· Introduction:

Concrete may be considered as composed of four basic separate ingredients:  cement, coarse aggregates, fine aggregates (including sand), and water. The requirements of concrete are complex, but the aim is to produce the most economical combinations of concrete materials that will satisfy the performance requirements and specifications which are: workability, durability, and strength.
There are various lab tests that are carried on concrete to check its quality. These tests are basically divided into two categories: the first is Lab test on fresh concrete which we will carry out in laboratory in this experiment. These include: Slump test, Compacting factor and Vee-Bee test. The second category is Lab tests on hardened concrete which include destructive and non-destructive tests.

· Aim and objectives:

· The aim of this experiment is to measure the workability of fresh concrete for different water-cement ratios and to determine the effect of water content on the workability of concrete.

· The method used is by measuring the following values for every prepared sample:

1. The slump value.

2. The compaction factor.

3. The Vee-Bee time in seconds.

· Theory and prediction:
· The term workability is broadly defined; there is no single test that gives us all the information needed about workability. It can be defined as “the property of freshly mixed concrete that determines the ease with which it can be mixed, placed, consolidated, and finished to a homogeneous condition”. This definition shows two aspects:
1. Consistency: describes the ease of flow.

2. Cohesiveness: describes stability and lack of bleeding and segregation characteristics.
· Workability depends not just on the properties of the concrete, but also on the nature of the application. Workability is affected by every component of concrete and essentially every condition under which concrete is made. There is a lot of factors including the properties and the amount of cement; grading, shape, angularity, and surface texture of fine and coarse aggregates; proportion of aggregates; amount of air entrained; temperature of the concrete, and mixing time and method. 
· Workability tests can be divided into three tests as explained below:
1. Slump Test: 
It is the most well-known used test method to characterize the workability of concrete. It is inexpensive and we can do it in job site to determine as fast as possible whether a concrete patch is accepted or not. The apparatus consists of a mold in the shape of frustum with a base diameter of 8 inches, a top diameter of 4 inches, and a height of 12 inches. The cone is filled with concrete and then it is lifted vertically upward to measure the change in height of the concrete.  There are four slump shapes: true slump, shear slump, zero slump, and collapse. Each of these has a specific indication about the workability. The preferred shape is the true slump where the concrete remains intact and retains a symmetric shape. Collapse and zero slumps are the least preferred and indicate unworkable concrete.

2. Compaction Factor Test:  

The compaction factor test measures the degree of compaction resulting from the application of standard amount of work. The test was developed in Britain in the late 1940s and has been standardized as British standard 1881-103. The apparatus of the test consist of rigid frame that supports tow conical hoppers vertically aligned above each other and mounted above a cylinder. And the test is about recording the mass of the partially compacted concrete and the mass of the fully compacted concrete in the same cylinder, and it is defined as the ratio of the partially compacted to fully compacted mass.
3. Vee-Bee Consistometer:

The Vee-Bee consistometer consists of a vibrating table, a cylindrical pan, a slump cone, and a plastic dish attached to a free moving rod reference. It measures the remolding ability of concrete under vibration. The test results reflect the amount of energy required to remold a quantity of concrete under a given vibration condition. The Vee-Bee consistometer is applicable to concrete with slumps less than 2 inches. In the test as the Vee-Bee table is started the times for the concrete to remold from the slump cone shape to the shape of the outer cylindrical container is recorded as a measure of consistency.

· The  compaction factor is calculated using the following equation:
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· Tools and instruments:

The following tools were used throughout the experiment:

· Weighing balance with capacity up to 100 Kg.

· Concrete mixer.

· Measuring cylinder of capacity 1 L.

· Water Buckets.

· Slump cone.

· Vee-Bee testing machine.

· Cement.

· Sand.

· Concrete.

· Aggregates.

· Steel tamping rod 16 mm diameter.

· Lubricating oil and brush.
· Differently shaped moulds (large cubes-15*15*15, small cubes - 10*10*10, cylindrical moulds, and elongated moulds).
· Vibrating machine (vibrator).

· Compacting factor apparatus.
· Stop watch.
· Shovel and trowels.
· Procedure:
The following procedure was repeated 3 times with different w/c ratios:
1. Preparing the sample:
· The correct amounts of sand, cement and aggregates were weighed.
· The correct volume of water was measured.

·  Sand, cement, aggregates and water were mixed in the concrete mixer until a homogeneous mixture was formed; the mixture was then poured out.
2. Slump test:

· The slump cone interior was lubricated with oil, and placed on a nylon bag on horizontal floor.

· The mold was filled with fresh concrete on three layers, each about 1/3 the height of the mold and each was tamped 25 times with the tamping rod.

· The surface was flattened with a trowel to remove the excess.

· The cone was removed horizontally and slowly and placed upside down near the sample with a tamping rod on top of it.

· The slump was measured and recorded in mm.

3. Compaction factor test:

· The cylinder of the compaction factor apparatus was weighted. 

· The concrete was inserted in the top hoper of the compaction factor apparatus with the trap-doors closed.
· The trap-doors were opened until the concrete fills the cylinder.

· The surface was leveled and the excess concrete removed.

· The cylinder was weighted; the partially compacted weight was recorded.

