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Abstract

The paper shows the comparative analysis of behavior
and bearing capacity of piles examined using the Dynamic
Load Test (DLT) according to Static Load Test (SLT) results.
The pile testing methodology is based on the existing ASTM
standards and experiences of the authors of the paper. The
pile tests were carried out using counterweights, reactive
system, dynamic testing equipment, hardware and software
for SLT and DLT. The data obtained by testing were statis-
tically processed, and also a regression analysis of the linear
function was conducted, resulting in the creation of the
model for the change of mobilized static bearing capacity
from DLT according to SLT. In addition, a procedure for
correcting the solution of mobilized static bearing capacity
from DLT according to SLT, is made by observing provisions
of standard EN 1997-1:2004, so the average deviation of
solutions from DLT according to SLT is reduced. Apart from
that, through iterations, the value of correlation factor & is
determined, taking into consideration solutions presented
by SLT and DLT of piles of the real structures.

INTRODUCTION

Testing of piles dates back to the period when engineer-
ing-technological-structural approaches started to be used in
the analysis of piles of large structures. Over time, different
pile testing techniques were developed, while the develop-
ment of electronic instruments, hardware components, and
software engineering facilitated digitalization and monitoring
of pile behavior in real time with post-processing of data. In
general, pile bearing capacity tests can be classified as:

- Static Load Test (SLT),

- Dynamic Load Test (DLT),

- Statnamic Load Test (SNLT),

- Bi-Directional Static Load Test (BDSLT).

Most frequently applied tests in practice are SLT and
DLT. In a large number of cases, geological conditions of
the location on which a structure is being built, can be con-
siderably nonuniform in terms of physical-mechanical char-
acteristics of the soil and stratification layers of depth. All
this increases the level of unreliability in the analysis of
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lzvod

U radu je prikazana uporedna analiza ponasanja i nosi-
vosti Sipova ispitanih testom dinamickog opterecenja (DLT
- Dynamic Load Test) prema rezultatima testa statickog
opterecenja (SLT - Static Load Test). Metodologija ispitiva-
nja Sipova zasniva se na postojecim ASTM standardima i
iskustvima autora rada. Ispitivanja Sipova sprovedena su
primenom kontratereta, reaktivnog sistema, opreme za dina-
micko ispitivanje, hardverima i softverima za SLT i DLT.
Statisticki su obradeni podaci dobijeni ispitivanjima, a tako-
de je sprovedena i regresiona analiza za linearnu funkciju,
tako da je dobijen model promene mobilisane staticke nosi-
vosti iz DLT prema SLT. Dodatno je razvijena procedura za
korekciju resenja mobilisane staticke nosivosti iz DLT prema
SLT uvazavajuéi odredbe standarda EN 1997-1:2004, tako
da se umanjuje prosecno odstupanje resenja iz DLT prema
SLT. Pored toga, kroz iteracije, odredena je vrednost faktora
korelacije &, uzimajuci u obzir reSenja prikazana SLT i DLT
ispitivanjem na Sipovima realnih objekata.

behavior and bearing capacity of piles. Solving such com-
plex problems most often boils down to increasing the
number of testing piles. The effect of the test is additionally
increased if more tests are performed on test piles than on
service piles, since in this way the piles can be loaded to
their ultimate capacity.

After performing DLT of the pile, it is necessary to deter-
mine its mobilized bearing capacity, however, it is also nec-
essary to analyze to what extent the obtained solution repre-
sents actual (real) bearing capacity which is obtained by
performing SLT. Regarding that the research presented in
this paper, specifically, considers the issue of comparison
and correction of bearing capacity obtained from DLT,
according to performed SLT of the piles, this facilitates the
research as the literature in this specific field is relatively
readily available. The issue of comparative analysis of the
results of SLT and DLT of piles was presented in different
approaches in the following papers /3, 6, 9, 11, 12, 13, 16,
17/, where comparative solutions for discrete values of the
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bearing capacity of piles are provided. In certain papers,
there is an additional presentation of solutions obtained via
test load curves (load-settlement) for SLT and DLT. The
research concerning the comparative analysis of bearing
capacity of piles from DLT using different methods: CAP-
WAP, TNOWAVE and SIMBAT, and the comparison with
results from SLT are presented in /14/. The analysis of the
sensitivity of DLT parameters that participate in the analysis
of the pile bearing capacity, comparing the solutions to
SLT, is presented in /15/.

In relation to previously mentioned papers, this research
presents the statistical analysis of the deviation of bearing
capacity from DLT according to SLT, and a procedure that
corrects the test results of DLT according to SLT is addi-
tionally developed, observing the provisions of the standard
EN 1997-1:2004, /5/.

METHODOLOGY OF SLT AND DLT OF PILES

SLT of piles belongs to the group of high strain tests
(HST) and it is the most reliable and most relevant test in
the analysis of behavior of piles and for determining their
bearing capacity. This test proves the design force through
the mobilized static bearing capacity, but also the ultimate
capacity of the pile. If SLT is performed on the service pile,
then the design force is being proven, and if SLT is per-
formed on a test pile, then the ultimate capacity is being
proven. There are two variants of the technical solution that
can be employed to perform this test: the counterweight test
and the reactive pile test. In both variants, what is measured
is the pile head settlement, depending on the load increments
applied on the pile head. All SLTs of piles, whose results
are presented in this paper, are conducted using the follow-
ing equipment: hydraulic presses of various capacities,
hydraulic system (pumps), motor-power generator, steel
calottes, plates, spacers, reference system, analogue and digi-
tal comparators, software for processing and visualization
of data and the surveying system (leveling and bar code
staves) for pile deformation monitoring /4/. With this equip-
ment it is possible to conduct testing, analyze pile behavior,
determine bearing capacity of the pile and collect data in
real time and/or discrete time intervals. Comparators readout
and/or store data about the pile settlement, while surveying
instruments perform the control of pile settlement and correc-
tion of settlement of reference beams. Pile tests, according
to SLT, are conducted in compliance with the standard
ASTM D1143, /1/. After the conducted SLT, a test load
curve is constructed. Since tests presented in this paper, in a
large number of cases were conducted on service piles, no
extrapolations of test load curves are presented. These extra-
polations are neither the subject of research in this paper.

