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1. INTRODUCTION 

The dynamic development of geotechnical works market, driven especially by 

infrastructural investments (roads, bridges, networks), issues a number of challenges to people 

in charge of supervising construction works, including pile works, associated with the 

appropriate quality control. Wide availability of exploratory techniques is not, unfortunately, 

matched by the level of engineers’ knowledge on the limitations of particular methods. As far 

as quality control of foundation piles is concerned, there are no official guidelines or 

standards which would regulate, or at least facilitate, the selection of a suitable exploratory 

technique. 

Another extensive issue is pile load capacity control (static load tests) carried out in line 

with the Polish Code of Practice PN-83/B-02482 [1-3, 7]. It may also be observed that 

dynamic tests connected with generating forces or tensions in the pile head and shaft (PDA, 

CASE, CAPWAP) become more and more widely applied. Such tests make it possible (next 

to the load capacity assessment) to analyze the recorded signal in order to assess the length 

and continuity of a pile. Standard control of foundation piles is, however, limited to the 

investigation of their minor proportion (about 1% of the pieces installed at the construction 

site) and refers to their capacity of transferring loads to the subsoil. Only sporadically does 

engineering practice employ ultrasound methods of pile continuity and length control (e.g. 

SIT - sonic integrity test or PIT - pile integrity test, Fig. 1) [10]. The suitable equipment is at 

the disposal of contractors and only a few academic centers, including Wrocław Technical 

University. 

 

  
 

Fig. 1. and 2. PIT and Impulse-Response s’Mash sets devised to investigate pile length and continuity 
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From the year 2008 on, in the research carried out on pile foundations at Wrocław 

Technical University, also the non-destructive method of Impulse Response s’Mash [14]] is 

used. 

2. MOTIVATION – AIM OF STUDY 

The interest in the novel methodology (the way the signal is recorded and the results are 

processed) employed in non-destructive pile investigation motivated the authors to test the 

PIT apparatus, produced by PDI (Fig. 1), as well as Impulse Response s’Mash (Fig. 2) 

equipment on the piles constructed in various technologies and characterized by disparate 

slenderness ratio. Such tests, regardless of the references given by the equipment 

manufacturers, will constitute the basis for the choice of an optimal exploratory method to be 

used in pile quality control performed at Wrocław Technical University. 

At the first stage, the tests on large-diameter bored piles and pre-cast concrete driven piles 

were performed. That means that the technologies with the limited control of the forming 

process and the limited control of pile material were excluded from investigation. Bored piles 

with large diameters were made in casings with a certain allowance which was later hacked 

off. That made it possible to form a horizontal surface of the pile head and facilitated the 

measurement, after the surface had been prepared by its local grinding. As far as pre-cast 

concrete piles are concerned, it is not even necessary to prepare the pile head (apart from its 

cleansing), hence it takes only a couple of minutes to test one pile. Short testing time makes it 

even possible to investigate all the piles in the foundation, when the importance of the on-

going building construction is high. 

The aim of the tests was an attempt at the assessment of the usefulness of exploratory 

methods for the control of piles with diverse slenderness ratio but installed in comparable 

geotechnical conditions. It is worth noticing that as far as both the pre-cast concrete piles and 

the piles bored in casings are concerned, there sometimes occur the questions concerning their 

length, cross-sectional area, as well as material (concrete). Slenderness ratio, however, 

especially with respect to driven pre-cast concrete piles, may significantly hinder the 

interpretation of the obtained results, hence, the choice of an optimal method may prove 

crucial. 

3. FIELD TESTS 

For the purpose of the field tests, the piles constructed at the bridge structure supports 

were selected. The field tests were carried out in May 2009 in sunny weather. Weather 

conditions are important because in the PIT method the accelerometer is glued to the pile 

head, which should not be moist. The test is not possible only in the situation when the pile 

head is thoroughly damaged and no surface perpendicular to the pile axis may be found. 

Impulse-Response s’Mash method is not that demanding, since the signal is recorded by 

means of a geophone that only contacts the examined surface. That surface should be smooth 

(reground), though, at the place that the hammer hits.  

The investigation using both exploratory methods entailed: 

 4 selected bored piles with the diameter of 1.5 m and the declared length of 17.0 m, 

(Fig. 3) 

 25 driven pre-cast concrete piles with the cross-section dimensions of 0.40 0.40 m 

and the guaranteed length of 12.0 m (out of 52 pre-cast concrete piles in the pile 

support investigated by means of PIT) (Fig. 4) 



The bored piles and the pre-cast concrete piles were constructed in similar geotechnical 

conditions. Down from the ground surface there were fen soils and river sands with the 

overall thickness of 4 8 m. The pile bases were submerged in a firm layer of clays, silty clays 

and silts. 

Already when the pre-cast concrete piles were being driven, a considerable consolidation 

of non-cohesive soils was observed in the area of the selected pile group. The load capacity 

tests confirmed large bearing capacity of piles (resulting from favorable soil conditions at the 

pile toes). 

