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Performance related pile design in chalk 
Méthodes de construction et rendement des pieux forés dans la craie 

 

S. J. Wade 

Cementation Skanska, London, UK 

 
ABSTRACT:  Current UK methods of bored pile design in chalk are empirically based and make little reference 

to the method of pile construction beyond the distinction between continuous flight auger (CFA) and 

conventional rotary bored piles. The primary focus of the design method is on the prediction of ultimate 

compressive resistance, pile performance being managed by partial factors of safety. Much debate surrounds the 

efficacy of the current design methods. The confusion of test pile results  that fuels this debate can be reduced by 

adopting the approach described in this paper which also suggests that the focus of design should be on pile 

performance in the working condition rather than on bearing capacity. On the basis of analysis of new pile load 

tests and a reappraisal of past case histories, the impact of the pile construction method on pile performance is 

demonstrated and an update of the currently stipulated design factors is proposed. 

 
RÉSUMÉ : Les méthodes britanniques actuelles de conception de pieux forés dans la craie reposent sur des 

bases empiriques faisant peu référence à la méthode de construction de pieux, outre la distinction entre le forage 

à tarière continue et les pieux forés rotatifs conventionnels. Cette méthode de conception repose surtout sur la 

capacité de résistance maximale à la compression, la performance des pieux étant gérée par des facteurs partiels 

de sécurité. Beaucoup de débats entourent l'efficacité des méthodes de conception actuelles, mais la confusion 

quant aux résultats des pieux d'essais qui alimentent ce débat n’a pas lieu d’être si l’on adopte l'approche décrite 

dans le présent document, qui suggère également que la conception doit être centrée sur la performance des 

pieux en condition de travail plutôt que sur leur capacité portante. D’après l’analyse des nouveaux tests de 
charge des pieux et une réévaluation des cas précédents, l’impact de la méthode de construction du pieu quant 
à ses performances est démontré ; une mise à jour des facteurs de conception actuellement stipulés étant pro-

posée. 
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1 INTRODUCTION 

Previous studies of the design of bored piles in 

chalk have focused primarily on how the ultimate 

and design compression resistances may be pre-

dicted, only distinguishing between conventional 

rotary bored piles and continuous flight auger 

(CFA) piles. Relatively little prominence has 

been given to either the pile performance or how 

the detailed method of construction may affect 

pile performance, and therefore influence our ap-

proach to design.  

Ignoring construction methodology adds to the 

confusion created by an imperfect design ap-

proach when interpreting pile test results. Twine 

(1990) observes that the apparent linear relation-

ship between average effective stress and average 

shaft resistance implies that the chalk at the pile 

interface is remoulded during excavation of the 

pile. It is reasonable to anticipate that increased 
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mechanical disturbance and greater availability 

of free water will both increase the thickness and 

reduce the strength of remoulded chalk around 

the shaft. Similarly, it is difficult to ensure that 

the base of an open pile bore is undisturbed and 

free from remoulded material at the time of con-

creting, particularly when working under a sup-

port fluid. It would then, be surprising if the par-

ticular method of pile construction did not affect 

the performance of a bored pile under load. The 

varying test results from identical piles at the 

River Yare Viaduct, constructed using three dif-

ferent support fluids (water/bentonite/polymer) 

illustrate this observation (Corbett et al 1991). 

The variation in performance of rotary piles con-

structed under bentonite and water at the River 

Orwell Viaduct provide a further example 

(Fletcher and Mizon 1984). 

The analyses of seven previously unpublished 

load tests are outlined in this paper in order to in-

vestigate the influence of piling methodology on 

performance. They were carried out on piles con-

structed by both conventional rotary and CFA 

methods, in water-bearing and dry chalk.  

The discussion is expanded with reanalysis of 

other published case histories taking account of 

the reported methods of pile construction. 