DLT also belongs to the group of HST and is performed
with a weight and crane trucks, or by specially designed
equipment for dynamic testing. Considering that there are
several variants of equipment and methods of performing
DLT of piles, this paper shows the tests performed using
the independent system for lifting of modular weight. DLT,
in a number of cases, determines the mobilized static bearing
capacity of the pile which proves the design force. All
DLTs of piles, whose results are presented here, are carried
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out using the following equipment: modular steel supporting
structure fitted and connected to the pile head, modular drop
weights, hydraulic system for lifting of drop weights to a
specific height, drop weight arresting system (braking system),
motor with a power generator, wooden blocks (dampeners),
sensors (integrated accelerometers and strain gauges), hard-
ware system for conversion and acquisition of data, software
system for PDA-DLT /7/ and DLT-WAVE /8/ processing
and visualization of data and a surveying system (leveling
and bar code staves) for deformation monitoring. PDA-
DLT software is used for in-situ DLT monitoring and data
processing; DLT-WAVE software is used for signal match-
ing of the nonlinear numerical pile-soil interaction model
and for the signal obtained from in-situ DLT of the pile.
With this equipment, it is possible to conduct testing of bear-
ing capacity of piles and collect data in real time, as well as
perform the post-processing of data. Bearing capacity tests
of piles, according to DLT, were conducted in compliance
to ASTM D4945, /2/. The mathematical formulation of the
problem of DLT is based on following theories: rigid-body
dynamics, wave theory, method of characteristics, nonlinear
theory, dynamics of structures, soil-structure interaction (SSI)
theory, and signal processing, /4/. On the occasion of the
dynamic loading of the pile applied to the pile head, due to
the free fall of the drop weight of appropriate mass m and
from appropriate height h, the impact energy is transmitted
and there occurs the pile deformation (settlement). By using
the fundamental principles of mechanics, via energy conser-
vation law, one may formulate the DLT problem by estab-
lishing the relationship of potential energy equivalence E,
(drop weight elevated to height h), and kinetic energy Ex
(drop weight freely dropped on the pile head). The sensors,
fitted on pile head extension, or the pile head itself, register
strains and accelerations of the pile over time. Based on the
measured strains &(t), modulus of elasticity of concrete E,
and area of the pile cross-section A, the force F(t) is calcu-
lated according to, /10/:
F(t)=&(t)EA. Q)
On the other hand, based on the measured accelerations,
employing the first numerical integration produces velocity
v(t) and calculates force F(t) according to:

F(t)=v(t)Z =v(t>% , @

where: Z is pile impedance (depending on the material char-
acteristics and pile cross-section geometry); c is the wave
propagation velocity in concrete. Diagrams of the forces
obtained by measuring strains and accelerations in time
represent a basis for interpretation of DLT results. The total
value of the static Rsw and dynamic Rgyn resistance, Ry, iS
determined from the sum of the downward traveling wave
F| and the upward traveling wave F1:

L
Riot = F¢ (tmax)+F ' (tmax + sz ) 3)

where: L is the length of pile; while in the general case the
forces obtained from the wave are calculated according to:

F(t)* =0.5(F (1) +2Zv(t)"),
Fo)T =05(F®)-zv)). 4)
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Bearing capacity of piles is determined from the in-situ
DLT results, by using the indirect method. In an indirect
way, pile bearing capacity is determined using the signal
matching procedure, which is an iterative procedure of find-
ing the static and dynamic soil parameters with the goal to
obtain a calculation signal which is the best match with the
measured signal. More accurately, the signal of the nonlinear
numerical model of pile-soil interaction is matched to the
measured signal from an in-situ DLT. The numerical pile
model in interaction with the soil is a continual mathemati-
cal model with continually distributed masses and modeled
stiffness. Measured signal comprises an upward traveling
wave, i.e., the wave traveling from the base to the head of
the pile, because in essence it contains data on the soil
resistance. Figure 1a shows examples of the diagram of force
variation over time obtained by in-situ DLT measured strains
and accelerations, while Fig. 1b shows the conducted signal
matching of the upward traveling wave of the nonlinear
numerical pile-soil interaction model with the signal obtained
by in-situ DLT of piles in the field.

Almost all SLTs, shown in this paper, were conducted
with the aim of testing the behavior of service piles at a force
level slightly higher than the design force, and not to their
ultimate capacity. In this sense, all DLTs were conducted
with the aim of testing the behavior of service piles at a force
level slightly higher than the design force. Figure 2 shows
the general test load curve model of the service pile from
SLT, design force F¢q and mobilized static bearing capacity
Re,m,pLt obtained from DLT of the pile.

Pile Driving Analysis
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Figure 1. a) Force vs. time obtained by in-situ DLT measurement;
b) signal matching of upward traveling wave.
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Figure 2. General test load curve model of service pile from SLT,
design force Fcd and mobilized static bearing capacity RempLt
obtained from DLT of the pile.

CHARACTERISTICS OF CONDUCTED SLT AND DLT

SLT and DLTs are conducted on seven different models
of piles built on seven different locations. Locations differ
in terms of geology and are situated several tens or even
hundreds of km apart, and the following structures are built
on them: office building; bridges connecting roads; bank revet-
ment; wind turbines; industrial hall; and industrial complex.
Therefore, the test examples are purposefully selected for
their diversity in terms of geology in which piles are con-
structed, pile building technology and types of buildings.

Table 1. Parameters of tested piles, SLT and DLT equipment.

[:,i(],e t]:d t; (cll)n ) (TI.:} MB . o GsL1 . o GoLt

- Y action ®) action ®
1 CFA 60 10 30 counlerweight 82.5 modular weight 2.5
2 | Franki 32 15.4 30 counterweight 198 modular weight 23
3 | bored 80 24 33 reactive piles =220 | modular weight 5
4 | bored 100 23.5 50 reactive piles =850 | modular weight 15
5 | bored 120 27 30 reactive piles =737 | modular weight 10
6 | CrA 60 20 40 counterweight 4584 modular weight 3
7 | driven 406 12.5 | 30 (+pipe) reactive piles =110 | modular weight 2.5

Table 1 presents parameters of tested piles, SLT and DLT
equipment: D is pile diameter; L pile length; MB concrete
class; Gs.t weight/reaction in SLT, Gp.r drop weight mass
in DLT. Piles are built using boring, CFA (continuous flight
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auger) and pile driving technologies. Counterweight is used
for certain piles for SLT, because it is disassembled after the
performed tests and used for testing piles at other locations.
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In some cases, reactive systems made up of steel members 0 orce and Vot VING ANAIYSIS | obort)

are used which are also disassembled after completed tests == Forcc mmmm Velooty x mpedance |
and used for further tests. In situations when it is not possi- Do b
ble to provide sufficient bearing capacity, either with a coun-
terweight or with a reactive system of steel members, reac-
tive systems of reinforced concrete supports are imple-
mented. They have a single-use function - only one SLT of
piles is performed on them, after which they are demolished.
Figures 3a-9a show formed counterweights and reactive
systems with presses and equipment set for SLT of piles,
while Figs. 3b-9b show equipment set for DLT of the piles.
Figures 3c-9c show diagrams of the variation of force over
time, obtained by in-situ DLT measurement of strains and ) o mdN I N
accelerations. SR e e
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2 Figure 4. Pile no.2: a) SLT of pile; b) DLT of pile; c) force signals

obtained by DLT.
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Figure 3. Pile no.1: a) SLT of pile; b) DLT of pile; ¢) force signals  Ejgyre 5. Pile no.3: a) SLT of pile; b) DLT of pile; c) force signals
obtained by DLT. obtained by DLT.
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Figure 6. Pile no.4: a) SLT of pile; b) DLT of pile; c) force signals
obtained by DLT.
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Figure 7. Pile no.5: a) SLT of pile; b) DLT of pile; c) force signals
obtained by DLT.
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Pile Driving Analysis
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Figure 8. Pile no.6: a) SLT of pile; b) DLT of pile; c) force signals
obtained by DLT.
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Figure 9. Pile no.7: a) SLT of pile; b) DLT of pile; c) force signals
obtained by DLT.

