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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%.
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CPABHUTEJIbHBIA AHAJIU3 CTATUYECKHUX H
JANHAMUNYECKUX UCIIBITAHUU CBAHU B CJIOKHBIX
I'PYHTOBBIX YCJIOBUAX KAZAXCTAHA

A.JK. JKycynoexos ', A.Y. Ecenmaee ', B.H. Kanaxun *, H.B. /[po3ooea *

! Eppasuiickuit Hanwonanoueiii Yausepcuret um. JI.H.I'ymunesa, r. Hyp-Cynran, KABAXCTAH
2 Vuusepcutet Jlenasapa, r. Heroapk, CILIA
3 Cankr-IleTepOyprekuii roCy1apCTBEHHBINA ApXUTEKTYPHO-CTPOUTENBHBIN yHUBEpCUTeT, . Cankt-Iletepbypr, POCCUS

AnHotaums. [IpoBeneH CpaBHUTENbHBIA aHAIW3 PE3yJbTATOB HATYPHBIX HCIBITAHUN TO OIpEeIesICHHIO
HECyIel crocoOHOCTH cBau Ha o0bekTax T. Hyp-Cynran u r. IletpomasmoBek. Llenmpro mcciiemoBanust ObLI0
MPOBECTH CpPAaBHUTENbHBIA aHAINW3 PE3yJbTaTOB JUHAMHYECKMX M CTaTUYECKUX WCIBITAHUA Ha JABYX
CTPOUTENbHBIX IUIOLIAJIKAaX C LIEJIbIO BBISIBICHUSI Pa3HULIbl B SKCIUTYaTallMOHHBIX XapakTepucTukax. B nanHoit
CTaThe TPUBEICHBI MPOTPaMMBl M PE3yIbTaThl HCIBITAHHI CO CTaTHYCCKOW BIABIHMBAIONICH HATPY3KOH U
JTMHAMIYECKON HAarpy3Kod Ha CBAal0 Ha JBYX Pa3HBIX CTPOUIUIONIAIKAX MPH Pa3sHBIX TPYHTOBBIX YCIIOBHSX.
PesynpraTel CpaBHUTENHGHOTO aHamM3a, clenyromme: JliHammdeckne WCHBITaHHA HEOOXOMUMBI IS
TIPEABAPUTEILHON OIIEHKH TUHAMUYECKOH HecyIiel ClIoCOOHOCTH U BO3MOKHOCTH 3a0MBKHU CBail B Pa3iIUHBIX
TPYHTOBBIX YycIoBHsAX. Hecymias cmocoOHOCTH CBaW, OMNpeAeieHHAs MpPH AWHAMUYECKHX HCIBITAaHUAX,
HECKOJIBKO HIKE, UEM TPH CTATUYECKUX UCIIBITAHUSIX, Pa3HHIIA MEKIY pe3ysbTaTraMu cocTasisieT 11 u 17 %.

KnroueBble cjioBa: CTaTUYECKHE HUCIIbITAHUA, TMHAMHUYCCKUEC UCITBITAHUS, CBAU, CpaBHI/ITeJ'IBHHﬁ aHaJIu3,
Hecyas CIOCOOHOCTD.

INTRODUCTION bank of the Esil River in the city of Nur-

Sultan, Kazakhstan. The total area of the
The 800-bed Astana Medical University hospital will be 140 thousand square meters.
Hospital is being constructed on the right 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 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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1. PILE DYNAMIC TESTS

1.1. Pile dynamic tests in Nur-Sultan

Field tests of test piles C9-30 and C12-30 with
dynamic load were carried out from September
21 to September 29, 2020 at the construction
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
piles C9-30 and C12-30 numbered 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17 were
subjected to dynamic tests. 18, 19 immersed in
the ground to a depth of 8.5 m from the
absolute elevation of the bottom of the pit
339.82 + 340.22 m, indicated on the layout of
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
weighing 990 kg. When driving the piles,
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
hammer ranged from 0.3 + 0.4 meters

