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ABSTRACT

This paper presents a case study where a piled embankment with a load transfer platform was used 
at a site, after it was found that the required settlement was not occurring within the allowed 1 -
year preloading period.  Asaoka plots from 9 months of settlement monitoring showed that the 
required settlement would not be achieved within the given time frame.  An alternative design was 
adopted that needed to consider the previous stress history of the site.  Issues relevant to the 
design of the piled embankment and its load transfer platforms are discussed.  

Typically piles are driven to refusal to optimise the end bearing capacity of this structural unit.  In 
this case a serviceability design applied and the piling contractor needed to adjust his procedures to 
a non-ultimate design condition. The piles needed to have sufficient capacity to avoid the pile 
settling with the load, but with excessive pile capacity the load may not transfer to the platform.  
The construction issues relevant to such a design are shown, as well as the current limitations to BS 
8006, one of the few documents to provide design guidance.  

1 INTRODUCTION

At Noosa, Queensland, another consultant designed an embankment that allowed a 1 - year 
preloading period.  This was considered the most cost effective solution.  The soft and compressible 
clays below the embankment meant that long - term settlements to the road should occur.  This 
embankment was constructed initially while the 17 span bridge structure was constructed.  After 9 
months of preloading the embankment had settled little, and this area now came on to the critical 
path.  On current settlement monitoring there would be over 1 yr delay to the road opening.  
Significantly the original design was based on limited data, and only further subsequent 
investigation after the embankment did not perform as expected defined the issues.    

This paper describes an alternative design provided by the authors, which was designed and built 
within that 3-month period. The following considerations were used in the design solution: 
- The solution needed to consider the previous stress history of the site, and reduce removal of 

the existing embankment 
- Further testing was carried out to determine the extent of the improvement that had actually 

occurred in that 9 month period   
- The settlement estimates based on available data above were checked using the Asoaka plots.  

Both methods produced different predictions on the percentage remaining.  
- Use was made of the soil strength improvement by keeping some of the built embankment in 

place and supporting the rest of the load on a piled embankment via a load transfer platform.  
- The piling contractor had to drive piles to satisfy a serviceability design. Too little capacity and 

the pile would settle with the load, too much and the load may not transfer to the platform  

The embankment had been placed and compacted in accordance to the specifications.  Therefore 
placement of a piled embankment meant removal of this “completed” embankment, before 
placement of the piles and load transfer platform.  Even the alternative of wick drains or stone 
columns would involve a similar approach, then a waiting period which, was not available. The 
design considered minimisation of that removal, ie only the “excess” load would be removed before 
placement of the piled embankment and the load transfer platform, in order to meet the time 
frame for the road opening.  The road was opened on schedule 
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72 GROUND CONDITIONS 

The geotechnical investigation consisted of boreholes and cone penetration tests (CPT).  The profile 
at the western approach embankment is summarised in Table 1.  This is from accumulated data on 
tests carried out at different times of the project, ie the depth of recent fill would have varied 
between the preliminary investigation and subsequent testing.  

Table 1: Ground Profile Summary below embankment   

Layer Thickness (m) Distance
from 

Abutment
Silty sand/ 
sandy clay 
Fill

Upper
Alluvium 
(Clayey Sand) 

Middle
Alluvium 
(Marine clay) 

Lower
Alluvium 
(Clayey sand) 

Residual 
Soil

Depth to 
Siltstone / 
Sandstone
Rock (m) 

50m 3.7 3.5 1.2 0.9 > 3.2 > 12.5 

15m 5.4 3.4 5.4 0.0 1.8 16.0 

0m (at 
Abutment)

4.0 6.7 0.0 1.1 11.8 

Laboratory consolidation tests provided a coefficient of compression (Cc) of 0.65 and a coefficient of 
consolidation (Cv) of 0.5 m2 /yr, while back-analysis of settlement plate field data (after 9 months) 
suggested a value of 4.0 m2 /yr.  However, the expectation was that the value would decrease with 
time.  The time predictions for completion of primary consolidation settlements varied from 1.0 to 
5.5 years depending on the location with magnitudes of 320 to 900mm at 3 settlement plate 
locations.  After 9 months the settlements from this forward prediction was 30% to 80% complete. 
This was clearly unacceptable with 3 months prior to the road opening.  Additional surcharge within 
that time frame would still leave some incomplete primary consolidation settlements.    