COMPARATIVE ANALYSIS OF BEARING CAPACITY
OF DLT OF PILES ACCORDING TO SLT

The comparison of DLT results with SLT was conducted
taking into consideration the sp.r settlement equivalence
obtained from DLT bearing capacity and ss.t settlement
obtained from SLT:

SDLT =SsLT - ®)

Based on the condition set in this way, interpolations of
test load curves from SLT are conducted, and corresponding
forces PinsLt Were obtained. In the first step, the analysis of
the percentage deviation A of the DLT solution from the SLT
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solution for individual piles is conducted, while in the second
step, a deviation that takes into consideration all the piles is
shown. Table 2 presents results of SLT and DLT for seven
considered piles.

Table 2. Results of SLT and DLT of piles and percentage
deviation of results SLT/DLT by the tests.

SLT DLT A
pile no. Puuax Smax PuisLT Riot Ex Remprr | SDLT (%)
(kN) | (mm) | (kN) (kN) | (kNm) (kN) | (mm)
1 750 13 711 1732 3.8 768 | 1.2 7.96
2 1800 7.3 1570 3726 15.2 1645 | 58 4.79
3 2200 2.7 1653 3251 7.9 1726 2 444
4 8500 11.7 6180 7890 47 6748 | 6.8 8.83
s 6800 42.5 3415 17110 58.9 3781 4.5 9.58
6 4400 6.6 4110 5685 14.1 4490 | 57 8.97
7 1110 28.7 670 2045 114 718 | 63 6.42

Markings in Table 2 are: Pmax - maximal force used in
SLT on piles; smax - corresponding maximal settlement
obtained for Pmax from SLT; Rem oLt - mobilized static bear-
ing capacity obtained from DLT of piles; spLt - correspond-
ing settlement obtained for Rempir from DLT. Ry and Ex
were previously defined.

Mobilized static load capacities obtained from DLT of
piles, as already stated, are determined using the iterative
procedure of signal matching using DLT-WAVE software.
Due to the complexity and extensiveness of the calculation
and a large number of diagrams (signals) it is not possible
to present all the phases of sighal matching calculation in
this paper. In this sense, in addition to the presented key
diagrams in Figs. 3c-9c, the final values of mobilized static
bearing capacities are listed in Table 2. The highest deviation
of the results is obtained for pile number 5.

The average deviation of bearing capacity from DLT,
according to SLT is up to An = 7.29 %. It should be men-
tioned that SLT and DLT were not conducted on the same
piles except in the case of the pile number 4. Also, it should
be mentioned that certain piles were slightly more spaced
from one another, which may additionally affect the results,
considering the spatial variation in geology. A more detailed
analysis of the pile spacing is:

- pile no. 1: foundation footings with piles of the industrial
hall - DLT and SLT were several hall spans apart;

- pile no. 2: foundation raft and piles of the wind turbine -
DLT and SLT were performed on one foundation at a
distance of a couple of meters, because the diameter of
the wind turbine raft is around 15 m;

- pile no. 3: foundation raft and piles of the wind turbine -
DLT and SLT were performed on one foundation at a
distance of a couple of meters, because the diameter of
the wind turbine raft is around 20 m;

- pile no. 4: foundation raft and piles of the office building
- DLT and SLT performed on the same pile (firstly DLT,
and afterwards SLT);

- pile no. 5: foundation raft and piles of the road bridge -
DLT and SLT were performed at a certain distance but on
the same column footing;

- pile no. 6: foundation raft and piles of the industrial complex
- DLT and SLT were performed within the common foun-
dation raft which is one part of the industrial complex;

- pile no. 7: bank revetment piles - DLT and SLT were per-
formed at a certain distance from each other (several tens
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of meters), considering that the piles were set in a linear
fashion along the bank revetment.

Figure 10 shows test load curves of SLT of piles, having
the mobilized static bearing capacity Rcm,oLt obtained from
DLT of piles, the design force Fcq and interpolate force
Pintsu from test load curves from SLT for Rempur from DLT
where spit = ssut. After analyzing all diagrams, it can be
stated that by using DLT, slightly higher values are obtained
in comparison to the SLT results, if the comparison is con-
ducted using the settlement equivalence Spit = Sstt.
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Figure 10. Test load curves of SLT of piles, having mobilized static
bearing capacity RempLt Obtained from DLT of piles, design force
Fca and an interpolated force Pint,sLt from test load curves from SLT
for Rem,oLt from DLT where spLt = ssit: @) pile no.1; b) pile no.2;
¢) pile no.3; d) pile no.4; e) pile no.5; f) pile no.6; g) pile no.7.
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Figure 11. Compared bearing capacity RemoLt from DLT and interpo-
lated force Pintst from SLT for the same settlement level spiLt = Ssit.
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The comparison of bearing capacity Rempir from DLT
and interpolated force Pins.t from SLT, for the same level
of settlement sp.t = Ssit, is presented in Fig. 11. Regression
analysis is conducted for linear function R¢mpir = 1.0968-
Pintsut — 40.299 and the determination coefficient r2 = 0.999.
Also, an ideal situation SLT/DLT = 1 is presented, when
the values of SLT and DLT results are identical. It is evident
that for higher values of bearing capacity from DLT, slightly
higher deviation is obtained in comparison to the solution
of SLT of the piles.

DEVELOPMENT OF PROCEDURE FOR CORRECTION
OF BEARING CAPACITY OBTAINED FROM DLT
ACCORDING TO SLT RESULTS

Considering previously presented results of conducted
SLT and DLT of piles and the fact that by implementing
DLT slightly higher values of bearing capacity in comparison
to SLT results are obtained, a procedure for correction of
bearing capacity obtained from DLT is developed. The pro-
cedure is based on the calculation of bearing capacity from
the conducted SLT and DLT according to EN 1997-1:2004,
/5/. However, the calculation of bearing capacity according
to SLT and DLT is not analyzed, rather the relations DLT-
SLT are analyzed via corresponding factors from EN 1997-
1:2004, /5/.

Figure 12 shows the general case of the test load curve
(load-settlement) obtained after a performed SLT of a pile.
The figure shows bearing capacity values Remsit, Reksit
and R¢gs.t. The value of Remsit was determined from the
settlement conditions D/10. The value of RckscT, in relation
to Remsit, IS the function of correlation factors & and &,
while the value Regsit, in relation to Reksit, is the function
of partial factor for total resistance .

P 4 Remset

Fc,d s Rc‘dASLT 5 Rc,k.SLT 5

R

c.m SL.T

D/10 S

Figure 12. General case of the test load curve (load-settlement)
obtained after one performed SLT of the pile.

Figure 13 shows the general case of the obtained discrete
values of DLT, based on multiple weight drops on the pile
head, whereby the weight drop height was incrementally
increased. Based on discrete values (force-settlement) obtained
in this way, a regression analysis of the corresponding func-
tion is conducted, which provides the best fitting of results
of DLT and constructs the regression curve. The construction
of the regression curve, from DLT, is used to compare the
results from DLT according to SLT from 0 to D/10 pile settle-
ment values. Also, here are presented values of Re¢mpir,
RekpoLt, and Regpit. The value of Rempt is determined from
settlement condition D/10, the same as in the solution for
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SLT. The value R¢kpit in relation to RempLt is the function
of correlation factors & and &, while value of Regpir, in
relation to RcxpLt is the function of partial factor for total
resistance u. Figure 14 shows the test load curve from SLT,
regression curve from DLT and Re¢mpcr, Remsit, RexoLt,
Reksit, RedpLt, and Regsit. Bearing capacity Rempir from
DLT and bearing capacity Remsit from SLT are obtained for
the same level of settlement spLt,0110 = SsLT,pr10, Whereby, in
the general case, RempLt > Rem,stt.

