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COMPARATIVE ANALYSIS OF STATIC AND DYNAMIC PILE 
TESTS IN DIFFICULT GROUNDS OF KAZAKHSTAN 
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Abstract. A comparative analysis of the results of field tests to determine the bearing capacity of a pile at the 
facilitys in the Nur-Sultan city and Petropavlovsk city. The aim of the study was to carry out a comparative 
analysis of the results of dynamic and static tests in the two construction site in order to identify the difference in 
performance. This article provides programs and results of tests with static indentation load and dynamic load on a 
pile in different two of the construction site under different soil conditions. The results of the comparative analysis 
are the following: Dynamic tests are needed for a preliminary assessment of the dynamic bearing capacity and the 
possibility of driving piles in different soil conditions. The bearing capacity of the pile, determined by dynamic 
tests, is slightly lower than during static tests, the difference between the results is 11 and 17%. 

 
Keywords: static test, dynamic tests, pile, comparative analysis, bearing capacity. 
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INTRODUCTION 
 
The 800-bed Astana Medical University 
Hospital is being constructed on the right 

bank of the Esil River in the city of Nur-
Sultan, Kazakhstan. The total area of the 
hospital will be 140 thousand square meters. 
It will house a consultative and diagnostic 
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center, round-the-clock and day facilities 
with 800 and 110 beds, respectively. The 

architectural rendering of the hospital 
complex is shown in Figure 1. 

 

 
Figure 1. The architectural rendering of 800-bed Astana Medical University Hospital 

 
Figure 2. The architectural rendering of the hospital complex in Petropavlovsk city 

The hospital complex in Petropavlovsk city will 
be equipped with state-of-the-art equipment. 
Therefore, in order to improve their 
qualifications, 200 local doctors will undergo 
training abroad. The hospital is designed for 540 
beds, dozens of modern departments. On the 
territory of the medical complex, there is a take-

off platform for sanitary aviation. A separate 
conference building will be built here. The new 
multidisciplinary hospital will become a major 
medical center, attractive for citizens of other 
countries. The architectural rendering of the 
hospital complex is shown in Figure 2 
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PILE DYNAMIC TESTS 
 

 Pile dynamic tests in Nur-Sultan 
- -30 with 

dynamic load were carried out from September 

site "Construction and operation of the united 
university hospital for 800 beds at NJSC" 
Astana Medical University "in the city of Nur-
Sultan. In axes X1-X70 and Y1-Y-60. Test 

- -30 numbered 1, 2, 3, 4, 5, 

the ground to a depth of 8.5 m from the 
absolute elevation of the bottom of the pit 

the test piles. Driving and finishing of test piles 
was carried out from September 21 to 
September 23, 2020 using a Junttan PM-25HD 
piling rig with an NNK-8A hydraulic hammer 
with a shock mass of 8000 kg and a headband 

wooden spacers were used inside the metal 
head to prevent the destruction of the pile head. 
The drop height of the striking part of the 

 
The finishing of the piles was carried out on 

from the moment of the end of the pile driving. 
Before finishing, in order to accurately fix the 
movement, a measuring tape with a scale of 1 
mm was glued to the pile. Observation of the 
sinking of the piles was carried out using a 
level. 
Failures of piles during their finishing ranged 
from 0.26 cm to 0.42 cm with a hammer energy 
of 2.4 t* m. 
To determine the bearing capacity, the largest 
average failure of three and five blows was 
taken, obtained when finishing the pile after 
their "rest" (MSP 5.01-101-2003), (SP RK 5.01-
102-2013). The data obtained are given in the 
acts of dynamic tests of piles and are attached to 
the report 
 

 
Figure 3. a) Junttan PM-25HD piling rig in 

Nur-Sultan city, b) test pile 

The dynamic test results in Nur-Sultan are in the 
table 1. 

Table 1. The dynamic test results 
in Nur-Sultan 
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813 

2  0,30 0,30  
3  0,30 0,27  
4  0,30 0,22 1025 
5  0,30 0,30  
6  0,30 0,20 1078 
7  0,30 0,60  
8  0,30 0,86 783 
  0,30 0,46 682 

10 ,50 0,30 0,70 542 
11 ,50 0,30 0,53 631 
12 ,50 0,30 0,84 7  
13 ,50 0,30 0,40 744 
14  0,30 0,30  
15  0,30 0,56 620 
16  0,30 0,30  
17  0,30 0,30  
 

 Pile dynamic tests in Petropavlosk 
Dynamic tests were carried out from September 
26, 2020, using a Junttan PM-25HD pile driver. 
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The piles in these groups numbered 1, 2, 3, 4, 5, 

subjected to dynamic tests. Additional 
information related to the piles is available in 
the report on dynamic testing prepared by KGS 
Astana LLP . 
 

