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Abstract. This work describes the design and const ruction process of an experimental 
device for static and/or dynamic identification tests on foundation piles. The aim is to 
provide informa tion on the behaviour of soi l-pile systems subject to seismic action. The 
primary objec tive is the validation of numerical models curren tly available for research 
purposes pointin g out inevitable shortcomings and outlining aspects that should be 
investigated in detail in the near future . In this respect this paper is closely related to a 
companion one on numerical aspects published in this same volume. The device is 
specifically designed for the applica tion of horizontal forces and couples to pile heads. 
Besides the evaluation of the limiting values of dynamic parameters, generally speaking 
stiffness and flexibility coeffic ients, static tests have the objec tive of identifying the 
viscoelastic behaviour of the system through creep tests . The experimental tests carried 
out by means of this prototype device will prov ide an opportunity to gather information 
not only on the global behaviour of the soi l-pile system but also on the strain and stress 
state within the pile stern and indirectly within the soil. 

Introduction 

The ex pe r ience ga ine d by the resear ch group in Catan ia on sta tic and d ynamic test ing of so il

structure interactin g systems, such as full scale bu ildings an d foundation rafts on piles, has 

shown to the complexity of the problem and has suggested the design and execution of a 
simpler research progr anune addressing the simpl est o f the structural systems. Wi thin the field 

offoundations on pil es this ma y be identified as the s ing le pil e- so il system. 

In such a case, even only for the static field, the behavio ur under horizontal loads is sti ll 
litt le known. For th is reason our cho ice has been on the identi fic at ion of the s tatic and dyn amic 

b ehaviour of the sing le pile-soil system under horizonta l load s . Therefore it has appeared 

appropriate to desi gn and construct an experim ental device wi th the capabil ity of app ly ing 

horiz ontal forces a nd/o r couples to pil e heads. 
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Figure I. Schematic view of the test system. 
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For reasons of economy a dev ice which could apply at the same time horizontal forces 
some piles and coupl es on othe rs has been conceived. In this way the single piles, besid _ 
constituting test specimens, provide con trast to the other piles. The basic scheme is shown . 
Figure 1. 

Three aligned pile s are set at such a distance that the pile-soil-pile interaction turns out to 
negligible. The end piles are subje ct to horizontal forces app lied at different heights; the cen 
pile, thro ugh appro priate gearing, is subjected to a pure couple. It is evident that the testing syst 
is a closed one and that each pile pro vides contrast to the other two. The abo ve descripti 
illustrates the bas ic idea. In the following, the various elements that have had to be designed 
constructed to realize the basic idea will be presented. At this poi nt it should be emphasised 
the abo ve description expla ins readily only the stat ic pa rt of the experiments and perhaps the p ~ 

concerning time delayed effects (viscous behaviour, creep tests). However nothing has been sa" 
about the dynamic nature of the test. Thi s is ac tivated at the end of each static test by the sudd 
release of the applied force s by the breaking of a properly designed weak link inserted within the 
testing devise. Because the test results are to be used to assess the reliability of nume rica 
algorithms for the descr iption of the static and/or dynamical behav iour of the soi l-pile system i" 
has seemed appro priate to include in the experimental programme a series of tests intended to find 
the characterisation of the pile and of the soil. Therefore, besides the desc ription of the bas". 
experimental device, in the follo wing the tests and instrumentation used to characterise the pi 
and the soil will also be briefly illustrated. 

I
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Figure 2. Components of the testing device. 

2 Description of the test device 

The elem ents whic h re lated to the constitution of the test dev ice are shown schematically in 
Figure 2. They are listed bel ow: 
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I .	 thre e collars to attach to the pile head s; 
2.	 one steel rop e for load transmission; 
3.	 two pulleys to cha nge load he igh t and direction for coup le app lica tion ; 
4 .	 one traction j ack fo r app licat ion ofhorizontaJ load; 
5.	 two load cells to measure load in each bra nch of the load transmission rope; 
6.	 One turnbuckle for fine tuning initial configuration ( rope in horizontal pos it ion wit h 

no applied load) ; 
7.	 Quick release dev ice (fuse). 