2 PUBLISHED CASE HISTORIES 

Case histories, which include sufficient infor-

mation to allow a reasoned assessment of the pile 

performance using a standardised basis of analy-

sis, have been selected for appraisal. They in-

clude examples of dry and wet rotary piles, con-

structed with various support fluids, as well as 

CFA piling. 

The calculated design resistance of each pile 

has been established using the methods set out in 

CIRIA Project Reports PR11 (Lord et al 1994) 

and PR86 (Lord et al 2003), coupled with the 

limit state design approach set out under the Eu-

rocodes (BS EN 1997-1: 2004+A1:2013 Euro-

code 7 Geotechnical Design) as amended by the 

UK National Annex (NA+A1:2014).  The pile 

test results have been interpreted using the meth-

ods described by Fleming (1992). 

Table 1 presents brief details of each test to-

gether with the output from this analysis, and in-

cludes the results of the new case histories. 

 

  
 

Figure 1. Ground conditions (new case histories)
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3 NEW CASE HISTORIES 

Six of the preliminary load tests outlined here 

were carried out on bored piles in wet chalk at 

Ebbsfleet, Kent, UK. The seventh test pile was a 

bored pile in dry chalk near Luton, Bedfordshire, 

UK. The ground conditions at each location are 

summarized in Figure 1.  

3.1 Pile construction 

At Ebbsfleet, piles PPZ/2B, 2B(A), 3A and 3B 

were constructed through water-bearing chalk us-

ing conventional rotary techniques. The open 

bores were temporarily supported through the su-

perficial deposits and weathered chalk with seg-

mental casings. Each bore was then extended to 

toe level through stable chalk, and concreted un-

der water using tremie methods. In practice the 

temporarily cased depths were between 8m and 

15m into the chalk amounting to between 70% 

and 100% of the shaft length in chalk. Piles PPZ/ 

2A and 7A were installed using CFA methods. 

Bitumen coated permanent linings were in-

stalled in all of the test piles at Ebbsfleet to negate 

the support offered by superficial deposits.  

Pile PTP08, at Luton, was constructed in dry 

chalk using conventional rotary techniques. The 

pile was temporarily cased to 3m depth, and ex-

tended through stable clay and chalk to 12.5m 

depth. Concrete was placed using a placing tube 

in dry conditions.  

3.2 Load tests  

Maintained load tests were carried out on the 

piles in accordance with the prevailing Institution 

of Civil Engineers Specification for piling and 

embedded retaining walls. The load versus dis-

placement plots of the seven tests are summarised 

in Figure 2. 

 

 
 

Figure 2 Load-displacement plots (Ebbsfleet and Luton) 
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Table 1: Results of test pile analyses 

 
 

Notes: 
a) Av σv' is the average vertical effective stress in the chalk along the pile shaft; Nbase is the SPT blow count at the pile base. 

b) 's DVL' is pile displacement at design verification load; Rs;m;CH is the total ultimate shaft friction in the chalk; qs;m;CH is the aver-

age ultimate shaft friction in the chalk: Rb;m is the ultimate base resistance; qb;m  is the ultimate base pressure. 

c) The design factors are the measured values for comparison with the Report PR11 values of qs;m;CH /σ' = 0.8 and qb;m/N = 200 

d) Test piles at River Yare were not displaced sufficiently to estimate the ultimate base and total resistances, but do give an 

indication of the measured shaft friction. 

e) Rd;test is the design resistance implied by the test result, obtained by applying EC7 partial factors to the estimated ultimate 

shaft and base resistances: Rd;test/Rd is the ratio of the design resistance implied by the test and the calculated design re-

sistance ( Rd  - based on CIRIA PR11/86 and EC7). The partial factors have been taken from the UK National Annex to Euro-

code 7: (NA+A1:2014): Tables A.NA.7 and A.NA.8: R4 Set with explicit verification of SLS and a model factor of 1.4. 

f) Sources: R. Orwell - Fletcher & Mizon 1984: R. Yare - Corbett et al 1991: Littlebrook D - Mallard & Ballantyne 1976: Norwich 

- Twine & Wright 1991: Reading - Lord et al 1994: Basingstoke - Miller 2018. 

