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Unit 4 

Production and Quality Control of Concrete: Production of crushed stone aggregate, batching 

equip e t’s for production and concreting, curing at different temperatures, Concreting 

underwater, hot & cold weather condition, statistical quality control, field control, non-

destructive testing, repair technology for concrete structures, Inspection & Testing of 

Concrete. 

 

Crushed stone or angular rock is a form of construction aggregate, typically produced by 

mining a suitable rock deposit and breaking the removed rock down to the desired size using 

crushers. It is distinct from gravel which is produced by natural processes of weathering and 

erosion, and typically has a more rounded shape.  

Crushed stone is one of the most accessible natural resources, and is a major basic raw material 

used by construction, agriculture, and other industries. Despite the low value of its basic 

products, the crushed stone industry is a major contributor to and an indicator of the economic 

well-being of a nation. The demand for crushed stone is determined mostly by the level of 

construction activity, and, therefore, the demand for construction materials. 

Stone resources of the world are very large. High-purity limestone and dolomite suitable for 

specialty uses are limited in many geographic areas. Crushed stone substitutes for road building 

include sand and gravel, and slag. Substitutes for crushed stone used as construction 

aggregates include sand and gravel, iron and steel slag, sintered or expanded clay or shale, and 

perlite or vermiculite.[5] 

Crushed stone is a high-volume, low-value commodity. The industry is highly competitive and is 

characterized by many operations serving local or regional markets. Production costs are 

determined mainly by the cost of labor, equipment, energy, and water, in addition to the costs 

of compliance with environmental and safety regulations. These costs vary depending on 

geographic location, the nature of the deposit, and the number and type of products produced. 

Crushed stone has one of the lowest average by weight values of all mineral commodities. The 
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average unit price increased from US$1.58 per metric ton, f.o.b. plant, in 1970 to US$4.39 in 

1990. However, the unit price in constant 1982 dollars fluctuated between US$3.48 and 

US$3.91 per metric ton for the same period. Increased productivity achieved through increased 

use of automation and more efficient equipment was mainly responsible for maintaining the 

prices at this level. 

Transportation is a major factor in the delivered price of crushed stone. The cost of moving 

crushed stone from the plant to the market often equals or exceeds the sale price of the 

product at the plant. Because of the high cost of transportation and the large quantities of bulk 

material that have to be shipped, crushed stone is usually marketed locally. The high cost of 

transportation is responsible for the wide dispersion of quarries, usually located near highly 

populated areas. However, increasing land values combined with local environmental concerns 

are moving crushed stone quarries farther from the end-use locations, increasing the price of 

delivered material. Economies of scale, which might be realized if fewer, larger operations 

served larger marketing areas, would probably not offset the increased transportation costs. 

Batching of Concrete 

It is the process of measuring concrete mix ingredients either by volume or by mass and 

introducing them into the mixture. Traditionally batching is done by volume but most 

specifications require that batching be done by mass rather than volume. Percentage of 

accuracy for measurement of concrete materials is as follows: 

Cement: 

When the quantity of cement to be batched exceeds 30% of scale capacity, the measuring 

accuracy should be within 1% of required mass. If measuring quantity is less than 30% i.e. for 

smaller batches then the measuring accuracy should be within 4% of the required quantity. 

Aggregates: 

If the measurement is more than 30% of the scale capacity then the measuring accuracy 

should be within 1%. If measurement is less than 30% then the measuring accuracy should be 

within less than 3%. 

 

Water: 
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Water is measured in volumetric quantity as 1 liter = 1kg. In case of water, the measuring 

accuracy should be within 1%. 

Admixtures: 

For mineral admixtures same accuracy as that required for cement. For chemical admixtures 

same accuracy as that required for water. Mineral admixtures accuracy is same as that of 

cement because it is used as partial replacement of cement. As chemical admixtures are liquid 

or added to water therefore its accuracy is same as that of water. 

