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ABSTRACT 
The main problem of constructing a new section immediately adjacent to  a heavily loaded existing one is to ensure the uniformity of 
deformations of a new section  under construction. To ensure the most reliable prediction of deformations of the existing sections of 
the concentrating mill and those under construction there were made test  piles and carried out static load tests of all types of piles 
used during construction of the concentrating mil. On the basis of the test results  the modulus of deformation of the soils under the 
tips of the piles, which was used to design the pile foundations of the fourth section and calculate the nonuniformity of the settlements 
between sections, was determined by inverse recomputation. The calculation  of section foundation settlements, made by means of
PLAXIS programme with reference to determined modulus of soil deformation under the pile tips, made it possible to get the 
predicted deformations, on the basis of which the optimal parameters of pile foundations were specified . Sections were fitted with  
observational geodetic marks and observations began to monitor the settlements. 

RÉSUMÉ
Le probleme essentielle de developpment des usines de traitment est la necessite de batir les nouveaux sections contre les section 
existents et les provisions pour  deformations uniforms des l’existente et les nouveaux sections, comptes tendus des charges grandes, 
appliqués au fondations. Pour faire le pronostic le plus reel des deformations des sections existents et des noveaux d’usine de
traitment, les pieux experimentales etaites installees, et les essais statistiques etaites faits des toutes les types des pieux, appliqués pour 
batir le fondations de l’usine. Les donnees des essais etaites retro-analysees pour determiner les valeurs des modules de deformations 
des sols sous les bas de pieux, qui etaites appliqués pour faire les pronostics des deformations des sections, et pour optimizer le 
parameters des fondations au pieux. Marques geodetics etaites installees pour observer les tassements des sections.   

Keywords: sections of concentrating mill, uniformity of deformations, piles, static load tests, predicted deformations, monitoring the 
settlements

Integrated ore concentration plant in the city of Stary Oscol 
is situated on the site, formed by the deposits of Quarternary, 
Nummulitic (palaeogene) and Upper Cretaceous rocks. 

Three of four existing  sections of concentrating mill, each 72m 
long and 84m wide (Fig. 1), have been in operation since 1970. 
They were erected on 300x300mm precast piles going through the 
Quarternary  soils  and resting on  palaeogene silty clays. 
High loads on the foundations and their nonuniform 
distribution along the section length are characteristic of the 
concentrating mills. Their  disintegration  into sections is 
stipulated  by the independent operational procedure of ore 
concentration in  each section and the necessity of  movement 
of the heavy  cranes along all sections, both existing and 
being added.  This, in its turn, requires  any deformations to 
be absent at the junctions between the sections.

 The 4th section, immediatly adjacent to  3rd  one (Fig. 2), 
was constructed to increase the production of ore concentrate. 
The construction of  4th section is not finished; in 1990 its 
frame was erected  on the soil foundations with the bases 
resting on the threpel palaeogene clays, EGE (engineering 
geological element)-7 (Table 1), characterized by relatively 
low  modulus of deformation and high  porosity index (1.24). 
Besides, partially constructed reinforced concrete  frame of  4th

section  on the soil foundation stood without roof and surface
drainage  till 2005.  

Because of the load increase due to equipment 
modernization since 1990 till now and a pit having beet  
without  protection against atmospheric fallouts, and increase 
of pressure, affecting  the foundation bases of  4th section, up 
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Figure 1. Plan of  existing sections 1, 2, 3rd and under construction 4th, 5th  of integrated ore concentration plant.
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 Figure 2. Plan of  the foundations of 4th section (axes 59-71)  and 5th section under construction(axes71-76) of integrated ore 
concentration plant. 

to 0.47MPa, it was decided to underpin them by means of 
micropiles. This decision was substantiated by the 
comparative calculation  of settlements of  4th section soil 
foundations and  the foundations underpinned by means of 
micropiles. 

