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ABSTRACT

This study considers P.O42.5 cement from different sources and evaluates the related surplus coefficient (defined
as the proportionality factor linking the measured compressive strength value of the cement after 28 days to the
“standard” value of cement strength). The needed tests have been conducted using a mixer, a pressure testing
machine, a flexural testing machine, a vibrating table a ramming rod, a feeder and a metal ruler. The average value
of the measured cement strength surplus coefficient of cement produced by five distinct cement manufacturers
has been found to be 1.16. These results can be used as the basis to reduce the production cost and improve
the performance of commercial concrete.
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1 Introduction

The key of concrete production is mix proportion design. The mixture ratio of concrete of different
strength is also different, and water cement ratio is the most important factor affecting the concrete
strength [1]. The water to cement ratio is the ratio of water consumption to cementitious materials, and
cement is an indispensable component in the cementitious materials department. Strengthening cement
performance and reducing the amount of sand in cement can effectively improve concrete performance
and save production cost. The cement surplus coefficient is a very important factor in the design of mix
ratio. The cement surplus coefficient directly affects the amount of cement. The low surplus coefficient
will lead to an increase in the amount of cement, which will increase the strength of the original 28 day
standard age and also make the concrete crack more easily. The increase in the amount of cement will
increase the production cost. When the surplus coefficient is too high, the cement consumption will be
reduced, and the strength at the standard age of 28 days may not reach the required strength.

The surplus coefficient is stipulated by building materials standard GB175-2007 as 1.13. Due to the
different raw material sources and different production processes of various manufacturers, the properties
of P.O42.5 cement produced by various manufacturers are also different [2]. In this article as a testbed we
consider the actual situation of P.O42.5 cement in the Wuhan area in China (in the following simply
referred to as W area). The reasonable value range of residual coefficient of P.O42.5 cement strength
suitable for W area was obtained through multiple groups of comparative tests. On the premise of
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ensuring the quality of concrete, the production cost can be saved, the performance of cement can be fully
utilized, and the amount of cement in the mix ratio design is more accurate and reasonable [3].

2 Experimental Procedure

2.1 Test Materials
(1) Cement. P.O42.5 cement produced by different cement manufacturers in the area meets the technical

requirements. The physical and chemical properties of P.O42.5 cement produced by A, B, C, D and E cement
manufacturers are shown in Tab. 1. All indicators are in accordance with the technical regulations.

(2) Standard sand. Use ISO standard sand. The mass of each bag is 1350 ± 5 grams, the particle grade is
3.0, the content of SiO2 is greater than 96%, the loss on ignition is not more than 0.4%, and the content of
mud is not more than 0.2%. The particle distribution of ISO standard sand is shown in Tab. 2.

Whether the raw materials meet the technical requirements or not is the main factor that affects whether
the cement strength surplus coefficient is difficult to determine. Therefore, to ensure that the selected raw
materials have good performance in accordance with the technical requirements is the premise of the
research on cement strength surplus coefficient.

2.2 Test Equipment
Mixer, pressure testing machine (the compression size is 40 mm × 40 mm), flexural testing machine,

vibrating table, test mode (40 mm × 40 mm × 160 mm), rammer, feeder, metal ruler, scraper, etc.

Table 1: The physical and chemical properties of P.O42.5 cement produced by A, B, C, D and E cement
manufacturers

Number The content
of MgO

The content
of SO3

The content
of CL-

Specific
surfac/m2/kg

Loss on
ignition

Initial setting
time/min

Final setting
time/min

A 1.41% 2.41% 0.039% 319.4 3.3 197 253

B 1.62% 2.73% 0.034% 317.7 3.7 200 264

C 1.58% 2.66% 0.037% 324.2 3.1 188 247

D 1.77% 2.51% 0.029% 314.6 3.6 195 266

E 1.66% 2.28% 0.022% 320.1 2.9 189 239

Table 2: The particle distribution of ISO standard sand

Side length of square hole/mm Sieve residue/%

2.0 0

1.6 7

1.0 26

0.5 34

0.16 20

0.08 13
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2.3 Test Method
In the same test environment, P.O42.5 cement and ISO standard sand were used. The actual strength

value of the test piece was measured after curing by the standard aging (3 days and 28 days) standard
curing method. The P.O42.5 cement surplus coefficient can be calculated by comparing the actual
strength value with the standard value of P.O42.5 cement strength.

P.O42.5 cement produced by different manufacturers in W area was selected for the experiment, and
cement test pieces were produced in accordance with GB/T 17671-1999 “Test Method for Strength of
Cement Mortar (ISO Method)”. A total of 5 representative P.O42.5 cement manufacturers were selected
for testing, which were represented by A, B, C, D and E respectively. The main test methods are as follows.

