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Calculations related to pile driving play an important role in construction.
Therefore, corresponding processes are controlled by regulatory documents,
including the necessary formulas, which are accompanied by numerous tables and
graphs, allowing the use of techniques in specific conditions of construction. The
basis of such applied methods are the results of research in mechanics; the results
of such studies are widely presented in the literature. This article is made within the
framework of such studies.

The article presents an approximate approach based on the evaluation of the
real values of the parameters that determine the process of driving the pile. The
proposed approach allowed to obtain an approximate formula to calculate the motion
of the pile in soil by successive blows of the hammer falling freely. The following
ways to analyze and improve models within this approach are outlined: (1) analysis
of the accuracy of the proposed model by its presentation with the results of
experiments and calculations using other models as well as with recommendations
of normative instruments; (2) generalization of the model for the case when the
mechanical properties of the soil vary depending on the depth of immersion into the
soil.
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Introduction

Calculations related to pile driving play an important role in construction. Therefore,
corresponding processes are controlled by regulatory documents, including the necessary
formulas, which are accompanied by numerous tables and graphs [1, 2], allowing the use
of techniques in specific conditions of construction. The basis of such applied methods
are the results of research in mechanics; the results of such studies are widely presented in
the literature (for instance, [3−13]). This article is made within the framework of such
studies.

1. Formulation of the problem and mathematical model

Consider a pile with a square cross section and pyramidal shape of the nose driving
into soil by falling hammer (Fig. 1). When the nose is submerged in the ground to a depth
of h and the hammer falls on the head of the pile from a height H  the energy conservation
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equation can be written as follows:

,5.0][ 2)()( ii MVehLMgMgH ++−= (1)

where M is mass of hammer, H is height of center of mass of hammer at beginning of fall,
g is acceleration of gravity, L is pile length including nose, 

)(ih is distance from nose of
pile to surface of soil prior to its movement after i th impact, e is half the height of hammer,

)(iV  is speed of hammer before i th blow on pile.
Assuming that after the inelastic impact hammer and the pile continue to move as a

single unit one can write:

,)( )()( ii vmMMV += (2)

where m is mass of pile, )(iv  is initial speed of hammer-pile construction after i th impact
on pile.

Eliminating )(iV  from Eqs. (1) and (2), we obtain:
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Similar to [10], we use the local interaction model [14] in the version of Vitman and
Stepanov [15] to calculate the resistance of the nose of the pile:

,2
nsoilsoil vYp ρ+= (5)

where p is pressure on nose surface of pile, soilY  is dynamic hardness of soil, soilρ  is
density of soil, nv  is normal component of speed on nose of pile.

After simple algebra we obtain formula for drag force of the pile nose:
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Fig. 1. Notations
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where noseD   is nose contribution to resistance of pile to penetration, 1k   is parameter that
determines shape of nose of pile ),4( 1 =k R  is half side of square in cross section of pile,

pileρ  is average density of pile material, α  is angle between side face and axis of the
pyramid in nose of pile.

Resistance of the lateral surface of the pile is generally calculated as follows:
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where latD  is contribution to resistance of pile to penetration from side surface, h is distance
from head of pile to ground surface, 2k is perimeter of square in cross section of pile (k2 = 8),
L0 is length of nose of pile ),ctg( 0 α= RL latp is ground pressure on the side surface of
the pile, ξ is coordinate measured from ground surface along direction of penetration, μlat is
coefficient of friction in interaction of side surface of pile with ground.

The equation of pile motion can be written in the following way:

2),()()()(5.0 vwhDwDgmM
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dwmM latnose =−−+=+ (8)

or after substitution Dnose from Eq. (6) and simple transformations in the form:
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where v is instantaneous velocity of pile and
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Our immediate task is to obtain a relationship between h(i) and h(i+1) (i = 1, 2, …).
This relation can be obtained by writing the solution of Eq. (9) at two points:
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Eq. (9) is a linear equation of the first order and its general solution is known; in
relation to the problem of modeling pile driving it can be found, for example, in [10, 11].

