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RATIONAL PLANNING
OF PILE FOUNDATIONS

The existing methods (design directory) recommend using nomograms depending on the
eccentricity of bending moment and numbers of piles while acting only vertical loads.
These methods have a number of shortcomings and are inconvenient, because of lack of
adequate alternatives and they do not provide the greatest efficiency. The convenient method
of pile foundation designing (grillages and fields), depending on the load values, is the
foundation proposed by the authors in this article. The results of numerical investigations
determined the optimal grillages dimensions and numbers of pile in "bush" of pile, showed
that this method gives optimal options for pile foundation under single column with large
bending moments and minimum material expenditures and also provides its bearing capacity

Keywords: the foundation, pile, bearing capacity calculation.
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Hayionanvnuii ynisepcumem 6001020 cocnodapcmea ma npupoooKopuUcmy8aHHs

PAIIIOHAJIBHE ITPOEKTYBAHHA
HAJIBOBUX ®YHAAMEHTIB

Icnyrouoro memoouxoro, axka HagedeHa 6 O00BIOHUKY NPOEeKMYBANbHUKA, NhepeddaueHo
NPOEKMYBAHHA  NANbOBO2O  (PYHOAMEHMY 3d OONOMO2010 HOMOZPAMU  3AJEHCHO  6i0
excyenmpucumemy Oii 32UHANILHO20 MOMEHm) ma HeoOXiOHOI Kitbkocmi nanv npu Oii iuuie
BEPMUKAILHO20 HABAHMAIICEHHS. 3 ICOBAHO, WO 80HA OOCUMb 2POMI30KA, He3PVUHA | MAE pso
HeOOoNiKi6, a came: He 6KA3Y€ HA 0YOb-AKUU AlbMEPHAMUSHUI 8apianm i He 3a6e3neyye 00HYy 3
OCHOBHUX 6UMO2 W000 MO20, WO 3aNPOeKMOBAHUU 8apianm nosuHeHn Oymu HaubiIbW
eKoHOMIYHUM. Po3pobneno 3pyuny ma 3po3yminy MemooOuKy pO3PAXyHKY U KOHCMPYIOBAHMS
NANbOBO2O NOJSL MA POCMBEPKIB 3ANeNHCHO 6i0 Oii PO3PAXYHKOBUX 3VCUNb HA (QYHOAMeHm 3
BUKOpUCAHHAM mabauyi abo epagixa, AKi € 3pyYHUMU NpU NpoekmysauHi. Bukonamumu
YUCTOBUMU  OOCTIONCEHHAMU U YCMAHOGIEHUMU ONMUMAIbHUMU NApamempamu  po3mipie
poCcmeepKie ma KilbKOCmi nanb y Kywi HNOKA3AHO, WO 3ACMOCY8AHHS 3aNPONOHOBAHOT
MemoOuKu 00360JIA€ 3ANPOEKMY8amu NAIbOSUlE PYHOAMEHM 3 ONMUMATbHUMU NAPAMEMPAMU
ni0 OKpemo Ccmosiyy KOJOHY Npu Oii 3HAYHO20 32UHATLHO20 MOMEHMY 3 MIHIMATbHUMU
sumpamamu mamepiany 3 0OHOYACHUM 3a0e3NeYeHHAM U020 HeCyuoi 30amHOCHI.

Knrouoei cnoea: ¢oynoamenm, nana, Hecyua 30amuicms, po3paxyHoKx.
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Introduction. The main task of pile field and metal grills planning is to provide
maximum allowable pile load capacity, to ensure the uniformity of foundation materials and
pile-soil, to determine optimal sizes and unification of piles and grills, to calculate the lowest
cost of installation and placement, as well as the minimum earthwork volumes at their
installation.

As a rule, under bearing walls piles are placed in a single row and this does not cause
any special complications for the designer. Frame structures determine usage of minimal
number of piles in the bush with minimum-size grillages. The methods that are used for
eccentric foundations and concentrically loaded foundation depending on the eccentricity of
bending moment are simple and clear [2—4]. When stand-alone columnar foundation
perceives significant bending moments, there are complications caused by the impossibility to
ensure the fulfillment of all conditions.

