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ABSTRACT 
Given the correct conditions, open-hole cast in-situ auger piles can be a simple, quick and inexpensive piling solution. These advan-
tages are unfortunately diminished by uncertainties with regards to the transfer of stress from the base of the pile into the in-situ soil
or rock. As newer, more powerful, auger rigs become available, it becomes economically feasible to install auger piles into ever more
competent rock. To fully utilise the capacity available in this rock, a methodology is required to ensure a clean contact at the base of
the pile. Recent tightening health and safety legislation has eliminated the traditional method of hand cleaning and inspecting the base
prior to casting the pile. As such, alternative methods are required which will guarantee this ‘clean’ contact and still maintain the sim-
ple and economical nature of open-hole auger piles. This paper explores potential methods of improving the performance of such piles 
in compression, tension and shear, with specific reference to piles installed for the 2010 Soccer City Stadium. A range of integrated 
quality control and base improvement methods are proposed in the hope that these can further improve the value of this pile type. 

RÉSUMÉ
Dans certaines circonstances, les pieux forés à la tarière peuvent être une solution de fondation profonde simple, rapide d’exécution et
relativement peu coûteuse. Ces avantages sont malheureusement diminués par des incertitudes quant au transfert de l'effort dans le sol 
ou dans la roche en place à partir de la base du pieux. Avec le développement de foreuses plus puissante, il devient possible de mettre 
en œuvre des pieux forés à la tarière dans de la roche toujours plus compétente. Afin de pouvoir utiliser le maximum de la capacité 
portante offerte par une telle roche, il convient d’avoir une méthodologie permettant d’assurer un contact propre entre la base du pieux 
et la roche. Les exigences des nouvelles législations sur la sécurité au travail ont récemment été renforcés. Dès lors, la méthode tradi-
tionnelle consistant à inspecter la base du forage de visu avant de bétonner le pieux ne peut plus être utilisée. Par conséquent, il est
nécessaire de développer des méthodes alternatives permettant de garantir un contact « propre » à la base du pieux, tout en maintenant 
la simplicité et les avantages économiques de ce type de fondation. Cet article explore les méthodes qui peuvent potentiellement
d'améliorer la résistance de ces pieux à la compression, à la tension, ainsi qu’à l’effort tranchant. Ces développements seront mis en
lumière par le cas particulier des pieux installés pour le stade du Mondial 2010 (Soccer City Stadium). Afin de contribuer à la valori-
sation des pieux forés à la tarière, l’article présente une série de méthodes intégrées afin d’améliorer le contrôle de la qualité ainsi que
la base des pieux.
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1 INTRODUCTION 

Open-hole cast in-situ auger piling is commonly used in South 
Africa, as it is ideally suited to the partially saturated soils and 
relatively shallow rock encountered over much of the country. 
These advantages are, however, diminished by the uncertainties 
inherent in auger piles with respect to the transfer of load from 
the base of the pile to the in-situ soil or rock. 

It has become economically feasible to install auger piles 
into much stronger and more competent rock than was previ-
ously possible. To fully utilise the capacity available in this 
rock, a methodology is required to ensure a clean contact at the 
base of the pile. With the traditional method of hand cleaning 
and inspecting the base of the pile virtually impossible from a 
health and safety perspective, alternative methods are required 
which will both guarantee this ‘clean’ contact, while still main-
taining the simple and economical nature of auger piles. 

This paper explores potential methods of improving the per-
formance of such piles, in compression, tension and shear, with 
specific reference to piles recently installed for the main events 
stadium for the 2010 FIFA Soccer World Cup in South Africa 
(i.e. the Soccer City Stadium in Johannesburg). Using experi-
ence gained from this and other recently completed piling pro-
jects, a range of integrated quality control and base improve-

ment methods are proposed which may further improve the 
value of cast in-situ auger piles. 

