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Abstract: At the present time, in Nur-Sultan 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 o f construction 
is including construction o f overhead road (bridge) with 22,4 km length and 18 stations. The foundation o f  
bridge is the bored piles with cross-section 1.0^1.5 m and length 8^55 m. Design bearing capacity ofpiles is 
4500^12000 kN. For boring soil using Chinese drilling rigs Zoomlion without casing. To maintain the walls o f  
boreholes in sand and gravel soils using polymer slurry. In these conditions, very important to control integrity 
o f concrete body o f each bored piles. For checking integrity applying two methods - Low Strain Method and 
Cross-Hole Sonic Logging. The aim o f this paper is to discuss the advantages and disadvantages o f each 
method using the examples o f a real application.
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ТОЛТЫРЫЛЫП КуЙЫ ЛГАН ЦАДАЛАРДЬЩ Т¥ТАСТЫГЫН  
ЦИРАМАУ ЭДІСТЕРІН ЦОЛДАНА ОТЫРЫП БАЦЫЛАУ:

Т0М ЕНГІ ЖYКТЕМЕЛЕУ ЖЭНЕ ¥ЦГЫМААРАЛЫК; ДЕФЕКТОСКОП

Ацдатпа: Цазіргіуащытта Нур-Султан щаласында LRT (жеціл теміржол квлігі) щогамдыщ квлік ЖYй- 
есі цурылысы бойынша жумыстар жургізілуде. LRT-  екі теміржол желісі бар Yстірт жол. Цурылы- 
стыц бірінші кезеці узындыгы 22,4 км жэне 18 станциясы бар жер Yсті (квпір) щурылысын щамтиды. 
Квпірдіц іргетасыныц дйаметрі- 1,0 ^  1,5 м жэне узындыгы 8 ^  55 м-лік квлденец цадалар. Цаданыц 
есептік квтергіштік цабілеті 4500 ^  12000 kN. Бургылау Yшін цаптамасы жоц Zoomlion цытайлыц 
бургылау цондыргылары пайдаланылган. Полймерлі суспензияны щолданатын щум жэне щиыршыщ то- 
пырацтардагы уцгылардыц цабыргаларын сацтау. Мундай жагдайларда эр6ір уцгымаларды нацты 
дененіц бYтіндігін бацылау вте мацызды. Тутастыцты тексеру Yшін екі эдіс -  твмен жуктеме эдісі 
жэне уцгымааралыщ дефектоскоп алынады. Осы мацаланыц мацсаты нацты эдістердіц мысалдарын 
негізге ала отырып, эрбір эдістіц артыцшылыгы мен кемшіліктерін талцылау.

TYMHdi свздер: тутастылыц, LRT, щурылыс, бетон, іргетас

КОНТРОЛЬ ЦЕЛОСТНОСТИ БУРОНАБИВНЫХ СВАЙ С ИСПОЛЬЗОВАНИЕМ 
НЕРАЗРУШАЮЩИХ МЕТОДОВ: МЕТОД ПРИ НИЗКОЙ НАГРУЗКЕ И 

МЕЖСКВАЖИННОЙ ДЕФЕКТОСКОПИИ

Аннотация: В настоящее время в городе Нур-Султан ведутся работы по строительству системы 
общественного транспорта LRT (Light Railway Transport). LRT -  это подвесная дорога с двумя 
железнодорожными линиями. Первый этап строительства включает в себя строительство надземной 
дороги (моста) длиной 22,4 км и 18 станций. Основанием моста являются буронабивные сваи сечением 
1,0 ^  1,5 м и длиной 8 ^  55 м. Расчетная несущая способность свай составляет 4500 ^  12000 kN. 
Для бурения грунта используют китайские буровые установки Zoomlion без обсадной колонны. Для
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поддержания стенок скважин на песчано-гравийных почвах используют полимерную пульпу. В этих 
условиях очень важно контролировать целостность бетонного тела каждой буронабивной сваи. 
Для проверки целостности применяют два метода -  метод при низкой нагрузке и межскаважинная 
дефектоскопия. Целью данной работы является обсуждение преимуществ и недостатков каждого 
метода с использованием примеров реального применения.

Ключевые слова: целостность, LRT, строительство, бетон, фундамент

Introduction
In the spring o f  2017 , in Nur-Sultan city  

w as started works by construction public trans­
port system  LRT (Light R ailw ay Transport). The 
cost o f  the project is about 1.9 b illion  dollars. 
Construction w ork produce a C hinese state- 
ow ned com pany «China R ailw ay Asia-Europe  
Construction Investm ent Co». LRT is an over­
head road w ith tw o railway lines. The first stage 
o f  construction is including construction o f  over­
head road (bridge) w ith  22 ,4  km length and 18 
stations. H eight o f  the bridge is 7 M 4  m above  
the ground. Overhead road based on colum ns ev ­
ery 30 meters. The foundation o f  each colum n  
is include 4 or 6 bored p iles w ith cross-section  
1 .0M .5  m and length 8^55 m. D esign  bearing 
capacity o f  each bored p iles is from 4500  to 
12000  kN.