Before embarking on a costly remedial solution, CPTs with dissipation tests were used to check both 
any strength gain and change in consolidation from the previous predictions.  This represented the 
state of the ground after 9 months.  Data from the CPTs suggested a Cv of 1.1 to 1.3 m2 /yr, with an 
ability to support 30 kPa of load before further consolidation would occur.  This was based on a now 
lightly overconsolidated deposit (OCR = 1.8), which had the benefit of up to 5.9 metres of 
embankment fill in place for the past 9 months. 

The previous settlement prediction estimated settlements were checked by Asaoka plots which 
showed 710mm to 900mm of predicted settlement at the 3 settlement plate location. The 
settlement predictions from the 2 methods are shown in Table 2, and show the significant variation 
in time frame prediction. 

Table 2: Settlement Predictions 

Prediction Settlement % Settlement Complete Distance
from 

Abutment

Height of 
Fill

Settlement
Plate

Reference
From Lab Data Asaoka 

Plots
From Lab 

Data
Asaoka Plots 

50m 3.5m  SP3 320 to 400mm 710 mm 83% 36% 

20m 4.7m SP1 650 to 820mm 900 mm 56% 37% 

3m 5.9m SP4 720 to 900mm 780 mm 32% 33% 

Based on above considerations, the design was based on the ground being able to support between 
1.5 to 0.5 metres of fill and the rest to be transferred to the underlying residual material. 

3 DESIGN ELEMENTS 

The design was based on the procedures of BS 8006 (1995) to determine foundation settlements as 
well as generating reinforcement tensions for checking the Serviceability Limit State (SLS).  A SLS 
partial factor of 1.0 was used.  Other methods include the adapted Terzaghi arching theory as used 
by Russel and Pierpoint (1997), Hewlett and Randolph (1988) method, and Guido (1987) method.  
Comparisons of the various methods are also given in Naughton and Kempton (2005) and Stewart 
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7 and Filz (2005), where the issue is a piled embankment being a 3 – dimensional problem and being 
analysed by 2 – dimensional methods with considerable variation between the methods.  

The BS 8006 (1995) method assumes that the foundation soil provides no support.  In this case 
where an embankment fill has been in place for 9 months then that design approach is clearly highly 
conservative.   A layer of up to 5.0m (1.5m of embankment fill + the upper alluvium) can absorb 
much of the directly imposed stress and minimise any load carried on to the compressible layer.  

For a maximum pile spacing (s) of 3.0m and an intermediate layer thickness of 5.0m, then a 
pressure bulb contour of 0.37 p (p = applied stress) occurs at the top of the compressible clay.  This 
is equivalent to the 30kPa of permissible load determined from various tests on the middle alluvium 
after 9 months.  A maximum applied pressure of 80 kPa (30/0.37) then applies ie 4.0m maximum 
height of fill.  This conservatively assumes that the entire load is transferred to the ground; 
however the design uses a load transfer platform. 

Design of load transfer platforms (LTP) are based on two approaches 
1. The reinforcement acts as a catenary as used in BS 8006, where any benefit derived from 

this reinforced platform is ignored, and a soil arch forms in the embankment. or 
2. The use of multiple layers of reinforcement acts as a beam to transfer the entire load above 

the LTP to the supporting column.  This is required in the Collins approach or Guido 
method.   This approach requires a relatively thick platform (equal to or greater than ½ 
clear span between columns (s – a), with a minimum of 3 layers of geosynthetic. 

Using the beam theory would effectively negate the design consideration of allowing some capacity 
to be carried by the existing ground.   Stewart and Filz (2005) show the effect of soil compressibility 
on loads on the geosynthetically reinforced LTP, and also evaluates 5 different methods for the 
stress reduction ratio (SRR). The SRR represents the proportion of the embankment load carried by 
the geosynthetic reinforcement. The SRR of the Guido method (beam method) was found to be 
excessively low and the BS 8006 very high.  Stewart and Filz (2005) show that none of the methods 
consider the compressibility of the soft ground between the piles and recommend the use of the 
Guido method would be only appropriate for a foundation soil with relatively low compressibility. 
Hewlett and Randolph’s method provides the best estimate of the SRR (of 0.4 in the example used) 
at Cc values greater than 0.5.             