Rc,m,DI.T
P A ~
........... @ Qe
JOC i 3
R e L] i
Ch DL, e ]
....... Fo 2 2 Sespack TN
o ¥ i
5 e ™ regression curve
R A
i R
. o
cd o
&
i Foa S Roaprr = Regnrr = Rempry
s i
9 D/10} S

Figure 13. General case of obtained discrete values of DLT based
on multiple weight drops on pile head, whereby drop height is
incrementally increased.

i s rreraO*

¢mDLT = Rc m SLT

R
R

kDI R

caprr = R

ek SLT

¢,dSLT

D/10 S

Figure 14. Test load curve from SLT and regression curve from DLT,;
RembLT, Remsit, RekbLT, Reksit, Red,pLt, and RedsLt bearing capacities.

This fact was indicated in the previous section, accord-
ingly, there arises the need to correct the solution from DLT
according to the solution from SLT. Considering that accord-
ing to EN 1997-1:2004 /5/, for one SLT and one DLT of the
pile, the correlation factors & and & for DLT are higher than
correlation factors & and & for SLT, thus the reliability of
the solution provided by SLT is higher than that of DLT. In
that sense, according to EN 1997-1:2004 /5/, it can be con-
ditionally stated that bearing capacity of RcxpLt is equal or
approximately equal to bearing capacity Rcksit, considering
that for RempLr and Remsit different values of correlation
factor are used so that identical or approximately identical
solutions for Rexpur and Rexsir would be obtained. In this
case, as it is said, it can be conditionally stated that bearing
capacities RekpLt = Rexsit (equal), or RexpLt = Reksit (ap-
proximately equal), but certain displacements are different
for these bearing capacities as can be seen in Fig. 14. On
the other hand, bearing capacities Rcgpir and Regsit are
only reduced with the partial factor for total resistance x, so
it holds for them that R¢gpit = Redsit OF Redpit = Redsit.
Corresponding displacements for these bearing capacities
are different, as can be seen in Fig. 14.
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Figure 15 shows the test load curve from SLT and the
regression curve from DLT. Also, a presentation of the
general case of mobilized force Pp.t obtained from DLT of
the pile is provided in the interval (RcapLt, RempLt), and the
corresponding value of the force in the pile Ps.r from SLT
for the same level of settlement sp.t = ssur from DLT and
SLT. The correction of the solution is conducted by consid-
ering the value interval from RcapLt OF Regsit to the bearing
capacity Rc,m,DLT, i.e., RemsLt.

Rc.m.DL I
P A

-----
Rl
.
W
ast

PDVJ,'I > Py

Spir ~ Ssi

i SpLT = SSLT D/10 S

Figure 15. Test load curve from SLT and regression curve from
DLT; general case of mobilized force PoLr obtained from DLT of
the pile and corresponding value of force Psit in the pile from SLT

for the same level of settlement spLt = ss.t from DLT and SLT.

The correction procedure is developed based on the (con-
ditional) equivalence of solutions obtained by SLT and DLT.
The design value of bearing capacity of the pile R¢qsLt, tested
by SLT, can be presented by the expression:

min{(Rc,m,SLT )mean . (Rc,m,SLT )min }
, (6)

& &

Tt
while the design value of bearing capacity of the pile R¢qpLr,
tested by DLT, can be presented by the expression:

in (Rc,m|DLT )mean . (Rc,m,DLT )min}
()

Red,sLT =

mi ;
& 6
bei
Equivalence of the design values of the pile Regsit =
Re.d,oLt, according to SLT and DLT, results in:

R R i
min{( c,m,SLT)mean ( c,m,SLT)mln}

Red,DLT =

’

a & B
Nt

min{(Rc,m,DLT )mean ; (Rc,m,DLT )min }

- % % ),
e
ie: rnin{(Rc,m,SLT )mean : (Rc,m,SLT )min }:
& &
:min{(Rc,m,DLT)mean ;(Rc,m,DLT)min}. (9)
& 6

Considering that the value of partial factor for total re-
sistance x is identical, both in SLT and in DLT, further
considerations are not done for this factor, but rather for the
correlation factors & and & in SLT, and correlation factors
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&and & in DLT, because these factors differ. If the previous
expression is separated by mean and min values, the follow-
ing expression is obtained:

(Rc,m,SLT Imean _ (Rc,m,DLT Imean

& s
(Rc,m,SLT )min _ (Rc,m,DLT )min ’ (10)
& 6
e, (Remsimmean & Remsimlmin _&o gq

(Rc,m,DLT )mean SZS ’ (Rc,m,DLT )min 56

The preceding expression can be written by introducing

new correction coefficients of DLT results in relation to SLT
results, whose designations are Cmean and Cumin:

& &2

Cmean =7+ Cmin="""
&5 6

The corrected mobilized static bearing capacity of the pile
Rempumsct is determined by multiplication of Rempir from
DLT with correction coefficients Cmean and Crmin:

(Rc,m,DLT/SLT )mean =Crean (Rc,m,DLT )mean '

(12)

(13)

(Rc,m,DLT/SLT )min :Cmin(Rc,m,DLT )min- (14)
The final solution is obtained by minimization of
(Rc,m,DLT/SLT)mean and (Rc,m,DLT/SLT)min:

min{(Re m, pLT/5LT Jmean’ (Rem, oLt /5Lt dmin} - (15)

In cases when the correction is conducted for one single
pile, as the subject of one DLT and one SLT, the correction
coefficients Cmean and Cmin, in compliance with the standard
EN 1997-1:2004, /5/, become:

Crean :%:iZOBW, Crin =§—z=£=0.903. (16)

1.633 & 155

Correlation factors & and & of DLT, for the tests of one
pile, are determined by extrapolation of correlation factor
value for multiple piles according to EN 1997-1:2004, /5/.
According to EN 1997-1:2004 /5/, correlation factors & and
& in the analysis of the bearing capacity of piles by DLT are
defined for a minimum of two and more piles, however, in
practice there is often a situation when only one pile needs
to be tested by DLT. Considering that for the interval of
values from Rcgsit Or Regpit 10 Remsit, i.€., Remput, the
correction of the solution from DLT according to the solution
from SLT is conducted using correlation factors & and &
(in case of SLT and DLT of a single pile), because they are
relevant for it, it can be concluded that all the values of
mobilized static forces Pp.r from DLT can be sufficiently
reliably corrected according to these correlation factors, i.e.,
according to the expression:

&

PoLt/sLT —é_PDLT , 1.6, Por/sit =CmeanPoLt,  (17)
5

& .
PoLT/sLT :?PDLT . 1.8, PoLt/sit =CminPoLr - (18)
6
Considering that correction coefficients Cmean and Cmin are
smaller than 1, this automatically means that the values of
mobilized static forces Pp.r from DLT and mobilized static
bearing capacity Rempit from DLT are reduced for the purpose

of correction and approximation of the solution in accord-
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ance with SLT. In the preceding section, it has been stated,
that for the same level settlement sp.t of the calculated DLT
and settlement st of the measured SLT, a higher mobi-
lized static force PDLT of the calculated DLT is obtained,
in comparison to the interpolated static force Ps.t obtained
by SLT:
SsL.T =SpLT: Pout > Pt - (19)
Figure 16 shows the principle of general comparative anal-
ysis of test results of DLT according to SLT. More accu-
rately, what is obtained are the discrete value of mobilized
static force Pp.t obtained from DLT, in the interval (RcgpLT,
RemoLt), corrected mobilized static force PpLsit obtained
from DLT and the test load curve.