In order to reduce the tim e for construction  
and cost o f  p iling works C hinese com panies are 
use C hinese drilling rigs Z oom lion  w ithout cas­
ing. To maintain the w alls o f  boreholes in sand 
and gravel so ils using polym er slurry. A pplica­
tion o f  polym er slurry a llow  reducing tim e for 
drilling, a llow  to use less powerful drilling rigs 
and equipm ent, but at the sam e tim e increase the 
risk o f  collapsing soil during drilling or concret­
ing piles. In these conditions, very important to 
control integrity o f  concrete body o f  each bored  
piles. For checking integrity o f  bored p iles ap­
plying tw o m ethods - L ow  Strain M ethod and 
C ross-H ole Sonic L ogging.

Integrity Testing
Everybody w ith experience in reinforced  

concrete construction has encountered colum ns 
that, upon dism antling o f  the forms, exhibit air 
voids and honeycom bing. A lthough these co l­
um ns m ay have been cast w ith good-quality  
concrete, in properly assem bled form s and with  
careful vibration, they still exhibit defects. Cast-

in-situ p iles are also colum ns, but instead o f  
form s m ade o f  w ood  or m etal w e  have a hole in 
the ground. This hole m ay pass through layers 
o f  dumped fill, loose  sand, organic matter, and 
ground water, w hich  m ay be fast flow ing or cor­
rosive. O bviously, such conditions are not con­
ducive to a high-quality end product. The fact 
that on m ost sites w e  still m anage to get ex ce l­
lent p iles is only a tribute to a dedicated team  
that m akes 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 o f  
w hich is determ ined by the w eakest link.

A  flaw  is any deviation from the planned  
shape and/or material o f  the pile. A  com prehen­
sive list o f  events, each o f  w hich  can lead to the 
form ation a flaw  in a pile: use o f  concrete that is 
too dry, water penetration into the borehole, co l­
lapse in soft strata, falling o f  boring spoils from  
the surface, tightly-spaced rebars etc.

Therefore, w e  have to face the fact that on 
any g iven  site som e p iles m ay exhibit flaws. O f  
course, not all flaw s are detrimental to the per­
form ance o f  the pile. O nly a flaw  that, because  
o f  either size or location, m ay detract from the 
p ile ’s load carrying capacity or durability is de­
fined as a defect. The geotechnical engineer and 
the structural engineer are jo intly  responsible to 
decide w hich  flaw  com prises a defect.

The tw o techniques currently dom inating  
pile integrity testing, nam ely the L ow  Strain 
M ethod and C ross-H ole Sonic L ogging, both 
utilize sound w aves (Am ir et al 2009).

Low Strain M ethod
The lo w  strain (son ic) m ethod for the in teg­

rity testing o f  p iles is aim ed at routinely testing  
com plete piling sites. To perform this test, a sen­
sor (usually accelerom eter) is pressed against the
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top o f  the pile w h ile  the p ile is hit w ith a small 
hand-held hammer. Output from the sensor is an­
alyzed and displayed by a suitable com puterized  
instrument, the results providing m eaningful in ­
form ation regarding both length and integrity o f  
the pile.

Figure 1. Pile Integrity Tester - PIT-QV

The sonic test is fast and inexpensive, w ith  
less than a m inute needed to test a g iven  pile.

MA: 1.10
MD: 2.00
LE: 11.50
WS: 4200
LO: 0.00
HI: 0.0
PV: 0
T1: 59

----- Vel

Figure 2. Example o f  normally result graph

The surface vibrations are m easured by 
m eans o f  an accelerom eter attached to the top o f  
the pile. A lthough the acceleration curve could be 
interpreted directly, integration to ve locity  gener­
ally enhances the record by bringing out details 
otherw ise overlooked. The pile top acceleration  
signal, is therefore digitized and stored in the PIT  
device m em ory, and it is num erically integrated  
to produce a ve loc ity  signal. It should be noted
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that v  is a particle velocity, i.e., the actual v e lo c i­
ty o f  m ovem ent o f  the pile top surface.

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

Wave Speed in Concrete
The Impact w ave  speed in concrete depends 

on the quality o f  the concrete and for in-situ  
casted p iles the curing tim e o f  the concrete. The 
w ave speed is used to determine the length o f  the 
pile based on the return signal. A n exam ple o f  the 
w ave 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 M ethod

A n assessm ent by this m ethod can g ive  a 
rapid and accurate appraisal o f  p ile integrity. An  
integrity test w ill indicate w hen a pile should be 
investigated further but it cannot g ive  inform a­
tion about any load carrying capacity o f  the pile.