  

Curing of concrete  

In all but the least critical applications, care must be taken to properly cure concrete, to achieve 

best strength and hardness. This happens after the concrete has been placed. Cement requires 

a moist, controlled environment to gain strength and harden fully. The cement paste hardens 

over time, initially setting and becoming rigid though very weak and gaining in strength in the 

weeks following. In around 4 weeks, typically over 90% of the final strength is reached, though 

strengthening may continue for decades. The conversion of calcium hydroxide in the concrete 

into calcium carbonate from absorption of CO2 over several decades further strengthens the 

concrete and makes it more resistant to damage. However, this reaction, called carbonation, 

lowers the pH of the cement pore solution and can cause the reinforcement bars to corrode. 

Hydration and hardening of concrete during the first three days is critical. Abnormally fast 

drying and shrinkage due to factors such as evaporation from wind during placement may lead 

to increased tensile stresses at a time when it has not yet gained sufficient strength, resulting in 

greater shrinkage cracking. The early strength of the concrete can be increased if it is kept 

damp during the curing process. Minimizing stress prior to curing minimizes cracking. High-

early-strength concrete is designed to hydrate faster, often by increased use of cement that 

increases shrinkage and cracking. The strength of concrete changes (increases) for up to three 

years. It depends on cross-section dimension of elements and conditions of structure 

exploitation.[54] 

During this period concrete must be kept under controlled temperature and humid 

atmosphere. In practice, this is achieved by spraying or ponding the concrete surface with 

water, thereby protecting the concrete mass from ill effects of ambient conditions. The picture 
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to the right shows one of many ways to achieve this, ponding – submerging setting concrete in 

water and wrapping in plastic to contain the water in the mix. Additional common curing 

methods include wet burlap and/or plastic sheeting covering the fresh concrete, or by spraying 

on a water-impermeable temporary curing membrane. 

Properly curing concrete leads to increased strength and lower permeability and avoids 

cracking where the surface dries out prematurely. Care must also be taken to avoid freezing or 

overheating due to the exothermic setting of cement. Improper curing can cause scaling, 

reduced strength, poor abrasion resistance and cracking. 

Properties 

Concrete has relatively high compressive strength, but much lower tensile strength. For this 

reason it is usually reinforced with materials that are strong in tension (often steel). The 

elasticity of concrete is relatively constant at low stress levels but starts decreasing at higher 

stress levels as matrix cracking develop. Concrete has a very low coefficient of thermal 

expansion and shrinks as it matures. All concrete structures crack to some extent, due to 

shrinkage and tension. Concrete that is subjected to long-duration forces is prone to creep. 

Tests can be performed to ensure that the properties of concrete correspond to specifications 

for the application. 

Different mixes of concrete ingredients produce different strengths, which are measured in psi 

or MPa. 

Different strengths of concrete are used for different purposes. Very low-strength (2000 psi or 

less) concrete may be used when the concrete must be lightweight. Lightweight concrete is 

often achieved by adding air, foams, or lightweight aggregates, with the side effect that the 

strength is reduced. For most routine uses, 3000-psi to 4000-psi concrete is often used. 5000-

psi concrete is readily commercially available as a more durable, although more expensive, 

option. 5000-psi concrete is often used for larger civil projects.[56]Strengths above 5000 psi are 

often used for specific building elements. For example, the lower floor columns of high-rise 

concrete buildings may use concrete of 12,000 psi or more, to keep the size of the columns 

small. Bridges may use long beams of 10,000 psi concrete to lower the number of spans 
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required. Occasionally, other structural needs may require high-strength concrete. If a structure 

must be very rigid, concrete of very high strength may be specified, even much stronger than is 

required to bear the service loads. Strengths as high as 19,000 psi have been used commercially 

for these reasons. 

Under-Water Concreting  

 When it is necessary to deposit concrete under. Water, the methods, equipment, materials and 

proportions of the mix to be used shall be submitted to and approved by the engineer-in-

charge before the work is started.  

 Under-water concrete should have a slump recommended in 7.1. The water-cement ratio shall 

not exceed 0.6 and may need to be smaller, depending on the grade of concrete or the type of 

chemical attack. For aggregates of 40 mm maximum particle size, the cement content shall be 

at least 350 kg/m3 of concrete.  

