
  

INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 
 

 

 

 

 

 

 

 

   

  
 
 
 
 
This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 
 
https://www.issmge.org/publications/online-library 
 
This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

 

 

 

 

 

 

The paper was published in the proceedings of the 12th 
Australia New Zealand Conference on Geomechanics and 
was edited by Graham Ramsey. The conference was held 
in  Wellington, New Zealand, 22-25 February 2015.  
 
 

 

 

https://www.issmge.org/publications/online-library


 

 

Challenges and risks associated with piling in the Riccarton Gravel, 
Christchurch 

 
D. P. Green

1
, FGS, M. F. Gibson

1
, CPEng MIPENZ IntPE and G. Newby

2
, CPEng MIPENZ IntPE 

 
1
Beca Ltd, 410 Colombo Street, Sydenham, Christchurch 8023, New Zealand; PH +64 3 366 3521; email: 

david.green@beca.com / marcus.gibson@beca.com 
2
Beca Ltd, 21 Pitt Street, Auckland 1010, New Zealand; PH +64 9 300 9000; email: grant.newby@beca.com 

 
 
ABSTRACT 
 
In recent years, there has been a growing understanding that the Riccarton Gravel underlying 
Christchurch, often the chosen founding stratum for a range of piled structures, may not be as 
competent as once thought. The formerly held belief that this formation comprises homogeneous, 
dense, gravel which can provide very high end bearing capacity has been largely dismissed by the 
findings of recent piling projects in Christchurch. 
 
The bearing capacity of Riccarton Gravel has been reassessed through back-analysis of driving 
records for piles installed as part of the Christchurch Southern Motorway project and bridges within the 
SCIRT programme of works. The achieved capacities were consistently lower than theoretical 
estimates based on geotechnical investigation, with variability through the formation. Experience has 
informed design, with adoption of bearing capacity limits, and implementation of engineered solutions 
to improve capacity in the formation. 
 
High variability of soil profile within the Riccarton Gravel has been encountered. In addition to the 
historically assumed dense gravel, significant thicknesses of silt, sand and peat can be present. The 
importance of thorough ground investigations of the founding stratum prior to piling cannot be 
overstated. Proof bores undertaken at the Bridge Street Bridge and other piling sites provided 
invaluable information for construction. 
 
This paper discusses geotechnical risks associated with founding piles in the Riccarton Gravel. All 
piles founded within gravels have potential to exhibit similar challenges and parallels can be drawn. 
Recommendations for end bearing capacity limits developed through experience are provided, along 
with approaches to pile design and construction monitoring. 
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1 INTRODUCTION 
 
The Riccarton Gravel has long been known as the uppermost water-bearing aquifer in the 
Christchurch area for groundwater abstraction and in more recent times has been the founding 
stratum of choice for piles supporting large structures in the city. The key driver for this choice has 
been the inferred or assumed relative weakness of the overlying Christchurch Formation soils. 
 
Experience of installing piles in the Riccarton Gravel has shown that the use of this material as a pile 
founding stratum comes with risks and the actual performance of the soil may be highly variable, due 
to variations in composition and density. 
 
This paper aims to share the author’s experience of the issues around founding in the Riccarton 
Gravel, and proposes guidance on the realistic pile end bearing capacity that can be expected. 
 
2 RICCARTON GRAVEL 
 
The Riccarton Gravel formation was deposited during the last glaciation of north Westland, between 
14,000 and 70,000 years ago (Brown & Weeber, 1992), and underlies the marine Christchurch 
Formation in Eastern Christchurch, and the alluvial Springston Formation in the west, where it 
becomes indistinguishable from the overlying gravels. The Riccarton Gravels typically comprise brown 
or blue-grey well graded alluvial gravel (up to cobble size) with some sand and silt (Brown & Weeber, 



 

 

1992). The Riccarton Gravel’s upper and lower surfaces have been well constrained by large numbers 
of boreholes (primarily groundwater bores) drilled in Christchurch, with the typical depth to the top of 
the unit varying from around 10m at the western edge of the city to around 40m at the coast 
(Cubrinovski & McCahon, 2011). Standard Penetration Tests (SPT’s) undertaken in the Riccarton 
Gravel typically record N60 values exceeding 40 blows per 300mm indicating a dense to very dense 
state. However, the results of SPT’s can be highly variable. 
 