 

4 DISCUSSION 

4.1 Design method 

It is not the purpose of this paper to address the 

current debate over the best method of estimating 

ultimate pile capacities in chalk. In order to focus 

on the effect that construction methodology has 

on pile performance and design, a consistent ap-

proach to pile analysis has been adopted.  

The current UK method of calculating the ulti-

mate compressive resistance (Rc) of a pile in 

chalk is based on CIRIA Project Reports PR11 

(Lord et al 1994) and PR86 (Lord et al 2003) 

whereby:  

 

 

Ultimate shaft friction (qs;CH)   =  β  x  σ'v 
 

Ultimate base resistance (qb)  = 200 NBASE 

 

where  

σ'v = vertical effective stress 

NBASE = standard penetration test blow count 

β  = 0.80 generally;  

0.45 for CFA piles with N<10 

 

This design approach is coupled with the relevant 

limit state factors set out in BS EN 1997 and the 

UK National Application document to calculate 

the design compressive resistance (Rc;d). 

Dia. Depth Cased Depth dQus Penet'n Av σv' Nbase smax sDVL Rs;m;CH Rb;m qs;m;CH qb;m

mm m m m kN/m
2

mm mm kN kN kN/m
2

kN/m
2 Rd;test/Rd

Ebbsfleet PPZ/2B Rotary Water 900 18.3 15.60 7.50 0 10.80 153 37 85 37 1821 5934 57 8551 0.37 231 82%

Ebbsfleet PPZ/2B (A) Rotary Water 900 27.4 21.10 6.20 0 26.20 218 40 33 13 7000 5750 90 8286 0.42 207 76%

Ebbsfleet PPZ/3A Rotary Water 900 15.3 15.30 5.10 0 10.20 108 26 83 6 2550 4600 85 6628 0.78 255 114%

Ebbsfleet PPZ/3B Rotary Water 900 15.5 15.30 3.80 0 11.70 146 40 86 52 2250 3596 65 5182 0.45 130 60%

River Orwell Pier 9 Rotary Water 1050 25.0 7.00 7.00 0 18.00 142 21 45 11 3560 14000 60 16168 0.42 770 157%

River Orwell Pier 19 Rotary Water 1050 21.0 10.00 10.00 0 11.00 147 19 120 7 2570 14800 71 17092 0.48 900 212%

River Yare P1 Rotary Water 1200 41.8 20.00 12.90 1342 28.90 252 18 22 11 17258 4140 158 - 0.63 - 82%

River Orwell P2 Rotary Bento 1050 21.0 3.50 0 17.50 106 20 40 6 5200 6000 90 6929 0.85 346 131%

Littlebrook - Rotary Bento 1050 27.1 19.00 18.60 0 8.50 239 29 49 10 3300 16000 118 18478 0.49 637 173%

River Yare P2 Rotary Bento 1200 40.1 15.00 8.90 418 31.20 224 17 17 10 20009 3837 170 - 0.76 - 96%

River Yare P3 Rotary Polymer 1200 40.4 15.00 8.90 418 31.50 230 17 13 8 27922 3889 235 - 1.02 - 124%

Norwich PTP 2 Rotary Dry 750 22.9 10.80 10.80 0 12.10 304 21 49 5 6930 2380 243 5387 0.80 257 102%

Luton PTP 08 Rotary Dry 750 12.5 3.00 5.50 386 7.00 168 35 61 4 2397 5237 145 11854 0.87 339 138%

Ebbsfleet PPZ/2A CFA n/a 900 17.0 n/a 7.60 0 9.40 137 33 90 4 3165 8060 119 12670 0.87 384 154%

