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1.0  ISO 9001 

 

ISO 9001 relates to an administrative procedure for certifying that an 

organization is operating effective quality control. 

 

The procedure to become ISO 9001 certified is lengthy and detailed and 

can be quite expensive. It is normal to appoint a QC consultant to assist in 

the process but it is possible to be guided through it by a textbook or 

other documentation. For example:  

http://www.the9000store.com provides a great deal of free information. 

 

2.0 Quality System (definition): 

 The international standard ISO 8402 defines a „Quality system‟ as ‘The 

organizational structure, responsibilities, procedures, activities, 

capabilities and resources that together aim to ensure that products, 

processes or services will satisfy stated or implied needs.’ 

 

3.0 Quality system requirements 

3.1 Management responsibility 

The responsibility, authority and the interrelation of personnel, who 

manage, perform and verify work affecting quality shall be defined and 



~ 4 ~ 
 

documented, particularly for personnel who need the organizational 

freedom and authority to:  

 

a) Initiate action to prevent the occurrence of any nonconformities 

relating to the product, process and quality system; 

b) Identify and record any problems relating to the product, process and 

quality system; 

c) Initiate, recommend or provide solutions through designated channels; 

d) Verify the implementation of solutions; 

e) Control further processing, delivery or installation of nonconforming 

product until the deficiency or unsatisfactory condition has been 

corrected. 

 

3.2 Quality system 

The supplier shall establish, document and maintain a quality system as a 

means of ensuring that product conforms to specified requirements. The 

supplier shall prepare a quality manual covering the requirements of this 

International Standard. The quality manual shall include or make 

reference to the quality system procedures and outline the structure of the 

documentation used in the quality system. 

NOTE: Guidance on quality manuals is given in ISO 10013. 
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3.3 Contract review 

The supplier shall establish and maintain documented procedures for 

contract review and for the coordination of these activities. 

Before submission of a tender, or the acceptance of a contract or order 

(statement of requirement), the tender, contract or order shall be reviewed 

by the supplier to ensure that: 

a) The requirements are adequately defined and documented; where no 

written statement of requirement is available for an order received by 

verbal means, the supplier shall ensure that the order requirements are 

agreed before their acceptance; 

b) Any differences between the contract or order requirements and those 

in the tender are resolved; 

c) The supplier has the capability to meet the contract or order 

requirements. 

 

3.4 Design control 

The supplier shall establish and maintain documented procedures to 

control and verify the design of the product in order to ensure that the 

specified requirements are met. 
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3.5 Document and data control 

The supplier shall establish and maintain documented procedures to 

control all documents and data that relate to the requirements of this 

International Standard including, to the extent applicable, documents of 

external origin such as standards and customer drawings.  

 

NOTE: Documents and data can be in the form of any type of media, such as hard 

copy or electronic media. 

 

 

3.6 Purchasing 

The supplier shall establish and maintain documented procedures to 

ensure that purchased product conforms to specified requirements. 

 

3.7 Process control 

The supplier shall identify and plan the production, installation and 

servicing processes which directly affect quality and shall ensure that 

these processes are carried out under controlled conditions. 

Controlled conditions shall include the following: 

a) Documented procedures defining the manner of production, 

installation and servicing, where the absence of such procedures could 

adversely affect quality; 
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b) Use of suitable production, installation and servicing equipment, and a 

suitable working environment;  

c) Compliance with reference standards/codes, quality plans and/or 

documented procedures;  

d) Monitoring and control of suitable process parameters and product 

characteristics;  

e) The approval of processes and equipment, as appropriate;  

f) Criteria for workmanship, which shall be stipulated in the clearest 

practical manner (e.g. written standards, representative samples or 

illustrations); 

g) Suitable maintenance of equipment to ensure continuing process 

capability. 

 

3.8 Inspection and testing 

The supplier shall establish and maintain documented procedures for 

inspection and testing activities in order to verify that the specified 

requirements for the product are met. The required inspection and testing, 

and the records to be established, shall be detailed in the quality plan or 

documented procedures. 
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3.9 Control of nonconforming product 

The supplier shall establish and maintain documented procedures to 

ensure that product that does not conform to specified requirements is 

prevented from unintended use or installation. This control shall provide 

for identification, documentation, evaluation, segregation (when 

practical), disposition of nonconforming product, and for notification to 

the functions concerned. 