The settlement of the soil foundations was calculated by 
finite elements method (FEM) with the aid of PLAXIS 
Version 8.2 (PLAXIS, 2002) software using  Mohr-Colomb 
soil models  for longitudinal section of the building of  4th

section along  line -  (Fig. 2). Physical and mechanical   
soil characteristics, assumed  in calculation, are  given in 
Table 1.  

It is necessary to note that the loads, assumed in the 
calculation, correspond to 75% of the  total calculated load 
as it was supposed that the settlement due to the influence 
of 25% of the total calculated load occurred  before the 
reconstruction of the section. The calculation results show 
that the expected  settlement of the soil foundations under 
the effect of 75% of the total calculated load without their 
underpinning by means of micropiles can  amount to  
367mm (Fig. 3). It largely goes over the limit preset by  the 
building codes. Thus, it was decided to underpin the 
foundations by means of micropiles. 

Control tests  of  micropiles 200mm in diameter and 12m 
in depth demonstrated  that their bearing capacity equals 
30-37 tons (Fig. 3). Such bearing capacity  required more 
than 800 piles for 4th section foundation underpinning.  

The foundations being underpinned (Fig. 2) are  
massive  cast-in-place reinforced concrete constructions 
2.5-1.8m thick, reinforced with 3-5 vertically arranged 
reinforcement cage-meshes with 200x200 – 250x250mm 
cells. The fourth section of the concentration mill is 
69x83.5m on the axes 59-71 within the rows A-E. 

Foundation sizes differ according to the axes (Fig. 2): 
- on the axis “A”  the foundation is a strip one, 5.2m wide, 

cut into 4.8—5.2m segments; the distance between 
foundations equals 0.5—0.9 m; total pressure under the 
foundation base is 436kPa; 

- on the axes “ - ” - the construction of the foundations is 
similar to the foundations on the axis “A”, i.e. they are 
actually  strip foundations 10.2m and 4.8m wide , cut into 
strips which are  respectively 23m and 7.8m long, the distance 
between  foundations being equal 0.5-0.9m and the total 
pressure under the foundation bases – 410kPa and 283kPa, 
respectively; 

- on the axes ”A-1” and “ - ” the foundations are  
standing separately with the axial pitch being equal 6m and 
12m along the letter axes, with the base size on the axis A-1 - 
2.7x3.3m, on the axis “ - ” – 6.6x10.5 – 4.8-6m, and the 
total pressure under the foundation bases – 470kPa and 
320kPa, respectively. 

The process of making micropiles in such constructions is 
connected with significant  technological  difficulties,  
especially  when  drilling   through reinforcement cage. Thus, 
it was decided, that the diameter of the holes for micropiles 
should fit the size of the reinforcement mesh cell and does not 
exceed 180-200mm  to minimize the  foundations being 
underpinned the vertical axes of the micropiles were arranged 
with the pitch multiple of 200mm rigorously  on the vertical 
elevation above the  cell centers of the lowest, the most 
stressed principal meshes according to the arrangement of the 
reinforcement cages in the foundations. 

The calculation of the construction of the reinforced 
foundations  with reference to possible damage of 20% of the 
reinforcement as a result of drilling  through the foundations 
being underpinned demonstrated the sufficiency of  the rest of 
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Table 1. Physical and mechanical soil properties                                                               

No.of 
EGE 

Denomination , N/m3 , N/m2 , N/m2

1
Technologically 

impacted clayey sand 
19.6 9500.00 10 20 0.73 0.3 

3
Hard and medium hard 

sandy clay 
18.3 20000.00 23 19 0.77 0.35 

4
Hard and lightly 
expansive clay 

14.8 20000 (55338.46)* 33 19 1.62 0.35 

5
Hard sandy clay 

16.5 11000 (99326.25)* 14 18 0.88 0.4 

6 Loamy chalky clay 17.1 25000 (99326.25)* 25 22 0.98 0.35 

7 Hard threpel clay 15.7 17000.00 40 23 1.24 0.35 

8 Hard silty clay 18.3 18000 (28475.45)* 35 22 0.80 0.35 

9 Medium hard silty clay 18.4 16000.00 33 24 0.80 0.35 

10
Medium hard, 

crumbling chalky clay 
18.8 25000 (126086.16)* 45 27 0.80 0.45 

Note: (...)*- modulus obtained when testing single piles (see Table 2) 

the  reinforcement under the effect of the  calculated 
loads. 