P 4

PoLr

0

T Porrsrt

P, > Pormset

SpLr = Ssi

! SDLT = SSLT S

Figure 16. Principle of comparative analysis of the test result of
DLT according to SLT - schematic presentation of relations of
discrete values of mobilized static force PoLt obtained from DLT
in the interval (Rec.dpLt, Rem,pLT), COrrected mobilized static force
PoLwsct obtained from DLT and test load curve.

By processing data obtained by tests and presented research
results in the previous section, with the attached developed
procedure for correction of solutions from DLT according
to SLT, a wide range of effects, geology, piles, and types of
structures which require constructing piles, was statistically
considered so that the implementation of the proposed pro-
cedure and test results would be as valid and efficient for
the following scientific research and practical application.
The essence is in the independence of results obtained at
different locations by testing in different geological condi-
tions in which piles are constructed. As can be seen, in the
proposed procedure, there is no geology parameter, because
the goal of the developed procedure is to obtain the solution
in compliance with standard EN 1997-1:2004, /5/, inde-
pendently of the geology parameters, so that the correction
procedure can be implemented for other tests on any loca-
tion, independently even from geometrical characteristics of
piles.

Preceding tests on practical examples indicated that by
implementation of DLT, slightly higher values of bearing
capacity are obtained in relation to SLT results, if the com-
parison is conducted by the settlement equivalence spit =
ss.t. However, in order to theoretically prove it, the analysis
of the relation of bearing capacity of SLT and DLT accord-
ing to EN 1997-1:2004 /5/ is conducted. When the annex of
EN 1997-1:2004 /5/ is observed, in which correlation factors
& and & for SLT are presented, it can be noticed that for
> 5 of tested piles, the solution has the highest level of relia-
bility (& =1 and & = 1). For a smaller number of piles, it is
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necessary to correct the solution using correlation factors &
and & greater than 1. The solution for correlation factors &
and & for DLT should be in relation to the solution from
SLT, specifically for the situation when & =1and &= 1. In
order to confirm this, several hypotheses are made and
analyzed.

HYPOTHESIS 1: BEARING CAPACITIES FROM DLTs
ARE LOWER THAN FROM SLT

The average value of bearing capacity (RempLT)mean from
DLT is lower than the average value of bearing capacity
(Rem,sLt)mean from SLT for the same level of realized settle-
ment SpLt = SsLT:

(Rc,m,DLT )mean < (Rc,m,SLT )mean : (20)

If the consideration is done for only one SLT, the result

is (Rc,m,SLT)mean = (Rc,m,SLT)min = Remstt, SO ECI(G) can be writ-
ten as:

in (Rc,m,SLT )mean . (Rc,m,SLT )min }

m 1

& )
Red st = » =
t
min{Rc,m,SLT Remstt } RemsLT
14 ' 14 BEVEE
_ __ 14 gy

7 7t

Analogous to the previous consideration, for only one
DLT, the result is (Rem,pLt)mean = (Rem,pLt)min = RempLt, SO
Eq.(7) can be written as:

R R ;
min{( c,m,DLT)mean_( c,m,DLT)mm}

’

S5 S6
Red,pLt = » =
t
min{Rc,m,DLT ;Rc,m,DLT} RemoLT
_ 163 115 | 168
b4 i

Since we started from the assumption formulated by Eq.
(20) for the same level of realized settlement spt = ST, i.€.,
when the analysis is performed for only one SLT and only
one DLT, the result is:

Rem,bLt <Remsit - (23)
By rearranging Egs. (21) and (22) and switching them
with Eq.(23) the result is:

R
1.633%Rq g pLT <147Reg sLT I8, 1.166< 290

Re,d,DLT
Since both SLT and DLT, and in-situ soil tests, strive to
obtain equal or approximately equal design value of bearing
capacity Rcgq, because it would not make sense to use differ-
ent methods to obtain considerably different bearing capaci-
ties, so, in this sense the right side of Eq.(24) can be condi-
tionally observed as:

. (24)

R
c,d,SLT 51, (25)
Re.d,pLT
so, Eq.(24) becomes:
1.166<1, (26)
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which results in an incorrect solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/.

If a large number of SLTs and DLTs is considered, based
on Egs. (6) and (7), several options for a more detailed con-
sideration of bearing capacity according to SLT and DLT are
obtained. In the first case, what is relevant is (Re,m.sLT)mean
from SLT, so Eq.(6) becomes:

(Rc,m,SLT )mean
&

i
Also, let us take into consideration that (RcmoLt)mean from
DLT is relevant, so Eq.(7) becomes:

(Rc,m,DLT)mean
s

7t
By rearranging Eqgs. (27) and (28) by switching them with
Eq.(23) the result is:

Red.sLt = (@7)

Re.d,DLT = (28)

& _Redsir

¢4 Redput
Taking into consideration the rule from Eq.(25), the fol-
lowing expression is obtained:
5—5<1.
&
Values of correlation factor &, for the same number of
tested piles according to SLT and DLT, are higher than the
correlation factor &, so the obtained solution is higher than
1, which is in fact an incorrect solution in the mathematical
sense and in compliance with standard EN 1997-1:2004, /5/.
In the second case, what is relevant is (Rem,sLt)mean from
SLT, so EQq.(27) is valid. Also, take into consideration that
(RempLt)min from DLT is relevant, so Eq.(7) becomes:
(Rc,m,DLT )min

%6

7t
Considering that we started from the assumption formu-
lated by Eq.(20) for the same level of realized settlement
SpLT = Ssit, the following expression should also hold:
(Re,m, LT Imin <(Re,m,SLT Imean - (32)
By rearranging Egs. (27) and (31) and switching them
with Eq.(32) the result is:

&s1tRed oLt <énRedsit 1€, (29)

(30)

Re,d,DLT = (31)

So _ Roasr

¢ RedpLt
Taking into consideration the rule from Eq.(25), the
following expression is obtained:

§—G<1.
a
Values of correlation factor &, for the same number of
tested piles according to SLT and DLT, are greater than the
correlation factor &, so the obtained solution is larger than
1, which is in fact an incorrect solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/.
In the third case we have what is relevant (RemsLt)min
from SLT, so the Eq.(6) becomes:

&67tRed oLt <&rRedsit i€ (33)

(34)
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(Re,m,sLT Jmin

% . (35)
i

Now, let us take into account that (RempL1)mean from DLT
is relevant, so Eq.(28) holds. When:

Red,sLt =

(Rc,m,DLT )mean <(Rc,m,SLT )min ) (36)
the result is:
. & Redsut
&nRed.oLr <éanRedsir i€, =><———. (37)
S RedpLt

Taking into consideration the rule from Eq.(25), the
following expression is obtained:
§—5<1.
&
Values of correlation factor &, for the same number of
tested piles according to SLT and DLT, are greater than the
correlation factor &, so the obtained solution is larger than
1, which is in fact an incorrect solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/. If;

(38)

(Rc,m,DLT )mean >(Rc,m,SLT )min ) (39)
the result is:
. & Regst
&nRed,or >SnReg st ien =>>————. (40)
S Redot

Taking into consideration the rule from Eq.(25), the

following expression is obtained:
65—5>1.
&

Values of correlation factor &, for the same number of
tested piles according to SLT and DLT, are greater than the
correlation factor &, so the obtained solution is larger than
1, which is in fact a correct solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/, however,
the question is whether it is possible to have such a situation
in reality.