 

3.10 Handling, storage, packaging, preservation and delivery 

The supplier shall establish and maintain documented procedures for 

handling, storage, packaging, preservation and delivery of product. 
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Techniques of quality control 

 

There are two aspects to controlling concrete quality: 

1. The avoidance of failures and  

2. Reduce variability.  

 

Obviously low variability will be of assistance in avoiding failures  

 

Equally there will be no failures if there is an adequate margin between 

the average quality level and the specified minimum. 

It is even possible that some of the same factors can fit into both 

categories, e.g. sand grading is unlikely to be identical from truck to truck 

but there may be a more substantial change from time to time as 

extraction location or conditions change.  

It is a difference between variability about the same mean value and a 

change in mean value. If  a  change  in  mean  value  remains  undetected  

it  causes  an  apparent  increase  in  basic variability. 

The continuous basic variability can be thought of as a feature of the 

production process.  

 

The early detection and reversal of occasional change is a feature of the 

control system.  
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So the control system measures the basic variability and detects change 

points.  

 

Apparent overall variability is also increased by the error in testing or 

recording data.  

 

Structurally defective and contractually 

defective 

 

Structurally  defective  concrete  is  that  which  is  unable  to  serve  its  

intended  purpose  and  must  be removed from the structure or 

supplemented in some way. It is absolutely imperative that no such 

concrete whatever be produced (it is not practicable to allow some to be 

produced and then attempt to ensure its exclusion from the structure). 

 

 

Contractually defective concrete is that which, while capable of serving 

its intended purpose, is not quite of the specified quality. A small 

proportion of such concrete may be incorporated in the structure with 

little detriment. 
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There  is  usually  a  substantial  margin  between  the  two  and if no 

contractually defective concrete is accepted without some penalty or 

substantial expense and inconvenience to  the  contractor,  no  structurally  

defective  concrete  is produced.   

However, if contractually defective concrete is supplied with impunity, 

structurally defective concrete is likely to follow. 

 

 

 

 

 

 

 

Factors causing variability 

Graham and Martin (1946) were the first to publish an attempt to locate 

and quantify sources of variability on an actual project. The project was 

Heathrow Airport, UK, on which 0.5 million cubic yards of concrete were 

produced and controlled in an exemplary manner. 
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They  concluded  that  cement  was  responsible  for  48.2%  of  the  

variation  of  strength  that  occurred  at Heathrow. (And therefore that 

this was not under site engineers‟ control). 

 

 

 

 

 

Types of variation  

1. Random variation with no assignable cause.  As control improves, the 

extent of such variation diminishes and an assignable cause is anticipated 

for any substantial variation. 

2. Isolated or non-sustained changes having an assignable cause, e.g. an 

isolated high slump producing a reduced strength. 

3. Sustained changes in mean strength. 

4. Changes due to testing procedures (i.e. false changes) which again 

can be either sustained or isolated 
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Change points and basic variability 

The typical extent of a change is of the order of 2 to 5 MPa (which 

probably only means that changes of much less than 2 MPa are not 

generally detectable) 

 

Quality assurance 

QA is necessarily pre-planned and documented as to both procedures and 

their execution. QA provides an assurance, in the form of certified 

records, that the established QC procedures have been carried out in full. 

It is intended that the system should be sufficiently comprehensive to 

necessarily ensure the acceptable quality of the output. While QC may 

also include the same procedures, this is not necessarily the case. 



~ 04 ~ 
 

The days of controlling by reacting to whether or not failures are being 

experienced are hopefully long past (although of course failures cannot be 

ignored). 

 

Statistical analysis is used to establish whether production has been 

satisfactory over some period of time. 

 

 

 Pareto’s principle 

Vilfredo Pareto was an Italian economist (1848–1923) engaged in 

traveling from town to town in an attempt to identify the country‟s 

sources of wealth. He came to realize that the 4 or 5 wealthiest men in a 

town almost invariably controlled Pareto‟s principle 89 over half its 

wealth. Therefore his survey could most efficiently be conducted by first 

seeking out the right men and then asking his questions, rather than 

attempting a random survey of a few per cent of the population. 