· The cylinder was emptied and then refilled, this time with three layers, each damped on the vibrator until no air bubbles are seen, and then reweighed; this is the fully compacted weight.
4. Vee-Bee test:
· The slump cone was filled inside the Vee-Bee Consistometer cylinder on three layers each tamped 25 times, and the surface was leveled with a trowel.
· The slump cone was removed slowly and vertically, and the plastic disc was placed on top of it.
· The Consistometer vibrator was started at the same time the stop watch was started. When the conical shape fully transformed into a cylindrical shape, the stop watch was turned off. The measured time is the Vee-Bee time in seconds.
5. Preparing the molds:

Molds of different shapes and sizes were filled with fresh concrete at several layers (2 or 3 depending on the mold). Each layer was tamped either using the tamping rod or on the electrical vibrator. The surface was then leveled by removing the excess concrete with a trowel.

· Data and calculations:

The following table summarizes the data for samples preparation:
	Table -1- data for samples preparation

	W/C Ratio
	Water (L)
	Cement (Kg)
	Sand (Kg)
	Aggregate (Kg)

	0.60
	7.671
	11.8
	23.7
	47.3

	0.70
	8.679
	11.7
	23.4
	46.7

	0.80
	9.685
	11.5
	23.0
	46.1


The following table summarizes the data for the experiment:

	Table -2- data for the experiment

	W/C Ratio
	Slump (mm)
	Partially compacted (kg)
	Fully compacted (kg)
	Vee-Bee time (s)

	0.60
	45
	16.50
	17.60
	2

	0.70
	167
	17.30
	17.60
	1

	0.80
	219
	17.45
	17.5
	-

	Compacted weight include weight of empty cylinder (5.7 Kg)


Calculations:
	Table -3- calculations for the experiment

	W/C Ratio
	Partially compacted corrected (kg)
	Fully compacted corrected (kg)
	Compaction factor

	0.60
	10.80
	11.90
	0.908

	0.70
	11.60
	11.90
	0.974

	0.80
	11.75
	11.80
	0.996


* Sample calculations for w/c ratio 0.60:
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· Results and Conclusion:

The results of the experiment can be summarized in the following table:

	Table -4- results for the experiment

	W/C Ratio
	Slump (mm)
	Slump type
	Compaction factor
	Vee-Bee time (s)

	0.60
	45
	True      [image: image5.emf]
	0.908
	2

	0.70
	167
	Shear [image: image6.emf]
	0.974
	1

	0.80
	219
	Collapse [image: image7.emf]
	0.996
	---


From the results of the test, the following can be concluded:

As it is expected, the higher the water content in the concrete, the higher the slump and compaction factor and the lower the Vee-Bee time. The slump increases as w/c ratio increases because the internal shear forces in the concrete are reduced by the presence of water which acts as a lubricant. The high water content in the w/c ratio 0.8 resulted in a collapse form of slump since the shear forces were too low to hold the concrete in conical shape. 

The compaction factor is a ratio of the partially to the fully compacted weight of concrete in the testing cylinder, and the higher the w/c ratio of the mix, the higher the space the mix will fill inside the cylinder when partially compacted. Since the fully compacted weight doesn’t vary greatly (approximately 11.9 Kg in our experiment), the higher the w/c ratio the higher the compaction factor.
The idea of the Vee-Bee test is similar to that of the slump test. The higher the w/c ratio of the concrete, the lower the shear forces inside the mixture, and the easier it becomes to overcome these forces and change the shape of the sample from conical to cylindrical. This ensures that the obtained values in the table are consistent. This test is unsuitable for mixes with high water content, and this is why it wasn’t done for the mix of w/c ratio of 0.8 (the cone will instantaneously collapse and a cylinder is formed when the slump cone is removed). 

Table -5- (shown below) can be used to classify the concrete mixes prepared in the lab:
	Table -5- levels of workability

	Level
	Slump range (mm)
	Vee-Bee time range

	Very low
	0-10
	>12

	Low
	10-30
	12-6

	Normal 
	30-60
	6-3

	High
	60-180
	3-0


According to this table, the following is concluded:
1. The mix with w/c ratio 0.6 is classified as normally workable according to its slump value and highly workable according to its Vee-Bee time. This indicates the presence of some sort of error which most probably has resulted from a timing error in the Vee-Bee test.

2. The level of workability for the mix with w/c ratio 0.7 is high on both slump and Vee-Bee ranges. The high workability of this mix makes it suitable for some projects and unsuitable for others.

3. The mix with w/c ratio 0.8 is unclassified which indicates that it is probably unsuitable for any civil engineering project. 

The most significant errors in this experiment are expected to be for the Vee-Bee test because improper timing is possible and determination of the end point of complete conversion to a cylinder is very difficult.

· Engineering use:


Knowing the workability of concrete is important to know whether or not it is suitable for an engineering project. All three tests are vital, but the slump test is the most significant since it can be done at the site within few minutes. The significance of the three tests are as follows:
1. If a slump value is specified and the slump test give a significantly different value, this is an indication that the concrete should not be used. Additionally the shape of slump determines suitability of use since true slump is the most desired and a concrete with collapsed slump or zero should not be used.

2. The compaction factor gives an idea about the workability of concrete and w/c ratio. Concrete mixes with too high or too low compaction factor should not be used because either their workability is too low (low w/c ratio) or they are highly susceptible to bleeding and segregation (high w/c ratio).

3. Vee-Bee time test is a measure of workability. As for the other too tests, high Vee-bee value means unworkable concrete, and very low ones means that the concrete is highly susceptible to bleeding and segregation   
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