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ABSTRACT:

Implementation of major construction projects thanks are due to the technological development of materials
and equipment to perform. Development of equipment for piles, allowed this type of structure a large
application, as in the system of basic structural elements, as well as providing (temporary or permanent)
construction site. Influences on the pile construction, since the purpose is very different. In the case that
they are intended to ensure the construction work area, the dominant influence of lateral pressure or
horizontal load. Just such an example will be processed in this paper with a tendency to show the
dependence of the results on the choice of calculation methods of calculation.
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INTRODUCTION

Modern construction is characterized by the construction of buildings and more complex structural
components and exceptional loads. Specially the problem often creates unfavorable geotechnical
conditions in which such objects can be found, and the application of pile foundation for their most
appropriate solution. A pile is a bearing element for supporting the transfer of power structure in the soil
supporting the lower bearing and non-bearing layers. The piles can affect as an individual or in a group-
based, connected headset structure. Problem foundation of a certain object can always be solved in several
ways, but after assessment of conditions in the soil and structure analysis requires only one solution be
the optimal. This selected solution can be further analyzed and rationalized.

BEARING CAPACITY OF PILES - GENERAL CONSIDERATIONS

Bearing capacity of pile groups subjected to normal or vertical and lateral load depends on the behavior of
a single pile. Bearing capacity of one pile depends on the type, size and length of the pile; Soil type;
Installation method (installation);
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Bearing capacity depends primarily on the installation method (installation) and soil types. Bearing
capacity one of the pile increases as the size and length. The position of underground water also affect
bearing capacity. We have to analyze the interaction between the pile and the soil, determine failure
deformation and evaluate the resulting soil deformation under constant load, additional load to design a
safe and cost-effective the foundation on pile.

The use of piles should provide adequate security against damage; safety factor that is used depends on the
importance of the structure and reliability of parameters and the load of soil composition which is used in
the design. Settlement should be in accordance with appropriate behavior superstructure to avoid the
disturbance of their efficiency [1].

LATERAL LOADED PILES — INPUT DATA

Conditions that have to be satisfied are that the vertical settlement and horizontal displacement shall not
exceed the allowable values and that there must be no collapse the pile and the soil around the pile. The
input data used as relative density, angle of internal friction, modulus of compressibility obtained by SPT
test on 8 borehole and on total depth of 8m [2,3].

Geomechanical characteristics of soil:

y = 19,0 kN/m’

d=35°

Ms = 24.000,0 kN/m*

Ka =tg® (45°- ¢ /2) = tg* (45° - 35°/2) = 0,271

=2l (1)
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Table 1.The values of the input data
Diameter D= 1,2 m
The distance between the piles A= 2,0 m
Modulus of compressibility Ms = 24000 KN/m2
Poisson’s coeddicient v= 0.35
Modulus of deformation Ed= 14953.85 KN/m2
Moment of inertia (the cross section of the pile) Is= 0.101788 m*
Modulus of elasticitz for concrete Eb= 31500000 KN/m2
Lateral stiffness of soil by Vesic Ks = 6271.34 KN/m2/m’
The corresponding length of the bars Lp= 0.5 m
Required cross — sectional area Ax 1.991 cm?2
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Figure 1 Model of the pile with a load of 10KN/m2
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Figure 2 Disposition of piles
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The three diameter of pile used for testing (1200, 900 and 800 mm) to obtain credible results. This paper
will be presented results for diametar of pile @1200 mm, because of data large.

BROMS’S METHOD

The diagrams in Figure 3 allows the determination of horizontal deformation in the workload for
incoherent soil [1,4].
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Figure 3 Determination of the horizontal deformation for incoherent soil

Table 2 k1 step change in funding in the sand (MN/m3)

The relative density small medium grand
SPT values (number of = 10 10-30 =30
shots)
Soil, dry or wet 15 45 175
soil flooded 10 30 100

Lateral (horizontal) displacement of piles embedded in incoherent soils can be obtained from Figures 3.
The dimensionless factor [¥ o(ED) 3/5(n,,)2/5]/Pt L is plotted as a function of nL factors for variable

values e /L [1,4,5].

Where :
Y, — displacement at the level of area

n=(2) )

ny,- coefficient of variation of soil module

P~ horizontal (lateral) load applied at or above the area
L — length of the pile
e — eccentricity of load
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Limit the horizontal (lateral) resistance of piles in the incoherent soil:
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Figure 4 For long pile

In Figure 4 are given dimensionless values, depending on the P /yd’k, — M,/ yd4kp,
where is:

y - effective weight of soil
kp = Rankine's coefficient of passive resistance of soil = kg*(45+/2)

CALCULATION

©1200

q=10kN/m2

y=19kN/m’

¢b=35°

Kp =tg® (45° + ¢ /2) = tg® (45° + 35°/2) = 3.69
1=0.101788m*

E=31500000 KN/m2

EI=3206,3 MN/m2

From SPT N=15 hits — k=45MN/m3 (Table 2)
—+p=0.255

Iz Dr=55.26% — n;=31 MN/m3 (Figure 3)
From the formula 6.23 — 1=0.395
Pt=880.84KN and effects in the e=3.05m
M=2646.562kNm

From Figure 4 for : P/k, d*y=15.03 = L/d=7.1 = L=8.52m

For nL=3.36 = [¥ ,(EN®%(n;)?/5]/Pt L=1.2 (Figure 3) = ¥ ;=0.0179m=1.79cm
For P/k, d’ y=15.03 = My/k, d* y =49 = M,=7123.62KNm (Figure 4)
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CALCULATION USING THE FINITE DIFFERENCE METHOD

The first step is to divide the element (pile) to n finite elements and then access the account, in the
calculation of this method.

v =19,0 kN/m’
d=35°
Ms = 24.000,0 kN/m*

Ka =tg” (45° - ¢ /2) = tg” (45° - 35%2) = 0,271

(1—2v}1+v)
Ed=—M;,
1-wv
0.65 12 | Eg=D* E
K= [2dx w5 —2

D & Epxl ~ 1-v?