In the fourth case we have what is relevant (Rem,sLt)min
from SLT, so Eq.(35) holds. Now, let us take into account
that (RemoLt)min from DLT is relevant, so Eq.(31) holds.
When:

(41)

(Rc,m,DLT )min < (Rc,m,SLT)min ) (42)
the result is:
. fe Rc,d,SLT
$67Red.oLT <&nRedsir i€ <. (43)
S RedpLt

Taking into consideration the rule from Eq.(25), the
following expression is obtained:
f—6<1.

&
Values of correlation factor &, for the same number of
tested piles according to SLT and DLT, are greater than the
correlation factor &, so the obtained solution is larger than

1, which is in fact an incorrect solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/.

(44)
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HYPOTHESIS 2: BEARING CAPACITIES FROM DLTs
ARE APPROXIMATELY IDENTICAL TO BEARING
CAPACITIES FROM SLT

The average value of bearing capacity (RempLT)mean from
DLT is approximately identical to the average value of bear-
ing capacity (R¢msit)mean from SLT for the same level of
realized settlement SpLt = Ssir:

(Rc,m,DLT mean ~ (Rc,m,SLT mean - (45)

If the consideration is done for only one SLT, the result
is (Rc,m,SLT)mean = (Rc,m,SLT)min = Rc,m,SLT, SO EQ(Zl) holds.
Analogous to the previous consideration, for only one DLT,
the result is (Rem,oLt)mean = (Rem,oLt)min = Rem,oLt, SO EQ.(22)
holds. Since we started from the assumption formulated by
Eq.(45) for the same level of realized settlement spit = Sst,
i.e., when the analysis is performed for only one SLT and
only one DLT, the result is:

Rem,pLT =Rem,sLT -
Switching Egs. (21) and (22) with Eq.(46) results in:

R
16337R; g, oL ~14%Re g st i€ 1166~ 0T

Red,DLT

Since both SLT and DLT and in-situ soil tests, strive to
obtain equal or approximately equal design value of bearing
capacity Rcq, because it would not make sense to use differ-
ent methods to obtain considerably different bearing capaci-
ties, so in this sense the right side of Eq.(47) can be condi-
tionally observed according to Eq.(25), so Eq.(47) becomes:

1.166~1, (48)
which is an incorrect solution in the mathematical sense and
in compliance with the standard EN 1997-1:2004, /5/.

If a large number of SLTs and DLTs is considered, based
on Egs. (6) and (7), several options for a more detailed con-
sideration of bearing capacity according to SLT and DLT are
obtained. In the first case, what is relevant is (R¢msLT)mean
from SLT, so Eq.(27) holds. Also, let us take into account
that (Rem,oLt)mean from DLT is relevant, so Eq.(28) holds.
Switching Egs. (27) and (28) with Eq.(45) results in:

R
&nRed,pLt étRed st e S, Zed ST
&4 RedpLt

Taking into consideration the rule from Eq.(25), the

following expression is obtained:

éz—Szl.
<

Values of the correlation factor &, for the same number
of tested piles according to SLT and DLT, are greater than
the correlation factor &, so the obtained solution is larger
than 1, which is in fact an incorrect solution in the mathemat-
ical sense and in compliance with EN 1997-1:2004, /5/.

In the second case we have that what is relevant
(Rem,stt)mean from SLT, so Eq.(27) holds. Now, let us take
into account that (R¢,mput)min from DLT is relevant, so Eq.
(31) holds. Since we started from the assumption formulated
by Eq.(45) for the same level of realized settlement sp.r =
sst, the following expression should also hold:

(Re,m, oLt Imin = (Re,m,sLT Jmean -
Switching Egs. (27) and (31) with Eq.(51) results in:

(46)

. (47)

(49)

(50)

(51)
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& Redsir

4 RedoLr
Taking into consideration the rule from Eq.(25), the
following expression is obtained:

5—le.
&

Values of the correlation factor &, for the same number
of tested piles according to SLT and DLT, are greater than
the correlation factor &, so the obtained solution is larger
than 1, which is in fact an incorrect solution in the mathemat-
ical sense and in compliance with EN 1997-1:2004, /5/.

In the third case we have that what is relevant (Rcm.sLt)min
from SLT, so Eq.(35) holds. Now, let us take into account
that (Rem,pLt)mean from DLT is relevant, so Eq.(28) holds.
When:

&67tRe.d.DLT *&tRed st i€ (52)

(83)

(Rc,m,DLT mean (Rc,m,SLT Imin (54)

the result is:
& Redsir

$2 RedpLt
Taking into consideration the rule from Eq.(25), the
following expression is obtained:

6—5=1.
)

Values of the correlation factor &, for the same number
of tested piles according to SLT and DLT, are greater than
correlation factor &, so the obtained solution is larger than
1, which is in fact an incorrect solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/.

In the fourth case we have that what is relevant (RemsLt)min
from SLT, so Eq.(35) holds. Now, let us take into account
that (RemoLt)min from DLT is relevant, so Eq.(31) holds.
When:

&57tRed.DLT * 27t Red s 184 (55)

(56)

(Rc,m,DLT)min z(Rc,m,SLT)mim (57)

the result is:
& Redsir

$2 RedpLt
Taking into consideration the rule from Eq.(25), the
following expression is obtained:

5_6:1_
)

The values of correlation factor &, for the same number
of tested piles according to SLT and DLT, are greater than
correlation factor &, so the obtained solution is larger than
1, which is in fact an incorrect solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/.

HYPOTHESIS 3: BEARING CAPACITIES FROM DLTs
ARE HIGHER THAN BEARING CAPACITIES FROM
SLT

S67tRed oLt &2 Red sur 184 (58)

(59)

The average value of bearing capacity (Rcm,pLt)mean from
DLT is higher than the average value of bearing capacity
(Rem,sLt)mean from SLT for the same level of realized settle-

If the consideration is done for only one SLT, the result
is (Rc,m,SLT)mean = (Rc,m,SLT)min = Rc,m,SLT, SO EQ(Zl) holds.
Analogous to the previous consideration, for only one DLT,
the result is (Rc,m,DLT)mean = (Rc,m,DLT)min = Re¢mpLT, SO Eq-(22)
holds. Since we started from the assumption formulated by
Eq.(60) for the same level of realized settlement spit = Sst,
i.e., when analysis is performed for only one SLT and only
one DLT, the result is:

Rem,pLT > Rem st - (61)
Switching Egs. (21) and (22) with Eq.(61) results in:
: Red,sLT
1633}/t RC,d,DLT >1.4}/t RC,d,SLT e, 1.166> ————. (62)

,d,DLT

Since both SLT and DLT and in-situ soil tests, strive to
obtain equal or approximately equal design value of bearing
capacity Rcq, because it would not make sense to use differ-
ent methods to obtain considerably different bearing capaci-
ties, so in this sense the right side of Eq.(62) can be con-
ditionally observed according to Eq.(25), so Eq.(62) now
becomes:

1.166>1, (63)
which is a correct solution in the mathematical sense and in
compliance with EN 1997-1:2004, /5/.