Ebbsfleet PPZ/7A CFA n/a 900 16.1 n/a 6.00 0 10.10 204 22 90 5 3910 3644 137 5728 0.67 260 100%

Reading TP1 CFA n/a 600 14.0 n/a 2.00 10 12.00 112 36 27 4 2000 5571 88 19703 0.79 547 184%

Basingstoke RTPA CFA n/a 600 8.5 n/a 2.90 78 5.60 65 7 43 2 672 3000 64 10610 0.98 1516 337%

Basingstoke RTPB CFA n/a 600 8.5 n/a 2.90 78 5.60 65 7 43 2 614 1581 58 5592 0.89 799 209%

Basingstoke OTP1 CFA n/a 600 16.0 n/a 0.00 0 16.00 81 34 67 2 2300 7193 76 25440 0.94 748 245%

Location

Test Result
b

Pile Method
Support 

Fluid
qb;m/N

blows

Test Reference Chalk
a

OverburdenPile Construction Design Factors
c

qs;m;CH 

/σ'

Capacity 

ratio (%)
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Back-analysed values of β and qb,m/N, from 

each load test, have been included in Table 1 and 

are plotted in Figures 3(a) and 3(b). 

 

 
 

Figure 3(a) Shaft resistance vs. vertical effective 

stress in chalk 

 

The results plotted in Figure 3(a) confirm that 

rotary piles constructed in dry conditions or un-

der drilling fluids other than water, may be safely 

designed with a β value of 0.8 as concluded in 

Lord et al (1994). However the piles constructed 

under water do not meet this criteria. A β value 
of 0.45 would appear more appropriate for these 

piles. A β value of 0.8 also appears to be appro-

priate for the design of CFA piles irrespective of 

the SPT values. The reduced factor of 0.45 where 

the SPT value is <10 (Lord et al 2003) appears to 

be unnecessary, as also concluded from the re-

sults at Basingstoke (Miller 2018). 

A very wide scatter of base resistance factors 

(qb,m/NBASE) has been found. Some of the extreme 

values can be explained by extraneous factors. 

Field records suggest that the exceptionally low 

value of 130 recorded for Pile PPZ/3B may be the 

result of difficulties encountered with either the 

base cleaning or concreting operations. Some 

(but not all) of the exceptionally high values (e.g. 

pile RTPA at Basingstoke, Pier 9 at River Orwell) 

may result from test piles that were not displaced 

sufficiently to obtain an accurate estimate of ulti-

mate base capacity. 

Nevertheless, with the exception of pile 

PPZ/3B, Figure 3(b) clearly shows that an end-

bearing resistance of 200N forms a lower bound 

to all the test results analysed. The results suggest 

that 200N is applicable to rotary piles constructed 

under water but that all other construction meth-

ods could be designed to a higher value. This au-

thor would suggest a value of 300N could be 

safely adopted for CFA piles and bored piles that 

are not formed with water as a support fluid. 

Higher values may be appropriate with careful 

management of pile construction and confirma-

tion by maintained load testing. 

The higher predictions of base resistance re-

ported here are perhaps to be expected, given that 

the present analysis is based on the true asymp-

totic value of ultimate compression capacity. 

This contrasts with the more arbitrary and cau-

tious criteria, adopted in CIRIA Reports PR11 

and PR86 (Lord et al 1994, 2003), where the ul-

timate resistance is taken as the load measured or 

estimated at a displacement of 10% of pile diam-

eter. 

 

 

 
Figure 3(b) Base stress vs SPT value 

 



B.1 - Foundations, excavations and earth retaining structure 

 

ECSMGE-2019 – Proceedings 6 IGS 

4.2 Pile performance 

Figures 4(a) and 4(b) show the results of the 

load tests in dimensionless form by plotting the 

ratio of the applied load to calculated resistance 

against the corresponding ratio of pile settlement 

to pile diameter. The results have been separated 

into piles constructed using water as a support 

fluid, and those constructed by other means, since 

herein lies the greatest disparity in performance. 