2 CURRENT LIMITATIONS WITH AUGER PILES 

While auger piles have many advantages, they do suffer from 
two distinct limitations. Firstly the sides of the auger hole is un-
supported while it is being drilled, and is therefore prone to col-
lapse particularly in loose soils or below the water table. Sec-
ondly the design of the piles is complicated by uncertainties 
with regards the transfer of load from the base of the pile to the 
in-situ soil or rock. 

Typically speaking, open-hole auger piles should not be used 
in ground which is prone to collapse, or below the water table. 
Therefore the first limitation is generally avoidable provided a 
thorough geotechnical investigation is completed before piling. 

The second limitation is a much more complex issue. Even 
in reasonably stable soil/rock profiles, slight collapse of the 
sides of the auger hole is possible, and not all the loose material 
at the base of the hole, generated by the augering process, can 
be removed using mechanical means (i.e. cleaning using the au-
ger flight or cleaning bucket). As a result, it is current design 
practice to down-rate the end bearing component of auger piles 
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significantly or, by adopting an even more conservative ap-
proach, ignore end bearing completely.  

Byrne et al (1995) states that “The safe working loads of au-
ger piles founded on competent material can be calculated using 
a shaft stress of 3MPa for pile diameters less than 600mm and 
6MPa for pile diameters of 600mm and greater”. The assump-
tion being that larger diameter piles can be cleaned carefully by 
hand. It goes on to state that the maximum shaft stress for auger 
piles socketed into rock may be increased to 8MPa, provided 
the socket and base of the pile is cleaned out and inspected to 
ensure the competency of the rock at founding level. 

Amendments to the South African Occupational Health and 
Safety Act (Act 85 of 1993) and more recently the Construction 
Regulations (2003) have all but prohibited the practice of send-
ing workers to the bottom of an auger hole to clean and inspect 
the base. While it can still be done, it requires a written assess-
ment by a professional engineer or engineering technologist. 
This is impractical where a large number of piles are required, 
and would expose the professional engineer or engineering 
technologist to excessive professional liability. 

If the piles are not hand cleaned, reducing the allowable 
shaft stress on a pile to only 3MPa would significantly reduce 
the effectiveness and economy of this pile type. The use of 
modern cleaning buckets in certain conditions has been moder-
ately successful, and can allow the maximum allowable shaft 
stress to be increased to 4MPa or even 5MPa. However, given 
the much more powerful auger rigs now available, capable of 
augering into rock strengths greater than 10MPa, designing 
piles that are only loaded to only 4MPa or 5MPa would seem 
overly conservative. 

This is especially true given that the shaft of the pile, from a 
structural perspective, can carry significantly more load. Again 
according to Byrne et al (1995), the ultimate axial load N ap-
plied to a pile should not exceed the following: 

  N = 0.4 fcu Ac

Where : 
fcu  = 28 day cube strength of concrete 
Ac  = Area of concrete 

Therefore the allowable shaft stress in a pile is limited to: 

shaft = 0.4 fcu / 1.50 

This means that the allowable shaft stress in a pile should be 
limited to 27% of the concrete strength, which roughly equates 
to BS8004 which limits the average compressive stress in the 
pile shaft at working load to 25% of the characteristic cube 
strength at 28 days. Using this criteria and typical characteristic 
concrete strengths of 30MPa to 40MPa, the allowable shaft 
stress of the piles can be increased to 7.5MPa to 10.0MPa, far in 
excess of current design practice. 

Another major constraint in fully utilising the end bearing 
resistance of auger piles is the basic strain incompatibility that 
exists between the side shear resistance and the end bearing. In 
soils, the development of the side shear resistance can be fully 
developed within displacements equivalent to 0.5% to 1.0% of 
the shaft diameter, while displacements equivalent to 10% to 
15% of the shaft diameter are required to fully mobilise the end 
bearing (Everett 1991, Osterberg 1998 & Parrock et al 1999). 
Thus end bearing requires between 10 and 30 times more dis-
placement to develop than the side shear. 

