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Abstract: Most of cases there are lot of confusions on acceptance and finalization of strength of the concrete for various grades. It 

was clearly mentioned in IS code, even though various interpretations on understanding the same. To overcome this issue here it is 

clearly described the acceptance and finalization of the concrete strength. In this paper, it is described based on IS: 456-2000, 4th 

revision amendment No. 1 and 2.  
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1. Introduction 
 

As Per IS: 456-2000, the sampling and strength of designed 

Concrete-Mix:- 

 
In all the cases, the 28-days compressive strength shall alone 

be the criterion for acceptance or rejection of the concrete, 

as per the IS: In order to get a relatively quicker idea of the 

quality of concrete, optional test for 7 days’ compressive 

strength of concrete be carried out.  

 

As per IS: 456, Cl: 15.1.1 it is mentioned that the Table 2 

shall alone the criterion for acceptance or rejection of the 

concrete.  

 

 
 (Respective Screen Short: of IS: 456-2000)  

 

The part of the Table-2, Popular-Grades given below:- 

 
Grade designation Characteristic Strength (Fck)  

M-20 20 N/mm
2 

M-25 25 N/mm
2 

M-30 30 N/mm
2 

M-35 35 N/mm
2 

 
 (Respective Screen Short: of IS: 456-2000)  

 

2. Acceptance Criteria 
 

The acceptance criteria of concrete described here. The 

criteria-is mandatory to verify the various necessities of the 

code had to be complied before rejecting the concrete, as per 

Cl: 15.1.1 and table 2.  

 

As per IS: 456-2000 Cl.16.1 for the acceptance, compressive 

Strength of specified grade to comply both the conditions 

should be met with:  

a) The mean strength determined from any group of four 
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consecutive test results should comply with the 

appropriate limits Column (2) as given in Table-11, and 

b) Any individual test result complies within the 

appropriate limits Col. (3) as given in Table-11.  

 

 
 (Respective Screen Short of: IS: 456-2000)  

The table-11of IS: 456-2000 details given below:- 

 

Table 11: Characteristic Compressive Strength Compliance Requirement 
Specified grade 

 (1)  

Mean of the group of 4 non-overlapping consecutive test results in N/mm2 

(2)  

Individual test results in N/mm2 

 (3)  

M-15 

>/=fck+0.825x Established standard deviation (rounded off to nearest 

0.5N/mm2)  

or 

fck + 3 N/mm2, whichever is greater 

>/=fck–3 N/mm2 

M-20 or above 

>/=fck+0.825x Established 

Standard deviation 

 (rounded off to nearest 0.5 N/mm2)  

or 

fck + 4 N/mm2, whichever is greater.  

>/=fck– 4 N/mm2 

 

 
 (Respective Screen Short: of IS: 456-2000)  

 

Note: In absence of established standard deviation, the 

values given in Table-8 of IS: 456-2000maybeassumed. So, 

the (Table 8 of IS: 456-2000) Assumed Slandered 

Deviation can use in absence of (ESD) Estimated 

slandered deviation, (SD) Standard Deviation and other 

Assumed calculations also.  
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 (Respective Screen Short of: IS: 456-2000)  

 

3. Frequency of Sampling of Concrete  
 

The minimum sampling frequency of concrete should be as 

per Cl: 15.2.2. At least one sample shell be taken from each 

shift. When concrete is produced at continuous, the 

frequency of sampling may be agreed upon mutually by 

supplier and purchaser. It means that, the quantity of sample 

collection of concrete cubes will also depend on both the 

parties (i.e. as per agreed FQP, Field Quality Plan).  

 

 
 (Respective Screen Short: of IS: 456-2000)  

 

3.1 Sample of Concrete for Test 

 

The 6 nos of Cubes of 150x150x150 mm size shall be cast, 

3for7-days testing and 3 for 28-days testing.  

 

A set of 3-cubes (3-specimens) shall made a-sample for 

testing at 28-days of average-value (As per IS: 456-2000 

Cl: 15.3). Note that, the meaning of individual test results 

means the average of 3-cubes/specimens (i.e. a-sample), 

but not individual cube.  

 

3.2Test Results of Samples 

 

As per IS: 456-2000; Cl: 15.4, the test results of the sample 

shall be the average of the strength of three-specimens. The 

individual variation of each cube/specimen should not be 

more than +/-15% of the average. If more, the test results of 

the sample are invalid.  