The Riccarton Gravel has long been regarded as the uppermost aquifer for groundwater abstraction. 
This use has been aided by the artesian (or flowing artesian) groundwater conditions often 
encountered within this formation. The artesian pressure head in the Riccarton Gravel is typically 
observed to be 0 m to 3 m above ground level, varying with spatial location. This effect relates to the 
confining effect of the relatively impermeable silt at the base of the overlying Christchurch Formation. 
 
3 PILE TYPES 
 
A range of pile types have been used in Christchurch to transfer structural loads into the founding 
Riccarton Gravels. Due to the typically liquefiable nature of the overlying Christchurch Formation soils, 
these piles rely predominantly on end bearing capacity to carry axial loads. For large structures, the 
combination of seismic ultimate limit state structural demand and negative skin friction can lead to very 
high axial pile loads. The pile type selected and sizing of piles during pile design needs to consider 
compatibility of load demands and the limiting capacity of the founding soils. 
 
Pile types employed in recent years in Christchurch founding in the Riccarton Gravels have included: 

1. Driven steel ‘H-piles’, typically up to 310 mm in section; 

2. Bottom-driven steel tubular piles, typically 900 mm to 1200 mm in diameter; 

3. Bored piles, typically 900 mm to 1200 mm in diameter; 

4. Steel screw piles, up to around 800 mm in diameter.  
 
4 METHODS TO DETERMINE COMPETANCE OF FOUNDING SOILS 
 
4.1 SPT Considerations 
 
Standard Penetration Tests are known to provide variable results in all soils. However, the variability 
of SPT results is most severe in sandy gravels such as the Riccarton Gravel. The large scatter of SPT 
N-values recorded in Riccarton Gravel typically results from one of two effects. 
 
Firstly, in the clast-dominated, predominantly gravel, material, the clast size often exceeds the 
diameter of the SPT split spoon or solid cone, and cobbles may also be present. This can lead to very 
high blow counts where coarse gravel or cobbles are present. In such cases, the commonly adopted 
extrapolation of N-values beyond 50 blows per 300 mm is not appropriate, as the N-values obtained 
do not necessarily represent the density of the soil matrix. In cases where SPT N-values exceeding 50 
have been recorded in Riccarton Gravels, the authors have, following review of the soil description, 
typically limited the efficiency-corrected N60 value to 60 blows per 300mm, to avoid unrealistic 
extrapolated values. 
 
In matrix-dominated sandy gravels, SPT N60 values in the Riccarton Gravel tend towards the 40 to 50 
range. However, the matrix dominated behaviour comes with its own problems in that heave can 
occur. Heave is typically associated with poor management of water levels or drilling fluids within the 
borehole ensure continued excess positive water head, and/or use of a drilling method that loosens 
the in situ soils promoting heave. If heave is not noticed during drilling and the SPT test aborted, 
unrealistically low SPT N-values can result.  
 
The use of SPT-based empirical calculation of pile end bearing and skin friction parameters, such as 
the method of Meyerhof (1976) which typically utilises N55 values, requires some interpretation of the 
data to determine an appropriate value for design. Additionally a large amount of data is advisable to 
be able to assess the scatter of results and arrive at a moderately conservative design value. 
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[A] – Silt between the two layers of gravels (around 37 to 38 m depth) 

[C] – Clast-dominated gravels at around 44 to 45 m depth 

[B] – Matrix-dominated gravelly sand at around 46 to 47 m depth 

[D] – Matrix-dominated sandy gravel at  around 41 to 42 m depth 

Figure 1. Different material compositions encountered by Sonic borehole at Bridge Street Bridge 
 