This principle is of great value in QC of all kinds, certainly including 

concrete 

QC, that is, while there may be 100 or more factors causing variability in 

concrete strength, 70 or 80% of the total variability is often caused by 

only 2 or 3 of the 100 possible causes. Often only one single factor will 



~ 05 ~ 
 

cause more than half of the total variability. It will not be the same 

principal factor in all cases, nor even the same „short list‟ of 2 or 3, but 

the following list is likely to include the major factors in most cases: 

1 Slump (misjudgment or deliberate variation) 

2 Temperature 

3 Air content 

4 Fine aggregate silt content 

5 Fine aggregate organic impurity 

6 Fine aggregate grading 

7 Coarse aggregate dust content 

8 Coarse aggregate bonding characteristics 

9 Cement quality 

10 Admixture quality, dosage or interaction 

11 Fly-ash quality (especially carbon content) 

12 Time delays 

13 Coarse aggregate strength 

14 Fine aggregate grain quality 

15 Sampling and testing procedures (namely: segregation, compaction, 

curing, capping, centering in testing machine, lubrication of spherical 

seating, planeness of platens, stiffness of machine frame, alignment of 

ram and spherical seating, rate of loading, operator fear of explosive 

failure or desire to maintain specimen in one piece). 
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The mechanism of the effect on strength is via increased water 

requirement in many cases, specifically in items 1, 2, 4, 6, 7 and 12. 

Finding the principal causes of variability 

It may be fairly obvious in some cases which of these causes is likely to 

predominate.  

Rather than make a guess, or spread control either too thinly or too 

expensively over too many factors, it is better to follow the advice of the 

master of QC, 

J. M. Juran (Juran, 1951) and “ask the process”. 

This can be done in two distinct stages: 

1. Compare actual and predicted strength and if there is a 

discrepancy, track it down. This may provide a firm lead on what is 

most likely to affect strength on the particular project. 

2. Monitor strength and a selected number of „related variables‟ using 

Cusum analysis.  

The selected variables will usually include slump, air content and 

concrete temperature. If reasonably reliable water content is available 

from any source, this is certainly very important. The strength results will 

be particularly examined for pair differences and 7 to 28 day gain as a 

kind of internal consistency test. 
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It is important to realize that low strengths do not „just happen‟ they are 

usually caused by either high water content, low cement content, 

incomplete compaction, defective curing and testing, or reduced cement 

quality.  

The art or science of QC is to establish which of these is the cause by a 

logical examination of the pattern of results. 

For example:  

Difference in cement quality from one delivery to another is not a 

reasonable explanation for isolated low results or for a period of low 

strength extending for a shorter or longer period than that between the 

two deliveries. 

 

High water content will not explain low 28 day results if 7 day results 

from the same sample were normal. Certainly the possibility that the 

concrete is normal and the testing defective, should be adequately 

considered as it is frequently encountered. 

 

 

 

CONTROL CHARTS 
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Plotting results on a graph provides an appreciation of a situation 

far more rapidly than a table of results. 

British Standard BS5700:1984 („Guide to Process Control Using Quality 

Control Chart Methods and Cusum Techniques‟) 

The purpose of a control chart is to detect any departure of the 

process from the “in control” state; any such movement is said to be due 

to assignable causes of variation. The decision making aspect of control 

charts is centered on the problem of deciding whether a sample 

observation is due only to the expected, inherent un assignable causes of 

variation (in which case no action is required) or whether it is due to the 

effect of some additional, assignable variation (in which case corrective 

action is usually required). 

Shewhart control charts 

There are two main types of Shewhart (1931) control charts. These are: 

I. Charts for variables and  

II. Charts for attributes.  

The latter type, which is concerned with counting the number of samples 

which are defective, or have some other particular attribute, is not used in 

concrete quality control. Charts for variables are concerned with 

variations in measured characteristics. This  is  the  kind  of  chart  

which  is  useful  in concrete quality control. 
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Shewhart control chart. 

The concept first proposed by Shewhart in 1924 (Shewhart, 1931) was to 

plot a chart (see the figure below) with time or sample number as a 

horizontal axis and the value of a measured parameter (e.g. strength) as 

the vertical axis. Horizontal limit lines were drawn on the chart. It is 

important to understand that these limits were not specification limits. 