 

 
 (Respective Screen Short: of IS: 456-2000)  

 

3.3When the (Fck+4), Acceptance criteria applicable? 

 (As per Cl: 6.1.1),  

Whenever the concrete is produced at continuously, at least 

it should have 4-consecutive test samples capacity of 

concrete to fulfill the Column (2) of Table-11, and if one of 

the test-result (i.e. any individual test results, as per column 

(3) of table-11), found >/=Fck-4 value of that 4-consecutive 

test-results.  

 
So, it is clear that the (Fck+4) and (Fck-4) criteria of table-

11 applicable for bulk quantity of concrete works which 

should have at least 4-consicutive tests. Up to 3-samples 

capacity of concrete works, the table-11 not applicable. For 

those concrete works follow the Characteristic Compressive 

Strength (Fck) table-2.  

 
If the concrete volume 4 or more samples capacity, check 

once with acceptance criteria and comply with table-11, if 

found any one sample’s value less than Fck-value, than take 

conclusion by applying column (2) & (3) of table-11, 

conform for accept or reject.  

 

4. Case Study and Justification of (FCK+4) 

Acceptance Criteria 
(As per Cl: 6.1.1),  

 

Example: Considering the M25 grade:  

 

Justifying acceptability criteria:- 

For M25, it is clear from Table 11, Column (3) the 

Individual Test Result’s data set should be equal or more 

than 21 N/mm
2
 (i.e. >/= Fck-4). It is important to note here 

the numerical value 21 is less the number 25 representing 

the grade of M25-concrete.  

 
CASE-I: Test sample’s results (For 4-samples)  

Note-28 days’ average value (with its each cube-value of 

3nos indicated in the bracket) in N/mm
2
.  

 (i) 30 N/mm
2
; (26, 30, 34 N/mm2)  

 (ii) 22 N/mm
2
; (19.5, 22, 24.5 N/mm2)  

 (iii) 35 N/mm
2
; (30, 35, 40 N/mm2)  

 (iv) 29 N/mm
2
; (25, 29, 33 N/mm2)  
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 The above test sample results one of the value is 22 

N/mm
2
, i.e. less than (Fck) 25 N/mm

2
 as per table-2, it is 

not accepted. But, comply with table-11, before 

rejecting.  

 As per table-11 Col. (3), this is acceptable for individual 

Test Result criterion, i.e. the value 22 N/mm
2
 is within 

the limits of >/=Fck-4=21 N/mm
2
, then also comply with 

table-11 Col. (2).  

 As per table-11 Col. (2), this is acceptable for mean 

value of 4-consecutive (Non overlapping) test results 

criterion, i.e. the mean value of above is 29 N/mm
2
 is 

within the limits of >/=Fck+4=29 N/mm
2
, and 

 Finally, the concrete of all samples accepted.  

 
Case-II: Test sample’s results (For 4-samples)  

 (i) 30 N/mm
2
; (26, 30, 34 N/mm2)  

 (ii) 20N/mm
2
; (17, 20, 23 N/mm2)  

 (iii) 34N/mm
2
; (29, 34, 39 N/mm2)  

 (iv) 29N/mm
2
; (25, 29, 33 N/mm2)  

 The above test sample results one of the individual value 

is 20 N/mm
2
, i.e. less than (Fck) 25 N/mm

2
 as per table-

2, it is not accepted. But, comply with table-11, before 

rejecting.  

 As per table-11 Col. (3), this is also not acceptable for 

individual Test Result criterion, i.e. the value 20 N/mm
2
 

is out of the limits of >/=Fck-4=21 N/mm
2
, then also 

comply with table-11 Col. (2).  

 As per table-11 Col. (2), this is also not acceptable for 

mean value of 4-consecutive (Non overlapping) test 

results criterion, i.e. the mean value of above is 28.25 

N/mm
2
 is out of the limits of >/=Fck+4=29 N/mm

2
, and 

 Finally, the concrete of sample (ii) is not-accepted.  

 
Case-III: Test sample’s results (For 4-samples)  

 (i) 33N/mm
2
; (28.5, 33, 37.5 N/mm2)  

 (ii) 21N/mm
2
; (18, 21, 24 N/mm2)  

 (iii) 22N/mm
2
; (19.5, 22, 24.5 N/mm2)  

 (iv) 38N/mm
2
; (37, 38, 39 N/mm2)  

 The above test sample results two of the individual 

values are 21 N/mm
2
& 22 N/mm

2
, i.e. less than (Fck) 25 

N/mm
2
 as per table-2, it is not accepted. But, comply 

with table-11, before rejecting.  