4.2 Core Inspection 
 
The composition of the Riccarton Gravel is as important as its density, and given the variability in both 
properties throughout the thickness of the deposit, is a key consideration in determining pile 
performance. In this field, the use of sonic coring yields great advantages over other drilling methods 
that may yield poorer recovery in granular soils. While an analysis of SPT data may not distinguish 
between clast or matrix-dominated gravels. The performance of piles, which have much larger 
diameters than the SPT equipment, can be significantly affected by the predominant grain size of the 
material. Conventional rotary coring can result in loss of finer fractions, leading to an overly optimistic 
assessment of the materials bearing capacity, for example gravelly sands appearing to be clast-
dominated gravels. In this way, the presence of silt or sand lenses within the Riccarton Gravel can be 
missed and therefore not considered in design. The result of this is two-fold; the performance of the 
pile may be affected, but also severity of potential heave during construction may not be adequately 
anticipated if relatively clean gravels are incorrectly expected to be encountered over the full depth of 
the pile embedment.  
 
4.3 Back-analysis of Pile Driving Data 
 
A good and reliable method of estimating pile performance is analysing the performance of actual 
piles in the field. These can be piles from nearby projects, trial piles at the site, or verification of design 
assumptions though detailed review of the first production piles installed. Back-analysis of pile driving 
resistance can be used to determine the elevations of layers of maximum driving resistance, which 
can be targeted by later piles on the same site. Such an approach requires continuous coarse 
recording of driving resistance as piles are driven from above the top of the intended founding stratum 
to their final depth. This information, although sometimes time-consuming to gather, is invaluable if 
staged construction, or where a large number of driven piles are included in a project. 
 
Aside from the obvious advantages of the back analysis of driving data for use on a site-specific basis, 
such analyses have also been of great benefit to the authors in gaining an understanding of the 
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bearing capacity that can be realistically achieved in Christchurch as a whole, and extending further to 
piles driven into gravels in general.  
 
5 PILING IN RICCARTON GRAVEL 
 
5.1 Learning from Project Experience 
 
5.1.1 Christchurch Southern Motorway 
The construction of the Curletts Road Overpass on the Christchurch Southern Motorway (CSM1) 
project involved the installation of 64 no. driven steel 310UC137 H-piles. The design driving resistance 
of the bridge piles, while high, was within the range of values calculated using accepted methods. 
During construction driving resistance was recorded by the Hiley Formula method (Auckland Structural 
Group, 2002) supplemented by Pile Driving Analyser (PDA) testing. The piles typically achieved 
ultimate end bearing capacities in the range 15 to 25 MPa, which was in some cases insufficient for 
the design loading. The remedial action adopted comprised post-grouting beneath the toes of the 
piles. This resulted in a significant increase in end bearing capacity on re-striking to around 40 to 55 
MPa, well exceeding design requirements. This experience was a clear indication that theoretically-
calculated end bearing capacity within the Riccarton Gravel may not be readily achievable, and based 
on this experience more conservative end bearing capacities were adopted for later projects. 
 
The initial ground investigation works for this project were undertaken using conventional ‘Triple Tube’ 
rotary coring, with SPT testing, and the data from this was used to progress the detailed design. The 
investigation indicated the presence of a reasonably homogenous founding stratum in the Riccarton 
Gravel. During construction, a ‘Direct Push’ borehole (a pre-cursor to Sonic drilling methods) was 
undertaken, which provided improved recovery of the Riccarton Gravel soils. This found that the 
upper, approximately 1 m, of the Riccarton Gravel comprised dense, clast-dominated, gravels, 
whereas below this level existed matrix-dominated sandy gravel, with some sand lenses. This method 
provided a very different picture of the nature of the founding stratum than the initial ground 
investigations indicated, and helped explain the lower end bearing capacities achieved. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Ultimate End Bearing Capacity estimated from Hiley Driving Resistance 

CSM1 – Curletts Rd Overpass Bridge St Bridge 



 

 

5.1.2 South Brighton (Bridge Street) Bridge 
The Stronger Christchurch Infrastructure Rebuild Team (SCIRT) repairs to the earthquake-damaged 
Bridge Street Bridge comprised the replacement of the abutment piles and abutments. This involved 
the installation of four 1.2 m diameter bottom-driven steel tubular piles at each abutment. The design 
of these piles adopted a modified Meyerhof approach using a limited ultimate end bearing capacity of 
300.N55, which gave a maximum end bearing capacity of 18 MPa in the Riccarton Gravel. 
 