Their function was not to indicate whether the result plotted was 

acceptable, but to indicate whether it was unusual. The intention was not 

to decide whether to accept or reject the product represented by the result, 

but to detect whether there has been any change in the process 

producing the product. This concept has proved very difficult to promote 

but is still the basis needed to achieve good quality control. 
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The limits were calculated from a statistical analysis of previous results. 

Statistical tables provide factors by which the standard deviation is to be 

multiplied to calculate the limit outside which a selected proportion of the 

individual results can be expected to lie. A factor of 3.09 (effectively 

3.00) times the standard deviation (σ) gives the 1 in 1000 limit, i.e. 

theoretically one result in every 1000 should be expected to differ from 

the mean of all results by more than three times the standard deviation of 

those results. Putting this another way, if a result outside the 3σ limit 

occurs, there is only one chance in 1000 that the mean strength and 

standard deviation of current production remains unchanged. It may be of 

interest to show the (+ and −) 3σ limits on a control chart as an indication 

that a change definitely has occurred. However it would take a very 

large number of results (on average almost 500) before a small change in 

mean strength would cause a result to infringe such a limit. Closer limits 

are therefore selected to give a faster, if less certain, indication of a 

change, e.g. if the lines are drawn a distance 1.65×the standard deviation 

above and below the mean line, there will be one chance in 20 of a result 

lying outside each limit without a change having occurred. Such a result 

can be taken as a warning that a change may have occurred. 

Cusum charts 

„Cusum‟ is a contraction of „Cumulative Sum‟ (of the difference between 

each successive result and a target value, preferably the previous mean). 



~ 20 ~ 
 

By definition the cumulative sum of differences from the mean is zero. 

So if the previous mean continues to be the mean, a graph of the cusum 

will have temporary divergences (the extent depending upon the 

variability of the concrete) but will remain basically horizontal. 

However if the mean changes, even by a very small amount, each 

successive point on the graph will, on average, differ from the previous 

point by this amount. The graph will still show the same temporary 

divergences about a straight line, but the line will now make an angle 

with the horizontal and the angle will be an accurate measure of the 

change in the mean, and the point of intersection of the best straight line 

before and after the change will pinpoint the time of occurrence (Fig. 2). 

 
Figure 2: Simple cusum control chart. 
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Figure 3: Use of V-mask on cusum chart. 

The mathematical significance of any particular change of slope can be 

accurately and simply assessed by the use of a „V-mask‟ (Fig. 3). 

The lead point of the V is placed over the last point on the graph and if 

the graph cuts the V, a significant change has occurred. The V-mask can 

be a sheet of transparent material carrying a whole family of Vs, each 

indicating a different degree of significance. 

Whether the cusum technique is effective or not depends on a number of 

factors: 

1 The most basic factor is whether changes in mean tend to be isolated 

„step‟ changes or to gradually increase in magnitude.  

2 The change points will be much more clearly visible if the general 

scatter of points is reduced.  

3 A significant change, as previously explained, results in a change of 

slope. An isolated error, or non-significant change, appears as an offset to 
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the slope and can usually be readily discounted by eye examination (Fig. 

4). 

 
Figure 4: Cusum graph exhibiting both real and non-significant changes. 

 

4 Obviously the number or frequency of tests and the time delay between 

testing and interpretation are also significant factors in the rapid detection 

of change.  

5 Finally, as previously explained, the confirmation of change detection 

need not rely on the mathematical analysis of results on the variable in 

question. If cusum graphs of „related variables‟ such as density, slump 

and temperature are also drawn, and show a change explaining the change 

in the primary variable at the same point in time, then the change is 

certainly confirmed. 
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Example: The following results are the concrete strength for the previous 

and current months. Draw Cusum control chart and indicate the change 

point? 

 Previous month (N/mm2) Current month (N/mm2) 

Strengt

h 

3

4 

3

5 

3

2 

3

3 

3

5 

3

7 

3

3 

3

2 

3

5 

3

4 

3

3 

3

2 

3

3 

3

4 

3

2 

3

3 

3

1 

3

2 

3

1 

3

0 

Sample 

No. 
1 2 3 4 5 6 7 8 9 

1

0 
1 2 3 4 5 6 7 8 9 

1

0 

            

Solution: 

 ̅ = (34+35+32+33+35…….+34) / 10 = 34 N/mm
2
 

previous month Current month 

        ̅ Cusum         ̅ Cusum 

34 0 0 33 -1 -1 

35 1 1 32 -2 -3 

32 -2 -1 33 -1 -4 

33 -1 -2 34 0 -4 

35 1 -1 32 -2 -6 

37 3 2 33 -1 -7 

33 -1 1 31 -3 -10 

32 -2 -1 32 -2 -12 

35 1 0 31 -3 -15 

34 0 0 30 -4 -19 
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Home work: 

Re-solve the previous example but with the following data? 

