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[bookmark: _Toc39151125]Introduction.
This document has been written to explain the process of designing a concrete mix to certain specifications and the testing of the material conforming to the following British European Standards including;
1. BS EN 206:2013+A1:2016 Concrete-Specification, performance, production and conformity.
2. BS 8500-1:2015+A2:2019 Concrete-complimentary British Standard to BS EN 206.
3. BS EN 12620:2002+A1:2008 Aggregates for concrete.
4. BS EN 12390-1:2019 Testing hardened concrete, Part 1 Shape dimensions and other requirements for moulds.
5. BS EN 12390-2:2019 Testing hardened concrete, Part2 Making and curing specimens for strength tests.
6. BS EN 12390-3:2019 Testing hardened concrete, Part 3 Compressive strength of test specimens.
7. BS EN 12390-4:2019 Testing hardened concrete, Part 4 Compressive strength specifications for testing machines.
8. BS EN 12350-2:2019 Testing fresh concrete, Part 2 Slump test.


[bookmark: _Toc39151126]Sieve Analysis Tests.
[bookmark: _Toc39151127]Analysis of Sieve Test for different aggregate sizes.
Tables 1 to 3 show the results of sieve tests carried out in the laboratory to determine the gradation of aggregates to be used in the concrete we will be making to carry out compression strength tests, the graphs in figures 1 to 3 show the results of the tests compared to the Fuller parabola.















[bookmark: _Toc39151128]Analysis of Individual Aggregate Types and comparison to the Fuller Parabola.
[bookmark: _Toc39151129]Fine Aggregate.
Using the data in Table 1 below and plotting it in to the graph shown in Figure 1 we can see that the fine aggregate has a greater proportion of large particles than finer ones, with quite a sharp drop off in the particle size distribution at the 250µm mark, this data shows that the aggregate is uniform with most of the particle sizes falling in the 250µm designation
Comparing this to the Fuller Parabola we can see that this aggregate sample needs to have some finer aggregate added to it to help even out the gradation of particle sizes.
[bookmark: _Toc39062492][bookmark: _Toc39152928][bookmark: _Toc39153054]Table 1-Sand sieve test results.
	Sieve Size (mm)
	Mass Retained. (g)
	% Retained
	Cumulative % Retained
	% Passing

	8mm
	0
	0
	0
	100

	4mm
	8.65
	1.146
	1.146
	98.854

	2mm
	16.25
	2.154
	3.3
	96.7

	1mm
	21.76
	2.885
	6.185
	93.815

	500µm
	93.59
	12.409
	18.594
	81.406

	250µm
	534.76
	70.906
	89.5
	10.5

	125µm
	72.02
	9.549
	99.049
	0.951

	63µm
	0.25
	0.033
	99.082
	0.918

	Bottom
	6.9
	0.914
	99.996
	0.004

	Total mass of aggregate
	754.18


[bookmark: _Toc39062493][bookmark: _Toc39152929]Figure 1-fine aggregate (sand) sieve test graph.
[image: ]
To obtain the fineness modulus of this sample we need to obtain the collective sum of the cumulative retained aggregate (excluding any total left in the bottom pan) and divide this by 100.











[bookmark: _Toc39151130]Coarse 6mm Aggregate.
Using the data in Table 2 below and plotting it in to the graph shown in Figure 2 we can see that the course 6mm aggregate has a greater proportion of large particles than finer ones, with quite a sharp drop off in the particle size distribution at the 4mm mark, this data shows that the aggregate is uniform with most of the particle sizes falling in the 4mm designation
Comparing this to the Fuller Parabola we can see that this aggregate sample needs to have some finer aggregate added to it to help even out the gradation of particle sizes.
[bookmark: _Toc39062494][bookmark: _Toc39152930][bookmark: _Toc39153055]Table 2-6mm aggregate sieve test results.
	Sieve Size (mm)
	Mass Retained. (g)
	% Retained
	Cumulative % Retained
	% Passing