The first piling activity to be undertaken on this site was the installation of 12 no. temporary steel 
310UC137 H-piles to support the bridge deck during replacement of the abutment piles. These piles 
were driven into the Riccarton Gravels, encountered at approximately 28 m below bridge deck level. 
The driving of these temporary piles was closely monitored to gather information to verify pile ultimate 
pile capacity adopted for design of the permanent abutment piles, to be installed later in the 
construction sequence. Most notable, the driving resistance estimated by the Hiley Formula was 
continuously recorded during installation. This provided continuous profiles of driving resistance 
against elevation for the Christchurch Formation sands and silts and the underlying Riccarton Gravel 
founding stratum.  
 
The continuous driving resistance profiles revealed that the driving resistance, related directly to 
density, was significantly higher at the top of the Riccarton Gravel (within the uppermost 1 to 2 m) than 
at lower levels. Furthermore, the driving resistance of the Riccarton Gravel below this denser zone 
was found to be less than that for the lower portion of the Christchurch Formation sand. This effect 
was not consistent with the design assumption that the Riccarton Gravel was a reasonably 
homogeneous and dense stratum. This assumption was based on extensive ground investigation data 
that used rotary cored triple-tube boreholes drilled into and through the Riccarton Gravel. The results 
of SPT testing were fairly consistent, as was the material recovered from the boreholes.  
 
At the time of the temporary pile installation, Rotary Sonic rigs had become readily available in 
Christchurch, which was not the case for the original investigation. Therefore, the decision was made 
to drill a sonic borehole at one of the abutments, without SPT testing, in order to obtain good-quality 
core for inspection. This borehole revealed significant variation in the grading of the Riccarton Gravel, 
from clast-dominated gravels, where higher driving resistance was recorded by the temporary piles, to 
matrix-dominated gravelly sands and silts, where lower resistance was recorded. Example photos of 
material encountered in the sonic borehole though the Riccarton Gravels are provided in Figure 1. 
 
At the time of writing, sets had been recorded on the first four of these permanent piles at the western 
abutment, with ultimate end bearing capacity of 10 MPa and 20 MPa. These results highlight the 
variability of the Riccarton Gravels, with two of the piles achieving the design end bearing capacity 
with the other two encountering a lens of matrix-dominated gravels, silts or sands. 
 
5.1.3 287-293 Durham Street  
The selected pile type for the 287-293 Durham St building was a combination of 900 mm and 1200 
mm diameter bored piles, all founded in the Riccarton Gravel. This bored pile methodology allowed 
observation of recovered soil at a large number of locations (there were 83 no. piles in total). This, 
combined with the six proof bores drilled at the site and earlier ground investigations, provided good 
information on the composition of the Riccarton Gravel founding stratum. 
 
At the location of this site, in central Christchurch, the Riccarton Gravel was approximately 15 m thick, 
and comprised two discreet layers of sandy gravel. These gravel layers sandwiched an intermediate 
lense of silt, sand and peat, up to 2.5 m thick. This lense, referred to as the Central Silt, was variable 
in composition both with depth and lateral position across the site; some piles encountered only sand 
and silt whilst other encountered significant thickness of organic silt and peat. The consequence of the 
presence of the Central Silt was that the more heavily loaded piles were required to be drilled through 
the lense and founded in the lower gravel layer. This case highlights the importance of proof bores to 
prove the founding stratum. These proof bores identified the Central Silt lense and allowed 
unacceptable pile settlement under the design loads to be avoided. 
  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Compiled End Bearing Capacity Data for Pile Driven into Riccarton Gravel 
 
5.1.4 Gayhurst Road Bridge 
Gayhurst Road Bridge was another bridge damaged in the 2010-2011 Canterbury earthquakes. In this 
case, the decision was made by SCIRT and Christchurch City Council to replace the bridge. The 
replacement bridge design employed 1200 mm diameter steel tubular piles and precast plug driven 
out the base of the pile casing. And like Bridge Street Bridge, the chosen founding stratum, given the 
liquefaction potential of the overlying Christchurch Formation, was the Riccarton Gravel. 
 