 Previous month (N/mm2) Current month (N/mm2) 

Strengt

h 

2

9 

3

0 

2

7 

2

8 

3

0 

3

2 

2

8 

2

7 

3

0 

2

9 

2

8 

2

7 

2

8 

2

9 

2

7 

2

8 

2

6 

2

7 

2

6 

2

5 

Sample 

No. 
1 2 3 4 5 6 7 8 9 

1

0 
1 2 3 4 5 6 7 8 9 

1

0 

 

 

 

 

 

 

 

 

Specimen No.  

C
u
su

m
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Troubleshooting: 

 

What the problem is? 

 

 Some possible problems are: 

 

  Inadequate strength 

 Lack of pumpability 

 Inability to compact 

 Unsatisfactory appearance 

 Excessive segregation or bleeding 

 Inadequate retention of workability 

 Failure to set or stiffen sufficiently rapidly 

 Presetting cracks or later age cracks 

 Excessive cost of imported materials 

 Excessive variability. 

 

Possible problem sources are: 

 

 Unsatisfactory aggregates 

 Unsuitable mix design 

 Poor testing (including sampling, casting and curing of specimens) 

 Cement or pozzolan quality 

 Unsuitable admixtures or admixture usage. 

 

Data to request: 

 

 Mix details 

  Aggregate gradings 

 Concrete test records (including times, temperatures and specimen collection 

details) 

 Cement test certificates if available 

 Cores and failed test specimens to inspect. 

 

Where aggregate testing records seem inadequate, a rapid visit to the stockpiles is 

desirable before (further) change occurs. Segregation of coarse aggregates, silt content 
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of the sand and contamination with subgrade material by front-end loader are items to 

look for. 

 

Inadequate strength 
 

The typical steps that should be taken by the Quality Control Engineer in case of 

inadequate strength are: 

 

1. Restore strength to a safe level so work can continue while investigating. 

Cement content adjustments should always overshoot when increasing and 

undershoot when reducing.  

 

Use 8–10 kg per MPa to adjust upwards, 4 kg per MPa to adjust downwards. If 

adjustment gives cement content over 500 kg use 500 kg plus 2 kg of fly-ash for each 

1 kg of cement not added, (or 0.5 kg silica fume, or 100 ml superplasticiser). 

 

2. Start casting at least 4, perhaps 6, test specimens per sample. Test at 2, 3, 7, 28 

and perhaps 56 days. Assume gain in MPa will remain the same with the 

revised mix.  

 

Strength will increase 33% from 2 to 3 days,  

                       another 33% from 3 to 7 days and  

                                    10 MPa from 7 to 28 days.  

 

3. Draw cusum graphs of strength (at all available ages), density, concrete 

temperature, slump, 7 to 28 day gain (for example). Such graphs will usually 

show when the problem started and what caused it. 

 

4. Examine batching records. 

  

5. If calculated water or strength does not agree with actual, re-check sand silt 

percent and grading. Check concrete density as this will confirm water and/or 

air content and/or compaction of test specimens.  

 

The water content is the major separating factor between alternative 

directions of investigation.  

 

If water is the end cause, then the basic cause is likely to be in the area of 

dirty or finer sand, high sand content, high slump or high concrete 

temperature. If water is not the cause, then the basic cause is likely to be in 

the area of poor testing (including sampling, compaction, curing, capping {if 

cylinders}, defective or badly cleaned/assembled moulds {if cubes}, 

centering, load rate etc.), or of cement quality or quantity. 
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Poor workability/pumpability  
 

Generally, the causes are an excess or deficiency of fine material, a gap in the 

grading, or an excess or deficiency of fluidity. 

1. Does the concrete bleed? If so, there is either a gap in the grading, a deficiency 

of fine material, or excessive fluidity. If the concrete pumps reasonably at the 

start, but will not re-start after a delay, this is often due to bleeding. 

