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Abstract: At the present time, in Astana city is going on works by construction public transport system LRT
(Light Railway Transport). LRT is an overhead road with two railway lines. The first stage of construction is in-
cluding construction of overhead road (bridge) with 22,4 km length and 18 stations. The foundation of bridge is
the bored piles with cross-section 1.0+1.5 m and length 8+35 m. In these conditions, very important to control in-
tegrity of concrete body of each bored piles. For checking integrity applying two methods - Low Strain Method
and Cross-Hole Sonic Logging. The aim of this paper is to discuss the advantages and disadvantages of each
method using the examples of a real application. The article presents loading tests of large diameter and deep bor-
ing piles on the construction site in new capital city of the Republic of Kazakhstan. Finally, some recommenda-
tions for testing methods suitable for problematical ground conditions of Kazakhstan are introduced. Traditionally,
pile load tests in Kazakhstan are carried out using static loading test methods. Static pile loading test is the most
reliable method to obtain the load-settlement relation of piles. Results of static pile tests using the static compres-
sion loading test (by ASTM), static loading test (by GOST) and bi-direction static loading test (by ASTM) meth-
ods are presented in this paper. Experienced bored piles with length of 31.5 m, diameter 2000 mm. Hereafter the
results of underground testing by the piles with the methods of vertical static tests of SLT, BDSLT and SCLT are
presented, which had been made on Expo 2017 projects, buildings of Pavilion in Astana, Kazakhstan.

Keywords: cross hole section, testing by static vertical load, PIT, Osterberg or O-cell testing
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B CJIOKHBIX I'PYHTOBBIX YCJIOBUAX
I'OPOJA ACTAHBI, KASAXCTAH

A.JK. Kycynéexoe *, H. Heacaxu °, A.P. Omapos *

! Epasuiickuit HanpoHabHbIi yansepeutet uM. JL.H. ['ymuresa, r. Actana, KASAXCTAH
? Feo-Hceie 10BaTebCK I HUHCTUTYT, T. Ocaka, SA[TOHUS

AHHoTanusi: B HacTosiee Bpemsi B AcTaHe BeIyTcs pabOThl IO CTPOUTENBCTBY CHCTEMBI OOIIECTBEHHOTO
tpancriopta LRT (Light Railway Transport). LRT — aTo nopora Ha 3cTakajae ¢ AByMs >KeJIe3HOOPOKHBIMU JIH-
HusiMu. [1epBBIif 3Tan CTpOUTENHCTBA BKIIIOYAET B ¢e0s1 CTPOUTENBECTBO BEPXHET0 MyTH (MOCTa) [UIMHOM 22.4 Ku-
JIOMETpa U cTpouTenseTBO 18 crannuii. Ilog onopHON 4acTbi0 MOCTAa HECYIIUMHM MOA3EMHBIMHA KOHCTPYKIMAMU
SBIISIFOTCSL OypoHaOuBHBIE cBan cedyeHueM 1.0 + 1.5 merpa n jmHo# 8 + 35 MeTpoB. B 3THX ycnoBusSX O4eHb
Ba)KHO KOHTPOJMPOBATh LIEIOCTHOCTH OETOHHOI'O CTBOJIA K0l OypoHaOWBHOI cBau. [y MpOBEpPKH IETOCT-
HOCTH CBail IPUMEHSIOTCS JiBa METOAA — IIPOBEPKa CILIOIIHOCTH OeToHa cllabblM HMITYJILCOM M PajnalibHbBIA
aKyCTHYECKUH KapoTax. Llenbro naHHOM paboTHI SABIIAETCS 0OCYXACHHE IPEUMYIIECTB U HEIOCTATKOB KaXI0TO
M3 3TUX METOJOB Ha NMPHUMEpax WX PEaTbHOr0 NMPUMEHEHHS. PacCMOTpEHBI CTaTHYECKHE HWCIBITAHUS CBal
00JIBIIIOTO TMaMeTpa M TIIyOOKOTO 3aJ0KEHUS Ha CTPOMTENBHOHN IUIoNaaKke B HOBoU crommie Pecny6nukn Ka-
3axctaH. [IpencTaBieHsl HEKOTOPHIE PEKOMEHIANNH 10 METOAAM HCIBITAHWHN, TTOAXOIAIINM IS IPOOIEeMHBIX
rpyHToB Kaszaxcrana. TpagulMOHHO, UCHBITAHUS C 3arpykeHueM cBail B KazaxcraHe NmpoBOIATCS METOLAMH
CTaTUYECKHUX HCIBITaHHH. CTaTHdecKoe HCIBITAaHUE CBAi SBISETCS Hanboyiee HaJSKHBIM METOIOM TONYyYeHHS
JIOCTOBEPHBIX Pe3yIbTaTOB. B MaHHOMN cTaTbe MpeACTaBlIEHbl Pe3yIbTaThl UCIBITAHUH CBal CTATUUECKUM HCIIbI-
TaHueM Ha cxkatue (mo ASTM), crarnueckum ucnbsitanueM (1o 'OCTy) u 1ByHanpaBiIeHHBIM CTaTHYECKUM HC-
neitanreM (1o ASTM). Beuin ucbITaHbl ONBITHRIC OypOHAOUBHEIC cBall aiuHOM 31.5 MeTpoB, quamerpom 1000
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MILTAMETpoB. [IpencraBineHsl pe3yinbTaThl UCHBITAHHI CBail METOJAMU BEPTUKAJBHBIX CTATHYECKUX HCIBITA-
auii SLT, BDSLT u SCLT, BRIIONHEHHBIX HA MPOEKTaX MEXTyHAPOJHON CIICIIHAIH3HPOBAHHONW BEICTaBKH 10T
srunoit Mexaynaponsoro 0ropo BeictaBok (MBB) «39KCI10-2017» (Expo 2017) mnst 3nanus IlaBunmboHa B

