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Experience in pile testing on different construction sites

Abstract. The paper presents the experience of soil testing with piles at various
construction sites in Kazakhstan. Different methods are chosen in the field tests
depending on the engineering and geological conditions and objectives. The choice of
each is guided by the use of special equipment and devices. Soil tests with piles have an
advantage to date. It is important to determine the size and type of piles that will be
used in the foundation. The maximum depth of the pile is checked with the predicted
load. The paper presented discussion of the technical features of each method, the
justification of the selected solution. Analysis of experience is a very important aspect, of
the successful implementation of megaprojects and new construction.
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Introduction

Accumulated in the field of development and implementation of construction projects, advanced
urban planning ideas, and best practices can be the basis for quality and reliable construction, as well as
serve the emergence of new ideas and improve the methodology of engineering and geological studies.
The various methods used on construction sites in the world are presented in Table 1[1].

Table 1
Testing methods for foundation [1]

Preliminary survey Geological investigations Control investigations
inthe design stage
Investigation of | Clay soil pile foundation pile foundation
the topographical | (CPT, SS, pre- WST, CPT, DP, The final pile; sonic pile test;
and DP, SPT, selection of | SPT, FVT, PMT, choice of the | GWC;
hydrogeological GW, the type of | PIL type of measurementof
maps, archival PMT) foundation foundation settlement
material, shallow shallow
geological foundation foundation control
investigations WST, CPT, DP, of type of soil;
FVT,DMT, CPT, control ofthe
PMT,GW, BJT settlement
Sandy pre- pile  foundation| The final pile foundation
soil (CPT, | selection of | CPT,DP, choiceof the pile; sonic pile
SS, DP, | thetypeof | SPT,FVT,DMT, type of test; GWC
SPT, GW, | foundation | GWO,pile foundation measurementof
PMT, integrity tests settlement
DMT,GW) shallow shallow
foundation foundation control
CPT+DP, SPT, of the type of soil;
PMT, BJT, GWO CPT, control of t
settlement

Weight sounding test (WST); Cone penetration test (CPT); Dynamic probing tests (DP); Standard penetration test (SPT); Field vane

test (FVT); Pressure meter test (PMT); Static axially loaded compression

The advantages of field testing methods are shown in Figure 1.
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Figure 1. The advantages of field testing methods

Methods of field soil investigations provide data on the physical and mechanical properties of soils
at depth [2-3]. It is very important to take an integrated approach to geotechnical studies, combining
several methods of testing, which allows you to get comprehensive information and avoid errors [4].

Methods and Materials

Static load tests involve determining the allowable settlement to the ultimate test load and the
bearing capacity of the pile. Pilot sites were equipped with the CFA method of bored pile driving, in
which, after the auger reaches the design depth, the pile is concreted through a concrete pipeline
installed in the hollow auger with the help of a concrete pump. The reaction system for lateral load test
CFA piles is presented in Figure 2[5].

= 8 s a
== =
I .
el == ;‘J'
41 g E
e — = | = P S e A
T~—s
View from above
a \‘\_a
|
. .
A
a 10

o6 %
@

T
1-main beam; 2-hydraulic jack; 3- load cell; 4- reaction beam; 5- channel; 6- test pile; 7- reaction piles; 8-
reference system; 9-screw metal piles for reference systems; 10,11- wooden lining; 12- steel plate

Figure 2. The reaction system for lateral load test CFA piles

The auger itself is extracted from the pile body at the same time. After the concreting is completed,
a reinforcement cage is loaded into the pile by means of a vibratory plunger, and then the anchor stand
metal structures are installed and the anchor rods are welded to the anchor piles. The static lateral load
test is presented in Figure 3[5].

BECTHMK EHY umenu A.H. Tymuaesa. Cepus mexnuteckue HAyKu 1 1exXHOA0ZUL Ne 1(138)/2022 77
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Experience in pile testing on different construction sites