 

2. Does the concrete slump is at least 80 to 90 mm for pumping to be possible? 

The higher the desired fluidity, the higher the slump value will have to be, 

however values in excess of ultimate upper limit will exhibit excessive friction 

unless superplasticized to high slump. 

 

3. Draw a graph or produce a table of individual percentage retained on each 

standard sieve. Ideally, all sieves below the largest will have similar 

percentages of around 7 to 10%. One size missing may not be fatal if those 

either sides are normal. Any two consecutive sieves with a combined total 

retained of less than 7% would be a potential problem. More than 20% on a 

single sieve finer than 4.76 mm might also create a problem in pumping. 

 
     Grading Sieve                  % Pass             % Rtd       

4.75     100    0   

  

2.36     90    10  

1.18     80    10  

600     60    20  

300     30    30  

150     10    20  

0     0    10  

 

4. Is there at least 300 kg/m
3

 of material passing the 0.15 mm sieve (including 

cement)? If not additional fines may be needed as either fine sand, crusher 

fines, fly-ash or cement. 

 

5. If the (single) sand is so coarse there is likely to be a problem with bleeding, 

segregation and pumpability. Additional fines as in (4) above are necessary. 

 

6. Air-entrainment, fly-ash and silica fume (in increasing order of effectiveness) 

are effective suppressors of bleeding and so assist pumpability.  
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For example: A huge foundation 4.5 metres deep filled with concrete of more than 

200 mm slump and containing 40 kg/m
3

 of silica fume, which exhibited no bleeding 

whatever. 

 

7. If pumping problems are experienced, pumping more slowly and ensuring that 

one truck is not emptied before a replacement arrives may assist. 

 

Unsatisfactory appearance 
 

Presetting cracks – There are two kinds of presetting cracks with opposite causes: 

settlement cracks and evaporation cracks. 

Settlement cracks – These result from settlement of the concrete due to loss of bleed 

water. In settling, the concrete „breaks its back‟ over anything resisting settlement in 

one location and not another, for example, reinforcing bars, cast-in plumbing, sharp 

changes in depth of section.  

Evaporation cracks – These result from evaporation of water from the surface layer of 

concrete. If a concrete has very low bleeding, for example, silica fume concrete, it is 

susceptible to such cracks and measures must be taken to avoid evaporation, for 

example use of evaporation retardant, a sheet material such as polythene, or a mist 

spray of water across the surface. 

Thermal stresses – Another frequent cause of early age cracking is thermal stress. 

This can be reduced by substituting pozzolanic material for cement in the mix design. 

However, action other than mix change may be needed, such as avoiding restraint to 

thermal shortening (in the case of long slabs); maintaining more uniform temperatures 

by insulating the exterior surfaces of large masses of concrete. 

Early shrinkage should not be forgotten as a cause of early cracking in cement-rich 

mixes. This removes free water from the concrete by chemical combination. It can 

produce similar results to drying shrinkage but much more rapidly, and in spite of any 

measures taken to reduce or prevent evaporation. 

Excessive variability 

The first thing is to establish whether the variability is in the concrete or in the testing.  

Two places to look: 

a) The average pair difference in the 28-day results. 

(should be below 3.0 MPa) 

b)  The range of densities of test specimens from the same sample of concrete. 

(densities should not have an average range exceeding 50 kg/m
3
) 

 

A second place to look is at multivariable cusum graphs of strength and other 

variables. If slope change points in strength correlate with those of other variables, the 

cause will be clear. 
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Hot Weather Concreting 

When to Take Precautions: 

1. Organize a preconstruction conference to discuss precautions 

required for the project. 

2. Use materials and mix proportions that have proven performance 

in hot-weather conditions (lower cement contents, and set 

retarding admixtures). 

3. Cool the concrete or one or more of its ingredients. 

4. Use of concrete consistency (slump) that allows rapid placement 

and consolidation  

5. Reduce the time of transport, placing, and finishing as much as 

possible so as to reduce and minimize waiting time. 

6. Schedule concrete placements to limit exposure to harsh 

atmospheric conditions. Consider night or more favorable weather 

conditions. 

7. Consider methods to limit moisture loss during placing and 

finishing, such as sunshades, windscreen, fogging, or spraying. 

8. Apply temporary moisture retaining films to control evaporation 

after strike-off and prior to finishing concrete.   

 


