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Chapter 8 – Concrete 

 

8. Concrete:  

8.1. Introduction: 

Portland cement concrete is the most widely used structural material in the 

world for civil engineering projects. Its worldwide availability and low 

maintenance requirements make it very useful.  

The term “concrete” is applicable for many products, but is most generally used 

with Portland cement concrete. 

Concrete is basically cement, aggregate and water, mixed together, placed, and 

allowed to solidify and harden. 

Cement and water form a paste which acts as a binder. When fine aggregate is 

added, the mixture is called mortar, after 

adding coarse aggregate, concrete is 

produced. Normal concrete consists of 

about ¾ aggregate and ¼ paste, by 

volume. The paste usually consists of 

water-cement ratios between (0.4-0.7) by 

weight.   

Admixtures are sometimes added for 

various purposes, such as to produce a 

desired color, improve the workability, 

entrain air, reduce segregation, retard the 

initial set of the concrete, or accelerating 

setting and hardening. 

The operations involved in the 

production of concrete will vary with the 

type of end use for concrete, but 

generally include the following, which 

are illustrated in Figure (8-1): 

1. Batching the material. 

2. Mixing. 

3. Handling and transporting. 

4. Placing. 

5. Consolidating. 

6. Finishing.  

7. Curing. 
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8.2. Design of Concrete Mixtures:  

The design of concrete mixture involve determining the proper proportions of 

cement, aggregate, water, plus any admixture, to produce a concrete having the 

desired properties. 

The American Concrete Institute, ACI, has a number of excellent recommended 

practices; including one on proportioning concrete mixtures (Recommendations for 

selecting proportions are given in detail for normal-weight concrete in ACI 211.1.5.1, and 

for lightweight concrete in ACI 211.2.5.2). Following are a few observations 

regarding the producing of concrete: 

1) The water serves two purposes; it causes the cement to hydrate into a solid 

mass, and gives the fresh concrete sufficient plasticity to permit it to be 

formed into the desired shape.  

2) The higher the water-cement ratio, the lower the resulting strength and 

durability. 

 If an excess quantity of water is used, it dilutes the paste and weakens 

the concrete (higher slump). 

 If an insufficient quantity of cement is used, there will not be enough 

paste to join all the particles of aggregate together solidly and the 

strength of the concrete will be affected  

3) The fine and coarse aggregate constitute about 75-80 percent of the ultimate 

mass of concrete. 

 The larger the maximum size of coarse aggregate, the less the amount 

of cement paste that will be needed to coat all particles and provide 

necessary workability. 

4) Therefore, it is apparent that the quantity of water used in making concrete 

should be the minimum amount needed to give the concrete the required 

plasticity. 

5) Economical concrete, having the required properties can be produced by 

using the largest practical sizes of coarse aggregate and the smallest 

practical quantity of water. 

 

8.3. Fresh Concrete: 

Fresh concrete is of little importance to the designer, but to the constructor it’s 

very important because he has to deal with fresh concrete (mixing, transporting, 

placing, consolidating, finishing and curing). To satisfy both the designer and 

constructor the concrete should be: 

 Easily mixed and transported. 
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 Uniform throughout, both within a given batch and between batches. 

 Of proper workability so that it can be consolidated, completely fill the 

forms, will not segregate and finally will finish properly. 

The major property of importance to the constructor is the workability. One 

measure of workability is slump, which is, a measurable value based on the 

standard test of the American Society for Testing and Materials (ASTM C143). 

The amount of slump is measured in inches (or millimeters) from its original 

height of 12in (300mm), the stiffest concrete has zero slumps, and the most fluid 

concrete has slumps exceeding 8in (200mm). 

 

8.4. Handling and Batching Materials: 

8.4.1. Handling Cement: 

 Batching may be done by volume or by weight, and weight batching is 

much more dependable and more commonly used than volume batching.  

 Cement may be supplied to a job in a paper bags, each containing          

(1 ft
3
=0.02832m

3
) loose measure and weighing (90 lb=40 kg) net.  