 
 

Figure 4. Junttan PM-25HD piling rig in 
Petropavlovsk 

 
The dynamic test results in Petropavlovsk are in 
the table 2. 
 

Table 2. The dynamic test results in 
Petropavlovsk 
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1 10,4 0,40 0,52 745 

746 

2 10,4 0,40 0,54 730 
3 10,4 0,40 0,44 816 
4 10,4 0,40 0,50 761 
5 10,4 0,40 0,56 717 
6 10,4 0,40 0,48  
7 10,4 0,40 0,48  
8 10,4 0,40 0,52 745 
 10,4 0,40 0,52 745 

10 10,4 0,40 0,50 761 
11 10,4 0,40 0,48  
12 10,4 0,40 0,56 717 
13 10,4 0,40 0,50 761 
14 10,4 0,40 0,52 745 
15 10,4 0,40 0,56 717 
16 10,4 0,40 0,44 816 
17 10,4 0,40 0,48  
 

 Summary about the dynamic tests   
In the Nur-Sultan city: 
1. The average load-bearing capacity of test 

- -30, driven to a 
depth of 8.50 m at the above construction site is 
813 kN. 
2. The permissible load on the pile, taking into 

k = 1.4 in accordance 
with paragraph 3.10. of SNiP RK 5.01.-03-2002 
“Pile foundations” should thus be taken equal to 
580kN. 
In the Petropavlovsk city:  
1. The average load-bearing capacity of test 

-30, driven to a depth of 
10.40 m at the above construction site, is 746 
kN. 
2. The permissible load on the pile, taking into 

k = 1.4 in accordance 
with paragraph 3.10. of SNiP RK 5.01.-03-2002 
“Pile foundations” should thus be taken equal to 
533 kN. 
 
 

 
 

 Pile static tests in Nur-Sultan 
Field tests of S10-30 driven piles with static, 
vertical-indentation loads were carried out from 
December 02, 2020 to January 08, 2021 at the 
construction site of the Main Building and the 
Parking lot of the facility “Construction and 
operation of a united university hospital for 800 
beds at NJSC“ Astana Medical University "In 
Nur-Sultan". 
The tests were carried out on four driven test 

-
and 62, 66 (Parking), immersed in the ground to 

he marks of their 
 These test piles 

are shown in Figure 5.   
Field tests were carried out after the piles 

driving. According to fig. 3. The load on the 
pile was created using a 100-ton hydraulic 
jack "Enerpred DU100P150" with a pumping 
station "Enerpac P462", abutting against a 
test and loading stand, weighing 120.0 tons. 
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 Summary about the dynamic tests   
In the Nur-Sultan city: 
1. The average load-bearing capacity of test 

- -30, driven to a 
depth of 8.50 m at the above construction site is 
813 kN. 
2. The permissible load on the pile, taking into 

k = 1.4 in accordance 
with paragraph 3.10. of SNiP RK 5.01.-03-2002 
“Pile foundations” should thus be taken equal to 
580kN. 
In the Petropavlovsk city:  
1. The average load-bearing capacity of test 

-30, driven to a depth of 
10.40 m at the above construction site, is 746 
kN. 
2. The permissible load on the pile, taking into 

k = 1.4 in accordance 
with paragraph 3.10. of SNiP RK 5.01.-03-2002 
“Pile foundations” should thus be taken equal to 
533 kN. 
 
 

 
 

 Pile static tests in Nur-Sultan 
Field tests of S10-30 driven piles with static, 
vertical-indentation loads were carried out from 
December 02, 2020 to January 08, 2021 at the 
construction site of the Main Building and the 
Parking lot of the facility “Construction and 
operation of a united university hospital for 800 
beds at NJSC“ Astana Medical University "In 
Nur-Sultan". 
The tests were carried out on four driven test 

-
and 62, 66 (Parking), immersed in the ground to 

he marks of their 
 These test piles 

are shown in Figure 5.   
Field tests were carried out after the piles 

driving. According to fig. 3. The load on the 
pile was created using a 100-ton hydraulic 
jack "Enerpred DU100P150" with a pumping 
station "Enerpac P462", abutting against a 
test and loading stand, weighing 120.0 tons. 