The device is useless in the ab sence of reaction and test pile s. In the present case thes e ha ve 
been bui lt as test piles wi thin the construc tion of the Teaching Activities Build ing of the 
Engineering Facul ty at the Univers ity of Ca tania. Th e research group is grateful to the 
Un iversity of Catan ia for providing the test site, the pi les and for al low ing the test ing act ivities. 
The descrip tion of the piles will be part of a follow ing paragraph . 

2.1 Pile head collars 
Th e co llars needed to engage pil e heads have different charac teri st ics for each pi le. Th e 
differences are essentially related to the type of load to be applied and to the elements to be 
con nected . W ith reference to Figur e 2, the end piles are subject to horizontal forces applied at 
diff erent heights. In princ ip le there sho uld be no need for any difference between the two 
collars; however they appear with the characteristics shown in F igure 3 and in Figure 4 . 

Figure 3. Co llar on pile n° I. 
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Figure 4 . Collar on pil e n? 3. 

The co llar for pile n'' l in Figu re 2 is shown in Figure 3, while the coll ar for pile n0 3 i 
shown in Figure 4 . It may be observed how the collars are essentially iden tical, although for 
loadi ng requirements they are mounted in a symmetrical co nfigura tion. Owing to the fact that 
the force must be applied at a lower height, through collar nOl it is mounted as in Figure ~ . 

while an equal and opposi te force must be applied at a greater height throu gh collar n°.3 : 
therefore it is mounted as in Fig ure 4. Both are bu ilt as ha lf-cylinders prope rly stiffened an 
pro vided with attachment devices. After positioning by means of a site fork-li ft the two half
cylinders are tied togethe r by means of high strength bo lts. 

As may be seen from Figure 4, the traction j ack for the load ge nerat ion is attached to the 
collar for pile n0 3 . At the other end the qu ick release device (fuse) is attached on one side to 
the coll ar on pile n° I and on the other to a CROSBY turn buckle model HG-228, as may be 
seen in Figures 3, 9 and 10. 

Th e co llar for the cen tral pi le is shown in Figure 5. Special characteristics of this collar are 
the supports for the two p ulleys used to change the stee l rope alignment. This has resulted in a 
larger height of this coll ar with respect to the other two, esp ecially in order to provide a suitable 
lever arm for the app lication of the couple . Addit ional dimensional d ifferences are apparent 

beca use the central pile has a diameter of 600 mm whil e the end piles have a diameter of 
800mm. The choic e of dimensions arose from the need to test both types of piles used in the 
foundatio n of the TA build ing of the Facu lty of Engineering at the University of Catani a. As 
was the case for the other two col lars the one for the centra l pile consists of two hal f-cy linders 
tied toge the r by means of high strength bolt s. The fasteni ng system and the rope alignment 

system are both clearly visibl e in Figure 5. 
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Figure 5. Collar on pile n02. 

2.2 The steel rope 
The steel rope is a fundam ental component of the testing device because of its function of load 
transmission. The size and mechanica l characteristics of the rope have been evaluated as a 
function of the maximum testing load. The evaluation of the latter fO nTIS the object of an 
appropriate paragraph. The characteristics of the steel rope, as provided by the manufacturer, are: 

• nominal diameter 32 mm ; 
• lengt h 7048 mm;
 
• opera tional load 172 kN;
 
• safety margin 6; 
• tested in our laboratory up to T = 344 kN. 

The rope was man ufac tured and assembled by CE RTEX UK Ltd in the required des ign 
length with end fitt ings G416 CROSBY for the con nection to the load cells for the load 
measurement. 
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Part of the rope is visi ble in Fig ure 7 when passing on top of the central pile , whi le one end 
wi th end fitting and eye connector to a load ce ll is visible in Figure 6. 

Figure 6. Rope end with fitting. 

2.3 The pulleys 

The function of the pulleys is to displace the steel rope path is such a way as to apply a couple 
to the cen tral pile. Especially important for that purpose is the pulley rotation so that the rope 
may slide freely and the same tract ion be applied at both ends of the rop e. The inevitable 
fr iction and mounting defects makes th is aim difficu lt to achieve . A first prototype of the pulley 
system displaye d an unac cepta ble load di fference at the two ends of the rope. Successive 
mou nt ing improvements have lead to a dimi nution in the traction unbalance but the 
improvement obtained has not been consi dered sufficient for the aims of the experiment. For 
this reason a new pair of pu lleys has been co nstructed with the inclusion of suitabl e bearings to 

minimise friction and traction unbalance . 

