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SYNOPSIS: As a result of comprehensive empirical and theoretical investigations a new method of 
pile placement using dynamic jetting equipment and a mechanized technology of pile driving with 
complete utilization of construction materials were developed and a method of pile placement to 
reach a pre-specified point of reference was introduced.

The positive process of arms reducLion,which 
in in progress now gives a lucky chance to ma
ke analysis of utilizing artillery mounts for 
peaceful purposes, and, in particular, for 
driving precast concrete piles and makine holes 
for cast-in-situ piles.
New high-efficiency jetting equipment that is 

now available has opened possibilities to deve
lop new technologies of pile driving and emp
loy solid-fuel sources of power. n1hus the new 
equipment proves capable of creating an effort 
of up to 7000 kN so that it takes 0.01 sec to 
drive a pile (up to 4m long) achieving a high 
precision of placement. The equipment can be 
used in granular soils of any density in cohe
sive soils of any consistency and in congealed 
and permafrost soils. In using the dynamic je
tting equipment for driving, pre-cast concrete 
piles an important problem, which arises in en
gineering practice is that of predicting a pe
netration depth taking into account the mecha
nic properties of soils, the geometry of pile 
and the jetting velocities provided by solid- 
fuel sources of power. To predict the penetra
tion depth a soil model was used (Alexeev,1963) 
where density varies regularly in the conditi
ons of loading and is retained when soil is be
ing unloaded, thus demonstrating the properti
es of a plastic compressible medium.
A relationship was proposed to predict the 

pile penetration depth

where Z is the pile penetration depth, m;
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where U is the pile tip length, m; tn is the 
pile mass, t: ft is the half angle of pile tip,

dogrees; a 1 -V ; b, » i V is the penetra-
I " 0| j '

tion velocity of pile tic; p. is the natural

soil density, t/m̂ ; P< is the soil density in 
the compaction zone after piling which can be 
specified empirically or taken from the table,

t/m̂ ; H* = is the coefficient of late

ral expansion of soil; pa is the predicted st
ress in soil ahead of the percussion wave, kPa;

T  » 2-c CO3 cp ■
T ’ C is the unit cohesion of soil 

kPa; is the angle of internal friction, de 
grees; A,  i a  the amount of reduction in pile 
penetration depth due to the lateral friction 
of pile in soil which can be specified using 
the tables, m.
The formulation (1) can be employed to pre

dict the penetration depth for punches to ma
nufacture cast-in-situ piles, to specify the 
depth to which anchors should be driven or ex
plosives placed when soil is compacted.
It is a common practice when the depth of la

yers of low compressibility varies considerab
ly within a structure. The new equipment and 
technology of precast concrete piling and fo
undation engineering developed as a result of 
combined empirical and theoretical investiga
tions meet the requirements of the above soil 
conditions. The essential features of the new 
technology may be outlined as follows:
1. unified prefabricated pile modules of the 
same length are used in pile foundation engi
neering irrespective of pile penetration depth;
2. each of the pile modules has prefabricated 
joints at both ends which are rapidly and ri
gidly connectable with each other so that a 
pile can be easily extended (built up);
3. pile modules are driven into soil while be
ing built up to reach required depths and pre
specified bearing capacities. The pile section 
extending above the soil level is cut off to be 
used as the initial section for another pile
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Figure 1. An efficient technology of pile fo
undation engineering.
1- a pile driver; 2- a hammer; 3- an equipment 
to cut piles and expose reinforcement; 4- pile 
modules; 5- pile module joints.

section extending above the soil level is cut 
off to be used as the initial section for ano
ther pile (Pig.1).
The above options are provided by a pile dri

ving manipulator incorporating an automotive 
chassis, a mast with guides, a hammer and a 
mobile device movable along the guides of the 
mast and designed to cut and expose the rein
forcement of concrete piles and to fix the pile 
position at the ground level. The driving ma
nipulator is designed for:
- gripping a pile module and transporting it 

along the construction site;
- driving a pile and clamping it within a 

foundation mat and at the ground level;
- cutting a pile section extending above the 
ground level while silultaneously exposing the 
reinforcement of the driven pile section to be 
positioned in the pile cap.
The highest productivity has been achieved in 

cutting and exposing pile reinforcement. Now- 
days the time to do the above jobs does not ex
ceed 2 minutes, a high quality being provided. 
The minimum height of a pile section extending 
above the ground level after cutting and expo
sing the reinforcement amounts to 50mm.
Efficient design of pile modules providing 

both hinged and rigid joint options has also 
been developed. A choice between the two opti
ons is ^ased on the resistance to impact and 
the time required to loin piles. A pile module

length is specified by economic reasons. Now- 
days a 6-m long pile module is employed.
To protect piles against failure a special 

pile head has been designed which not only pre
vents damage to a butt end and a joint of pile 
but also provides the growth of efficiency of 
a hammer impact by 15-25/“.
The proposed piling technology as compared 

to its analogs is claimed to have the follow
ing advantages:
- complete unification of pile modules and 

pile driving equipment. The same piles and dri
ving equipment can be used to construct pile 
foundations with depths varying from 6 to 40m;
- complete utilization of pile material for 