If a large number of SLTs and DLTSs is considered, based
on Egs. (6) and (7) several options for a more detailed con-
sideration of bearing capacity according to SLT and DLT
are obtained. In the first case we have what is relevant
(RemsLt)mean from SLT, so EQ.(27) holds. Also, let us take
into account that (R¢mpLt)mean from DLT is relevant, so
Eq.(28) holds. Switching Egs. (27) and (28) with Eq.(60)
results in:

& Reasr

4 RedpLr
Taking into consideration the rule from Eq.(25), the
following expression is obtained:

5—5>1.
&

Values of the correlation factor &, for the same number
of tested piles according to SLT and DLT, are greater than
the correlation factor &, so the obtained solution is larger
than 1, which is in fact a correct solution in the mathemati-
cal sense and in compliance with EN 1997-1:2004, /5/.

In the second case we have what is relevant (Re,m,sL)mean
from SLT, so Eq.(27) holds. Now, let us take into account
that (Remput)min from DLT is relevant, so Eq.(31) holds.
Since we started from the assumption formulated by Eqg.
(60) for the same level of realized settlement Spit = Ssct, the
following expression should hold:

&1Red ot > &7 Reasit i€ (64)

(65)

(Rc,m,DLT)min >(Rc,m,SLT)mean- (66)
Switching Egs. (27) and (31) with Eq.(66) results in:
. Red,sLT
S67tRed. oLt >&Rea, st 1€, §—G>C'—'- (67)
a4 Redput

Taking into consideration the rule from Eq.(25), the fol-
lowing expression is obtained:

ment SpLt = SsLT: % >1. (68)
(Rc,m,DLT mean > (Rc,m,SLT Jmean - (60) =
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Values of correlation factor &, for the same number of
tested piles according to SLT and DLT, are greater than the
correlation factor &, so the obtained solution is larger than
1, which is in fact a correct solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/.

In the third case we have that what is relevant (Rcm.s.t)min
from SLT, so Eq.(35) holds. Now, let us take into account
that (Rem,pLT)mean from DLT is relevant, so Eq.(28) holds.

When:

(Re,m,pLT Imean > (Re,m,sLT Jmin » (69)
the result is: R,
. ,d,SLT
&s7tRed,oLt > %2 Rea,sLr 1€ S5, SodsiT (70)
$2 RedpLt
Taking into consideration the rule from Eq.(25), the
following expression is obtained:
st—5>1. (71)
&

The values of correlation factor &, for the same number
of tested piles according to SLT and DLT, are greater than
correlation factor &, so the obtained solution is larger than
1, which is in fact a correct solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/.

In the fourth case we have what is relevant (RemsLt)min from
SLT, so Eq.(35) holds. Now, let us take into account that
(Re,mput)min from DLT is relevant, so Eq.(31) holds. When:

(Rc,m,DLT min > (Rc,m,SLT min »

(72)

the result is:
S Reasit

¢2 Redoput
Taking into consideration the rule from Eq.(25), the
following expression is obtained:

cf—6>1.
&
Values of the correlation factor £6, for the same number
of tested piles according to SLT and DLT, are greater than
the correlation factor &, so the obtained solution is larger
than 1, which is in fact a correct solution in the mathematical
sense and in compliance with EN 1997-1:2004, /5/. Table 3
shows the recapitulation of the considered analyses and
obtained solutions. As it can be seen, based on conducted
analyses, the statement mentioned in the scientific paper:
After analyzing all diagrams, it can be stated that by using
DLT, slightly higher values are obtained in comparison to
SLT results, if the comparison is conducted using the settle-
ment equivalence spLt = Ssit - has been mathematically
presented and proven. Generally speaking, it is possible to
obtained in practice all presented and considered situations,
but the research presented here indicates that generally a
slightly higher mobilized static bearing capacity is obtained
from DLT than from SLT, which corresponds to the meth-
odology of calculation of pile bearing capacity shown in the
standard EN 1997-1:2004, /5/.

&67tRed.oLt > &27tRed sut e (73)

(74)

Table 3. Recapitulation of considered analyses and obtained solutions.
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analysis 1 (DLT<SLT)
no. of te‘sts condition — attitude solution stalement
_ (tested piles) .
. Reaser correct
SLT=1 and DLT=1 | Ry pmeanpir < Remmeansyr | 1166 < =211 166 < 1 meorr
M : i 3 dDLT solution
{5 Reasir {5 incorrect
< o — = —<1 .
1 Rc.m,mean.f}!.i‘ Rc.m.mmn..\f.." fl Rc 4.DLT {] solution
$s  Reasir & incorrect
- . —_—- — =< .
SLT>1 2 R(..n’l.r!l in,DLT < R:..m,armun.SLT él Rc AniT {1 1 solution
DLT=1 5 Reasir & 1 incorrect
3 Rr:.m,man.n,un' < R:.',m..m[n..w,r E < Rc LT g < solution
$6 _ Reaser {e incorrect
4 R(,m.rm’n.DLT < Rc.m.rm’n.SLT z < Hr,a,!JLT Z <1 solution
analysis 2 (DLT=SLT)
Reasir incorrect
SLT=1 and DLT=1 | Ropomeanpir = Remmeansir | 1166 = =225 | 1 166 ~ 1 ;
e - . - ed,pLr | solution
’ R ~ P é _ Reasir é ~1 incorrect
cmmean,DLT cmmeanSLT €1 Reapir {l solution
& - Reasir & 1 ncorrect
SLT>1 2 Rc.m,m.m.u!.'r' = Rr:.m.:raean..w,?‘ 6_1 = R{: LT E = solution
DLT>1 3 R ~R i - Reasir 5_5 ~1 incorrect
conmean, DET c,mminSLT {2 R(' aBLT {2 solution
4 R _ ~R _ i N Reasir & ~1 incorrect
ean il DLT o SET {2 Rc DT 52 solution
analysis 3 (DLT=SLT)
R.as N
SLT=1 and DLT=1 | Renmeanpir = Remmeanszr | 1166 > =220 11 166 > 1 correct
R : TR - d DLT solution
$s _ Reasir {5 correct
1 Remameannir = Bemmean st a = m a >1 solution
2 R R {6 Rc.d.SLT {6 =1 correct
SLT>1 cmminDLT = Remmean sLT E Reapir E solution
DLT>1 3 R SR $s N Reasir $s -1 correct
commean, DLT cm,min,SLT {2 H,. ADiT 62 solution
& Reasir o correct
4 Hr:,m.min.f)),'i' = Rc.m.m[u..&'!;r 5_2 > Rt:,d,DLT f_z >1 solution
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IMPLEMENTATION OF THE PROCEDURE

Based on the previously developed procedure, bearing
capacities obtained from DLTs are corrected according to
SLT results in seven considered tests. The calculation of the
bearing capacity correction Rempimsit obtained from DLT
according to SLT is performed according to Egs. (13) and
(14), taking into consideration Eq.(16).