Based on the above considerations, it was prudent not to use the beam theory, although 3 layers of 
geosynthetics were used (in certain areas) and the proposed thickness of the LTP was almost (but 
not quite) the required thickness for the beam theory to apply.  Based on the above, various 
methods, and for design conditions of a/s = 0.37 to 0.44, and H/s = 1.1 to 1.6, then the SRR would 
be expected to vary from 0.6 to 0.1 from the BS 8006 to the Guido method, respectively, but with 
an average SRR of 0.4 for a soil of Cc = 0.6.  The actual SRR calculated for this site was 30%, which 
compared favourably with the above results.   

The maximum pile spacing (s) was determined from 

s =  { Qp / (f fs  H + fq q) } 
where

Qp = allowable load carrying capacity of each pile 
q  = external surcharge load 
H  = embankment height 

   = unit weight of embankment fill 
f fs = partial factor for soil unit weight (= 1.3 for ULS , and =1.0 for SLS) 
fq    = partial factor for externally applied loads (= 1.2 to 1.3 for ULS , and =1.0 for SLS) 

However, this has been a source of some debate (Horgan 2006) who highlights the considerations for 
the BS 8006 currently under review.  This equation assumes all embankment loads are transferred to 
the piles. 

Although an upper bound of 4.0m embankment height was adopted from consideration of the load 
distribution between the piles, a lower embankment height of 2.5m was allowed for consideration 
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7of minimising surface pavement deflections.  This height allows that arching should occur within the 

fill to ensure no deflections at surface.  This will minimise the use of piles, as more piles are 
required at lower heights due to this arching effect. 

Figure 1: Placement of load transfer platform within the existing embankment 

Typically piles (in Queensland) are driven to refusal to achieve the ultimate capacity.  This would 
create a rigid pile, which would attract load and requires greater geogrid strength to transfer the 
load.  To achieve some load transfer to the soil requires a pile to be able to move or the 
geosynthetic to strain considerably.  Typically a settlement of 10 to 20mm would be required to 
achieve the pile load transfer.  A pile driven to refusal would not have that movement capacity, 
therefore effectively carrying most, to the entire load.     

The piled embankment designs required optimisation of the elements described in Table 3.  The 
design used a settlement criterion, and the piles were considered settlement reducing piles. 

Table 3: Design Elements for Piled Embankment   

Element Design  Actual Design  

Load  Surcharge  
Embankment 
Height (H) 
Material 

20 kPa traffic load used as “permanent”  
5.9m max. H design = 4.0m maximum so as not to overstress soil between 
piles. H design= 2.5m to avoid arching at low heights of embankment  
Used as 20 kN / m 3

Geogrid Strength 

No. of layers 

Woven Polyester of 800kN / m at the base decreasing to 600kN / m at 
the top layer (creep reduced strength) 
3 layers used 

Pile Cap Size 1.1m 

Pile  Load (Rug)
Cap Size (a) 
Length (L) 
Spacing (s) 
Size (d)

800kN to 625 kN 
Larger (a) can be used to attract more load to pile an vice - versa
12.5m to 14.0m 
Varied from 3.0m, 2.75m transition to 2.5m  
275mm used, although 225mm could also have been used 

4 INSTALLATION OF PILES 

From previous records, at another piled embankment site the authors found a variation of 30% of 
pile capacity was possible (in longer piles and in more adverse conditions). For the Eenie Creek site 
a pile capacity tolerance of -10% and +30% of the ultimate geotechnical capacity was adopted, 
which allowed confidence in a minimum capacity (-10%) but tried to avoid an over stiff pile (+30%). 
The issue of not driving the piles to refusal required some discussions with the piling contractor who 
found pile driving to a specified load “unrealistic” initially.  A methodology was developed which 

55 deg = 0.7(s-a) 

70 deg = 1.4 (s-a) 
arching 

Middle Alluvium (compressible layer) Permissible load = 30kPa 

Fill

Residual Soil

Bedrock

Upper

alluvium 

Embankment 

LTP
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7 involved pile driving near the abutment where a more rigid inclusion could be tolerated, ie it was 
acceptable to have excess pile capacity initially while the piling contractor calibrated the driving to 
obtaining the required serviceability capacity.  