At the time of writing, three of the new pier and abutment piles have been constructed. The piles 
achieved their target driving resistance, although this involved driving the pre-cast plug some 1.2 m 
beyond the toe of the pile casing to achieve the required set. The end bearing capacity achieved has 
been estimated though the use of the Hiley Formula to be an ultimate end bearing capacity average of 
18 MPa (range 17.8 MPa to 18.3 MPa). 
 
5.2 Compiled End Bearing Capacity Data 
 
Ultimate end bearing capacities achieved for the projects discussed in the previous sections are 
presented in Figure 3. The data is heavily weighted towards the uppermost portion of the Riccarton 
Gravels, as generally driven H piles were terminated at this level having reached the required set. The 
data shows that end bearing capacity in the order of 15-18 MPa was generally achieved for driven 
piles founded in the Riccarton Gravel. Furthermore, an overall reduction in capacity with embedment 
is apparent, with values as low as 10 MPa, although the data set for large embedment into to the 
formation is limited. 

 
5.3 Groundwater Issues 
 
The artesian water pressures within confined Riccarton Gravels can cause problems with pile stability 
during excavation within a pile casing. The outside of steel casings or pile shafts can create leakage 
pathways through the relatively impermeable confining layer at the base of the Christchurch 
Formation. This is particularly severe when installing screw piles into the Riccarton Gravel, where 



 

 

ground water flow up the side of the pile shaft and though soils disturbed by the helix during 
installation, has proved very difficult to stop once the pile has penetrated the confining layer. 
 
6 RECOMMENDATIONS 
 
6.1 Geotechnical Investigation  
 
Options for testing the density of the founding gravels can be limited, and the use of SPT testing 
seems unavoidable in most situations. However, care should be taken when relying on SPT data for 
pile design. The data set should be sufficiently large to allow a representative design value to be 
assessed, and extrapolation of SPT N60 values beyond 60 blows per 300mm is not advisable unless 
the designer has a great degree of confidence in the validity of the SPT data. Such confidence can be 
gained by undertaking detailed inspection of core from a number of Sonic cored boreholes, to identify 
any lenses of non-gravel material that could compromise pile performance, and any materials that 
may have affected the accuracy of the SPT test results. 
 
6.2 Dealing with Groundwater 
 
The presence of artesian groundwater conditions can be problematic to pile construction, leading to 
heave effects that could compromise end bearing capacity and lead to excessive settlement under the 
design loads. Heave can be mitigated by ensuring the pile casings are topped up with water to 
maintain a positive pressure head throughout construction. If the artesian pressure leads to a flowing 
situation, extending the pile casing above ground level or the use of support fluids to increase the 
weight of the fluid inside the casing, may be effective in mitigating potential heave effects at the base 
of the pile. If temporary or permanent casings are used for driven piles, over-driving the casing in the 
order of 0.5 to 1.5m beyond the pile toe has been found to effectively limit the potential for base 
heave. Use of temporary or permanent steel casings is the most effective method of ensuring pile 
sidewall stability for bored piles in the Riccarton Gravel. 
 
6.3 End Bearing Capacity 
 
Over a range of pile types and site locations, the authors have noted that theoretical calculation of pile 
end bearing capacity through SPT N-value based empirical methods such as Meyerhof (1976), in 
particular when these have been extrapolated, may overestimate the end bearing capacity achievable 
in the Riccarton Gravels. Furthermore, calculation of pile end bearing capacity in the Riccarton 
Gravels by the methods of the New Zealand Building Code B1/VM4, can substantially over estimate 
the available end bearing capacity leading to unconservative pile designs. The author cautions against 
using B1/VM4 for design of piles founded within the Riccarton Gravels. Based on the author’s 
experience, a maximum end bearing capacity of 15-16 MPa is recommended for the design of large-
diameter driven piles founded in the Riccarton Gravels. Higher values may be achievable for smaller 
diameter piles, or where detailed ground investigation verifies adequate thickness of competent clast-
dominated gravels. 
 
