Introduction:

Several tests can be carried out on concrete to check its quality. These tests are basically divided into two categories: lab tests on fresh concrete, and lab tests on hardened concrete. Furthermore, lab tests on hardened concrete are sub-divided into two kinds of tests, which are: destructive tests in which a sample is made and destroyed to find out the strength of concrete and non-destructive tests in which the sample is not destroyed. Nondestructive tests are particularly important because they can be used in determining the strength of existing buildings and structures.
In the previous laboratory, the two test types (tests for fresh and hardened concrete) were performed on different samples of concrete. Air content of freshly mixed concrete by the pressure method was performed on a standard test sample to determine the amount of entrained air in it. This is useful since the amount of entrained air is inversely proportional to strength and durability of concrete.

Additionally, the ultrasonic pulse velocity test (which is a nondestructive test for hardened concrete) was carried out on different sample shapes and sizes. This test is important since it gives an indication about concrete strength and pores distribution when there is a suspicion about the concrete in an old building or structure. As a side experiment, two small cubes prepared for the job mix design experiment were crushed at 7 days. The data for this experiment will be provided in this report and the calculations based on it will be discussed in detail in the job mix design report.
· Aim and objectives:

-The aim of the air content experiment is to find the entrapped air content in a standard sample of fresh concrete using the pressure method.
-The aim for the ultrasonic pulse velocity experiment is to get an indication about samples strength, porosity, and air content by measuring the speed of sound in the concrete sample.
· Theory and prediction:

· for the air content experiment:
· There are various methods of determining the air content of fresh concrete which are:

· Pressure method.

· Volumetric method.

· Gravimetric method.
The most important and widely used method is the pressure method.
· The pressure method for finding air content is based on the principle of Boyle’s law that increases in pressure on a gas decreases its volume in proportion. The method takes the assumption that the only comprisable component in concrete is air. Pressure is applied on the concrete sample and the reduction of volume is observed, thus this reduction is due to the existence of air in the mix. The air content is then calculated using the following equation:

Air content= h1 – h2 – G.
Where: H1 is the reading on column scale at air pressure 0.18, H2 is the reading on column scale after releasing the air pressure, and G is the aggregate correction factor (0.03 in our experiment).

· The pressure method is applicable for mixtures that contain highly porous aggregates, in some cases a correction can be made by applying the pressure method on the aggregates alone.

· for the ultrasonic pulse velocity experiment:

· In the ultrasonic velocity test, a transmitter generates mechanical ultrasonic pulses through the hardened concrete. These pulses are accepted by a receiver device, and the time required for these pulses to transfer from the transmitter to the receiver is displayed by the ultrasonic pulse velocity apparatus. From this time, the velocity of the pulses can be calculated using the following equation:
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Ultrasonic pulse velocity = 

time of transmission


·  The speed of the ultrasonic pulses depends primarily on the elastic properties of the material through which they are transmitted (concrete in this case). And thus the velocity of these pulses gives an indication about the strength of concrete as well as other properties such as air content, and voids distribution. A lower velocity indicates a more porous structure since sound travels fastest in solids, then liquids, then gases. 
· The transmitter and receiver can be inserted in three different methods when testing the concrete. These are: the direct method (the transmitter and receiver are inserted on two opposite faces), the indirect method (the transmitter and receiver are inserted on the same face), and the semi direct method (the transmitter and receiver are inserted on two side-by-side faces). The figure on the next page explains the differences between these three methods.

· Tools and instruments:

The following tools were used for the air content experiment:

· Air meter apparatus.

· Water.

· Cement.

· Sand.

· Foleyeh aggregates.

· Homseyeh aggregates.

· Weighing trays.

· Electronic weighing balance.

· Steel trowels.
· Rubber mallet

· Steel tamping rod 16 mm diameter.
· Concrete mixing container.
The following tools were used for the ultrasonic pulse velocity experiment:

· Ultrasonic pulse velocity apparatus.

· Tallow.

· Small cubes of hardened concrete (10*10*10 cm).

· Large cubes of hardened concrete (15*15*15 cm).

· Small cylinders of hardened concrete 15 cm height and 15cm diameter.

· Large cylinders of hardened concrete 30 cm height and 15cm diameter.
· Prism of hardened concrete, 50cm long and having a 10x10 cm cross section.
· Beam of hardened concrete, 100 cm long and having a 15x10 cm cross section.