Survey point

l DGl. DG2
e P E - S
FJ;"E 10G3, DG4 E

Jackﬁ-————i———— -

Situation Sketch

Figure 3. Situation sketch

Table 2 is presented data of 1 cycle load of 150% loading and unloading.
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DGL, | DG3, | DG1,D DG3, DGLD | DG3DG | DGLD | DG3D | DG1, | DG3,D | DG, DG3
DG2 DG4 G2 DG4 G2 4 G2 G4 DG2 G4 DG2 ,DG4
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 60 25 20 0.035 0.065 0.065 0.045 0.100 0.110 | 0.100 | 0.110 0.00 0.000 120
0
2 120 50 40 0.080 0.095 0.100 0.075 0.180 0.170 | 0.280 | 0.280 0.02 0.010 120
0
3 180 75 60 0.185 0.160 0.110 0.085 0.295 0.245 | 0575 | 0.525 0.03 0.025 120
0
4 240 100 80 0.210 0.190 0.180 0.160 0.390 0.350 | 0.965 | 0.875 0.04 0.040 120
0
5 300 125 100 0.170 0.150 0.290 0.255 0.460 0.405 | 1.425 | 1.280 0.07 0.060 120
5
6 360 150 120 0.190 0.170 0.300 0.280 0.490 0450 | 1.915 | 1.730 0.06 0.065 120
5
240 100 80 -0.170 | -0.220 | -0.010 -0.010 | -0.180 | -0.230 | 1.735 | 1.500 15
120 50 40 -0.455 | -0.400 -0.0 -0.010 | -0.455 | -0.410 | 1.280 | 1.090 15
0 0 0 -0.465 | -0.415 | -0.170 -0.165 | -0.635 | -0.580 | 0.645 | 0.510 60

The second construction site is located in the Almaty region, Kazakhstan. At the same time, the
loads on the tested pile were transmitted centrally and coaxially. To perform static tests, an individually
designed test stand was used in the form of a thrust structure to absorb reactive forces, developed in
accordance with the requirements of GOST 5686-2012[6]. In the applied construction of the test stand, the
pile head loads are created due to the pressure in the hydraulic circuit of the jack system. The load-
carrying structure consists of an anchoring unit. The maximum penetration load on the tested pile was -
160.0 Tf. The force generated by the jacks on the first load step was 16.0 Tf, each successive load step had
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an increase of 16.0 Tf. General view of the measuring system is presented in Figure 4[7].

Figure 4. General view of the measuring system [7]

At each stage of pile loading, readings (test information) were taken by all instruments at intervals
from 15 to 30 minutes, the total dwell time was at least 180 minutes or until the pile movement
(settlement) faded, called its conditional stabilization. According to the pile design, its displacement
(settlement) rate in the ground, according to GOST 5686, of no more than 0.1 mm for the last 60 minutes
of observations at a given stage of loading was taken as conditional stabilization of the pile. Zero reading
from the instruments was taken before the pile was loaded. The first reading was immediately after the
application of the first loading stage, then the readings were taken every 15 min successively up to four
times, then three times 30 min or until the deformation stabilization (damping of displacement). The
holding time of each stage, from the first to the ninth, under indentation loads was 180 min for each
stage. Data of loading and unloading were presented in Table 3[7].

Table 3
Data of loading and unloading
Loading steps Force by the jack, Tf
1 16.0
2 32.0
3 48.0
4 64.0
5 80.0
6 112.0
7 128.0
8 289.0
9 144.0
10 160.0
Unloading
steps
1 128.0
2 96.0
3 64.0
4 32.0
5 0
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Study of the length and pile integrity, by carrying out full-scale express control of the continuity of
reinforced concrete bore piles by non-destructive method of acoustic defectoscopy, in accordance with
the provisions of the STP RK 07-02.2-2011. The testing pile presented in Figure 5.

Figure 5. Pile integrity test [7]

Results and discussion

The results of soil testing of construction site 1 presented in Fugure 6 and construction site 2 in

Figure 7.
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Figure 7. Graph of the results of all stages of testing
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The static test of the pile with indentation loads showed that at the tenth stage of the load at the
maximum indentation load equal to 160.0 Tf a stabilization of the pile deformation was recorded, at that
averaged settlement by the last averaged measurement of the control devices (indicators) was about 2.71
mm. According to SP RK 5.01-103-2013 [8] in case of the occurrence of these conditions for the limiting
resistance of the pile under the indentation loads, according to the results of the conducted tests, the load
of 160.0 Tf. The analysis of settlement increment graphs shows the operation of foundation soil in the
elastic stage. The test results show that the bearing capacity of the pile is sufficient to withstand the
maximum design indentation load. Regarding results of pile integrity test was that the actual measured
length, after statistical processing, is estimated as corresponding to the design one. Taking into account
the peculiarities of the method and the hardware error of the device. Zones of violation of concrete
continuity and decompaction in the cross-section of pile were not detected.

Conclusions

Many factors guide the choice of the field test method, some of which are soil composition, soil
condition, complexity categories of geotechnical conditions, design loads, embedding depths, and the
type of foundation to be designed.

