· Introduction:

One of the most commonly performed tests on concrete is the determination of the compressive strength of standard sized concrete cubes and/or cylinders, typically tested in accordance with ASTM C39 and AASHTO T22. Strength of concrete is the property most valued by designers and quality control engineers. Although compressive strength testing is the most common, other strength tests such as tensile splitting strength test for cylindrical samples and flexural strength tests for prism-shaped samples are also useful. 

A time period of 28 days was selected by specification writing authorities as the age that all concrete should be tested on because a substantial percentage of the hydration has taken place at this age. However, a 7-day test result is used to monitor early strength gain and is often estimated to be about 70-75% of the 28-day strength. In this experiment, samples were tested at 35 days time period. 

As a side experiment, a beam reinforced in the bottom with 2Xф12mm steel rods was also prepared in the lab to be tested later on.
· Aim and objectives:

-The aims of the experiment are to:

1. Determine the compressive strength of cubic and cylindrical samples at 35 days time period.

2. Determine the tensile splitting strength for cylindrical samples at 35 days.
3. Determine the flexural strength for prism-shaped samples at 35 days.

4. Plot graphs for the relationship between strength and w/c ratio, strength and time, as well as strength of different sample shapes and sizes.
· Theory and prediction:

· The strength of a material is defined as the ability to resist stress without failure. In concrete, strength is related to the stress required to cause failure and it is defined as the maximum stress the concrete sample can withstand when a force is applied.

·  When tension is applied to the specimen, the formation of external cracks means failure. In compressive strength test however, the test sample is considered to have failed even when no signs of external fracture are visible due to the internal cracking that takes place.
· The compressive strength of a sample is found using the following equation:
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· The tensile splitting strength of cylindrical samples is found using the following equation:
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Where F is the applied force (N), L is the length of the cylinder (mm), and d is the diameter of the cylinder (mm).
· The flexural strength of prism shaped samples is found using the following equation:
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Where F is the applied force, L is the length of the prism, and d1 and d2 are the dimensions of the cross section and are equal for the used prism molds. 

· The density of concrete is found using the following equation:
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The density of water (P water) is assumed 1g/cm3
· Tools and instruments:

The following tools were used during the crushing experiment:

· Concrete specimens of three different w/c ratios (0.6, 0.7 and 0.8) that were immersed in water for 35 days, these can be classified as follows:

1. Large cubic concrete specimens (15*15*15 cm).
2. Small cubic concrete specimens (10*10*10 cm).
3. Cylindrical concrete specimens (30 cm long and 15cm diameter).
4. Prism-shaped concrete specimens (50*10*10 cm). 

· Testing machine capable of applying compressive axial load.

· Splitting tensile strength apparatus for aligning specimen.
· Absorbent cloths.

· Weighing balance.
· Weighing trays.

· Flexural strength testing apparatus
The following tools were used during the preparation of the beam:

· A beam-shaped mold.

· Cement, sand, aggregates and water for specimen preparation

· Concrete mixer.

· Trowels.

· Three 10*10*10 cm cubic molds.

· Electronic balance.
· Procedure:
For the crushing test:

· All the specimens were dried using absorbent cloths until SSD state was reached.

· The small cubes were weighted on the weighing balance, and their SSD weight in air was recorded.

· The small cubes were weighted in water to determine their submerged weight.

· The 10*10*10 cm and 15*15*15cm cubes of w/c ratio 0.6 were crushed using the compressive strength testing machine after centering the capped specimens in the testing machine.

·  For each cube, the loads at which failure occurred were recorded. 

· One cylindrical specimen of w/c ratio 0.6 was placed in the splitting tensile strength apparatus and was then placed in the testing machine. The load at which failure occurred was recorded.

· The top of the other cylindrical specimen of w/c ratio 0.6 was covered with hot sulfur and then was placed on level surface to cool and become smooth.

·  The cylindrical specimen was crushed using the compressive strength testing machine after centering the capped specimen in the testing machine. Here too, the load at which failure occurred was recorded. 

