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Abstract. Just as other structural elements, ground slabs are an important unit of a building. It is especially true in the
case of buildings, such as logistic centres, for which the primary purpose is storage of various goods. In this kind of
buildings, floor slabs usually have high loads. For buildings where truck lifts are used, there are special requirements for
flatness tolerance across and along the driving track of truck lifts. Therefore, the floor settlement differences in selected
distances are limited. In localities where the soils under the floor slab are weak, they should be replaced or compacted. If
these solutions are not possible or economically inappropriate, the slabs have to be supported on piles that must be based
on strong deep soils. During the design process, it is very important to assign a proper value of rigidity of the piles. Pile
stiffness has an enormous influence on the settlement of the slab as well as on the reinforcement intensity of the slab
or even on the slab thickness. This paper presents the methodology for the evaluation of pile stiffness. In addition, it
provides recommendations for the calculation of the floor slab on the piles. Calculations and obtained results confirmed

the importance of certain design stages.

Keywords: stiffness coefficient, piles, settlements of a pile, RC ground slab on piles, reinforcement of the ground slab,

flatness requirements.

Introduction

When designing a monolithic reinforced concrete plate
on the ground, its behaviour is determined by the char-
acteristics of the soil under the plate. In places where
the floor plate is on a weak and deformable ground, the
soil must be replaced or compacted. Usually, the upper
base layer is compacted. If these solutions are impossible
and economically unfeasible, floor plates can be installed
on piles, which transmit the load to deeper soil layers
by side friction and base. Plates on piles work affects
both structural element stiffness, interconnection type and
stiffness, load distribution and intensity, etc. (Lee et al.
2015). It is particularly important to conduct a proper as-
sessment of the pile stiffness during the plate design. In
such a task, the accuracy of calculations depends on the
accuracy of soil characteristics and the evaluation of the
interaction of the piles and pile installation technologies.
The work of pile ground and pile behaviour can be mod-
elled by FEM and BEM (Comodromos et al. 2009; Con-
crete Society 2003; Gusev, Tashkinov 2012; Mendonga,
Paiva 2003), side friction and basis modelling support
with springs (Ripunjoy 2014; Fioravante 2002; Samo-
falov et al. 2015) instead of the pile plate in the model

to put an elastically ductile or elastic spring support (Ri-
punjoy 2014; Fioravante 2002; Samofalov et al. 2015).
Some of the methods are useful only for preliminary de-
sign or for checking purposes, while others are capable of
giving detailed performance predictions and can be used
for detailed design (Technical Committee TC18 on Piled
Foundations 2001). The disadvantage of the first three
methods is a lot of time required for calculations (Ri-
punjoy 2014; Gusev, Tashkinov 2012; Mendonga, Paiva
2003; Wulandari, Tjandra 2015) and the need for special
calculation programs.

Load size and layout can be very diverse and, usu-
ally, not very precisely defined. Therefore, after setting
out the pile under the plate, the aim is to ensure that all
middle and edge piles take over the load from the same
floor area and the settlement is similar.

Such a task of the floor plate design consists of sev-
eral components: the pile stiffness calculation, pile lay-
out, selection of the floor plate thickness, reinforcement
type and eligibility of calculations of floor plate settle-
ments (Samofalov ez al. 2015; Basile 2015; Poulos 2001).
According to the results of the numerical analysis, the

Corresponding author: Kestutis Urbonas
E-mail: kestutis.urbonas@vgtu.lt

690 Copyright © 2016 Vilnius Gediminas Technical University (VGTU) Press

www.tandfonline.com/tcem

Taylor &Francis
Taylor & Francis Group



Journal of Civil Engineering and Management, 2016, 22(5): 690—698

existence of the raft does not affect the vertical stiffness
of the pile head, if loadings less than the allowable load.

This paper examines the pile stiffness, its detecting
possibilities from data of the pile static tests and stiffness
prediction when static tests of the piles are not performed
(Jeong, Cho 2014). An idealized model of the plate on
piles was chosen, stating that when there is no direct con-
tact between the soil and the plate, piles do not affect
each other.

The objective of the study was to suggest an algo-
rithm to evaluate the stiffness of the pile by calculating
deformations and reinforcements of the panels in accord-
ance with regulatory requirements.