Acrane, Ka3zaxcraH.

KaroueBrble ciioBa: MONEPEYHOC CCUCHUEC, UCTIBITAHNUC CTaTUYECKOI BepTI/IKaHBHOﬁ Harpy31<0171,
PIT, Osterberg unu O-cell testing

1. INTRODUCTION

In the spring of 2017, in Astana city was started
works by construction public transport system
LRT (shown figure 1 on Light Railway
Transport). The cost of the project is about 1.9
billion dollars. Construction work produce a
Chinese state-owned company «China Railway
Asia-Europe Construction Investment Co». LRT
is an overhead road with two railway lines. The
first stage of construction is including construc-
tion of overhead road (bridge) with 22,4 km
length and 18 stations [1]. Height of the bridge
is 7+14 m above the ground. Overhead road
based on columns every 30 meters. The founda-
tion of each column is include 4 or 6 bored piles
with cross-section 1.0-1.5 m and length 8+35
m. Design bearing capacity of each bored piles
is from 4500 to 8000 kN.

In order to reduce the time for construction and
cost of piling works Chinese companies are use
Chinese drilling rigs Zoomlion without casing.
To maintain the walls of boreholes in sand and
gravel soils using polymer slurry. Application of
polymer slurry allow reducing time for drilling,
allow to use less powerful drilling rigs and
equipment, but at the same time increase the
risk of collapsing soil during drilling or concret-
ing piles. In these conditions, very important to
control integrity of concrete body of each bored
piles. For checking integrity of bored piles ap-
plying two methods - Low Strain Method and
Cross-Hole Sonic Logging.

2. SECOND MEGA PROJECT IN ASTANA
EXPO-2017

The complex of Expo-2017 will comprise 4,000
apartments, a new hotel, a Congress Hall, and
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an indoor city stretching from the Nazarbayev
University to the center of Astana (the Capital
of Kazakhstan). The exhibition area will involve
the national pavilion of Kazakhstan, as well as
international, thematic and corporate pavilions
[2-4]. There will be located shopping malls, en-
tertainment and service facilities as well. The
total area of the exhibition stands at 174 hec-
tares (Figure 2).

Static testing with Osterberg method (O-Cell
testing) was carried out for the test of deep
foundations at the site of the construction of this
object. Four bored piles were subjected to static
tests (O-cell testing- 2 piles and SCLT- 1 pile
and SLT by GOST-1 pile) (see Figure 3).

The target of this tests was obtaining of bearing
capacity of piles on problematical soils ground
of Expo 2017 (Astana, Kazakhstan).

Based on the field description of the soils con-
firmed by the results of static sounding and la-
boratory tests, a division of the soils composing
the site of prospecting for engineering-
geological elements in the stratigraphic se-
quence of their occurrence was carried out (Fig-
ure 4).

3. METHOD OF STATIC COMPRESSION
LOAD TEST BY ASTM (SCLT)

Static compression loading testing was carried
out in accordance to ASTM D 1143 [5]. Vertical
static loading of piles using the SCLT method is
one of the most widely used field test methods
for soil used to analyze pile-bearing capacity. In
the first cycle, the experimental pile was loaded
to 100% of the design load, in the second cycle
to 200% (12,000 kN). The holding time of in-
termediate loading stages was 30 minutes, un-
loading - 20 minutes [1-8].
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Figure 1. Map of First Line LRT in Astana, Kazakhstan.