	16mm
	0
	0
	0
	100

	8mm
	41.5
	1.85
	1.85
	98.15

	4mm
	1731.09
	77.24
	79.09
	20.91

	2mm
	402.30
	17.95
	97.04
	2.96

	1mm
	18.44
	0.82
	97.86
	2.14

	500µm
	6.55
	0.29
	98.15
	1.85

	250µm
	13.58
	0.61
	98.76
	1.24

	125µm
	9.60
	0.43
	99.19
	0.81

	63µm
	1.81
	0.08
	99.27
	0.73

	Bottom
	16.20
	0.73
	100
	0

	Total mass of aggregate,
	2241.07


[bookmark: _Toc39062495][bookmark: _Toc39152931]Figure 2-Coarse 6mm aggregate sieve test graph.
[image: ] To obtain the fineness modulus of this sample we need to obtain the collective sum of the cumulative retained aggregate (excluding any total left in the bottom pan) and divide this by 100.





[bookmark: _Toc39151131]Coarse 20mm Aggregate.
Using the data in Table 3 below and plotting it in to the graph shown in Figure 3 we can see that the course 20mm aggregate has a greater proportion of large particles than finer ones, with quite a sharp drop off in the particle size distribution at the 8mm mark, this data shows that the aggregate is uniform with most of the particle sizes falling in the 8mm designation 
Comparing this to the Fuller Parabola we can see that this aggregate sample needs to have some finer aggregate added to it to help even out the gradation of particle sizes.
[bookmark: _Toc39062496][bookmark: _Toc39152932][bookmark: _Toc39153056]Table 3-20mm aggregate sieve test results.
	Sieve Size (mm)
	Mass Retained. (g)
	% Retained
	Cumulative % Retained
	% Passing

	32mm
	0
	0
	0
	100

	16mm
	2144.85
	35.60
	35.60
	64.60

	8mm
	3799.38
	63.07
	98.67
	1.33

	4mm
	45.77
	0.76
	99.43
	0.57

	2mm
	4.84
	0.08
	99.51
	0.49

	1mm
	0.68
	0.01
	99.52
	0.48

	500µm
	2.00
	0.03
	99.55
	0.45

	250µm
	3.88
	0.06
	99.61
	0.39

	125µm
	3.18
	0.05
	99.66
	0.34

	63µm
	0.66
	0.01
	99.67
	0.33

	Bottom
	19.9
	0.33
	100
	0

	Total mass of aggregate.
	6095.08



[bookmark: _Toc39062497][bookmark: _Toc39152933]Figure 3-Coarse 20mm aggregate sieve test graph.
[image: ] To obtain the fineness modulus of this sample we need to obtain the collective sum of the cumulative retained aggregate (excluding any total left in the bottom pan) and divide this by 100.



[bookmark: _Toc39151132]Fineness Modulus Results.
[bookmark: _Toc39062498][bookmark: _Toc39152934][bookmark: _Toc39153057]Table 4-Fineness Modulus results table.
	Fineness Modulus Results Table

	Fine Aggregate
	Course 6mm
	Course 20mm

	3.16
	6.71
	8.31

	Coarseness or fineness based on the fineness modulus taken from BS EN 12620:2002+A1:2008  

	Fines Fineness
	Medium Fineness
	Coarse Fineness

	2.1 to 0.6
	2.8 to 1.5
	4.0 to 2.4


[bookmark: _Toc39151133]
Analysis.
Comparisons of the results against Annex B in BS EN 12620:2002+A1:2008 show that these results do not meet the general grading requirements specified in the document. 


[bookmark: _Toc39151134]Aggregate Proportion Mix.
To obtain the correct proportions of aggregates in the mix we need to calculate the percentages using the Method of Fineness formula which is;

[bookmark: _Toc39151135]Fineness Modulus for 8mm aggregate.
For the 6mm aggregate and fine aggregate mix using the above formula and using the results found in Table 4 for the Fineness Modulus Results we show the following;
If x is the fine aggregate and y is the 6mm aggregate, the 4.8 relates to the fineness modulus for an 8mm sieve.