(1) The distribution ratio of the test piece: cement: sand: water consumption = 1:3:0.5. The water cement
ratio is 0.5.

(2) Test piece size: 40 mm × 40 mm × 160 mm standard mold, test piece folding size of 40 mm ×
160 mm, compression size of 40 mm × 40 mm.

(3) The main equipment and instruments used in the test: Mixer, pressure tester, bending tester, vibrating
table, test mode (40 mm × 40 mm × 160 mm), rammer, feeder, metal ruler, scraper, etc.

(4) Mortar mixing: Put the weighed materials into the mixing pot for mixing. The mixing blade and the
mixing pot rotate in opposite directions. First, stir at low speed for 30 s, then add ISO standard sand evenly at
the beginning of the second 30 s. Then stir at high speed for 30 s, stop mixing for 90 s, and scrape the mortar
of the blade into the pan within 15 s of stopping mixing. Stir at high speed for 60 s to complete.

(5) Sample formation: The thoroughly mixed mixture is put into the standard sample. Fill each tank with
about 300 grams of mortar, level it with a picker, and then activate the vibrator 60 times. Then load the
second layer of rubber sand, use a small picker to flatten it, vibrate it again 60 times, and finally scrape it flat.

(6) Maintenance of test piece: The test piece and the mold were cured in the standard curing box
(temperature 20°C ± 1°C, relative humidity >90%) for 24 h, and then demoulded. After demoulding,
continue to water in the standard incubator for 3 d and 28 d in two batches.

(7) Strength measurement: Take out the test piece and dry the surface moisture, first measure the flexural
strength of 3d and 28d on the bending test machine (rate: 50N/S), and then measure the compressive strength
of 3 d and 28d on the compression test machine (rate: 2400N/S).

3 Test Data Processing

3.1 Calculation of Surplus Coefficient Rc
Under the same test environment, the actual measured compressive strength value of 28d cement has the

following relationship with the standard value of cement strength grade:

fce ¼ fc � cc (1)

Among them: fc is the standard value of cement strength (here 42.5 Mpa);

fce is the measured compressive strength value of 28 d cement (Mpa);

γc is the cement strength surplus coefficient [4].

In this test, P.O42.5 ordinary Portland cement produced by 5 cement manufacturers from different
sources in W area was selected. Each manufacturer is a set of 12 test pieces. The average values of the
measured flexural strength and compressive strength of the cement test pieces 3 d and 28 d of each
manufacturer are shown in Tab. 3. The standard deviation values of compressive and flexural strength at
3 d and 28 d are shown in Tab. 4.
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According to Tab. 3, the measured values of the 3 d and 28 d compressive strength and flexural strength
of p. O. 42.5 ordinary Portland cement selected in this experiment all meet the standard [5], and the standard
deviation values at 3 d and 28 d compressive strength and flexural strength are very small. Therefore, the
average values of the measured compressive and bending strength of P.O42.5 ordinary Portland cement at
3 d and 28 d can reflect the compressive and bending strength of P.O. 42.5 ordinary Portland cement at
3 d and 28 d. They all meet the range of intensity values for specified ages (3 d and 28 d). The test
process of compressive strength and flexural strength shall comply with GB/T 17671-1999 test method
for strength of cement mortar (ISO method) [6].

Calculated from Formula (1), the cement strength surplus coefficient of P.O42.5 ordinary Portland
cement produced by five different cement manufacturers is shown in Fig. 1.

Table 3: Average measured compressive and flexural strengths of different cement manufacturers P.O42.5
cement 3 d and 28 d

Number Standard
value of
intensity

Number
of test
pieces

3 d flexural
strength value/
Mpa

28 d flexural
strength value/
Mpa

3 d compressive
strength value/
Mpa

28 d compressive
strength value/
Mpa

A 42.5 12 5.4 8.8 28.5 49.6

B 42.5 12 5.4 8.5 27.3 49.7

C 42.5 12 6.3 8.9 31.4 48.1

D 42.5 12 6.1 8.9 29.4 49.8

E 42.5 12 5.9 9.1 30.1 48.8

Table 4: The standard deviation values for the compressive and flexural strength at 3 d and 28 d

Number 3 d flexural strength
value standard
deviation

28 d flexural strength
value standard
deviation

3 d compressive
strength value standard
deviation

28 d compressive
strength value standard
deviation

A 0.014 0.011 0.010 0.017

B 0.017 0.016 0.009 0.015

C 0.011 0.012 0.018 0.018

D 0.013 0.017 0.011 0.012

E 0.015 0.019 0.016 0.015

Figure 1: The coefficient of strength surplus of P.O42.5 cement produced by different manufacturers
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It can be seen from Fig. 1 that the cement strength surplus coefficient of P.O42.5 ordinary Portland
cement in W area is between 1.13 and 1.17, with the maximum value of 1.17 and the minimum value of
1.13. Among them, the surplus coefficient of cement produced by three cement manufacturers A, B and
D is the highest. C production is the lowest and E production is the middle. The standard value of cement
strength surplus coefficient is 1, and the cement strength surplus coefficient produced by cement
manufacturers A, B, C, D and E all exceed the standard value. These five companies all meet the range
of cement strength surplus coefficient of P.O42.5 ordinary Portland cement, and the surplus coefficient
value can also be calculated [7].