The average deviation of bearing capacity from DLT
according to SLT, when calculation is performed using the
correction coefficient Cmean (&= 1.633), is up to Am=
8.04 %. The average deviation of bearing capacity from
DLT according to SLT, when calculation is conducted
using correction coefficient Cmin (& = 1.55), is up to Am =
3.1 %. It can be concluded that the correction coefficient
Cmin IS relevant for bearing capacity correction Rempimsit
from DLT according to SLT. The values of correlation
factors & and &, as already explained, were determined by
extrapolation of correlation factor values for multiple piles
according to standard EN 1997-1:2004, /5/.

10

—— Am=f(£5)
—— Am=f(g6)
® Am (£5=1.633)
® Am (£6=1.55)

® Am,min (§5=£6=1.51)

Iterating correlation factors & and &, since they partici-
pate in correction coefficients Cmean and Cmin, determines the
values where the least deviation is obtained from corrected
bearing capacity values R¢mpLtsit from DLT in comparison
to the solution according to SLT. The iterated value of the
correlation factor is & = & = 1.51, while the average devia-
tion of bearing capacity from DLT according to SLT is
Am = 1.57 %. Iterations could not produce an even smaller
deviation. Figure 17 shows the variation of correlation
factors & and & in the function of DLT solution deviation
as percent in comparison to SLT solutions. The optimal solu-
tion corresponds to the minimum of DLT solution deviation
as percentage in comparison to SLT solutions. The compar-
ison of corrected bearing capacities RempLsit from DLT,
according to the previously developed procedure for correc-
tion coefficient cmin (& = 1.55) and taking into consideration
the iteration of correlation factors & = & = 1.51, with inter-
polated forces Pinsct from SLT, for the same level of settle-
ment Sput = Ssi, IS shown in Fig. 18.

135 14 1.45 1.5

.

3

1.55 16 1.65 1.7

Figure 17. Variation of correlation factors & and & in function of the DLT solution deviation in comparison to SLT solutions.

8000

a)

Re,m,purysir ,
(kN) .
7000 .

6000

5000

4000

3000

2000

® SLT/DLT
- - - SLT/DLT=1

Rc,m,DLT=0,9907*Pint,SLT-36.399
e Pinl,SLT (kN)

3000

1000

0 1000 2000 4000 5000 6000 7000 8000

b)

8000
Rc_‘m,DLTfSLT ’
(kN) ‘

7000 .

6000

5000

4000

3000

2000

® SLT/DLT
- - - - SLT/DLT=1

Rc,m,DLT =1.0169*Pint,SLT-37.363

1000

I

/, P'IHLSLT (KN)

0 =«
0 1000 2000 3000 4000 5000 6000 7000 8000

Figure 18. Comparison of corrected bearing capacities Rempumsit from DLT with interpolated forces Pintsut from SLT for the same level
of settlement spLt = SsLt: &) according to previously developed procedure for correction coefficient cmin (& = 1.55); b) taking into consid-
eration correlation factors & = & = 1.51 iterations.
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In the first case, for correction coefficient cmin (& = 1.55),
regression analysis is conducted for linear function
Rempimsit = 0.9907Pinesit — 36.399 and the determination
coefficient r2=0.9998. In the second case, taking into consid-
eration the iteration of correlation factors & = & = 1.51, the
regression analysis is conducted for linear function
Rempursit = 1.0169Pincsit — 37.363 and the determination
coefficient r2 = 0.9998. It is evident that the corrected solu-
tion (& = & = 1.51) is in excellent agreement with the ideal
situation SLT/DLT = 1.

Figure 19 shows test load curves of SLT of piles, with
mobilized static bearing capacity Rem,pLt obtained from DLT
of piles, with corrected mobilized static bearing capacity of
piles Remoumser from DLT according to the previously devel-
oped procedure and taking into consideration the iteration
of correlation factors & = & = 1.51.

After analyzing all diagrams, it can be stated that now
more substantially corrected values of bearing capacity
Rem,pLt are obtained from DLT, so the deviations of solutions
of DLT in comparison to solutions from SLT are generally
smaller.
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Figure 19. Test load curves of SLT of piles, mobilized static bear-
ing capacity RempLt obtained from DLT of piles, corrected mobili-

zed static bearing capacity of piles RempLsit from DLT accord-

ing to previously developed procedure and taking into considera-

tion the iteration of correlation factors &s = &6 = 1.51, piles: a) no.1,
b) no.2, ¢) no.3, d) no. 4, e) no.5, f) no.6, g) no.7.
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CONCLUSIONS

The developed and presented procedure, for correction
of solutions from DLT according to SLT, is based on the
facts that the correction is carried out independently of:

- dimensions (diameter and length) of the pile,

- technological model of the pile,

- geology in which the pile is built.

Also, when developing the procedure for correction of
solutions from DLT according to SLT, the following facts
were the starting point:

- that already existing and proven methods for the analysis
of mobilized static bearing capacity from DLTs are used
(signal matching method, wave theory, and method of
characteristics),

- that the developed procedure is based on EN 1997-1:2004
/5/ according to calculations of pile bearing capacity from
SLT and DLT, and correlation factors &, &, & and &,

- that the developed procedure is simple for practical use,
but sufficiently reliable, which has been proven, because
when using this procedure, the obtained deviation of solu-
tions from DLT according to SLT is 1.57 %.

Based on the research conducted in this paper, through
comparative analysis and correction of bearing capacity of
piles examined by DLT according to SLT, the following
conclusions are drawn:

- the average deviation of bearing capacity from DLT,
according to SLT is An = 7.29 %,

- after analyzing presented diagrams, it can be stated that
by using DLT, slightly higher values are obtained in com-
parison to SLT results, if the comparison is conducted
using the settlement equivalence SpLt = SstT,

- the regression analysis of the linear function, provided the
statistical model of variation of bearing capacity from DLT
according to SLT, whereby it is evident that for higher
bearing capacities from DLT result a slightly higher devi-
ation in comparison to the solution from SLT of piles,

- the procedure for the correction of bearing capacity solu-
tions from DLT according to SLT has been developed, in
compliance with the provisions of EN 1997-1:2004, /5/,

- the regression analysis of the linear function, for the devel-
oped solution correction procedure has provided the statis-
tical model of the variation of bearing capacity from DLT
according to SLT which exhibits a fairly better agreement
with the ideal situation SLT/DLT =1,

- the average deviation of bearing capacity, according to
the developed procedure of solution correction for Cmin
(& =1.55), from DLT according to SLT is up to An = 3.1 %,

- the iteration of correlation factor values up to &= &=
1.51, produced deviation values of the corrected bearing
capacities from DLT according to SLT, up to Am = 1.57 %.
The results for one DLT and one SLT for each location

are presented. When the testing problem is considered for

one DLT, the correlation factors, according to EN 1997-

1:2004 /5/ are the highest, which indicates a low degree of

reliability of solutions. The research is intentionally con-

ducted for only one DLT and one SLT, so that for such a

low degree of reliability of solutions, observing only one

DLT for each location, the presented procedure of correction
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of solutions from DLT according to SLT would provide the
final solution with a very high degree of reliability.
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