Interpretation o f  the results obtained m ust 
take into account the specific p ile circum stanc­
es, i.e. construction technique and localized  soil 
conditions. A n  anom aly does not necessarily
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indicate a deficiency in the pile, but w ou ld  cer­
tainly merit further investigation to establish the 
cause o f  the anomaly. Full interpretation o f  the 
signal responses m ust only be undertaken by ful­
ly trained personnel.

For interpretation ten classes are distin­
guished:

Figure 4. Typical piles with respective reflectograms

Low Strain Testing Constraints
The fo llow in g  item s m ay often be detected:
- P ile  length.
- Inclusions o f  foreign material w ith  differ­

ent acoustic properties.
- Cracking perpendicular to the axis.
- Joints and staged concreting.
- Abrupt changes in cross section.
- D istinct changes in soil layers.
A ll physical measurements have limitations, 

and low  strain (sonic) test probably has more lim ­
itations than any other test. For instance, the sonic 
test w ill normally not detect the follow ing 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.
- M inor inclusions and changes in cross-sec­

tion.
- Impedance changes o f  small axial dimension.
- Sm all variations in length.
- Features located b e lo w  either a ful­

ly-cracked cross section  or a major ( 1:2 ) change  
in impedance.

- Debris at the toe.
- D eviations from the straight line and from  

the vertical.
- Load-carrying capacity.
- The consistency o f  concrete cover.
- The length o f  reinforcement.
Cross-Hole Sonic Logging
The L ow  Strain m ethod belongs to the ex ­

ternal test-m ethods, as it accesses only the top o f  
the pile. U ltrasonic logg in g , on the other hand, 
is intrusive and necessitates the prior installation  
o f  access tubes (usually tw o or m ore) in the pile.

Figure 5. Cross-Hole Sonic measuring device -  CHAMP: 
computer, cable, depth encoders, test probes

Figure 6. Test Arrangement

B efore the test they have to be filled  w ith  
water (to obtain good  coupling) and tw o probes
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are low ered inside tw o o f  the tubes. One o f  these  
probes is an emitter and the other a receiver o f  
ultrasonic pulses. H aving been low ered to the 
bottom , the probes are then pulled sim ultaneous­
ly  upwards to produce an ultrasonic logg in g  pro­
file. The transmitter produces a series o f  acoustic  
w aves in all directions. Som e o f  these w aves do 
eventually reach the receiver.

The testing instrument then plots the trav­
el tim e betw een the tubes versus the depth. A s  
long as this tim e is fairly constant, it show s that 
there is no change in concrete quality. A  sudden 
increase o f  the travel tim e at any depth m ay indi­
cate a flaw  at this depth.

Figure 7. Typical Access Duct Configurations

The number o f  access tubes cast in the pile  
concrete is a function o f  the pile diameter, the 
importance o f  the pile and, o f  course, econom ic  
consideration. A  good  rule o f  thumb is to specify  
one tube per each 30 cm  o f  p ile diameter. Thus 
for a p ile w ith a diameter o f  1.2 m, four tubes w ill 
norm ally do. For best effect, the tubes should be 
equally spaced inside the spiral reinforcem ent 
and rigidly attached to it by w ire or spot w elding. 
W here tubes are extended b elow  the reinforce­
m ent cage, they have to be stabilized by suitable 
steel hoops.

Cross-Hole Sonic Logging Results
U sually  the report includes presentation o f  

C ross-H ole Sonic logs for all tested tube pairs 
including:

- Presentation o f  the traditional signal peak  
diagram as a function o f  tim e plotted versus 
depth.

- Com puted initial pulse arrival tim e or pulse  
w ave speed versus depth.

- Com puted relative pulse energy or am pli­
tude versus depth.

A  C ross-H ole Sonic log  w ill be presented  
for each tube pair. D efect zones, i f  any, w ill be 
indicated on the logs and their extent and loca­
tion d iscussed in the report text. D efect zones  
are defined by an increase in arrival tim e o f  m ore 
than 20  percent relative to the arrival tim e in a 
nearby zone o f  good  concrete, indicating a s low ­
er pulse velocity.

Tomography by the data o f  Cross-Hole 
Sonic Logging

The sam e procedure, w hich  is carried out in 
tw o dim ensions on a single profile, can be used  
in three dim ensions for the w h ole  pile. In this 
case, the pile is divided into elem entary voxels, 
or volum e p ixels, this process is usually called a 
tomography.

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

Tomography is a m athem atical procedure 
that is applied to C rosshole Sonic L ogging  (CSL) 
data, providing the user w ith a visual im age o f  a 
shaft’s internal defects. The procedure involves  
solving a system  o f  equations based on First 
Arrival Tim es (FAT) in order to calculate w ave  
speeds at various points w ithin the shaft. Tom og­
raphy w ave speeds distributed throughout the 
shaft are directly proportional to density, indicat­
ing concrete quality. PDI-TO M O  is an extension  
o f  the C H A -W  software designed for superior 
tom ographic analysis results from CH AM P data 
with increased efficiency for the user.

