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A b s t r a c t

The paper is a comparison between destructive and non destructive testing methods of site 
concrete structures through a series of tests using a rebound hammer and concrete cube 
destructive testing in the laboratory.
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tonowej kostki sześciennej w laboratorium.
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1. Introduction

One of the most popular non-destructive methods of concrete testing in the Baltic States 
is carried out by using the Schmidt rebound hammer. The use of this method is practised 
on large scale on building sites throughout Latvia, Lithuania and Estonia. This method has 
gained its popularity by its simple use and the possibility of using it on a single concrete 
surface without requiring access to the construction from both sides, as is necessary for 
ultrasonic testing methods. The main question lies in the credibility of results acquired by the 
Schmidt rebound hammer testing method. It is often a problem to determine the correlation 
between the rebound number and the actual compression strength of the construction, as 
a large number of variables influence the correlation between the rebound number and actual 
compression strength. These variables must be taken into consideration in order to acquire 
credible testing results.

2. Schmidt rebound hammer

The Schmidt rebound hammer is principally a surface hardness tester. It works on the 
principle that the rebound of an elastic mass depends on the hardness of the surface against 
which the mass impinges. There is little apparent theoretical correlation between the strength 
of concrete and the rebound number of the hammer. However, within limits, empirical 
correlations have been established between strength properties and the rebound number [1].

Fig. 1. Principal scheme of Schmidt rebound hammer  
(http://www.ce.berkeley.edu/~paulmont/241/NDT_OK.pdf)
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In order to examine the credibility of the Schmidt rebound hammer, it was tested in the 
field by way of two experiments, which demonstrated the impact of different variables on the 
testing results.

3. First experiment

In the field 20 cubes 100 × 100 × 100 mm were taken from concrete which was used 
for slab construction. The cubes were sent to a certified laboratory and compression tests 
were carried out on the 28 day old cubes. The slab structures themselves were also tested 
with a Schmidt rebound hammer using two different impact directions on each testing point 
– horizontal and vertical impact. A series of 10 rebounds were carried out for each test. To 
diversify the experiment, the test was performed in different places on the slab – the slab 
edge, in the middle of the span length, by the column and on a massive reinforced concrete 
beam. All results have been summarized in Table 1.

T a b l e  1 

Results of concrete cube destructive test and non destructive test of reinforced concrete slab

No. Destructive load 
kN

Compression 
strength Mpa 
(Destructive 

method)

Compression strength Mpa  
(DigiSmidt result)

Impact direction ↑ Impact direction 
→

1
(edge of slab)

417 39,60 59,40 47,20

436 41,50 51,20 48,50

444 41,70 56,40 48,90

439 41,30 49,10 48,90

average 434 41,025 54,025 48,375

2
(by the column, 

edge of slab)

456 43,30 49,90 49,90

444 42,20 51,80 47,70

451 42,40 53,20 49,10

439 41,30 50,30 47,40

average 447,50 42,30 51,30 48,525

3
(middle of the 
span length)

444 42,20 49,30 42,60

429 40,80 48,70 40,60

441 41,90 37,40 54,40

436 41,00 41,50 48,50

average 437,50 41,475 44,225 46,525
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No. Destructive load 
kN

Compression 
strength Mpa 
(Destructive 

method)

Compression strength Mpa 
(DigiSmidt result)

Impact direction 
↑

Impact direction 
→

4
(massive 

reinforced 
concrete beam)

449 42,60 46,20 48,70

444 42,20 49,50 45,50

449 42,60 43,80 48,90

456 42,90 48,90 45,10

average 449,50 42,575 47,1 47,05

5
(middle of the 
span length)

432 41,00 47,00 46,60

444 42,20 47,60 48,50

439 41,70 46,80 42,50

432 40,60 44,10 43,70

average 436,75 41,375 46,375 45,325

As we can see from (Table 1) the test results obtained by the Schmidt rebound hammer 
are significantly higher than the results obtained by lab destructive testing of the concrete 
cubes. It is also evident that the results gained from tests on the slab edge are more dissipated 
than the results gained from tests in the middle of the span length and on the massive beam.

Analysing the results from the test series No. 1 and No. 2 (Table 1) it is obvious that 
non destructive test results are significantly higher than the results obtained in destructive 
testing. These results prove that rebound tests, performed on non massive structures which 
are subjected to resonance of the rebound hammer, are not fully credible and can be used only 
for comparison purposes. In the results from test series No. 3; No. 4 and No. 5 (Table 1) it 
can be observed that the structures are not as susceptible to resonance the more massive they 
become, and in such a way it can be concluded, that the results obtained from the rebound 
hammer tests carried out on massive concrete structures are more trustworthy than the results 
obtained from tests on thin constructions which are most likely subject to resonance of 
rebound hammer.

