the
concrete mix meets the design and construction requirements, and put forward the benchmark mix
ratio after correction.

Each strength grade of concrete design of three mixes, a benchmark mix, the water consumption
of the other two mixes should be the same as the benchmark mix, water-cement comparison of the
benchmark mix increased and reduced 0.05, sand rate increased and reduced 1%. The preliminary
mix ratio design for C35, C40 and C50 concrete is shown in Table 4.

Table 4. Preliminary mix design.

Water-
Manufactured Sand Water
Strength Cement Cement Water Gravel
Sand Rate Reducer
Ratio
0.39 526 205 534 1135 32% 1.8
C35 0.44 466 205 571 1158 33% 1.6
0.49 418 205 604 1173 34% 1.5
0.34 494 168 521 1217 30% 1.7
C40 0.39 432 168 558 1242 31% 1.5
0.44 382 168 592 1258 32% 1.3
0.27 593 160 609 1038 37% 2.1
C50 0.32 500 160 661 1079 38% 1.8
0.37 432 160 705 1103 39% 1.5

2.2.2. Concrete performance test standards
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The research in this paper primarily focuses on two aspects of the properties of manufactured
sand: its working properties and mechanical properties.

The assessment of its workability is primarily taken into account in the investigation of the
operational performance of manufactured sand concrete mix. The expansion test and slump test were
conducted in accordance with the (GB/T 50080-2016) "Standard for Performance Test Methods of
Ordinary Concrete Mix" in this study.

Highlights of this paper is to examine the mechanical properties of concrete made with
manufactured sand, specifically through tests on compressive strength of cubes, flexural strength and
splitting tensile strength on C35, C40 and C50 concrete test blocks according to the (GBT 50081-2019)
"Test Method for Physical and Mechanical Properties of Concrete". The compressive strength test was
conducted on concrete test blocks aged 7-day and 28-day, while the flexural strength and splitting
tensile strength tests were performed on blocks aged 28-day. The size and quantity of test blocks
required for the test are shown in Table 5.

Table 5. Size and quantity of test pieces.

Parallel Quantity (in

Types of specimen Size (mm) Strength rating specimens pieces)
7-day Cube Compressive 150 * 150 * 150 3 o7
strength
28-day Cube 150 * 150 * 150 C35, C40, C50 3 27
Compressive strength
Flexural strength 100 * 100 * 400 3 27
Split tensile strength 150 * 150 * 150 3 27

2.2.3. Trial procedure

According to the preliminary mix ratio design, the manufactured sand, gravel and cement were
mixed evenly in the mixer, adding water and observing the viscosity of the concrete mix, adding
water-reducing agent according to the situation, and stopping the mixing after one minute when the
mix showed a filigree shape. After 5 minutes, the mix was taken out for slump and expansion test.
The concrete mix was loaded into the test mold within 15 minutes and shaped using a standard
vibrating table. The vibration time did not exceed 90s. After vibration molding, the mix stood 24h
demolding, and was put into the saturated calcium hydroxide solution at 20°C+2°C for maintenance.
After reaching the test age, the surface water waw removed and wiped, and the cube compressive
strength, bending strength and splitting tensile strength were tested. The experimental procedure is

displayed in Fig.2.
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Figure 2. The flow chart of the experiment.
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3. Analysis of experimental results

3.1. The impact of the water-cement ratio on the workability of concrete

After mixing the manufactured sand concrete, the mixture was subjected to slump and
expansion test. Slump and expansion of C35, C40 and C50 under different water-cement ratios are
presented in Fig. 3.
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Figure 3. (a) Slump and expansion of concrete mixes C35; (b) Slump and expansion of concrete mixes
C40; (c) Slump and expansion of concrete mixes C50.

The figure illustrates that as the water-cement ratio increases, slump and expansion of C35, C40
and C50 concrete all show an increasing trend. The observation depicted in Figure 3 (a) is evident,
when the water-cement ratio of C35 concrete mix is increased from 0.39 to 0.44, there is a
corresponding increase in slump by 2.6% and expansion by 1.9%; when it increases to 0.49, slump
increases by 5.3% and expansion increases by 3.7%. The observation depicted in Figure 3 (b) is
evident, when the water-cement ratio of C40 concrete mix increases from 0.34 to 0.39, slump increases
by 2.7% and expansion by 1.9%, and when it increases to 0.44, slump increases by 5.4% and expansion
by 3.8%. The observation depicted in Figure 3 (c) is evident, when the water-cement ratio of C50
concrete mix increases from 0.27 to 0.32, the slump increases by 2.8% and the expansion degree
increases by 3.8%, and when it increases to 0.37, the slump increases by 5.6% and the expansion
degree increases by 6.0%.