    
Fig. 3. and 4. The PIT tests of the bored piles and the driven pre-cast concrete piles 

     
Fig. 5. and 6. The tests of the bored piles and the driven pre-cast concrete piles by means of 

Impulse-Response s’Mash method 

The tests were performed concurrently; it may be, therefore, asserted that the time needed 

for testing is comparable for both methods. The PIT recorder is slightly more convenient, as it 

is not integrated with a computer and may be operated by one person. The software installed 

in the recorder makes it also possible to initially assess the results as they appear, which is 

difficult in he case of Impulse-Response s’Mash method, in which a detailed analysis of the 

results is required. The preparation of a test report and result interpretation demands a similar 

effort. 

4. COMPARISON OF TEST RESULTS  

Bored piles: 

For the large-diameter bored piles, whose slenderness ratio, defined as the length-to-

diameter ratio, slightly exceeded 10, the obtained results were easy to interpret by means of 

PIT. A sample diagram of the wave velocity as a function of time, together with the inferred 

pile profile, is given in Figure 7. Figure 8 presents “preferred” values of the elastic wave that 

occurs in the pile after hitting. Once the velocity of the wave in the medium is known, it is 

possible to interpret the pile length. It must be stressed that the precision of the estimation has 



qualitative and not quantitative nature. In Figure 7 it is visible that the bored pile under test is 

slightly shorter than the declared 17.0 m. That is confirmed by the analysis of frequency in 

Figure 8. In Figure 9, for comparison, the results obtained by means of Impulse Response 

method for a bored pile. 
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Fig. 7. The analysis of the PIT signal in PROFILE 2003 program [11, 12] 
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Fig. 8. The analysis of the PIT signal in the FE (frequency analysis) module in PIT W 2003 

program [11, 12] 

 



 
Fig. 9. The signal recorded by means of Impulse Response method for a sample bored pile 

 

Pre-cast concrete piles: 

The interpretation of the results for pre-cast concrete piles was substantially hindered by 

the piles’ slenderness ratio and large values of bearing capacity of the subsoil along the pile 

side surface. Due to slenderness it is inevitable to amplify the signal, which also increases 

measurement imprecision. Large adhesive forces on a pile side surface in its lower section 

give the result of its “false thickening”. A sample result of the test of a 12-m long pile, which 

was not dubious, is shown below, in Figures 10 and 11. It must be stressed that the 

interpretation demanded some “smoothening of the signal”, which always runs the risk of 

misinterpretation. 
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Fig. 10. The analysis of the PIT signal in PROFILE 2003 program (pre-cast concrete pile no. 20)  
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Fig. 11. The analysis of the PIT signal in the FE (frequency analysis) module of  PIT W 2003 

program (pre-cast concrete pile no. 20) 

 

Figure 12 shows, for comparison, the results obtained using Impulse Response method 

also for pre-cast concrete pile no. 20. 

In course of the pre-cast concrete pile tests, in the set of 52 pieces, one pile was 

discovered that showed conspicuous anomaly – most probably it had been significantly 

cracked (crosswise) in the process of driving, at the depth of about 10 m. An attempt at 

inferring the pile profile in such situation is highly risky, which is visible in Figure 13 and 14. 

 

 
 

Fig. 12. The signal recorded by means of Impulse Response method for a sample pre-cast 

concrete pile no. 20 
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Fig. 13. The analysis of the PIT signal in PROFILE 2003 program (pile no. 24) 
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Fig. 14 The analysis of the PIT signal in the FE module (pre-cast concrete pile no. 24) 

5. CONCLUSIONS 

 

Both the tests by means of awaiting the impulse (Impulse Response s’Mash) as well as 

PIT may be successfully applied in the non-destructive control of the execution and 

diagnostics of reinforced concrete piles. The conducted investigation confirmed that those 

methods make it possible to determine, in a quick and direct manner, not only the pile length 

but also its cross-sectional area, potential changes in that area (narrowing, broadening) 

showing the height, but also the depth, where it has occurred. 

It may be noticed that the PIT method is simpler from the point of view of interpretation 

of results obtained for the piles with a limited slenderness ratio (e.g. large-diameter piles). 

Slenderness results in the need for a considerable amplification of the signal, which may 

cause measurement inaccuracy. In the case of pre-cast concrete piles that are slightly cracked 

in transportation, and than in the process of driving, a certain obstacle is the “blurring” of the 

signal from the pile base, as well as large load capacity of the subsoil along the pile side 

surface. That may lead to an incorrect assessment of the pile length. 



Impulse Response s’Mash method generates a stronger impulse in the pile, which 

facilitates result interpretation for both the piles with large slenderness ratio and the cracked 

piles. In contrast, large mass and inertia of large-diameter piles make it difficult to obtain, and 

then interpret, the signal as the excitation energy must be proportional to the mass of the 

element subject to hitting.  

The exploratory procedure suggested in this work will be, in the nearest future, tested on 

different types concrete, as well as soil-concrete, piles and columns. This will make it 

possible to infer some regulations enabling optimal selection of an exploratory technique for 

a particular task. 
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