The process is described in detail in the 
articles previously published. [1,2]. Piles 

settlement graphs are show in Figure 6. 

 

 

Figure 5. Test pile layout plan 
 

 

Figure 6. Pile settlement graphs in Nur-Siltan 

 

Static pile tests results in Nur-Sultan: 
1) The bearing capacity of the piles test at the 
locations of the main hospital building and the 

respectively. 
2) The permissible pile load, taking into account 

k = 1.2 in accordance with 
clause 4.4.1.11. SP RK 5.01-103-2013 “Pile 
foundations” should be taken equal to 750 kN 
and 650 kN for the main hospital building and 
parking structure locations, respectively. 

Table 3. The static test results in Nur-Sultan 
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 Pile static tests in Petropavlovsk 
The movement of each pile was measured by 
two 6PAO deflectiometers with a scale division 
of 0.01 mm, and by four digital electronic 
displacement transducers of the type 027DG1, 
027DG2, 027DG3, 027DG4 working in 
conjunction with the aforementioned SLT2 
monitoring system. 
 

 
Figure 7. Loading stand 

 
The devices that are part of the SLT2 system are 
specially designed to monitor static load testing 
of piles in accordance with Eurocode 7. This 

system provides the ability to monitor static 
load testing of piles at a distance of up to 25 m, 
and allows personnel (testers) to remotely 
monitor behind the settlement of the piles and 
the actual load on the pile without approaching 
the potentially dangerous zone of the test site 
structure, where the system is under high 
pressure and load [3]. 
The piles were tested with static, stepwise 
increasing loads. This consisted of five load 
steps 166 kN (60 bar), next 111 kN (40 bar). 

 
The associated displacements of the piles were 
48,10 mm, 

 
Each pile was unloaded in steps, with each 
unloading step being observed for at least 15 
minutes. 

 

 
Figure 8. Pile settlements graphs in Petropavlovsk 

 
After complete unloading (to zero), observation 
of the elastic displacements of the pile was 
carried out for 60 minutes, with the movement 
of the piles being recorded every 15 minutes 
[4,5] 
Static pile tests results in Petropavlovsk 
1) The bearing capacity of the piles test at the 

kN. 

2) The permissible pile load, taking into 
k = 1.2 in 

accordance with clause 4.4.1.11. SP RK 5.01-
103-2013 “Pile foundations” should be taken 

building. 
Piles settlement graphs are show in Figure 8 
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Table 4. The static test results in Petropavlovsk 
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CONCLUSION 
 
1. Based on the results of dynamic and static 
tests, it is possible to successfully determine the 
permissible load for piles. 
2. Dynamic tests are needed for a preliminary 
assessment of the dynamic bearing capacity and 
the possibility of driving piles in different parts 
of a construction site under different soil 
conditions. 
3. Static indentation test results must be 
considered when determining the correct pile 
length. 
4. The bearing capacity of the piles, determined 
by a dynamic tests, is approximately 11% lower 
than during static tests in Nur-Sultan. 
5. The bearing capacity of the piles, determined 
by a dynamic tests, is approximately 17% lower 
than during static tests in Petropavlovsk 
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SEISMIC DESIGN OF EMBANKMENTS – NUMERICAL 
AND ANALYTICAL STUDY  
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Abstract: In this paper, a dynamic shear strength analysis was performed in a finite elements environment to evaluate 
the stability of embankments under seismic loadings. In addition, a dynamic factor of safety depending on the results 
of the numerical analysis was defined. To study these parameters' effects on the embankment's stability, a parametric 
study concerning the embankment inclination and the soil type was performed. Finally, the numerical analysis results 
were compared with the results of the pseudo-static analysis according to the EC8. The results of this study show the 
significance of the numerical seismic analyses in comparison with the analytical calculations. 
 

Keywords: embankments, dynamic shear strength, seismic loadings, numerical analysis, stability, 
sound absorption coefficient. 
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INTRODUCTION 
 
The propagation of the earthquake-induced 
waves due to an earthquake event affects the 
stability of geotechnical structures and causes 
different damages and ground settlements. The 
degree of influence depends on the geology, 

topography of the influenced area, and the 
behavior and properties of the local soil under 
cyclic loadings and it is highly related to the 
ground motion parameters. In the historical 
developments of the procedures to analyze the 
seismic stability of embankments, the pseudo-
static approach of Terzaghi (1950) based on the 