In the process of the slump test, the concrete cone of C35 and C40 gradually sank and had good
cohesion as evidence by gently tapping on the side of the collapsed concrete cone with a rammer. The
C50 concrete cone, which had a water-cement ratio of 0.27, experienced structural failure, indicating
inadequate cohesion. During the expansion test, after the slump cylinder was lifted, no dilute cement
slurry was precipitated in the C50 concrete mix, only a small amount of dilute cement slurry was
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precipitated from the bottom of the C40 concrete mix, and the water retention was good. The C35
concrete with a water-cement ratio of 0.49 had more dilute cement slurry precipitation, and the
aggregate of the concrete mix in the cone was exposed due to the loss of slurry, indicating that its
water retention was poor.

As the strength grade increased, the slump and shrinkage of the concrete mixes tended to
decrease. The denseness of the structure and the level of porosity decrease as the strength grade of
concrete increases, and the corresponding water consumption will also decrease, which leads to a
decrease in the fluidity of the concrete mix. In concrete mix ratio design, sand rate improvement and
other ways to achieve improved strength grade are usually achieved by reducing the water-cement
ratio, however, an insufficient water-cement ratio can result in inadequate performance of the
concrete mixture, which is not conducive to site construction. When selecting the optimal mix ratio,
considering the convenience of construction, the water-cement ratio should be carefully regulated in
order to achieve both high strength and optimal workability of the concrete.

3.2. The impact of water-cement ratio on mechanical properties of concrete

3.2.1. The impact of the water-cement ratio on compressive strength

The SANS compression tester was utilized to evaluate the compressive strength of the concrete
cubes, and the failure modes of C35, C40 and C50 concrete specimens are depicted in Fig. 4.

(b)

Figure 4. (a) The failure form of C35 manufactured sand concrete cube under pressure; (b) The failure

form of C40 manufactured sand concrete cube under pressure; (c¢) The failure form of C50
manufactured sand concrete cube under pressure.

The strength grade of the C35 concrete is relatively low. During the test, many cracks first
occurred in the center of the surface of the test block, and then the cracks spread up and down, and
finally the test block made a dull noise and was damaged. The damaged shape is depicted in Fig. 4
(a). During the cube compressive strength test of the C40 concrete specimen, cracks extended from
the center of the test block to the upper and lower surfaces, while the number of cracks increased, the
cement began to flake off, and finally the specimen made suffered crackling damage, as depicted in
Fig. 4 (b). After the failure, it becomes evident that the failure form of the specimen was close to a
funnel shape. The crack development of the C50 concrete specimen in the early stage is similar to that
of C35 and C40. When the C50 concrete specimen was damaged, it made a loud noise, and at the
same time, the spalling fragments of the specimen exploded, and the state after the failure is depicted
in Fig. 4 (c). The figure illustrates that the specimen has two quad-corner cones directly connected to
each other.

It can be concluded that the compressive failure of the concrete was a brittle failure, according
to the test phenomena, the residual deformation before the failure was very small, and the brittleness
of the concrete increased with the rise in strength grade. In analysis of its failure mechanism, in the
initial stage of concrete cube compression, there were many micro cracks in the test block. With the
continuous pressure of top and bottom, the micro cracks gradually expanded and connected to the
through cracks, and several cracks developed at the same time, until the failure. When the concrete
was under one-way pressure, the upper and lower sides of the aggregate produced compressive
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stress, and the side of the aggregate produced tensile stress. Due to the transfer of force in the upper
and lower sides, the aggregate formed a wedge. The hardened cement on both sides of the wedge
was subjected to shear stress, so the final damage surface and vertical load direction was roughly 45°,
close to the positive inverted quad-cone [24].

The C35, C40 and C50 manufactured sand concrete specimens with different mix ratios were
subjected to compressive strength testing at the ages of 7-day and 28-day, and the test results can be
found in Figure 5.
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Figure 5. (a) The Correlation between the compressive strength of 7-day and 28-day cubic concrete
and the water-cement ratio of C35 manufactured sand concrete; (b) The Correlation between the
compressive strength of 7-day and 28-day cubic concrete and the water-cement ratio of C40
manufactured sand concrete; (c) The Correlation between the compressive strength of 7-day and 28-
day cubic concrete and the water-cement ratio of C50 manufactured sand concrete.

