










9 PILE INFLUENCE 

9. I Socofonda continuous auger piles 

For all the participants, the toe reflec­
tion is clearly visible. This is due to a 
very low skin friction . According to 
CEBTP, this friction is lesser than for the 
Atlas piles. 

The very good prediction is to note for 
every participant. The measured reflection 
time interval is quasi identic for everybo­
dy. A little dispersion is due to the wave 
velocity assumptions (Magnel). 

9 . 2 Fundex piles 

The Fundex piles have a moderate skin fric­
tion, less than the driven precast De Waal 
piles. According to CEBTP the impedance 
curves are similar to those of the Atlas 
piles, but the skin friction is lower. 

The participants found a toe reflection 
echo clearly visible. Franki detects the 
second echo and shows that the time inter­
val for the first toe-reflection is shorter 
than the second one. This fact was signali­
zed by Stranger and Vanneste (1984). Fran­
ki calculates the pile length with the 
first interval. 

9.3 Atlas piles 

After all the participants the signals show 
a very high damping. CEBTP and Magnel ex­
plain that a very good contact exists bet­
ween soil and pile. (For CEBTP this is 
proved by a high characteristic impedance). 
For Franki, Fugro and TNO, the very large 
damping is caused by the helicoidal outer 
surface. 

For everybody the toe reflection is dif­
ficult to detect, perhaps not determinable. 
TNO explains that "the signal components 
which are present at the place where the 
toe reflection is to be expected show no 
consistancy". TNO doesn't give a length 
prediction, but affirms that there are no 
significant discontinuities. TNO and Ma­
gnel said that in a normal case they would 
test more of these piles. 

The measurements justify the Franki as­
sumption about a reduced wave propagation 
velocity in the Atlas pile. This fact con­
firms the observations and explanations of 
the helicoidal shaft influence (Stranger & 
Vanneste 1984; Vyncke & Van Nieuwenburg 
I 987). 

For the Atlas piles; a conclusion may be 
the difficulty of signal interpretation 
caused by the heavy damping and the heli-
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coidal shape of the shaft. Note that the 
uncertainty concerning the wave velocity 
should be taken into account for the calcu­
lations. 

9.4 De Waal precast driven piles 

For all the participants, the De Waal piles 
show heavy clamping. The driving caused a 
very high skin friction along the whole 
length of the shaft. Toe reflection is not 
always visible. 

10 SOIL VARIATION, PILE FORM AND DEFECT IN­
FLUENCE 

10. I Introduction 

The aim is to examine the possibility of 
making a distinction (out of the monitored 
signal) between some influence on the one 
hand due to differences or variations in 
soil properties and on the other hand due 
to irregularities in pile dimensions. 

This will be done by means of a compari­
son and detailed analysis of all recorded 
signals (on a same time scale) out of the 
shock wave integrity tests, and only for 
the piles knowing the exact dimensions to­
gether with the available data of the in­
situ soil properties (especially the CPT 
results). 

On this basis the piles which could be 
taken into account are the driven De Waal 
precast concrete piles to examine the soil 
influence and the excavated Fundex pile 12 
and Socofonda pile 13 to examine the combi­
ned effect of variations in the pile dimen­
sion and in the soil characteristics. 

More information concerning the total and 
embedded pile length, diameter and predic­
tions are given in a previous point and in 
Table 2. 

For the piles 7, II, IS (De Waal), and 12 
(Fundex), and 13 (Socofonda), only TNO echo 
test measurements were available. For the 
piles 19 and 23 (De Waal) results of the 
four firms (Franki, Fugro, Magnel, TNO) 
could be taken into account. 

10.2 De Waal piles 7, II, IS 

The first stage starts with the evaluation 
and the analysis of the prefabricated con­
crete De Waal piles. For these piles the 
exact cross-sections and lengths are very 
well known. It is obvious that in this ca­
se any signal irregularity is due to the 
variation of the surrounding soil proper­
ties (excluding some influence of possible 



cracks due to the installation process). 
On figure 2 the De Waal piles I I, 7, 15 

are represented together with the respecti­
ve cone penetration test results and the 
registrated (TNO) reflection signal. This 
reflected signal is pictured on a time sca­
le as it was recorded. The link between 
this time scale and the depth scale is gi­
ven by means of the wave velocity. Here 
the standard value of 4000 m/s is used as 
by TNO. 