To reduce the number of piles in perspective, there were 
made  and tested prototype micropiles with jet washout  up 
to 400mm diameter, the initial diameter  being equal 200   

mm  (the patent of Russia No.2327007, priority dated 
30.11.2006).  

The micropiles tests  showed that their bearing capacity  
equals 86t (Fig. 4). The main advantage of the given method  

Table 2. Test results and moduli of soil deformation under the pile tips                                                                            

Pile tipe 
Pile 

number 

Diameter 
or size of a 
square pile, 

m

Pile 
length, 

m

Ultimate 
load 

upplied to a 
pile, t 

Pile 
settlement 
under the 
ultimate 
load, mm 

Is
SL, t/m2

( N/m2)

Denomination of 
the soil under the 

pile tip 

Pre-cast 
0,3
0,3m 
pile, 

L=10

7 0.3 10 100 7.8 0.132 
5641.03 

(55338.5) 
EGE 4(8) 

Bored 
pile, Ø 
0,4 ,

L=10

11  0.4 10 100 4 0.162 
10125 

(99326.25) 
EGE 5(9) 

Micro- 
pile,      

Ø 0,3-
0,4 ,

L=10

1 0.3 10 70 4.7 0.144 
7148.94 

(70131.1) 
EGE 5(9) 

Micro- 
pile on 
the row 

/ ,      
Ø 0,2 ,
L=12

-2 0.2 12 15.625 0.93 0.153 
12852.82 

(126086.16) 
EGE 5(9) 

Micro- 
pile on 
the row 

/ ,
Ø

0,18 ,
L=12

-1 0.2 12 17.9 1.85 0.06 
2902.7 

(28475.49) 
EGE 7 



I.K. Popsuenko et al. / Peculiarities of Foundation Construction1286

Figure 3. Isolines of the foundation settlements on the rows - , calculated by means of Plaxis programme when applying 75%of the total load. 

piles and the field static load tests were carried out during 
which two piles of each type used during construction of 
the mill were tested, namely:  

- precast piles with 300x300mm section, micropiles with 
200mm diameter, 

- micropiles made according to a new method (Russian 
patent No.2327007) with the initial  and final diameter 
being equal 200mm and 400mm, respectively, 

- bored piles with 400mm diameter, the length of each 
pile being equal 10m (Fig. 4). 

On the basis of test results deformation moduli of the moduli, 
specified on the basis of  the results  of the static load tests, 
are the highest and, probably, the most reliable when 
estimating settlements of pile foundations.  

The calculation of  the settlements of 4th section foundations, 
underpinned with micropiles, is carried out, as in the previous 
case,  with the application of FEM by PLAXIS, Version 8.2. In 
calculations the piles were specified as deep beams with 
interfaces on their lateral surface for the side friction modelling.  

The fifth section, designed to be built on  the bored piles 
400mm in diameter and 10m long, is being added to  4th one. 

is  a small initial and increased final diameter of a pile, 
which allows to minimize the   loosening of the foundation 
shape  and reinforcement and at the same time to increase 
the bearing capacity of the piles on the base soil more than 
twice as large as compared with the traditional micropiles.  

The main problem of constructing a new section 
immediately adjacent to a heavily loaded existing one is to  
ensure the maximum uniformity  of the deformations of the 
existing sections of the concentrating mill and those under 
construction. This can be achieved by making  pile 
foundation under the section being constructed which will 
be rigid enough to ensure the minimum difference in 
settlement between the existing section and  one under   
construction.  

The necessary rigidity of the pile foundation of the 
section being constructed can be selected on the basis of 
the results of the static load tests and by means of  inverse 
recomputation of the deformation moduli under the pile 
tips.