Figure 7. Change of the steel rope path via pulleys. 
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2.4 The traction jack 

Th e traction j ack type COT3 0N 300X, bu ilt by EURO PRESS PAC K s.r.l. (Gen oa - Italy) , is 
visibl e in Figure 4. This is a fundamen ta l component of the test syste m; besides pro viding the 
force to be applied to the pile head, it must have a long enough stroke to accommodate the 
displacement at the pile heads. Th e chosen j ack can apply a maximum load of 324 kN at a 
pressure 700 bar for a maximum stroke of 300 mrn. These va lues cover very well the theoretical 
range of the tes t parameters which requires a maximum load of 150 kN for a maximu m stro ke 
not larger than 15 mm, On the theoretica l predic tio n of the maximum displace ment at pil e 
heads and therefore on the required jack stroke, see the parallel art icle in this volu me 
[Vinciprova, Maeso Fortuny, Aznarez and O liveto]. 

2.5 The load cells 

Two traction load ce lls for static and dyna mic measurements have been built on the design 
specifications of the research group by NO VATECH Mea surements Ltd (Eng land) . One of the 
two load cell s is sho wn in Figure 8. The purpose of the cells is the correc t evaluation of the 
forces app lied to the p ile head s both in static and dynamic conditions. In particul ar it may occu r 
that is app lied onl y a couple or a couple plus a horizontal force to the centra l pi le. For that 
reason the two load ceJls have been placed at the two ends of the steel rope respec tive ly in the 
sec tion between pi les I and 2 and in the sec tion be tween pi les 2 and 3. Particularly importa nt, 
in view of the size of the cells and of the transmitted load , are the connectors which link the 
ce lls to the stee l rope and other compo nents of the test system: the turnbuckle in the vicinity of 
pile n? I and the traction jack close to p ile n03. Such connections are clearly visi ble in Figure 8. 

Figure 8. Load cell type F204 built on request by NOVATECH Ltd. 

The charac teristi cs of the load cells are as fo llows: 

• load range 0 - 500 kN ; 
• non-linearity 0.15% maximum load; 
• repe atab ility 0 .02% maximum load. 

Th e characteristics of the eye conn ectors M64x3 mrn 
• operational load 200 kN; 
• safety margin s. 

235 
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2.6 The turnbuckle 
In order to facilitate the assembling and mounting operations the length of the stee l rope is 
slightly larger than the minim um required. Th erefore the total length of the sys tem chain 
exceeds by a small amou nt the distance between the heads of the end piles. The resulting sag is 
removed by mean s of the CROSBY turnbuckle type HG-228 suppl ied by CERTEX UK Ltd. 
Figure 9. As provided by the manufacturer. the charac ter istics of the turnbuckle are : 

• weight 42 0 N;
 
• opera tional load 168 kN ;
 
• safety margin 5; 
• tested in our laboratory at T = 420 kN ; 
• length 194011 340 mm. 

The presence of suc h a component is fundamental in orde r to preserve the jack stroke for 
the loading operatio ns. The nominal length which can be recovered by the turnbuckle is 
± 300 mm, The type of turnbuckle was selected on the basis of its maximum regulation length 
and of the maximum transmissible load. In the asse mbly phase the turnbuckle is inserted in the 
con figuration of maximum extension allowing for a maximum reco verable length of 600 mm . 

Figure 9. CROSBY turnbuckle type HG-228 for sag removal. 

2.7 The quick release device (fuse) 

The quick release device show in Figure lOis fundamenta l for the app lica tion of dynamic 
ac tions. In fac t it allows the execution of free vibra tion tests under di fferent amp litudes of the 
imposed displaceme nt . Such a device is buil t start ing from a high strength stee l bar , therefor e 
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having a limited rupture strain, by reducing the cross section until the required rupture load is 
obtained . On the basis of the mechanical characte ristics of the materia l and ad-h oc laboratory 
tests, the streng th is reg ulated in such a way that rupture occur s at not more than 10% above the 
maximum load specified for the corresponding static test. Once the static test has been 
completed, the load is increased rapidly until the rupture of the device occurs with the sudd en 
load release and subsequent free osci llat ion of the system. The fuse is clearly visible in the 
photograph on the right of Figure 10 while in the photograph on the left is visible in the 
assembled configuration. 