1. Background of the analysis

The design process for plates on piles can be considered
as a three-stage process (Poulos 2001):

- a preliminary stage, when the effects of the number
of piles on load capacity and settlement are assessed
via an approximate analysis;

- a more detailed examination to assess where piles
are required and to obtain some indication of the
piling requirements;

- a detailed design phase, in which a more refined
analysis is employed to confirm the optimum num-
ber and location of the piles, and to obtain essential
information for the structural design of the founda-
tion system.

An approximate method is based on the elastic the-
ory and interactions between the components of the piled
plate. Poulos (1994) modelled a piled raft in the form of a
plate supported by springs representing piles. In a system
of a plate on piles, four interactions (Basile 2015) can be
observed: pile—soil, pile—pile, plate—soil, and pile—plate.
The contribution of the plate is practically negligible in
this particular case of very compressible surface soil ma-
terial (Comodromos et al. 2009). As pile spacing increas-
es, the load proportion of piles becomes higher and pile—
pile interaction decreases (Lee et al. 2015). Therefore,
the impact of ground under the plate and the interaction
between piles are not considered in this article, as only
piles are evaluated by introducing springs (Fig. 1).
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Fig. 1. Model of piled plate

In this study, the plate is modelled as bending plates
on piles. Each pile is modelled as a pile spring at the
pile’s position. The stiffness of a pile spring k&, is ex-
pressed by the formula:

ky=—, )]
S

where F is the load on a pile, and s is the pile settlement.

2. Estimation of the spring constant as the pile stiff-
ness

2.1. Static load test of two piles

The analysis of spring stiffness was carried out based on
the static test of two piles. Typically, if a site has a very
uniform geology, the number of tests under the same con-
ditions are rarely greater than two. Both piles of 380 mm
in diameter were installed at the same construction site
using the CFA technology. The boreholes were made, and
the static penetration test was performed before install-
ing each test pile at its installation location, as shown in
Figure 2. The first pile length was 5.94 m, and the sec-
ond — 8.13 m.

Piles are tested by static compression load till con-
ventional ultimate bearing resistance R ., is obtained,
which is the pile resistance corresponding to a relative
pile base displacement of 10% of D. The pile load — nor-
malized settlement curves are presented in Figure 3 and
Table 1.

Cone resistance q ., MPa
1 2 3 4 5 6

o

—

N—
e
-—

4 ab il Alancledioti
Clay with-silty sandfensis-{igti)

Clay with silty sand lensis (till)

Depth, m

W W N OO UV A W N = O

[
o

b)

Fig. 2. Cone penetration test and borehole data: a — near the 1% test pile, b — near the 2™ test pile
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Fig. 3. Results of the pile static load test

Table 1. Data on piles and static load tests

Pile | Diameter, | Length, | R ax. | /D, RCW, ultimate | Reonvs
No.| D mm m kN % load, kN kN
1 380 5.94 875 | 12.06 975 835

2 380 8.13 | 1093 | 12.36 1193 1029

According to Eurocode 7 (EN 1997-1:2004), when
piles are used to reduce the settlement of a raft, their re-
sistance corresponding to the creep load may be used in
analysing the serviceability states of the structure. This
advice obviously concerns piled rafts, where the piles
act as settlement reducers (Katzenbach et al. 2000). The
pile yield resistance R, can be defined as the load beyond
which the rate of axial pile displacement under constant
load takes place with a notably increased increment. The
yield resistance is deduced by analytical or graphical
means as the point of maximum curvature of the curve
giving the factor o, as a function of load.

For testing pile yield resistance (Fig. 4) as the point
of the maximum curvature R,

- the 1% pile — 538.2 kN, when s,/D is 2.08% or the

settlement amounts to 7.90 mm;

— the 2™ pile — 665.9 kN, when s,/D is 2.15% or the

settlement amounts to 8.17 mm.
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Fig. 4. Yield resistance R, and s,/D from the static load test

2.2. Spring stiffness estimation from the pile static
load test

For one of the springs that model pile work, the method
for the determination of the stiffness coefficient is its di-
rect calculation from the pile test:
F,
ke, =—L, )

N

where s is pile settlement, F, — the “safe load” multi-
plied by 1.5, the “safe load” being the load derived by
applying a factor of safety on the ultimate load capacity
of the pile or as it is determined from a load test (IS 2911-
1-42010). It can be considered as pile yield resistance R,.
This methodology of getting the stiffness coeffi-
cients of the two piles at the maximum, minimum and
average for settlements is presented in Tables 2 and 3.