its designated purpose irrespective of complex
ity of geologic conditions;
- high labour productivity in piling, cutting 

piles and exposing reinforcement;
- complete mechanization of all jobs.
The method of driving piles until a design 

point of reference is reached has become wide
spread in civil engineering.
When piles are not driven to reach a design 

point of reference a section of pile has to be 
cut off thus decreasing the efficiency of pile 
foundations. However.,it remains questionable 
whether piles should be driven to reach the sa
me point because this does not guarantee that 
the bearing capacity of footing be used to its 
full extent.
Fig.2 presents two idealized patterns of a pi
le foundation for the same site.
The "a"- pattern is the situation where piles 
are driven until refusal, SQ, close to zero, 
becomes the same for all piles; the "b" - pat
tern is the same case where piles driven to eq
ual depths corresponding to refusals S*S0 bear 
the same load. As seen from the figure, mate
rial capacity for both patterns will be the 
same if the volume of additional piles in the 
"b"- pattern is approximately equal to the 
double volume of pile material removed after 
cutting.
A detailed theoretical analysis shows that 

the intensity of growth of resistance of dri
ving with depth may serve as a criterion of 
economic efficiency of driving piles to equal 
depths. Given the mean resistance of driving 
is equal to Q at the depth of h and the depth 
grows by ah which results in the growth of 
resistance bŷ CL, the condition of economic
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Figure 2. The patterns of pile foundations.
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efficiency for pile foundations of the same 
embedded depth, h, may be formulated as

<2)

where k = 0.6-0.8 depending on the type of fo
undation mat and the ratio of the cost the pi
le section extending above the ground level to 
that of the driven section. To estimate the 
condition (2) the results of sounding tests 
may be employed. As calculations show, for the 
majority of soil conditions driving piles to 
equal depths leads to a decrease in material 
capaci ty.

A  point of concern is the problem of predic
ting whether the driving equipment available is 
capable of driving equipment piles to a speci
fied depth. The engineering experience shows 
that to do piling at specified construction 
sites it is preferable to employ hammers capa
ble of driving piles in these soil conditions 
with the refusal of not less than 0.5 cm. The 
choice of a hammer might be made prior to con
struction by predicting refusals for different 
hammers using the well known "dynamic" formu
las and for ultimate pile resistance values 
specified by the sounding data.
Yet a more complicated problem is to estima

te a danger of failure for piles driven in 
specified conditions. It is suggested that the 
method of comparing the number of hammer im
pacts required to drive a pile to a designed 
depth to the ultimate number of impacts which 
would not cause failure of piles of the speci
fied type seems to be the most reasonable am
ong the numerous competing methods. The number 
of impacts required to drive a pile is specifi
ed using the sounding data and "dynamic" for
mulas.
It is suggested that the number of impacts 

might be specified using empirical formulas 
which incorporate the brand and sort of pile 
concrete, the method of reinforcing piles as 
well as the thickness of a cushion used in a 
hammer and the type of a hammer. To do the 
above calculations a special computer program 
lias been composed, a method of control the pi
le bearing capacity based on the number of im
pacts has been developed (Goncharov et al, 19- 
85) and the probablistic approach to static 
sounding to be used in the pile foundation en
gineering has been justified (Ryzhkov, 1986).
Using cast-in-situ piles in punched holes 

has become a widespread practice recently. The 
experience shows that the pattern of interac
tion with the following footing soil and the 
bearing capacities of cast-in-situ piles are 
comparable those of driven pilea of the same 
dimensions. However, the former are less ex
pensive owing to decrease in transportation 
costs and investments into production manufac
turing. Nevertheless difficulties with pulling 
the forming dies out of soil are truly consi
dered to be a serious disadvantage of the cast- 
in-situ piling. Moreover, power spending to pull 
the forming die out of soil grows as the dimen
sions of foundation increase. Applying conside
rable loads to pull the forming dies out of 
soil becomes a necessity which, in turn, may 
cause a breakage of ropes in pile driving eq
uipment .

A  most reliable means to increase the effici
ency of employing forming dies to punch foot
ing holes is to avoid the contact of the late
ral edges of a forming die with soil when pul

ling it out of the hole. Two designs of such 
dies have been doveloped as a result of empiri
cal investigations. The first one incorporates 
a frame with mobile lateral walls where the lo
wer edges of walls can be turned inside when 
pulling the die out of the hole.
The second design incorporates an anvil unit 

positioned between mobile lateral walla hinged- 
ly connected at the bottom. The anvil unit re
ceives hammer impacts and redistributes them 
to the lateral walls. The built walls are ri
gidly connected with the central rod of a loop. 
They carry devices to change and fix the angle 
between lateral walls. When the die is boing 
pulled the distance between the walls becomes 
smaller to reduce the pulling effort conside
rable. Among the options provided is also the 
choice of an optimal angle of gradient of late
ral faces of foundations in the specified soil 
conditions.
The experience indicates that the new techno

logies of piling can lead to quite large reduc
tions in the resources spent and the time ne
eded to construct pile foundations is varying 
geologic and climatic conditions.
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