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ABSTRACT : The detection of anomalies in large diameter bored cast-in-place piles has become a 

straight forward procedure in every major construction project. If an anomaly, because of either size 

or location, can affect the shaft performance, then the anomaly is considered as a defect. 

In dealing with the detection of anomalies, the first step is to find its size and location. Sonic cross 

hole logging is a valuable tool in that respect. Remedial work consists of coring, washing, and filling 

the section where an anomaly is detected. Further sonic cross hole tests will reveal the success of 

grouting. 
 

  

1 NONDESTRUCTIVE TESTING 

 

It is generally believed that geotechnical work is unique in engineering because its primary working 

material –the ground- is inconsistent.  Certainly its behaviour greatly differs from the behaviour of 

manufactured products such as concrete and steel. Yet in the case of large diameter bored piles, some 

unexpected anomalies may occur and thus make  the behaviour of the pile  more unpredictable. The 

mere observation of the construction process, such as measurements of concrete quality, often 

suggest remedial measures that prove to be successful.  

     Li et al (2005) define anomaly as “any irregular feature in the nondestructive testing results”, “If 

anomaly, because either size or location, can affect pile shaft performance, then the anomaly is 

considered as a defect” (Amir, 2002). Identifying such defects is accomplished by one powerful non-

destructive testing method, cross-hole sonic logging. 

     The number of access tubes enables the obtainment of sufficient information about the size and 

location of the defect. Li et al (2005) review the existing literature and recommendations so as to 

summarize the minimum defect size and the detectable defect size with certainty. Furthermore, they 

recommend the number of access tubes for given defect sizes at probabilities PE = 0.90 and PE = 

0.95. 

     At that junction, it is important to discriminate the defect size which can be detected and the 

defect size which cannot be detected, by the cross-hole sonic logging method.  So far our knowledge 

for these two situations is based on probabilities. Naturally, by increasing the number of access 

tubes, a discernible improvement can be obtained in increasing both probabilities.  
 

 

2  TESTS ON PILES OF THE GOLDEN HORN CROSSING 

 

Istanbul is considered to be a unique city due to its special geography, history, and culture. The 

Golden Horn is a natural harbour and, in a sense, the inner sea of the city. There are a number of 

historical buildings, either located on hilltops or on high terraces descending towards the Golden 

Horn. The city’s silhouette is dominated by public buildings, palaces, and mosques. The minarets of 

these mosques reinforce the verticality of the front face of the Golden Horn.The Golden Horn Metro 

Crossing Bridge will be placed at an important junction and connect the historical peninsula to the 

modern parts of the city. 
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To overcome the problems resulting from the site and ground conditions, composite piles are used as 

foundations of the bridge. Composite piles consist two segments: the top segment of 2500 mm 

diameter driven tubular steel pile, and the bottom segment, a 2200 mm diameter bored cast-in-place 

concrete pile. As a result, the pile is not uniform along its length.  

     Reinforced concrete, when exposed to sea water, is liable to disintegrate (Akman, 1992). The 

concrete itself will break down due to attack of the cement by magnesium sulphate present in the sea 

water if the mix is lean and pervious. Another problem is the deterioration of the concrete due to 

rusting of the reinforcement. The rusting steel expands and forces the cover concrete. To secure the 

durability, a 100 mm thick concrete cover is aimed in the design. Grade C35 high slump tremie 

concrete is used for constructing bored piles. Concrete specimens were taken from concrete trucks on 

site during pile concreting, and tests performed on them.  

      Another point is the removal of the laitance layer. In general practice, the level of the concrete 

should be set high enough so that the weak laitance layer can be broken away before bonding the pile 

head onto its cap.  

     When placing concrete, it is also important to ensure that it does not arch against the 

reinforcement or the sides of the hole, thus forming a void. In poor work the sides of the hole may 

cave in, forming an arch or even a complete gap in the shaft. 

     Boring for the cast-in-place piles was made without the use of a permanent casing since the 

surrounding rock wall holds itself. The level of concrete in the pile shaft required termination at a 

depth given in the design which is almost at the level of sea bottom. The cage is made stiff enough to 

prevent its twisting or buckling during handling and subsequent placing of concrete. Reinforcement 

was needed to withstand bending moments caused by any eccentricity in the application of load or 

by bending moments transmitted from the upper structure.  Due to heavy design loads, each pile had 

heavy reinforcement with four rows of steel bars. Sonic cross-hole pipes were placed inside the 

reinforcement cage. Thus, the effective diameter of the pile for sonic cross-hole tests decreased/ to 

1250 mm.  

     The toes of all the piles were socketed into the bedrock. Drilling work in bored cast-in-place 

concrete piles was performed by a power auger. Spoil and broken rock were continuously removed 

by airlifting through the hollow drill rods. In the final cleaning up operation before placing concrete, 

large pieces of rock were removed. In the entire operation, care was taken that no soil or rock piece 

has fallen into the hole before concreting. 
 