The diagram demonstrates that the compressive strength of C35, C40 and C50 manufactured
sand concrete cubes decreases as the water-cement ratio increases, both at 7-day and 28-day. This
means that the water-cement ratio was inversely proportional to the compressive strength of the
concrete cubes. When the ratio of water-cement in C35 concrete was raised from 0.39 to 0.44, there
was a reduction of 5.0% in its compressive strength after 7-day and a decrease of 2.3% after 28-day.
When the ratio was further raised to 0.49, there was a reduction of 9.9% in compressive strength at 7-
day and a decrease of 10.5% at 28-day. When the water-cement ratio of C40 concrete was raised from
0.34 to 0.39, there was a reduction in its compressive strength by 3.0% at 7-day and by 3.2% at 28-day.
When the ratio was further raised to 0.44, there was a reduction of 12.4% in compressive strength at
7-day and a decrease of 9.9% at 28-day. When the water-cement ratio of C50 concrete was raised from
0.27 to 0.32, there was a reduction in its compressive strength by 4.2% at 7-day and by 11.1% at 28-
day. When the ratio was further raised to 0.37, there was a reduction of 9.8% in compressive strength
at 7-day and a decrease of 16.2% at 28-day.
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The concrete exhibited accelerated initial strength development following the pouring process.
The 7-day compressive strength of C35 concrete achieved approximately 80.1% of the strength
observed at 28-day, while the 7-day compressive strength for C40 grade was around 80.5% of the
corresponding value at 28-day, and the 7-day compressive strength for C50 grade reached roughly
83.3% of its value at 28-day. In brief, the compressive strength of machine-made sand concrete cubes
at 7-day can achieve approximately 80% to 90% of the strength observed at 28-day.

3.2.2. The impact of the water-cement ratio on the splitting tensile strength

The SANS pressure testing machine was utilized to evaluate the splitting tensile strength of
concrete made with manufactured sand, and the crack development of the concrete test block after
splitting is shown in Fig. 6.

Figure 6. Crack development after splitting.

The information depicted in Figure 6 is evident, after the splitting tensile failure of the concrete
test block, there is an obvious crack running through the upper and lower surfaces in the center of
the compression vertical plane. The concrete test block produced transverse deformation after being
subjected to the pressure of the upper and lower surfaces. The splitting tensile strength of concrete,
similar to the compressive tensile strength test, also exhibited a brittle failure, which resulted in
cracking when the force produced a small deformation, and there was no residual deformation before
fracture.

The splitting tensile strength of C35, C40 and C50 concrete test blocks under different feed ratios
is depicted in Fig. 7.
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Figure 7. (a) Splitting tensile strength of concrete of C35 manufactured sand concrete; (b) Splitting
tensile strength of concrete of C40 manufactured sand concrete; (c) Splitting tensile strength of
concrete of C40 manufactured sand concrete.

The information depicted in Figure 7 demonstrates a decline in the splitting tensile strength of
(35, C40, and C50 concrete with an increase in the water-cement ratio. The splitting tensile strength
of C35 concrete exhibited a reduction of 3.0% and 14.8%, correspondingly, with an increase in the
water-cement ratio from 0.39 to 0.44 and 0.49. The strength of water-cement ratio 0.44 to 0.49
decreased significantly more than that of water-cement ratio 0.39 to 0.44. When the water-cement
ratio was raised to 0.39 and 0.44 from 0.34, there was a corresponding reduction in the splitting tensile
strength of C40 concrete by 7.1% and 14.1% respectively. Moreover, it was observed that the
decreasing range of splitting tensile strength slightly increased with an increase in the water-cement
ratio. The tensile strength under splitting of C50 concrete exhibited a reduction of 3.5% and 13.3%,
correspondingly, with an increase in the water-cement ratio from 0.27 to 0.32 and 0.37. Furthermore,
an increase in the water-cement ratio resulted in a greater decrease in the splitting tensile strength.

With the rise in the water-cement ratio, a decline was noted in the splitting tensile strength of
C35, C40 and C50. Additionally, this decreasing trend was more pronounced with a reduction in
water-cement ratio, which aligns with the corresponding change in cube compressive strength.

3.2.3. The impact of the water-cement ratio on the flexural strength

The flexural strength test of C35, C40 and C50 manufactured sand concrete specimens with
different mix ratios was carried out after reaching the age of 28d. The test adopted the method of two-
point loading at the three points of the test block. The simplified test device is depicted in Fig. 8.

l F

—

h

L =3h+150(0or100)

h h h

Figure 8. Flexural strength test device(h=100mm).

The fracture position and fracture surface of concrete test blocks C35, C40 and C50 are shown in
Fig. 9. It is evident from the illustration that the fracture surface occurs within the loading point,
thereby validating the obtained results.
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Figure 9. (a) Fracture location; (b) fracture surface.

The manufactured sand concrete test block was analyzed in the stress state during bending
resistance. The external force it was subjected to can be simplified as bending force. Bending force
produces a bending moment at the center line of the test block, and the concrete will fracture and be
destroyed under the action of the bending moment. According to the stress state and form of the test
block, the flexural strength is calculated by using the elastic modulus, cross section area, and stress
distance of the concrete. The test results in Fig. 10 illustrate the flexural strength of manufactured
sand concrete with grades C35, C40 and C50.
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Figure 10. (a) Flexural strength of concrete of C35 manufactured sand concrete; (b) Flexural strength
of concrete of C40 manufactured sand concrete; (c) Flexural strength of concrete of C40 manufactured

sand concrete.

