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ABSTRACT

Introduction. This is the first investigation of the behaviour of precast concrete joint piles utilized in challenging soil condi-
tions on a construction site in Kazakhstan.

Materials and methods. The following techniques were applied: evaluation of the bearing capacity of SCLT using field test
data interpretation techniques and the ASTM’s dynamic DLT method for driving precast concrete joint piles.

Results. Only 7 % separated the dynamic DLT-PDA approach from the static approach. This implies that, in comparison to
other current methods, the alternative dynamic DLT-PDA method is highly precise and effective. Dynamic tests were conducted
by PDA (Pile Dynamic Analyzer) and static tests by the requirements of the American Society for Testing Materials (ASTM).
Conclusions. According to the test results have been made design changes in the pile foundation. Static tests (SLT) were
carried out on 16-meter piles and precast concrete joint piles with a total length of 25.5 and 27.5 m cross-section 40 x 40 cm.
SCLT is a highly accurate and robust system that enables you to monitor static pile tests whilst also ensuring the safety of
site operatives. Featuring a cable, users are able to monitor safely and accurately from distance, eliminating the need for
personnel to enter potentially dangerous testing zones. This study examined joint piles with a 400 x 400 mm cross section
and a pin-joined connection, as well as their relationship with the soil of Western Kazakhstan will be analyzed.
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Hecymasi cnocoOHOCTB 3ar1y0/JIeHHBIX COOPHBIX KeJ1e300€TOHHBIX
CBAMHBIX (PyHIAMEHTOB, IPOTHO3MPYyeMasi ¢ MOMOIIbIO
AUHAMUYECKUX U CTATHYECKUX HATPY30YHbIX HCIIBITAHUM
10 METOANKEe AMEPUKAHCKOI0 001eCTBA UCNIBITAHUA MAaTEPHUAJIOB

Aoayana PaxmeroBuu Omapos', Ackap Karnmaposuy ’Kycynoexos'
! Egpasutickuti Hayuonaiwuolil ynueepcumem umenu JLH. I'ymunesa; e. Acmana, Kazaxcman;

2 Hayuonanvhulil ucciedosamensckuil Mockosckutl 20Cy0apcmeeHHblil Cmpoumeibhblil
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AHHOTALUMNA

BBepgeHue. 370 nepBoe UccrefoBaHNe COOPHbIX KENE30GETOHHbLIX CBal B CIIOXHbLIX IPYHTOBbIX YCIOBUAX CTPOUTENLHOW
nnowaaku B KasaxcraHe.

Marepuanbi u MeToAbl. [pYMeHeHbI criegytoLiMe METOb!: OLieHKa HEeCYLLEn CNOCOBGHOCTU METOAOM CTaTUYECKOro CXKaThs
C MCMonb30BaHMEM METOL0B MHTEPNPETALMM AaHHbIX NMOMEBbIX UCTbITAHUA 1 METOA, AVHAMUYECKOTO Harpy>XeHus npu 3a-
6VBaHWK roTOBbIX >Kene306eTOHHbIX CBa.

PesynkTaThbl. Pe3ynbraTbl MeToda AMHAMUYECKOTO HAarpy>KeHWst OTNNYAKTCS OT pPe3yrbTaToB METOAA CTaTUYECKOro CxKaThs
BCero Ha 7 %. 3TO 03Ha4aeT, YTO MO CPABHEHMIO C APYrMMU CYLLECTBYIOLLMMU METOAAMMN arbTEPHATUBHbIV METOA, AMHAMW-
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YECKOro Harpy>eHusi SiBNsieTCs BbICOKOTOYHbIM U 3ppeKTUBHBLIM. [UHaMMYecKme UCTbITaHUsi MPOBOAUIIMCH C UCMOSb30Ba-
HVeM aHanusaTopa 3abvBku cBaii, CTaTUMeCckne — B COOTBETCTBUM C TpeboBaHMsMM AMepUKaHCKoro obLuecTBa ucnbiTa-
HVS1 MaTepuarnos.