3  SONIC PATH  BETWEEN TWO ACCESS TUBES 

 

Li et al (2005) derive a formula for calculating the encountered probability. A cross-hole sonic 

logging test can scan a path between two access tubes with a width of about 2  smallest 

anomaly size is about one wavelength of the ultrasonic signal (Finno & Champy, 1997).  The 

frequency of the ultrasonic signal, f  can vary from 35 kHz to 60 kHz. In the tests performed on the 

piles of the Golden Horn Crossing Bridge f = 60 kHz. The wave velocity, v , in good quality of 

concrete is about 4000 m/s. So the wavelength If the signal path can encounter 

an anomaly, the centre of the anomaly must be located inside a band with a width 2 Encountered 

probability depends on the number of access tubes for a given anomaly size. Li et al (2005) 

recommend the use of 5 to 6 access tubes, for piles with a diameter between 2000 – 2500 mm, in 

order to detect an anomaly with a size of x = 200 mm, and with PE = 0.95. 
 

4  DETECTED ANOMALIES 

 

Anomalies were detected in five of the piles. Since piers consisted of nine pile clusters, the discovery 

of anomalies caused certain delays affecting the entire construction process. Typical sonic cross-hole 

measurements are given in Figs. 1 – 5.  
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Figure 1. 
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Figure 2 
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Figure 3. 
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Figure 4. 
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Figure 5. 

 

     Here we shall deal with one of the piles in which anomalies were detected. Pile P3-3E has a total 

length of 100.00 m. Water depth at that location is 35.30 m. Steel pile is driven to 74.77m, the depth 

of rock socket (bored pile) is 99.97 m. Anomalies are detected at elevations of -67.77/-71.77 m, and  

-80.77/-86.77 m. 

     By having six access tubes around the periphery of the pile it is possible to consider fifteen signal 

paths, each scanning a band of  In pile P3-3E, 11 out of the 15 sonic paths have 

indicated existence of anomalies. So it may be concluded that at least 11/15 = 0.73 of the section 

contain anomalies. 

     If the anomaly with a diameter of x can be assumed to be circular over the pile cross section, then 

the relationship between x and the ratio of AD to A0 is, 
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AD/A0  is the ratio of anomaly area and can be assumed as the ratio of anomaly detected paths to total 

path. The diameter of the anomaly can be given as, 

 
 

Assuming a cylindrical shaped anomaly, then the volume of the anomaly encountered between the 

elevations  -70.00 m and -72.00 m is, 

 

V70-72 = 2.52 m
3
, 

 

And volume of the anomaly encountered between the elevations of -80.77 m and -86.77 m is, 

 

V82-90 = 7.06 m
3
. 

 

The total volume of anomalies is 9.58 m
3
. In order to repair those anomalies, 10.281 m

3
 grout was 

injected into those sections. 

     Anomalies were also detected altogether in five piles (Table 1). Probable volumes occupied by 

anomalies and volumes of grout injected into those sections generally agreed with each other. 

 
 

Table 1 Anomaly volumes 
 

Pile No. First anomaly 

level 

             (m) 

VD 

(m
3
) 

Second anomaly 

level 

(m) 

VD 

(m
3
) 

Total 

volume of 

anomalies 

(m
3
) 

Injected 

grout 

volume 

(m
3
) 

P3-3E -70.00/-72.00 2.52 -80.77/-86.77 7.06 9.58 10.281 

P3-3J 79.43/-82.43 3.78 -90.43/-92.43 2.52 6.30 3.111 

P3-4E -57.95/-60.95 3.78 -73.45/-75.45 2.52 6.30 5.905 

P3-4G -71.76/-73.26 1.89 - - 1.89 4.022 

P2-2B -83.46/-91.96 3.15 - - 3.15 3.620 

 

An addition inspection is possible by evaluating “rock properties” (such as TCR, RQD, and SCR) of 

cored material. 
 

5  POSSIBLE CAUSES 

 

The existence of anomalies brings about the question, why and how those anomalies crop up. The 

first and probably the potential cause is connected with errors made during concreting.  

     When concrete is placed below water by tremie, a common source of dilution or segregation is 

water in the tremie pipe before concrete placement is begun. It is required that the pipe should be 

empty when the pour is started. 

     Furthermore slump and maximum aggregate size must be carefully controlled throughout the 

whole operation. Concrete poured through tremie pipe should freely flow between reinforcing bars 

and completely fill the space outside the cage. 

     Care must be used to the acceptance of ready-mix deliveries in very hot weather. There are some 

specific problems of the ready-mix delivery. On certain occasions, concrete may take its initial set 

before delivery, and water might be added in order to make an easy discharge. To continue work 

under such conditions and place stiffening concrete in such conditions can result in voids and 

honeycombing. 

     Good practice requires that a bore hole be filled in one continuous placement. However, this is 

not always possible. When a partially filled hole is allowed to stand until concrete has taken its initial 
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set, the exposed surface requires attention. When more concrete is placed, it is necessary to assure a 

good bond between the old and new concrete. One of the problems is the existence of laitance on the 

surface of the old concrete. The laitance layer should be removed and the surface should be 

roughened and slushed  with 1:1 cement grout before the pour is resumed. 