Therefore, the total 		amount of sand (x) is 53.81%
	          			amount of 6mm aggregate (y) is 46.19%
[bookmark: _Toc39151136]Fineness Modulus for 32mm aggregate.
For the 6mm aggregate and fine aggregate mix using the above formula and using the results found in Table 4 for the Fineness Modulus Results we show the following;
If x is the Fuller total for 8mm aggregate and y is the 20mm aggregate, the 6.7 relates to the fineness modulus for a 32mm sieve.









Therefore, the total 		amount of sand and 6mm aggregate (x) is 46.29%
And the total 			   amount of 20mm aggregate (y) is 53.71%


[bookmark: _Toc39151137]Percentage proportions of aggregates for the mix.
To calculate the percentage of each aggregate for the mix we use the following equations,
For the sand quantity we use;

Therefore;

For the 6mm aggregate quantity we use;

Therefore;

The amount of 20mm aggregate is worked out using the following equation;

Calculated aggregate percentages for the mix are;
Sand			24.9%
6mm aggregate	21.38%
20mm aggregate	53.72%


[bookmark: _Toc39151138]Concrete mix Quantities.
To calculate the quantities of materials needed for the concrete we will be mixing in the laboratory to test we need to check the specifications laid out in BS 8500-2:2015+A1:2018 and BS EN 206:2013+A1:2016 (see Table 5) for the type of concrete we will be making which is RC30/37.
We are making a batch of RC30/37 concrete to fill 12 cube samples with a dimension of 100mm³ and 2 cuboid samples with dimensions of 500mm x 100mm x 100mm each, so the volume of concrete needed is;

To convert the area to be filled to litres we divide by 1000ml;



To convert the area to be filled to litres we divide by 1000ml;


The total volume of concrete we need to mix is;

To convert the litres of concrete needed to a cubic meter volume, we divide the amount by 1000 because there is a volume of 1000 litres in one cubic meter;

We add 20% to total for wastage purposes

We then need to convert this volume to Kg by multiplying by the density of wet concrete which is 2.5T/m³

To change this into Kg we multiply by 1000 because there is 1000Kg in one Tonne.

Looking at the specifications in Table 5 we can see that for concrete made with a maximum aggregate size of 20mm there is to be a minimum cement content of 300kg/m³ and a water/cement ration of 0.55 therefore we need 165 litres of water per m³

The cement and water specifications are then multiplied by the volume we need to produce therefore




Using the Absolute Volume Method for Concrete equation we can now work out the amount of water, cement and aggregate which has a ratio of 70% fine and 30% coarse needed;

Vc = absolute volume of fully compacted fresh concrete
W = Water
C = Mass of cement
F = Mass of fine aggregates
Ca = Mass of coarse aggregates
Sc, Sf and Sca are the densities of cement, fine aggregates, and coarse aggregates, respectively.
The densities of the water, cement and aggregates we will be using are;
Water				1000Kg/m³
Cement			3800Kg/m³
Sand				2100Kg/m³
Coarse 6mm aggregate	2300Kg/m³
Coarse aggregate		2300Kg/m³
We are producing 0.0264m³ of concrete therefore;
   






To obtain the percentage of aggregate quantities we do the following;




Total volume of materials need for mix are as follows
Water				4.356litres
Cement			7.92Kg
Fine aggregate		11.24Kg
Coarse 6mm aggregate	9.65Kg
Coarse 20mm aggregate	24.25Kg.
This total of 57.416Kg is less than the 66Kg initially worked out, this could be due to the densities considered and the rounding up of numbers in the calculations.