 As per table-11 Col. (3), this is acceptable for individual 

Test Result criterion, i.e. the values are 21 &22 N/mm
2
 is 

within the limits of >/=Fck-4=21 N/mm
2
, then also 

comply with table-11 Col. (2).  

 As per table-11 Col. (2), this is not acceptable for mean 

value of 4-consecutive (Non overlapping) test results 

criterion, i.e. the mean value of above is 28.5 N/mm
2
 is 

out of the limits of >/=Fck+4=29 N/mm
2
, and 

 Finally, the concrete of samples (ii) & (iii) are not-

accepted.  

 

Case-IV: Test sample’s results (For 4-samples)  

 (i) 33N/mm
2
; (28.5, 33, 37.5 N/mm2)  

 (ii) 23N/mm
2
; (20, 23, 26 N/mm2)  

 (iii) 24N/mm
2
; (20.5, 24, 27.5 N/mm2)  

 (iv) 39N/mm
2
; (38.5, 39, 39.5 N/mm2)  

 The above test sample results, two of the individual 

values are 23 N/mm
2
& 24 N/mm

2
, i.e. less than (Fck) 25 

N/mm
2
 as per table-2, these two are not accepted. But, 

comply with table-11, before rejecting.  

 As per table-11 Col. (3), this is acceptable for both the 

individual Test Result criterion, i.e. the values are 23 & 

24 N/mm
2
 is within the limits of >/=Fck-4=21 N/mm

2
, 

then also comply with table-11 Col. (2). (Note: Here the 

criterion is that, individual test results only, not both 

the results). But,  

 As per table-11 Col. (2), this is acceptable for mean 

value of 4-consecutive (Non overlapping) test results 

criterion, i.e. the mean value of above is 29.75 N/mm
2
 is 

within the limits of >/=Fck+4=29 N/mm
2
, so 

 Finally, with concrete of samples (ii) & (iii), one sample 

accepted usually higher value sample (iii) and lower 

value sample (ii) only not-accepted.  

 

Case-V: Test sample’s results (For 6-samples; i.e. more 

than 4-samples)  

 (i) 30 N/mm
2
; (26, 30, 34 N/mm2)  

 (ii) 22N/mm
2
; (19.5, 22, 24.5 N/mm2)  

 (iii) 35N/mm
2
; (31, 35, 39 N/mm2)  

 (iv) 29N/mm
2
; (25, 29, 33 N/mm2)  

 (v) 30 N/mm
2
; (26, 30, 34 N/mm2)  

 (vi) 23N/mm
2
; (20, 23, 26 N/mm2)  

 

a) The above test sample results two of the values are 22 

N/mm
2
& 23 N/mm

2
, i.e. less than (Fck) 25 N/mm

2
 as per 

table-2, two values are not accepted. But, comply with 

table-11, before rejecting.  

b) As per table-11 Col. (3), these are acceptable for 

individual Test Result criterion, i.e. the value 22 

N/mm
2
& 23 N/mm

2
 are within the limits of >/=Fck-4=21 

N/mm
2
, then also comply with table-11 Col. (2).  

c) As per table-11 Col. (2), this is acceptable for mean 

value of 4-consecutive Non-overlapping consecutive test 

results criterion, i.e. consider the mean value of  

 First 4-values is 29 N/mm
2
 is within the limits of 

>/=Fck+4=29 N/mm
2
, and balance value (vi) is not 

accepted. OR 

 Last 4-values is 29.25 N/mm
2
 is within the limits of 

>/=Fck+4=29 N/mm
2
, and balance value (ii) is not 

accepted.  

 It means, don’t overlap the mean of any 4-values, for 

acceptance criteria.  

d) Finally, the concrete of one sample is accepted and 

another one is not-accepted.  

 

Case-VI: Test sample’s results (For 4-samples)  

 (i) 30 N/mm
2
; (26, 30, 34 N/mm2)  

 (ii) 28N/mm
2
; (24, 28, 32 N/mm2)  

 (iii) 28N/mm
2
; (24, 28, 32 N/mm2)  

 (iv) 29N/mm
2
; (25, 29, 33 N/mm2)  

 The above test sample results, the values are above 25 

N/mm
2
, i.e. more than (Fck) 25 N/mm

2
 as per table-2. 

(Note: These all the values are accepted so not required 

to comply with table-2). Even-though, comply with 

table-11.  