Quality control of pile installation works needs to ensure plumpness, pile toe, pile length, details
of the reinforcing steel, concrete samples for the strength test. Data on the preparation of reinforcement,
quality, and volume of concrete must record in the pile installation log. Field tests should be combined
with other methods determining the composition, condition and properties of soils in order to interpret
the data, identify relationships between soil characteristics determined by different methods, and
assessment of their reliability. According to the analysis of the research conducted, various research
methods were used and in combination
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Kagazapmen TONbIPaKThIH CTaTMKAABIK CbIHAKTAPbIH XXYPTi3y epeKiieaikrepi

Angatna. Makaasaga KasakcTtaHHBIH #Typai KYpBIABIC adaHJapblHAa Kadadapfa TOIIBIpaK
ChIHAKTapbIH JKYPri3y ToxKipuOeci ycbIHbLAFaH. JaaaablK ChIHAKTap Ke3iHAe MHXKeHepAiK-TeOAOTUSABIK
KarJaiiaap MeH MiHgeTTepre OaliaaHBICTLI 9pTypAi aaicTep TaHaaaaAbl. OaapAblH 9PKalIChICHIH TaHAAQY
apHaiibl >KabABIKTap MeH KYPBIAFbLAapAbl KOA4aHyMeH OaliaaHbICTEL. ByTinri TaHaa Kagaaap KeMeriMeH
TOIIBIPaKTHI ChIHAY aliTapAbIKTall apTHIKIIBIABIKKA 1e. IpreTacta K0a4aHbBLAATHIH KajalapAblH MeAIIepi
MeH TYypiH aHbIKTay MaHbI3Abl. KagaHbIH Makcummaaabl TepeHAiri 0oakaMAbl >KYKTeMeHi eckepe
OTBIPHIII Tekcepiseai. KyMbIcTa 9p o4iCTiH TeXHMKAABIK epeKIIeJikTepi, TaHJAaAFaH IIENIiMHIH
Herizgemeci TaakblaaHaAbl. TaxipnOeHi Taagay ©Te MaHBI3ABI acIIeKT, Mera’kobaaapAbl CITTI icKe achIpy
>KoHe >KaHa KYPbIAbIC OOABIIT TaOblAaAbI.

Tyitin ce3aep: aasaablK ChIHaKTap, TOMBIpaK, CUIIaTTaMaJaphl, Kadadap, >KYK KOTeprillITiri,
KYPBLAFBICHI.
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OnbIT IIpoBeAeHMsI MCIIBITAaHVI CBall Ha Pa3ANYIHBIX CTPOUTEAbHBIX ITA0IIagKaxX

AnnpoTtarmsa. B cratbe ImpejcTaBA€H OIIBIT IIPOBEAEHMs MVCIIBITAaHMII TPYHTOB CBasMU Ha
Pa3AMYHBIX CTPOMUTEABHBIX Ilaomaakax Kasaxcrana. B 3aBucMMoOCTH OT MHKEHEpPHO-T€0A0TMYECKUX
yCAOBMIT U 3aa4 IPYU ITOAEBBIX UCIIBITAHNX BEIOMPAIOTCS pa3ANdHbIe MeTOABL. BrIOOpP KaXkA0ro M3 HuX
00yCAOBA€H NCIIOAB30BaHIEM CIIEIIMAaAbHOTO 000pyAoBaHNUsA ¥ IpuOOpos. VlcmblTaHms rpyHTa C
IIOMOIIBIO CBall Ha CETOAHSIIHNII AeHb VMMEIOT 3HauMTeAbHOe IIPerMYyIecTso. BakHO ompeaeantsb
pasMep M THUII CBail, KOTOpBle OyAyT MCIIOAB30BAThCSI B (PyHAaMeHTe. MakcuMa/dbHas TIAyOMHa
IIOTPY>KEeHNsI CBall IIPOBepsIeTCsl C y4eTOM IIPOTHO3MPYeMOil Harpysku. B pabore mpeacraBaeHO
0OCy>KJeHIe TeXHUYECKUX OCOOeHHOCTell Ka’KJO0IO0 MeToja, OOOCHOBaHIEe BBLIOPAHHOIO peIeHNs.
AHaans ombITa ABASETCSI OYeHb Ba’KHBIM aCIIEKTOM, YCIIEIITHON peaAu3alliyl MeralipoeKTOB U1 HOBOTO
CTPOUTEABCTBA.

KaioueBble caoBa: ITOAeBble UCIBITAHMS, TPYHT, OCOOEHHOCTM, CBas, HeCyIas CIIOCOOHOCTS,
YCTPOMCTBO.
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