To derive the utmost reliable forecast of the 
deformations of the existing  sections of the concentrating 
mill and those under construction there were made test 

soils under the pile tips were derived  by means of inverse 
computation according to the formula for  single piles, 
standing separately (Poulos H.G. & Davis E.H., 1980; CP 50-
102-2003, 2004): 

)1(
dE

IP
S

sl

s

⋅

⋅

=

where - load, applied to a pile, t ,  
Is- index of settlement effect which depends on  l/d ratio 

and relative pile rigidity  = / sl, where 
sl- modulus of soil deformation on the level of  pile tips, 

t/m2,
- elasticity modulus of pile material, t/m2,

D - diameter or a side of   a square pile, m,  
l -  pile length, m. 
Index of settlement effect for pile Is is derived according to 

the requirements of code documents (CP 50-102-2003, 2004). 
The comparison of moduli of soil deformation, derived 

during the compressive tests of soil specimen taken from the 
soil investigation holes, determined by the above mentioned 
method, demonstrates (Table 2), that the soil deformation 
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Figure 4. Chart of  pile tests. 

Conventional signs: 

1- precast 300x300mm pile No.7 
2- precast 300x300mm pile No.9 
3- bored pile No.11a with 400mm diameter 
4- micropile No.2 with 300-400mm diameter 
5- micropile CO-1 with 180mm diameter 
6- micropile -2 with 200mm diameter 

The calculation of the foundation settlements, carried out 
by means of Plaxis, for  4th section (underpinned with 
micropiles) and 5th section (built on the bored piles) were 
carried out for two sections: 

- in lateral direction on axis 62, rows A-E (Fig. 6),  
- in longitudinal direction on the row -  for 4th section 

(axes 59-70) and for the newly built section 5 (axes 71-76) 
(Fig. 5). 

Besides, deformation moduli  of the soils  under 
micropiles tips were calculated according to the above  

described method on the basis of the results of their static load 
tests (Table 2). The calculation of the settlements of 5th section 
being under construction was carried out with reference to the 
stages of its loading after 4th section. The results of calculation 
of  the foundation settlements for 4th section, underpinned with 
micropiles, and 5th section, built  on the bored piles, show that 
their maximum settlements are within the limits of  permitted 
values (Fig. 5, 6) and are equal to: 

-  108.5mm for the lateral section on axis 62, 
-  41.46mm for the longitudinal section on the axis - .
The maximum calculated relative difference of the  

foundation settlements equals 0.00163 for 4th section, with 
micropiles, and 0.00099 for 5th section. 

It is necessary to note, that the absolute difference of the 
calculated settlements can reach 5-10mm at the junction 
between 4th and 5th sections, and 14mm at the junction 
between 3rd and 4th sections and it is quite  acceptable. Now, 
the load applied to the foundations of 4th and 5th sections 
constitutes approximately 25% of the total load. To compare 
the calculated and actual settlements under the effect of the 
load which exceeds  25% of the total  load the calculation of 
the foundation settlements on the row -  (Fig. 7) was carried 
out and it showed the maximum  settlements – 28mm. 

In 2005  4th and 5th sections were fitted with observational 
geodetic marks and  observations began to monitor the 
settlements. 

The comparison of the calculated foundation settlements 
under the effect of the application of 25% of the total load 
with the actual settlements, observed since 2005 till 2008, 
shows their significant difference, which can be attributed to 
the fact that settlement observations started much later after 
the application of 25% of the total load in 1990-1991.  

Figure 5. Isolines of foundation settlements on the row -  (axes 59-76), calculated by means of Plaxis programme when applying 
75% of the total load. 
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Figure 6. Isolines of foundation settlements on the rows A-E (axis 62), calculated by means of Plaxis programme when applying 75% 
of the total load. 

Figure 7. Isolines of the foundation settlements on the row -  (axes 59-76) with the piles, calculated by means of Plaxis proramme 
when applying 25% of the total load.

Further geodetic observations while loading the sections 
of the concentrating mill will help to improve the method 
of  determination of the initial geotechnical   characteristics 
of the soils  to estimate  the settlements of the underpinned 
foundations. 
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