Figure 10. Qui ck release dev ice des igned and calibrated by lab oratory stall Right: calibrated fuse; left: 
fuse in assembled co nfigurat ion. 

Figure II . Compo nents of the test dev ice between pi le nO 
v isible the quick rel ease devi ce, the CROSBY turnbuckle. 
pile n02. The SUPP Ol1 structure for the displ acement transd 

237 
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An overa ll view of the test device is visible in the photographs of Figures II and 12. In Figure 
II the components between pile n° I are visible, and pile n02 to the left in the pho tograph, . In 
Figure 12, instead the elements between pile n03 are visible, and pile n02 to the right on the 
photograph,; in the background pile n" I is also visible. 

Figure 12. Component s of the test device between pi le n02 and pil e n03. Starting from pi le n03, to the 
right in the photograph, the traction jack, the load ce ll and the steel rope passing on pi le n02 are visib le. 
In the vicinity of pile n03 the support structure for the disp laceme nt transducers is also visib le. In the 
background pi le n" 1 is visible. 

3 The test piles 

As was mentioned earlier, the construction of the TA build ing of the Engineering Fac ulty at the 
University of Catania provided the opportunity for the execut ion of the present test series; in 
fac t, the test pi les and the test site were provided by the University of Catania within the 
previously mentioned contract. T he test results will be used within the buil ding cert ification 
procedure. The test piles were built in the immediate proximity of the building which is 
fou nded on pi les. As it has been previ ously mentioned, the test p iles were buil t along one 
alignment at a relative distance, cen tre to centre, of 6.00 111. The end piles have a diameter of 
800 mill while the cen tra l pile has a d iameter of 600 mill. In this way the two types of piles used 
in the construction of the building foundation will be both tested. The design length of the two 
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piles is 25.00 m. The reinforcement bars and other design details are shown in the drawings of 
Figure 13 for the 800 mm p ile and in the drawings of Figure 14 for the 600 mm pile. The pil es 
are of the type bo red and cast on site. T he longitud inal reinforcement is uniform over all the 
length of the pile apart from a termi nal sec tion near the pile hea d, where the re inforcement area 
is do ub led. As shown in Fig ure 13, the 800 mm piles are reinforced with 10 bars of nominal 
dia meter 20 mm while the 600 mm piles are reinforced with 8 bars of nomin al diameter 16 mm , 
see Figure 14. In both cases the numb er of bars doubles in the termi nal section near the pile 
heads, as is clearl y show n in the drawings of Figures 13 and 14 . For both pile types the 
transversal rei nforcement is heli cal wi th 30 em pi tch and 8 mm diameter. 
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Figure 14. Reinforcement de tails for the piles of diameter 600 nun. 

3.1 Materials testing 

With in the cert ification proce dure for the TA buildi ng of the Faculty of Engi neering, concrete 
and rei nforcement stee l samples have been coll ected on site and teste d acco rding to present 
regulations . The concrete strength, evaluated on the basis of 20 samples, has exh ibited a mean 
value of 29 Nzmrrr' and a standard deviation 5 Nzmm", The res ults of the tests conducted on the 
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steel samples allow the classifi cation of the material as Fe 44k according to the current Italian 
classification. In addition to the previously quoted laboratory tests, ult rasonic tests have been 
performed in ord er to veri fy casting qua lity and pile integrity. For this purpose each test pile 
has been fitted with J PVC p ipes of diamet er 50 mrn and position ed as shown in the drawing of 
Figure 15. In the same figure there is a photograph where the longitudi nal disposition of the 
three pipes is shown. The central pipe of dia meter 80 mm should have allowed cross-hole 
se ismic tests from pile to pil e. Unfortunately, due to the contractor' s negligence, these pipes 
have been found obstructed and not usable for the original purpose. 

