
1 INTRODUCTION 

In 2010, the Netherlands, Germany and Britain pub-
lished new or revised design guidelines for the design 
of basal reinforced piled embankments (CUR226 
2010, EBGEO 2010 and BS8006 2010). A research 
program carried out for further optimizing the Dutch 
design guideline comprises three long term field stud-
ies, an extensive laboratory test series (Van Eekelen 
et al. 2011b, 2012 a, b, Van Eekelen & Bezuijen 
2012c), finite element analysis (Den Boogert et al. 
2012), and further development of the analytical de-
sign rules for the geosynthetic reinforcement (GR), 
(Van Eekelen et al. 2012b).  

This paper reports one of the field studies, the 
highway’s exit of the A12 near Woerden in the Neth-
erlands. The measurements include the load distribu-
tion, deformations, GR strains and traffic loads. 
Measurements at this location are registered every 10 
minutes. However, on September 6th, 2011, high 
frequency measurements at 500 Hz were carried out. 
This makes it possible to compare the behaviour un-
der permanent and temporary load.  

2 SUMMARY DESIGN GUIDELINES 

GR strains resulting from the vertical load are usually 
calculated in two steps, as shown Figure 1. The first 
(“arching”) step divides the vertical load into two 
parts: part A that is transferred to the piles directly, 

and part B+C (Figure 1). The second calculation step 
considers the GR strip between two piles. It is as-
sumed that the GR strip is loaded by B+C and, if al-
lowed, supported by the subsoil. From this, the GR 
strain  is calculated. CUR and EBGEO calculate 
with a triangular load distribution on the GR strip, 
while BS8006 chose for an equally distributed load 
(Van Eekelen et al. 2011a). Van Eekelen et al. , 
(2012b) suggested using an inverse triangular load 
distribution as shown in Figure 1. They also sug-
gested extending the subsoil support for the entire 
area below the GR, thus not only the area below the 
GR strip, as described in Lodder (2012).  
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Figure 1. The calculation of the GR strain due to vertical load 
is carried out in two steps. 
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Step 2 implicitly results in a further division of the 
vertical load, as shown in Figure 2; load B is trans-
ferred through the GR to the piles and load C is car-
ried by the subsoil. It should be noted that load A, B
and C are in most cases expressed in kN/pile and that 
A, B and C are vertical loads. 
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Figure 2. Load distribution in a piled embankment. 

3 THE WOERDEN PILED EMBANKMENT 

3.1 Reconstruction of a highway’s exit 
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Figure 3. Reconstruction of the highway’s exit near Woerden. 

The highway’s exit near Woerden was reconstructed 
as shown in Figure 3. Part of the new road was built 
on a basal reinforced piled embankment, because the 
subsoil was a ca. 17 m thick layer of very soft soil, 
and the available construction time was limited. The 
road construction started in April 2010, and the road 
was taken into use in June 2010.  

Figure 4 gives a cross section of the piled em-
bankment at the monitoring location. The system 
consisted of more than 900 prefabricated piles with 
average 2.20x2.26 m2 centre-to-centre (CTC)-
spacing and square prefabricated concrete pile caps 
with smoothly rounded edges. On top of the pile caps 
lies 0.05-0.16 m sand. The GR lies directly on the 
sand. The compacted fill consists of broken recycled 
construction material (0-40 mm), such as concrete 
and bricks.  
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Figure 4. Cross-section piled embankment  
* Distance between road surface and the pile cap of pile 692, 
see Figure 6. Pile 693 lies on the right hand side of pile 692. 

A layer of Stabilenka 600/50 (PET) lies directly 
upon the sand, across the road, and a layer of Fortrac 
R 600/50 T (PET) lies on top of that along the road 
axis. The GR time-dependent behaviour was deter-
mined from isochronous curves, provided by the 
supplier, and is given in Table 1. On top of the fill 
lies 0.25 m Agrac (asphalt granular material mixture) 
and 0.18 m asphalt. 

Table 1 Tensile stiffness of GR 
Ultimate tensile 
strength (UTS ) 

Tensile stiffness* J (kN/m) Time under 
load 

kN/m kN/m 
1 month 650 (12.28/1.5)*650 = 5319 
1 year 650 (11.95/1.5)*650 = 5180 
* J = (% of UTS / strain) x UTS, herein values at 1.5 % strain 

3.2 Monitoring program 
Measurements will be carried out for ten years and 
include (between others) load distribution, deforma-
tions and GR strains, see Figure 6. The load distribu-
tion and GR strains are being registered every 10 
minutes.  