 


[bookmark: _Toc39005774][bookmark: _Toc39062499][bookmark: _Toc39152935][bookmark: _Toc39153058]Table 5-Requirements for designated concrete (taken from BS8500-1:2015+A2:2019
[image: ]
[bookmark: _Toc39151139]
Analysis of fresh Concrete Workability.
[bookmark: _Toc39151140]Slump Test.
In a slump test taken in accordance with the guidance in BS EN 12350-2:2019 on-site, we obtained a slump of 50mm which places this concrete in the S2 classification, this slump classification has a normal workability description and can be used in flooring applications in buildings and domestic driveways, Tables 6 and 7 give details of suitable applications.. (British Ready-Mixed Concrete Association, 2020) 
With the final strength of concrete dependant on the water and cement ratio of the mix the slump of concrete can affect the final strength of concrete, see Figure 4. If more water is added to the mix than is specified the possibility of increased porosity emerges, this is a result of a reduced standard of compaction which leaves voids of air trapped in the concrete, Figure 5,  this reduces not only its compressive strength but it makes the concrete more vulnerable to water and harmful chemical ingress. (The Concrete Society, 2016)
An S2 slump concrete can be used to fill a slab on site; as is shown in Table 5 care must be taken to ensure that the concrete is correctly placed and compacted because even though it has a normal workability it can be very hard to achieve an ideal compaction without the use of vibrating equipment and plasticisers or super plasticisers. However, it is unlikely that this would be specified because it makes more sense to use a higher slump classification which is designed to be used for pouring large reinforced slabs. For precast sections, the same principal applies because of the concrete slump does not readily apply itself to be moulded correctly in the formwork/moulds which could lead to serious defects in load bearing elements.
In an onsite situation where this consistency of concrete is delivered instead of a more fluid consistency specified the site manager or other responsible person has the right to send this back to the concrete plant, unless an additive such as a plasticiser can be added to the mix or there is a non-structural application suitable for it, such as over site concrete or the haunching the backs of road side kerb elements.


[bookmark: _Toc39062500][bookmark: _Toc39152936]Figure 4-Table showing relationship between the compressive strength of concrete and water/cement ratio, taken from BRE Design of normal concrete mixes.
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[bookmark: _Toc39062501]







[bookmark: _Toc39152937]Figure 5-Effect of initial cement particle spacing on the permeability of concrete taken from Good Concrete Guide
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[bookmark: _Toc39062502][bookmark: _Toc39005776][bookmark: _Toc39005857][bookmark: _Toc39152938][bookmark: _Toc39153059]Table 6-Concrete Application Table taken from https://www.brmca.org.uk/documents/Get_the_Right_Quality_on_Site_23_Jun_11.pdf
[image: ]
[bookmark: _Toc39062503][bookmark: _Toc39152939][bookmark: _Toc39153060]Table 7-Slump Class Table taken from https://www.brmca.org.uk/documents/Get_the_Right_Quality_on_Site_23_Jun_11.pdf
[image: ]
[bookmark: _Toc39151141]Compressive strength of concrete.
On testing our concrete sample which follow the procedures and requirements set out in BS EN 12390-1:2019 and BS EN 12390-2:2019, we obtained the following results according to BS EN 12390-3:2019 and BS EN 12390-4:2019.
[bookmark: _Toc39152940][bookmark: _Toc39153061]Table 8-Results of compression test at 7 and 28-days.
	7 Days
	Breaking Load (kN)

	Sample 1
	363.459

	Sample 2
	352.772

	Sample 3
	371.210

	28 Days
	Breaking Load (kN)

	Sample 4
	402.729

	Sample 5
	405.305

	Sample 6
	397.150



Once the results are established, we can calculate the compressive strength of the concrete using the below formula,

fc is the compressive strength in MPa (N/mm²)
F is the maximum load at failure.
Ac is the cross-sectional area of the specimen tested.
Answers are expressed to the nearest 0.1 MPa (N/mm²)
We need to change the kN result to N by multiplying by 1000.
Once we have the three results for both the 7 day and 28-day results shown in Table 8 we work out the average and compare against the minimum characteristic cube strength given in BS EN 206:2013+A1:2016 see Table 9. 
Note: MPa and N/mm² have a conversion rate of 1:1 