 For large projects, the cement is supplied in bulk quantities from cement 

transport trucks (each holding 25 tons or more).  

 Bulk cement is cheaper than bag cement; but it is more satisfactory to 

use cement in bags unless the job is large enough. 

 Bag cement must be stored in a dry place and should be left in original 

bags until used for concrete. 

 If the batching of concrete requires one or more whole bags of cement, 

the use of bag cement simplifies the batching operation.  

 Bulk cement is stored in suitable overhead silos or bins, such as those 

shown in Fig. (8-2). 

   
Figure (8-2) – Silos for the Storage of Bulk Cement 
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8.4.2. Batching Aggregate: 

 Concrete specifications require the concrete to be batched with aggregate 

having at least (2-6) size ranges (coarse and fine). The quantity of 

material from each size range must be measured carefully.  

 The type of batching equipment used depend on the size of the job, if the 

project is not large enough, satisfactory batching may be obtained by 

using wheelbarrow scales. But if the project is large enough, to justify 

the additional investment in equipment, (for handling and batching 

aggregate), an elevated storage bin, equipped with a weighting batcher 

should be used. 

 The aggregate, water, cement and admixtures (if used) are put in 

concrete mixers and mixed for a suitable period of time until all the 

ingredients are adequately blended together. 

 A minimum mixing time of 1 min for mixers of 1 cu yd or less, with an 

increase in mixing time of (¼ min) for each additional cu yd of concrete. 

Thus, an 8-cu-yd mixer should mix the concrete a minimum of

min75.2
4

1
71  . 

 Note that a concrete batch requires 4 different sizes of coarse aggregate, 

sand (fine aggregate), cement and water. The water and liquid 

admixtures are normally measured by volume, while the cement and 

aggregates are measured by weight. 

 Concrete mixers are usually equipped with water-measuring tanks, to 

supply any reasonable amount of water per batch. If the aggregate 

contain free surface water, such water should be included as part of the 

total quantity required for the concrete. 

 

8.5. Concrete Mixers  

Concrete mixers may be classified as:  

1. Construction mixers 

2. Paving mixers  

3. Transit mixer 

For construction mixers with a single-compaction drum the standard sizes are 

(0.10 S, 0.17 S, 0.31 S, 0.45 S, 0.79 S, 1.59 S, 2.38 S, and 3.17 S). The number 

indicates the normal volume of mixed concrete in cubic meters; while the 

letter (S) designates that the equipment is a constriction mixture. These 
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mixers must be capable of mixing (10%) more than the rated capacities when 

they are operating in a level position. 

For paving mixers with single-compartment drums the standard sizes are     

(0.77 E and 0.96 E). For mixers with two-compartment drums the standard sizes 

are (0.45 E and 0.96 E). The number indicates the nominal volume of mixed 

concrete in cubic meters. While the letter (E) designates that the equipment 

is a paving mixer. 

These mixers are capable of mixing (20%) more concrete than the rated 

capacities when they are operating on a level surface. 

 

8.5.1. Outputs of Construction Mixers 

 The output of concrete mixers is usually expressed in cubic meter of 

concrete per hour (m
3
/hr).  

 The Output of Concrete Mixers = Volume per Batch × Number of 

Batches/Hour 

 The output will vary with: 

 Size of a mixer. 

 Conditions under which it is operated.   

 The actual volume of concrete mixed per batch will not equal the rated 

size of a mixer. 

 It is desirable to avoid the use of fractional bags of cement; the size of a 

batch may be more or less than the size of the mixer. 

 If a 0.45 S mixer requiring six bags per cubic meter ( 7.2645.0  ), 

but the batch include 2 bags of cement, this will produce a batch 

having a volume of ( 33.045.0
7.2

2
 ) m

3
 instead of (0.45) m

3
 

 The number of batches mixed per hour will depend on the average time 

per cycle, which varies with the mixing time and the method of 

discharging the concrete. The American Society for Testing and 

Materials (ASTM) specifies that the concrete shall be mixed (1 min) per 

mixer sizes through 0.77 m
3
, and for larger sizes, 0.33 min (about 20 sec) 

shall be added to the mixing time for each additional cubic meter (m
3
) of 

size.  