These options are appropriate for industrial steel or reinforced concrete framed
buildings with a heavy crane load, for high-rise buildings, which perceive significant wind
loads, for pressure gravity retaining walls, etc.

Analysis of recent researches and publications. According to the design standards
[5, 6], calculation and planning of pile concentrically loaded foundation with separately
standing columns on the same plane defines carrying capacity of hanging piles F,; and
allowable load P. Further, depending on size of the external load, the required number of piles
is determined and the pile bush is constructed. Then the following conditions are checked:

N,+Gp,
n
N =G,,,+NI+GPI +(M,+Q1.?).x

n in
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where Nyax, Npin — maximum and minimum load on extreme piles;

G, — grillage and soil weight;

n —number of piles in the bush;

G, the pile weight;

Xmax— distance from the main axis to the extreme pile axis;

x; — distance from the main axis to the axis of each pile;

M;, O;— moment and horizontal component of external influences at the level of the
foundation trimming to the corresponding axis;

h — distance from the grillage bottom to its top;

P — pile allowable loads.

Overloading of extreme piles in the bush for 20% (1,2P) from the allowable load
is possible in the calculation of bases with regard to wind and crane loads (while the crane
load should be more than 30% of the total load on the bases), i.e. Ny, <1,2P.

If N,,in<O, then it is necessary to calculate driving force for pulling loads.

In the design directory [1] the parameters of unified bush piles of square section
for the single-storey and multi-storey buildings are listed, and the methods of using
nomograms depending on the eccentricity of bending moment and numbers of piles while
acting only vertical loads are characterized.
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Identification of general problem parts unsolved before. The current methods of
nomogram is used to determine the required number of piles and the distance between the
centers of their axes. These methods have a number of shortcomings and are inconvenient,
because of adequate alternatives lack and they do not provide the greatest efficiency.
For example, in some cases if the first and third conditions of expression (1) are provided,
the second condition is not ensured. In this case we need to increase the distance between the
extreme driving axles, which will increase the size of grillage and therefore the construction
costs; or it will increase the number of piles in the bush, leading to failure of the third condition
as piles location will be changed, while bending moment influence will increase and the
effect of vertical load will be reduced. So, there’s no definite salvation of the problem:
whether to develop methods within the frame “bush - pile”, or determine the optimal number
and size of piles.

Thus, there is a need to develop convenient method which clearly designs and plans
the best option pile foundation without further recalculation because of one failure of
the expression three conditions (1).

Setting objectives. A key point in the calculation of the foundation with large value
of eccentricity is to provide third condition (1), it is true when driving bush takes considerable
largest bending moments. The most rational option will be when the vertical load in the most

dumped pile from the longitudinal force N ; and bending moment M , are equal:

NI+Gp1 _(M[+Q1.h).xmax
p > 2

After some mathematical operations, it is got the following expression:

N,., =G, + >0. 2)

I’l'Gnl-i‘N[-i‘Gp[ no-Xx . 3
M1+Q1'h _inz' ()

The left side of the expression (3) is inverse eccentricity of the bending moment
(M;+ Qg h) relative to the bottom of the grillages, and the right side of the expression depends
on the number of piles and their location in the bush and is constant for an unaltered number
of piles and the same distance between the axes of the adjacent piles x for unified bushes.

Numerical  studies  were  conducted to  determine the  relationship

% = (n “X )/ Z x} for the unified bush piles, results of which are listed in the

design directory [1] and in Table 1 or graphically in Figure 1.

Basic material and results. According to the above stated, calculation of concentrically
loaded columnar foundation, depending on a bending moment, should be taking with the
regard numbers of pile from the first part of the expression (1), and considering pile
foundation has only 60% vertical load N, providing implementation of the second
condition of the expression with the allowable load 1,2P, and providing the third part,
which determines that the most dumped piles of bending moment and longitudinal forces are
equal, i.e.
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Table 1 — Inverse eccentricity of the bending moment /e