[bookmark: _Toc39152941][bookmark: _Toc39153062]Table 9-Results of compression tests.
	Sample Number
	Equation.
	Answer (MPa)

	7 Day Test

	1
	

	36.3

	2
	

	35.3

	3
	

	37.1

	28 Day Test.

	4
	

	40.3

	5
	

	40.5

	6
	

	39.7

	Average 7-day compression.
	
	36.2

	Average 28-day compression 
	
	40.2








In section 10 of BS EN 12390-3:2019 it talks about the precision of the test with regards to the repeatability of the results. For the results to be verified they need to be compared with each other with an error margin of no more than 9% difference in breaking strength from each other.
 Methodology and results are shown below in Table 10.


[bookmark: _Toc39153063]Table 10-Repeatability check results.
	7-day samples.

	Sample Number
	Difference (MPa)
	Equation
	Result (%)

	Samples 1-2
	
	
	2.76

	Samples 2-3
	
	
	4.97

	Samples 1-3
	
	
	2.21

	28-day samples.

	Samples 4-6
	
	
	0.5

	Samples 5-6
	
	
	2

	Samples 4-6
	
	
	1.49



[bookmark: _Toc39151142]Analysis.
The results of our test show that the results are within the specified margin and can be used in determining the suitability of the concrete for its intended use.





[bookmark: _Toc39151143]Analysis of results.
This batch of concrete at 7 days is just under the minimum compressive strength required for 28 days and at 28 days it exceeds the minimum characteristic compressive strength required for a RC30/37 concrete as shown in Table 11, therefore it can be said that it has a greater compressive strength than required.
The compressive strength of concrete differs at 7 days and 28 days because of the way the hydration process works, as the hydration process progresses the concrete gains strength and should at least be at 99% of its strength within 28 days, Table 12 shows the expected percentage of strength gain in relation with the age of the concrete. Concrete can keep on gaining strength after 28 days depending upon the many things including 
1. Mix composition and aggregate type.
2. Climatic conditions
3. Curing methods and time
Based upon these variables it can be said that the concrete we produced will carry on hydrating past the 28-day mark and keep on gaining strength, but as can be seen in Figure 6 and Table 12 the hydration process slows rapidly after day 14 with almost full hydration achieved after 28 days. 
In (KSCE Journal of Civil Engineering, 2012) I found an article which shows how curing can affect the compressive strength over time albeit for a different type of concrete to the one we have made. In Table 13 there is data which shows that compressive strength will grow up to 180 days but can reduce in strength after this point if curing is stopped after 14 days, but if curing is kept as a continuous process concrete can gain even more strength up to 365 days after pouring.


[bookmark: _Toc39152942][bookmark: _Toc39153064]Table 11-Compressive strength classes for normal-weight and heavy-weight concrete at 28 days, taken from BS EN 206:2013+A1:2016
[image: ]
[bookmark: _Toc39153065]Table 12-Strength gained by concrete with age.
	Age of concrete in days.
	Strength gained (%)

	1
	16

	3
	40

	7
	65

	14
	90

	28
	99





[bookmark: _Toc39152943][bookmark: _Toc39153066]Table 13-Compressive Strength Gain with Age of Concrete for 41.37 MPa taken from Experimental Study on Strength Gaining Characteristics of Concrete using Portland Composite Cement published by KSCE Journal of Civil Engineering.
[image: ]
[bookmark: _Toc39152944]Figure 6-The relationship between age and strength for concrete mixes containing w/c from 0.4 up to 0.9 taken from HBRC Journal volume 10.
[image: ]
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Coarse 6mm aggregate sieve test graph.
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