Figure 2. Project EXPO-2017 in Astana, Kaakhstan.
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Figure 3. Plan of the pile foundations on construction site of EXPO-2017:
Pile A (SCLT by ASTM); Pile B (O-Cell-1); Pile C (O-Cell -2); Pile D (SLT by GOST).
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Figure 4. The physical and mechanical characteristics of the soils in Expo-2017 [1-4].
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The time for maintaining peak loads was 120
and 240 minutes, respectively. The bearing ca-
pacity of the tested piles with static vertical-
pressing forces, at the above construction site,
was 12000 kN. It should be noted that even with
a maximum test load of 12000 kN, only the
elastic operation of the pile in the ground is
manifested, as evidenced by a slight residual
soil settlement after unloading, which is 1.4 mm
(Figure 10).

4. METHOD OF BI-DIRECTIONAL
STATIC LOAD TESTING (BDSLT)

Pile tests by the Osterberg method are carried
out at the pre-project stage, before the design
and mass penetration of the piles begins. The
method makes it possible to separately deter-
mine the bearing capacity of the ground along
the tip and along the lateral surface of the pile. It
is usually used for testing large or large drill or
ramming piles.

When testing piles using the immersed jack, the
O-cell power cell is installed directly into the
body of the test pile. The power cell is a system
of calibrated hydraulic jacks in a protective cas-
ing. It divides the test pile into two elements:
the upper one, located above the power cell, and
the lower one, located under the power cell.

The monitored load in the power cell (O-cell
jack) is created by the hydraulic pressure from
the oil station pump located on the surface and
connected to the power cell by the oil pipe. The
pressure is controlled by a precision electronic
pressure gauge calibrated in the general scheme
of the hydraulic system. In the process of in-
creasing the load on the walls of the jack piston,
the power cell opens. The result of this disclo-
sure is the Settlement of the upper element of
the pile upward and the lower element down-
ward. The Settlement of the upper element is
measured by rod strain gages mounted on the
upper plate of the jack and by displacement sen-
sors installed in the upper part of the steel pipe.
The settlement of the lower element is measured
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by means of rod strain gages mounted on the
lower plate of the power cell (O-cell jack).

The tests are continued until one of three condi-
tions occurs: it will be that the limit of surface
friction or lateral shear is reached; the ultimate
load-bearing capacity will be reached; the max-
imum power of the power cell (O-cell jack) will
be reached. Osterberg's method allows testing
piles of large dimensions without the use of an-
chor piles, which reduces costs at the stage of
geotechnical surveys [1-8].

According to the results of engineering and geo-
logical surveys, bored piles 31.5 m long and
1000 mm in diameter were used as foundations.
In order to control and evaluate the compliance
of the bearing capacity of piles on the ground,
the design loads were field static tests by the
Osterberg method (Figure 5).

The peculiarity of the O-cell test method is that
the load is applied not on the head of the pile,
but in the body of the pile, where the jack (pow-
er cell) is installed, working in two directions.
The power cell (O-cell jack) divides the test pile
into two parts: the upper (upper test element -
UTE) and the lower (lower test element-LTE).
The power cell (O-cell jack) is a system of cali-
brated hydraulic jacks combined into one mod-
ule. The hydraulic jack is installed at a depth of
% the length of the pile - 16.8 m. The power cell
is connected by hydraulic hoses to the hydraulic
pump located on the ground surface.

The figure 6 shows the results of strain-
measuring transducers. This figure 5 presents the
load distribution along the length of the piles.
The graph shows that even at maximum load,
lateral resistance of the subsoil keeps the pile.
Only a small part of the load accrues to the pile
edge. The indicators of lateral resistance of the
pile on the depth are presented in figure 6 [1-8].
When testing piles using the O-cell test, a max-
imum test load of 29000 kN corresponds to a
draft of 18.35 mm (for the O-cell-1, pile C) and
- 14.40 mm (for the O-cell-2, pile D). During
the testing of the piles, both elastic and plastic
deformation of the soil was observed, due to a
greater test load on the pile than in the SLT
method.
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Figure 6. Calculated load distribution of piles (PTP-1 (O-cell-1) and PTP-2 (O-cell-2)).

5. STATIC TESTS IN ACCORDANCE
WITH THE REQUIREMENTS OF GOST

Static tests of soils for bored piles are carried

out in accordance to GOST 5686 [9]. Test was

carried out after the pile concrete strength had

attained more than 80% of the design value.