· Procedure:

· for the air content experiment:

· An initial calibration was made on the air meter by the lab technician to find the value of G.
· The concrete mix was prepared by mixing the following materials proportion manually using trowels:

· 2.36 kg of cement 
· 3.54 kg of sand

· 4.00 kg of foleyeh aggregates

· 3.08 kg of homseyeh aggregates

· 1.465 liters of water.
· The container of the air meter was lubricated with oil from the inside.

· The container of the air meter device was filled with the concrete mix on three layers. Each layer was rodded 25 times using the compacting rod, and then stroked 15 times at the outer surface of the container using the rubber mallet.

· The top section of the apparatus was clamped firmly to the container.

· The apparatus was filled with water to a level slightly above the arrow mark on the graduated scale.

· The funnel valve was closed and the water level was adjusted to the arrow mark by means of the lower petcock.

· The top petcock was closed and the pressure was applied with the pump until the gauge reads the correct operating pressure and the value h1 was recorded.

· The pressure was released and the value h2 was recorded. H2 should essentially be less than 0.02 for the results to be accepted.
· for the ultrasonic pulse velocity experiment:

· The apparatus was calibrated using special device.
· A small cube was rubbed with tallow on two opposite faces.

· The transmitter and receiver of the apparatus were pressed hard over the tallow.

· The time displayed on the apparatus’s screen was reported. 
· Steps 2-4 were repeated for the other small cubes, the large cubes, the small cylinder, the large cylinders and the prism.
· For the beam, the test was performed in three different ways: direct, semi-direct and indirect at different regions from the beam and the time for each known distance was recorded. 

· for the job mix design cubes:
· The two cubes were weighted under water and their weight was recorded.

· The outer surface of the cubes was dried with a piece of cloth, and their weight saturated surface dry was measured.

· The cubes were crushed using the crusher device. Failure loads were recorded.

· Data and calculations:

· for the air content experiment:

The following data was collected throughout the experiment:

H
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G = 0.03

Water should decrease between 0-0.2
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-G=1.35-0.2-0.03 = 1.12
· for the ultrasonic pulse velocity experiment:

The following table summarizes the data obtained for this experiment as well as the calculations performed:

	Table (1): data and calculations for ultrasonic pulse velocity experiment

	Shape #
	Shape Type
	Dimensions(cm)
	Time (μs)
	Distance (cm)
	Velocity (km/s)
	Equivalent strength (MPa)

	1
	Cube #1
	10× 10× 10
	23.1
	10
	4.33
	23

	2
	Cube #2
	10× 10× 10
	23.8
	10
	4.20
	18

	3
	Cube #3
	10× 10× 10
	23.1
	10
	4.33
	23

	4
	Cube #4
	10× 10× 10
	22.8
	10
	4.39
	27

	5
	Cube #5
	10× 10× 10
	21.5
	10
	4.65
	40


	6
	Cube #1’
	15× 15× 15
	53.4
	15
	2.81
	--

	7
	Cube #2’
	15× 15× 15
	37.3
	15
	4.02
	13

	8
	Cylinder #1
	15× 15
	45.4
	15
	3.30
	--

	9
	Cylinder #2
	15× 30
	80.4
	30
	3.73
	--

	10
	Cylinder #3
	15× 30
	90.7
	30
	3.31
	--

	11
	Prism
	10× 10× 50
	132.6
	50
	3.77
	--

	
	
	
	25.8
	10
	3.88
	11


The following table summarizes the data obtained for the beam as well as the calculations performed:

	Table (3): data and calculations for the beam

	Indirect method
	Distance (cm)
	Time (μs)
	Velocity (km/s)
	Equivalent strength

	0-20
	20
	59.1
	3.38
	--

	20-40
	20
	77.4
	2.58
	--

	40-60
	20
	69.6
	2.87
	--

	60-80
	20
	91.6
	2.18
	--

	80-100
	20
	42.4
	4.72
	46

	0-20
	20
	64.5
	3.10
	--

	0-40
	40
	171.6
	2.33
	--

	0-60
	60
	178.8
	3.36
	--

	0-80
	80
	432.8
	1.85
	--

	0-100
	100
	501.7
	1.99
	--

	Direct method

	
	10
	23.5
	4.26
	22

	
	10
	22.5
	4.44
	26

	
	10
	23.1
	4.33
	23

	Semi- direct method

	
	9
	18.5
	4.87
	60


* Sample calculations (Cube #1 10*10*10):
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Ultrasonic pulse velocity = 

time of transmission
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Ultrasonic pulse velocity = 4.33

23.1/(10 ^ 6)

=

 Km/s 
Returning to strength-velocity correlation for concrete graph, the equivalent cube strength is 23 MPa to the nearest whole number.