· Marks at 5 cm from both ends and in the middle of the prism-shaped specimen of w/c ratio 0.6 were placed along its length. 

· The prism-shaped specimen was placed in the flexural strength testing apparatus pivoted from the 5 cm marks.  The load was applied and manually until failure occurred. The load at which failure occurred was recorded.
· The following procedure was repeated for the samples having w/c ratio 0.7 and 0.8. All data was recorded.
For the preparation of the beam:

· Two ф12mm steel rods were tied together using thin wires and three smaller rods placed at both ends and in the middle.
· The concrete sample (w/c ratio 0.5) was prepared by weighing the given weights of sand, aggregates cement, and the correct volume of water and mixing them together in the mixer.
· The tied steel rods were placed in the bottom of the beam-shaped mold (uplifted) and the concrete was placed using trowels on two layers, each compacted on the electrical vibrator.

· The surface of the beam was leveled using trowels. 
· Data and calculations:

The tables below summarize the data collected and calculations performed:

1. Results for 10*10*10 cm cubes:
	Table (1): data and results for w/c ratio 0.6

	Cube #
	W
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	2369
	1371
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	24.7
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	Table (2): data and results for w/c ratio 0.7

	Cube #
	W
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	2357
	1353
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	20.4
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	Table (3): data and results for w/c ratio 0.8

	Cube #
	W
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	1
	2320
	1326
	152
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	15.2
	2.33
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	16.4
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	2.33

	4
	2302
	1307
	148
[image: image68.wmf]´

10
[image: image69.wmf]3


	100
[image: image70.wmf]´

100 = 10
[image: image71.wmf]4


	14.8
	2.31

	5
	2337
	1343
	168
[image: image72.wmf]´

10
[image: image73.wmf]3


	100
[image: image74.wmf]´

100 = 10
[image: image75.wmf]4


	16.8
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	16.1
	2.33


Sample calculation (cube # 2, w/c ratio 0.6):
Density = 
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2. Results for 15*15*15 cm cubes:
	Table (4): data and results for w/c ratio 0.6

	Cube #
	Load (N)
	Loaded Area (mm
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	1
	564
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	Table (5): data and results for w/c ratio 0.7

	Cube #
	Load (N)
	Loaded Area (mm
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	1
	448
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	Table (6): data and results for w/c ratio 0.8

	Cube #
	Load (N)
	Loaded Area (mm
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	1
	360
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Sample calculation (cube # 2, w/c ratio 0.6):
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3. Results for cylindrical samples:
	Table (7): data and results for tensile splitting test

	W/C
	Dimension (mm)
	Tensile splitting (KN)
	Tensile Splitting test (MPa)

	
	L
	D
	
	

	0.6
	300
	150
	200
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	2.83

	0.7
	300
	150
	180
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	Table (8): data and results for compressive loading

	W/C
	Dimension (mm)
	Compression loading (KN)
	Compression test (MPa)

	
	L
	D
	
	

	0.6
	300
	150
	360
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	20.38

	0.7
	300
	150
	292
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	16.53

	0.8
	300
	150
	204
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Sample calculation (w/c ratio 0.6):

Tensile splitting strength = 
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Compressive strength= 
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4. Results for prism-shaped samples:
	Table (9): data and results for flexural strength of prisms

	W/C
	Dimension (mm)
	Loaded Weight(pound)
	Load (N)
	fcf (MPa)

	0.6
	400
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100
	2480
	11020.95
	4.41

	0.7
	400
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	2160
	9598.89
	3.84

	0.8
	400
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Sample calculation (w/c ratio 0.6):

2160 pounds= 979.7 kg
F= m
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Graphs:

· Strength (MPa) versus w/c ratio:
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Fig 1: plotting the relationship between strength and w/c ratio