BbiBoAbl. Mo ntoram ncnbitaHuii Gbinv BHECEHbI KOHCTPYKTUBHbBIE U3MEHEHUS B CBalHbI (pyHAameHT. CTaTuyeckue ncnbl-
TaHWS BbINOMHSANNCL HA 16-METPOBbLIX CBasiX M COCTaBHbIX »Kene306eTOHHbIX cBasix obLen annHon 25,5 n 27,5 m ceveHmem
40 x 40 cm. MeTop, cTaTUYECKOro CxxaTusi — 3TO BbICOKOTOYHAsI HA[leXKHas cUCTEMa, KOoTopasi MO3BOMSIET KOHTPONMPOBaTh
cTaTnyeckme ncnbiTaHus ceaii, obecneunsas npu aTom 6e3onacHOCTb NepcoHana Ha cTponnnowaake. bnarogaps Hanuumo
kabens nonb3oBaTeny MOryT OCyLLEeCTBNSATb 6e30MacHbIi M TOYHbIN MOHUTOPUHI Ha paccTosHUM 6e3 HeobXxoauMOoCTH BXO-
OWTb B NOTEHUMAsbHO ONacHble 30Hbl UCMbITaHWIA. B JaHHOM nccnefoBaHMM paccMOTPEHbI COCTaBHbIE CBau C CEYEHUEM
400 x 400 MM ¥ LUAPHUPHBIM COEMHEHMEM, TaKXKe NpoaHanM3MpoBaHa nx NPUMMEHUMOCTb Ha rpyHTax 3anagHoro KaszaxctaHa.

KIMKOYEBBIE CITIOBA: aHanu3atop AVHAMUWKWU CBal, METOL CTATUYECKOrO CXaTusl, METOA AMHAMUYECKOTO HarpyXeHus,
cOopHble ene3obeToHHbIe CBaun
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INTRODUCTION

In Kazakhstan, pile foundations are currently
the most crucial component of large-scale construction
progress, particularly in Astana, the country’s relatively
new capital, where high-rise construction is moving quick-
ly forward. The viability of pile foundations is explained
by the need to provide great bearing capacity for high-rise
buildings and structures. Because they enable data to be
gathered on the relationship between the stress-strain state
and the pile’s bearing capacity, field methods of soil test-
ing with piles are pertinent in this context. When design
modifications are made in response to the data, these data
are especially crucial in the initial phases of construction.
One of the primary approaches to optimizing the choice
of pile length and diameter in the pertinent engineering
and geological conditions is a preliminary joint experi-
mental and theoretical study, including analytical and nu-
merical methods, of the interaction of long piles with sur-
rounding and underlying soils. It should be kept in mind
that the interaction of the pile with the surrounding and
underlying soil is one of the trickiest problems in applied
soil mechanics and structure. Significant contribution to
pile foundation construction was made by: M.Y. Abelev,
P.A. Abbasov, A.A. Bartolomei, N.M. Gersevanov,
B.I. Dalmatov, R.A. Mangushev, E.A. Sotnikov, Z.G. Ter-

Martirosyan, S.B. Ukhov, A.B. Fadeev, N.A. Tsytovich,
C. Terzaghi, A.J. Zhussupbekov, T.M. Baitasov, B.A. Ba-
zarov, R.K. Bazilov, S.B. Yenkebaev, R.E. Lukpanov,
E. Ashkey, R. Frank and many others [1-10]. The bearing
capacity of precast concrete joint pile foundations embed-
ded in a layer is a crucial topic in geotechnical engineer-
ing, particularly when assessing their performance under
dynamic and static loads. The analysis and prediction
of this bearing capacity are typically approached using
both dynamic and static load tests. Here’s a general outline
of how these tests and methods might be used to evaluate
such foundations (Fig. 1).

1. Static Load Test (SLT). This is a common method
used to determine the ultimate bearing capacity of piles. It
involves applying a gradually increasing load to the pile
until it reaches a predefined settlement or failure point.
The test provides direct measurements of pile settlement
and load capacity. Procedure: A static load is applied to
the pile, and the resulting settlements are recorded. This
helps in determining the pile’s load-settlement behaviour.
Data Analysis: The results are used to assess the ultimate
bearing capacity, settlement under design loads, and
the load distribution along the pile shaft and tip [11-20].