Even if such large displacements were permissible, it can be 
further argued that these displacements would be detrimental to 
the side shear resistance. Strain incompatibility is less of a prob-
lem when the pile is founded on rock, but once again a clean 
contact is required between the base of the pile and the rock. 
3 PROPOSED METHOD OF BASE IMPROVEMENT 

The challenge is thus to provide a means of ensuring a clean 
contact between the base of the pile and the in-situ soil or rock. 
Two methods are proposed for improving the performance of 
auger piles. The application or choice of these methods will de-
pend on the unique circumstances of the project being consid-
ered. Base-grouting, however, will typically be used for simpler 
piles (i.e. smaller diameter piles acting mainly in compression). 
Steel tubes on the other hand, will be used for more complex 
piles (i.e. larger diameter piles required to resist tension and 
shear forces, in conjunction with compression loading). 

3.1 Base grouting (simple piles) 

The base-grouting process entails the installation of a grout de-
livery system, typically attached to the reinforcing cage and 
lowered into the hole before the pile is cast. The shaft of the pile 
is constructed as usual, and the grout injected through the base 
of the pile at high pressure once the concrete shaft of the pile 
has reached sufficient strength. The density and compressive 
strength of any loose material at the base of the pile is signifi-
cantly improved through this application, and any voids filled 
with grout. 

Figure 1. Typical details showing grouting system at pile base 

This method of improvement is best suited to smaller diame-
ter piles (i.e. piles with diameters between 450mm and 900mm), 
and those piles acting in simple compression. A number of dif-
ferent systems are available for delivering the grout to the base 
of the pile. One such method is illustrated in Figure 1. 

Essentially the grout is pumped through the pipes from the 
top of the pile, and out the tube-a-manchette at the base of the 
pile. The flow of grout is continued until either a certain pres-
sure is reached, generally between 2MPa and 3MPa, or a certain 
volume of grout has been pumped. If the required pressure is 
not reached, the grout pipes are flushed and the grouting proce-
dure repeated at a later date. Movement of the head of the pile is 
also monitored, to ensure that the pressure at the base of the pile 
does not exceed the side shear resistance of the pile shaft. The 
total volume of grout required to achieve the desired pressure is 
recorded, providing an empirical measure of the success of the 
measures originally used to clean the base of the pile. 

The use of base-grouting has a number of advantages. 
Firstly, any deficiencies in the cleaning process are addressed 
by improving the material at the base of the pile. Secondly, by 
applying the grout under pressure, the base of the pile is effec-
tively pre-loaded, thus greatly improving the compatibility be-
tween the side shear strain and the end bearing. Lastly, the base-
grouting process can be used as a form of quality control, as-
sessing both the effectiveness of the cleaning process and by us-
ing a high-pressure grouting system, even test the side shear re-
sistance of the pile. 

It should also be noted that the use of base-grouting is rela-
tively inexpensive compared to the cost of the pile itself. For 
this small additional cost per pile, the pile capacities can be in-
creased from 4MPa to 5MPa up to 7MPa to 8MPa, resulting in 
significant savings to the project. 

3.2 Qualitative considerations using finite element formulations 

Whilst some researchers (Chen et al 2006 and Klosinski BA & 
Szymankiewicz C. 2006) have used numerical and other tech-
niques to attest to the efficacy of base grouting, this technique is 
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still new to Southern Africa. In order to assess the effectiveness 
of the base grouting technique at the qualitative level, a simple 
axi-symmetrical model of a 1m diameter pile installed to a 
depth of 10m in rock was constructed electronically using the 
Phase II platform (Rocscience Phase2 Finite element analysis for 
excavations and slopes version 6.028). 

The following graphics detail the analyses performed. The first 
scenario modelled is that of no-load and no-grout injection at the 
base of the pile. Figure 2 depicts the major and minor principal 
components of the shear strain and the contours of this variable.  
Figure 3, the second run, depicts a 100mm void at the base at the 
pile subjected to a hydrostatic stress of 600kPa simulating the in-
jection of grout at the base. Evident in Figure 3 is the develop-
ment of a stressed zone alongside and slightly below the pile tip. 