The finishing of the piles was carried out on
September 29, 2020 with two successive
pledges of three and five blows, after 6 + 8 days
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
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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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1 9,50 0,30 0,34 813
2 9,50 0,30 0,30 869
3 9,50 0,30 0,27 919
4 9,50 0,30 0,22 1025
5 9,50 0,30 0,30 869
6 9,50 0,30 0,20 1078
7 9,50 0,30 0,60 590
8 9,50 0,30 0,86 783
9 9,50 0,30 0,46 682 813
10 9,50 0,30 0,70 542
11 9,50 0,30 0,53 631
12 9,50 0,30 0,84 789
13 9,50 0,30 0,40 744
14 9,50 0,30 0,30 869
15 9,50 0,30 0,56 620
16 9,50 0,30 0,30 869
17 9,50 0,30 0,30 869

1.2. 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,
6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17 were
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

2 104 0,40 0,54 730

3 104 0,40 0,44 816

4 104 0,40 0,50 761

5 104 0,40 0,56 717

6 104 0,40 0,48 779

7 104 0,40 0,48 779

8 104 0,40 0,52 745

9 104 0,40 0,52 745 746

10 104 0,40 0,50 761

11 104 0,40 0,48 779

12 104 0,40 0,56 717

13 104 0,40 0,50 761

14 104 0,40 0,52 745

15 104 0,40 0,56 717

16 104 0,40 0,44 816

17 10,4 0,40 0,48 779

1.3. Summary about the dynamic tests

In the Nur-Sultan city:

1. The average load-bearing capacity of test
piles in groups C9-30 and C12-30, 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
account the safety factor yxk = 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
piles in groups C12-30, 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
account the safety factor yx = 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.

2. PILE STATIC TESTS

2.1. 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
piles C10-30 numbered 29, 40 (Main building)
and 62, 66 (Parking), immersed in the ground to
a depth of 9.5 m, up to abs. the marks of their
bottom are 330.28 + 331.80 m. These test piles
are shown in Figure 5.

Field tests were carried out after the piles
“rest”, equal to 30 = 60 days after their
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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The process is described in detail in the settlement graphs are show in Figure 6.
articles previously published. [1,2]. Piles
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Figure 5. Test pile layout plan
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Figure 6. Pile settlement graphs in Nur-Siltan

Static pile tests results in Nur-Sultan: Table 3. The static test results in Nur-Sultan
1) The bearing capacity of the piles test at the P 3
locations of the main hospital building and the & E = 5 R - %‘
parking structure were 990 kN and 780 kN, gg 5 g; g §5
respectively. 522 27z 82E £ § o
ihle L g S5, E¥ S®E 558 £38
2) The permissible pile load, taking into account s ZEZ2Eg TEg £EZ SR
the safety factor yx = 1.2 in accordance with E REs>8 A28 £=28 K%
clause 4.4.1.11. SP RK 5.01-103-2013 “Pile _Meo62 95 840 48,01 780 720
foundations™ should be taken equal to 750 kN _Ne66 9.5 960 40,14 900
and 650 kN for the main hospital building and Ne29 95 960 40,12 900 900
Ned40 95 960 40,91 900

parking structure locations, respectively.
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2.2. 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 027DGI,
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 maximum load is 999 kN (pile Nel70),
1164 kN (piles Ne203, 157, 126, 492) u 1274
kN (pile Ne137).

The associated displacements of the piles were
48,10 mm, 39,99 mm, 41,30 mm, 41,33 mm,
42,29 mm u 41,84 mm, respectively.

Each pile was unloaded in steps, with each
unloading step being observed for at least 15
minutes.
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Figure 8. Pile settlements graphs in Petropaviovsk

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
locations of the main hospital building was 995
kN.

48

2) The permissible pile load, taking into
account the safety factor v« 1.2 in
accordance with clause 4.4.1.11. SP RK 5.01-
103-2013 “Pile foundations” should be taken
equal to 829 kN for the main hospital
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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Ne170 104 999 48,10 917
Ne203 104 1164 39,99 1053
N 137 104 1274 41,84 1230
Ne157 104 1164 4130 063 P
Ne126 104 1164 4133 1093
Ned92 104 1164 4133 1090
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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