2. Dynamic Load Test (DLT). This method evaluates
the behaviour of piles under dynamic loads, such as those

Pile Testing

Methods

Static
Method

l Kentledge | l i ' Bi- | l PDA | l RLT ' Statnamic |
Blocks ROl ALS Directional Method Method Method

Dynamic
Method

Fig. 1. Pile testing methods
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caused by construction activities or seismic events. Dy-
namic load tests can provide information about the pile’s
ability to withstand short-term, high-intensity loads. Pro-
cedure: A dynamic load is applied to the pile, typically
using a drop hammer or a similar device. The response
of the pile to this dynamic load is measured. Data Analy-
sis: Dynamic load tests use principles such as the case
method or wave equation analysis to estimate pile capac-
ity and analyze dynamic behaviour [20-25].

3. Combined Analysis. Using both dynamic and
static load tests can provide a more comprehensive un-
derstanding of the pile’s performance. The dynamic tests
might be used to estimate the pile’s behaviour under rap-
id loading conditions, while static tests provide insight
into its performance under sustained loads. Prediction
of Bearing Capacity: Static load tests generally provide
more reliable estimates of the ultimate bearing capacity.
Dynamic tests are useful for understanding the pile’s re-
sponse to dynamic loads and validating the results ob-
tained from static tests. In research literature, studies of-
ten combine these testing methods to improve accuracy
and reliability in predicting the bearing capacity of pre-
cast concrete joint pile foundations.

Precast joint piles are multi-section reinforced
concrete structures consisting of several connecting el-
ements. Such piles make it possible to create supports
of maximum length (up to 36 m), which is impossible to
do with solid piles due to the limited capacity of the pile
driving equipment. Any reinforced concrete piles used
to support the foundation must be deepened to the level
of high-density soils. If the bottom of the pile is in soil
with insufficient bearing capacity, the house foundation
will not have the necessary stability, causing it to shrink
under the weight of the building. The need to use com-
posite piles arises when the top layer of unstable soil
on the construction site is thicker than the maximum
length of solid reinforced concrete piles. Precast Con-
crete Joint Piles: These piles are designed with specific
joints that can affect their load-bearing behaviour. Both
static and dynamic tests help in understanding how these
joints influence overall performance. Embedded Lay-
er: The bearing capacity can be influenced by the soil
or rock layer into which the pile is embedded. The inter-
action between the pile and the layer is crucial for accu-
rate bearing capacity predictions. “Dynamic Testing and
Static Analysis of Pile Foundations™: This paper would
discuss methodologies and findings related to combining
dynamic and static testing approaches [25-29].

MATERIALS AND METHODS

SCLT testing of precast concrete piles

Due to the widespread use of pile foundations in soft
soil conditions, as well as with the increase in the number
of stories in construction, it becomes necessary to install
composite piles longer than 12 m. There are many ways
to connect piles, and it is difficult to determine which
method is the most effective. Fig. 2 shows a structural
diagram of the work performed using the technology for

constructing composite pile foundations. It is obvious
that the processes of engineering and geological surveys
of the construction site and the design of pile foundations
are practically independent of the manufacture of com-
posite piles and their delivery to construction sites. This
indicates that a flexible technological process has been
obtained, where independent stages of work are carried
out aimed at obtaining a single final product. Manufac-
turing plants, regardless of the design solutions for pile
foundations of a specific facility, and taking into account
the plan for the release of reinforced concrete products,
can manufacture composite piles and have a certain stock
of products. A contractor to obtain the required volume
of composite piles, indicating their specific dimensions
and curing the product until it gains the strength speci-
fied in the project. With the new technology of erecting
pile foundations, in addition to the above-described ad-
vantages, their design is significantly simplified. Factory
technology for the manufacture of prefabricated piles
can be carried out using automated technological lines,
and special vehicles equipped with equipment for load-
ing and unloading operations can be used to deliver them
to construction sites. The use of prefabricated piles for
the construction of pile foundations will improve labor
safety and ensure compliance with technical require-
ments for delivery, storage and execution of works [5—8].