Table 2. Pile stiffness from the static load test

k, MN/m
Pile No. Secant 1, Secant 2, Secant 3,
s =8 mm s =10 mm s =12 mm
1 100.92 80.73 67.28
2 124.86 99.89 83.24

Table 3. Secant passes through the test curve

Settlement/load, due to which a secant passes
Pile No. through the test curve, mm/kN
s =8 mm s =10 mm s =12 mm
1 3.93/397.2 5.86/472.8 8.12/544.9
2 3.70/462.6 5.64/563.9 7.90/658.6

The stiffness coefficient corresponding to secants is
shown in Figure 5.
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Fig. 5. Static load test curve of the pile stiffness coefficient
versus the 1 pile

2.3. Spring stiffness estimation from the pile static
load test — the Weibull curve
This method is suitable in cases where the test has not de-

termined the yield resistance and factor a,. The load — the
normalized settlement curve is fit to the Weibull curve:

i=1—exp _|s/D ) 3)
R, s, /D
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where R is loading at pile head kN; R, — ultimate pile
bearing capacity (or asymptotic ultimate bearing resist-
ance R, values) kN; s — displacement at pile head mm;
s, — displacement at yield point; D — pile diameter; m —
displacement index. The magnitude of the ultimate pile
bearing capacity and displacement are shown in Figure 6.
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where s/D is normalised pile settlement when R/R,, = 0.33
(Fig. 7).

Because K 33 is a dimensionless quantity, it is then
multiplied by R,/D to obtain the spring constant & , 33 of
the model, and this quantity is expected to represent the
pile stiffness under Serviceability Limit State conditions.

The pile stiffness according to pile static tests and

the secant point on the Weibull curve are presented in
Table 5.

Table 5. Pile stiffness according to pile static tests and secant
point on the Weibull curve

Pile No. ky, MN/m s/D, % s, mm
1 132.3 0.640 2.43
2 157.5 0.658 2.50

Ol
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Fig. 6. Variable definitions of the Weibull curve (Takagi et al.
2007)

This curve always passes the same yield point at R
R, of 0.63, the shape parameter m controls the shape of
the curve (Fig. 6). Experiments show that when the load
on the top of the pile R < (0.5~0.6) R,,. (R,,. is the ultimate
load), the settlement increases linearly within the increase
of the load, and the stiffness remains approximately at a
constant value (Cheng 2011).

In our case, m and s,/D indicators that describe the
curve are presented in Table 4. They are typical to non-

displacement piles supported by friction (Takagi et al.
2007).

Table 4. Parameters of curves

Pile No. m s/D R.pu» KN R, kKN
1 0.594 2.960 975 614
2 0.595 2.985 1193 752
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Fig. 7. Determination of K, 33 using the Weibull curve

The resulting Weibull curve is plotted on normal-
ized axes. A secant is drawn through the point, where the
coordinates are (0, 0), and the point of the curve, where
R /R, =0.33. The resulting dimensionless pile stiffness
K, 033

2.4. Spring stiffness estimation from the load bearing
capacity calculation using the geotechnical data

When calculating the characteristic values of the pile of
ground bearing capacity according to the German Code
DIN 1054 (Smoltczyk 2003) methodology, the bearing
capacity components are distinguished as the base bear-
ing capacity and shift friction. Also, this procedure is
different from others in the case of the final output, the
curve of the pile load and settlement, which helps us to
judge the pile base work (Elsamee 2012). The load — set-
tlement diagrams of both piles are presented in Figure 8
with an emphasis on the components of base and shaft
resistance. The limiting settlement for the mobilization of
the shaft resistance R;; (s,,) (MN) in bored (also CFA)
piles is (Smoltczyk 2003):

Ssg = O‘SORs,k (Ssg ) +0.50<3.00 cm. (5)
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Fig. 8. Load bearing capacity according to the German Code
DIN 1054 (2010)

The pile spring stiffness can be calculated following
the idea of a pile working in the elastic stage to settle-
ments mobilizing shift friction (Table 6).

It can be seen that both, the ultimate resistance and
the pile stiffness obtained from the test (Tables 2, 5 and 6)
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are significantly higher than those derived by DIN 1054
(2010) (Figs 3 and 8) (Comodromos et al. 2003, 2009).

Table 6. Pile stiffness from the pile load test in the elastic
stage

Pile No. ks, MN/m s/D, % Ssg, MM
1 47.5 1.69 6.43
2 61.5 1.85 7.04

The load where the shift friction is mobilized may
be accepted as a safe load. Using Eqn (1), the pile stiff-
ness values are calculated and presented in Table 7.