P V C I) I P P (Zi 50 t'I rI 

;/
/'

~ . l , plp P 0 8 0 r1 r1 

Figure 15. Configuration of PVC pipes for cross-hole ultrasonic tests. 
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Figur e 16. Ultra sonic tests on pile n° I, diameter 800 mm .. P wave velocity in rn/s.
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Figu re 18. Ultrasonic test s on pile n? 3, diameter 800 rnm - P wave veloc ity in m/s , 

Pi le cas ting occurred on 15 Ju ly 2002 while the u ltrasonic integrity tests we re performed on 
9 Sep tember 2002 . The resu lts are shown in Figure 16 for pile nOI , in Figure 17 for pile n02 
and in Figure IS for pile n03. Again because of the contractor's neg ligen ce, pip e n03 for the 
execut ion of the ultraso nic test s in pile n? I showed an obstruction at the dep th of 11.05 m. 
Nevertheless the ult rason ic tests have pro vided invaluable information on the ca sting quality 
and on the mec hanic al pr operties of concrete. The irregularities in the velocity pro files are 
more likely attributable to measurement defects than to casting vagaries. In fac t, inevitab le 
de formations of the PVC pip es , possibly responsib le for the observ ed obstruction , may have 
determined significant variations in the distance between coup les of pipe s. This distance is 
obviously reflected in the determined wave velocity. At any rat e a longitudin al wave velocity in 
the range 3000 mls ""'" 4000 mls may be considered acceptable for the considered p iles. 

With reference to pile n02 an obstruction has been reported at the depth of IS .30m in pipe 
n02, whil e an obstruction was found at the depth of m 21.80 in pipe n03. For the length of pile 
that was possibl e to examine the wave ve locity was found in the range 2400""'" 2600 m/s. Th ese 
val ues are rather out of range, especial ly if compared with those for pil es n" I and n03; therefore 
a repetit ion of the tests is adv isab le in order to confi rm or disprove the presently avai lable 
resu lts. 

With reference to pi le n03 it is worth not icing that it was possib le to perform the tests for the 
complete length. In this cas e the wave velocity was in the range 30 00 ""'" 3400 mls . At any ra te 
the ultrasonic tests will soon be repeated on all the test pi les also in orde r to detect poss ible 
variations in the wave velocity eventually due to COncrete maturing, 
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3.2 Curvature measurements 

The test piles have been instrumented in such a way as to measure curvatures at discrete points 
along the pile length. Two channel shaped profiles have been placed in the pile as shown in the 
drawing of Figure 19. The se profiles were fitted with spea rheads to ensure better adhe rence to the 
concrete. The channel shape is useful on one hand to bind the strain gauges on the imler side of the 
web and on the other to channe l the electric cables that carry the signals to the data acquisition 
system. Once all the strain gauges and correspond ing electrical cabl es have been fixed, the channel 
is filled with polyurethane foam and then covered with a lid which is welded to the channel profile. 
In this way the open channel profile becomes a closed one which protects the strain gauges and 
electric cables during casting operations and later on. A schematic representation of the apparatus 
described is shown in Figure 20 . In Figure 20, two photographs show the channel profiles, the 
spearheads, the welded lid and the polyuretha ne foam. From one of the two channels the electric 
cab les and a connector are seen to emerge. In the photograph on the right of Figure 20 the bundles 
of cable s, emerging from the two channel profi les, and connectors are visible . 
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Figure 19. Strain-gauge positioning along the pi le length for curvature read ings. 
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Figure 20. Channel profiles for strain-gauges and elect ric cables . 

Soil Characterisation 

For the so il characterisation the preparatory geologica l and geotechni cal studies for the design 
of the TA buildin g of the Engineering Faculty at the University of Catania were mad e available. 
The se studies cont ain 8 borehole log-plots and the resu lts of some laboratory tests on soil 
samples drawn dur ing the bor ehole operations. 

For the reason s previously exp lained it was not possible to eval ua te the mechanical 
charac teris tics of the soil through seismic down-hole and cross -hole tests conducted through the 
central holes in the pile s. Th us three new bor eholes were dr illed as shown in Figure 2 1 and 
den oted respective ly with BH n° 1, BH n02 and BH n03. The bor eholes of the diameter of 100 
mm where perforated up to a depth of 28 m from the ground surface. 