As part of the installation for soil testing, static

pressing forces should include equipment:

e device for pile loading (jack);

e supporting structure or platform for perceiv-
ing reactive forces (for example, a system of
beams with anchor piles or a platform);

Volume 14, Issue 4, 2018

e device for measuring the settlement of piles
during the test (reference system with meas-
uring instruments).

The bearing capacity of the tested piles with

static vertical-pressing forces, at the above con-

struction site, was 12000 kN (Figure 10).

6. PILE INTEGRITY TESTING

Everybody with experience in reinforced con-
crete construction has encountered columns
that, upon dismantling of the forms, exhibit air
voids and honeycombing. Although these col-
umns may have been cast with good-quality
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concrete, in properly assembled forms and with
careful vibration, they still exhibit defects. Cast-
in-situ piles are also columns, but instead of
forms made of wood or metal we have a hole in
the ground. This hole may pass through layers
of dumped fill, loose sand, organic matter, and
ground water, which may be fast flowing or cor-
rosive. Obviously, such conditions are not con-
ducive to a high-quality end product. The fact
that on most sites we still manage to get excel-
lent piles is only a tribute to a dedicated team
that makes this feat possible: geotechnical engi-
neer, structural engineer, quantity surveyor,
contractor, site supervisor and quality control
laboratory. This is obviously a chain, the
strength of which is determined by the weakest
link [10].

A flaw is any deviation from the planned shape
and/or material of the pile. A comprehensive list
of events, each of which can lead to the for-
mation a flaw in a pile: use of concrete that is
too dry, water penetration into the borehole, col-
lapse in soft strata, falling of boring spoils from
the surface, tightly-spaced rebars etc.

Therefore, we have to face the fact that on any
given site some piles may exhibit flaws. Of
course, not all flaws are detrimental to the per-
formance of the pile. Only a flaw that, because
of either size or location, may detract from the
pile’s load carrying capacity or durability is de-
fined as a defect. The geotechnical engineer and
the structural engineer are jointly responsible to
decide which flaw comprises a defect.

The two techniques currently dominating pile
integrity testing, namely the Low Strain Method
and Cross-Hole Sonic Logging, both utilize
sound waves.

6.1. Low Strain Method (PIT).

The low strain (sonic) method for the integrity
testing of piles is aimed at routinely testing
complete piling sites. To perform this test, a
sensor (usually accelerometer) is pressed against
the top of the pile while the pile is hit with a
small hand-held hammer. Output from the sen-
sor is analyzed and displayed by a suitable
computerized instrument, the results providing
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meaningful information regarding both length
and integrity of the pile [11].

6.2. Interpretation results obtained by PIT
Method.
An assessment by this method can give a rapid
and accurate appraisal of pile integrity. An in-
tegrity test will indicate when a pile should be
investigated further but it cannot give infor-
mation about any load carrying capacity of the
pile.
Interpretation of the results obtained must take
into account the specific pile circumstances, i.e.
construction technique and localized soil condi-
tions. An anomaly does not necessarily indicate
a deficiency in the pile, but would certainly
merit further investigation to establish the cause
of the anomaly. Full interpretation of the signal
responses must only be undertaken by fully
trained personnel [11-15].
For interpretation ten classes are distinguished
(Figure 7).

6.3. Cross-Hole Sonic Logging.

The Low Strain method belongs to the external
test-methods, as it accesses only the top of the
pile. Ultrasonic logging, on the other hand, is
intrusive and necessitates the prior installation
of access tubes (usually two or more) in the pile
(Figure 8).

Before the test they have to be filled with water
(to obtain good coupling) and two probes are
lowered inside two of the tubes. One of these
probes is an emitter and the other a receiver of
ultrasonic pulses. Having been lowered to the
bottom, the probes are then pulled simultane-
ously upwards to produce an ultrasonic logging
profile. The transmitter produces a series of
acoustic waves in all directions. Some of these
waves do eventually reach the receiver [12].

The testing instrument then plots the travel time
between the tubes versus the depth. As long as
this time is fairly constant, it shows that there is
no change in concrete quality. A sudden in-
crease of the travel time at any depth may indi-
cate a flaw at this depth [12].
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6.4. Cross-Hole Sonic Logging Results.

Usually the report includes presentation of

Cross-Hole Sonic logs for all tested tube pairs

including:

e Presentation of the traditional signal peak
diagram as a function of time plotted versus
depth.

e Computed initial pulse arrival time or pulse
wave speed versus depth.

e Computed relative pulse energy or amplitude
versus depth.

