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Abstract: At the present time, in Nur-Sultan city is going on works by construction public transport system
LRT (LightRailway Transport). LRT is an overhead road with two railway lines. Thefirst stage ofconstruction
is including construction ofoverhead road (bridge) with 22,4 km length and 18 stations. The foundation of
bridge is the boredpiles with cross-section 1.0*1.5 m and length 855 m. Design bearing capacity ofpiles is
4500712000 kN. For boring soil using Chinese drilling rigs Zoomlion without casing. To maintain the walls of
boreholes in sand and gravel soils usingpolymer slurry. In these conditions, very important to control integrity
ofconcrete body ofeach boredpiles. 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 ofa real application.
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TONTbIPbINAbLIN KyWbINTAH LAOANAPAbLL T¥TACTbIMbIH
UMPAMAY SAICTEPIH LLONNAAHA OTbIPbITN BAUBIJTAY:
TOMEHT I )KXYKTEMEJIEY XXOHE ¥UIbIMAAPAJIBIK; AE®PEKTOCKOI

AupgaTna: UasipriyawbstTaHyp-CynTaH wanacbiHga LRT (>Kewin Temip>Kon KBiri) Loramapii KBAik XXYii-
€Ci LypbinbiCbl 60MbIHLIA >KyMbICTap >Xyprisinyge. LRT- eki Temip>Kon >kenici 6ap YcTipT >kon. Llypbinbl-
CTbIL, GipiHWI Ke3eui y3bIHAbITbI 22,4 KM >K3He 18 cTaHuuackl 6ap >Kep YCTi (KBMip) LWYypPbIbICbIH WaMTHpbl.
Kenipaiy ipreTacbiHbil giameTpi- 1,0 » 1,5 M >K3He y3blHAbITbI 8 A 55 M-niK KBNAeHeL uaganap. LlagaHbiy
ecenTiK KBTepriwTikK uabdineTi 4500 A 12000 kN. Byprbinay YwiH uanTamachk! >ou Zoomlion ublTainbiy,
6yprbinay LOHAbIPrbinapbl naiganaHbinrad. rMoniimepai CycneH3nsHbl WOAAaHAThIH LM XK3He  LUMbIPLUbIL, TO-
nblpayTapgars! yuroinapasll uabsipranapbiH cayTay. MyHaail >kargaiinapga spbip yureiManapisl HauThbl
[eHeHil 6YTIiHAIriH 6aubinay BTe Maubi3gbl. TyTacTbILThl TeKcepy YLWiH eKi 34iC - TBMeH dXXyKTeme 3gici
>K3He yUrbiMaapanbily, aedeKTocKon anbiHadbl. Ocbl MalanaHblly MalcaThbl HaLThl 3ficTepail MbicangapbiH
Herisre ana oTbIpbIn, 3p6ip 34iCTiL apTbILWbINbITEI MEH KEMLWINIKTEPIH Tanusinay.

TYMHdi cB3gep: TyTacTbinbiy, LRT, wypbinbic, 6eTOH, ipreTac

KOHTPO/1b LLENOCTHOCTW BYPOHABEWBHbIX CBAI C UCMO/Ib3OBAHVNEM
HEPA3PYLLAKOUWWMX METOA0B: METO/ MNP HN3KOW HATPY3KE U
MEXXCKBAXWHHOW AE®EKTOCKOMNN

AHHOTaumaA: B HacToswwee Bpems B ropoge Hyp-CynTaH BefyTcs paboThl MO CTPONTENLCTBY CUCTEMbI
obulecTBeHHoro TpaHcnopTa LRT (Light Railway Transport). LRT - 3T0 nogsecHas fgopora c Ayms
>KeNe3HOA0PO>KHbLIMU IMHMAMK. TepBbIii 3Tan CTPoNTeNbCTBa BKAOYAET B Cebs CTPOMTENLCTBO Ha3eMHOIA
aoporu (MocTa) AnnHoi 22,4 kKM 1 18 cTaHumii. OCHOBaHWEM MOCT a B0 T CS 6YPOHABMBHbIE CBAU CEYEHNEM
1,0~ 1,5 M n aamHoii 8 » 55 M. PacueTHas Hecyllas cnocobHOCTb cBaii cocTasnseT 4500 A 12000 kN.
[ns GypeHus rpyHTa MCMonb3ylT KuTalickue 6GypoBble YCTaHOBKM Zoomlion 6e3 o6cafgHOli KONOHHbI. Ans
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noAAep>KaHns CTEHOK CKBA>XUH Ha MecyaHo-rpaBuiiHbIX NoYBax UCMONL3YKT MOAUMEPHYIO Nyabry. B aTux
YCNOBUAX OYeHb Ba>KHO KOHTPOAMPOBATb LENOCTHOCTb 6GETOHHOro Tena Ka>kfoi 6ypoHabusHON cBau.
[ns NpoBepKM LeNnoCTHOCTY NPUMEHAIT ABa MeTOoAa - MeTO[ Npu HA3KOW Harpyske N Me>KCKaBa>KuHHas
JedhekTockonusa. Llenbio aaHHOM paboTbl fABNSeTCA 06CY>KAeHMe NPEUMYLLECTB W HeLOCTaTKOB KaXKaoro
MeToja C UCNONb30BaHUEM MPUMEPOB PEaNbHOI0 NPUMEHEHNS.