Figure 10. Three-dimensional visualization in PDI-TOMO 
software

PDI-TO M O  software features:
- Provides a m ore precise location, shape 

and size o f  defective areas w ithin a shaft.
- O ffers an intuitive visual identification o f  

the dam aged areas and generates easily  com pre­
hensible and professional outputs for the con­
sumer o f  the CSL reports.

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

Cross-Hole Sonic Testing Constraints
The C ross-H ole Sonic Test w ill norm ally  

detect the fo llow in g  items:
- Finds m ultiple defects, depth and quadrant.
- Finds “ soft bottom s” i f  tubes go  to bottom.
- Finds vo ids better than soil inclusions.
- Finds larger defects easier than small de­

fects.
- W aterfall, FAT (First arrival tim e), & ener­

gy all help find defect.
- N o t sensitive to surrounding soils or pile  

length.

The C ross-H ole Sonic Test w ill norm ally  
not detect the fo llow in g  items:

- Cannot find diameter changes or bulges.
- I f  too few  tubes, can m iss a defect.
- Can find defect on direct path.
- Cannot find defect outside cage.
- M ajor diagonal defects m ore difficult to

find.
- N eed  m ore than 4 tubes for 1500 mm pile  

(recom m end 6 tubes for shaft this size).

Comparison test results obtained by two 
methods

In 2 0 1 7 -2018  at the construction site o f  LRT 
in Astana city, more than 1500 bored p iles were  
integrity tested by using tw o methods: 45 % by  
C ross-H ole Sonic L ogging  and other 55 % by 
L ow  Strait Test. Chinese custom er g ives a tech­
nical assignm ent for integrity testing piles:

- i f  one foundation o f  the bridge consists o f  
four bored piles, then one pile is tested by Cross­
H ole Sonic L ogging  and other three p iles tested  
by L ow  Strait Test.

- i f  one foundation o f  the bridge consists o f  
six bored piles, then tw o pile is tested by Cross-
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H ole Sonic L ogging  and other four p iles tested  
by L o w  Strait Test.

One o f  the tested p ile P R 16-2 contained a 
serious defect o f  integrity.

Figure 11. Two reflectograms o f one bored pile PR16-2 obtained 
by Pile Integrity Tester - PIT-QV.

Figure 12. Three Ultrasonic Profile o f  one pile PR16-2

A nalyzing  the data obtained by L o w  Strain 
Test (Fig. 11) w e can say only that at the depth 
8.5 m  this pile has crack and its cross-section  is 
decreasing.

A nalyze the data o f  C ross-H ole Sonic Test 
can sh ow  3D  location  o f  cracks, approxim ately  
size o f  cracks, effective cross-section  o f  pile at

any depth. Cross-H ole Sonic Test provide more 
useful inform ation about integrity and allow s the 
engineer to evaluate the seriousness o f  the prob­
lem  and the possib ility  o f  using this p ile in foun­
dation.

D6tHU=d'59 w D©b;p=d 23 w

DSb4p=9 J5 ш оеЬ;р=8’18 ш

Figure 13. Horizontal cross-sections o f pile PR16-2 in PDI- 
TOMO software

Eft. A re  a =32%  
D e p th = &  16 m

Figure 14. Three-dimensional visualization in PDI-TOMO 
software fo r  bored pile PR16-2

Conclusions
The cost o f  a quality control program for 

each construction site is very reasonable, and 
in any case m uch low er than the potential loss  
caused by an undetected defect o f  foundation. 
The L o w  Strain test is a pow erful quality-control 
tool, not so expensive and need about one m inute 
for application but w e  m ust never forget that it is
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not om nipotent. S ince the sonic m ethod is based  
on the use o f  stress-w aves, it can identify only  
those pile attributes that influence w ave propaga­
tion and have a fairly large size.

C ross-H ole Sonic L ogging  m ethod m ore ac­
curate, a llow  to estim ate the size and position o f  
cracks. A lthough the access tubes introduce an 
extra expense item , the cross-hole test com pen­
sates for this by a llow ing the testing equipm ent

to approach potential flaws. A n additional advan­
tage o f  this test is the enhanced resolution: w h ile  
the sonic test u ses a w avelength  o f  at least tw o  
meters, the cross-hole m ethod u tilizes ultrasonic 
frequencies, w ith typical w ave lengths o f  50 to 
100 mm. Since resolution is strongly dependent 
on the w ave length, the cross-hole m ethod en­
ables us to detect m uch sm aller flaw s w ith high  
accuracy.
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