* Sample calculations (semi-direct method for the beam):

Distance = 
[image: image9.wmf]5^27.5^281.259.01 cm

+==


( 
[image: image10.wmf]9.01/(10 ^ 5)

Ultrasonic pulse velocity = 4.87

18.5/(10 ^ 6)

=

 Km/s 
Returning to strength-velocity correlation for concrete graph, the equivalent cube strength is 60 MPa to the nearest whole number.

· for the job mix design cubes:
	Table (3): data and calculations for job mix design cubes

	Cube #
	W
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	Load (N)
	Loaded Area (mm
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)
	Strength (MPa)
	Density (g/cm
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	1
	2410
	1416
	192
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	19.2
	2.43

	2
	2450
	1441
	204
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	20.4
	2.43


· Results and Conclusion:

The results of the experiment can be summarized as follows:
· Result and conclusion for the air content experiment:

Value of air content = 1.12 %
For non-air-entrained cements, the air content should not exceed 3%. The value obtained in this experiment is 1.12 % by volume which is much less than the accepted. What this means is that the concrete was compacted well and that the sample is expected to have a higher strength than another sample with the same mix proportions but less compaction. This is also consistent with the general rile that states that every 1% air content in concrete will result in 5% additional weakness. This test is a good indication of air content of cement, but it should be kept in mind that for w/c ratio greater than 0.42, air content increases when the cement hardens because water evaporate and the increase in volume will not cover pores at high water cement ratios.


Possible sources of error in this experiment include:

· Weighing errors

· Loss of material during transfer

· Improper calibration for the air meter device.
· Result and conclusion for the ultrasonic pulse velocity experiment:

The results for this experiment are summarized in tables (1) and (2) in the data and calculations section.
This experiment only gives an indication about the elastic properties of concrete such as strength and the presence and distribution of voids. The results of this experiment don’t seem accurate because the apparatus gave several inconsistent readings for the same regions of the same samples when the transmitter was placed, removed, and then replaced. Additionally comparison between samples is not possible since the age, w/c ratio and mix proportions for the samples are not known.

Generally however, the 10*10*10 cube #5 is expected to have the lowest w/c ratio and the least voids of all small cubes since waves speed are highest through it and its equivalent strength is the highest. For most of the samples the equivalent strength could not be obtained because the curve gives strength values for ultrasonic wave speeds between 3.85 and 4.85 km/s. the speeds in many samples was lower than this range. What this implies is that either the strength of these samples is less than 10 MPa or that the obtained data is inaccurate and that the experiment should be repeated.

For the beam, the lowest speed in the indirect method was obtained for the region in which a visible crack is present (60-80). This is expected logically since sound travels slower in air than in solid materials and the presence of a crack means a discontinuity in the solid material. The results of the direct method indicate that the beam is strongest in the middle since sonic speed is highest there and the equivalent strength is also the highest. The result for the semi-direct method indicates the highest speed and strength of all three methods. No obvious reason is known for this result and it might have resulted by chance.


Tallow was rubbed on the surfaces of tested samples to prevent sonic waves from scattering. Despite this, the results are inaccurate, and the most possible reasons for error are: systematic errors in the used apparatus as well as errors in calibrating the apparatus before use.

· Engineering use:

· Knowing the air content in fresh concrete is an early indication of the strength and durability of concrete after it hardens. Although this indication can help correct problems on an early stage, it is not a highly accurate indication. The air content of hardened concrete may be either higher or lower than that determined by this test method. This depends upon the methods and amount of consolidation effort applied to the concrete from which the hardened concrete specimen is taken; uniformity and stability of the air bubbles in the fresh and hardened concrete; time of comparison; environmental exposure; stage in the delivery, placement and consolidation processes at which the air content of the unhardened concrete is determined, that is, before or after the concrete goes through a pump..

·  The ultrasonic velocity test is used for testing concrete in structures and buildings in which the concrete is suspicious but no evidence is present. The significance of this test is that it is a nondestructive test that gives acceptable indication about concrete conditions, although not highly accurate.
· References:

The following references were used:

· Concrete laboratory manual, pages 100-106 and 119-120...
· http://www.astm.org/Standards/C231.htm , browsed on the 1st of November -2009
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Fig 1: transmission types in concrete testing by ultrasonic pulses  
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