     The type of defects that might have occurred in the piles where anomalies are observed may be 

summarized as follows:  

(1) The falling concrete might have jammed between the reinforcing bars and the outward flow to 

the walls of the borehole was obstructed, 

(2) The clogging of tremie pipe might have caused stoppages of concreting.  During those 

interruptions, the flow of water might have caused a progressive increase in the water content of the 

concrete, thus weakening it and forming excess laitance. 
 

6  REPAIR OF ANOMALIES 

 

The best and surest method of the repair of anomalies is to reach the level where the anomaly is 

detected by coring, remove the defective material and pump grout into the anomaly zone. Coring and 

grouting require optimal equipment and techniques. Moreover, it is necessary to choose the suitable 

grout to fill the anomaly zone.  To penetrate through gravel and coarse sand, a less viscous grout is 

needed; for large voids, ordinary cement grout, even sand-cement grout suffices. The general 

practice is to try possible cement-water concentrations in order to decide the best suitable 

composition. 

     Initial coring is also used to investigate the extent of anomalies and their exact locations. Before 

the application of grout, the cored hole is washed by pressured water. Then the cement grout is 

injected after a few trials to obtain the best water/cement ratio. The cube strength of a number of 

samples obtained from the batches delivered to the site (and poured into Pile No.P3-3E) has the 

following average values: Cube strength of 7 day old samples 11.0 ± 0.8 MPa cube strength of 28 

day old samples 22.1 ± 0.5 MPa, cube strength of 56 day old samples 24.9 ± 0.6 MPa. 

     Strength tests were also made on cored samples following the remedial work.   Cube strengths of 

concrete, cement grout, and composite material (which is large pieces of concrete fixed by grout) 

was determined on samples recovered from piles. Uniaxial strengths of concrete, cement grout and 

composite material are found 49.1 ± 2.0 MPa, 17.2 ± 1.0 MPa, and 12.2 ± 1.5 MPa, respectively. All 

samples had 0.8/1 water cement ratio. 

     The clogging of tremie pipe was considered to be the main cause of defects. The interruption of 

concreting and restarting of feeding might have caused an accumulation of bad quality of concrete or 

laitance on the already placed and probably partly set concrete. Depths of anomalies are found to 

coincide with the depths where clogging were experienced. 

     Anomaly diameters can be calculated from the above formula for x. Then the probable volume of 

anomaly is calculated. The volume of the anomaly found at the elevation of -70.00/-72.00 m is 2.52 

m
3
, and

 
the volume of tbe defect at the elevation of -80.77/-86.77 m is 7.06 m

3
. The total volume of 

grout injected in those levels is 10.281 m
3
 which roughly equals the total volume of anomalies.Grout 

pressures were 30 – 35 bars. 

     Coring and determining TCR, RQD, and SCR values indicated the extent of grouting. Since 

access tubes have been jammed or squeezed, it was not possible to carry out further sonic cross hole 

tests at anomaly sections. 
 

 

 

 

7  EVALUATION OF PILE CAPACITY 
 

The design of rock socketed large diameter bored piles depends on a number of factors. In one 

method, the allowable shaft resistance of rocks is related to unconfined compressive strength of the 

bedrock (Horvath et al, 1983; Carter & Kulhawy, 1992; O’Neill & Reese, 1999) The correlation is 

expressed as, 
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O’Neill & Reese (1999) suggest a correlation between toe resistance and unconfined compressive 

strength: 

 = 2.5  

If RQD = 100 % and socket length>1.5B 

 

If  70% < RQD < 100% and qu > 0.5MPa. 

The total pile capacity is the sum of shaft friction and toe resistance. By taking qu = 17.2 MPa 

(strength of grout) average shaft friction after application of remedial work becomes  fs  = 0.2 * 

(17.2)
0.5 

= 0.829 MPa. That value is greater than the design shaft friction of 450 kPa. 

It is also necessary to consider the possibility of decreasing the vertical resistance of pile with a 

defect. If the pile section below the location of anomaly fails to contribute to the capacity of the pile 

cluster, then the remaining piles will be subject to heavier loads for which they were not designed. 

So it is important to make the necessary repairs and avoid any load transfer for that reason. 

CONCLUSIONS 

The detection of anomalies in large diameter bored cast-in-place piles has become a straight forward 

procedure in every major construction project. If an anomaly, because of either size or location, can 

affect the shaft performance, then the anomaly is considered as a defect. 

In dealing with the detection of anomalies, the first step is to find its size and location. Sonic cross 

hole logging is a valuable tool in that respect. The number and location of cross-hole pipes is 

important. Especially in the case of heavy reinforcement and difficult working conditions, it would 

not be possible to re-use those pipes in order to check the success of remedial work. In such cases 

necessary precautions should be taken against such failures. 

Remedial work consists of coring, washing, and filling the section where an anomaly is detected. 

Further sonic cross hole tests will reveal the success of grouting. 
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