· Strength (MPa) versus Density:
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Fig 2: plotting the relationship between strength and density
· Strength of 10*10*10 cubes versus strength of 15*15*15 cubes:
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Fig 3: the relationship between strength of 10*10*10 and 15*15*15 cubes

· Strength versus time for 0.6 w/c ratio sample:
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Fig 4: plotting the relationship between time and strength

· Strength of 15*30 cylinders versus strength of 15*15*15 cubes:
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Fig 5: the relationship between strength of 15*30 cylinder and 15*15*15 cubes

· Strength of prism versus strength of 15*15*15 cubes:
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Fig 6: the relationship between strength of prism and 15*15*15 cubes

· Results and Conclusion:

The results of the experiment can be summarized as follows:
1) Strength values for different sample shapes and sizes: see tables 1-9 in the data and calculations section:

2) Graphs:
Graph 1: Strength (MPa) versus w/c ratio
Graph 2: Strength (MPa) versus density
Graph 3: Strength of 10*10*10 cubes versus strength of 15*15*15 cubes
Graph 4: Strength versus time for 0.6 w/c ratio sample
Graph 5: Strength of 15*30 cylinders versus strength of 15*15*15 cubes

Graph 6: Strength of prism versus strength of 15*15*15 cubes

From the results of the experiments, the following can be concluded:
· From the strength versus w/c ratio graph, there is an inverse relationship between w/c ratio and strength. This is expected from Abraham’s law that first depicted and drew this inverse relationship. The reason for this inverse relationship is that as the w/c ratio increases, excess water that doesn’t react will evaporate, leaving pore spaces behind which will weaken the concrete. The higher the w/c ratio, the more pores will be present.

· From the strength versus density graph, it is seen that there is a direct relationship between strength and density. The reason for this is that higher density indicates less pore spaces which means higher compressive strength. Higher density also means longer durability of concrete.
· According to British standards, the strength of small cubes is 0.97 the strength of large cubes having the same age and w/c ratio. From the calculated values and the strength of 10*10*10 cubes versus strength of 15*15*15 cubes graph, it is seen that this is somehow true for 0.6 w/c ratio but untrue for the other two w/c ratio were small cubes are stronger than large ones. Possible reasons for this might be errors in reading strength values from the testing machine or inaccuracy of machine readings.
· From the strength versus time for 0.6 w/c ratio sample, it is seen that strength increases with time. Concrete hardens and gains strength as it hydrates. The hydration process continues over a long period of time. It happens rapidly at first and slows down as time goes by as seen in the figure. It is also seen that strength at 7days is approximately 66% the strength at 35 days.
· The strength of cylinders is approximately 20-25% lower than large cubes. From the strength of 15*30 cylinders versus strength of 15*15*15 cubes graph, this is true for samples at all 3 w/c ratios. The reason for this is that the cylinder is taller than the cube and thus cracking and failure will occur at a lower loading.

· From the strength of prism versus strength of 15*15*15 cubes, it is seen that the strength of cubes is much higher than that of prisms at the same w/c ratio. However, this comparison is not totally valid since the cubes are loaded in compression and the prisms are not (they are subjected to bending moments).

· Possible sources of error in this experiment are:

- Weighing errors.

- Errors in taking and recording machines readings

- Inaccuracy in the used machines.
- loading surfaces that are not completely smooth.
· Engineering use:

· In engineering works, a minimum strength is specified for concrete at 28 days time period. Samples taken and tested by crushing should achieve this value, if they don’t correcting procedures should be taken at the working site. 

· The 7-day test result is used to monitor early strength gain and is often estimated to be about 75% of the 28-day strength. 7-day strength test results are useful to the contractor and concrete producer as an early warning signal. With today's fast-track concrete-placement schedules, it is essential for the contractor and concrete producer to know when 7-day test results are low. Then suitable steps can be taken promptly to adjust batch quantities, improve quality control procedures at the job site, and ensure that sampling, molding, and testing of the cylinders are being done in accordance with ASTM applicable standards
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· Lecture notes.
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