 The method of discharging a mixer has influence on the time per cycle. 

If a (0.45 S), mixer can discharge the entire batch into a single container 

such as a bucket or a hopper then the mixer can be emptied in 15 sec,  

(0.25 min), or less. However, if the batch is discharged into five 
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wheelbarrows, each requiring 12 sec, (0.2 min), the total time required to 

discharge the mixer will be 60 sec, (1 min). In the former case the mixer 

might produce [60 / (0.25+1+0.25)], 40 batches per hour without 

allowing for interruption, whereas in the better case the mixer might 

produce not more than [60 / (0.25+1+1], 26 batches per hour.  

 In determining the output of a mixer over an extended period of time, 

any losses in output resulting from delays should be included by using an 

appropriate operating factor such as a 45- min hour or 50- min hour. 

 

Ex: 8-1 

Determine the quantity of materials required per batch and the probable output 

for a 0.45 S construction mixer, the quantity of materials per cubic meter are: 

Cement 7.3 bags/m
3
  

Sand 847 kg/m
3 

Gravel 1087 kg/m
3
 

Water 192 litters/m
3 

Operating Factor is 50- min hour 

If the mixer discharges the entire batch of concrete into a single bucket, the time 

per cycle should be about as follow: 

 

Charging mixer 0.25 min 

Mixing concrete     1.00 min 

Discharging mixer 0.25 min 

Lost time 0.10 min 

 

Solution: 

If the batch is 0.45m
3
 the required volume of cement will be: 

3.33.745.0   bags 

Instead of mixing 0.45m
3
 per batch which required a fractional bag of cement 

(3.3 bags), reduce the quantity to (3 bags), and the quantity of other materials, in 

the same proportion. 

So the proportion of reduction per batch will be (volume per batch): 

 
 

 batch/m41.0
m1/bags3.7

batch/bags3 3

3
   

So the quantity of material per batch will be as follows:  

Cement, 3bags 
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Sand,     Batch/kg27.347Batch/m41.0kg/m847
33   

Gravel, Batch/kg67.44541.01087   

Water, Batch/lt72.7841.0192   

min6.110.025.000.125.0Cycle perTime  Total   

hr/Batches5.37
6.1

60
Hour per Batches of No.   

The volume per batch will be: 

41.045.0
3.3

3
  m

3
/Batch < 0.45 m

3
/Batch 

hr/m375.1541.05.37Hour per Output
3  

hr/m8125.12
60

50
375.15Hour min-50 per Output

3  

Or: 

hr/Batches25.31
6.1

50
Hour per Batches of No.   

hr/m8125.1241.025.31Hour min-50 per Output
3  

 

8.6. Paving mixers 

Paving mixers are used primarily to mix and place concrete for highways, 

streets, and airport runways. They are mounted on crawler trucks in order that 

they may move along with the placing of concrete. 

The standard paving mixers are 0.77 E and 0.96 E single drum and 0.45 E and 

0.96 E double-drums. The double-drum mixer has two compartments.   

The output of a paving mixer will vary with: 

1) The size of the mixer. 

2) The number of compartments. 

3) The nature of the job. 

Under favorable condition a paving mixer can mix a 20% overload of concrete. 

The batch cycle for a single-drum mixer should run about 1.5-2 min, and for a 

double-drum mixer about 0.8-1.25 min. 

 

Ex: 8-2 

Determine the probable output of a 0.96 E double-drum paving mixer under 

various conditions. 

If the highway is level and job conditions are favorable, it is possible to produce 

a batch of concrete in 50 sec (50/60=0.833min); Operating Factor is 40- min 

hour 
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Solution: 
3

m152.12.196.0batchsize  Maximum    

Or:   3
m152.12.096.096.0batchsize  Maximum   

72
50

6060
 hour per Batch 


  

hr/m944.82152.172hour per output Maximum
3  

hr/m3.55
60

40
944.82Hour min-40 per Output Maximum

3  

 

8.7. Central Mixing Plants: 

A central mixing plant may be installed to mix concrete for a large structure, 

such as a dam, or for sale to the public. 