Number Distance between the axes of the adjacent piles x, m

of piles

b:ll;;g:n 03 | 06 | 09 | 12 | 15 | 1.8 | 21 | 24 | 27 | 30
2 6,667 | 3,333| 2,222| 1,667| 1,333| 1,111| 0,952| 0,837| 0,741| 0,667
3 11,560 5,780| 3,853| 2,890| 2,312| 1,927| 1,651| 1,445| 1,284| 1,156
4 6,667 | 3,333| 2,222| 1,667| 1,333| 1,111| 0,952| 0,837| 0,741| 0,667
5 4,811 2,406| 1,604| 1,203| 0,962| 0,802| 0,687| 0,601| 0,535 0,481
6 5,000 2,500| 1,667| 1,250| 1,000| 0,833| 0,714| 0,625| 0,556| 0,500
7 4,490 2,245\ 1,497| 1,123| 0,898| 0,748| 0,641| 0,561| 0,499| 0,464
8 3,421| 1,711| 1,140| 0,855| 0,684| 0,570| 0,489| 0,428| 0,380| 0,342
9 5,000/ 2,500| 1,667| 1,250| 1,000| 0,833| 0,714| 0,625| 0,556| 0,500
10 3,733| 1,867| 1,244| 0,933| 0,747| 0,622| 0,533| 0,467| 0,415| 0,373
11 3,023| 1,512 1,008| 0,756| 0,605| 0,504| 0,432| 0,378| 0,336| 0,302
12 4,015 2,011| 1,352| 1,014| 0,831| 0,673| 0,569| 0,505| 0,451| 0,401

Next step in the calculation is to determine the inverse eccentricity of bending moment
in accordance with the expression

n-Gn,+N,+Gp,
M,+0Q,-h

M,+0,-h
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Figure 1 — Determination of the optimal parameters for bush piles planning
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In the expressions (4) and (5) during the first stages of calculations the weight of the
pile itself G,; and the weight of the grillages G,; can be neglected, because their exact values
are unknown. In addition, planning of G,;, G, load pile is slightly compared with vertical load
N; (=5%), and while checking the third part of the expression (1), to neglet of their values in
the beginning contributes to strength of construction.

Then taking into consideration the data from the Table 1 or Figure 1,
it is determined the required distance between the axes of the neighboring piles depending on
their number n and the inverse eccentricity 1/e, or according to
the eccentricity inverse 1/e it 1is accepted another number of piles » with
the appropriate step x, but not less then in expression (4), as in this case first part of
condition fails (1).

The graphic of the inverse eccentricity of bending moment 1/e shows that increasing
of the piles number at the same distance between the axes does not always raise the reliability
of the foundation, in particular, the foundations with three and four piles.

It is calculated the pile foundation (Figure 2) with such loads: vertical loads —
N;=1800 kN; bending moment — M; = 1200 kN'm transverse load — Q;= 60 kN, 4 = 1,5 m;
pile ITH 110.30; allowable pile load is P = 800 kN.

It is determined the required number of piles and inverse eccentricity
. N, 1800

0,6-P 0,6-800
/e = N, _ 1800 _

M,+Q,-h 1000 +60-15

In accordance with the Table 1 or Figure 1 distance between pile axes as a =1,2 m is
taken, alternatively it is possible to take 5 or 6 piles with the distance between them in 0,9 m
and more.

Finally we check the implementation of conditions (1), determining the weight of piles
and grillage:

= 3,75, we take 4 piles;

1,65.

G,;=0,3-0,3-10,7-25-1,1=26,5 kN,

G,=1,8-1,8:1,65-:20-1,12=119,75 kN,

N, +G
N=G, +—2 =265+ 1800 +4119’75 =505 44kH < P =800 kN ;
n
N, +G M + -h)-
N, =G+t T (M FO)h) X o5 4y

max nl n ZXZ.Z

+(1000 +60-1,5)-0,6
4-0,6°

N, +G, _(M1 +0,h) x,,

2
: >

The conditions are fulfilled, so, the pile foundation is designed correctly.

=959,57 <1,2-P =12-800 =960 kN ;

N, =G, +

= 505,44 + 454 ,2 = 51,24xN > 0.

min
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Figure 2 — Calculation of pile foundation

Conclusions. Applying of the proposed methods allows to design pile foundation with
optimal options for single column with large bending moments and minimum material
expenditures, while providing its bearing capacity.
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