The information depicted in Figure 10 is evident, the flexural strength of C35, C40 and C50
concrete was inversely related to the water-cement ratio. The water-cement ratio for C35 concrete
experienced an incremental rise from 0.39 to 0.44 and subsequently to 0.49, resulting in a
corresponding decrease in its flexural strength by 8.3% and 14.5%, respectively. Furthermore, as the
water-cement ratio increased, the rate of decline in flexural strength exhibited a decelerating trend.
The water-cement ratio of C40 concrete increased from 0.34 to 0.39 and 0.44, and its flexural strength
decreased by 4.4% and 8.9%, respectively. The water-cement ratio for C50 concrete increased from
0.27 to 0.32 and 0.37, resulting in a respective decrease in flexural strength of 1.3% and 4.3%.
Furthermore, the decrease in magnitude was observed to be more pronounced with a reduction in
the water-cement ratio.

The analysis of the variation law of flexural strength among different strength grades reveals
that as the concrete strength grade increases, the decline in flexural strength diminishes. Additionally,
it is observed that the flexural strength of C35, C40 and C50 concrete decreases with an increase in
water-cement ratio, which aligns with changes in splitting tensile strength and compressive strength.

3.3. Determination of the mix ratio

In conclusion, the influence of water-cement ratio on concrete performance made with
manufactured sand is of utmost importance, as it directly affects both its workability and mechanical
properties. As the ratio of water to cement is increased, there is a gradual enhancement in the
workability of the concrete mixture, but a too-large water-cement ratio will result in segregation and
bleeding of the mix. The mechanical strength of concrete gradually increases as the water-cement
ratio decreases, but a too-small water-cement ratio will lead to the concrete mix being too viscous,
with poor working performance. Therefore, there is an optimal water-cement ratio, which gives
manufactured sand concrete excellent mechanical properties on the basis of good working
performance.

By conducting tests on the operational performance and mechanical characteristics of concrete
produced using manufactured sand in Fujian, the best water-cement ratio of C35 concrete is 0.39, the
best water-cement ratio of C40 concrete is 0.34, and the best water-cement ratio for C50 concrete is
0.32. The optimal mixture proportions for C35, C40, and C50 concrete are presented in Table 6.

Table 6. Optimum mix ratio of concrete of each strength grade.

Water-
f W.
Strength  cement Cement Water Manufactured Gravel  Sand rate ater
. sand reducer
ratio
C35 0.39 526 205 534 1135 32% 1.8
C40 0.34 494 168 521 1217 30% 1.7
C50 0.32 500 160 661 1079 38% 1.8

4. Conclusions

The present study focuses on the physical and chemical properties of manufactured sand from
Fujian, the mix ratio design of manufactured sand concrete was carried out, working performance
tests, such as slump and expansion tests, were carried out, and mechanical properties tests, such as
compressive strength of cube test, flexural strength test, and splitting tensile strength test, were
carried out. The operational efficiency and mechanical characteristics of C35, C40 and C50 concrete
have been analyzed at different water to cement ratios. Finally, the optimum mix ratio of each
strength grade of manufactured sand concrete was determined, and the conclusions are as follows:
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1. The working performance and mechanical property tests conducted on concrete made with
manufactured sand indicate that the optimal water-cement ratio for C35 concrete is 0.39, for C40
concrete is 0.34, and for C50 concrete is 0.32;

2. The performance of the concrete is immediately impacted by the ratio of water to cement. Slump
is used as an index to test the workability of the concrete mix. The slump and expansion of the
mix increase with a higher water-cement ratio, resulting in improved flowability. Conversely,
the lower the water-cement ratio, the higher the flowability of the concrete mix;

3. The mechanical properties of the produced sand concrete are indirectly influenced by the water-
cement ratio. Compressive strength, flexural strength and splitting tensile strength were used as
the indexes for testing mechanical properties. With the decrease of the water-cement ratio, the
mechanical property of C35, C40 and C50 concrete gradually increased. According to the
analysis of the mechanism, the decrease of the water-cement ratio reduces porosity of the
concrete, leads to the improvement of concrete compactness, and thus enhance its mechanical
properties;

4. The mechanical properties of C35, C40 and C50 concrete demonstrated a consistent trend of
variation. The alteration of the water-cement ratio led to a consistent trend change in the
compressive strength, flexural strength and splitting tensile strength of all three manufactured
sand concrete grades.
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