Such a plant includes equipment for handling and storing aggregate and cement, 

batchers and one to four construction-type concrete mixers in sizes from 0.79 S 

to 3.17 S, the mixers may be tilting or non-tilting types. The mixed concrete 

may be discharged into buckets, agitator trucks, or dump trucks if air-entrained 

concrete is used. 

 

 
Figure (8-3) – Concrete Batching Plant 

 

8.8. Handling and Transporting Concrete:  

The method of handling and transporting concrete should be selected to 

accomplish several objectives, including: 

1. Economy. 

2. The prevention of segregation. 

3. The concrete should reach its final position before it has achieved an 

initial set. 
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Concrete may be handled and transported by several methods, such as buggies, 

buckets (handled by cranes, hoisting towers or cables), belt conveyors, trucks, 

pumps and pipelines. The method selected should permit the use of a concrete 

having the required properties, such as consistency, maximum size aggregate, 

etc. 

In order to reduce segregation, concrete should flow vertically downward as it is 

discharged into forms or from one unit of equipment to another. 

 

8.8.1. Hand Buggies:  

Hand buggies or carts, equipped with pneumatic tires which are available in 

sizes of (0.2 – 0.3) m
3
, are suitable on use on many projects. 

 

8.8.2. Power Buggies:  

Within recent years power buggies have been used at increasing rates to haul 

concrete. They have capacities of (0.25-0.4) m
3
, they can make 180

o
 turn in 

about 1.2m and can climb grade up to 20% when loaded. Power buggies may 

pay for themselves in 1-6 months. 

 

8.8.3. Buckets: 

Buckets may be divided into two groups: 

 Used with material towers, which are referred to as tower buckets, vary 

in size from 0.2 m
3
 to 1 m

3
. 

 Used with power cranes, cables, etc., which are referred to as concrete 

buckets, vary in size from 0.4 m
3
 to 6 m

3
. Concrete buckets have bottom 

gates which may be opened in such a manner that the concrete will flow 

vertically downward. 

 

8.8.3.1. Hoisting Concrete with a Crane Versus a Material Tower: 

On some project such as multistory buildings, it may be possible to use a crane 

or a material tower to hoist the bucket of concrete. 

 

The advantage of a crane and bucket are as follows: 

1. Greater mobility permits the crane to deposit the concrete at different 

locations around the structure. 

2. The crane may be used for other operations. 

3. The cost of getting a crane ready to operate will be less than for a tower. 
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The advantages of a tower and bucket are as follows: 

1. The investment in the tower and hoisting equipment will be less than for 

a crane. 

2. The method requires less space in a congested location. 

 

8.8.4. Belt Conveyors:  

They are satisfactory for transporting concrete. The uniform flow and high 

capacity represent advantages, while the tendency to segregate the concrete at 

the discharge end represents a disadvantage. A suitable type ladder or down pipe 

should be installed at the discharge end to assure that the concrete will drop 

vertically; usually it is necessary to install a belt cleaner at the discharge end to 

prevent a portion of the mortal from adhering to the belt. 

 

8.8.5. Transit Mixers and Agitator Trucks:  

A transit mixer or an agitator truck is a truck on which there is mounted a 

concrete mixer. 

If the aggregate including the cement is charged into the mixer at a central 

batching plant, with mixing to be done en route to the job, the unit is called a 

transit mixer. 

If the unit is used to haul ready mixed concrete, which requires agitation en 

route to the project only to prevent segregation, the unit is called an agitator. 

If the unit is used as an agitator, the capacity will be considerably greater than 

when it is used as a transit mixer, because the concrete is premixed and thus it 

occupies a volume less than that of the aggregates measured separately. 