Dynamic pile testing was carried out at a frequency of 1 in every 10 piles on both initial driving and 
restrike, 48 hours after initial driving. The results were compared to determine the pile setup. As a 
total of 162 piles were required, it was decided that the bulk of the dynamic testing be carried out 
during the initial stages to improve calibration with empirical methods. 

To provide an initial estimate of pile capacity the Hiley formula was used to derive a pile set 
(mm/blow). Information on the hammer energy transfer characteristics was provided by the 
contractor, based on past experience. Using these values, piles sets were determined for -10%, 0% 
and +30% of the ultimate geotechnical capacity. These ranges of values were used initially until the 
results of the dynamic testing could be used to further calibrate the Hiley formula.  

On the first day of pile driving 16 piles were installed, of which, 3 were dynamically tested. For 
each pile driven, the set, TC and hammer drop was recorded. The first piles were all driven to the 
original range of sets determined using the Hiley formula. Using this data, combined with the 
dynamic testing, comparisons were made between the measured and back-calculated sets, 
determined from the PDA testing. The first three PDA results were all within the required load 
range, however the difference in measure and calculated set varied from 0mm to 4mm. 

The initial pile driving and dynamic testing allowed a re-calibration of the original criteria. It was 
evident from the first three test piles that significant capacity was gained after driving due to 
“setup” within the mudstone. From the initial dynamic tests between 120 kN and 480 kN additional 
capacity was gained due to this setup. The additional capacity due to setup was proportional to the 
penetration into the mudstone layer. Both the setup and penetration into the mudstone increased 
the probability that the piles would most likely be driven above the required capacity. 

To account for the pile setup and penetration into the mudstone, a revised criterion was 
determined. Rather than rely totally on the pile set, an approach taking into account both the set 
and the penetration into the mudstone was adopted. The penetration criteria used estimates of skin 
friction (see Figure 2), determined from the borehole, CPT and PDA testing, to provide a range of 
acceptable penetration lengths (i.e. min. and max. penetration). The set criteria was again based 
on the Hiley formula, however this time, to account for the additional load due to setup, the sets 
were determined using the design capacity minus an estimated value of pile setup (this was 
determined based on penetration length). The penetration length was used as the primary criteria 
for each pile and the pile set was used to confirm the capacity at the driven level. 

Figure 2: Relationship between penetration length and pile capacity 

R 2 = 0.55

Capacity = 251  S.L. + 514 

300

400
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7The remaining piles within the embankment were driven to this revised criterion.  Data from the 

PDA testing on a further 13 piles and corresponding driving records were collected.  The results 
from the dynamic testing were compared with the estimated penetration length of each pile to 
determine the amount of skin friction gained for each metre of driving, and the penetration 
criterion was updated. Figure 2 shows the final relationship that was used to correlate the 
penetration length and pile capacity. Approximately 80% of piles tested were within the accepted 
serviceability loads with 10% above and below the upper and lower bounds respectively. 

5 CONCLUSIONS 

This paper has presented a methodology that was used in the design and construction of piled 
embankments to the serviceability limit state. An embankment preloaded for 9 months did not 
settle as per the design time frame. An alternative design was required to be built within a 3 month 
period to meet the road/bridge opening date.  Optimisation of the design involves: 

1. Minimisation of removal of existing fill (critical time factor) 
2. Reducing the number of piles (critical cost factor) 
3. Sizing of the pile cap and 
4. Geosynthetic load transfer platform  

It is common practice to drive piles to either refusal or above a certain load capacity. It is rare that 
an upper limit on the capacity is provided. However, through a combination of empirical methods, 
geotechnical testing, pile driving information and dynamic testing, a methodology was developed to 
allow the piles to be driven to -10% and +30% of the required capacity.  
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