 Coffer-dams or forms shall be sufficiently tight to ensure still water if practicable, and in any 

case to reduce the flow of water to less than 3 m/min through the space into which concrete is 

to be deposited. Coffer-dams or forms in still water shall be sufficiently tight to prevent loss of 

mortar through the walls. De-watering by pumping shall not be done while concrete is being 

placed or until 24 h thereafter.  

 Concrete cast under water should not fall freely through the water. Otherwise it may be 

leached and become segregated. Concrete shall be deposited, continuously until it is brought to 

the required height. While depositing, the top surface shall be kept as nearly level as possible 

and the formation of seams avoided. The methods to be used for depositing concrete under 

water shall be one of the following:  

a)Tremie- The concrete is placed through vertical pipes the lower end of which is always 

inserted sufficiently deep into the concrete which has been placed ~previously but has not set. 

The concrete emerging from the pipe pushes the material that has already been placed to the 

side and upwards and thus does not come into direct contact with water. When concrete is to 

be deposited under water by means of tremie, the top section of the tremie shall be a hopper 

large enough to hold one entire batch of the mix or the entire contents the transporting bucket, 

if any. The tremie pipe shall be not less than 200 mm in diameter and shall be large enough to 

allow a free flow of concrete and strong enough to withstand the external pressure of the 
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water in which it is suspended, even if a partial vacuum develops inside the pipe. Preferably, 

flanged steel pipe of adequate strength for the job should be used. A separate  

Lifting device shall be provided for each tremie pipe with its hopper at the upper end. Unless 

the lower end of the pipe is equipped with an approved automatic check valve, the upper end  

of the pipe shall be plugged with a wadding of the gunny sacking or other approved material 

before delivering the concrete to the tremie pipe through the hopper, so that when the 

concrete is forced down from the hopper to the pipe, it will force the plug (and along with it 

any water in the pipe) down the pipe and out of the bottom end, thus establishing a continuous 

stream of concrete. It will be necessary to raise slowly the tremie in order to cause a uniform 

flow of the concrete, but the tremie shall not be emptied so that water enters the pipe. At all 

times after the placing of concrete is started and until all the concrete is placed, the lower end 

of the tremie pipe shall be below the top surface of the plastic concrete. This will cause the 

concrete to build up from below instead of flowing out over the surface, and thus avoid 

formation of laitance layers. If the charge in the tremie is lost while depositing, the tremie shall 

be raised above the concrete surface, and unless sealed by a check valve, it shall be re-plugged 

at the top end, as at the beginning, before refilling for depositing concrete.  

 

b) Direct placement with pumps-  

As in the case of the tremie method, the vertical end piece of the pipe line is always inserted 

sufficiently deep into the previously cast concrete and should not move to the side during 

pumping.  

 

c) Drop bottom bucket –  

The top of the bucket shall be covered with a canvas flap. The bottom doors shall open freely 

downward and outward when tripped. The bucket shall be filled completely and lowered slowly 

to avoid backwash. The bottom doors shall not be opened until the bucket rests on the surface 

upon which the concrete is to be deposited and when discharged, shall be withdrawn slowly 

until well above the concrete.  

d) Bags –  
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Bags of at least 0.028 m3 capacity of jute or other coarse cloth shall be filled about two-thirds 

full of concrete, the spare end turned under so that bag is square ended and securely tied. They 

shall be placed carefully in header and stretcher courses so that the whole mass is. Interlocked. 

Bags used for this purpose shall be free from deleterious materials.  

e) Grouting-  

A series of round cages made from 50 mm mesh of 6 mm steel and extending over the full 

height to be concreted shall be prepared and laid vertically over the area to be concreted so 

that the distance between centers of the cages and also to the faces of the concrete shall not  

exceed one meter. Stone aggregate of not less than 50 mm nor more than 200 mm size shall be 

deposited outside the steel cages over the full area and height to be concreted with due care to 

prevent displacement of the cages.  

A stable 1:2 cement-sand grout with a water cement ratio of not less than 0.6 and not more 

than 0.8 shall be prepared in a mechanical mixer and sent down under pressure (about 0.2 

N/mm*) through 38 to 50 mm diameter pipes terminating into steel cages, about 50 mm above 

the bottom ,. Of the concrete. As the grouting proceeds, the pipe shall be raised gradually up to 

a height of not more than 6 000 mm above its starting level after which it may be withdrawn 

and placed into the next cage for further grouting by the same procedure.  