Irregularities in the velocity-time scale 
compared with the variations of the [qc] 
and the [Qs,tJ depth values ([Q 8 ,t] cumula­
ted lateral skin friction on the sounding 
tubes), together with the friction number 
[fs]=[6Qs t]/[qc], have to be considered at 
the same time with some theoretical consi­
derations and the knowledge concerning the 
influence of the skin friction on the re­
flections; a general idea is: the higher 
the skin friction is, the higher there will 
occur a "negative" velocity reflection wa­
ve and the more the damping and the dissi­
pation (into the surrounding soil) of the 
initial wave will be. 

On fig. 2, indicating a rough soil layer 
classification concerning the [Qs,t] va­
lues, one can observe at a depth of about 4 
to 5 m (the top of the sandy-clayey pani­
selian soil layer with rather high friction 
values) any negative influence on the velo­
city signal, especially for the piles 7 and 
15. The same phenomenon appears at a depth 
of 7 to 8 mat the top of a slightly san­
dier and higher friction soil layer. Also 
for the pile 15, due to the pile head of 
1.4 m (longer than the minimum length of 
0.50 m for detecting possible "defects" 
(after TNO)), it is rather easy to observe 
the influence of the medium dense packed 

sandy backfill top layer. 
Once benea~h a depth of 10 ma fine clay­

ey sand to fine sand (12 m) (Ypresian soil 
layer) causes high damping of the signal 
due to some kind of clamping and wave dis­
sipation into the surrounding soil. This 
phenomenon is almost obscuring the toe re­
flection. 

As a conclusion one may say that together 
with the known soil variation data (here 
out of CPT) and the pile dimensions one can 
make an evaluation of the influence of tho­
se variations on the monitored signal. By 
means of simulation programs it is possible 
to improve the quality of this interpreta­
tion and to make reliable and objective 
judgements of the reflection wave. 

10.3 De Waal piles 19 and 23 

An analogous interpretation can be made 
for the precast De Waal pile 19 and 23, ha­
ving the results of all participants. Tho­
se measurements are illustrated respective­
ly on figure 3 A and 3 B, all on a same ti­
me scale (as they were gross registrated), 
linked with the length of the piles and the 
depth scale of a reference CPT (+ an extra­
polation of the CPT's given on figure 2) by 
means of a wave velocity of 4000 m/s. 

It is obvious that for the analysis no 
direct use is made of the (absolute) magni­
tude of the velocity signal given on the 
figure 3, due to different amplification 
methods in function of the time (linear, 
exponential, ... ) by the different firms; 
only the relative variation for each signal 
itselfs is taken into account. 

Concerning the influence of the soil 
layer variation on the measurements one can 
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Fig. 2. Soil influence for De Waal Piles 11, 7 and 15 (TNO measurements) 
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Fiq. 3. Soil influence on the time s caled echo measurements for De Waal Piles 19 and 23 

make an analogue discussion as before (piles 
I I, 7, 15) for the TNO results. Some kind 
cf representation is made on the figures 
itselfs. 

At the same time it is obvious that the 
different recorded signals are also easy to 
correlate (on a same time scale basis). As 
an exemple of such a good correlation there 
exists the interpretation made by the firms 
themselve s : each firm (excepted Fugro) 
found for the pile 23 at the depth of 5.8 m 
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to 6 m benea th the top of the pile an 
intermed iar reflex of a compression wave, 
indicating a rather high clamping of the 
pil e. 

As a conclusion, one can say that having 
the pile and the soil strata data (here 
CPT's) it is possible to evaluate for most 
of the signals of the different firms the 
influence of the variation of the soil 
stratification. 



