
Architecture and Engineering   Volume 1  Issue 1

54

ANALYTICAL AND FIELD EVALUATION METHODS 
OF THE BEARING CAPACITY OF DEEP PILES 
AND BARRETTES IN SOFT SOIL AT ST. PETERSBURG
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Federation is described.
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1. Introduction
The evaluation of the pile’s bearing capacity by 

analytical methods and further checking of the results 
�����
� -���� ������ ��� ��� �$,������� ���
�� ��� ���� ,����
foundation design. There are numerous analytical 
methods for the calculation of the bearing capacity 
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tests results of such a pile under vertical loading. 
As a rule the calculated pile bearing capacity 
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piles.

 During the construction of the foundation for the 
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having a diameter of 1,2 m and a of length 52,8 m 
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remaining portion contributed from the bottom of the 
pile.

2. Engineering and geological conditions of 
the area for pile tests
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sediments (upper sediments) of the Baltic glacial 
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main average properties of the soil are given in 
Table 1.

3. Evaluation of the bearing capacity of the 
pilot pile, diameter D=1,2m and length L=52,8m

The analytical bearing capacity of the friction pile 
is calculated according the formula in accordance 
:�������������������$�


Fd = �]�^�]R R A + u � ���������`��������������/'8
Where:

��� D� ����-������ ��� ���� :��%� ����������� ��� ,���� ���
soil, for driving piles ���2'!

R9���������������������������������������:�������
��� ����,���!�A- area of the cross section of the pile, 
m2!�u�D�,���$���������������������������������,����$!�
f1�D��������������������������i-layer of the soil along 
���� ����� ����������� ����,����� %��!�h1 D� ����%��������
the i-layer touching the side surface of the pile, m, 
taken as hi w�3$! ���, ��� D�����-���������� ����:��%�
�������������������������������:���������������
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side surface of the pile, considering the method of 
pile manufacturing.
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tones (35000kN) For this purpose, a special loading 
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the total bearing capacity of the pile is calculated from 
���� ������
��,,�������� ����,����:���� ��� ������� ����
��������������$�������J����}�2�3)$$
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case it corresponds to the measured loading value 
equal to Fd,site = 25000kN (see Figure 2). Figure 2 
depicts the obtained during testing load-deformation 
performance of the studied pile.

Analytical calculations against formula (1) 
resulted in a total bearing capacity value for this 
pile equal to Fd,calc = 8320 kN (SNIP 2.02.03-85, 
SP 50-102-2003) 71% of the total bearing capacity 
(5985 kN) refers to the end of the pile and only 29% 
of the total bearing capacity (3145kN) referred to the 
surface side.

The predicted load-deformation behavior 
��������� ��� �$,�����
� ���� ����:���� �0	�L�� =7�
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������������,��
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����=
�+��� ������������
�
capacity value of the studied pile obtained from 
this methodology is equal to Fd,plaxis = 11000kN 
(Fig. 3). L�� ������������� ������ ,��
��$� �0	�L��
soils characteristics given in tab. 1 and value of the 
vertical loadings applied to pile according to values 
�,���-������-
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In table 2, the predicted total bearing capacity 
values obtained as explained before are compared 
:���� ���� $�������� ,���� ��������� ������
� ��,������
measured during the in-situ testing.

The predicted tested pile total bearing capacity 
��������:�����:��������������������������$��������
are listed in Table 2 column (2) and are compared 

Table 1
The main average properties of the soil

N Soil type
Geological 

Index
��

�K��3 W e IL

E,
���

���
degree

]�����

1 Fill soil tg IV 17,5 -
2 Sea and lake sediments m,l IV 19,6 0,256 0,68 0,71 14 24 0
3 Upper lake-glacial sediments lg III b 18,6 0,360 0,98 1,1 4.5 7 0,006
4 0�:�����%�9
�����������$���� lg III z 20,4 0,220 0,60 0,87 10,5 17 0,03
5 Moraine sediments g III lz 21,5 0,160 0,43 0.25 17 22 0.036
6 Deployed Vendian clays* Vkt2

1 21,4 0,176 0,50 -0, 35 16 14 0,13
7 Not deployed Vendian clays Vkt2

2 22,3 0,129 0,37 -0,79 113 22 0,84
*�7�,�����������D�����������
�������
�$����������%����������������
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Table 2
Predicted and measured Total bearing capacity of the test pile (D=1,2 m and L-52,8 m) Fd, kN

Description of bearing capacity values
Total bearing capacity 

of the test pile (kN)
���������$����������

predicted values
(1) (2) (3)

Predicted value Fd, calc according to (SNIP 2.02.03-85, SP 50-102-2003) 8320 3.005
���������������������������0	�L��=7� Fd, PLAXIS  11000 2.273
��������������������
�����-�����������Fd, site  25000 1.0

�������$��������������������
���,������������:�����
is listed in the same table. In column (3) of table 2 
the ratio of the measured over the predicted values 
is also listed. As can be seen, the measured total 
bearing capacity value of the tested pile is 2.273 
��$��� ���
��� ����� ���� �0��L�� =7� ,���������� ����
3.005 times larger than the prediction based on the 
�����������$�


4. The evaluation of the bearing capacity of 
pilot barrette, size lxb=3,3x1,0m length L=65m

The pilot test of the barrette, size lxb=3,3x1,0m 
���
���02>*$�:�������������$����������������$��������
�����9�"�������������"%�3�:���,�����$������������$��
������������� ����
� L�� :��� ��,,����� ��� ���� NC9�������
and deformation sensors for the test. The plan of 
their location is given in Fig 4. 
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pilot barrette

tg IV 

m,l IV 

lg III b 

lg III z 

g III lz 

Vkt2
1 

Vkt2
2 

O-cell 

Level 1-(58.00) 

Level 2 (-54.37) 

-59.50 

Level 4 (-41.37) 

Level 5 (-37.37) 

Level 6 (-31.37) 

Level 7 (-24.37) 

Level 8 (-19.37) 

Level 9 (-9.37) 

+3.90 

Level 3 (-43.90) 

Fig 5. Moving of barrette due to applied vertical loading
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possible loading the second stage started using 
NC9����O�����������������������9&*
))
�7���������������
������
� :��� ������������ ��� �:�� ����������� 9� �,� ����
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applied, are given in Fig.5. At the maximal loading 
=))))�%K�����������$����:�������������3)�$$


The extrapolation of the diagram loading-
settlement till horizontal line, corresponding 
}23)$$� ����:�� ��� ��������� ���� ������ ������
�
capacity of the pilot barrette during its initial loading 
X��+�,97�:��2�=3)))%�


The analytical calculations of pilot barrette 
according the formula (1) (SNIP 2.02.03-85, 
SP 50-102-2003) gave the total bearing capacity 
Fd,calc = 31244, the result close to the test results 
��������
�+�,9��:��$�����


+��������������������0	�L��=7����:�������������
������
���,������������������X���0	�L��2�3S6))�%K�
/X�
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�
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The red line in Fig.7 corresponds to the Top-
��:�� ����� ��� ���� ��:��� ,���� ��� ���� ,���� ���� ����:��
evaluating the bearing capacity of the bottom end of 
the barrette.
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Table 3
Predicted and measured Total bearing capacity of the test barrette 3,3x1,0 m and L-65, Fd /�K8
��������-����������<��������


Description of bearing capacity
Total bearing 

capacity of the 
test barrette (kN)

���������$��������
/-����������
���

predicted values

���������$��������
(next loading) / 

predicted values
(1) (2) (3) (4)

Predicted value Fd, calc  (SNIP 2.02.03-85 and SP 50-102-
2003)

31244 1.024 1.360

���������������������������0	�L��=7� Fd, PLAXIS 27800 1,151 1,529
���������������-����������+�,97�:��/-����������
8� Fd, +�,97�:� 32000 -

���������������-������������C9������
(next loading), Fd��C9����

Fd f, O-cell

Fd R, O-cell

42500

29500
13000

-

X�

>
�������������������������������������������
�/+�,9��:�8�$��������0	�L��=7
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The extrapolation of the upper part of the 
���
��$� N������
O� /����� ����8� ����� ���� �������
� :����
����;������ �<���� :����� ������,���� ��� }� 2� 3)� $$�
����:�� ������������ ����������
���,��������� ���������
surface of the pile as Fdf,o-cell  2�3(*))�%K
�+�����:���
,���� ��� ���� ���
��$� /���� ����8� ���:�� ���� ������
�
capacity of the bottom end of the barrette at least 
Fd dR,o-cell =13000 kN.

The total bearing capacity of the pile calculated 
by this test method is at least Fd,o-cell = 42500 kN

	�����:����<,����������������������
���,���������
������������������
� ������<�� ������
���� ���� NC9����O�
$������:�����
���� ����������
� ����-���� ������
����
����N+�,9��:�O�$������/���$���������=)�8


+����������������
������������NC9����O�$����������
by analytical calculations are presented in summary 
in Table 3.

5. Conclusions
'
�+��������������������:�������� ����$��������

������
� ��,������ ��� ���� ,����� ,���� :���� ���$�����

72'�3�$� ���� ���
��� �2*3�6$� :��� ��
��-�������
higher (more than 200%) than the corresponding 
��������������������������������
���������������$��
/�KL��3
)3
)=96*�����*)9')393))=8��������0	�L��
3D.

3
�+���� �����������������:�������� ����$��������
������
���,�������������,�����,����:��������������������
=�=$� <� '�)$� ���� ���
��� 02>*� $� :��� J����� ������
to the corresponding value predicted according to 
�������� ���$�� /�KL�� 3
)3
)=96*� ���� ��� *)9')39
2003) (this calculated value is only 2,5% smaller 
than the measured value).  The corresponding value 
���������������0	�L��=7� ���'*���$������ ����� �����
measured value.

3. The bearing capacity of the soil at the bottom 
of the barrette (13000kN) represent one half (1/2) 
:����������������
���,������������������������������
of the barrette (29000 kN) in spite of the thick layers 
of soft soil that lie all along the length of the tested 
barrette.
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