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[bookmark: _Toc39163098]Introduction
We were make a concrete in laboratory of university; we are following British Standard during this process. according to BS EN 932-1:1997 we choose our aggregates which are Sand, 6 mm coarse and 20 mm coarse. 
we were using the sieve sizes according to the basic set established in BS EN 12620+A1:2008.

[bookmark: _Toc39163099]Sample preparation
Take a sample of coarse aggregate in pan and placed it in dry oven at a temperature of 100° – 110° C. After drying take the sample weight to nearest gram.
Arrange the sieves in descending order and put the arrangement on mechanical shaker. It is suggested that, to know the exact value of fineness modulus for aggregates, mechanical shaker will give better value than hand shaking because of more no. of sieves and heavy size particles. After proper sieving (shaking for 4 min), record the sample weights retained on each sieve and find out the cumulative weight of retained particles as well as cumulative % retained on each sieve. Finally add all cumulative percentage values and divide the result with 100. Then we get the value of fineness modulus.


[bookmark: _Toc39163100]Sand test 

Total weight before sieving is 756.78 g
Each container weight is 76.24 g

4mm 		=   84.89 gr -  76.24 gr = 8.65 gr

2mm		= 84.49 gr -  76.24 gr = 16.25 gr

1 mm		= 90 gr     -  76.24 gr = 21.76 gr

500 µm	= 169.83 -  76.24 = 93.59 gr

250 µm	= 603.49 gr -  76.24 gr = 534.76 gr

125 µm	= 148.26 gr -  76.24 gr = 72.02 gr

64 µm 	= 76.49 gr -  76.24 gr = 0.25 gr

Bottom	= 83.14 gr -  76.24 gr = 6.9 gr

	Total weight before sieving	= 754.18 gr

Retained = 100* (sand weight / total sand weight) 
For example: for 4mm sieve size = 100* (8.65/ 754.18) = 1.146941%
We follow the same calculation for other sieves. The results are in the table number 1.
Cumulative = ∑Retained
For example: for 4mm sieve size is 1.146941%
                      for 2mm sieve size is 1.146941% + 2.154658% = 3.301599%

The results for other sieves are in the table number 1.

Pass = 100 – Cumulative
For instance: 100 - 1.146941= 98.85306% (for 4mm sieve size)
                      100 - 3.301599 = 96.6984% (for 2mm sieve size)
The results for other sieves are in the table number 1.



 Sand %pass
	sieve size (mm)
	sand weights (gr)
	Retained%
	Cumulative%
	Pass%

	4
	8.65
	1.146941
	1.146941
	98.85306

	2
	16.25
	2.154658
	3.301599
	96.6984

	1
	21.76
	2.885253
	6.186852
	93.81315

	0.5
	93.59
	12.4095
	18.59636
	81.40364

	0.25
	534.76
	70.90615
	89.50251
	10.49749

	0.125
	72.02
	9.549444
	99.05195
	0.94805

	0.064
	0.25
	0.033149
	99.0851
	0.914901

	bottom
	6.9
	0.914901
	100
	0

	Total 
	754.18
	 
	316.871312
	


                                                                                                                 table number 1
                                                
[bookmark: _Toc39163101]Fines modules:

First we have to add up all the Cumulative apart from the bottom (pan) for sand.


1.146 + 3.3 +6.185 + 89.5 + 99.049 + 99.082 = 316.856
The result must be divided to 100
→	316.867 / 100 = 3.16





                                                                                                            Graph 1



[bookmark: _Toc39163102]6 mm coarse
The procedure for 6 mm coarse is the same as sand. Therefore, I just put the calculation numbers in the table number 2. 

	sieve size (mm)
	60 coarse weights (gr)
	Retained%
	Cumulative%
	Pass%

	8
	41.5
	1.851753
	1.851753
	98.14825

	4
	1731.09
	77.24218
	79.09394
	20.90606

	2
	402.3
	17.95085
	97.04478
	2.955219

	1
	18.44
	0.822803
	97.86758
	2.132416

	0.5
	6.55
	0.292265
	98.15985
	1.840151

	0.25
	13.58
	0.605947
	98.7658
	1.234204

	0.125
	9.6
	0.428357
	99.19415
	0.805847

	0.064
	1.81
	0.080763
	99.27492
	0.725084

	bottom
	16.25
	0.725084
	100
	0

	Total 
	2241.12
	 
	 
	 


                                                                                                                 table number 2 

[bookmark: _Toc39163103]Fines modules:

First we have to add up all the Cumulative apart from the bottom (pan) for 6 mm coarse.