2. Investigation of the problem

The solution of Eq. (9) with initial condition 0)( )1( =+ihw  can be written as follows:
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Then the second relation in Eq. (12) that is written in the form
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sets the desired relationship between 
)(ih  and .)1( +ih

To obtain this dependence in explicit form, we consider below the case when  plat and
μlat do not change in the process of pile penetration, i.e.,

.const)(const,)( =ξμ=ξ latlatp (16)

Then

)()( 02 LhRpkhD latlatlat −μ= (17)

and )(hG  can be represented in the form:
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Integral )(hI  in Eq. (14) can be easily calculated; as a result, we obtain:
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where 3k  is  cross sectional area of pile, pileV  is volume of pile,

,pilepileVm ρ= (22)

and in most cases
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Substituting expression for 
)(

e
ihf Δ− from Eq. (25) to Eq. (20) we obtain after some

algebra:
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Eqs. (15), (25) and (26) imply:

.)1 )()(( )(
21

)(
0

)(
1

)( iiii hhhh ω+ωΔ−=γ+γΔ− (27)

Eq. (27) allows us to write a desired relationship:
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The breakout process stops when 1
)( ε<Δ ih  or 2

)1()( || ε<Δ−Δ −ii hh for some i; 21, εε  −
pre-set parameters, criteria for stopping the process of pile driving.

3. Concluding remarks

This article presents an approximate approach based on the evaluation of the real
values of the parameters that determine the process of driving the pile. Future research
under this approach should be developed in the following priority areas:

1) analysis of the accuracy of the proposed model by its presentation with the results
of experiments and calculations using other models as well as with recommendations of
normative instruments;

2) generalization of the model for the case when the mechanical properties of the soil
vary depending on the depth of immersion into the soil.
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Óíèâåðñèòåò èì. Áåí-Ãóðèîíà â Íåãåâå, Áåýð-Øåâà, Èçðàèëü

Ðàñ÷åòû, ñâÿçàííûå ñ çàáèâêîé ñâàé, èãðàþò âàæíóþ ðîëü â ñòðîèòåëüñòâå. Ïîýòîìó
ñîîòâåòñòâóþùèå ïðîöåññû êîíòðîëèðóþòñÿ íîðìàòèâíûìè äîêóìåíòàìè, â òîì ÷èñëå íå-
îáõîäèìûìè ôîðìóëàìè, êîòîðûå ñîïðîâîæäàþòñÿ ìíîãî÷èñëåííûìè òàáëèöàìè è ãðà-
ôèêàìè, ïîçâîëÿþùèìè èñïîëüçîâàòü ìåòîäèêè â êîíêðåòíûõ óñëîâèÿõ ñòðîèòåëüñòâà. Îñ-
íîâîé òàêèõ ïðèêëàäíûõ ìåòîäîâ ÿâëÿþòñÿ ðåçóëüòàòû èññëåäîâàíèé â îáëàñòè ìåõàíèêè.
Ðåçóëüòàòû ýòèõ èññëåäîâàíèé øèðîêî ïðåäñòàâëåíû â ëèòåðàòóðå. Äàííàÿ ñòàòüÿ âûïîëíå-
íà â ðàìêàõ òàêèõ èññëåäîâàíèé.

Â ñòàòüå ïðåäñòàâëåí ïðèáëèæåííûé ïîäõîä, îñíîâàííûé íà îöåíêå ðåàëüíûõ çíà÷åíèé
ïàðàìåòðîâ, îïðåäåëÿþùèõ ïðîöåññ çàáèâêè ñâàè. Ïðåäëîæåííûé ïîäõîä ïîçâîëèë ïîëó-
÷èòü ïðèáëèæåííóþ ôîðìóëó äëÿ ðàñ÷åòà äâèæåíèÿ ñâàè â ãðóíòå âñëåäñòâèå ïîñëåäîâà-
òåëüíûõ óäàðîâ ñâîáîäíî ïàäàþùåãî ìîëîòà. Íàìå÷åíû ïóòè ñîâåðøåíñòâîâàíèÿ ìîäåëåé â
ðàìêàõ ýòîãî ïîäõîäà. Èññëåäîâàíèÿ ðåêîìåíäóåòñÿ ðàçâèâàòü â ñëåäóþùèõ ïðèîðèòåòíûõ
îáëàñòÿõ: àíàëèç òî÷íîñòè ïðåäëàãàåìîé ìîäåëè ïóòåì åå ñîïîñòàâëåíèÿ ñ ðåçóëüòàòàìè ýê-
ñïåðèìåíòîâ è ðàñ÷åòîâ ñ èñïîëüçîâàíèåì äðóãèõ ìîäåëåé, à òàêæå ñ ðåêîìåíäàöèÿìè íîð-
ìàòèâíûõ äîêóìåíòîâ; îáîáùåíèå ìîäåëè íà ñëó÷àé, êîãäà ìåõàíè÷åñêèå ñâîéñòâà ïî÷âû
èçìåíÿþòñÿ â çàâèñèìîñòè îò ãëóáèíû ïîãðóæåíèÿ â ãðóíò.
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