The Standard Specifications for Ready-Mixed Concrete (ASTM C94) requires 

that the concrete must be delivered and discharged from the truck mixer or 

agitator truck within 1.5 hr after the introduction of water to the cement and 

aggregate or the cement to the aggregate  

  

8.8.6. Concrete Pumps:  

 Sometimes concrete is pumped through a steel pipeline. This method is 

used when the concrete is to be placed in locations that are not accessible 

to conventional mixing and handling.  

 The equipment includes a storage hopper, with an agitator to prevent 

segregation, mounted over a single acting horizontal piston-type pump, 

plus steel pipes and accessories.  
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 The pipes are 150, 175 and 200 mm in diameter. The maximum size of 

aggregates that can be pumped is 76 mm.  

 The concrete can be pumped up to 360 m horizontally, depending on the 

size of the pump and pipes and the slump of concrete. (1 m) of vertical 

distance is equivalent to about (8 m) of horizontal distance. A 45
o
 bend 

is equivalent to (6 m) of horizontal pipe. 

 

8.9.  Placing Concrete:  

 If concrete is to be placed on earth, the earth should be moistened to 

prevent it from robbing the concrete of its water.  

 If fresh concrete is to be placed on or adjacent to concrete that has set, 

the surface of the old concrete should be cleaned thoroughly, with a 

high-pressure air and water jet and steel-wire brushes. 

 The surface should be wet, but there should be no standing water. 

 A small quantity of cement grout should be brushed over the entire area, 

and then followed immediately with the application of a (12.5 mm) layer 

of mortar. The fresh concrete should be placed on the mortar. 

 Concrete should be placed in layers whose thickness will permit uniform 

compaction. 

 The time lapse between the placing of layers should be limited to assure 

perfect bond between the fresh and previously placed concrete. 

 Immediately after placing concrete, it should be compacted. The purpose 

of compaction of concrete, known also as consolidation, is to achieve the 

highest possible density of the concrete. The usual method of 

compaction is by vibration, using hands or mechanical vibrator. 

 The vibrator should not be left in one position for too long, or 

segregation of the aggregate will occur. 

 Concrete should be placed at a temperature not less than 4 
o
C or more 

than 30 
o
C. A lower temperature will reduce the rate of setting, while a 

higher temperature will reduce the ultimate strength.  

 

8.10. Curing Concrete:  

If concrete is to attain its maximum strength, it should be cured with adequate 

moisture and at a favorable temperature. 

The initial moisture in concrete is adequate to hydrate all the cement, provided it 

is not permitted to evaporate before it is used. 
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Curing should prevent the loss of initial moisture, or replace the moisture that 

evaporates. This may be accomplished by several methods: 

 Leaving the forms in place. 

 Keeping the surface wet. 

 Covering the surface with a liquid curing compound, that forms a 

watertight membrane that prevents the escape of the initial water. 

 Curing compounds may be applied by brushes or pressure sprayers. 

 A gallon of liquid curing compound will cover 18-30 m
2
. 

 

8.11. Placing Concrete in Cold Weather:  

 When concrete is placed in cold weather, some provision must be made 

to keep the concrete above freezing during the first few days after it has 

been placed. 

 Specifications generally require that the concrete be kept at not less than 

21
o
C for 3 days or not less than 10

o
C for 5 days after placing.  

 ACI 306R-77 contains guidelines for concreting in cold weather. 

 It is necessary to preheat the water, the aggregate, or both in order that 

the initial temperature will assure an early set and gain in strength, 

 Preheating the water is the most effective method of providing the 

required temperature for placing. 

 

8.12. Placing Concrete in Hot Weather:  

 When the temperature of fresh concrete exceeds around (30-32) 
o
C, the 

resulting strength and durability of the concrete may be reduced. 

 Most specifications require the concrete to be placed at a temperature 

less than 32 
o
C. 

 When concrete is placed in hot weather, the ingredients should be cooled 

before mixing. 

 ACI 305R-77 contains guidelines for mixing and placing concrete in hot 

weather. 

 Methods of cooling include using ice instead of water in the mix and 

cooling the aggregate with liquid nitrogen. 

 For massive concrete structures such as a dam, this may be accomplished 

by installing an ice-manufacturing plant near the concrete mixing plant. 

 