Kniouesble cioBa: LeNOCTHOCTb, LRT, cTponTenscTBO, 6eTOH, (PyHAaMeHT

Introduction

In the spring of 2017, in Nur-Sultan city
was started works by construction public trans-
port system LRT (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 over-
head road with two railway lines. The first stage
of construction is including construction of over-
head road (bridge) with 22,4 km length and 18
stations. Height of the bridge is 7M4 m above
the ground. Overhead road based on columns ev-
ery 30 meters. The foundation of each column
is include 4 or 6 bored piles with cross-section
1.0M.5 m and length 8755 m. Design bearing
capacity of each bored piles is from 4500 to
12000 kN.

In order to reduce the time for construction
and cost of piling works Chinese companies are
use Chinese drilling rigs Zoomlion without cas-
ing. To maintain the walls of boreholes in sand
and gravel soils using polymer slurry. Applica-
tion 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.

Integrity Testing

Everybody with experience in reinforced
concrete 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
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, con-
tractor, site supervisor and quality control labo-
ratory. This is obviously a chain, the strength of
which is determined by the weakest link.

A flaw is any deviation from the planned
shape and/or material of the pile. A comprehen-
sive list of events, each of which can lead to the
formation 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 (Amir et al 2009).

Low Strain Method

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

Figure 1. Pile Integrity Tester - PIT-QV

The sonic test is fast and inexpensive, with
less than a minute needed to test a given pile.
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Figure 2. Example ofnormally resultgraph

The surface vibrations are measured by
means of an accelerometer attached to the top of
the pile. Although the acceleration curve could be
interpreted directly, integration to velocity gener-
ally enhances the record by bringing out details
otherwise overlooked. The pile top acceleration
signal, is therefore digitized and stored in the PIT
device memory, and it is numerically integrated
to produce a velocity signal. It should be noted
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that v is a particle velocity, i.e., the actual veloci-
ty of movement of the pile top surface.

Figure 3. Characteristicsfor a rod with a reduced cross-section
(A2=A1/2, A3=A1)

Wave Speed in Concrete

The Impact wave speed in concrete depends
on the quality of the concrete and for in-situ
casted piles the curing time of the concrete. The
wave speed is used to determine the length of the
pile based on the return signal. An example of the
wave speed in concrete is shown below.

Table 1. Soil Properties Used in Analysis

Concrete quality Impact wave speed (m/s)

Bad <2.700
Acceptable 2.700-3.300
Good 3.300-3.800
Very good 3.800-4.000
Excellent 4.000-4.500
Unlikely normal conditions >4.500

Interpretation results obtained by Low
Strain Method

An assessment by this method can give a
rapid and accurate appraisal of pile integrity. An
integrity test will indicate when a pile should be
investigated further but it cannot give informa-
tion about any load carrying capacity of the pile.

Interpretation of the results obtained must
take into account the specific pile circumstanc-
es, i.e. construction technique and localized soil

conditions. An anomaly does not necessarily
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indicate a deficiency in the pile, but would cer-
tainly merit further investigation to establish the
cause of the anomaly. Full interpretation of the
signal responses must only be undertaken by ful-
ly trained personnel.

For interpretation ten classes are distin-
guished:

Figure 4. Typicalpiles with respective reflectograms

Low Strain Testing Constraints

The following items may often be detected:

- Pile length.

- Inclusions of foreign material with differ-
ent acoustic properties.

- Cracking perpendicular to the axis.

- Joints and staged concreting.

- Abrupt changes in cross section.

- Distinct changes in soil layers.

All physical measurements have limitations,
and low strain (sonic) test probably has more lim-
itations than any other test. For instance, the sonic
test will normally not detect the following items:

- The toe reflection when the L/D ratio roughly
exceeds 20 (In hard soils) to 60 (In very soft soils).

- Gradual changes in cross-section.

- Minor inclusions and changes in cross-sec-
tion.

- Impedance changes o f small axial dimension.

- Small variations in length.

- Features located below either a ful-
ly-cracked cross section or a major (1:2) change

in impedance.

- Debris at the toe.

- Deviations from the straight line and from
the vertical.

- Load-carrying capacity.

- The consistency of concrete cover.

- The length of reinforcement.

Cross-Hole Sonic Logging

The Low Strain method belongs to the ex-
ternal 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 5. Cross-Hole Sonic measuring device - CHAMP:
computer, cable, depth encoders, testprobes

Figure 6. TestArrangement

Before the test they have to be filled with
water (to obtain good coupling) and two probes
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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 simultaneous-
ly upwards to produce an ultrasonic logging pro-
file. The transmitter produces a series of acoustic
waves in all directions. Some of these waves do
eventually reach the receiver.