On 6 September 2011, high frequency measure-
ments were carried out at 500 Hz sampling rate. This 
paper specifically reports the passage of two trucks: 
truck 1 (32 tons, 6 axles) and truck 2 (14.4 tons, 4 
axles), see Figure 5. Purpose was to determine 
whether step 1 and 2 behave the same for temporary 
loading as for permanent loading such as soil weight. 

The ground water level lay at 0.02 m below the 
average top of the pile caps of test piles 686, 687, 
692, 693, 698 and 699 on this day. 

Figure 5. Truck passages at 6 September 2011,  
truck 1 (left): 32 tons and 6 axles and truck 2 (right): 14.4 
tons, 4 axles. 
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Figure 6. Top view monitoring program Woerden. 

3.3 Analytical predictions 
The distances between - and the weight of the wheel 
axles were measured. The Boussinesq-approach giv-
en in CUR226 (Van Eekelen et al, 2010a), gives the 
normative equally distributed input-loads: 7.52 kPa 
for truck 1 and 3.62 kPa for truck 2. 

Analytical predictions were carried out, both with 
EBGEO/CUR and the modified version with the in-
verse triangular load mentioned before. For the ‘no 
traffic’ situation, the GR stiffness after one year of 
loading was applied (Table 1), for the ‘truck situa-
tion’, the GR stiffness for a loading time of 1 month 
was chosen. Table 2 gives predictions for the as-
sumed starting-value for the fill friction angle 

=37.5o and the experimentally determined =49.0o

Den Boogert et al., (2012).  

Table 2 Analytical prediction with EBGEO/CUR,  = 
37.5o/49o

A* B* B(+C**) 
average be-
tween piles 

average GR 
strain EB-
GEO
/CUR 

average GR 
strain in-
versed tri-
angle 

kN/pile kN/pile kPa % % 
No traffic 98/135 80/43 18/10 1.94/1.30 0.66/0.37 
Truck 1 119/164 97/52 21/12 2.17/1.45 0.78/0.44 
difference 21/29 17/9 4/2 0.23/0.15 0.12/0.07 
Truck 2 108/149 88/47 19/11 2.03/1.36 0.72/0.40 
difference 10/14 8/4 2/1 0.09/0.06 0.05/0.03 
No traffic 93/130 80/44 18/10 1.95/1.32 0.66/0.37 
Truck 1 114/158 98/54 21/12 2.18/1.48 0.78/0.44 
difference 21/29 18/10 4/2 0.24/0.16 0.13/0.07 
Truck 2 103/143 89/49 19/11 2.04/1.38 0.71/0.40 
difference 10/14 9/5 2/1 0.10/0.07 0.06/0.03 

*Prediction is the same for EBGEO/CUR and its modified ver-
sion, ** It is assumed that the subsoil has consolidated and has 
no contact with the GR: subgrade reaction k = 0 kN/m3 and 
thus C=0 kN/pile 

4 PERMANENT SITUATION 

The load distribution is measured with two total 
pressure cells (TPCs), one on top of the GR (measur-
ing A), and one below the GR (measuring A+B,
Figure 2). The diameter of the TPCs and pile cap is 
the same. This system was applied successfully in 
several projects before (Van Duijnen, et al. 2010, 
Van Eekelen et al., 2010b) and in experiments (Van 
Eekelen et al., 2012a).  

However, the TPC diameter in Woerden is so 
large,  0.84 m, that some complications occurred. 
A smaller wooden plate  0.75 had to be applied be-
tween bottom TPC and pile cap due to problems 
with the relatively stiff sides of the TPCs. Further-
more, the top TPC lies on a settling sand layer that 
did not necessarily remain flat. Both TPCs measure a 
pressure (kPa), which is the pressure that works on 
the area of the TPCs foundation. It is decided to de-
termine the total load (kN) on both TPCs by multi-
plying the measured pressure with the area of the 
wooden plate, because the pressure is only exerted 
on the wooden plate. This introduces an uncertainty 
in the presented measurements. 
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Figure 7. Load distribution, measured on pile caps and pre-
dicted (without traffic load). 

The measured values for A increase in time 
(Figure 7). Probably, the shear strength of the fill in-
creases, due to compaction during the dry spring of 
2011. Increasing the  in EBGEO/CUR gives more 
agreement with the measurements. Proven changes in 

 can be used in the design. However, this is not the 
case for changes in cohesion, as this extra cohesion 
can be destroyed during extreme situations. 