Static and dynamic tests were carried out on precast
reinforced concrete composite piles with a total length
of 27.5 m. They consist of two sections with a cross-
section 0of 40 x 40 cm: a lower section 16.0 m long and up-
per sections 9.5 to 11.5 m long (Fig. 2). When construct-
ing a pile foundation, each driven pile can be subject to
control, which provides very valuable information that,
in our opinion, must be used from calculation, design
and ending with the production of pile work. In addition,
to obtain an effective type of pile foundation, as noted
repeatedly, it is necessary to strive for maximum use
of the bearing capacity of the piles on the soil, bringing it
closer to the bearing capacity of the piles on the material.
Static compression tests were performed on precast con-
crete composite piles No. TP-03, No. TP-02, No. TP-01.5,
and No. K-3, which are moved under the control
of the cargo unloading facility (COF) area with a depth
of 23 and 26.75 m, and pre-drilled with an auger with
a diameter of 330 m, depth of 11.40 m. The platform is
made of steel, which consists of a metal beam and two
platforms located at equal distances from the center
of the main beams (Fig. 3).

Concrete blocks are used for platforms, and one plat-
form can accommodate a total weight of 200-205 tons.
The vertical loading is created by a DG500 G250 hy-
draulic jack. The pressure in the jack was created using
an NER-1.6A40T1 electrohydraulic pump with a manual
distributor. For the support beams, two H-shaped beams
with a height of # = 20 cm and a length of 5.3 m were
used, which were fastened with bolts with a BAU 114 x
x 4 x 2,000 clamp. During the tests, the benchmarks and

117

(6G) 1 aNSSI'GL'ION agpsnisuen



scionco o ruction: 1] 15, Issue 1(55)

Abdulla R. Omarov, Askar Zh. Zhussupbekov

Fig. 2. SCLT static load testing of precast concrete joint piles
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Fig. 3. Equipment for loading precast concrete joint piles
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deflection gauges were protected from the effects of wind,
temperature and other negative effects (Fig. 2, 3).

For composite pile No. K-3, the load was 1,639 kN
(this is equal to 125 %), and for other piles, the maximum
load was 3,278 kN (this is equal to 250 %) of the work-
ing load [6-14].

Testing of precast concrete piles using the PDA method

Despite its name, this test using an oscillographic
pile driving analyzer (PDA) can be performed on any
type of deep foundation. Dynamic pile testing is based
on the theory of stress wave propagation on piles and in-
cludes the following:

* installation of accelerometers and stress sensors
on the pile or bored column;

* recording and transmission to the PDA of ac-
celeration and stress signals at each impact of the ram
or hammer on the pile;

» computer processing, reproduction and storage
of signals, as well as performing automatic calculations.

118

Pile dynamic tests were performed on precast con-
crete piles No. TR-1.02, No. TR-1.03, No. TR-1.05 and
No. TR-02. The piles were tested using a PDA (Pile
Driving Analyzer — Model PAX) using a JUNTTAN
PM25LC hammer with a 9 ton HHK-9A hydraulic ham-
mer and a 990 kg head attachment. The sensors are con-
nected to the analyzer (PDA) which internally performs
all the necessary signal conditioning and processing to
obtain output results during the drive for each hammer
blow and an immediate display on the screen of the mea-
sured force on the pile head (me(l)) and the speed
of the pile head movement (v__ ) as a function of time
[6-14].

The test results obtained by this method, when pro-
cessed using the wave theory of impact, make it possible to
approximately estimate the effective resistance of the soil
along the lateral surface and the heel of the pile, and to
model the “load — settlement” relationship.

Determining the specified values over time dur-
ing the impact allows plotting graphs of the dependence

meas(t)
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of the pile settlement on the dynamic forces acting in it,
which can be recalculated for the corresponding static
loads.

Signals from the sensors are transmitted to the mea-
suring computer using a cable. Signals from the sensors
must be recorded in digital form on a hard disk.

Determination of the bearing capacity of a pile
on the soil is carried out using specialized software de-
veloped based on the principles of the wave theory of im-
pact [25].

When using wave calculation to determine the re-
sistance of single piles working to press the piles into
the soil, the reliability of the calculation must be con-
firmed by the available positive results of static tests
of piles of the same cross-section in similar soil condi-
tions.