BH ,,'1 

/'-..
/' ""-. 

P1LE 1 - 0800""" / ""-. PI LE 3 - (/>800",,,, 

/ ~, 

~ --._ -e-- --/-7- -·- -e-- --~""-. -- - _e- - - - -
"./ P ILE 2 - 1ll600M'" '<, 

/' ""-. 
?---- ---------~ 

BH ,, ' 2 BH ,, '3 

Figure 21. Relative posit ion of p iles and boreholes for geop hysics tests. 

Th e down-hole and cross-ho le tests provided the wave veloc ity profil es shown in Figure 22 . 
In Figure 22a the longitudinal wave veloci ty pro files obt ained from two different down-hole 
and cross-hole tests are compa red against each other. Down-h ole tests usually show coherent 
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values and so do cross-hole tests. Overall the results of cross -ho le and do wn-hole tests are 
comparable only at depths larger than about 5 m. For lower depths the longitudi nal wave 
velocities measured by the down-hole and the cross-hole tests differ dramatically. It is not clear 
which of the two methods provides more accurate results. 

The results for the transverse wave velocities are show n in Figure 22 b. Once aga in the 
velocity pro files of two different down-hole and cross-hol e tests are reported for comparison 
aga inst each other. The result s are general ly scattered and the coherence between the result s of 
the down-h ole and cross-hol e tests is rather low. The test s were conduc ted by GEOCHECK 
Catania. It is under consideration whether to require a repeat of the tests by the same operator 
or others. At the mom ent, in order to perform numerical analyses, it has been decided to make 
reference only to the results of the down-hole tests. 

Dur ing the bo rehol e opera tions samples of materials as shown in Figure 23 were collec ted. 

Vp [m/s] Vs [m/s] 
o 600 0 2500 0 .,....---- - - - - - - 0 

--- Vs DH1 

-- Vs DH2 
<" 5-' - Vs CH1 ~ \I", CH2 

1010 

E E 
..c:: ..c:: 15 ..... 15 
Co Co 
Q"" Q""

2020 

--- Vp DH1 
25 25 -- Vp DH2
 

Vp CH1
 

Vp CH2
 3030 

a) b) 

Figure 22 . Body wave vel ocity profi les from down-hole (DH) and cro ss-ho le (C H) tests. 

Up to a depth of7 50 m the presence of yellow clay has been detected; beyond this depth only 
blue clay has been found. Ultrasonic equipment has been used to measure the longitudinal wave 
velocity on some of the samples collected. 
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Figure 23 . Clay sa mples from borehole operations. 

Th e results obtained are collected in Table I . 

Table 1 . Measured parameters for soil samples. 

Soil sample We ight pe r un it mass [Nm-3] P- wave velocity [ms'] 

Yellow clay - de pth 6 m 196 27.27 1454.00
 

Blue clay - depth 18 m 20717 .15 1677.00
 

The above velocity values are consistent with those obtained at the sam e dep ths by down
hole sei smic tes ts. 

Table 2. Parameters for the eva lua tion of the co lJapse load of the test system. 

Cu : undrained cohesion 150 leNm·2
 

Distance "a " (see Figure 2 1) 0.30 m
 

Plastic moment: 800 mm diameter - p ile 82 3 leNm
 
P last ic moment : 600 mm diameter - pile 3J1 kNm
 

Evaluation of the maximum test load 

During the preparation of the test programme intended to gather information on the behaviour of 
the pile-soil system and ult imately to the identifica tion of the dynamic flexibility matrix, it has 
been seen to be of considerable importance that the piles should not be damaged dur ing the tests as 
is usually the case under service load condit ions and often even under ultimate load conditions . 
Therefore the collapse load of the test system has been evaluated and optimis ed in such a way that 

5 
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the most stressed end pile and the cen tral pile co llapse simultaneously, as shown in Figure 24. For 
that purpose Brems' theory [Viggiani, 1994] has been used together with the parameters collected 
in Table 2. 