Figure 2. Shear strain of pile with no load and no grout in rock 

Figure 3. Shear strain of pile with grout and no load in rock 

The pile is then loaded, depicted in Figures 4 & 5. In Figure 
4 it is apparent that a highly stressed zone develops at the tip of 
the pile when no grout injection is used.  

Figure 4. Shear strain of pile with applied load and no grout in rock 

When this is coupled with grout injection, the stressed zone 
is a roughly 45 degrees away from the pile tip (Figure 5), well 
away from the pile base and into a zone of non-disturbed virgin 
material. 

Figure 5.Shear strain of pile with applied load and grout in rock 

3.3 Steel tubes (complex piles) 

For larger piles (i.e. piles with a diameter >1200mm), the use of 
base-grouting is no longer appropriate. For such large pile di-
ameters, it can no longer be assumed that the grout will pene-
trate through the entire area beneath the base of the pile. In ad-
dition, larger diameter piles require an even more stringent 
quality assurance process and are often required to carry tension 
and shear loads in conjunction with conventional compression 
loads.  

When installing the pile, a number of 100mm diameter steel 
tubes are placed in a circular arrangement into the augered hole 
along with the steel reinforcing. These tubes may be attached to 
the main reinforcing cage, or placed in a separate “inner” cage 
as shown in Figure 10, and extend from natural ground level to 
approximately 300mm above the base of the pile. Once the pile 
has been cast, these tubes then provide access to the base of the 
pile which can be used for a number of applications: 

3.4 Quality control 

The tubes can be used to conduct cross-hole sonic integrity test-
ing on the piles, to check for voids or anomalies in the concrete. 
In addition, using a rotary core drilling rig, a core can be ex-
tracted incorporating the base of the pile shaft, the pile/rock in-
terface and the rock directly below the base of the pile. Steel 
tubes of 85 to 100mm diameter are specified for the CHSL as 
most drilling rigs in RSA utilise NX size bits, the external di-
ameter of which is 75mm, thus enabling the drill string not to be 
impeded through the CHSL tube. By examining not only the 
pile/rock interface, but also the material below the pile, an as-
sessment can be made as to the effectiveness of the cleaning at 
the base of the pile.  In addition samples can be extracted from 
the rock below to verify rock strength. 

Figure 6. Typical section through pile showing steel tube arrangement 

3.5 Base improvement 

Should the interface between the pile and the rock prove inade-
quate, various techniques are available for remediation. Loose 
material at the base of the pile may be removed by washing un-
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der the action of a high pressure (600kPa) water jet exiting 
through 2 x 4mm diameter holes drilled at the end of 16mm di-
ameter steel pipe attached to a normal water supply point.  The 
washing action may be accomplished through a single tube but 
is best done through two or more. Return water is examined for 
evidence of fines and the washing process is deemed to be com-
plete when only clean water with no discolouration is returned.   

As an alternative to the wet process, percussion drilling may 
be used once the steel end of the tube has been penetrated.  Air 
is used to flush out any loose material below the base of the pile 
as well as to the base of the hole.  If tensile and/or shear capac-
ity of the pile must be increased, steel dowel bars can then be 
grouted into the rock. A typical dowel arrangement is shown in 
Figure 7. 

The steel tubes provide access for base-grouting the pile. 
Grout is pumped at high pressure through the base of the tubes 
to the base of the pile. Given the much stronger configuration 
and the fact that only a portion of the pile base can be grouted at 
a time, much higher pressures can be applied than used for tra-
ditional base-grouting, although care must be exercised not to 
lift the pile and destroy adhesion capacity of various elements. 

Figure 7 – Typical detail showing dowel installation 

4 CASE STUDY 

The Soccer City Stadium in Johannesburg, formerly known as 
the FNB Stadium, is presently being upgraded at a cost of 
ZAR2.1 billion. This stadium is earmarked to host five first 
round matches (including the opening match), one second round 
match, a quarter final and the final of the 2010 World Cup. The 
new stadium will have an official capacity of 95 000, making it 
the biggest stadium ever to be used for the Soccer World Cup. 