 

 As per table-11 Col. (3), this is acceptable for individual 

Test Result criterion, i.e. all the values are more than 21 

N/mm
2
 is within the limits of >/= Fck-4= 21 N/mm

2
, also 

comply with table-11 Col. (2).  

 As per table-11 Col. (2), this is acceptable for mean 

value of 4-consecutive (Non overlapping) test results 
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criterion, i.e. the mean value of above is 28.75 N/mm
2
 is 

out of the limits of >/=Fck+4=29 N/mm
2
, but 

 Finally, the concrete of all samples accepted, based on 

table-2.  

 
Case-VII: Test sample’s results (For 1-sample)  

 (i) 30 N/mm
2
; (26, 30, 34 N/mm2)  

 The above test sample results, the value is above 25 

N/mm
2
, i.e. more than (Fck) 25 N/mm

2
 as per table-2. 

(Note: The value is accepted so not required to comply 

with table-11, because not have 4-values to take mean 

of them).  

 Finally, the concrete of the sample is accepted, based on 

table-2.  

 

Case-VIII: Test sample’s results (For 3-samples)  

 (i) 29N/mm
2
; (25, 29, 33 N/mm2)  

 (ii) 22N/mm
2
; (19.5, 22, 24.5 N/mm2)  

 (iii) 25N/mm
2
; (21.5, 25, 28.5 N/mm2)  

 

 The above test sample results, the values above 25 

N/mm
2
 are accepted i.e. more than/equal to (Fck) 25 

N/mm
2
 as per table-2, and less than Fck-value are not 

accepted. (Note: The values are accepted as per table-2, 

and not required to comply with table-11, because not 

have 4-values consecutives to take mean of them).  

 Finally, the concrete of two sample (i) & (iii) are 

accepted, and sample (ii) not accepted, based on table-2.  

 

4.1 Summary of Case Study 

 

S. No.  

Case 

Study 

No.  

Acceptance as per 

(Fck)  

 (IS: 456-2000 

Table-2)  

Acceptance as per 

 (Fck+4)  

 (IS: 456-2000 Table-11)  

1 Case-I Fail Pass 

2 Case-II Fail Fail 

3 Case-III Fail Fail 

4 Case-IV Fail-2 samples Fail-1 sample 

5 Case-V Fail-2 samples Fail-1 sample 

6 Case-VI Pass 

Not applicable. Based on IS: 

456-2000, Table-2 (FCK) 

fulfilled for all the samples.  

7 Case-VII Pass -Do- 

8 Case-VIII Pass -Do- 

5. Conclusion 
 

The above described case study on non-acceptability of 

some of the concretes are valid even when we observe that 

some of the 4-test values are numerically less than the 

characteristic strength (Fck), indicated by the specified 

grade of concrete.  

 
In the present case, if consisting of four test sample results, 

the M25-Grade concrete has the characteristic strength (Fck) 

of 25N/mm
2
for less-than 4-nos of consecutive values. And it 

is seen that each of the test results has to be more than or 

equal to 21 N/mm
2
 the criterion given in Column (3) of 

Table 11 of IS: 456-2000, it should be recognized here that, 

the test sample’s individual test results of any concrete 

sample. The sample’s average needs to be checked against 

the criterion given in Column (2) of Table 11 of IS: 456-

2000.  

 
In addition to above description. . . .  

The cement required quantity (Min.) for M25-grade is 300-

kgs /m
3
, as per IS: 456-2000, Table-5. (Annexure-1, 

Attached for same).  

 
The minimum recommended grade of concrete for 

Reinforcement-works is M20 as per IS: 456-2000, point e, at 

Page No.1, of IS code. (Annexure-2, Attached for same).  

 

Notes:- 

a) Here, it is described only on sampling, complying for 

acceptance criteria of concrete, with case-study.  

b) The Process of concrete, mix design, testing procedures 

etc. are not discussed here.  

c) In this paper, the total description as per the IS: 456-

2000, 4
th

 Rev., Including amend. No.1 and 2, latest 

amends (if any) not described here.  

 

Annexure 1 

Table-5 of IS: 456-200, The Cement required quantity 

(Min.) for various-grades of concrete.  

 

 

 

 

 
 (Respective Screen Short: of IS: 456-2000)  
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Annexure-2 

 

The minimum recommended grade of concrete for reinforcement works is M20 asper IS: 456-2000, point-e), at Page No.1 of 

IS code.  

 

 
 (Respective Screen Short: of IS: 456-2000)  
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