After grouting the whole area for a height of about 600 mm, the same operation shall be 

repeated, if necessary, for the next layer of 600 mm and so on. The amount of grout to be sent 

down shall be sufficient to fill all the voids which may be either ascertained or assumed as 55 

percent of the volume to be concreted.  

14.2.5 To minimize the formulation of laitance, great care shall be exercised not to disturb the 

concrete as far as possible while it is being deposited. 

 

 

 Evaluation of Statistical Quality Control of Concrete  

1- Variation in strength of concrete  

 

The strength of concrete produced in sites is varied between mixes and even in in the same mix 

due to the following reasons: 

Definitions  
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Concrete sample—a portion of concrete, taken at one time, from a single batch or single 

truckload of concrete.  

Single cylinder (cube) strength or individual strength—thestrength of a single cylinder; a single 

cylinder strength doesnot constitute a test result.  

Companion cylinders—cylinders made from the same sample of concrete.  

Strength test or strength test result—the average of two or more single-cylinder strengths of 

specimens made from the same concrete sample (companion cylinders) and tested at the same 

age.  

Range or within-test range—the difference between the maximum and minimum strengths of 

individual concrete specimens comprising one strength test result.  

Test record—a collection of strength test results of a single concrete mixture.  

 

2.2 Statistical Functions  

A sufficient number of tests are needed to indicate accurately the variation in the concrete 

produced and to permit appropriate statistical procedures for interpreting the test results. 

Statistical procedures provide a sound basis for determining from such results the potential 

quality and strength of the concrete and for expressing results in the most useful form.  A 

strength test result is defined as the average strength of all specimens of the same age, 

fabricated from a sample taken from a single batch of concrete. A strength test cannot be 

based on only one cylinder; a minimum of two cylinders is required for each test.  Concrete 

tests for strength are typically treated as if they fall into a distribution pattern. 

 

Repair technology for concrete structures:  

Concrete is by far the material which is produced the most in the world. Calculations have in 

fact shown that each year about one ton of concrete is produced per inhabitant of the planet. 

There are many reasons for the success of this material including its low cost, easily obtainable 

ingredients to produce it, and the possibility of incorporating within it waste products from 

other industrial process. Furthermore, concrete, if well designed, can prove itself to be 
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exceptionally durable with regards to harmful environmental conditions. However, the 

durability of the "finished product" i.e. concrete structures, not only depends on the quality of 

the mixture, but also on the design, on the constructive details, on the construction methods as 

well as on the placing, compaction and curing of the mixture on the job-site. Therefore, 

although it is possible to assert that, in the light of present technological and scientific 

knowledge, we can easily guarantee durable concrete for over 150 years, durability cannot be 

guaranteed for concrete structures which in service are subject to static and dynamic loads, 

weather and environmental effects and impulsive and abrasive actions. 

The above-mentioned is indirectly confirmed by the growing incidence of failure in structures 

due to durability problems: moreover, every year, billions of Euro are spent for the 

maintenance and repair which is further proof of the existence of numerous unresolved 

problems regarding durability of real structures. In recent years, the growing need to maintain 

and repair structures, has brought about a definite variation in the expenditure for restoration 

compared to the investment for new structures. It has been estimated that, at present, in 

Europe (and particularly in Italy) the investments in maintenance and repair work on old 

structures, represent about 50% of the total expenditure in construction (1). The expenditure 

for restoration, therefore, has nearly doubled compared to the last decade, when it was seen to 

be between 25-30% (2). Some estimates have indicated that in 2010 the expenditure for 

maintenance and repair work will represent about 85% of the total expenditure in the 

construction field (3). It has been forecast that, in the same year in the USA, 50 billion dollars 

will be spent for the restoration of deteriorated bridges and viaducts (4).This information, 

therefore, indicates a marked increase in repair in recent years and that this trend is likely to 

continue: bearing in mind what is happening on the stock exchange, we could say that the 

refurbishing market paradoxically represents a kind of new economy within construction. 

