Lecture No. 18 & 19

Subject: Properties of Plastic Concrete

Objectives of Lecture:

· To explain the properties of plastic concrete, i.e. workability, and segregation & bleeding of freshly mixed concrete
Workability

Workability of concrete is defined in various ways as follows:

· ASTM C 125 defines workability as the property determining the effort required to manipulate a freshly mixed quantity of concrete with minimum loss of homogeneity. The term “manipulate” includes the early-age operations of placing, compacting, and finishing

· The workability is also defined as the ease with which a freshly mixed concrete can be properly compacted and also that it can be transported, placed, and finished

· The strict definition of workability is the amount of useful internal work, against the internal friction between the individual particles in the concrete, necessary to produce full compaction 

Workability of a concrete is a composite property with at least two main components, as follows:

“Consistency”- indicates the mobility or flowability of freshly mixed concrete

“Cohesiveness”- indicates the water-holding capacity (the opposite of bleeding) and the coarse aggregate-holding capacity (the opposite of segregation)

Significance of workability

· A workable concrete allows full compaction using a reasonable amount of work. This helps in achieving maximum possible density (i.e. minimum possible voids) of concrete, which results in more strength and durability of concrete
· The following figure shows how significantly the density of concrete having same materials and proportions affects the strength of concrete  

· As shown in the above figure, 5% of voids (i.e. 5% of decrease in density due to lack of proper compaction due to insufficient workability) can lower the strength as much as 30% 

Workability measurements

Following tests are commonly used for measuring workability of concrete:

1. Slump test – most universally used test, which measures only the consistency of mixtures of concrete with high consistency
· ASTM C 143 covers test procedure

· The equipment for the slump test is very simple and consists of a tamping rod and a truncated cone, 300 mm height and 100 mm diameter at the top and 200 mm diameter at the bottom

· As shown in the following figure, the cone is filled with concrete in three layers, each layer given 25 number of blows with tamping rod, then cone is slowly lifted

· The unsupported concrete cone slumps down by its own weight

· The decrease in the height of the slumped cone is called the slump of concrete 

2. Vebe test – like slump test measures only the consistency but more meaningful for mixtures of concrete with low consistency
· The equipment for the test, as shown in the following figure, was developed by Swedish engineer V. Bahrner  

· As shown in the above figure, the Vebe test equipment consists of a vibrating table, a cylindrical pan, a slump cone, and a glass or plastic disk attached to a free-moving rod, which serves as a reference end point

· The cone is placed in the pan, filled with concrete, and removed like slump test

· The disk is brought into position on top of the concrete cone, and the vibrating table is set in motion

· The time required to remold the concrete, from the conical to the cylindrical shape until the disk is completely covered with concrete, is reported as the Vebe time in seconds
3. Compacting factor test – attempts to evaluate the compactability characteristic of a concrete mixture

· This test developed in Great Britain, measures the degree of compaction achieved when a concrete mixture is subjected to a standard amount of work

· The degree of compaction, called compacting factor, is measured by the density ratio (i.e., the ratio of the density actually achieved in the test to the density of the same concrete when in fully compacted condition

· The apparatus consists essentially of two conical hoppers fitted with doors at the base and placed one above the other, and a 150 x 300 mm cylinder placed below the hoppers, as shown in the following figure

Factors affecting workability

In general, the workability of concrete mixtures is controlled by the following factors:

1. Water content

· For a given maximum size of coarse aggregate, the slump or consistency of concrete is a direct function of the water content; i.e., within limits it is independent of other factors such as aggregate grading and cement content

· At a constant water/cement ratio reduction in the aggregate/cement ratio causes increase in the water content, which consequently results into the increases in consistency of concrete 

· At a constant water content reduction in the aggregate/cement ratio decreases the water/cement ratio and consistency would not be affected 

2. Cement content

· In normal concrete, at given water content, a considerable lowering of the cement content tends to produce harsh (i.e., low workable) mixtures with poor finishability

· Concretes containing a very high proportion of cement or a very fine cement show excellent cohesiveness but tend to be sticky

3. Aggregate characteristics

· The particle size of coarse aggregate influences the water requirement for a given consistency

· At same water content very fine sands or angular sands produce lesser workable concrete as compared to a coarser or a well-rounded sand

4. Admixtures

· At given water content, air-entraining admixtures improve the consistency and cohesiveness of the concrete by increasing the volume of paste

· Pozzolanic admixtures tend to improve the cohesiveness of concrete. Fly ash, when used as a partial replacement for fine aggregate, generally increases the consistency at a given water content
· At a constant water content of a concrete mixture, the addition of a water-reducing admixture will increase the consistency
Segregation and Bleeding

Definition: It is defined as separation of the components of fresh concrete so that they are no longer uniformly distributed

Types: 

There are two kinds of segregation

· Separation of the mortar (paste + fine aggregate) from the body of concrete (for example, due to overvibration or mishandling of concrete)

· Bleeding

It is defined as phenomenon by virtue of which water appears on the surface after a concrete has been placed and compacted but before it has set

Bleeding takes place due to sedimentation of the solids in voids of concrete

Laitance is a form of bleeding in which water rising in the internal channels within concrete, carry with it very fine particles of cement, sand, and clay and deposit them in the form of a scum at the concrete surface 

Measurement:

· There are no tests for the measurement of segregation. Visual observation and inspection of cores of hardened concrete are generally adequate to examine the segregation

· There is, however, an ASTM standard test for the measurement of rate of bleeding and the total bleeding capacity

According to ASTM C 232, a sample of concrete is placed and consolidated in a container 250 mm diameter and 280 mm height. The bleed water accumulated on the surface is withdrawn at 10 min. intervals during the first 40 min., and thereafter at 30 min. intervals.

Bleeding is expressed in terms of the amount of accumulated water as the percentage of net mixing water in the sample

Causes and Control:

The following are the general causes segregation and bleeding problems in concrete:

· Improper consistency

· Excessive amount of large particles of coarse aggregate with either too high or too low density

· Presence of less fines (due to low cement and sand contents or the use of a poorly graded sand)

· Inappropriate placing and compacting methods

The problems of segregation and bleeding can be reduced or eliminated by paying attention to mix proportioning and to handling and placement methods 
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