Table 7. Pile stiffness obtained from the analytical load
settlements’ curve according to the German Code DIN 1054
(2010)

ks, MN/m
Pile | R ; as safe Ssg/D, 1 secant, | 2 secant, 3 secant,
No.| load kN % |[s=8mm|s=10mm |s =12 mm
1 305.4 1.69 57.3 45.8 38.2
2 432.6 1.85 81.1 64.9 54.1

All calculated pile stiffness values are presented in
Table 8. The highest stiffness from all the calculations is
obtained by using the Weibull curve where elastic work
is taken only by 0.33R / R, ratio, when it could be done
by (0.5-0.6) R/R,, (Cheng 2011). The minimum stiffness
(Table 7) is obtained using DIN 1054 (2010) load — the
settlements curve of the pile:

‘0 LSRSC’k (5¢) ’

(6)
max

where “safe load” is R,  (s,4) — pile bearing capacity,
when the shaft resistance is mobilized, s,,,, — pile settle-
ment is equal to 12 mm.

Relative settlements of the piles s,/D, under which
the stiffness characterizing a secant is crossing pile load —
the relative settlement’s curve, obtained from the pile
static test, are presented in Table 8.

K. Urbonas et al. Influence of the pile stiffness on the ground slab behaviour

3. Influence of pile settlements on the slab
behaviour

Behaviour of the floor slab depends on its load values
(Concrete Society 2003), the layout and stiffness of the
piles, and the thickness of the slab (Shadravan et al.
2015).

The investigation of a floor slab fragment of
40%40 meters was carried out. The finite element mesh
was 250%250 mm. The thickness of the slab was 220 mm.
The slab thickness was selected to meet the slab punch-
ing requirements (Sagaseta et al. 2014) and according
to preliminary calculations, which show the acceptable
intensity of the reinforcement (STR 2.05.05:2005). The
characteristic load of the slab was 50 kN/m? (with the
load reliability coefficient of 1.3).

Piles were arranged at 2.5%2.5 meters in the grid
(Fig. 9). At the edges, piles were spaced every 5 meters.
Such an arrangement of piles has been selected in order
to achieve similar support reactions for all piles. Accord-
ing to such pile arrangement, all performed calculations
showed that the value of the vertical load on the edge
piles was 10-20% less.

The concrete strength class of the floor slab was
C25/30. The crack width limitations were 0.2 and 0.1 mm
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Fig. 9. Geometry of the slab and the arrangement of piles

Table 8. Calculated pile stiffness values and relative settlements s,./D obtained from the pile static test

Calculated method of the pile stiffness Pile 1 Pile 2
ks MN/m s /D% | ky MN/m | s,/D.%

s =8 mm 100.9 1.04 124.9 0,97

Directly from the pile test then s =10 mm 80.7 1.54 99.9 1.49
s =12 mm 67.3 2.13 83.2 2.08

Using the Weibull curve 132.3 0.65 157.5 0.61
From pile test then 5= Sgg 47.5 3.68 61.5 332
. i s =8 mm 57.3 2.74 81.1 2.17

From dai‘;g}t’gcgh\lf‘i‘gSsjtg%“ff);‘ts curve s=10 mm 4538 3.85 64.9 3.09
s =12 mm 38.2 4.89 54.1 3.94
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for the short-term and long-term cracks. The high lift
trucks up to 6 meters were to be used on the floor slab.
For such a situation, flatness tolerance requirements of
the slab had to be satisfied (Table 9) (DIN 15185 1991).
The non-compliance with these requirements could cause
an overturn of a lift truck when the load is lifted.

Table 9. Flatness tolerances across and along the driving track
for a lift truck of the height of <6.0 m

Truck width §
§<1.0 1<§<I1.5 1.5<8<2.0 20<85<25
2.0 mm 2.5 mm 3.0 mm 3.5 mm
Truck length S,
§,<1.0 $,<2.0 §,<3.0 $,<4.0
2.0 mm 3.0 mm 4.0 mm 5.0 mm

The floor slab calculations with the different stift-
ness of piles have been performed. Four situations with
the different stiffness of the piles have been investigated
as the main cases. In three options (Case 1, 2 and 3), the
stiffness of all of the piles under the slab was of the same
value. There was one option (Case 4) where the majority
of piles were of the same stiffness, but in one area of the
slab the stiffness of six adjacent piles was increased by
20% and in the other area the stiffness of other adjacent
six piles was reduced by 20%. In such a way, the possibil-
ity that soils could become different was modelled. The
results have shown a varied impact of the different stiff-
ness of the piles on the slab reinforcement and behaviour.