Piles constructed using CFA or conventional 

rotary methods in dry bores or under a drilling 

fluid other than water, are seen to have performed 

remarkably consistently, particularly at P/Pult < 

0.5 (Figure 4(a)). At overall factors of safety of 2 

to 3 (P/Pult = 0.50 to 0.33) the measured displace-

ments range from 0.2 to 1% of the corresponding 

pile diameter which is generally considered to be 

an acceptable level of performance at design re-

sistance (RD).  

 

 
Figure 4(a) Pile performance (not including piles con-

structed using water as support fluid) 

 

The performance of piles formed using water 

as a support fluid is much poorer and less con-

sistent (Figure 4(b)). At an overall factor of safety 

of 2 these piles have typically settled by 1% to 

2.5% of pile diameter. Two of these piles fail to 

approach their estimated ultimate capacity. 

 

 
Figure 4(b) Piles constructed using water as support 

fluid 

 

The numerical results of the present analysis 

given in Table 1 suggest that specific factors may 

be leading to the poorer performance of piles 

formed under water. The average β value of the 

rotary piles constructed under water is 0.51 com-

pared with 0.83 for all other types of bored pile. 

Six of the seven piles constructed using water as 

a support fluid, spanning three different projects, 

have β values as low as 0.37 to 0.63. These low 

values suggest that the repeated mechanical ac-

tion of augers on chalk in the presence of free wa-

ter may be increasing the thickness and/or reduc-

ing the strength of the remoulded chalk at the 

pile-chalk interface (Twine 1990). This appears 

to be a persistent characteristic of such piles and 

may prove difficult to avoid. 

The exceptionally poor performance of piles 

PPZ/2B and 3B appear to be the result of excep-

tionally poor shaft performance, coupled in the 

latter case with a very poor response from the pile 

toe. This serves to emphasise the need to care-

fully manage the pile construction process in wa-

ter-bearing chalk but does not disguise the poorer 

general performance of piles constructed with 

water as a support fluid. 
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5 CONCLUSIONS 

Much debate in the UK has focused on accu-

rately predicting the ultimate pile resistance of 

piles founded in chalk. In terms of ultimate re-

sistance, all of the piles presented here, except for 

those constructed under water as a support fluid, 

performed better than predicted, often by a sig-

nificant margin. This over-performance of piles 

in chalk is not an uncommon finding. It suggests 

not only that more work is needed to define  the 

design factors in relation to piling technique, but 

also that the understanding of  pile performance 

under working conditions is more important than 

the precise prediction of the ultimate resistance. 

With the exception of piles constructed under 

water, bored piles in chalk perform in a relatively 

consistent manner under working conditions. The 

wide range of performance observed in piles con-

structed using water as a support fluid in chalk 

implies that it is difficult in practice to ensure that 

the shaft and base resistances are not compro-

mised by the construction method. 

Rotary bored and CFA piles can generally be 

safely designed using the methods set out in 

CIRIA Report PR11 (Lord et al 1994) using a β 
value of 0.8 and end-bearing resistance of 300N. 

However, for bored piles built with water as a 

support fluid, these factors should be limited to 

0.45 and 200N respectively, unless supported by 

additional quality control and pile testing. 

Finally, much confusion in interpreting tests 

on piles in chalk has arisen from ignoring the par-

ticular method of construction, using an incon-

sistent basis of back-analysis and applying poorly 

defined soil parameters. Back-analysis should be 

based on the asymptotic ultimate resistance not 

on an arbitrary 10% of diameter criteria.   Current 

UK design practice also requires that ground in-

vestigations include accurate recording of 

groundwater levels, parameters such as bulk den-

sity (of chalk and overburden) and SPT values in 

the chalk. Future design and analysis of bored 

piles in chalk needs to be consistent in these areas 

and take account of the method of construction if 

meaningful conclusions are to be reached. 
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