Aside from completely renovating the existing stadium, the 
boxes and upper seating, formally only on the western side of 
the stadium, are being extended around the entire perimeter. In 
addition, a circular steel roof is to be added giving the stadium 
the distinctive calabash shape envisioned by the architects. Due 
to the round shape of the roof, it will be largely independent of 
the stadium structure and supported by twelve reinforced con-
crete ‘shafts’. These shafts and the loads generated by the roof 
have resulted in exceptionally high loads being transferred to 
the foundations of the shafts, supported by 1200mm or 1500mm 
diameter auger piles. 

Whilst many of the piles carry large compressive loads, per-
haps the most daunting aspect of the pile design was the excep-
tionally high tension loads. By way of an example, a single 
shaft foundation is required to carry up to 13 000kN of tension, 
combined with 6 000kN of shear and 125 000kNm of moment. 
Given the limited space, it was only possible to install a maxi-
mum of 12 piles per shaft foundation with the result that some 
piles were expected to carry up to 5 800kN of tension. 

Unfortunately the rock strength and depth across the site is 
highly variable, and therefore only limited capacity can be 
safely generated in the rock socket. In order to accommodate 
these massive loads, it was decided to anchor the piles into the 
sandstone bedrock using dowel bars installed through the base 

of the pile. Between four and eight 100mm steel tubes were cast 
into the pile to a depth of 300mm above the pile/rock interface. 

Figure 8 - Preparation for one of the pile caps of the twelve shafts 

Once the concrete had reached sufficient strength, these 
holes were then extended using percussion drilling techniques 
into the rock below. 10m long Y40 Threadbar 600 dowel bars 
were then grouted 6m into the rock, with 4m projecting into the 
pile, generating just over 500kN of tension capacity per dowel. 
The steel tubes were also used to conduct cross-hole sonic log-
ging testing, and check the pile/rock interface.  

5 CONCLUSIONS 

Limitations imposed by new health and safety legislation have 
limited the efficiency and potential capacity of open-hole cast 
in-situ auger piles. This can be overcome through either the use 
of base-grouting or steel tubes to maximise the capacity gener-
ated by any single pile. 

Base-grouting should be used for smaller piles, improving 
the material at the base and pre-loading the pile base to improve 
the compatibility between the displacements necessary to gen-
erate the side shear resistance and the end bearing resistance. 
Steel tubes can be fitted in larger diameter piles, which can be 
used to facilitate quality control, improve the conditions at the 
base of the pile or install dowels to improve the tension or shear 
resistance in the pile. 

REFERENCES

Byrne G, Everett JP & Schwartz K. 1995. A Guide to Practical 
Geotechnical Engineering in Southern Africa. 3rd Edition. 

Cheng W-C, Ni JC and Chen TFS. 2006. Numerical analysis of pile 
load testing and base grouting. Proc. of 10th International 
Conference on Piling and Deep Foundations. Amsterdam. pp 635-
643. 

Dapp SD, Muchard M & Brown D. 2006. Experiences with Base-
grouted Drilled Shafts in the South-eastern USA. 10th International 
Conference on Piling and Deep Foundations. 

Everett JP. 1991. Load transfer functions and pile performance 
modelling.  Proc. of 10th Regional Conference for Africa on Soil 
Mechanics and Foundation Engineering and the Third International 
Conference on Tropical and Residual Soils.  Maseru 23-27 
September. pp 229-234. 

Klosinski BA and Szymankiewicz C. 2006. Bored piles with base 
preloading by grouting – The Polish experience. Proc. of 10th 
International Conference on Piling and Deep Foundations. 
Amsterdam.: pp 485-489. 

Osterberg JO. 1998. The Ostserberg load test method for drilled shafts 
and driven piles.  The first ten years. Dated 03/15/98. 17pp. 

Parrock AL, de Wet H, Hartley WF and Hayes JA. 1999. Use of the 
Osterberg Cell for pile load evaluation. Proc. of 12th Regional 
Conference for Africa on Soil Mechanics and Geotechnical 
Engineering. Durban/South Africa. pp 389-397. 