Case 1

In this case, the stiffness of all piles was 47.5 MN/m
(Table 6, Pile No. 1). Calculation results showed that the
bottom of the floor slab had to be reinforced by using
10/10/200/200 S500 reinforcing grid. The upper part had
to be reinforced by using 12/12/100/100 S500 reinforcing
grid. Due to the larger distance between the piles at slab
edges, additional reinforcement at slab edges was needed.
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Wy 8n
W72 848
-84 823
s 7%
7% 77
o775 s

-75 726
o7 702
o702 .7
-7 653
mm-s53 628

o628 604
[ TR

Fig. 10. Settlements of the slab (mm). Stiffness of the piles
47.5 MN/m
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Settlements of the slab in this case varied from 5.8
to 9.21 mm (Fig. 10). The stiffness of all piles was of the
same value. Therefore, settlements of less-loaded piles
were smaller. The flatness tolerances requirements have
been satisfied (Table 9) irrespective of the direction, in
which a lift truck would drive.

Case 2

It is a case, the pile stiffness was 132.3 MN/m (Ta-
ble 5, Pile No 1). The research results showed that the
bottom of the floor slab had to be reinforced by using
10/10/200/200 S500 reinforcing grid. The upper part had
to be reinforced by using 12/12/100/100 S500 reinforcing
grid. Due to the larger distance between the piles at slab
edges, additional reinforcement at slab edges was needed.
Reinforcement of the slab was similar to Case 1. Minor
differences appeared at the edges of the slabs. Differences
had been caused by lower settlement differences between
the piles as in comparison to Case 1.
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m 32 30
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m-25%8 23
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Fig. 11. Settlements of the slab (mm). Stiffness of the piles
132.3 MN/m

In this case, settlements of the slab varied depending
on characteristic loads from 1.96 to 4.87 mm (Fig. 11).
The stiffness of all piles was of the same value. There-
fore, settlements of less loaded piles were smaller. The
flatness tolerance requirements have been satisfied (Ta-
ble 9), irrespective of the direction, in which a lift truck
would drive.

Case 3

In this case, the stiffness of the piles was 80.73 MN/m
(Table 2, Pile No 1, Curve 2). The study results showed
that the bottom of the floor slab had to be reinforced by
using 10/10/200/200 S500 reinforcing grid. The upper
part had to be reinforced by using 12/12/100/100 S500
reinforcing grid. Due to a larger distance between the
piles at slab edges, an additional reinforcement at the
slab edges was needed. The reinforcement of the slab
was similar that of Case 1 and Case 2. Minor differences
have been detected at the edges of the slabs. The differ-
ences have been caused by lower settlement differences
between the piles as in comparison to Case 1 and larger
settlement differences between the piles as in comparison
to Case 2.
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Settlements of the slab varied from 3.32 to 6.42 mm
(Fig. 12). In this Case, the settlements of the slab were
smaller than in Case 1 and larger than in Case 2. The
stiffness of all piles was of the same value. Therefore,
the settlements of less loaded piles were smaller. The flat-
ness tolerance requirements have been satisfied (Table 9),
irrespective of the direction, in which a lift truck would
drive.

Table 10. Comparison of calculation results

Case 1 | Case 2 | Case 3
The stiffness of all piles, MN/m | 47.5 132.3 | 80.73

The bottom of the middle part of | 10/10/200/200 S500
the floor slab must be reinforced

The upper part of the middle 12/12/100/100 S500

part of the floor slab must be

reinforced

Settlements of the slab, mm 5.80...11.96..]3.32..
9.21 4.87 6.42

Flatness tolerance requirements | satisfied

As Table 10 shows, the difference in slab settlements
in all three cases from the geotechnical point of view was
insignificant. Also, the reinforcement was the same in all
cases. Additional reinforcement was needed only at the
edges of the slab in all cases.