10.4 Socofonda pile 13 and Fundex pile 12 

Finally one can also try to make such an 
eva lua tion and interpretation for auger and 
screw piles. For this purpose we will use 
the Socofonda pile 13 and the Fundex pile 
12. These two piles, as already told in a 
previous point, were excava ted after fini­
shing the different tests. 

The dimensions are discussed earlier and 
are fully represent ed on figures 4 A and 
4 B, together with the proper CPT result. 
On tho se diagrams, one can observe some mi­
nor pile enlargements in weak soil strata 
and some minor necking in dense packed soil 
s trata. 

Taken into ac co unt those pile diameter 
variations together with the conclusions 
made for the De Waal prefab concrete piles 
for the case of soil influence on the re­
flection signal, one can derive with some 
"goodwill" any i nfluence of the pile diame­
ter variations. The difficulty is even 
with the aid of sofisticated simulation 
programs that it asks an interpretation of 
a s uperposition of two different influences 
which are note easy to split up and which 
have some mutual physical dependances. 

10.5 Conclusion on soil influence 

Generally spoken, one can say, having ade­
quate and correct soil strata data and re­
flections signals measured with a high sam­
pling f requency, it seems to be possible to 
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predict and specify small pile diameter 
variations and if or where discontinuities 
(together with the t ype of the discontinui­
ty) in the pile are located. 

Nevertheless to make such conclusions un­
til now it necessi tates together with the 
mentioned data, a high degree of experien­
ce and qualification of the persons invol ­
ved within. 

11 CONCLUSION 

The acoustic control is a simple, cheap and 
rapid technique for concrete pile integri ­
ty testing . The low cost al l ows a systema­
tic control and a selection for a more pre­
cise examination. However an apparent dif­
ficulty r emai ns in a correct measur ement 
interpretation. 

The echo method is well adapted to the 
integrity control and the detection of ma­
jor failures. The mechanical impedance me­
thod seems to be more adapted to test the 
integration of the pile into the soil. 

These methods must be able to determine 
the distance from the pile top to the first 
sensible irregularity; for an intact pile 
one can measure the pile l ength, cons i de~ 
ring the tip as a major irregularity. 

Initially acoustic control was reserved 
to short piles with a well known nominal 
section. For pre cast driven piles, the 
length det e rmination could be eased by their 
section regularity. In fact the wave dis ­
sipation in the soil makes it rather dif-
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Fig. 4. Soil and pile combined influences (TNO result on Socofonda 13 and Fundex 12) 
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ficult because of the excellent contact be­
tween the pile and the soil. 

For the cast-in-place screwed piles, the 
participants have given length predictions 
with a very good quality. Small impreci­
sions could be explained by the assumed va­
lues taken for the wave velocity. They can 
be minimized by better calibrations. The 
fact that the values are especially diffi­
cult to choose for the Atlas helicoidal pi­
les is to be stressed. This choice is then 
critical for the predictions and interpre­
tations. 

The participants have proved that the de­
tection of majors breaks of continuity was 
reliable. However, the pieces of advice 
have been very inconsistent concerning the 
shape variations and minor defects. It is 
true that signal superpositions coming from 
close irregularities can mask the searched 
phenomena (pile diameter and/or soil irre­
gularities). 

The echo must be interpreted in terms 
of soil nature variations and soil/pile in­
teraction. Therefore one can detect acous­
tic anomalies, but strictly one cannot make 
a distinction between pile and soil varia­
tions. 

Correct interpretation requires the un­
derstanding of the wave propagation in the 
pile and the knowledge of the influencing 
factors: concrete quality, pile shape, 
execution methods and side contact between 
the pile and the soil (e.a. soil layer pro­
file anc mechanical soil characteristics). 
The integrity tP.st method has to be used in 
conjunction with sufficient informations 
concerning each of these factors. The in­
terpretation must finally be aided by a 
good numerical model able to simulate the 
pile behaviour and to compare the results 
with the measurements. 

The reliability of integrity tests requi­
res a good theoritical model, a solid un­
derstanting and valuable site informations 
three tools to use for a correct interpre­
tation of acoustic control. 
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