A Cross-Hole Sonic log will be presented for

each tube pair. Defect zones, if any, will be in-

dicated on the logs and their extent and location
discussed in the report text. Defect zones are
defined by an increase in arrival time of more

than 20 percent relative to the arrival time in a

nearby zone of good concrete, indicating a

slower pulse velocity [12].

6.5. Tomography by the data of Cross-Hole
Sonic Logging.
The same procedure, which is carried out in two
dimensions on a single profile, can be used in
three dimensions for the whole pile. In this case,
the pile is divided into elementary voxels, or
volume pixels, this process is usually called a
tomography.
Tomography is a mathematical procedure that is
applied to Crosshole Sonic Logging (CSL) data,
providing the user with a visual image of a
shaft’s internal defects. The procedure involves
solving a system of equations based on First Ar-
rival Times (FAT) in order to calculate wave
speeds at various points within the shaft. To-
mography wave speeds distributed throughout
the shaft are directly proportional to density,
indicating concrete quality. PDI-TOMO is an
extension of the CHA-W software designed for
superior tomographic analysis results from
CHAMP data with increased efficiency for the
user (Figure 9).
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7. RESULTS OF FIELD TRIALS USING
THE STATIC LOAD TEST
AND OSTERBERG METHODS

Figure 10 shows a comparison of the test re-
sults: the "load-sludge” curve obtained by the
SCLT method and the equivalent "load-
settlement” curve determined by the O-cell
method. For the comparative criteria of Pile A
(SCLT by ASTM), Pile B (O-Cell-1), Pile C (O-
Cell -2) and Pile D (SLT by GOST) results fixes
settlements of 10 and 14 mm had been taken
[16-19].

Table 1 presents a comparative analysis of the
bearing capacity of piles, obtained by different
methods in this research [19].

8. CONCLUSIONS

The cost of a quality control program for each
construction site is very reasonable, and in any
case much lower than the potential loss caused
by an undetected defect of foundation. The Low
Strain test is a powerful quality-control tool, not
so expensive and need about one minute for ap-
plication but we must never forget that it is not
omnipotent. Since the sonic method is based on
the use of stress-waves, it can identify only
those pile attributes that influence wave propa-
gation and have a fairly large size.

Cross-Hole Sonic Logging method more accu-
rate, allow to estimate the size and position of
cracks. Although the access tubes introduce an
extra expense item, the cross-hole test compen-
sates for this by allowing the testing equipment
to approach potential flaws. An additional ad-
vantage of this test is the enhanced resolution:
while the sonic test uses a wavelength of at least
two meters, the cross-hole method utilizes ultra-
sonic frequencies, with typical wave lengths of
50 to 100 mm. Since resolution is strongly de-
pendent on the wave length, the cross-hole
method enables us to detect much smaller flaws
with high accuracy.

International Journal for Computational Civil and Structural Engineering
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Table 1. Different Tests.

ID Pile A Pile B Pile C Pile D (SLT
(SCLT (O-Cell-1) | (O-Cell -2) by GOST)
by ASTM)
The value of bearing capacity 12000 kN 12000 kN 29000 kN 29000 kN
of piles, Qd

Results fixes settlement 11 788 kN 18220 kN 20535 kN 10 630 kN
—10 mm

Results fixes settlement - 23985 kN 28385 kN 11814 kN
—14 mm
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The overlay of the curves showed that the con-
vergence of the graphs is observed only at the
initial stage of loading, then a change in the tra-
jectory of the SLT curve, characteristic of the
creeping stage of soil resistance, is observed,
whereas the O-cell curve (at this stage of load-
ing) is more characteristic of the elastic re-
sistance of the soil.

According to the results of the SCLT unloading
curve, elastic work of the soil is still evident.
The reason for the abrupt change in the trajecto-
ry of the SCLT curve, which is not characteris-
tic of the elastic work of the ground, is the hold-
ing time of the loading stages (lower compared
to the O-cell test method), which can also ex-
plain the almost completely elastic work of the
soil during O-cell tests.

When testing piles using the SLT method "from
top to bottom", a design load of 6000 kN corre-
sponds to a draft of 2.09 mm, a maximum test
load of 12000 kN is a draft of 10.51 mm. It
should be noted that even with the maximum
test load, only the elastic operation of the pile in
the ground is manifested, as evidenced by a
slight residual soil sediment after unloading,
which is 1.4 mm.

When testing piles using the O-cell test, a max-
imum test load of 29000 kN corresponds to a
draft of 18.35 mm (for the PTP-1 pile) and -
14.40 mm (for the PTP-2 pile). During the test-
ing of the piles, both elastic and plastic defor-
mation of the soil was observed, due to a greater
test load on the pile than in the SLT method.
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