The solution is shown in the drawings of Figure 24, where the load H applied at the head of 
pile n03 is shown as a function of the lever arm "b" of the couple applied to pile n02. In Figure 25, 
one curve provides the collapse load for pile n02 wh ile the other provides the collapse load for pile 
n03. As it may be seen from the figure, there exists only one lever ann for which the two piles 
co llapse for the same valu e of the horizontal load H. The corresponding values of "H" and "b" 
provi de the req uired solution. Th e values obtained by using the parameters of Table 2 are 
H=311 .5 I kN and b= 1.00 m. These values have been used for the design of the collars. 

To prevent pile damage a safety factor of 2 has been applied to this value to de term ine the 
maximum testing load which has bee n taken equal to 150 kN. 

•
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Figure 24. Collapse mech anism of the test system ; Th e lever arm " b" is optimised so that pil es n? 2 and 
nO3 co llapse simultaneo usly. 
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Figure 25. Evaluation of the co llapse parameters of the system; Horizontal force " H" and couple "H b" . 

6 Measurement and acquisition data systems 

As it will be clear from the description of the loading programme, the experimental tests will 
have bo th a static and a dynam ical character. The measurement and acq uisition data syst ems 
will be different according to the loading phase considered, whe ther static or dynamic. In 
general the measurement devices for static par ameters, such as displ acements and rotati ons, will 
be removed at the beginning of any dynamic loading phase in ord er to avoid damagin g them . In 
the foll owing the measurem ent appar atus used for the measurement of stati c or dynami c 
parameters will be described sepa rately. 

6.1 Measurement and acquisition of static parameters 
The phy sical parameters of stati c nature that needed to be mea sured and stored are essentially 
displacements and rotations at pile heads, and curvatures along the length of the pile stem. Wi th 
reference to the latter, the distri buti on of strain-gauges along the leng th of the pile has already 
been illustrated when dealing with the test pile description, § 3.2 . Here reference will be made 
to the instrume ntation used for the measur ement of displa cements and rotation s and the 
corres po nding acquisition sys tem. 
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Electrical transducers E 1-E2 
/ 

/ ~.~. 
Plan view l . / -, 

-. Mechanical transducers M I-M 2 

Front view 

Figure 26. Instrument positioning for displacement and rotation measurements. 

Experience gained within the test ing labo ratory for materials, models and structures at the 
Uni versity of Catan ia, points to the need for every measuremen t system to exhibit a cer tain 
degree of redundancy, becau se several instruments may malfunction when they are mos t needed 
dur ing a test. In the pre sent case two different measurement systems will be used . A system of 
electrical transducers with automatic acquisition and a system of mechanical transducers for 
direct read ing and manual record ing. For the case in hand the measuring instruments are 
positioned on pile head s as is shown in the schematic representations of Figure 26 . The 
rotati ons are mea sured indirectly by the knowledge of the displacement differential and of the 
distance between measuring instruments. 

Data relating to the mechanical di splacement transducers is stored immediately after reading 
in pre-p repared data sheets. Data relative to the electrical transducers is acquired continuous ly 
by means of an HBM data acquisition sys tem, type UPM 60. 

The techn ical characteri stics of the displacement tra nsducers are shown in T able 3. 

Table 3 . Technical characteristics of displacement transducers and strain-gauges. 

Electrical transducers HBM WA - maximum range 20 - 50 mrn Resolution 10') mm 
Mechanical transducers - maximum range 50 mm Resolution 10.2 mrn 
Strain-gauge PFU O Resolution Ius 
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The strain-gauge signa ls are acqui red by the same data acqui sition system used for the 
electri cal displa cem ent transd ucers : HBM, typ e UPM 60. The techn ical charact erist ics of the 
strain-ga uges are given in Ta ble 3 . 