The testing instrument then plots the trav-
el 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
increase of the travel time at any depth may indi-
cate a flaw at this depth.

Figure 7. Typical Access Duct Configurations

The number of access tubes cast in the pile
concrete is a function of the pile diameter, the
importance of the pile and, of course, economic
consideration. A good rule of thumb is to specify
one tube per each 30 cm of pile diameter. Thus
for apile with a diameter of 1.2 m, four tubes will
normally do. For best effect, the tubes should be
equally spaced inside the spiral reinforcement
and rigidly attached to it by wire or spot welding.
Where tubes are extended below the reinforce-
ment cage, they have to be stabilized by suitable
steel hoops.
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Cross-Hole Sonic Logging Results

Usually the report includes presentation of
Cross-Hole Sonic logs for all tested tube pairs
including:

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

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

- Computed relative pulse energy or ampli-
tude versus depth.

A Cross-Hole Sonic log will be presented
for each tube pair. Defect zones, if any, will be
indicated on the logs and their extent and loca-
tion 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 slow-
er pulse velocity.

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.

Figure 8. Typical Ultrasonic Profile
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Figure 9. Horizontal cross-sections o fpile in PDI-TOMO
software

Tomography is a mathematical procedure
thatis 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
Arrival Times (FAT) in order to calculate wave
speeds at various points within the shaft. Tomog-
raphy wave speeds distributed throughout the
shaft are directly proportional to density, indicat-
ing 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 10. Three-dimensional visualization in PDI-TOMO
software

PDI-TOMO software features:

- Provides a more precise location, shape
and size of defective areas within a shaft.

- Offers an intuitive visual identification of
the damaged areas and generates easily compre-
hensible and professional outputs for the con-
sumer of the CSL reports.

- Provides a valuable add-on service for the
testing engineer.

Cross-Hole Sonic Testing Constraints

The Cross-Hole Sonic Test will normally
detect the following items:

- Finds multiple defects, depth and quadrant.

- Finds “soft bottoms” if tubes go to bottom.

- Finds voids better than soil inclusions.

- Finds larger defects easier than small de-
fects.

- Waterfall, FAT (First arrival time), & ener-
gy all help find defect.

- Not sensitive to surrounding soils or pile
length.

The Cross-Hole Sonic Test will normally
not detect the following items:

- Cannot find diameter changes or bulges.

- Iftoo few tubes, can miss a defect.

- Can find defect on direct path.

- Cannot find defect outside cage.

- Major diagonal defects more difficult to
find.

- Need more than 4 tubes for 1500 mm pile
(recommend 6 tubes for shaft this size).

Comparison test results obtained by two
methods

In2017-2018 at the construction site of LRT
in Astana city, more than 1500 bored piles were
integrity tested by using two methods: 45 % by
Cross-Hole Sonic Logging and other 55 % by
Low Strait Test. Chinese customer gives a tech-
nical assignment for integrity testing piles:

- if one foundation of the bridge consists of
four bored piles, then one pile is tested by Cross-
Hole Sonic Logging and other three piles tested
by Low Strait Test.

- if one foundation of the bridge consists of
six bored piles, then two pile is tested by Cross-
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Hole Sonic Logging and other four piles tested
by Low Strait Test.

One of the tested pile PR16-2 contained a
serious defect of integrity.

Figure 11. Two reflectograms ofone boredpile PR16-2 obtained
by Pile Integrity Tester - PIT-QV.

Figure 12. Three Ultrasonic Profile ofone pile PR16-2

Analyzing the data obtained by Low Strain
Test (Fig. 11) we can say only that at the depth
8.5 m this pile has crack and its cross-section is
decreasing.

Analyze the data of Cross-Hole Sonic Test
can show 3D location of cracks, approximately
size of cracks, effective cross-section of pile at
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any depth. Cross-Hole Sonic Test provide more
useful information about integrity and allows the
engineer to evaluate the seriousness of the prob-
lem and the possibility ofusing this pile in foun-
dation.
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Figure 13. Horizontal cross-sections ofpile PR16-2 in PDI-
TOMO software
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Figure 14. Three-dimensional visualization in PDI-TOMO
softwarefor boredpile PR16-2

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 application but we must never forget that it is
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not omnipotent. Since the sonic method is based
on the use of stress-waves, it can identify only
those pile attributes that influence wave propaga-
tion and have a fairly large size.

Cross-Hole Sonic Logging method more ac-
curate, 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 advan-
tage of this test is the enhanced resolution: while
the sonic test uses a wavelength of at least two
meters, the cross-hole method utilizes ultrasonic
frequencies, with typical wave lengths of 50 to
100 mm. Since resolution is strongly dependent
on the wave length, the cross-hole method en-
ables us to detect much smaller flaws with high
accuracy.
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