4. Second experiment

As mentioned, 27 cubes 100 × 100 × 100 mm made from concrete used for load bearing 
wall constructions were sent to a certified laboratory for compression testing. The cubes were 
28 days old when the tests were performed. Before compression testing, the cubes were first 
tested with the rebound hammer in the same way as testing was carried out on site. On the 
other hand the wall structures were tested with Schmidt rebound hammer. It was not possible 

cd. tab. 1
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to use two different impact directions on each testing point – horizontal and vertical as it is 
a wall and the top of construction was not reachable. Therefore the test was performed using 
only one impact direction – horizontal. The test was made using a series of 10 rebounds for 
each test. All results have been summarized in Table 2.

T a b l e  2

Results of concrete cube destructive test and non destructive test of reinforced concrete walls

No. Destructive load kN Compression strength 
Mpa

Compression strength Mpa 
(DigiSmidt result)

Impact direction  
→ Cube test result

1

461,60 46,16 45,30 18,50

339,80 33,98 49,30 16,50

347,70 34,77 45,80 22,10

458,10 45,81 43,20 16,20

average 40,18 45,90 18,33

2

461 46,10 41,40 15,70

443 44,30 46,60 13,00

361,70 36,17 47,20 20,30

average 42,19 45,07 16,33

3

314,40 31,44 37,30 22,10

385,50 38,55 38,30 17,20

359,80 35,98 41,00 21,10

474,40 47,44 41,70 18,20

average 38,35 39,58 19,65

4
439,90 43,99 43,60 20,30

422,20 42,22 42,70 11,80

average 43,11 43,15 16,05

5
404,90 40,49 39,90 17,00

386,40 38,64 43,60 11,60

average 39,57 41,75 14,30

6
318,00 31,80 44,50 10,90

428,20 42,82 46,00 13,50

average 37,31 45,25 12,20

7
438,00 43,80 42,80 14,50

447,70 44,77 47,20 13,30

average 44,29 45,00 13,90



18

No. Destructive load kN Compression strength 
Mpa

Compression strength Mpa 
(DigiSmidt result)

mpact direction  
→ Cube test result

8

359,20 35,92 38,80 17,20

463,40 46,34 43,20 17,70

465,00 46,50 44,40 18,20

average 42,92 42,13 17,70

9
453,40 45,34 45,30 15,70

447,80 44,78 44,00 18,20
average

 45,06 44,65 16,95

10
388,80 38,88 42,10 16,20

474,20 47,42 44,90 16,20

average 43,15 43,50 16,20

As we can see from the second test result (Table 2) the average results for test series 
obtained by the Schmidt rebound hammer are close to the results obtained by the destructive 
testing of the concrete cubes. But the results of the cube testing with rebound hammer 
significantly differ from the compression test results and the on site test results with rebound 
hammer.

From analysing the concrete cube test series results it is obvious that the non destructive 
test results performed on site are significantly higher than the results obtained in the non 
destructive laboratory tests. These results prove that the rebound tests, performed on small 
structures which are subjected to the resonance of the rebound hammer, are not fully credible 
and cannot be used for further research work. From results in the test series it can be seen 
that the wall structures are not as susceptible to resonance as the slab structures which were 
used in the first experiment as they are much larger. The non destructive on site testing and 
the destructive compression tests performed in the laboratory provided similar results. For 
the results of both tests performed on the slabs and walls it can be concluded, that the results 
obtained from rebound hammer tests on massive concrete structures are more trustworthy 
than the results obtained from tests on thin constructions which are most likely are subjected 
to resonance of rebound hammer.

5. Conclusions

Both experiments show, that in field non destructive testing using the Schmidt rebound 
hammer must be performed by experienced engineers who can analyse side issues or other 
variables which occur during the testing of concrete constructions in different on site 

cd. tab. 2
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situations, such as the quantity of reinforcement bars in the tested concrete area, the distance 
of the reinforcement bars from the test surface, the location of the test surface, thickness of 
the construction tests are performed on e.t.c. and its impact on the total test results. If tests are 
performed by persons with a lack of qualification, the results can be interpreted wrongly what 
can result in serious faults due to poor quality control. Prior to testing concrete constructions 
with a rebound hammer, serious research must be carried out. As the results depend on factors 
such as the thickness of the construction, quantity and emplacement of the reinforcement bars 
etc. test areas must be carefully selected in order to obtain credible test results.
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