The extra GR settlement, due to soft soil consoli-
dation is less than 0.021 m between November 2010 
and October 2011. This does probably not fully ex-
plain the increase of A, although Van Eekelen et al., 
(2012a) found that consolidation of subsoil gives an 
increase of arching (A). EBGEO/CUR does not de-
scribe this. 

The measured load part B, directly related to the 
GR strain  and the GR tensile force T, is (much) 
lower than its prediction, which is therefore on the 
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safe side. These results agree with measurements in 
other field tests, like in Houten (Van Duijnen, et al., 
2010). The road surface was scanned 5 times in 16 
months with 3D laser scanning technique. No settle-
ments were measured within the accuracy of 1 to 2 
mm.  

Figure 6 shows the position of settlement tube 3, 
which lies directly upon the GR. The GR strain , de-
termined from the shape of the GR between piles 687 
and 688 is 0.92%. This includes the initial slag (more 
GR than ground surface area) that is usually present. 
The second derivative of these measurements corre-
sponds directly with the load distribution on the GR 
strips. Taking the second derivative introduces some 
scatter, even after taking the average of each two 
successive points, but the shape of the lines clearly 
approaches more the inversed triangle than a triangu-
lar or constant load distribution. 
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Figure 8. Position GR measured on 17 October 2011,  
after using the road for 16 months. 

5 TRUCK PASSAGES 

The shape of the two trucks can easily be recognized 
in the measured load distribution presented in Figure 
9 and Figure 10. The increasing load part A agrees 
reasonable well with or is less than the calculated A.
Thus contrary to the permanent load, CUR/EBGEO 
tends to over-predict the response of the arching A to 
temporary load.  

This means that the ‘rest-load’, B+C (not meas-
ured) for truck 1 should be around 1.4-3.4 kPa (table 
2). This B+C is probably concentrated in the area 
around the piles, as limited ground pressure changes 
were measured between 2 or 4 piles (Figure 10). This 
agrees with the theory of inversed triangular load dis-
tribution, in this case thus for a short, temporary 
load. Note that in the centre of 4 piles (gp3) much 
more response is measured than in the centre be-
tween 2 piles (gp2).  

The measured changes in B are very limited (max. 
4% of the prediction). Obviously, the subsoil carries 
the major part of the temporary B+C.  
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Figure 9. Distribution of the extra load of the passing trucks in 
kN/pile, see Figure 2. 

-0.2

0.0

0.2

0.4

0.6

0.8
gp3 below 
GR

gp3 on top 
of GR

gp2 on top 
of GR

truck 1

truck 2

Figure 10. Pressure between piles on top of GR (B+C) and be-
low GR (C), in kPa. 

Figure 11 presents the response of the GR to the 
truck passages, measured with 0.5 m or 1.0 m long 
optic fibres. Figure 12 compares the measurements 
and the predictions (Table 2) for the strain gauges 
next to pile 692/680 and 693/681. The figure shows 
that the inverse triangular model approaches the 
measurements better than EBGEO/CUR. The calcu-
lation with =49o in combination with the inversed 
triangle leads to an underestimation of the strain. 
This is the result of the over prediction of A (calcula-
tion step 1, Figure 9). When the calculated A (step 1) 
is replaced by the measured A, calculation step 2 
with the increased triangle leads to an over-
estimation of the GR strain. 

6 CONCLUSIONS 

Long-term measurements are being carried out in the 
piled embankment of the Woerden high way-exit. 
Permanent and short-term loading, and the results of 
calculation steps 1 and 2 are distinguished in the 
analysis.  
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Figure 11. Response of GR strains to the truck passages. For 
clarity reasons, each curve has been given an off-set (does not 
start at ‘zero’)  

The measured distribution of the permanent load 
(calculation step 1) shows that the arching A im-
proved. This is probably mainly due to an increasing 
shear strength as a result of fill compaction during 
the dry spring of 2011. Assuming that this increasing  
shear strength is due to an increasing friction angle ,
prediction and measurements of the load distribution 
of the permanent load agree reasonably well. This is 
different for temporary loading, where the predicted 
change of arching A is generally higher than the 
measured change of A. The influence of subsoil con-
solidation is probably limited in this case of tempo-
rary loading. 

The measured GR settlements show that the load 
distribution on the GR resembles the inverse triangle 
of Van Eekelen et al. (2011b, 2012b) more than the 
load distributions assumed by EBGEO, CUR and 
BS8006. This inverse triangle load distribution was 
already measured in model tests, but is now also 
measured in the field.  

The GR strain measurements during truck pas-
sages show that for step 2 the inverse triangular ap-
proach gives better agreement with the measure-
ments, both for the long-term loading as for the 
short-term loading conditions. 
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