The results we obtain are as follows:

* load-settlement graph (Pile Top);

* total bearing capacity of the pile;

* bearing capacity along the lateral surface
of the pile;

* bearing capacity across four piles;

* load-settlement graph four piles (Bottom);

» presence of any significant discontinuities in
the shaft.

Load,kN
1400 2100 2800 3500

0 700

RESULTS OF THE RESEARCH

Results of field tests using the SCLT method

Fig. 4 shows the results of testing by the SCLT meth-
od. According to the results of composite piles No. TR-03,
No. TR-02 and No. TR-01.5, the curved line in the “settle-
ment— load” graph shows that the convergence of the graphs
is observed only at the initial stage of loading, and then there
is a change in the trajectory of the curve of composite piles
No. TR-02 and No. TR-03, charac-teristic of the stage of re-
sistance to creeping soil, while the curve of composite pile
No. TR-01.5 (at this stage of loading) is more characteristic
of the elastic resistance of the soil [9-11].

The Davisson Limit Value (Ultimate Load) Method
offers the advantage of allowing the engineer, when check-
ing a pile for a given allowable load, to determine in ad-
vance the maximum allowable displacement for that load,
given the pile length and size. Pile section area, 4=0.16 m?
Pile diameter approximation, D = 45.0 cm; Load,
P = 3,000 kN; Pile number TR-02; Pile length L =
=26.75 m; Young’s modulus (B40), £, = 45,000,000 kPa;
Elastic line= (P - L)/(A - £)=0.011 m = 11 mm; Da-
visson line (ASTM): A = D/120 + 0.4 = 0.78 cm =
= 7.8 mm; the ultimate pile capacity (pile number TR-02)
Fu=2480 (Fig. 5).

Settlement
)
(=]

25PN,

-35 .

A\ 1—o—TP-03
\ —0—TP-02

""'"--..__& ) A -
““%\ —A—TP-01.5
—/

: 1—<—K-3
L S —— )

30k \"‘—-—.:_._____D_______\E i
[ — —_— | 2

Fig. 4. Load calculation graphs from SCLT methods
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Fig. 5. Load-settlement graph for pile No. TR-02
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The main advantage of this method is that the actual
limit line can be drawn on the load flow diagram before
the test begins. The limit load displacement criterion is
primarily intended for the interpretation of fast testing
methods, but it can also be used to interpret the results
of slow methods [9-11].

The ultimate bearing capacity of the pile (pile
No. TR-02) Fu = 2,450 kN (Fig. 4). In Kazakhstan,
the safety factor for static tests of piles is 1.2. Therefore,
the calculated value of the permissible pile capacity,
0, was estimated as O, = 2,480/1.2 = 2,067 kN (pile
No. TR-02) and 2,450/1.2 = 2,042 kN (pile No. TR-03).

KGS-Astana LLP - PDIPLOTZ Ver 2016.1,5.3 - Case Method & ICAP® Results

Printed: 16-cernbpn-2016

TCO-CaTRo - TP-01.2 - COF AREA, SEG-1, pre-augering (L=12.3m, dia. 330mm) HHK-9A

Results of field tests using PDA and DLT methods

When constructing a pile foundation, each driven
pile can be subject to control, which provides very valu-
able information that, as we believe, must be used start-
ing from calculation, design and ending with the produc-
tion of pile works. In addition, to obtain an effective type
of pile foundation, as noted repeatedly, it is necessary to
strive for maximum use of the bearing capacity of piles
on the soil, bringing it closer to the bearing capacity
of piles on the material.