1.84 + 79.09 + 97.04 + 97.86 + 98.15 + 98.76 + 99.79 + 99.27 = 671
The result must be divided to 100
→	671 / 100 = 6.71

Fueller:
maximum density gradation for a given maximum aggregate size.   p= (d/D) n * 100 

•	P = percent finer than an aggregate size
•	d = aggregate size being considered
•	D = maximum aggregate size
•	n= ½ 
for instance: p (8) = (8/8)1/2 * 100= 100
                     p (8) = (4/8)1/2 * 100= 70.71
others are in the table number 3. So, the Retained =100 – fueller. 

	sieve size (mm)
	fueller
	Retained%

	8
	100
	0

	4
	70.71
	29.29

	2
	50
	50

	1
	35.35
	64.65

	0.5
	25
	75

	0.25
	17.67
	82.33

	0.125
	12.5
	87.5

	0.064
	8.87
	91.13

	bottom
	0
	

	Total 
	 
	480


                                                                          table number 3
Fueller (8 mm) = (29.29+50+64.65+75+82.33+87.5+91.13)/100 = 4.8




                                                                                                            Graph 2                                



[bookmark: _Toc39163104]20 mm coarse:

For 20 mm coarse, the procedure is as per 20 mm coarse. I have put the calculation numbers in table number 4.

	sieve size (mm)
	20mm coarse weights (gr)
	Retained%
	Cumulative%
	Pass%

	16
	2144.85
	35.59834
	35.59834
	64.40166

	8
	3799.38
	63.05878
	98.65713
	1.342873

	4
	45.77
	0.75965
	99.41678
	0.583223

	2
	4.84
	0.08033
	99.49711
	0.502893

	1
	0.68
	0.011286
	99.50839
	0.491607

	0.5
	2
	0.033194
	99.54159
	0.458413

	0.25
	3.88
	0.064397
	99.60598
	0.394016

	0.125
	3.18
	0.052779
	99.65876
	0.341237

	0.064
	0.66
	0.010954
	99.66972
	0.330283

	bottom
	19.9
	0.330283
	100
	0

	 Total 
	6025.14
	 
	 
	 


                                                                                                                 table number 4

Fines modules:

First we have to add up all the Cumulative apart from the bottom (pan) for 20 mm coarse.
35.60 + 98.67 + 99.43 + 99.51 + 99.52 + 99.55 +99.61 + 99.66 + 99.67 = 831
The result must be divided to 100.

→	831 / 100 = 8.31








Fueller and Retained:

	sieve size (mm)
	Fueller
	Retained%

	16
	100
	0

	8
	71
	29

	4
	50
	50

	2
	35
	65

	1
	25
	75

	0.5
	18
	82

	0.25
	12.5
	87.5

	0.125
	8.8
	91.2

	0.064
	6.25
	93.75

	bottom
	4.4
	95.6

	 Total 
	 
	669.05


                                                                          Table number 5

Fueller (32 mm) = (29+50+65+75+82+87.5+91.2+93.75+95.6)/100 = 6.69




                                                                                                            Graph 3





	Sand
	6 mm
	20 mm
	Fueller

	3.16
	6.71
	8.31
	8 mm           4.8


	
	
	
	32 mm         6.69





[bookmark: _Toc39163105]Gradation of aggregates:
As you can see in Graph 1, 2,3; the aggregate sample varies in size; therefore, it will give a mass with fewer voids.  The distribution of the particle size of the aggregates needs to allow for any smaller particles to fill the voids among the larger particles. 
This means that the mixed proportion of the aggregates is categorised as Well Graded.



[bookmark: _Toc39163106]Calculate quantities for the concrete mix

[bookmark: _Toc39163107]The calculation of sand with 6 mm coarse:

Formula I:

Fm1     x    + Fm2    y    	= Fmf
          100            100


Formula II:	x + y = 100		so	x = 100 -  y

Formula I:	3.16 (100 - y) +   6.71 y   = 4.8
		      100	        100

            →        3.16 (100 - y) +   6.71 y   = 4.8 * 100
	→	316 - 3.16y + 6.71 y = (4.8 * 100)           
            →        316 + 3.55y = 480

	→	y = 46.19% (percentage of sand)


Formula II:
	x = 100 - y	→	 x = 100 - 46.19 = 53.8% (percentage of 6 mm)