The rapid growth in restoration has undoubtedly greatly influenced the market for the products 

used in maintenance and repair of deteriorated structures, which has literally been inundated 

by new products. However, this explosion of new products has not only considerably 

complicated the selection of the most suitable material for the specific repair work, but has 

helped the circulation on to the market of products which are unsuitable for repair of 
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reinforced concrete structures. The circulation of these products was possible due to the 

complete lack of norms indicating performance requirements of repair materials. 

Luigi Coppola - Concrete Durability and Repair Technology 

3 

Without any norms indicating the properties of the products, the producers of repair mortars 

used different tests to evaluate the performance of their products. However, very often, these 

tests were arbitrarily modified, frequently showing unrealistic results which exacerbated the 

confusion of material selection. The result of this confusion is represented by a series of 

unsuccessful repair (5-8) having used materials which mainly showed a lack of dimensional 

compatibility with the substrate represented by the old concrete structure. The main aim of 

this paper is to analyse the reasons for these failures with particular reference to the 

restoration whereby shrinkage-compensating mortar was used. In the European market this 

mortar represented and still represents (except in Germany) the most widespread type of 

cementitious material used in repair of reinforced and prestressed concrete structures.  

Concrete Inspection and testing 

Concrete is inspected and tested to ascertain that all specified conditions meet the acceptable 

criteria specified. This is achieved by visual, mechanical, nondestructive, or destructive 

methods. Tests are performed in accordance with the American Concrete Institute (ACI), 

American Society for Testing and Materials (ASTM) and American Association of State and 

Transportation Officials (AASHTO) testing and inspection procedures. 

    Mix Designs – MTI can provide mix designs and mix design reviews in its fully equipped and 

certified laboratories. 

    On-Site Concrete Testing and Inspection - Inspection of the placement of concrete and 

testing the fresh properties of concrete to verify conformance to the project plans and 

specifications. Concrete tests include slump, air content, temperature, yield, unit weight, water-

cement ratio, in addition to the casting of concrete cylinders/beams for compressive/flexural 

strength. 
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    Reinforcing Steel Placement - Placement of reinforcing steel is verified for size, quantity, 

spacing and clearance in the concrete forms prior to the placement of concrete. A 

comprehensive inspection of the forms and subgrade conditions is also performed. 

    Compressive Strength Testing - Laboratory testing of concrete specimens is performed to 

determine the compressive strength of the concrete. 

    Pre-stressed & Post-tensioned Concrete - Inspection is performed during installation of 

unbounded tendons, couplers, anchorage and concrete placement. Calibration of stressing 

jacks, gauges and elongation measurements are verified to be in accordance with plans and 

specifications. 

    Pre-cast Concrete Fabrication - Inspection of precast facilities is performed to verify quality 

control procedures are being adhered to and construction methods/techniques are in 

accordance with project requirements. 

    Batch Plant Inspection and Quality Control - Monitoring of concrete at the plant is 

performed to control key properties; including air content, water/cement ratio, slump, etc. 

After Placement Testing of Concrete 

        Pachometer Testing - Pachometer testing is used to locate existing reinforcing steel in 

concrete structures. This equipment can determine the concrete cover, rebar sizes, spacing, 

and length. 

        Windsor Probe Testing - Windsor Probe (ASTM C 803) testing methods can be used for 

assessing the general quality, uniformity, and relative strength of concrete members. 

        Schmidt Hammer Testing - Schmidt Hammer testing is used for the non-destructive 

measurement of the concrete/mortar compressive strength and the control of the uniform 

concrete quality (in-situ concrete and prefabricated structures) as well as for detecting weak 

spots. 
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        Petrographic Analysis - Using varied microscopic equipment and expertise, MTI is able to 

perform a multitude of unique analysis methods including petrographic analysis of rock and 

aggregate and porosity of hardened concrete, mortar, and grout. A number of properties can 

be determined; including air content, aggregate percentages, water/cement ratio, etc. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 
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study notes please write us at 

rgpvnotes.in@gmail.com 

 

 

https://qp.rgpvnotes.in/
mailto:rgpvnotes.in@gmail.com