Fig. 6, 7 show the results obtained by the PDA
method when driving precast concrete joint piles [9-11].
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Fig. 6. Graphic results of driving precast concrete joint piles using the PDA method, TR-01.2, depth from the beginning

of driving to 14.8 m

Puc. 6. I'padrraeckue pe3ynsraTsl 3a0UBaHIS COOPHBIX JKET€300€TOHHBIX CBal, ITOTyYeHHbIE C TOMOIIBI0 aHAIN3aTOpa 3a0MBKI

cBaif, TP-01.2, nry6una oT Havana 3a0uBku 10 14,8 M

KGS-Avtana LLP - PDIPLOTZ Ver 2016.1.56.3 - Case Method & ICAP® Reaults

Printed: 16-catnbpn-2016

BPM (bpm) —=—
Blows per Minute

TSX (MPa) ——
Tension Stress Maximum

Test started: 13-0xmabpn-2016 ,I" : ; ;
TCO-CaTRo - TP-01.2 - COF AREA SEG-2, Pre-augering (L=12.3m, dia. 330}, HHK-GA =

EBY (kN) ——

RXS (kN) ——
End Bearing Capacity (JC=0.9)  Max Case Method Capacity (JC=0.5)

00 e w8 w0 00 [T TR TR 0 W0 1800 2700 60 U150 3000 4506 000
] [} 0 ]
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
s 5 s 5
% 1 1 &
7 7 7 7
] [ ' ]
=9 =9 =9 =9
£y Jlf‘ E, £ £y
E 1 / g # .g 1 g 1
[ / n n I
§ -l ? " E " § "
R £ n g n ERT]
o 16 o o 28
= S S =
" » ) 1"
19 " 19 19
» = ] » 2
L 2 n n
z el P n P
p —— n n n
u —] u n 4
n » » n
0 40 WA 1001600 [T TR T T 0 0 1200 180W 40 010 20 3600

EMX (kN-m)
Max Transferred Energy

CSX (MPa) ——
Max Measured Compr. Stress

§F9 (kN)
Skin Friction (JC=0.9)

RX9 (kN)
Max Case Method Capacity (JC=0.9)

Fig. 7. Graphic results of driving precast concrete joint piles using the PDA method, TR-01.2, Depth from 14.8 to 24.3 m
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Fig. 8. Test results of composite piles by DLT method, TR-01.2, depth 24.70 m
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Fig. 9. Results of DLT test results for precast concrete joint piles
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According to DLT methodology, the pile is driven
into the ground until it reaches the value of the pile’s pli-
ability parameter in the ground from one impact of the pile
driving equipment, corresponding to the value of the effec-
tive load carried by the pile. In cases where it is impracti-
cal to take the pile’s load-bearing capacity in the soil equal
to the load-bearing capacity in the material (due to the de-
sign features of the pile foundation), the effective load
carried by one pile is determined by means of technical
and economic calculations. It must not exceed the design
resistance of the pile material to axial compression [9—11].

Fig. 8, 9 show the results obtained by the DLT
method after resting the composite piles.

2,067 + 2,042 +2,333
3
= 2,148 kN = 104 %;

SCLT,,, (ASTM) =

2,859 + 2,235 + 2,245
3
=2,447 kN =119 %;

PDA,,, (ASTM) =

121
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DLT, . (ASTM) - 2,400 + 2,485 :2,236 +1,952 _

=2,366 KN =111 %;

DLT,, (ASTM)- SCLT,,, (ASTM) =

=2,366 KN—-2,148 kN =218 kN =7 %;

PDA,,, (ASTM)~- SCLT,,, (ASTM) =
= 2,447 KN —2,148 kKN = 299 kN =15 %.

CONCLUSION AND DISCUSSION

In this paper, according to the analysis, it is pos-
sible to observe the similarity of the obtained data from
the SCLT and DLT methods (after CAPWAP inter-

pretation). Minor deviations from SCLT equal to 7 %
(218 kN) depending on the DLT method are revealed.
The Davisson limit method was used as a determinant
of the maximum bearing capacity.

In this section, the calculation of the pile bearing ca-
pacity is made based on the results of PDA tests of com-
posite piles (40 x 40 cm cross-section and lengths from
23 to 26.75 m) and the bearing capacity of the piles was
2,447 kN, according to the results of SCLT data interpre-
tation, the bearing capacity of the piles on average was
2,148 kN.

The simulation of static load tests with CAPWAP
(DLT method) does not include long-term effects such as
creep or long-term calculations. According to this reason,
in almost all cases the CAPWARP load curve is slightly
higher than the static load curve in the static load test,
especially for higher loads.
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