Table 3 Values of the parameters required for the solution

Ms = 24000 KN/m2
V= 0.35
Ed= 14953.85 KN/m2
Is= 0.101788 m*
Eb= 31500000 KN/m2
Ks= 6271.34 KN/m2/m’

L 22 _ 0852m

n piv]
where is:

¢ — the width of the pile element
n — the number of element
L — length of the pile

Lq=Bp

mEyct
(1—2)D
From Table IV.5 [6], L matrix elements on the main diagonal are:

=0.0103

Value f, which exists in a matrix equation is: p=

loo=l10,10= 1.04654+0.0103=1.05684
11 1=195=15.02361+0.0103= 15.0339 for k=2,3,4,5,6,7,8

1x=16.83690+0.0103=16.8742

Other elements in the matrix are obtained using the coefficients in Table IV.5 [6], and matrix L looks like:

Technical Institute Bijeljina, Archives for Technical Sciences. Year VI— N 11. 70



Viaski S. Use of broms's method ...... Archives for Technical Sciences 2014, 11(1), 65-72

L056B4  -13.1302  3.69088 127578 049702 027256 0.170E6 0.1345 0.09335 0.0732 0.03679
-0.6647 15339  -10261%3 058011 DL1BE31  -DWODERS  -0.02413 - D0200E 001818 -0D11036  DLODDE
-0.14118 -9.3847 16.8742 -9.6292  0.B2B47 D2ET4E 007417 003244 0.02145 0.01525 0.01221
020683  0.8ZB47  -9.62532 166742 =-9.62%2 0BZB4Y 02874 007SLT QD324 0.02145 0.01313
0.05117 02744 0.BZB47 -9.6292  16B742  -9.6292  0.B2B4T  D2ETH 007417 0.03244 0.01658
L= Qo23sl  0OF4LT 0.28744 0.BZB47  -9.6232 168742 -9.6232  O.BZB4T 028744 0.07417 00236
0.01657 003245 0.07417 0.28744  0.BZB47  -9.6292 168742  -9.6232 0.BZE4T 0.28744 0.05117
0.0131%  0DZ145 0.03245 0.07417  0.2B744 DBZB4T  -9.6232  16.ET4Z -9.6252 0.BZB47 0.20683
0.01221 001526 0.02145 0.01251 007417 D2BT4E 0.BZB4T 96232 168742 -9.6292 -D.14118
0.00061  -0D1106 -0.0161F -0.02007 -Du0238Z -0.00BR9 0.10631  OueB511  -10.2681%4 150339 062724
0.03673  0.DTILS 0.09335 0.12345  0.175B6  D2T7ISE 049702 L2577 3.690EBE  -13.1732  L.05684

The value of the ordinate external load in the dividing points is:

P1 —Pio =161.88 KN/m

poi= 161.88 * 0.852=137.92KN (by uniformly distributed load)
264858

L — =3106.29 KN (by moment)

po=137.92+3106.29=3244.21 KN

So ordinate external load point 0 is equal to:

_po 32441
Po= " = Thasz

= 3807.76 KN/m

The elements of the matrix B are:

Bpo=0.0103*3807.76= 39.22 B,1=0.0103*161.88=1.667 Bp1 — Bp1o=1.667

In the matrix form
3807.76 39.22 —1600.048
161.88 1.667 —179.570
161.88 1.667 —166.220
161.88 1.667 —92.282
161.88 1.667 —38.575

p=1(161.88); B= (1.667); g=( 10185 )
161.88 1.667 59.068
161.88 1.667 113471
161.88 1.667 188.716
161.88 1.667 194,416
161.88 1.667 1700428

To calculate the matrix was used Wolfram Mathematica program.

g=Inverse [L]. B
MatrixForm [g]

Displacement of each point individually calculated then by:
Q=y ¥k S y=>

y6=-0.099m=-9.9cm
y1=-0.0112m=-1.12cm

y10=0.106m= 10.6cm
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CONCLUSION

We can see a big difference comparing the results obtained by Broms’s method and the Finite difference
method. Confirm the accuracy of some of the calculation methods will be obtained by measuring the
characteristic values of the movements in project implementation. The lesson of these results is that not all
methods always adequate to solve the problem in practice, some methods do not provide a realistic result,
however, if these values are higher than expected, we are on the side of safety. Also, the results show that
the value of the coefficient of subgrade influences at results and the extreme importance of choosing the
same. It is important to determine the more precisely values of the parameters that describe the soil on
which to build in order to reduce errors in the calculation and large and unnecessary costs.

(Received 10. June 2014, accepted 19. September 2014)

LITERATURE

[1] Murthy V.N.S. Principles and Practices of Soil Mechanics and Foundation, New York

[2] GeoPublication 1/2006. (2006). Foundation Design and Construction, Hong Kong.

[3] S.T.Song, Y. H Chai, Tom H Hale. (2004). Limit state analysis of fixed-head concrete piles under lateral loads,
13th World Conference on Earthquake Engineering, Vancouver, B.C., Canada.

[4] David L. Allen. (1984). A Review and Analysis of Pile Design, Lexington, Kentucky.

[5] Roje-Bonacci T. (2008). Deep foundations and foundation soil improvement, Split.

[6] Stevanovi¢ S. (2009). The foundation of building structures, Beograd, p. 261.

Technical Institute Bijeljina, Archives for Technical Sciences. Year VI— N 11. 72