Case 4

In this case, the stiffness of the majority of piles
was 47.5 MN/m or 132.2 MN/m. In one area (Fig. 13),
the slab stiffness of six piles was increased by 20, 30 or
40%; and in the other area, the stiffness of six piles was
reduced by 20, 30 or 40%. In the case of the slab with
the 47.5 MN/m stiffness of the majority of piles and the
variance of the stiffness of £20%, the settlements were
from 5.8 to 9.26 mm (Fig. 14). Figure 14 highlights the
areas in the middle part of the slab, where the settlements
were greater and lower compared with the neighbouring
areas and the same areas as in Case 1. The flatness toler-
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Fig. 13. Stiffness of the piles are different: area A with 20, 30
or 40% higher stiffness of piles; area B with 20, 30 or 40%
lower stiffness of piles

ance requirements have been satisfied (Table 8), irrespec-
tive of the direction, in which a lift truck would drive.

The main and essential difference in pile stiffness
changes has become apparent while comparing the rein-
forcement of the slab. The calculation results of all previ-
ous cases showed that the bottom of the floor slab had to
be reinforced by using 10/10/200/200 S500 reinforcing
grid, and the upper part had to be reinforced by using
12/12/100/100 S500 reinforcing grid. Additional rein-
forcement was needed not only at the edges of the slab.

The different stiffness values/settlements of the piles
in the middle part of the slab caused the redistribution of
internal forces in the slab; therefore; a need for additional
reinforcement in deformed zones and areas around them
(Figs 15 and 16) has emerged. Generally, in is impossible
to know which pile will be more or less stiff; therefore,
such possibility should be evaluated, and additional rein-
forcement used if needed.
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Fig. 14. Settlements of the slab (mm). The majority of piles
are 47.5 MN/m; area A with pile stiffness of 57.0 MN/m, area
B with pile stiffness of 38.0 MN/m
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slab
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Fig. 16. Additional reinforcement in the upper part of the floor
slab

Moreover, finalizing the calculations it could be
stated that different stiffness of the piles, just as different
loading on the slab in neighbouring areas, could cause
differences in settlements. When the piles are stiffer, the
values of settlements are smaller as well as differences of
settlements of neighbouring areas. Therefore, in all cases,
stiffer piles are preferable and advantageous. However,
calculations with smaller pile stiffness are safe and rea-
sonable for preliminary design.

4. Assumptions proposed for the calculation of the
slab on the piles

Since the design of plates on piles usually has no static
pile testing results, it is suggested to indicate the pile stiff-
ness through the pile limiting settlement for the mobiliza-
tion of the shaft resistance working in the elastic stage.
Such pile stiffness may be determined using the DIN1054
methodology for the assessment of the pile base bearing
capacity (Table 6). The stiffness determined in this way
is lower than that obtained experimentally (Tables 2 and
5). Such assessment method will enable the prediction
of the pile stiffness under different geotechnical condi-
tions because the calculation estimates soil characteristics
(Smoltczyk 2003).

Taking into consideration the change in soil proper-
ties and the possibility of the different stiffness of piles
under the plate, an additional reinforcement of the plate
may be required (Figs 15 and 16).
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Results and conclusions

1. The pile stiffness coefficient can be determined from
the pile static tests, evaluation of a particular project
for the “safe load” and settlements. The pile stiffness
obtained using the Weibull curve is much greater
than using the other three methods including the pile
test method; therefore, this method is not sufficiently
effective or suitable for this type of slab calculations.

2. When there is no static pile testing, pile stiffness
may be taken from the load-settlement curve ob-
tained from DIN 1054 (2010). The stiffness deter-
mined in this way is lower than that obtained ex-
perimentally. Therefore, when the ground under the
plate is varied and different, the plate must be ad-
ditionally reinforced.

3. Piles under the floor slab have to be located properly
to achieve settlements of all of the piles that would
be as similar as possible. It can be achieved using
the idea that each pile must be of even stiffness. In
this way, not only settlements of the slab areas be-
come similar, but also, slab reinforcement intensity
in all areas of the slab is much more even, with no
significant concentrations of internal forces.

4. Usually, characteristics of soils change to a lesser or
greater extent. Thus, the stiffness of the piles differs
as well. Calculation results have shown that addi-
tional reinforcement of the slab is needed. There-
fore, the possibility of different settlements should
be evaluated.

5. When characteristics of the soils are very similar,
and loads on the piles are equal, the stiffness of the
piles does not affect the reinforcement of the slab.
Slab reinforcement is equal and does not depend on
the stiffness value of the piles. This conclusion is
valid when loadings on the slab are uniform.
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