6.2 Measurement and acquisition of dynamical parameters 

Two NOVATECH load cells , mode l F204, suit ably modified for the pre sent application , are 
used for the measur ement of the tract ion in the two branche s of the load transmission stee l rope . 
Fourteen SETRA model 141B accelerometers are used for the measurement of the ac celeration 
at the pil e heads. Veloc ities and d isplacemen ts are obtained by successive integr ations. 
Rotations are obt ain ed indirectl y by the evaluation of di fferential displacements and the 
d istance betwe en measurement po ints. The pos ition ing of the load cells for the measurement of 
the traction in the two branches of the steel rope has been deal t with in detai l in § 2.5. The 
typica l positioning of the acc elerometers at pile heads is shown in the schematic representation 
of Figure 27. Accel erometers I and 2 are positioned to measure horizontal accelerations of the 
pile head and, after integrat ion, veloc ities and displacements. T he dupl icat ion obeys to the 
usual redundancy prin ciple already mentio ned when desc ribing the static instrumentatio n. 
Accelerometers 3 and 4 are dedicated to the measurement of vertical accelerations and, 
ind irectly , corresponding velociti es and displacements. 

Acc elerometer 
~ 

@ 
Accelero mete rs 

Figure 27. Posi tionin g of accelero mete rs on pil e head s. 

Th eir main function is that of provid ing a differential measure of the rotation of the pi le 
head. It is possibl e that the corresponding acce lerat ions may tum out to be too low and there is, 
presently, no certai nty that the result s ob tained will be suffic iently reliable. This explains the 
positionin g of accelerometer 5, wh ich togeth er with acc elerometers I and/o r 2 should also 
pro vide an indirect measurement of the rotation of the pile head . Thi s additional accelerometer 
posit ioning correspond s to the redundancy pr inciple already quoted . A cross check of both 
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horizontal di splacements and rotations becomes in this way possible, provided that all 
accele rometers functio n properly and the acqu ired signals are sufficiently rel iable. The dep icted 
accelerometer dispos ition is the test design one . When the ac tual testing phase begins, the 
results of a few dyna mical test s will be carefully anal ysed and any suitable correction to the 
present d isposit ion will be adopted if requ ired. The technical dat a for the load cells have 
already been g iven in § 2.5 , those for the accelerometers are given in Tabl e 4. 

The signal s produced by the accelerometers arc acquired by an AT -MIO- 16X N ATIONAL 
INST RUME NT S card mounted on personal comp uter. 

Table 4 . Technical characteristics of SETRA 141B accelerometers. 

Nominal sensitivity 0.5V/g 

Utilisation range ± 2 g 
4 gResolution 10.

7 Testing programme 

The testing programme considers three maximu m load levels respectively equal to 50 kN, 100 kN 
e 150 kN. For each load level a static test will be performed where the load (H force) will be 
incre ased in a pseudo-static fashion up to the maximum considered value . Once the maximum 
value has been reached, the load is maintained at that level for the next 24 hours in ord er to 
capture the time dependent characteristics of the soil-pile system (creep test). Once a static 
equilibrium configuration has been reached the load is suddenly increased to activate the quick 
release device (fuse). The subsequent phase offree vibration, toge ther with the phas e of rapid load 
growth, constitutes the dynamical aspect of the testing progranune. Once the equ ilibrium 
configuration has been reached (rest cond ition of the system) the procedure is repeated until 8 test 
realisations are achie ved. Afte r the lower load level phase (maximum load of 50 kN) has been 
comp leted, the intermediate phase is executed (maximum load of 1OOkN) and finall y the last pha se 
with a maximum load of 150 kN end s the test prog ramme. 

8 Conclusions 

An experimenta l device for static andlor dynamical tests on found atio n piles has been described. 
The device allows for the app lication of horizontal forces to two test piles and of a coup le to the 
third test pile. Besides static tests, impulsi ve-type dynamical tests may be performed with the 
acquisition of the dynamical response in the time domain . The tests performed for the mechanical 
character isation of pi les and soil have also been described. The instrumentation for the 
measurement of the response within the pile stem and at the pile heads has been discussed and the 
reasons for its position ing explained. 
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Overall the test programme should allow the gathering of information on the short and long term 
static behaviour of the pile-soil system and on the dynamical behaviour of the same system. 
The experimental results will be useful in the validation and calibration of numerical algorithms 
for the analysis of the static and/or dynamical behaviour of the soil-pile system and of structures 
and buildings founded on piles (Finite Elements and/or Boundary Element based numerical 
codes). 

The results may also be used in the formulation and/or validation of simplified models 
represent ing the pile-soil system. 
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