6.4 Allowance for Variability in Performance 
 
As there is significant variability in the composition and strength, and therefore performance of the 
Riccarton Gravel, contingencies should be considered to remedy piles that do not reach the required 
driving resistance. Such contingencies may include a pragmatic structural design, whereby the effect 
of increased settlement of one pile within a group can be mitigated by applying more load to the 
adjacent piles, or assessing the likely consequences of additional settlement under the most onerous 
design load cases. Other measures can be taken to improve performance, such as post-installation 
base grouting. One approach that has been adopted is the installation of base-grouting tubes to driven 
H-piles as a precaution against not reaching the required driving resistance. Allowance in the design 
for the installation of further piles if required can also save time and cost in avoiding significant re-
design should the capacity not be reached. 
 
6.5 Alternative Founding Strata  
 
The Christchurch Formation sands are widely seen as being liquefiable deposits that are not used as 
a bearing stratum for piles for large structures, in preference to the underlying Riccarton Gravel. 



 

 

However, this is not always the case, and the lower sands of the Christchurch Formation can often be 
dense and sometimes more competent than the underlying Riccarton Gravel.  Although consideration 
must be given to check for the presence of potentially liquefiable layers and organic silts at the base of 
the Christchurch Formation, when assessing the suitability of these sands for founding piles, 
especially those of large diameter. 
 
One example of founding piles in the Christchurch Formation sands is Avondale Road Bridge, in 
Eastern Christchurch, which suffered irreparable damage to the abutments and piles, requiring 
replacement of both these elements. At the site of this bridge, the sand of the Christchurch formation 
becomes dense or very dense in the lower 8m. Although this very dense stratum was underlain by the 
organic silts typically found at the base of the Christchurch Formation, the stratum was sufficiently 
thick to allow founding the 1200mm diameter driven piles without significant risk of punching. 
 
Analysis of SPT data showed good consistency, much better than typically observed in gravels and a 
roughly linear increase in density with depth, generally reaching a corrected (N1)60 blow count 
exceeding 40 at and below the pile founding level. Given this consistency, and that the material was 
predominantly sand, with little fines, the designers could be confident in correlating SPT N-values to 
density and using an SPT-based approach to determining pile parameters for design. This level of 
confidence is rarely achieved in the Riccarton Gravel. 
 
6.6 Recommendations for Further Study 
 
While a reasonable database of information on the driving of piles into the Riccarton Gravel exists, 
there is only limited information available on the performance of bored piles founded in the Riccarton 
Gravel. Static load testing of bored piles would improve confidence in design assumptions. The 
authors consider that such testing, and the publication of results, would be of great benefit to the 
engineering community in providing geotechnical engineers improved confidence in selecting design 
parameters and the expected structural performance. 
 
7 CONCLUSION 
 
Experience gained from a number of projects involving the installation of driven piles founded in the 
Riccarton Gravel has provided an understanding of the ultimate end bearing capacities that are 
achievable. Ultimate end bearing capacity for driven piles in the order of 15-16 MPa is generally 
achievable. The values achieved were consistent with calculation using the method of Meyerhof 
(1976) adopting moderately conservative design SPT N55 values, allowing only limited extrapolation. 
 
The inherent variability in both the density and composition of the Riccarton Gravel must be 
considered when founding within this stratum. The required understanding can be obtained by 
continuous sampling of the material by methods such as Sonic drilling, careful core inspection and 
detailed recording of pile capacity with depth during installation of piles. SPT data can assist in pile 
design, but SPT N-values obtained in variable sandy gravels should be used with caution and not 
excessively extrapolated. 
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