[bookmark: _Toc39163108]The calculation of ‘Mix sand and 6 mm coarse’ with 20 mm coarse


Formula I: 	Fm1     x    + Fm2    y    = Fmf
                                100               100

                                 
Formula II:	 x + y = 100	→ x = 100 – y

→	4.8 (100 - y) + 8.31 y = 6.69
		100          100
→	4.8 (100 - y) + 8.31 y = (6.69 * 100)

→         480 - 4.80 y + 8.31y = 669
→          3.51y = 189
→       y = 53.85% (percentage of 20 mm coarse)

Formula II:
→	x = 100 – y → x=100 – 53.85	→ x = 46.15% (percentage of mix sand and 6 mm coarse)

So as a conclusion: 

The percentage of 20 mm coarse = 53.84%

The percentage of sand = 46.15 * 53.8 = 24.87

The percentage of 6 mm = 46.15 * 46.197 = 21.29

[bookmark: _Toc39163109]the volume of concrete

Here we are calculating the volume of concrete needed.  In this case we need sufficient concrete for 12 cube and 2 beams.
Calculate the volume of concrete cube:
for beam: (100mm * 100mm * 500mm) = 5000000 mm³ = 5 litres
 
for cube = 100mm * 100mm * 100mm = 1000000 mm3 = 1 litre

for our laboratory test, we need 12 cube and 2 beams

12 litres + 10 litres = 22 litres of concrete

Convert litre to cube meters:

   12 litres    = 0.022 m3
    1000


0.022 m3 is the minimum volume of concrete; therefore, we add 20% more concrete 
volume of concrete with 20% extra = 0.022 m³ * 20% = 0.022 * 0.2 = 0.0044 m³

total volume of concrete: 0.022 m³ +   0.0044 m³ =   0.026 m3

Convert cube meters to ton:
density of concrete is 2.5 ton/m³
0.026 * 2.5 = 0.0675 ton of concrete we need.


According to BS 8500-2: 2015 + A2:2019
We were calculating the mix to obtain RC30/37 (It is a concrete for wet area, like façade).
according to BS 8500-2-2015 + A2.2019

	Concrete designation
	Mix strength  
	Mud  W/C ration
	Mix cement content   (kg)
  m3

	RC30 / 37
	C30 /37
	0.55
	300





According to B 800-2-2015+a2.2019, the minimum cement is 300 kg/m3 and maximum water is 0.55. 

V =    W     +     C        +      f            +    Ca                                              Formula III
         1000      1000 Sc           1000 Sf      1000 Sca 


W= quantity of water / C = quantity of cement / f = quantity of sand / Ca = quantity of coarse 
Sc = density of cement / Sf = density of sand / Sca = density of coarse
Water density = 1.0 T/m3 = 1000 kg/m3

Cement density = 3.8 T/m3 = 3800 kg/m3

Sand density = 2.1 T/m3 = 2100 kg/m3

Coarse aggregate density = 2.3 T/m3	= 2300 kg/m3

Now we start the calculation, we start with the minimum

C cement = 0.026 * 300	=    8.1 kg
W = 0.026 * 0.55 = 4.5 kg


Formula III:  

0.027=   4.5 kg +   8.1 kg     +   0.2487       +   0.2129 x (6mm coarse) + 0.5384x (20mmcoarse) 
	   1000       1000 * 3.8    1000 *2.100	      1000 * 2.300                1000 * 2.300

27   =   4.5      +       8.1      +     0.2487   +   0.2129 x (6mm coarse) + 0.5384x (20mm coarse)
	                    3.8	      2.1	             2.3                                    2.3


→ 27 = 4.5 + 2.13 + 0.118 x + 0.0925 x + 0.234 x

→ 27 = 6.63 + 0.4445 x	→ x = 45.826

Sand:                45.8 * 0.2487 = 11.39 kg	
6 mm coarse:   45.8 * 0.2129 = 9.75 kg	
20 mm coarse: 45.8 * 0.5384 = 24.658 kg

[bookmark: _Toc39163110]Analyse workability of fresh concrete:

After mixing the concrete, slump test and the result is 50mm.
According to BS EN 206:2013+A1:2016 Specified slump class is S2. Tolerance for this concrete is Not less than −30 and Not more than +30. 
workability of fresh concrete according to BS EN 12350-2.2009:
The number of slump shows us the ratio of water to cement contained in the concrete. A larger proportion of cement will be used in concrete mixtures with a low slump than will be used in a concrete mix with a high slump.
50 mm slump concrete has a higher amount of cement to water which makes it harder to work with; but does give it greater strength. Because this concrete is in S2 slump classification, it is both harder to work and to spread. it is not suitable for pouring as it may prevent the proper consolidation of the concrete, especially for concreting in areas where the reinforcement density is higher (For instance, in the columns and bases of large bridges with high reinforcement density and specific geometric shapes) or the possibility of vibrating concrete is limited or impossible (For example in concreting piles).
Usually, any air bubbles formed in the mixing process are dealt with by vibration or compaction during the consolidation. Concrete with 50 mm slump is thick and slow flowing but it has greater strength. 
Every extra millimetre of slump added to the concrete mix will make it easier to work. It is necessary to work out how much extra slump is needed before the concrete is mixed in order to enhance its workability without affecting its structural strength. To sum up, if there is no obstacle in the way of proper vibration, the resulting compressive strength of the concrete will be higher.

The concrete with 50 mm slump can be used for precast elements if there are the facilities to vibrate it properly. Otherwise it is not a good idea that we use this concrete, especially where the bars density is higher.
If this concrete is vibrated, it has a high compressive strength and will be easy to work. Because precast elements are making in factories, so it is possible to pour and vibrate the 50 mm slump concrete.
On the other hand, if we want to fill a concrete slab on site with a batch of this concrete, it would be very difficult because it would be hard to pour. Pouring of this concrete is difficult. In other words, this is a slow flowing concrete which would create problems for the concrete pump truck.
In addition, normally there is too much density in the slab, so the vibration is not easy and the slab concrete could have voids and we have pitting in the concrete.
If I was on site and I receive this concrete batch, but it is not the required consistence for the concrete to pour. Because if I need a specific slump, if the delivered slump is not within the specified amount, I can return it.
I cannot add water to increase its workability as it will affect the concrete strength. Even adding superplasticizer would not work as it usually replaces water.

[bookmark: _Toc39163111]Compression strength of concrete

according to BS EN 12390_1:2012 and BS EN 12390-2:2009 (100x100x100 cubic sample size) for a RC30/37, you obtained the following results at 7 and 28 days (according to BS EN 12390-3:2009 and BS EN 12390-4:2000):


	7 Days
	Breaking load (kN)
	Max Compression strength (MPa)

	Sample 1
	363.459
	36.3

	Sample 2
	352.772
	35.3

	Sample 3
	371.210
	37.1

	Average
	
	36.2

	28 Days
	
	

	Sample 4
	402.729
	40.3

	Sample 5
	405.305
	40.5

	Sample 6
	397.150
	39.7

	Average
	
	39.3



[bookmark: _Toc39163112]7 Days:
A= 100*100= 10000mm²
Sample 1: (363.459 * 1000) N / 10000mm² = 36.3 N/mm²
Sample 2: (352.772 * 1000) N / 10000mm² = 35.3 N/mm²  
Sample 3: (371.210 * 1000) N / 10000mm² = 37.1 N/mm²
Average: (36.3459 + 35.2772 + 37.1210) / 3 = 36.2 N/mm²





	Samples compared​
	Difference​ (N/mm²)
	%​

	2-1
	1.0687
	2.9

	3-2​
	1.8438
	5​

	3-1
	0.7751
	0.2​



It is acceptable.


[bookmark: _Toc39163113]28 Days:
A= 100*100= 10000mm²
Sample 1: (402.729 * 1000) N / 10000mm² = 40.3 N/mm²
Sample 2: (405.305 * 1000) N / 10000mm² = 40.5 N/mm²  
Sample 3: (397.150 * 1000) N / 10000mm² = 39.7 N/mm²
Average: (40.3 + 40.5 + 37.1210) / 3 = 39.3 N/mm²


	Samples compared​
	Difference​ (N/mm²)
	%​

	2-1
	0.2
	0.5

	2-3​
	0.8
	2

	1-3
	0.6
	1.5



It is acceptable.

[bookmark: _Toc39163114]Conclusion:

During this assignment, we know that how we can mix the concrete step by step according British Standard. for specific concrete, what range of agreements must be used? what is the ratio of water to cement? And how much is the compression strength of concrete to both 7 and 28 days?
Therefore, the Compression strength is growing up during 21 days. The 7 days Compression strength is around 92% of the average of 28 days Compression strength. it shows that this concrete could be ready in 1 or 2 days after pouring.

[bookmark: _Toc39163115]References: 
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