According to the measured data of 3 d compressive strength, the 3 d compressive strength of cements
produced by cement manufacturers A, B, C, D, and E are all higher than 50% of the 28 d compressive
strength. These five companies all meet the quality requirements of P.O42.5 cement, and the factories
have better quality control in the production process.

3.2 Reasonable Value of Surplus Coefficient Rc
The average value of the cement strength surplus coefficient of P.O42.5 cement produced by A, B, C, D

and E cement manufacturers is taken as the average value: γc = μ = 1.16.

Through the standard deviation formula:

r ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

N

XN
i¼1

Xi � lð Þ2
vuut (2)

According to the calculation, the standard deviation of the cement strength surplus coefficient σ = 0.016,
which is a small standard deviation. It can be concluded that for the mix design of P.O42.5 cement in Warea,
when there is no actual measured cement strength surplus coefficient value, the surplus coefficient value can
be taken as γc = 1.16.

3.3 Significance of Surplus Coefficient to Actual Production
In actual production, if the influence of the surplus coefficient is not considered in the design of mixing

ratio, the value of the surplus coefficient γc is 1.0. This will lead to an increase in the amount of cement used,
which in turn leads to the actual strength of the concrete exceeding the design strength. When the actual
strength of concrete is high, cracks are more likely to occur after the cement is formed, which will cause
certain damage to the engineering construction. Take the concrete mix design with design strength of
C30 as an example.

The strength of the concrete preparation:

fcu; o ¼ fcu; k þ 1:645r (3)

Among them: fcu,o is the strength of concrete preparation;

fcu,k is the standard value of concrete design strength;

r is the standard deviation of concrete strength.

When the design strength of concrete is less than C60, the international water cement ratio [8]:

w

c
¼ aafccc

fcu; o þ aaabfccc
(4)

Among them: w is water consumption;

c is the amount of cement;
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fc is the standard value of cement compressive strength;

γc is the surplus coefficient;

aa, ab are regression coefficient when the coarse aggregate used is crushed stone.

The coarse aggregate is crushed stone with a maximum nominal particle size is 31.5 mm, aa = 0.53,
ab = 0.20 can be found in Tab. 5, slump is 75 mm, and water consumption w = 205 can be found in
Tab. 6. When the value of γc is 1.0, the amount of cement is 387 kg, and when the value of γc is 1.16, the
amount of cement is 342 kg. Water cement ratio is the decisive factor of concrete strength. It can be seen
that under the premise of keeping the water cement ratio constant and considering the residual coefficient
of cement strength, the cement consumption per square meter of concrete can be reduced by about 43 kg
under the premise of ensuring the quality, which brings great economic savings.

4 Conclusion

(1) The strength surplus coefficient of P.O42.5 cement in W area is 1.13–1.17, which indicates that the
actual strength of P.O42.5 cement in W area is higher than the design strength value.

(2) In the design of the mix ratio, the amount of cement without considering the cement strength surplus
coefficient is greater than that with considering the cement strength surplus coefficient. Considering the
cement strength surplus coefficient can reduce the cement dosage and save production cost.

(3) Under the same design conditions, when considering the cement strength surplus coefficient, the
actual strength of cement is higher than the design strength, which is conducive to improving concrete
performance and ensuring engineering quality.

(4) The strength surplus coefficient of P.O42.5 cement measured by representative cement
manufacturers in W area is consistent with the actual situation in W area. When there is no actual value
of cement strength surplus coefficient in W area, the cement strength surplus coefficient of P.O42.5 can
be taken as 1.16.

Table 5: Value of regression coefficient

Coefficient Crushed stone Pebble

aa 0.53 0.49

ab 0.20 0.13

Table 6: Water consumption of plastic concrete / kg/m3

Consistency of mixture Maximum particle size of crushed stone / mm

Project Index 16.0 20.0 31.5 40.0

Slump/mm 10–30 200 185 175 165

35–50 210 195 185 175

55–70 220 205 195 185

75–90 230 215 205 195
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